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Patented Maj 28, 1935

UNITED STATES

2,002,499

PATENT OFFICE

2,002,499
“WAVE TRANSLATION SYSTEM

Harold S. Black, Westﬁeld N. J., assignor to '
Bell Telephone Laboratories, Incorporated, New
York, N. Y., a corporation of New York

Application September 30, 1932, Serial No. 635,525

. . 16 Claims.
This application is in’part a continuation of
application Serial No. 606,871, filed April 22, 1932,

for Wave translation systems.
This invention relates to wave ‘translation and

5 relates-especially to retroaction” or feedback in
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wave translation systems, as for example feed-
back in systems involving amplifiers, i, e. sources
of gain or means for increasing the power level
of waves.

An object of the invention is to control trans-
mission in such systems, for example with regard
to amplitude or phase relations, or both.

It is especially an object of the-invention to-
_ effect such control of non-lecalized transmission;

as for instance to compensate for transmission
changes that variations of temperature produce
in long communication circuits whose conductors
are subject to the temperature variations; or for
instance t{o compensate for’transmission varia=
tions in such cireuits due to frequency, aging,

humidity, ete. as well as temperature, irrespective -

of ‘whether  the transmission variation or trans-
mission-frequency variation being corrected is
attenuation, phase shift or delay distortion. i

As explained in the above mentioned applica-
tion Serial No. 606,871; the attenuation and the
phase distortion of a section of transmission line
can he neutralized over a desired frequency range
by inserting in the line section a negative feed-
back amplifier whose feedback path has the trans-
mission characteristics of the line section. Such
a feedback path can be 1ega1"ded as an equahzmg
net work or means.

In one specific:aspect the present invention is
a cable carrier telephone or signaling system whose
repeater amplifiers have feedback paths which

produce: negative ‘feedback and which include

spare conductors of the cable as gain regulating
and line aitenuation equalizing and phase distor-
tion correcting means.

For -example, the output from the amplifying
elements of the repeater amplifier or source of
gain can be propagated over a cable pair to a

point halfway to the nextequalizing amplifier in

the pair. - At this halfway point a portion of the
energy can be picked off from this signaling or

forwardly transmitting pair and fed back to the.

input of the first of the two amplifiers-over half of
»-section of a'second and similar pair, extendmg
hetween the lccations of the two amphﬁﬂrs and
contained in the same ‘cable, this half section
of tne
the first amplifier. "~ Since the first feedback am-
plifier (. e. the closed feedback loop of the first
amplifier)” then extends halfway from the in-

second pair selvmg -as a feedback path for.

(CL 173—44)

put of this first amplifier to the next equal-
izing amplifier, and includes in its forwardly
transrmttmg path half the length.of the sig-
naling pair between the amplifying elements of

the two amplifiers or between the inputs of the

two amplifiers, the portion of the signaling pair
that extends between the feedback loop; and the
second equalizing amplifier has the same length

as the feedback path. Therefore the closed feed-
back loop .of the first feedback amplifier pro-
duces, in the manner explained in the above
mentioned apphcatlon Serial-No. 606,871, ampli-
fication (. e. change'in amplitude and phase of

. waves in their passage from the incoming. cir-

cuit for the feedback loop to the outgoing or load
circuit for the feedback loop) ;'substantially equal
to the negative reciprocal of the amplitude and
phase ‘change produced by the portion of the
signaling ‘pair that exteénds hetween the feed-
back loop and the second equalizing amplifier;
So the amplitude and phase of waves at the in-
put of the second equalizing amplifier is the
same as at the input to the first amplifier (except
for a. phase shift' of 180°). Thus, without re-
quiring knowledge of the exact propagation char-
acteristies of -the cable, attenuation and phase
shift, even though they are variable with cable
temperature, aging, humidity, etc. as well as. with
frequency, are automatically corrected without
equalizers (other than the cable cenductors),
and -as a result the system is self-compensating,
over the utilized frequency range, for transmis-
sion variations and transmission-frequency va-
riaticns in - attenuation, phase shift and delay
distortion. ' Each equalizing repeater in the sig-
naling pair operates in the same manner as the
one described. That is, the second operates in
the same manner as the first, to render the in-
put. to the next succeeding equalizing repeater
the same as the input to the second, etc., the sec-
ond mentioned conductor pair’in the cable be-
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ing divided into Half sections insulated from each -

other, a full section being a length extending
between the locations of the inputs of two of the
consecutive equalizing amplifiers that are con-
nected in the 'signaling pair described. Alter-
nate half-sections are used as feedback paths for
these equalizing amplifiers, as described ‘above.
The other alternate half sections can snmlarly
be used as feedback paths for: other equalizing
amplifiers, connected in another  pair of sig=-
naling conductors for transmitting, in the cable,
either in the same direction as the first pair of
signaling conductors: or in the opposite direc-
tion.. Where the transmission is in the same di-
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rection (the amyplifying elements of) these other
amplifiers may be, for example, at the halfway
points referred to above. Where the transmis-
sion is, on the other hand, in the opposite direc-
tion, these other amplifiers may be, for example,
in the same repeater stations as the equalizing
amplifiers of the first pair of signaling conduc-

tors. Each of these two forms of this type of sys-

tem is further described hereinafter.

The temperature changes to which each feed-
back path is subjected are sufficiently nearly like
those to which the next succeeding half-section
is subjected to avoid any material error in the
transmission compensation.

While the system as described above has the
inputs-to all of the repeaters the same, any of
these inputs can be made to differ from each other
if desired. For example, non-equalizing ampli-
flers giving any desired gain can be inserted be-
tween each feedback loop and the signal con-
ductors that the loop feeds.

Designating as a section-pair a length of con-
ductor pair extending between consscutive equal-
izing amplifiers that are connected in a given
signaling pair, the type of system specifically
described above uses for each section of com-
pensated signaling pair one and one-half section-
pairs of conductor (. e., one section of a signal-
ing pair and s feedback path of one half-section
length). Each signaling pair transmits in only
one direction, though the same cable can as read-
ily be used for opposite directions of transmission
(over different pairs), without materially affect-
ing crosstalk between pairs.

A second type of system differs in that the feed-
back locps of the amplifiers do not include half
sections of a sighaling pair but are formed each
of two half-sections of conducter pairs. That is,
for each equalizing amplifier the closed feedback
loop is separate from the signaling pair in which

output of the amplifier as a half-section of a sec-
ond pair in -the cable to a point halfway to the
next equalizing amplifier that is connected in the
signaling pair and returns to (the input of) the

' first amplifier as a half-section of a third pair in
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the cable. The other two half-ssctions of these
second and third pairs between the location of
these two amplifiers can be correspondingly used
as’'a feedback path for another ‘amplifier at the

" location of the second amplifier, connected in an-

other signaling pair in the cable and transmitting
in the same direction for example and having its
feedback path extending backwardly instead of
forwardly along the cable. :
Fach. section of any given signaling pair is
equalized in the same way as every other section of
the pair. This type of system, operating as de-
scribed above, uses for each section of compen-
sated signaling pair two section-pairs of conduc-

" tors (i. e. one section of signaling pair and a
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feedback path of two half-section-pairs of con-
ductors). In this second type of system, as in
the first type, each signaling pair transmits in
only one direction, though the same cable can as
readily be used. for both directions of transmis-
sion (over different pairs). o )

. Other-types of systems can be used. For exam-
ble, this second type of self-compensating system

. can be developed into & third type, more economi-

cal of cable conductors than either the frst or
second type. This can be done by taking advan-
tage of the fact that, as pointed out in the above
mentioned application Serial No. 606,871, a path
can serve as a feedback path common to a plu-

2,002,499

rality of amplifiers or to their forwardly trans-
mitting paths, for example, as a feedback path
forming a common gain control network or at-
tenuation equalizer for the two oppositely derect-
ed amplifiers of a two-way two-element repeater.
This third type of system can be like the second
but with each amplifier and its feedback path
having associated therewith an oppositely directed
amplifier, the two amplifiers serving as the ampli-
fiers of a two-way two-element repeater and the
feedback path serving as a cornmon feedback path
for the two amplifiers. In this 22-type repeater
this feedback path can replace the line balancing
networks customarily used in 22-type repeaters;
and the bridge networks (for example bridge
transformers or hybrid coils), customarily used to
connect the oppositely directed amplifiers to the
two-way line and the line balancing networks yet
maintain the oppositely directed amplifiers conju-
gate to each other, can be used to likewise connect
the amplifiers to the line and the common feed-
back path and maintain the amplifiers conjugate
to each other, )

This third type of system uses for each section
of compensated signaling pair two section-pairs of
conductors, i. e., one section of (two-way) signal-
ing pair and a (two-way) feedback path of two
half-section-pairs of conductors: but each signal-
ing pair transmits in both directions. Thus each
two section-pairs of conductors suffice for a com-
pensated section of two-way circuif, instead of for
a compensated section of only a one-way circuit as
in the second type of system,

A fourth type of system that may be mentioned
by way of further example is like the second form
of the first type referred to above, except that the
feedback path for an amplifier in one pair is used
as the feedback path for an oppositely directed
amplifier located in the same repeater station but
in another pair. This can be done by using a
bridge network at each end of the feedback path,
tc maintain the forwardly transmitting paths of
the two amplifiers conjugate. This type of Sys-
tem gives one compensated one-way circuit for
each one and one-quarter pairs of conductor,

Other objects and aspects of the invention will
ke apparent from the following specification and
claims: .

Figs. 1 and 2 show two above mentioned forms
of the first type of system described above; and

Pigs. 3 and 4 are illustrative of the second and
third types, respectively.

Fig. 1 shows a fraction of the length of a sys-
tem which may be a multiplex cable carrier tele-
phone system. The length shown comprises three
repeater stations I, 2 and 3 at which amplifiers
are connected in the cable C. The cable may

‘comprise a large number of like pairs of con-

ductors, three pairs 4, 5 and 6 being shown by way
of illustration. In pair § are connected amplifiers
7, 8 and 8, with their amplifying elements at sta-
tions {, 2 and 8 respectively; and in pair 6 are con-
nected amplifiers (1, 12 and {2 with their amplity-
ing elements in stations f, 2 and 3 respectively.
Amplifiers T and 9 and amplifier {2 are negative
feedback amplifiers equalizing line attenuation by
virfue of their feedback paths 17, {3 and 22,
regpectively. These foodback paths are formed
by portions of the pair 5. 'The amplifier 8 and
the amplifiers |{ and i3 are auxiliary amplifiers
furnishing any desired gain. They may be
omitted if desired. They are indicated as having
feedback paths 18, 21 and 23, respectively. All of
the amplifiers 7, 8, 9, 11, {2 and 13 may be am-
plifiers with negative or gain-reducing feedback
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stabilizing their operation and reducing -their
modulation or distortion in the manner explained
for example in the above mentioned application
Serial No. 606,871, The distance (along the
cable) hetween repeater stations {-and 3 is.desig-
rated S; and the distance between .consecutive

" repeater stations is :

=
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. The output of the amplifying elements of
amplifier 1 is transmitted over pair. 4 to station 2.
At the entrance to this station a balanced bridge
24 is .shown connected In this pair, by which a
portion of the energy is picked off and fed back to
the input of amplifier T at station | over the por-
tion of the pair 5 (the next to the top pair) con-
necting stations 2 and f, the conngction between
pair 5 and the input of amplifier T being through
a balanced bridge 25 similar to the bridge 24. As
explained for example in the above mentioned
application Serial No. 606,871, these bridges are
advantageous in rendering the feedback path of
the closed feedback loop conjugate to the incom-

. ing circuit.and the outgoing or load circuit be-

tween which the loop is connected.
The closed feedback loop of -amplifier 7 in-

Vcludes in its forwardly transmitting portion the

amplifying elements of the amplifier and the por-
tion of pair 4 connecting stations i and 2, and has
in its feedback path the portion of pair 5-con-
necting those stations. Thus (the closed feed-
back loop of) amplifier T extends from station 1
to station 2, or halfway to station 3.

This length of this feedback path is equal to
the length of the portion of the like pair 4 con-
necting stations 2 and 3; so. the transmission
characteristics of the feedback path are the same
as those of that portion, considering amplifier 8
omitted. . (Amplifier 8, if present, introduces its
gain in that portion, the transmission properties
of amplifier 8 and that portion then differing
by the amount of that amplification from.the
transmission  properties:of the feedback -path.)
As indicated above and explained for example in
the - above . mentioned application Serial - No.
606,871, when a feedback amplifier that is not
self-oscillating at any frequency has its loop
gain >>1 over the utilized frequency range, (loop
gain meaning gain produced in waves by their
passage once around the closed feedback loop),
the amplification of the feedback amplifier (i. e.
the change that the amplifier produces in ampli-
tude and phase of waves in their passage from

the incoming circuit for the closed feedback loop

to the outzoing or load circuit for the loop) is
substantially the negative reciprocal of the trans-
mission change that occurs in waves in their pas-
sage through the feedback path.  Therefore,
(disregarding amplifier 8), the amplification of
amplifier.7 is the negative reciprocal of (atrans-
mission change equal to) the transmission ¢hange
produced by the portion of pair 4 between sta-
tions 2 and 3. Consequently, transmission - of
waves over pair 4 from the input of amplifier T
to the input-of amplifier 9 does not alter the
amplitude of the waves nor their phase relations,
but merely changes their phase 180%

The operation may be considered.as use of -a
portion of pair 5 to pre-equalize transmission over
the next succeeding equal length of pair 4, an-
other equal length of pair 4 being included in the
forwardly transmitting path of the closed feed-
back loop. of amplifier T and thereby being com-
pensated for due to the fact that the forwardly

3

transmitting path is self-compensating as ex~
plained in the above mentioned application Serial
No. 606,871, : . ) :

Amplifier 9 operates in the same manner as
amplifier 1, to render the input to the next suc-
ceeding equalizing amplifier the same as the-in-
put to the amplifier 9 except for any amplifica-
tion- introduced by a non-equalizing amplifier
similar to the amplifier 8. This next succeeding
equalizing amplifier is not shown, but is spaced
a distance S beyond amplifier 8, along the cable:
The other equalizing amplifiers in pair 4 oper-
ate in the same manner. The pair 5 is divided
into half-sections or:lengths .

g

2

insulated from each other, at the repeater: sta-
tions. - Alternate half-sections are used as feed-
back paths for these equalizing amplifiers in the
manner described for the amplifier-1.- The other
alternate half-sections are likewise used as -feed-
pack paths for other equalizing amplifiers, such
as amplifier 12, in other signaling pairs, such as
the pair 6. For example, the half-section be-
tween stations 2 and 3 is used as a feedback path
for amplifier 12 in pair 6. Each signaling pair,
such as the pairs 4 and 6, and its'amplifiers such
a5 amplifiers 1, 8 and 9 of pair 4 and amplifiers
{1, 12 and I3 of pair 6,.is a multiplex carrier
transmission line circuit transmitting a large
number of telephone communications,. for exam-
ple, occupying a wide frequency range, as for
instance 4 to 40 kilocycles or 8 to 100 kilocycles,
the multiplexing being accomplished by -any
usual or suitable terminal equipment at the ter-
minals of the-circuit. (which are not shown).

Fig. 2 shows a portion of a transmission system
which may be a multiplex cable .carrier. tele-
phone system generally similar to that of Fig. 1,
though the cable sheath for the conductor pairs
such as 4, § and 6 is not shown. In signaling
pair 4, a large number of negative feedback am-
plifiers, such as T and 9, are pointed east. In
sighaling pair 8, a large number of negative feed-
back amplifiers, such as 21 and 28 which are like
amplifiers. T.and 9, are pointed west.  The am-
plifying elements of the amplifiers for the differ-
ent signaling pairs are located in the same re-
peater stations, which have the.spacing S along
the cable. ) .

The closed feedback loop for amplifier T ex-
tends from the input of the amplifying elements
of that amplifier through those ‘elements and
over a portion 31 of the pair 4, of length

S

2

to the halfway point between the inputs of am-
plifiers T and 9; and thence returns to the input
of the amplifier T over a portion 32 of pair 5,
of length '

} S

2

whieh portion,-at its east:end, is bridged across
pair-4 at the haliway point just mentioned, and,
at its west end, is bridged across the pair 4 at
the-input of the amplifier 1. : L
Since the portion 31 is in the forwardly trans-
mitting portion of the feedback loop the overall
transmission  is: stabilized against variation of
attenuation and -phase in this portion (and
against  variation of transmission-frequency
characteristics of this porfion). Since the por-
tion 32 of pair § is in the feedback path of am-

(33
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plifier 1, this portion 32 .will give to the overall
attenuation. and phase characteristics slopes
equal and opposite to those of the portion 33 of
pair 4 that connects portion 31 to amplifier 9.
This means that the loop has pre-equalized for
the portion 83.of pair 4 and the overall trans-
mission from the input of amplifier 7 to the in-
put of amplifier 9 is zero except for a phase shift
of 180°, or in other words transmission equaliza-
tion or compensation of the kind indicated above
has been accomplished for the circuit through
pair 4 between the inputs of amplifiers 1 and 9.
Transmission compensstion for the next suc-
ceeding section of the circuit through pair 4 is
likewise achieved by amplifier $; and transmis-
sion compensation for the other sections is like-
wise achieved by the other amplifiers connected
in pair 4. . e i
Similarly, amplifier 29, having a feedback loop
comprising - forwardly - transmitting path 35,
formed of a length

ol

of pair 6, and feedback path 36, formed of the
same length of pair 5, provides transmission
compensation for the section of pair ¢ extending
from the input of amplifier 29 to the input of
amplifier 27, "Likewise, .amplifier 27 provides
compensation for the next succeeding section,
etc.

Fig. 3 shows a portion of g transmission system
which may be multiplex cablé carrier telephone
system generally similar to that of Fig, 1. Of
the large number of like conductor pairs in the
cable, the figure shows portions of not only the
pairs 4, 5 and 6 but also a pair %', since in this
system two conductor pairs 5 and 5, instead of

one, are used to equalize transmission over the

two signaling pairs 4 and 6.

In signaling pair 4 a large number of negative
feedback amplifiers, such as 47 and 49, are point-
ed east. In signaling pair § a large number of
negative feedback amplifiers such as §1 and §8;
which are like amplifiers 47 and 4§, are also
pointed east.  The-amplifying elements of the
amplifiers for the different signaling pairs are
located in the same repeater stations, such as R1
and Rz, which have the spacing S along the cable.

The amplifiers have closed feedback loops such
as loops 51, 52, 53 and 54 for ampiifiers 41, 59,
5T and 49, respectively. These loops are separate
from the signaling pairs in which the amplifiers
are connected. Loop 61 extends from the output
of amplifier 47 as a length

S

2

(i. e. a half-section) of pair 5 (the next io the
top pair) to a point halfway to amplifier 49 and
extends back to the input of amplifier 47 as g
half-section of pair 5’ (the next to the bottom
pair). The other two half-sections of these pairs
between stations Ri1 and Rz are correspondingly
used in the closed feedback loop 52 for ampli-
fier §8, which equalizes the section of pair 6 be-
tween stations Ri and Rs. This closed feedback
loop 52 extends from the output of amplifier 59
halfway back to station Ri: as a half-section of
pair 5, and returns to the input of the amplifier
as a half-section of pair 5’. :

Each section of any given signaling pair can
be equalized in the same way as every other
section of the pair. Thus, the section of pair 4
to- the right of station Rs is egualized by the
negative feedback action of amplifier 49 through

2,002,490

its feedback loop 54. Similarly the section of
bair 6.-to the left of station R; is equalized by
the negative feedback action of amplifier 57
through its closed feedback loop 8§3. An auxiliary
amplifier 60 is shown in this feedhack loop E3.
It increases the loop gain' and thereby reduces
the gain of amplifier 57 in case such action is
needed, as for example in case the length of
loop 53 is too great to properly equalize or com-
bensate for the section of bair 8§ at the left of
station R: becauss of the wiring required at sta-
tion Ri1 to connect the loop to the amplifier 5T
or because of other reasons. Such auxiliary am-
plifiers can be inserted in any of the feedback
loops which require them:.

The loop gain of a-feedback amplifier and the
loop phase shift of the amplifier (i. e. the phase
shift produced in waves in their passage once
around the closed feedback loop of the amplifier)
should be carefully controlled to insure against
singing at any frequency in the entire frequency
spectrum, especially when the loop gain in the
utilized frequency range is large in order to pro-
duce large distortion reduction by the feedback
as explained for example in the above mentioned
application Serial No. 606,871. The requiremeriss
hecessary in order to preclude singing are given
for example in that application. Meeting those
requirements in practice usually means that the
loop phase shift should not be Zero or any mul-
tinle of 360° at any frequency for which there is
a loop gain, this condition being always sufficient
to preclude singing. Satisfying this condition in
the case of the equalizing amplifiers of the sys-
tems described herein can be facilitated by close
spacing of the repeater stations along the cable,
since this tends to reduce loop phase shift. 'The
close spacing of the repeaters also tends to reduce
the maximum power level differences in the cable
and thereby reduces the crosstalk between pairs.

Moreover, with close spacing, every equalizing
Tepeater is like every other because of the uni-
formity of spacing which results directly from
the spacing being close. The equalization is
pbractically perfect because the equalizer for g
portion of a cable pair is an equal length of g
like pair and the longer the system the more
nearly perfect become the resulis. Moreover, be-
cause the equalizer is located in the feedback path
it compensates automatically and ideally (and
also by itself) for the effect of temperature
changes. That is, as the cabla temperature rises;
for example, the cable loss increases, which de-
creases the feedback and consequently increases

‘the amplifier gain, and as the loop gain is made

large compared to unity the compensation aj-
proaches perfection.

Further, for a given number of communication
channels, the number of conductor Ppairs required
in a given cable varies inversely as the square of
the repeater spacing, and moreover the size of
the conductors required decreases at the same
time.

Fig. 4 shows a portion of g transmission sys-
tem which may be a multiplex cable carrier tele-
phone system like that of ¥ig. 3, but with each
signaling pair, such as & and €, transmitting in
both directions, and with the portions of cabvle
pairs (such as pairs 5 and 5’) that are used m
the amplifier feedback paths transmitting in both
directions also. :

In signaling pair 4 a large number of negative
feedback amplifiers are pointed east as indicated
by amplifiers 478 and 495, corresponding to am-
plifiers 47 and 49 of Fig. 3, and another such
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amphﬁer 6l E Also in this palr are westwa,rdly
pointed amplifiers, for éxample 41W, 4SW, 61W,
etc.. Amplifiers 4TE and 4TW form the opposite-
ly. directed amplifiers. of a 22-type repeater Ti;
amplifiers 49E -and 439W form the oppositely. di~
rected amplifiers .of a second 22-type repeater
12, amplifiers 61E and 6{W form the oppositely
directed -amplifiers of a 22-type repeater 13, etc.

Similarly, in. sighaling pair § are a 22-type re--

peater 81 comprising. negative feedback ampli-
fiers 57E and 5TW,.a-22-type repeater. 82 com-
prising negative feedback amplifiers 89E and 59W,
a' 22-type repeater 83 comprising negatlve feed-

. back amplifiers 62E and 62W, etc., the a,mphﬁers

5TE . and -59E corresponding respectlvely to-the
amplifiers 57 and 59 of Fig. 3. : .
The amplifying elements of the amplifiers for

the various repeaters are located in repeater sta= .

tions such as Rz, Rz and Rs, which have the
spacing S along the cable.
The - repeaters ‘have the - customary brldge

transforrners (i. e. hybrid coils)" for. separating-

oppositely directed transmissions through- the
repeater. These bridge transformers are 14 and

15 for repeater 11, 16 and 11 for repeater 12, 18-

and 19 for. repeater: 13, 84 and 85 for repeater
81, 86 and 87 for repeater 82, and 88 and 89 for
repeater 83. -

The closed feedback loop of amplifier 41E has
feedback path 51 corresponding to the path 51 in
Fig. 3 -but connected to the:amplifier: through
the bridge transformers 14 and 15 and serving as
line balancing networks for the line constituted
by pair 4. _
tion Ry halfway to station Rz as a half-section
of pair 5 (the next to-the bottom pair); and:baek

“to station Ri as a. half-section: of -pair.-5’.-(the
next to .the top pair), as in the case of Fig. 3.

This feedback path serves also as the feedback
path in the closed feedback loop for amplifier
A4TW. The feedback for amplifier 4TE is from
the output of the amplifier 41E through brldge

transformer 14, eastward over the portion .of pair -
5 in closed feedback loop 51, westward over the-
portion of pair 5’ in this loop to the bridge trans--

former 15, -and-through: this transformer to-the
input of the amplifier 47E." The feedback. for
amplifier 4TW is from the output of the amplifier
4TW through bridge transformer 1715, eastward

" over the portion of pair 5 in the closed feedback

loop 51, westward over the portion of pair § in
this loop to the bridge transformer 74; and
through this transformer to the input of the am-
plifier 4TW.

Each .of the repeaters operates in this way to
equalize a section of circuit consisting of a length
S of the pair, such as pair 4 or pair 6, in which
the repeater is connected.

While the systems shown have been described
with especial reference to cable carrier systems
with a large number of multiplexed -circuits in

the cable, it is emphasized that the invention is -

not restricted to such- systems. For example,

either with a non-loaded cable or coaxial con-

ductor system, by doubling the.number of cable
conductors and employing them in the circuit of
Fig. 4, the complete cable is made self-equalized
with respect to transmission :variations due: to
frequency, temperature, aging, humidity, etc.,
jrrespective of whether the transmission-fre-
quency variation being corrected is attenuation,
phase shift or delay distortion.

When cable conductors are used as an equaliz-
jng network in the manner hereinbefore. de-

scribed, the length of the conductors so used need -

This feedback path extends from sta~

N 5
not.in all cases be equal to the length of the cable

conductors for which the equalization is accom-
plished;-but may be either greater or less.  For

example, a given length of a 16 gauge pair may -

equalize attenuation of a different length of a 20
gauge pair between -2 cable terminal and .the

nearest  equalizing amplifier connected in. “the-

palr
What is claimed is:

1. A wave translating system compnsmg a'wave

propagation. path: extending from one of two
geographically separated points to the.other, a
wave amplifying device in said path, said amplify-
ing device having a feedback path extending from
one of two geographically separated points to the

. other and feeding back gam-reducmg waves in

said amplifying device,

2. A wave translating system comprising a long'
transmission circuit and an amplifier in-said cir=:

cuit having its gain of thé order of magnitude

of: the transmission loss of said circuit for com-"

pensating for said loss and having a feedback
path for feeding gain-reducing waves back in said

amplifier, said path connecting points geographi-_
cally. separated from each other and comprising:
means for compensating for transmission changes

in said circuit.
3. A wave ’cransla.tmcr system compnsmg a

wave transmission path from one location to a-
location remote therefrom, an amplifier connected:
in said path, and a gain-reducing feedback path:
for said amplifier, said feedback path having a’

portion- providing a path from one of said. loca-
tions to the other, and said portion having sub-
stantially the same transmission properties as
an equal length of said first mentioned path.

4, A wave transmission system comprising a
circuit extending between geographically remote
locations and comprising ‘an’ amplifier, and a
wave path from one of said locations to the other,

located throughout its length in proximity to said
circuit and feeding back gain-reducing waves in

said amplifier.-

5, A wave ftranslating system comprising a-
circuit having variation of transmission charac-*
teristics with. temperature; an amplifier. in said:
c1rcu1t and.a.wave path producing- gam—reduc- :

ing feedback in said amplifier and having varia-
tion of transmission characteristics thereof in
response ‘to changes in its temperature substan-
tially the same as said circuit.

6. A wave translating ‘system comprising a cir-
cuit subject.to varying weather conditions which
produce variations in its-transmission character-
istics, an amplifier in said circuit, and means com-
prising a feedback path producing negative feed-
back in said-amplifier, said means producing in
response to weather variations substantially the
same variation of the transmission character-
istics of said path as said variations in the trans-
mission characteristics of said circuit.

7. A transmission system comprising a cable,
like conductors in said cable, and an amplifier
connected in a pair of said conductors, portions
of others of said conductors forming a trans-
mission equalizing feedback path for said am-
plifier for equalizing transmission in said pair.

8. A wave translating system comprising a cir-
cuit, an:amplifier connected in said circuit, and
means for compensating for transmission changes
in said circuit comprising a feedback path for
feeding back gain reducing waves in said ampli-
fier, said path connecting points in said circuit
geographically separated from each other.

9. A wave translating system comprising a cir-
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cuit, an amplifier connected in said circuit, and
means for compensating for transmission changes
in said circuit comprising a feedback path for said
amplifier connecting points of said circuit half
the length of said circuit apart. ’ )
10."A wave translating system comprising a
long transmission line and an amplifier connected
in said line for compensating for the transmission
loss in said line, said amplifier having its gain
of the order of magnitude of said loss and having
a gain-reducing feedback path connecting points
geographically  separated from each other and

feeding back waves from a point of the ocutput.

circuif; of said amplifier to a neighboring point
of the-input circuit of the amplifier. .

=11, A wave translating system comprising a cir-
cuit, an amplifier connected in said circuit, and
means for compensating for transmission changes
in said circuit comprising a feedback path for
said amplifier “extending in proximity to said
circuit half the length. of said circuit and back

and feeding back waves from g point of the out-

put circuib. of said amplifier to a neighboring
point of the input circuit of the amplifier.

12, A wave translating system comprising two
long transmission lines and two gain sources as-
sociated: with said lines, respectively, for com-
pensating for transmission loss in-said lines, each
gain source having its gain of the order of mag-
nitude of the loss of its associated line, and said
gain sources having a common gain-reducing

feedback circuit connecting points geographically-'

separated from each: other.
13. A wave translating system comprising two
amplifiers having a common feedback circuit, and

- means feeding back waves.in one of said ampli-

fiers .in. one direction through said circuit and
feeding back waves.in the other amplifier in the
opposite direction through-said circuit.

14. A wave translating system comprising two
two-way wave transmitting  paths, a two-way
wave transmitting circuit, two one-way trans-
mitting paths, and means connecting said one-
way paths and said two-way circuit between the
two first mentioned two-way paths for two-way
transmission over said two latter paths and said
two one-way paths and two-way transmission
throughout the length of said two-way circuit,

2,002,499

with said one-way paths conjugate to each other
and with said-two-way circuit conjugate to the
two first mentioned two-way paths, =

15. A cable carrier telephone system compris-

ing a cable, like conductors therein, a two-way )

two-element- repeater for transmitting in oppo-
site directions in one pair of said conductors, a
neighboring two-way ‘two-element repeater for
transmitting in opposite directions in a second
pair of said conductors, a feedback path common
to the amplifiers of the first mentioned repeater
extending in one direction from that repeater half
the length of a section of said first pair and back

for compensating for transmission changes in said.
- section of said first pair and balancing the im-

pedances presented to that repeater by that pair,
& second feedback path common to the amplifiers
of the second repeater extending in the opposite

~direction from that repeater half the length of a

section of said second pair and back for compen-
sating for transmission changes in said section of
said second pair and balancing the impedances
presented to that repeater by that pair, said first
feedback path being formed of portions of third
and fourth pairs of said conductors, and said sec-
ond feedback path being formed of other portions
of said third and fourth pairs-of said conductors,
two bridge networks connecting the amplifiers of

said first repeater to said first pair and to the

ends of said first feedback path with those ampli-
fiers conjugate to each other, and two bridge net-
works connecting the armplifiers of said second
repeater to-said second pair and to the ends of
said second feedback path with those amplifiers
conjugate to-each other,

- 16. An electrical wave amplifier for use in con-

nection with a transmission line, said amplifier
having an input and an output coupled respec-
tively to an incoming and an otitgoing portion of
said line, and a feedback circuit from said output
to said input including & transmission line lying
adjacent to said first line and having transmis-
sion characteristics - respectively corresponding
thereto and variable in similar manner therewith,
said feedback operating to reduce the gain of said
amplifier.
i HAROLD S. BLACK.
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