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OTTO B. BLACEWELL, OF GARDEN CITY, NEW YORE, ASEIGHOR TO AMERICAN TELE- -
PHONE AND TELEGRAPH COMPANY, A CORPORATION OF NEW YORE.

SYSTEM FOR ATTAINING UNIFORM ATTENUATION.

Application filed June 28,

To all whom it may concern:
Be it known that I;- Orro B. BLACKWELL,
residing at Garden Ciﬁy, in the county of
ew York, have in-
vented certain Improvements in Systems for
Attaining Uniform Attenuation, of which
the following is a specification.
This invention relates to transmission sys-

" tems and more pacticularly to transmission
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systems over wiich telephonic or multifre-
quency signals are transmitted.

In a system used for the transmission of
frequencles varying over a considerable
range, the attenuation varies for different
frequencies, and in the case of telephonic
signals, the higher frequencies are usually
attenuated to such an extent as ‘compared
with the lower frequencies that a consider-
able degree of distortion results, and this is
true even where the transmission line is
loaded. It is possible, however, to design an
auxiliary system, such as a network, so that
the lower frequencies are attenuated to 2

%reater degree than the -higher frequencies.
By

associating such an auxiliary system
with the transmission system proper, the at-
tenuation as regards the combination may
be made substantially the same for all fre-
quencies within a desired range. By proper
design of the auxiliary system or network
it is possible, when uniform transmission .is
not desired, to cause the attenuation of the

combined system to vary with frequency in

.any desired manner.

Such an arrangement is unsatisfactory,
however, for the reason that the introduc-
tion of an auxiliary system into the trans: -
mission line for the purpose of equalizing-
the attenuation increases the transmission
loss of the system as a whole. Furthermore,
the impedance of such an auxiliary system
ordinarily varies with the frequency in a
manner differing radically from that of
the transmission line. The introduction of .
the auxiliary system into the transmission
line consequently results in_irregularities
which may produce reflection losses over and
above the transmission losses due to the aux-
iliary system itself.

It is one of the objects of this invention
to overcome the losses due to the introduc-
tion of the auxiliary system, by so associat-
ing the auxiliary system with the transmis-
sion line and an amplifying arrangement, -

1818. Serial o. 242,588,

that the amplifying arrangement will make
up the losses due to the auxiliary system.

Another object of the invention is to re-
duce and in' some instances ‘substantially
eliminate the above-mentioned reflection
losses due to the auxiliary system by so as-
sociating the auxiliary system with the am-
plifying arrangement that the reactfon of
the varying impedance of the auxiliary sys-
tem upon the transmission line is prevented
either in whole or part.

These objects as well as other "objects
which will be clear from the detailed de-
scription of the invention are accomplished
by introducing into the transmission line a
repeater arrangement, preferably of the
two-way two-repeater type, or of the so-
called four-wire type, and by introducing
the auxiliary system into some element of
the repeater circuit, preferably in the local
branches including the repeater elements in
the case of the two-way two-repeater ar-
rangement and in the pair of one-way lines

56

interconnecting two stations in the case of -

the four-wire_circuit. :

- By this locativn of the auxiliary system
it will be rendered electrically more remote
from the transmission. line than if it. were
directly included therein, se that its vari-
able impedance produces less reaction upon
the line.. Where two-stage amplifiers are

used in the repeater circuits, by locating the

auxiliary system between two amplifying

elements, its reaction - upon the line may be.
eliminated, as the amplifying elements are

one-way devices.
The invention may now be more fully un-
derstood from the following desecription,

when read -In connection with the accom-

panying drawings, Figures 1, 2, 3 and 4 of
which are circuit disgrams showing four
possible arrangements of the auxiliary sys-
tem or attenuation equalizer in a two-way
two-repeater circuit, while Figures 5 to 10,
inclusive, are circuit diagrams of six dif-
ferent arrangements of the auxiliary system
peater circuit. :

Referring to Fig. 1, two lines L, and L,
are shown, said lines being interconnected
through a two-way two-repeater circuit, in-
cluding amplifiers A; and A,. The lines are

.associated with the repeater circuit through
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or attenuation equalizer in & four-wire re-
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transformers 1 and 1’, and are balanced with
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5 the windings of the transformer
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respect to repeater circuits by means of arti-
ficial lines or metworks N, and N,, trans-
formers 2 and 2’ being associated with the
artificial lines for the purpose of balancing
the transformers 1 and 1”. The usual three
winding transformers T, and T, are pro-

vided, the input circuit of the amplifier &,

heing associated with the bridge across the
mid-points of the windings of the trans-
former T, through a transformer 3, the out-
put circuit of the amplifier including the
third winding of the transformer T,. In a
similar manner the input circuit of the am-
plifier A, is associated with the bridge 'i‘u*r%ss

LN
means of a transformer 3’, the output cir-
cuit of the amplifier A, including the third
winding of the transformer T,.

The arrangement so far described is that
of a standard type of repeater circuit and
is merely shown for purposes of illustration,
it being understood that the circuits may be
modified in any well known manner in so
far as the present invention is concerned.
Thus the amplifiers A, and A, which are
shown as being of the well known vacuum
tube type may be of any other well known
type such as the so-called mechanical re-
peater. In order to equalize the attenuation
due to the characteristics of the transmission
lines L, and L, and other factors (such, for
instance, as terminal reflection effects), or to
cause the attenuation to vary with frequency.
in any desired manner, auxiliary systems or
attenuation equalizers E, and E,, B, and
E,’ ave provided. These attenuation equal-
izers, as illustrated, are of the series im-
pedance ty]ﬁe disclosed in a copending appli-
cation of Ray S. Hoyt, Serial No. 242,567,
filed June 29, 1918, and the theory of the
operation of this type of equalizer is fully
set forth in said application. In so far as
the purposes of this invention are concerned,
however, any of the other types of attenua-

’ tion equalizers disclosed in the said applica-

tion may be used in place of the series im-
pedance type or in fact any other well known
type of équalizer may be employed, provided
it is associated with the transmission line
and the repeater arrangement in such man-
ner as to secure the objects sought by this
invention. ' :
Certain of the desired results may be ob-
tained by locating the attenuation equalizer
between the two halves of one of the wind-
ings of the transformers 1 and 1’ associating
the transmission lines with the repeater cir-
cuit. Thus the equalizer E, is associated
with the right-hand winding of the trans-
former K, and the equalizer E,” is associated
with the lefthand winding of the trans-
former 1’. In order to balance these equal-
izers with respect to the repeater equalizers
E, and E,” are similarly connected to the
transformers 2 and 2° upon the artificial
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line side. By means of this arrangement the
attenuation equalizers, when taken in con-
nection with the transmission lines, consti-
tute circuits in which all frequencies within
a definite range are transmitted with ap-
proximately the same attenuation, the equal-
izer being proportioned with regard to the
electrical characteristics of the line and the
frequencies transmitted to secure this result
as described in the above menticned appli-
cation of Bay S. Hoyt. The losses due to
the attenustion equalizer are overcome by
means of the gain in transmission intro-
duced by the repeater; and by providing the
attenuation equalizers in pairs upon the line
and artificial line side of the repeater, sing-
ing may be avoided. The arrangement
shown in Fig. 1, however, may introduce
some difficulty because of the fact that ordi-
narily its impedance varies with the fre-
quency in a manner different from that of
the transmission line, so that irregularities
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may result which may produce reflection

losses over and above the transmission losses
due to the equalizer itself.

While this difficulty is not of sufficient im-
portance to inhibit the use of the arrange-
ment shown in Fig. 1, it may to a consider-
able extent be eliminated by the arrange-
ment shown in Fig. 2 in which, instead of
associating the equalizers directly with the
line through a transformer, the equalizers
are included in the input bridges of the re-
peater. Thus the equalizer E, is inserted
between the two halves of the primary
winding of transformer 3, while the equal-
izer F," is inserted in the primary winding.
of the transformer 38’. hile in this ar-

_rangement the impedance of the attenuation

equalizer ordinarily varies with the fre-
quency as before, it is electrically more dis-
tant from the transmission line than in the
arrangement of Fig. 1. This arrangement
has a further advantage over that of Fig. 1-
that only two attenuation equalizers are re-
quired due to the fact that the equalizer is
not included in a balanced part of the cir-
cuit. :

Substantially the same results may be ob-
tained by means of the arrangement shown
in Fig. 3, in which the attenuation equalizers
are included in the output circuits of the am-
plifiers A, and A, respectively. Thus the
attenuation equalizer E, is inserted between
the two halves of the third winding of the
transformer T,, while the equalizer E,” is
inserted between the two halves of the third
winding of the transformer T,. Here again,
as in Kig. 2, the variable impedance of the
attenuation equalizer produces a relatively
smaller effect upon the total impedance of
the repeater as seen from the line.

The effect of the variable impedance of
the attenuation equalizer upon the total im-
pedance 6f the repeater circuit, as seen from -
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the line, may be eliminated by employing
the arrangement shown in Fig. 4. In this
figure, two-stage amplifiers are employed.
Thus for transmission from line L, to line
L; two amplifiers A, and A, are employed,
while for transmission from L, to L, ampli-
fiers A; and A, are emploged. By inserting
the attenuation equalizer E, between the am-
plifiers A, and A, and the equalizer E,’ be-
tween the amplifiers A; and A,, the effect of
the variable impedance of the equalizer upon
the impedance as viewed from the line is
eliminated, due to the fact that the ampli-
fiers are one-way devices. The arrangement

3 shown in Fig. 4, while preferable in this re-

spect to the other three circuit arrangements,
might be disadvantageous in an installa-
tion where two stage amplifiers are unneces-
sary in order to secure the desired transmis-
sion gain.

The above described arrangements, while
in many respects equivalent, are in fact elec-
trically slightly different but any one of
these arrangements permits of the use of an

5 attenuation equalizer in s transmission sys-

tem without reducing the transmission of the
system as a whole. It will be understood
moreover that various combinations of the
above described arrangements of the atten-
uation equalizers may be employed, if de-
sired,

Similar arrangements of the attenua-
tion equalizers, with respect to the line and
repeater arrangement, may be employed in
connection with a four-wire circuit, as shown
in Figs. 5 to 10, inclusive. A typical form of
four-wire circuit is illustrated in Fig. 5 in
which lines L, and L, terminating at two
distant stations are interconnected through
a four-wire circuit, including line sections
L, and 1., for transmission in one direction

. and line sections L, and L, for transmission
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in the -opposite direction. Two-stage ampli-
fiers A, and A, are inserted between the line
sections L, and L, at an intermediate station
and amplifiers A, and A, are inserted between
thelinesections Ly and L, at said intermediate
station. Tt will be understood, however, that
this arrangement is symbolical of a large
number of possible arrangements, since sin-
gle-stage amplifiers might be used, or, if de-
sired, additional amplifiers might be inserted
in the four-wire lines at other intermediate
points. The four-wire circuit is associated
with the terminating two-wire lines through
the usual three-winding transformers T, and
T, and the transformers 1 and 1’. Lines

- L, and L, are balanced by artificial lines N,

80

and N, associated with which are transformers
2 and 2’ for balancing the transformers 1
and 1’. The line section L, is agsociated with
the input circuit of the amplifier by a trans-
former 8 and with the input connection from
the line L, by means of a transformer 6.

? The line section L., is associated with the out-

e

. R
put circuit of the amplifier A, by means of -

s transformer 5 and with the output connec-
tion to the line L, by means of a transformer
7. In s similar manner line sections L; and
L, are associated with corresponding ele-
ments by means of transformers 3’, 6’ and 5’,
7’ respectively. As shown in Fig. 5, the at-
tenuation equalizers K, and E,’ are inserted
hetween the two halves of one of the wind-
ings of the transformers 1 and 1’ respec-
tivel
and E,’ are similarly connected to the trans-
formers 2 and 2’ on the artificial line side.
This arrangement of the attenuation equal-
izers is substantially the same as that shown
in Fig. 1, the only difference being that the
arrangement is shown as applied to a four-
wire circuit instead of a two-way two-re-
peater system. .
Attenuation equalizers may be used to
greet advantage in comnection with the
four-wire system, due to the fact that in
such a system losses may be inserted in each
side of the four-wire circuit without limit-
ing the -transmission of the system, since
any loss introduced may be made up by the
introduction of a corresponding amplifica-
tion without any resulting increased tend-
ency to singing. Such a system, therefore,

‘admits of considerable latitude so far as

the location of the attenuation equalizers is
concerned, since any losses due to the loca-
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while the attenuation equalizers K, -
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tion of the equalizer in the four-wire link = -

may be made up by means of the amplifiers
in the circuit. This possibility is taken ad-
vantage of by the arrangements shown in
Figs. 6 to 10, inclusive. Thus in Fig. 6
the attenuation equalizer E, is inserted be-
tween the two halves of the primary wind-
ing of the transformer 6, associating the
line section L, with the input connection to
the line L,. In a similar manner the at-
tenuation equalizer E; is connected with
the transformer 6’ in the path used for
transmission in the opposite direction. This
arrangement is somewhat similar to that
disclosed in Fig. 2 and has the same advan-
tages, ‘ ’ :

In Fig. 7 the equalizer E, is inserted be-
tween the two halves of the secondary wind-
ing of the transformer 3 in the input cir-
cuit of the amplifier A,. - The attenuation
equalizer E,” is similarly associated with
the transformer 3’ in the other half of the
four-wire link. This arrangement is slightly
better than that of Fig. 6, since the atten-
nation equalizer is electrically farther away
from the terminating two-wire line so that
the variation in the impedance of the equal-

‘izer produces a correspondingly smaller ef-

fect on the impedance of the four-wire link
as seen from the terminating two-wire line.
~Still another modification is shown in
Fig. 8 in which the attenuation equalizer E,
is inserted between thé amplifiers A, and A,
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in the half of the four-wire link, while the
attenuation equalizer B,” is inserted be-
tween the amplifiers A, and A, in the other
half. By means of this arrangement a line
5 section of the four-wire link and the one-
way amplifier separates the attenuation
equalizer from the terminating two-wire
line, so that the variable impedance of the
former produces no effect upon the latter.
In Fig. 9 an arrangement is shown hav-
ing substantially the same advantages as
that shown in Fig. 7. In accordance with
this circuit arrangement the attenuation
equalizer E; is inserted between the two

15 halves of the primary winding of the trans-
former 5 which associates the output circuit
of the amplifier with the line section L,
Similarly the attenuation equalizer E,” is
associated with the transformer 5° between

20 the amplifier A, and the line section I,
Here again the effect of the variable im-
pedance of the equalizer upon the terminat-
Ing two-wire line is reduced by reason of
‘the fact that it is separated therefrom by

25 means of a section of the line making up
the four-wire link. A further modification
is shown in Fig. 10 in which the atienua-
tion equalizer E. is inserted between the
two halves of the secondary winding of

30 ‘the transformer 7 associated with the out-
@oing connection to the two-wire line L.
In a similar manner the attenuation equal-
izer E.” is connected to the transformer 7’
associated with the outgoing circuit to the

8 terminating two-wire line L,. This ar-

. rangement presents substantially the same
advantages, so far as impedance relations
are concerned, as the circuit. shown in
Fig..6.

40 . Tn the four-wire system, it will be under-
stood that where.the four-wire link is di-
vided into additional sections by means of
additional repeater units that additional po-
sitions for the location of attenuation equal-

- 45 izers will be.provided. Furthermore it will
be understood that various combinations of

10

the above described arrangements may be .

employed, if desired. e
_. :Other arrangements in addition o those
.50 slready described might be:suggested, but

the arrangements: already: discloged axe.he-.

lieved to sufficiently . illustrate the prin-
ciples upon..which this -invention is
based, the essential requirement being. that

-85 the attenuation egualizer -be.-so: associated
- with a transmission linc and a repeater ar-
rangement that the losses introduced by the
attenuation equalizer may be made up by
_the repeater, the equalizer being preferably

.80 s arranged with regard to the repeater cir-
.cuit that the latter will reduce the reaction

~ ‘between the attenuation equalizer and the
© transmission line. It will be clear that the
general (g)rineiples herein disclosed may be

$5 embodied in- many other organizations

1,454,011

widely different from those illustrated,
without departing from the spirit of the
invention, as defined in the following
claims, -

What is claimed is:

1. In a transmission system, a transmis-
sion  line the attenuation of which varies
with frequency, a repealor system associated
with said transmission line, said repeater
system including two amplifying transmis-
sion paths, one for transmitting in one di-
rection, and the other for transmitting in
the opposite direction, and a non-amplifying
attenuation equalizing means associated with
the repeater system and said transmission
line, said equalizing means being so propor-
tioned with reference to the line that the
resultant attenuation of currents transmit-
ted over the system will vary with frequency
in a predetermined manner,

2. In a transmission system, a transmis-
sion line the attenuation of which varies
with the frequency, a non-amplifying auxil-
lary system the attenuation of which varies
with the frequency in a manner complemen-
tal to that of the transmission line so that
the resultant transmission of the line and
auxiliary system is substantially constant
over a desired range of frequencies, and a
repeater system associated with said line and
auxiliary system. o .

3. In a transmission system, a transmis-
sion line the attenuation of which varies
with the frequency, a non-amplifying auxil-
lary system the attenuation of which varies
with the frequency in'a manner complemen-
tal to that of the transmission line so that
the resultant transmission of the line and
auxiliary system is substantially constant
over a desired range of frequencies, and a
repeater system associated with said line and
auxiliary .system, said repeater system in-
cluding two amplifying transmission paths,
one for transmitting in one direction and
the other for transmitting in the- opposite
direction. - R
4. In a transmission gystem, a._{ransmis-
sion line the attenuation.ofr which is greater
“for high frequencies than low frequencies,
.2 non-amplifying auxiliary system the at-
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tenuation of whieh vazies with the frequency .

in"'a’ manner complemental: to-that of the
transmission -lipe so that the. resultant at-

tenuation of the line and auxiliary system

is sybstantially constant over a desired range
of frequencies, and a repeater system asso-
ciated with-saidine and auxiliary system to
make up the losses introduced by the auxil-
iary system. : :

5. In a transmission system, a transmis-
sion line the attenuation of which is greater
for high frequencies’ than low frequencies,
a non-amplifying auxiliary system the at-
tenuation of which varies with the frequency
in a manner complemental to that of the
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transmission line so that the resultant at-
tenuation of the line and auxiliary system
is substantially constant over a desired range
of frequencies, and a repeater system asso-
ciated with said line and auxiliary system
to make up the losses introduced by the
auxiliary system, said repeater system in-
cluding two amplifying transmission paths,
one for transmitting in one direction and
the other for transmitting in the opposite
direction. L '

6. In a transmission system, a transmis-
sion line the attenuation of which varies
with the frequency, a repeating system asso-
ciated with said transmission line, said re-
peating system comprising two amplifying
transmission paths, one for transmitting in
one direction and the other for transmitfing
in the opposite direction, and non-amplify-
ing auxiliary systems whose attenuation va-
ries with the frequency in a manner comple-
mental to that of the line, said auxiliary
systems being included in the two transmis-
sion paths of the repeater system at points
such that a portion of each path of consider-
able attenuation intervenes between the aux-
iliary system and the junction of the line
and repeater system. .

In a transmission system, two geo-
graphically separated stations, terminating
lines at said stations, a pair of transmission
paths, interconnecting said stations, one
path being used for transmission in one di-
rection and the other path for transmission

in the opposite direction, the. attenuation

over.a circuit including the two terminating
lines and one of said transmission paths
varying with the frequency, non-amplifying
auxiliary systems whose attenuation varies
with the frequency in a manner complemen-

‘tal to that of said circuit, said auxiliary

systems being inserted in said transmission
paths at intermediate points, and amplify-
ing means in said paths. . -
8. In a transmission system, .a transmis-
sion line the attenuation of which varies
with the frequency, non-amplifying means

associated with said line to equalize the at-
tenuation of the system so that all frequen-
cies within a desired range are transmitted

with practically uniform attenuation, and’

amplifying means to make up the loss intro-
duced by said first mentioned means.

9. In a transmission system, a transmis-
sion line the attenuation of which varies
with the frequency, non-amplifying means
associated with said line to equalize the at-

* tenuation of the system so that all frequen-

cies within a desired range are transmitted
with practically uniform attenuation, and
amplifying means to make up the loss in-
troduced by said first mentioned means, and
to increase the transmission efficiency of the
system. : 8

10, In a transmission system, a transmis-
sion line the attenuation of which varies
with frequency in accordance with a known
law, non-amplifying means associated with
said line and having a characteristic such
that the attenuation varies progressively

with the frequency, so that the resultant at- -

tenuation of the combination varies with
frequency in a different predetermined man-
ner from that of the line above, and gmpli-

‘fying means to make up the losses intro-

duced by said first mentioned means.

11. In a transmission system, a transmis-
sion line the attenuation of which varies

with frequency in accordance with a known
law, a non-amplifying auxiliary system the
attenuation of which is predeterminable at
different frequencies, said auxiliary system
being so designed that the attenuation varies

60

56

60

85

70

75

80

progressively with the frequency, so that

when associated with the transmission line
the tesultant attenuation variés with the
frequency in accordance with a predeter-
mined law, and amplifying means to make
up the losses introduced by said. auxiliary
system. .

In testimony whereof, I have signed my
name to this specification this twenty-six
day of June, 1918, '

~ . OTTO B. BLACKWELL.
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