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THOMAS SHAW, OF HACKENSACK. NEW JERSEY, ASSIGNOR TO AMERICAN TELEPHONE

~ AND TELEGRAPH COMPANY, A CORPORATION OF NEW YORK.

DUPLEX BALANCING-CIRCUITS.

1,288,709,

specification of Letf{ers Patent,

Patented Dec. 24, 1918.

Application filed May 29,1918, Serial No. 237,330.

To all whom it may coﬁcern . _
- Be it known that I, THoMAs SHAW, resid-

‘1ng at Hackensack, in the county of Bergen
~and State of New Jersey, have invented cer-

tain Improvements in Duplex Balancil}g-
Circuits, of which the following is a ‘specifi-
cation. -

This invention relates to transmission cir-
cuits and more particularly to transmission
circuits in which repeaters are employed for
the purpose of amplifying telephonic or
other signaling currents transmitted over
sald circuits.

The present method of operating tele-
phone circuits on a two-way repeater basis,
requlres an individual basic net-work to bal-

-ance each separate telephone circuit, and

other -associated balancing equipment to
compensate for the impedance modifying ef-
tects of the various types of terminal equip-
ment assoclated with the telephone line.
“Building-out” circuits for the basic net-
works may also be required.

The balancing apparatus for a side circuit
of a phantom ordinarily includes a phantom
repeating coil, to compensate for the im-
pedance effects of the phantom terminating
coll, and balancing networks to compensate
for the impedance effects of the standard

composite telegraph set, when the telephone

line is composited for Morse service. The
balancing circuit for a phantom circuit ordi-
narily includes a repeating coil to compen-
sate for the repeating coil which is used in
the phantom line circuit to bring its im-
pedance to approximately the same value as
the side circuit impedance, and a “balancing”
composite set, if the sides are composited for
Morse operation. If the phantom and its
sides are equipped with composite ringers,
extra balancing apparatus may also be re-
quired in the line balancing network circuits
on the “drop” side of the repeating coils.

The operating practice just_ described re-
quires three separate and distinct groups of

basic networks and associated balancing ap-
paratus when a phantom group of circuits is
operated on a two-way repeater basis,—one
complete set for each side circuit and ome
complete set for the phantom itself. Within
certain limitations it is possible to duplex
the basic networks and their building-out
sections, and also certain of the composite set

balancing circuits, in a way electrically
equivalent to that by which the telephone
lines themselves may be duplexed. In other
words, it is possible to obtain a more or
less complex basic network unit which will
stmultaneously simulate the impedances of
the three telephone circuits of a phantom line
group. |

It 1s one of the objects of this invention to
provide mstrumentalities whereby the possi-
bilities above mentioned may be realized.
Other and further objects of the invention
will be clear from the following description
when read in connection with the accom-
panying drawings in which—

Figure 1 is a diagram, schematic in part,
showing how side and phantom circuits may

b5
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be balanced by employing separate balancing

units;
Fig. 2 is a diagram showing how such cir-

“cuits may be balanced by means of a duplex

balancing circuit:

75

Figs. 8 and 4 are diagrams of two modified

forms of duplex units for balancing the com-
posite telegraph sets associated with the four

conductors comprising a phantom and two -

side circuits;

Figs. 5 and 6 are diagrams of modified
torms of duplex “building-out” units:

Figs. 7, 8,9 and 10 are diagrams of modi-
fied duplex units for balancing duplex non-
loaded open wire lines; '

Fig. 11 is a diagram of a basic network
for balancing a loaded line; -

Figs. 12 to 21 inclusive, are diagrams of a
number of forms of duplex networks for
balancing loaded duplex lines;

Fig. 22 15 a diagram of a basic network
tor balancing loaded lines with greater pre-
cision than is possible with a network of the
type shown in Fig. 12: | '

Fig. 23 1s a diagram of a form of duplex
“precision” network for loaded lines:

Figs. 24, 25, 26 and 27 are alternative ar-
rangements for certain elements of the net-
work 1llustrated in Fig. 23:

Fig. 28 is a diagram of a basic network
suttable for balancing a line constructed of
non-loaded cable; ' '

Figs. 29 and 30 are diagrams of duplex
units suitable for balancing duplex non-
loaded cable; and -

Fig. 31 1s a diagram of a transmission sys-
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open wire lines will be bala _
disclosed in Hoyt Patent

'tem. showing how a duplex balancing unit

may be employed to great advantage.

Referring to Fig. 1, a pair of lines LS, LS

are shown terminating at a repeater station
in the usual phantom repeating coils PC,
PC. The side circuits LS, IS are each pro-
vided with terminal composite apparatus
schematically indicated at C, whereby each

line conductor may be used for telegraph .

purposes. In order that a third or phantom
circuit may be obtained from the conduc-
tors comprising the side circuits LS, LS,
conductors LP are connected to the mid-
points of the line windings of the phantom
coils PC and terminate in a transformer
A to step up the phantom impedance to the
same value as the side circuit 1mpedance.
Composite ringing sets may also be pro-
vided on the “drop” sides of the coils PC
and A as indicated schematically at CR.
The composite apparatus C, and composite
ringer CR are well known and in order to
simplify the diagram are not shown in de-
tail. -

Any of the lines above described may be
connected to other lines of the system
through a two-way two-repeater system and
when so connected all of the elements related

" to the line must be balanced with respect to

the repeater by corresponding balancing ap-
paratus. The balancing apparatus is shown

at the right in Fig. 1. Thus, assuming the

side circuits to consist of non-loaded open
wire line connected to the repeater station
through a section of non-loaded cable, the
balanced by networks
of the type

1,167,694 of January 11, 1916, said networks
being connected across terminals 1—2 and

5—6, and each comprising a resistance Ry

in series with a capacity C,. In order to
simulate the sections of non-loaded cable,
building-out sections extend between term!-

nals 1—2 and 7T—8 and between terminals

56 and 11—12. Each building-out section
comprises series resistances R, and a shunt
capacity C, connected as shown.

In order to balance the composite appara-
tus, networks are connected between termi-
nals 7—=8 and 18—14 as well as between. ter-
minals 11—12 and 17—18. Each of these
networks consists of a pair of shunt con-
niections including inductances L, and ca-
pacities C,, the shunt connections being sep-
arated by series condensers C’x. To balance
the phantom coils of the lines, phantom coils
PC, PC are connected to terminals 13—14
and 17—18 and composite ringer balancing
sets CR B, C R B of a well known type may

be inserted on the “drop” sides of the phan-

- tom coils to balance the composite ringers of

65

the lines. _ .
In a similar manner the elements of the

phantom cirenit LP are balanced by an arti-

ficial line connected across the terminals

1,288,709

3—4, a building-out section connected be-
tween terminals 83—4 and 9—10, a composite
balancing set connected between terminals
9—10 and 15—16 and transformer A con-
nected to terminals 15—16, with a composite
ringer balancing set C B B connected to
the “drop” side of the transformer. The
artificial lines connected across terminals
1—2, 8—4 and 5—6 may be proportioned
in accordance with the method described
in the above mentioned Hoyt patent to simu-
late the characteristics of the side and phan-
tom circuits. In order to show the relation
of the balancing apparatus to the line ap-
paratus a portion of the repeater set com-
prising the three winding output trans-
former T and the input bridge transformer

70

75

&0

T, is illustrated in connection with line LS.

The above described arrangement of bal-
ancing apparatus is typical of one of the
more complicated general cases which may
arise, but cases may occur in which the lines
do not terminate in non-loaded cable. In

such cases the building-out sections of the

balancing apparatus will be omitted. In

85

90

other instances the lines may not be com-

posited or phantomed, in which instances
the composite balancing sets or the phantom
coils, as the case may be, will be omitted.
In general any possible combination includ-
ing some or all of the above elements may
be used depending on the character of the
circuit to be balanced. - I

Fig. 2 shows how certain of the above bal-
ancing elements may be duplexed in a simple
manner. Where the balancing apparatus

is to be duplexed the phantom connections

will of course be the same on the artificial
line side as on the line side of the repeater.
In order to duplex the composite balancing
set, each of the shunt inductances I.; and
shunt capacities Cy of the composite balanc-
ing set of the side circuit, may be replaced
in Fig. 2 by an inductance L, and two
capacities Cy. The series capacities C’y will
remain as before. By connecting the neu-
tral points of the inductances L., In corre-
sponding shunts across the two side circuits
as shown, and including inductances L, m
such phantom connections, the inductances
L., will be ineffective in the phantom, so
that the inductances L, and capacities C, will
serve as the shunt inductance and capacity
for the phantom circuit.

Similar the building-out sections may be
duplexed bv replacing the shunt eapacities

100
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C, of the side circuit of Fig. 1 by two shunt

condensers K., K, in the side circuits of Fig.
2 and by connecting the junction points of
capacities K, in the shunts of the two side
cirenits by conductors including capacities
K,. The series resistances R, may be re-

placed by series resistances R./, of the same
value. '

In order to duplex the artificial lines the
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resistances R, of the side circuit may each
be replaced by two resistances R and each

capacity C, may be replaced by acapacity

S 1n parallel with two series capacities P, P
as shown. The junction points of capam-

ties P, P may be connected by a conductor.
mcludmg a phantom adjusting resistance #

to complete the connection for the phantom
circuit.

Duplex composite balancing sets.

Returnmg now to the duplex composite
balancing set it will be seen that the total

series capacity in each side circuit is equal

to C’x/, while the corresponding capacﬂ:y for
the phantom is C’,. . The total capacity in
sach shunt across the side circuit is

2

while the corresponding . capacity of the
phantom shunt is C,. The total inductance

in each side circuit shunt 1s L., while the cor-

responding phantom inductance is Li,.
Substantlall the same result may be se-
cured by Substltutmg tor the six inductance
coils of Fig. 2 a pair of branch core in-
ductance units of the type disclosed 1n
patent to Espenschied No. 1,233,766 of July
17, 1917, the windings bem connected . as
shown in Fig. 8. The four wmdmgs L, L,
L, and L, of the branch core inductance are
arranﬂ‘ed upon the radiating arms of a core
havm four branches. If in such an induec-
tance umt the self inductance of each wind-
ing be designated as L, the mutual induc-
tances between wmdmgs I, and L, and be-
tween L, and L be demgnated by M, and
the mutual inductances between windings L
and L., between L, and L., between L, and
L, and between L, and L, “be demgnated by
N, it may be shown that “the inductance in

- each shunt of the side circuit is equal to 2

(L4+M) and the corresponding inductance
of the phantom' circuit 1s equal to

L—M--2N. The same capacity relations
“hold for the circuit of Fig. 8 as for the cor-

responding eircuit shown in Fig. 2

Still another modification is illustrated i In
Fig. 4 in which the capacity arrangement 1s
the same as before but two inductance coils
L, are utilized 1n each of the bridges of the
side circuit, junction points of the colls in
the two side circuits being connected through

conductors as shown.
this arrangement that the inductances L,

are effective in both the side circuit and the_
Consequently each bridge

phantom ecircuits.
mductance of the side circuits 1s 2L, and the

corresponding br1dge inductance of the

phantom is L. )
Duplex buéldz’ng out secté'om
Con81der1ng next the form of bmldm -

out Sectlon shown in Fig. 2 it will be ap-

It will be seen from

parent from the diagram that the total
series resistance of each side circuit, so far
as the building-out sections are concerned, is

equal to R., and that the correspondmg
series resistance of the phantom 1s equal to
B_g .
2

It will also be apparent that the capacity in
shunt across each side circuit of the build-
Ing-out section is equal to

K,

Ter—

2

while the shunt capamty of the phantom 1s
equal to
KK,

K, +K,

The condenser unit makmg up this ca-
pacity in Fig. 2 is a five condenser unit
which 1s capable of use in various relations
as hereinafter pointed out. This condenser
unit may be replaced by a six condenser unit
connected 1n a manner similar to a Wheat-
stone bridge as shown in Fig. 5. It will be
seen from the diagram that the capacity
shunted across the side circuit is equal to
a+06 while for the phantom circuit the ca-
pacities designated & are eliminated as they
are connected to neutral points of the brldge
and the capacity in bridge of the phantom
circuit is therefore equal to 4a.

A still further form of six condenser unit
may be employed as shown in Fig, 6. In ac-
cordance with this arrangement a condenser
S 1s bridged across each side eircuit, while

70

75

80

85

90

100

In parallel therewith are bridges mcludmg *

a palr of condensers P, P in series, the mid-

polnts of the latter brldges being connected

by a phantom conductor. It will be seen
that the shunt capacity of each side of the
building-out section is equal to

U
S+§ .
while for the phantom circuit the shunt ca-
pacity is equal to P.

])uplm* a?*tzﬁ'mal lines for non-loaded duplex s

lines.

Returnihg finally to the duplexed artifi-
cial line of Fig. 2 1t will be seen that in the
side circuit between terminals 1 and 2 we
have a total resistance 2R corresponding to
the resistance R, of the basic network of
Fig. 1, said resistance being in series with a
capacity equal to - -

P
S+3

For the phantom circuit the resistance 1is
equal to R+ and the capacity equal to P,
the capacities S being eliminated because of
their  connection to equi-potential points.

1095

110
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125
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- Duplex artificial lines for loaded

4,.

It will be noted that in the duplex artifi-

cial line of Fig 2 a six condenser unit of
the character shown in Fig. 6 is employed.
A similar result may be secured by using
a five condenser unit with one condenser in
the phantom tap as illustrated in Fig. 7.

In this case the resistance » of Fig. 2 may

be divided, one-half being placed on each
side of the condenser K, for purposes of
symmetry. The side ecircuit resistance in
this case will be 2R and the phantom resist-
ance R--7 as before. The side circuit capac-
ity will however be equal to : -

K,

"EL—

2

and the pha,ntd_m capa,city will be -equ‘a,l to

KK,
K +K, o
Instead of the arrangement shown in
Fig. 7 a six condenser unit of the balanced

bridge type may be employed as shown in-
Fig. 8. In this case it is convenient to insert

the phantom adjusting resistances
| ' " r

e ¥

2

'in the phantom taps leading to the trans:

former- A. The resistance relations will in
this case be the same as in Fig. 7. The

a-+b while the capacity of the phantom will
be 4a. - _ o -
The arrangement shown in Fig. 8 may be
modified by substituting for the balanced
bridge condenser unit a six condenser unit
of the type shown in Fig
tion is shown in Fig. 9 and it will be
readily apparent that the resistance rela-
tions are the same as in Fig. 7. The side
circuit capacity will in this case be equal to

P
S+'§

and the phantom capacity will be equal to P.

Still another modification is shown in
Fig. 10 in which a five condenser unit of the
type illustrated in Fig. 7 is employed 1n

combination with the resistance arrange--
-ment of Fig. 8. In this case also the resist-

ance relations will be the same as before,
while the side circuit capacity will be equal to

K,

e ——

2
and the phantom capacity will be equal to
K1K2 . .
K,+K,

lines.
‘Where a loaded line is to be balanced the

6. This modifica-

duplex

1,288,700

basic nétwork for the artificial line df Fig.1 65

may be of the type shown in Fig. 11 consist-
ing of a resistance R, in series with an anti-
resonant combination consisting of a-capac-

ity C, 1n shunt with an inductance L;,. The

elements of this network may be designed in
accordance with patent to Hoyt 1,124,904 of

January 12, 1915. A network of this type

may be duplexed as shown in Fig. 12 by

providing a resistance R in each conductor
of the side circuit upon either side of an
anti-resonant combination consisting of an

inductance L in parallel with a capacity

- C,E'

A phantomn connection may be made
from neutral points of the inductance L/, of
the two side circuits, said connection includ-
ing phantom adjusting resistances

.

2

between which is located an anti-resonant
combination consisting of an inductance
L/, 1n parallel with a capacity C’,
inductance coils L/, are non-inductive with

70 .

75

81

85

As the -

respect to current flowing in the phantom .

circuit, they merely add to the phantom

- their direct current resistance which may

90

be so low as to be practically negligible.- |

The side cireuit capacities C’; are connected
across equi-potential points in the phantom
circuit and are therefore ineffective in ‘the
phantom circuit. Resistances R thus are the
only elements simultaneously effective in

95

both the phantom and side circuit of the

network unit. It will therefore be apparent
that the resistance of the side circuit is
equal- to 2R and the corresponding resist-

100

ance of the phantom 1s R}, The capacity

of the side circuit 1s C’; while that of the
phantom is C’,. Also the inductances of
the side and phantom circuits are L., and
I/, respectively. |

A modified form of duplex network for

balancing duplex loaded lines is illustrated

in Fig. 13. In this figure resistances R -are

nserted 1n each line wire of the unit and

are effective in the phanfom circuit and in
the side circuits, the phantom adjusting re-
sistance 7 being ‘included 1n a circuit which
joins the neutral points of the side circuit
of the unit. Each side circuit also includes
a side circuit type inductance coil L, hav-

106

110

1156

ing each winding shunted by a condenser C,

and a standard type phantom circuit induct-

“ance coll L, 1s employed with a line winding

in each of the four-line wires of the unit,
each of the windings being shunted by con-
denser (..
has its own individual anti-resonant combi-
nation of a particular capacity in shunt with
a particular inductance. N

The side circuit anti-resonant combina-"
-t1on 1s without effect in the phantom circuit,

and the phantom circuit anti-resonant com-

Fach circuit of the unit thus

120
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bination is ineffective in the side circuits for
the reason that the side circuit and phantom
circuit inductance coils are non-inductive to
the phantom circuit and side circuit current

respectively. In consequence, the coils add
merely their direct current resistance to the

superposed circuits. This resistance is of
such a low value as to act practically as a
dead short circuit upon the associated con-

densers, the resultant electrical effect being

that the side circuit anti-reg;onant shunts
add nothing but a small resistance to the

- phantom circuit of the network unit, and
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correspondingly,- the phantom circuit anti-
resonant shunt adds merely a small resist-
ance to the side circuits. o

The two anti-resonant shunts in each side
circuit are electrically equivalent to a single
antil-resonant shunt having an inductance
equal to Li; and a capacity equal to C/,. In
the phantom -circuit there are four anti-
resonant shunts 1n a parallel series group-
g, and these are electrically equivalent to
an anti-resonant shunt having an inductance
L, and a capacity C’,. The resistance rela-
tions are the same as in the case of Fig. 12.

Al still further modification is illustrated
m Fig. 14, This modification differs from
that of [ig. 12 in that instead of a single
anti-resonant shunt in each side circuit, two
anti-resonant shunts comprising inductances
Li in parallel with capacities C are employed
1 the side circuit, one in each conductor. A
phantom connection similar to that of Fig.
12 19 made to neutral points of the side cir-
cuit.

The resistance values for this circuit are
the same as for Fig. 12. There are two anti-
resonant shunts in series in the side circuit
electrically equivalent to a single anti-reso-
nant shunt having an inductance 2I. and
capacity C/,. In the four wire portion of
the network there are four anti- resonant
shunts effective in the phantom; these are
electrically equivalent to a single anti - res-
onant shunt of inductance L and capacity
C. This equivalent circuit when acting in
series with the phantom adjusting anti-res-
onant shunt having inductance I, and ca-
pacity C’;, is then electrically equivalent to
a single anti-resonant shunt having induc-

tance L-}L',, and capacity

CC,’
C+GC,’

providing, however, that the various in-
ductance and capacity elements also have
mutual relations expressed by the following
equation : '

L', C",=LC.

This equation is a mathematical way of stat-
ing that the parallel inductance and con-

denser combination should all be resonant
at the same critical frequency.

Instead of four separate inductance coils
L being employed in the two side circuits
a branch core type of inductance coil such as
described in connection with Fig. 3 may be
employed. This arrangement is shown in
Fig. 15. Each of the windings L,, L,, L.
and L, of the branch core inductance is
shunted by a capacity C. A phantom con-
nection similar to that of Fig. 14 is made to
neutral points of the side
the junction points of windings L,, L,
and L,, L,. *

The resistance relations are the same as in
Fig. 12. Designating the self inductance of
each winding of the branch core inductance
as Lh and the mutual inductances as M and N
in accordance with the convention adopted
in conncetion with Fig. 8 it is apparent that
the effect upon the side circuit of the branch
core mductance and its associated con-
densers is electrically equivalent to an anti-
resonant shunt of capacity C/, and induc-
tance 2(L+-M). With regard to the phan-
tom 1t 1s equivalent to an anti-resonant. shunt
of capacity C and inductance L—M-L-2N.
This equivalent anti-resonant shunt in series
with the phantom adjusting shunt of ca-
pacity C’, and inductance 1, is equivalent
to an anti-resonant shunt of inductanre

L—M-4-2N+4-L’, and capacity
CCy
C+C,

This relation of course is subject to the re-
quirement that the several anti-resonant

shunts shall be resonant at the same critical

frequency. o

A still further modification is illustrated
in Fig. 16. In this figure the anti-resonant
shunt for both the side and phantom ecircuit
1s secured by means of a branch core in-
ductance of the type described in connec-
tion with TFig. 3, said inductance being
shunted by a six condenser unit of the bal-
anced bridge type. With this arrangement
the phantom adjusting resistance

r

——t

2

may be inserted in the taps leading from the
phantom coils PT, PT to the transformer A.
The resistance relations will ‘be the same as in

circuits, <. e., to

65
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Fig. 12. The parallel inductance and ca-

pacity units employed will be electrically
equivalent, as regards the side circuit, to an
anti-resonant shunt of inductance 2 (L--M)
and capacity a-+b. With regard to the
phantom circuit the equivalent anti-resonant
shunt would have an inductance equal to

"L—M-+2N and a capacity equal to 4a.

Instead of using a six condenser unit of
the balanced bridge type, a six condenser

120
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are shown connected to the taps leading
| phantom coils PT, PT but 1t 1s

10

. tom conductor of the condenser unit.

 arrangement are the same as In Fig.
For the side circuit the capacity of the

15

20

S

unit of the type- shown in Fig. 6 may be sub-.

stituted as shown in Fig. 17. The phan—

tom adjusting resistances
| r

L

2

from the
obvious that they may be comb*lned as o
single recistance » and mserted in the p}'lIa‘ln-

16

resistance and inductance relatmns of tlllée

equivalent anti-resonant shunt 1s equal to
. D -'-I—z) |

and for the hantom circuit it 1s equal to P.

Fig. 18 shows how a five condenser unit

may be arranged in sbunt of the branch

- core inductance. Here also the same resist-

29

30
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ance and inductance relations hold as in the
case of Fig. 16, while the capacity of the
equivalent anti- resonant shunt for the side
circult 1s equal to

| K,

ll_---.

2

The corresponding capaeit.yﬂ for the phan-
tom circuit 1s equal to -

KK, _
K, +K,

Instead of employing the branch core in-
ductance arrangement of Fig.
rangement of Fig. 19 may be used. In ac-
cordance with this figure a side circuit type
of inductance coil L is included in each side
circuit as shown, and a phantom -ecircuit in-

“ductance coil L, with one winding in each.

of the four line wires of the unit 1s em-
ployed. The coils L are so wound as to be
without effect 1n the
L, 1s so wound as to be without effect 1n the
side circuits. A six condenser unit of the
balanced bridge type is then arranged in
shunt across the sides and the phantom as
shown. The resistances are arranged the
same as 1n Fig. 16.

With this arrangement of elements 1t 1s
clear that the inductance and capacity com-

bination of the side circuit 1s equivalent to -

an anti-resonant shunt having an inductance
equal to L; in parallel with a capac1ty equal
to a+b. As regards the phantom it 1s equiv-
alent to an anti-resonant shunt having an in-
ductance L, in parallel with a capacity 4a.
The resistance relations will be the same as
in_the arrangement shown in Fig. 16.
Instead of the balanced bridge type of
condenser unit a six condenser unit of the
type illustrated in Fig. 6 may be employed
as shown 1n Fig. 20. In this case the ca-

16 the ar-

phantom and the coil

‘analogy to Fig.
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pacity of the equivalent ant1—resonant shunt '

.of the side circuit will be

P
S+2

. and for the phantom the capaclty Wll_l be

equal to P.

As shown in Fig.
capac1ty unit may be employed in connec-
tion with the side circuit and phantom cir-
cuit inductance coils L and L, to make up
the anti-resonant co_mbmatmn

pacity of the combination will in this case be

E__l-

2

for the side circuit and

KK,
K, +K,
for the- phantom.,

Duplex preczswn network for duplem loaded
lines.

Where greater precision is desired in bal-
ancing the loaded line a basic network of the

type disclosed 1n Fig. 22 may be employed

as the artificial line. This ‘network com-
prises a series anti-resonant shunt C,, L, and

an additional SBI‘IBS combination consmtmg ‘

of resistance R, in parallel with a series
resonant circuit including capacity C, and
inductance L,. In shunt with the two series
combinations is a capacity G, and in series
with sald combination 1s a capacity C..
The elements of this network may be pro-
portioned in the manner outlined in H(Wt
Patent 1,167,693 of January 11, 1916, In
addition to the above elements it is custom-
ary to employ building-out units such as in-
ductances L, and Li,.

An arrangement of this character may be
duplexed as shown in Fig. 23. In this fig-
ure the inductance L, 1s replaced by branch
core inductance unit L/ , comprising coils
L,, L, L, and L, connected as shown, so
that b deSIgnatmﬂ the self inductance as
1./, and the mutual inductances as M, and
N, , respectively, 1t will be apparent from
3 that the resultant induc-
tance for the side circuit is 2 (L/,-+M’,)
and for the phantom cireuit is I./,—M’,
N" In a similar manner the inductance

L, of the basic unit is replaced by a branch
core Inductance L/,,. Either or both of these

70

21 the five condensel |
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The ca- .
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inductance units may be replaced by a com- -

bination of side circuit inductance coils L.
and phantom ecircuit inductance coil L, as

-shown in Fig. 24 in which case the side cir-

cuit inductance will be equal to L; and the
phantom inductance I,

The series condenser C. may be replaced
in the network of Fig. 23 by a condenser
C’. in each of the four wires of the unit.
The shunt capac1ty Cgs may be replaced by

125
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a five condenser unit of the type 1llustrated

‘in Fig. 10 so that the shunt capacity for the

. e Y, PY
s;de circuit 1s

K,

2
and for the phantom is

KK,
K, +K,

Instead of this type of condenser unit a six
condenser unit of the type shown in Fig. 2,
or a six condenser unit of the balanced

bridge type illustrated in Fig. 26 may be
substituted. In the former case which 1is
illustrated in Fig. 25, the shunt capacity for

the side circuit will bé
[

P
S+—2'_

and for the phantom will be P. In the lat-
ter case it will be a+b6 for the side circuit
and 4a¢ for the phantom.

The combination Ry, Ly, G, of the basic
network may be replaced in Fig. 23 by a
similar combination consisting of resistance
R’;, inductance L/, and capacity C’; 1n each
conductor of each side circuit, together with
a similar combination ', ¢/, #* for adjusting
purposes in the phantom connection to neu-

tral points of the side circuits. The series

capacity and inductance of each of these ele-
mentary shunt circuits should be so propor-
tioned as to be resonant at the same critical
frequency as the series resonant combina-
tion L, Cp. The resistance corresponding to
R, of the basic network will be 2R, for the
side ciremit and R,’+7" for the phantom.
The anti-resonant shunt L,, C, of the basic
network may be replaced in Fig. 23 1n a sim1-
lar manner by splitting it up into similar
anti-resonant shunts L,”, C,” in each wire of
cach side ciremit and an anti-resonant shunt
l,, ¢, m the phantom connection. Iach of
these anti-resonant shunts should be reso-
nant at the same critical frequency. .

The arrangement shown in Fig. 23 at the
right of terminals 35, 36, 37 and 38 may be
replaced by the arrangement shown in Fig.
27 consisting of inductance coils L in the
side circuit and inductance coils P. in the

phantom circuit, each winding of each of

these coils being shunted by a capacity. The

equivalence of these two arrangements will
be clear from a comparison of Figs. 13 and

14 already discussed. . _
Dupler network for non-loaded duplex: cable.

When the duplex line 1s constructed of
non-loaded cable the basic network for bal-
ancing each line of the system may be of the
type illustrated in Fig. 28 and consists of a
capacity C; In series with a resistance R.,.
the latter element being shunted by a series
combination of resistance Ry, and capacity

7

C,. These elements may be proportioned ac-

cording  to the method described in Hoyt
Patent 1,240,213, September 18, 1917,

One manner of duplexing a network of
this character is illustrated in Fig. 29. In
this figure the combination R,, R,, C, is re-
placed by a similar combination Ry, R’,, C’,

* 1n each wire of each side circuit and a simi-
lar combination 7, 7y, ¢, in the phantom con-

ductors connected to neutral points of the
side circuits. The series capacity C, may be
replaced by a six condenser unit of the type
shown in Fig. 25. With this arrangement

of circuits the resistance of the side circuit

corresponding to R, of the basic network is
equal- to 2R’; and for the phantom is
R’s+4-7,. The resistance corresponding to R,
1s 2R’; for the side and R’ 4-r, for the phan-
tom. The capacity correspouding to C, is

equal to
',
_ 2
for the side circuit and
A
(s,

for the phantom. The capacity correspond-
ing to C; is equal to
P

S+,

tor the side and P for the phantom. .
An alternative arrangement is disclosed in
Fig. 80. In this figure the series capacity C,
1s replaced by a capacity C’, in each wire of
each side circuit and phantom adjusting ca-
pacities 2¢’; 1n the phantom taps leading to
the transformer A. The resistance R, is re-
placed by two resistances R, serially bridged
across the side circuit with a corresponding
phantom adjusting resistance », in a phan-
tom connection between neutral junction
points of resistances R’;, R’;,. The series
combination R,, C, is replaced with respect

to the side circuit by a shunt about the re-

sistances R’; bridged across the side circuits.
said shunt including capacities C’,, ¢V, and
resistances R’), R’;. A phantom connection
1s made between the neutral junction points
of resistances R’y, R’; and phantom adjust-
mg capacity C, and resistances |

2’2

inclu_ded therein. _
With this arrangement of the circuit the
capacity corresponding to G, will be

C’
2
for the side and
C'c’,
| C' + ¢/
for the phantom.
sponding to R, will be 2R’ for the side and

The resistance corre-
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R’;+7r, for the phantom. The resistance
correepondmg toR will be 2R’ for the side

and R, -r, for the phantom,. while the ca-

pac1ty ('orrespondmg to G, will be
Yy |

for the side o
| g6y
O+

for the phantom. -
The foregoing comprise a lar ge number of

duplex network units capable of use in bal- _}

ancing duplex transmission lines and vari-
ous apparatus associated therewith. - It will
be apparent that these units may be inter-

changed and arranged 1n various combina-

tions as-the requirements of each case may
determine. KFurthermore 1t will be appar-
ent that other arrangements than those
specified may be devised.

The advantage to be derived from the use

of duplex networks will be clear from a con-

sideration of the situation where a duplex

- open wire line terminates at a repeater sta-

30

tion through a loaded cable. In such an
arrangement, in order to compensate for the
impedance effects of the loaded terminal
cable, there is a distinct advantage in in-

- cludmg loaded cable circuits of correspond-

35

ing electrical qualities in the balancing cir-
cuits. This object can be attained by in-
stalling the duplex network units at the
outer end of a loaded terminal cable of the
same character as the cable terminating the
real line. This arrangement 1s 1ndicated

- diagrammatically in Fig. 81. Such an ar-

4()

45

50

95

60

rangement requires a duplex auto-trans-

former arrangement comprising side circuit

auto-transformers S A and hantom circuit

auto-transformers P A between the open
wire line and terminal cable to reduce re-
flection losses at the junction points. It is
therefore desirable to use similar duplex
auto-transformer arrangements in the bal-
ancing circults as illustrated in the draw-
ings. The side circuits and phantom circuits

of the loaded cable in both the real and arti- -

ficial line would of course include the usual
side circuit loading coils S C and the phan-
tom circuit loading -coils P C. The loaded
cable in the balancing circuit could be ter-
minated by a duplex network suitable for
balancing open wire lines, surh for instance,
as the network illustrated in Fig.

If duplex line networks should not, be

a,vallable, 1t would be. necessarv to use ine-
quality ratio repeating coils in the balancing
network circuits, in order that the standard
individual networks for the phantom and
side circuits might be used. Consequently
it would be neressary also to use repeating
coils in the talking circuits at the junction

1,288,709

of the open wire line and loaded ca'ble Re-
peating coils would be objectionable as com-
pared with auto-transformers because of
their relatively greater transmission losses.
They also interfere with the direct current
signaling or testing over the phantom line

wIires.

It will be obvious that the general prm-

~ ciples herein disclosed may be embodied in

many other organizations widely different
from those illustrated without departing

- from the spirit of the mventlon as defined

in the appended claims.

What is claimed is:

1. In combination with a repeater, a du-
plex apparatus including side and phantom

circuits to be balanced with respect to said

repeater, a duplex balancing apparatus in-
cluding side and phantom circuits, and im-
pedance elements in

the phantom and the side circuits, said im-
edance elements being so proportloned and

65

70

75

80

sald balancmg appara-
‘tus certain of which are common to both

85

related that said duplex balancing apparatus

~will simultaneously balance both side -and

phantom circuits of said first mentioned du-
plex apparatus.

2. In combination with a repeater, a du-

“plex apparatus including side and phantom

circuits to be balanced with respect to said
repeater, a duplex balancing apparatus in-
cluding side and phantom circuits, and a

90

95

plurality of impedance elements 1n said bal-

ancing circuit including capacity elements
common to the side and phantom circuits,
sald impedance elements being so propor-
tioned and related that said duplex balanc-
ing apparatus will simultaneously - balance
both side and phantom circuits of said first
mentioned duplex apparatus.

3. In combination with a repeater, a du-.

100

105

plex apparatus including side and phantom

circuits to be balanced with respect to said
repeater, a duplex balancing apparatus in-
cluding side and phantom circuits, and a
plurality of impedance elements in said bal-
ancing circuit including inductance elements
common to the side and phantom circuits,
said impedance elements being so propor-
tioned and related that said duplex balanc-
ing apparatus will simultaneously balance
both side and phantom circuits of said ﬁrst

mentioned duplex apparatus.

4. In combination with a repeater, a du-
plex apparatus including side and phantom
circuits to be balanced with respect to said
repeater, a duplex balancing apparatus in-
cluding side and phantom circuits, and a

110

115

120

plurality of impedance elements in said bal-

ancing circutt including resistance elements
common to the side and phantom circuits,
sald impedance elements being so propor-
tioned and related that said duplex balanc-

125

ing apparatus will smultaneouslv balance
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‘both side and phantom circuits of said first

mentioned duplex apparatus.

5. A duplex apparatus for balanci'ng both " p

side and phantom circuits of an apparatus to

be balanced, said' balancing apparatus in-

cluding side and phantom circuits, and 1m-
pendance elements in said balancing appa-

ratus certain of which are common to both
side and phantom circuits, said impedance
elements being so proportioned and related
that said duplex balancing apparatus will

simultaneously balance both sidé and phan-

tom circuits. _

6. A duplex apparatus for balancing both
side and phantom circuits of an apparatus
to be balanced, said balancing apparatus in-
cluding side and phantom circuits, and im-
pedance elements in said balancing appa-
ratus including capacity elements common to
both side and phantom circuits, said 1mped-
ance elements being so proportioned and re-
lated that said duplex balancing apparatus
will simultaneously balance both side and
phantom ecirecuits. |

7. A duplex apparatus for balancing both
side and phantom circuits of an apparatus to
be balanced, saild balancing apparatus in-
cluding side and phantom circuits, and im-
pedance elements in said balanclng appara-
tus Including inductance elements common
to both side and phantom circuits, and said
impedence elements being so proportioned
and related that said duplex balancing ap-
paratus will simultaneously balance both,
side and phantom circuits.

8. A duplex apparatus for balancing both

side and phantom circuits of an apparatus
to be balanced, said balancing apparatus in-
cluding side and phantom circuits, and im-
pedance elements in said balancing appara-
tus including resistance elements common
to both side and phantom circuits, said im-
pedance elements being so proportioned and
related that said duplex balancing apparatus

will simultaneously balance both side and

phantom circuits. - -

9. A duplex apparatus for balancing both
side and phantom circuits of an apparatus
to be balanced, said balancing apparatus in-

cluding a side circuit and a phantom circuit,

and 1mpedance elements in .said balancing

apparatus certain of which are effective in .

one of said circuilts only, said impedance ele-

ments being so proportioned and related that

sald duplex balancing apparatus will simul-
taneously balance both side and phantom cir-
cuits. | | |

10. A duplex apparatus for balancing
both side and phantom circuits of an appa-
ratus to be balanced, said balancing appa-
ratus including a side circuit and a phantom
circuit, and impedance elements in said bal-
ancing apparatus certain of which are ef-
fective in said side circuit only, said imped-
ance elements being so proportioned and re-

]afed that said duplex balancing' appafé%{ls

will simultanecusly balance both side and
hantom circuits. = = .

11. A duplex apparatus for balancing both
side and phantom circuits of an apparatus

to be balanced, said balancing apparatus in-

cluding a side circuit and a phantom circuit,
and 1mpedance elements in said balancing
apparatus certain of which are effective in
sald phantom circuit only, said impedance

elements being so proportioned and related:

that said duplex balancing apparatus will

70

75

simultaneously balance both side and phan-

tom circuits. . -
12. A duplex apparatus for balancing both

80

side and phantom circuits of an apparatus

to be balanced, sald balancing apparatus in-

cluding a side circuit and a phantom circuit,

and 1mpedance elements in said balancing

apparatus 1ncluding capacity elements cer-
tain of which are effective in one of said cir-

cuits only, said impedance elements being so
proportioned and related that said duplex
balancing apparatus will simultaneously bal-
ance both side and phantom circuits.

89

30

13. A duplex apparatus for balancing

both side and phantom circuits of an appa-
ratus to be balanced, said balancing appa-

ratus including a side circuit and a phantom

circuit, and impedance elements in said bal-
ancing apparatus including inductance ele-
ments certain of which are effective in one of
sald circuits only, said impedance elements
being so proportioned and related that said
duplex balancing apparatus will simulta-

neously balance both side and phantom cir-

cuits. -

14. A duplex apparatus for balancing both
side and phantom circuits of an apparatus
to be balanced, said balancing apparatus in-
cluding a side circuit and a phantom circuit,
and impedance elements in said balancing
apparatus including resistance elements cer-
tamn of which are effective in one of said cir-
cults only, said impedance elements being so
proportioned and related that said duplex
balancing apparatus will simultaneously bal-
ance both side and phantom circuits. '

15, A duplex apparatus for balancin

both side and phantom circuits of an appa-

ratus to be balanced, said balancing appa-

ratus 1cluding a side circuit and a phan-
tom circuit, and impedance elements in said
balancing apparatus including capacity ele-
ments certain of which are effective in the
side circuit only, said impedance elements
being so proportioned and related that said

duplex balancing apparatus will simulta-

neously balance both side and phantom cir-
cllitS. o o : |
16. A duplex apparatus for balancing both
side and phantom circuits of an apparatus
to be balanced, said ‘balancing apparatus in-
cluding a side circuit and a phantom circuit,

and 1mpedance elements in said balancing

95

100

1056

110 |

115

120

125

130



10

10

apparatus including capacity elements cer-
tain of which are effective in the phantom

circuit only, said impedance elements being
so proportioned and related that said duplex
balancing apparatus will simultaneously

balance both side and phantom circuits.

17. A duplex apparatus for balancing both
side and phantom circuits of an apparatus
to be balanced, said balancing apparatus in-
cluding a side circuit and a phantom cir-
cuit, and impedance elements in said bal-

anclng apparatus including inductance ele-

~ments certain of which are effective in the

15

20
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side -circuit only, said impedance elements

being so proportioned and related that said

duplex balancing apparatus will simultane-
ously balance both side and phantom circuits.
18. A duplex apparatus for balancing both

side- and phantom circuits of an appuaratus

to be balanced, said balancing apparatus in-

cluding a side circuit and a phantom circuit,

and impedance elements in said balancing

apparatus including inductance elements cer- °

tain of which are effective in the phantom
circuit only, sald impedance elements being

~so proportioned and related that said du-

plex balancing apparatus will simultane-
ously balance both side and phantom cir-
cults, - S ~
19. A duplex apparatus for balancing both
side and phantom circuits of an apparatus to
be balanced, said balancing apparatus in-
cluding a side ecircuit and a phantom cir-
cuit, and impedance elements in said halanc-
ing apparatus including resistance elements
certain of which are effective in the phan-
tom circuit only, said 1mpedance element::
being so proportioned and related that said
duplex balancing apparatus will simultane-
ously balance both side and phantom cir-
cuits. - |

simulating both side and phantom circuits
of a duplex transmission line, said artificial
line comprising side and phantom circuits,
and a plurality of impedance elements in
said artificial line including resistance ele-
ments effective in both side and phantom
circuits, and resistance elements and capacity
elements effective in one of said circuits
only, sald impedance elements being so pro-
portioned and related that said duplex arti-
ficial line will simultaneously balance both
side and phantom circuits of the duplex
transmission line. '

21. A duplex balancing artificial line for

stmulating both side and phantom cireunits
of a duplex transmission line, said artificial
line comprising side and phantom circuits,
and a plurality of impedance elements in
said artificial line including resistance ele-
ments effective in both side and phantom

circuits, and resistance elements effective in -

20. A duplex balancing artificial line for

1,288,709

one of said circuits only, said impedance ele-

ments being so proportioned and related that
said duplex artificial line will simultaneously
balance both side and phantom circuits of
the duplex transmission line,

22. A duplex balancing artificial line for
simulating both side and phantom circuits

~of a duplex transmission line, said artificial
line comprising side and phantom circuits,

and a plurality of impedance elements in

sald artificial line including resistance ele-
ments effective in both side and phantom

circults and capacity elements effective in

65

70

78

one of sald circuits only, said impedance
elements being so proportioned and related

that said duplex artificial line will-simul-
taneously balance both side and phantom cir-
cults of the duplex transmission line.

23. ‘A duplex balancing artificial line for
simulating both side and phantom circuits
of a duplex transmission line, said artificial
line comprising side and phantom circuits,
and a plurality of impedance elements in
sald artificial line including resistance ele-

‘ments effective in both side and phantom
~circuits, and resistance elements effective in

the phantom cireuit only, said impedance
elements being so proportioned and related
that said duplex artificial line will simul-

taneously balance both side and phantom

circuits of the duplex transmission line.

24, A duplex balancing artificial line for
simulating both side and phantom ecircuits
of a duplex transmission line, said artificial
line comprising side and phantom circuits,
and a plurality of impedance elements in
said artificial line including resistance ele-
ments effective in both side and phantom cir-
cults and capacity elements effective in the
side circuit only, said impedance elements
being so proportioned and related that said
du Fex artificial line will simultaneously

balance both side and phantom cirenits of

the duplex transmission line, _
- 25. A duplex balancing artificial line for
simulating both side and phantom cireuits

of a duplex transmission line, said artificial
line comprising side and phantom circuits,

and -a. plurality of impedance clements in
said artificial line, including resistance ele-
ments effective in both side and phantom
circuits, resistance elements effective in the
phantom circuit only and capacity elements
effective 1n the side circuit only, said im-
pedance elements being so proportioned and
related that said duplex artificial line will
simiiltaneously balance both side and phan-
tom circuits of the duplex transmission line.

- In testimony whereof, T have signed my

name to this specification this twentv-first
day of -May, 1918.

THOMAS "SHAW.
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