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To all whom it may concern:

Be it known that I, Kenxers S. JOHNSON,.

a citizen of the United States, residing at
Jersey City, in the county of Hudson, State
of New Jersey, have invented certain new
and useful Improvements in Signaling-Cir-

‘cuits, of which the following is a full, clear,

concise, and exact description.

This invention relates to circuit arrange-
ments for signaling systems wherein signals
may be either transmitted from or received
at the same station. In its more specific
aspects, this invention is embodied 1n’a
subscriber’s telephone station, hereinafter
termed, in accordance with common usage, a
substation, and more particularly in the com-

bination of a substation and a telephone line. -

Tts object is to provide a signaling circuit ar-
rangement which, in codperative combina-
tion with a similar and equal communicating
arrangement or station, shall deliver the
maximum amount of energy to the receiving
apparatus of said communicating station or
arrangement. A further object is to provide
an arrangement such that the receiving ap-
paratus is protected from interference by the
transmission energy originating at the same
station. ,

The particular substations herein illus-
trated are modifications of & general type
described in a U. S. patent of George A
Campbell, No. 1,254,472, dated January 22,
1918, and are closely related to the form
shown in Fig. 1 (a) of the said patent.

" The object of the invention is attained, in
its specific aspect, by providing a substation
consisting of transmitter, recelver, a balanc-
ing network consisting in the simplest form
of an auxiliary resistance, and a transformer
having a plurality of windings which, in
combination with a telephone line, shall sat-
following fundamental requirement :
Given two identical substations designed
for invariable two-way communication, and
connected by a line of given impedance, the
amount of energy absorbed by the réceiver at

_the receiving station shall be the maximum

part of the total telephonic energy developed
by the transmitter at the transmitting sta-
tion consisent with invariable two-way. com-
munication, and- as ‘hereinafter explained,
consistent with a desirable amount of dis-

crimination against disturbing line noise.

" This fundamental requirement may be stated

55

in terms of the following subordin‘-ate.re-‘

line, assuming

quirements which are necessary for its satis-
faction: (1) the transmitter and receiver
shall be conjugate, that is, there shall be neg-
ligible side tone in the receiver in conse-
quence of the actuation of the transmitter by
sound waves; (2) the line and auxiliary re-
sistance shall be conjugate in order that a
negligible amount of the energy absorbed by
the substation from the line shall be wasted
in said auxiliary resistance; (3) for a given
line having a definite impedance, the tele-
phonic energy delivered by the transmitter
shall be a maximum; (4) the amount of en-
ergy delivered by the line to the substation
shall be a maximum, in other words, the im-
pedance of the substation as seen from the
line shall be numerically equal to the imped-
ance of the line; (5) at a small sacrifice of
efficiency it shall be possible to discriminate
effectively against disturbing line noise as
distinguished from the telephonic signals
from the communicating station. ‘

A substation satisfying the above-men-
tioned requirements is ideal in that its over-
all efficiency from transmitter of one substa-
tion to receiver of the communicating substa-
tion is a theoretical maximum which cannot
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be exceeded by any two similar invariable -

substations whether satisfying the require-
ment of transmitter and recelver conmjugacy
or not. It is further ideal in the sense that
a2 minimum number of elements is employed,
since at least one auxiliary element is neces-
sary to secure freedom from side tone.

Tt might be inferred that the addition of
an auxiliary resistance element, necessary as
it is to secure freedom from side tone, would
at the same time necessarily reduce the effi-
ciency of the substation since energy is un-
avoidably wasted in said auxiliary resistance.
That this is not the case and that the effi-
ciency of the substation of my invention is
a theoretical maximum which cannot be ex-
ceeded by any two-way substation whether
with or without side tone, the following con-
siderations will show.

The simplest form of substation for in-
variable two-way communication is that in

‘which the receiver and transmitter are con-

nected in series with each other across the
line. In such an arrangement, the over-all
efficiency is a maximum when the resist-
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ances of the receiver -and transmitter are
each equal to one-half the resistance of the -

.

that the total reactances in
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‘erable distributed

“the winding ratios »

2

the circuit are negligible. When this con.
dition is satistied, obvious] » ON receiving,
fifty percentum of the energy delivered by
the line to the substation enters the receiver,
and on transmitting an amount of energy
equivalent to fifty percentum of the maxi-
mum energy which can be delivered by the
transmitter, enters the line. However, such
an arrangement labors under the disadvan-
tage of full side tone. In the substation of
this invention, fifty percentum of the en-
ergy delivered by the line to the substation
enters the receiver when no diserimination
against line noise is made, and none enters
the auxiliary resistance, since the said aux.
iliary resistance and said line are conjugate ;
hence ,the receiving efliciency is as great as
thac of the simple series substation. When
transmitting, fifty percentum of the energy
delivered by the { ansmitter, now delivering
its maximum power, enters the line. The

remainder of the energy is wasted in the
auxiliary resistance since none is lost in the

receiver. The transmitting efficiency . is
therefore also a theoretical maximum and
neither transmitting nor receiving efficiency
is reduced by the addition of the auxiliary
resistance which is necessary to secure free-
dom from side tone. The foregoing con-
sideration will serve to explain the desir-
ability of having the line and auxiliary re-

‘sistance conjugate as well as the transmitter

and receiver.

In my present invention, T provide a sub-

station  comprising transmitter, receiver,
auxiliary resistance and transformer, and

0 proportion said component elements and
so relate them to a telephone line and to
each other that, in combination with said
telephone line, said substation satisfies all
of the foregoing requirements.

This invention is illustrated in the accom-
panying drawings, in which Figure 1 is a
schematic diagram of the invention in its

fundamental form Fig. 2 shows the circuit .

of Fig. 1 in greater detail; Figs. 8 and 4
the relative direction
of current flow during transmission and re-
ception, respectively; Figs. 5 and 6 are
forms of the invention which are assumed
by it upon mechanical rear angement of the
elements for practical reasons; Fig.'7 is an
arrangement of a substation fundamentally
like that of Fig. 6 but modified for practical
reasons; and Fig. 8 is a diagram of the ele-
ments of the balancing network used in the
substation of Fig. 7 when that substation is
used on an unloaded line having consid-
capacity.

It will be clear from an inspection of the
design formulae hereinafter et forth that
i and 7 may, in general,
be either positive or negative, depending
upon the values of the‘line and transmitter
resistances. If, therefore, one or both of

‘tice small, may be eliminated

1,398,760

the winding ratios results in a
alue, it is to be mterpreted as neaning
that the relative dirvection of winding of the
coils whose winding ratio is negative must
be the reverse of that shown in the dingram,
Positive values should in general be used in
practice.

In order to illustrate the scope of my in-
vention and elucidate the principles on
which all specific embodiments rest, a - gen-
eral theoretical discussion will now, he given
which applies to all substations satisfying
the requirements herctofore stated in this
specification. Tn this  diseussion  and the
equations and  formule included  in this
specifieation, the subseripts L2, 3 and 4 will
refer to transmitter, receiver, auxiliary re-
sistance and ling, respectively.  Thus T, T,

negative

L. I, will denote the currents flowing in
transmitter, receiver, auxiliary  resistance

and line respectively, while R, will denote
the resistance of the transmitter, R,, the re-
sistance of the receiver, ete.

Consider a substation consisting of trans-
mitter, receiver, auxiliary resistance and ap-
propriate transformer windings, connected
to a line of given impedance, The line usu-
ally connects two similar and equal sub-
stations between which communication is
established. Tt is a well-known prineciple
that if a terminal impedance is connected to
a source of electromotive force through
line of impedance Z=R,4+iR’,. where R,
is the resistance and R’,, the reactance com-
ponent of the impedance, the terminal ini.
pedance must be R,—¢R’, for maximum al)-
sorption of energy. 1In particular, if the
line impedance has no reactance component,
the impedance: of the terininal arrangenient
as seen from the Iine should be equal to the
resistance of the line. The condition, then,
that the substation shall have maxinum
energy absorption from the line is that jis
impedance, as seen from the line, shall he

numerically equal to the effective line -
pedance. The significance of the foregoing

statement may be explained by reference to
Fig. 2, as follows: Let the substation he dis-
connected from the line and ot the jm.
pedance of the substation be measured across
the terminals « and . Then the impedance
so measured shall be equal to the impedance
of the line. ~With the line terminated at
each end by a substation satisfying this con-
dition, the line may be replaced, as regards
transmission ‘from either substation, Ly an
element: of resistance equal to that of the
line. - Any reactance effect which is in prac-
by neutralizing
reactance, and may be ignored in this the.
retical discussion. ~ The condition, then, that
the substation have maximum energy ab-
sorption from: the line is that its impedance
as seen from the line be a pure resistance of
value equal to the effective resistance of the
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line. This condition is evidently equivalent

to the following requirement; let an electro-

motive force be impressed on the substation
terminals through a resistance equal to the
impedance of the line; then the energy con-
sumed in the substation shall be equal to
the energy consumed in said resistance.
Further, line and auxiliary resistance are
conjugate by requirement (2) as hereinbe-
fore stated, or in other words, the auxiliary
resistance is connected to points of equal
potential with respect to an electromotive

force applied to the line terminals. More- .

over, the impedance of the substation as seen
from the line should be equal to the im-
pedance of the line to the signaling impulses.
Let, then, an electromotive force E, be im-
pressed through a resistance R, on a sub-
station whose transmitter and receiver re:
sistances are R, and R, respectively, and let
the resultant currents in line, transmitter
and receiver be I,, I, and I, respectively; the

from the line and the
total resistance in series with E, is 2R,, and
since the current in the line is I, it follows
that '

E,

7R, 1

“The total energy consumed may then be ex-

pressed by the formula

&y
R,

Since the energy consumed by the substation
is equal to that consumed by the resistance
R, and is therefore one-half of the total
energy consumed, it follows that require-
ment (4) may be formulated by the fol-
lowing: .

2 _ 2 2 _ (E4)z .
RA(I4) =(1,) R,+ ) R, = 4R 1
4

This equation states that the energy con-
sumgtion in the resistance R, is equal to that
e substation,—and_that the substation
is equivalent, as seen from the line, to a

resistance of value R,. ’
Similarly, if transmitter and receiver are
conjugate the condition that the transmitter
shall have its maximum output to line and

(IA)ZRA + (11)2Ri + (Iz)zR; = I4E4 -

. auxiliary resistance may be formulated as
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follows: Let an electromotive force E, in
the transmitter produce currents I,, I, and
1, in transmitter, line and auxiliary resist-
ance. Then, for maximum output, it fol-
lows that

2 = 2 : 2 —_— (El)2
(LYR, = (LYR.+(ERa =g

@)

(1) and may be interpreted as follows by
reference to Fig. 2. Let the transmitter be
disconnected from the terminals b and ¢

the substation terminals

Equation (2) is the analo(%ue of equation’

8

and let the impedance be measured across
said terminals. Then if equation (2) is

satisfied, the impedance so measured is equal -

to the impedance of the transmitter itself.
In other words, the impedance of the com-
bination as seen from the transmitter is

‘equal to that of the transmitter itself.

As hereinafter shown for the particular
embodiments of my invention equation (2)
follows as a consequence of the conditions of
double conjugacy and equation (1). There-
fore, the foregoing four requirements im-
pose but three restrictions on the substa-
tion. ’

To complete the general discussion it re-
mains to consider the energy division be-
tween receiver and transmitter when re-
ceiving, and between line and auxiliary re-
sistance when transmitting. Let W, be the
total amount of telephonic energy developed
by the transmitter at the transmitting sub-
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station; then, by equation (2) $W, is the

amount of energy delivered to line and aux-
iliary resistance. Let the amount of energy
taken by the auxiliary resistance be times
that taken by the line, then the amount of
energy taken by the line is

1.
W)
so that the transmitting efficiency is meas-
ured by ‘
' 1
ars @

Of the total energy delivered to the re-
ceiving substation, let the transmitter ab-
sorb 7 times that absorbed by the receiver;
then, the receiving efficiency 1s measured by

1 '
a+n @

The over-all eﬁiciency from tfansmitter

- of one station to receiver of communicat-

ing station is clearly proportional to the
product of the transmitting efficiency and
receiving efficiency; therefore, the over-all

efficiency is by formulz (3) and (4)

() ()

If  and y were independent, clearly the
over-all efficiency would be a maximum for
#=y=—o0. For all substations embodying the

_principles of my invention it may be readily

shown, however, that 2 and y are connected
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by the relation zy=1. Eliminating 2 from '

the above formula by means of this vela-
tion, the expression for the over-all effi-
ciency becomes : ' Co

y .
,,(1 +y)z (5) ' .

In order to demonstrate the above state-
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ment, namely that zy=1, designate the ele-
ments or branches T, R, X and L by 1,2, 3
and 4, respectively, and let 1 and 2 be conju-
gate and also 3 and 4 be conjugate. Further
it will be assumed for an electromotive force
in branch 4, equation (1) is satisfied, while
for an electromotive force in branch 1,
equation (2) is satisfied, Iet S,, denote the
current produced in branch or element 1
Y a unit electromotive force
S;» the current produced in branch 2 by a
unit electromotive force in branch 1, ete.
Then, by the conjugacy of branches 1 and
2 and branches 8 ‘and 4, it follows that

S, =8, =0

Also by equation (1)

. 1
(844)2R4 = (S42)2R2 + (841)2R1 = iR (1 ,,)
n
and by equation (2)
i 1
(811)2R1 = (Sm)zR's + (814)2R4 = ZIR (2,) )
i .

Now it is a fundamental principle which
is deducible from elementary. algebra, that
S,;=S,,. That is, the current set up in
branch 1 by a unit electromotive force in
branch 4, is equal to the current set up in
branch 4 by 4 unit electromotive force in
branch 1, Multiplying equation (1) by
R, and equation (2’) by R, and subtracting
it follows that:

(Se) RB=(8,)R,R, (a)

Now in accordance with the notation
adopted in this specification, the energy con-
sumed in branch 8 is » times that consumed
in branch 4 when -anelectromotive force
acts in branch 1; therefore

(Sl:x)zR:t:m(SH)zRu (Z))

Also the energy consumed in branch 1 ig
¥ times that consumed in branch 2 when
an electromotive force acts in branch 4;
whence

(Sn)le:?/(SM)sz (6’)
Multiplying (3) and (e)
(Sls)2R1R'3:x?/(sz4)2R2R4 (.d)

- 'From (&) and (@) it follows at once that
ry=1. ‘

55

Obviously the expression given by for-
mula (5) is a maximum when y=1." This
means that for a given amount of telephonic

. enerpy developed in the transmitter at the

" transmitting

60

substation a maximum amount
is usefully delivered to the receiver at the
receiving substation connected by the line,
when y=1.  Since the maximum amount of
energy in the receiver is the Pprime desidera-

- tum of. telephony.:;it.wou]d appear.that the

85 A

substation should he designed to make y=1.

nother consideration, however, modifies

in branch 1,.

1,396,760

this conclusion somewhat, namely, the effect
of line noise.  Since the line noisa originates
in. the line the amount delivered to the re-
ceiver is proportional to

1
1+y

(see equation 4) while the amount, of energy
delivered from’the transmitter of the com-
municating station is proportional to

Y _
(+y)*
(see equation 5). The ratio of the latter to

the former is

v
1+y
and this increases as ¥ increases beyond
unity. Tt will be clear, then, that if y is
made greater than unity, the substation dis-
criminates against line noise as compared
with the signals it is desired to receive, The
amount of discrimination desired depends of
course on the amount of line noise present,
For conditions oceurring in practice it has
been found by experiment that a desirable
value for 4 is 1.4, ~ With this value of y, the
over-all efficiency is reduced 2.8% below the
maximum for ‘y=1, while the
efficiency alone is reduced 16.6%. It is thus
seen that a good degree of discrimination
against line noise is obtained with a small
loss in over-all efliciency,
The above considerations as to over-all
efliciency and diserimination against line
noise may be formulated as

R, (11)2:.7/1{2(12) : (6)

for an electromotive force inserted in the
line. In this equation ¥ is to have a value
lying between 1 and 1.5 preferably.
’roceeding now to a description of the
specific cireuits, one form of my invention is
illustrated in Fig. 2, in which I represents
a telephone line terminating in a substation
comprising a transmitter T,a receiver R, and
an induction coil comprising windings N,,
N,, and M, Windings N, and N, are of
negligible resistance,- but winding N, is of
high resistance in order to balance the line
I.. The windings N,, N, and N, are con-
nected in series with the line L, while the
transmitter T .is connected to terminals b
and e 50 as to shunt the winding N, and re-
ceiver R is connected to terminals ¢ and ¢
$0 as to shunt the high resistance winding
N.. If desired, the high resistance winding
N, may be replaced by a winding N, of
negligible resistance ang u separate resist-
ance element X
Condensers 11 and 12 may be inserted as in-
dicated in order to determine the path of
the direct current through the substation.
Condenser 11 will cause direct current to

receiving «

as shown in Nigs. 3 and 4.°
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flow through the transmitter T, and the con-
denser 12, if used, will also cause all the
direct current to flow through the receiver.
Direct  current from the line will flow
through the winding N, to terminal b,
through the transmitter T, receiver R,
terminal ¢ and back over the line.

The operation during transmission is in-
dicated in Fig. 3, in which the arrows rep-
resent the direction of current flow at any
given instant. When the transmitter T 1s
operated, variations in the current flow are
produced, the effect being equivalent to ap-
plying a variable electromotive force to the
transmitter. At a given instant, a current
I, flows from the terminal ¢ through the
transmitter to terminal 5. At terminal b,
the current divides and a current I, equal
to I, flows through the winding N, over the

line L, through the resistance X and wind--

ing N, to terminal ¢, while a current I—I,
flows in parallel therewith through the
winding N,. Potentials are induced in the
windings of the transformer of such value
and direction that terminals ¢ and e are
brought to the same potential, so that no
current flows through the receiver during
transmission and consequently the substa-
tion is anti-side tone.

The action during reception is indicated
in Fig. 4 and is as follows: Upon the appli-
cation of a receiving potential to the line
terminals, since no current flows through
the auxiliary resistance, the line and re-
ceiver are in a series circuit and a current
1, equal to I, flows from terminal f, through
the receiver to terminal e, over the line L
and through the winding N, to terminal b.
From terminal b a current I, flows through
the transmitter to terminal f. The trans-
mitter current is greater than the line cur-
rent and consequently a current I,—I, flows
from terminal ¢, through the winding N,

to terminal 5. Potentials are induced in the

transformer windings of such value and di-
rection that terminals & and e are brought
to the same potential, so that no energy is
wasted in the auxiliary resistance during
Teception. :

The proportioning of the arrangement of
Fig. 2, to satisfy the fundamental require-
ments of the substation of the invention will
now be given. In deriving the design for-
mule, the resistances of the transformer
windings -will be ignored. It will be as-
sumed further that there is no magnetic
leakage between the transformer windings

‘and that the self-impedances are very large

compared with the impedances of any of the
component elements of the substation or the
impedance of the line. Experience has
shown that these simplifying assumptions
are justified and that the assumed condi-
tions may be closely realized in practice by
careful design.

8

To formulate the condition of conjugacy
of transmitter T and receiver R, assume an

electromotive force in the transmitter circuis

and assume that the required condition of
conjugacy is satisfied. In other words, as-
sume that the terminals of the receiver are at
points of equal potential with respect to an
electromotive force applied to the transmit-
ter. Let I,, I,, I, and I, denote the currents
flowing in the transmitter, the receiver, aux-
iliary resistance and line, respectively, and
R,, R,, R, and R, denote the resistances of
the corresponding elements. The condition
of conjugacy of the receiver with respect
to the transmitter requires that no current
flow through the receiver during transmis-
sion and hence I,=o. It is also clear from
Fig. 3 that I,=1I,. Since the auxiliary re-
sistance, line and the three transformer
windings arein a series circuit, the algebraic
sum of the drops through the transformer
windings and the IR drop of the line and
auxiliary resistance is equal to zero. Re-
membering that I,=1,, this condition ma;

be expressed as follows: . :

K (n1+n2+na) = (R3+R4)I4

where K represents the drop per turn of the
transformer windings. Furthermore, since
terminals ¢ and e are at the same potential,
the algebraic sum of the drop through the
winding N, and the IR drop through re-
sistance X must equal zero.

Whence

I{n:s;——RsIs:RéI‘i
Solving these equations we have
R;+Ry_m+n+n,

R, Ty
which may be expressed’
Ry 4t
S TR
whence
R —_T R,
R3'_—n1+,n’2R’4 (7)

Also the alegbraic sum of the ampere
turns of the transformer’ windings must
equal zero, so that '

Ty (11*14) = \”t:“na) I,
or
’”121.1,:: (7’\‘/1--}%2--{-7&_;) I,

which reduces tc
- (Tt ()
Ty

Referring now to Fig. 4 which shows the
condition when receiving, since the trans-
mitter and winding N, are in a serles circuit,-

the algebraic sum of the IR drop through 1
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the transmitter and the drop through the Also from equations (@) and (¢) it follows

winding N, is equal to zero, so that that
I(szleIl . . R.= My R = ny +7I:2+'n/3 2R R
- . . AR R Y ol U Bt
5 Furthermore, since terminals d and ¢ are at 17 2 70
the same potential, the algebraic sum of the whence
drop through the winding N, and the TR "t 2 o\
drop through the receiver equals zero. Re- 172 T Ty 4:<4..‘.2._*ﬂ> R,
membering that I,=T, during reception, the - g+ 1y 7y .
10 above condition may he expressed., or _ 75
2
1(71‘:;:I{2I2:R2L : I TS ) (7?/2 T )—_—Rl (15)
. ny+1,) (N +n,+n
Also the algebraic sum of the ampere turns EE TR AT e T '

of the transformer windings equils zero ) . . . n n,
4nsto 85 equal ’ Designating the ratios 5o and E;’ as 7 and 7 gg

5 that N .
1, =n,(1,—1,) respectively, equations (14) and (15) may be
From the above equations we get the fol- Wwritten :

lowing : rr =y
20 R, L _n, r’? _R,1 (16) 85
R L n, (r+7") (7‘+7’/+1)__E
Ly = (ny +n))1, Solving equations (16) we have
R,_ny, n,+m, ' C 2 R,
L , L 0
2 R Tw YD R, ’
_ Ma(n, +n,) or .
oy ’ R,
: ' r=EI4ygA+yy A7)
g0 Whence , : R, v 95
Rz =T (7;; jnZ)Rq 9) an '
o 2 R
r=4 ¢\/ m(+yy @18
=L ™ 1 (0 o yFNR,A+9y (18
35 - ' (m; +n,) -Substituting » and »” in equation (@) we get 100
Substituting the values given by equation the following :
(8) in equation (2), we have R (T
k(”“h”“"“”a)zﬁ =R,+R, (12) AN )Rl
40 e, 1 3 1 : _ 1 y* R 1056
Also.substituting the values given by equa- ¥ R, 1 !
tion (10) in equation (6), we have E( +9)y
: ' - 7 Y : 1 10Y
. Ro=y(; 5 )R (13 =R (9) o
Collecting formulz we get : " Also substituting » and » in equation (a)
= T . 1 1
Ry= n1+n2>R4 (@) vRS_mRti-le (20)
50 R _ns(nl—I—'n,z)R' b The design formule for the substation of 1%
T o ( ) ’ Fig. 2 then become
2 1
. (TM—ZL:L% R1=R3+R4 e Rz=1+yR4
2
55 ) 1 120
,_- 'nlz . . —_— .
R,=y nl+n2) R, (@) » R, yR4 \ N
From formule (0) and (d) it follows that R, 4
g . \ T=YFAgyL+y)
60 R. =T\ “L”z_)R =1('n'1 +’n,2) R : 4 125
oo e r'~i\[& 1+
" whence | S EYRYA+Y
: _1 ‘ : It will be seen from the above formulw
55 , M3 y(n‘+n2) 4 ' that the impedances of the receiver and 130
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auxiliary resistance are given in terms of
the impedance of the line and ratio y. Also
the transformer ratios 7 and + are given in
terms of the ratio y and the impedances of
the line and transmitter. Consequently, the
impedance of the line being known and hav-
ing selected a suitable value for the im-
pedance of the transmitter and the ratio ¥,
the remaining elements of the substation
maiy be readily computed.

nspection of Figs. 1 to 4 inclusive, shows
that there is a series arrangement of four
components consisting of (1) line L, (2)
winding N,, (3) the mesh consisting of
transmitter T and winding N, and (4) the
mesh consisting of receiver R in_parallel
with winding N, and resistance X. Any
rearrangement of parts which keeps those
four components in series will be electrically
equivalent. Fig. 5 is one example of rear-
rangement in which winding N, is placed
between the two meshes, and Fig. 6 1s an-
other example in which the line L and wind-
ing N, are merely interchanged. Figs. 2
and 5 are particularly adapted for common
battery substations and Fig. 6 is a suitable
arrangement for a local battery substation,
but may also be used as a common bat-
tery substation. The design formulee above
given are equally applicable to all of these
several arrangements.

In Fig. 5, the condenser 13 will cause di-
rect current from a common battery to pass
through transmitter T. The condenser 14
may be used, if desired, to cause direct cur-
rent to be shunted around the receiver R in
case a permanent magnet receiver is used.
If condenser 14 is not used, a part only of
the direct current will pass through the re-

ceiver R. This will serve to magnetize the.

receiver in case a neutral receiver: is used.
A neutral receiver is one whose core consists
of a soft iron core which is only magnetized
while current is being supplied to the re-
ceiver. If the arrangement of Fig. 6 is used
with a common battery system, the condenser
15 may be used. ‘

The assumptions upon which the theory
for the forms of substation above discussed
is based, are that the impedances of the line
and substation elements consist of pure re-
sistance. In cases where greater exactness

. is required correction must be made for such
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departures from the assumed conditions as
would reduce the operating efficiency below
that required. Assuming a
able distributed capacity or inductive react-
ance, then it becomes advisable to subs*itute
for the pure resistance X, a balancing net-
work, other than a non-inductive resistance,
of such nature that its ratio of resistance and

-reactance components. closely approximates,

over the required range of voice current or
signaling frequencies, the resistance and re-
actance components of the line in question.

line of consider-

The manner of constructing many stch net-
works is known in the art and reference is
made for examples to the United States Pat-
ents of Hoyt 1,167,693; 1,167,694; 1,240,213.

Necessarily, however, a substation which at

one time is connected to a line of one length
and at another to a line of another length,
should be designed for the average sort of
line with which it is to be used.

The substation in Fig. 7 is designed for
use with a local battery. This circuit is iden-
tical in respect to the five fundamental prop-
erties mentioned in the beginning of this
specification with that of Fig. 6. For se-
curing greater efficiency, the inductive re-
actance of the receiver R is balanced by a
condenser 8 in series therewith. X’ repre-
sents a balancing impedance means or net-
work. Network X’ may be a resistance or
have different forms depending upon the
nature of.the line, the maximum cost allow-
able, and the degree of exactness required.
For a line having considerable distributed
capacity such as submarine cable, a suit-
able form is shown in Fig. 8 and consists of
a capacity 9 in parallel with a resistance 10.
The elements are of such values that the char-
acteristic impedance of the line is approxi-
mately simulated. In other words, if a volt-
age of signaling frequency be impressed
upon the line and a similar voltage upon the
network X’, the current will lead the volt-
age by an equal angle in the two cases while
the ratio of the numerical values of the im-
pedance of the line and the network depends
upon the value of the energy ratio y, as ex-
pressed by the second of equations (A

Certain auxiliary elements are
are battery B, a retardation coil, a three-
point switchhook contact S, 4 ringer and a
hand generator. ‘The battery B supplies
current to the transmitter T and receiver R.
The retardation coil has a very large im-
pedance to alternating current-of voice fre-
quency but allows the direct current to pass
through to the receiver R. The effect of the
retardation coil in shunting voice current is
negligible. The usual three-point contact
switchhook S is arranged to open the circult
of the battery B and also to cut off the sub-
station from the line. The usual high im-
pedance ringer and normally open circulb
hand generator are bridged across the line as
shown. Consideration will show that this
circuit is fundamentally identical with that
of Fig. 6. By eliminating the generator,
ringer, switchhook contacts, retardation coil,”
battery B and condensers g and 9, the cir-
cuit reduces to the form of Fig. 6. Fig. 7
shows one only of many possible adaptations
and modifications of the circuits of Figs. 1,
5 and 6 for practical application.

The type of substation disclosed above and
lustrated in the accompanying drawlngs 18
but one of a number employing only one
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‘and all of them are

8

transformer and one auxiliary resistance,
ideal in the sense that
they satisfy the fundamental re uirements
for an ideal substation, as stated%eretofore
in this specification. The substations herein
are of a type related to that of Figs, 1,23,
4 and I (@) of U. S. patent to George A.
Campbell, No. 1254472, dated January 22,
1918, and to those substations disclosed in
U. S, patent to George A. Campbell, No.
1,254,117, dated January 22, 1918.

The cireuits disclosed in both of the said
applications are hereby disclaimed as a part
of this invention, which is an improvement
on and extension of the work of Campbell.
However, as there are a large number. of
possible substations of this general type
which are not disclosed in the said applica-
tions, it will be understood that this inven-
tion is not limited to the specific embodi-
ments herein illustrated, but is intended to
include such equivalent arrangements as
come within the scope of the appended
claims.  Furthermore, it is not desired to
limit- the design of the substations herein
disclosed and illustrated to the accompany-
ing design formule. These formulse ave
derived on the assumption that ideal trans-
formers are employed and that the com:
ponent elements of the substation have no
reactance, assumptions which are only ap-
proximately justified in practice. The for.
mule may be modified when greater pre-
cision is desired by taking into account the
fact that the transformer is not physically
perfect and that the line and the various
substation elements may. in general have
some characteristic reactance. The accom.-
panying formuls, however, give quite satis-
factory results, and the methods by. which
they are derived will enable one skilled in
the art to compute more precisely the .sub-
station constants when desired. e

It will be understood that in the appended
claims, where certain elements are said to be
conjugate, or certain impedance relations
are said to exist, since in practice these con-
ditions can in general only be approximated,
these expressions will be satisfied by struc-
tures substantially conforming thereto, es-
pecially where some compromise with re-

spect to the rigid requirements is necessary

1n order to discriminate against line noise.
It will also be understood that while my in-

vention has been specifically illustrated and

described as embodied in a telephone sub-
station, it is capable of many and varied em-
bodiments which render it applicable in
other kinds of signaling systems and conse-

uently the invention is not to be limited to
the particular form and use herein (dis-
closed. - It will be further understood that
in this specification the word “substation” is

employed in its generic sense and that con.

Sequently its significance is not limited to a
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subscriber’s telephone station but embraces
broadly any telephone station including a

repeater station for relaying telephonic sig-.

nals,

What is claimed is:

1. A signaling circnit comprising a trans-
former, a path for the transmission and re-
ception of signals, a path including a trans-

‘mitting apparatus, a Path of high resistance,

and a receiver, said first and last mentioned
paths and a winding of said transformer be-
g included in a series circuit, said receiver
being included in a path shunted about said
high resistance path, said second mentioned
path being included in a circuit shunted
about said transformer winding, said last
mentioned circuit, said receiver path and
said high resistance path having a common
terminal with respect to alternating signal-
ing current.

2. A signaling circuit comprising a trans-
former, a path for the transmission and re-
ception of signals, a path including a trans-
mitting apparatus, a path of high resistance,
and a receiver, said first and last mentioned
paths and a winding of said transformer be-
1ng included in a series circuit, said receiver
being included in a path shunted about said
high resistance path, said second mentioned
path being included in a circuit shunted
about said transformer winding; said last
mentioned circuit, said receiver path and
said high resistance path having a common
terminal with respeet to alternating signal-
ing current, said elements being so propor-
tioned and related that the impedance of the
combination comprising said transformer,
said first and third mentioned paths and said
receiver, as seen from said second mentioned
path, is equal to the impedance of said sec-
ond mentioned path. :

3. A signaling circuit comprising a trans-

~former, a_path for the transmission and ro-

ception of signals, a path including a trans-
mitting apparatus, a path of high resistance,
and a receiver, said first and last mentioned
paths and a winding of said transformer be-
ing included in a series circuit, said receiver
being included in a path shunted about said
high resistance path, said second mentioned
path being included in a circuit shunted
about said transformer winding, said last
mentioned circuit, said receiver path and
said high resistance path having a common
terminal with respect to alternating signal-
ing current, said elements being so propor-
tioned and related that the impedance of
the combination comprising said trans-
former, said second and third mentioned
paths and said receiver, as seen from said
first mentioned path, is equal to the imped-
ance of said first mentioned path.

‘4. A signaling circuit comprising a trans-
former, a path for the transmission and re-
ception of sighals, a path including a trans-
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mitting apparatus, a path of high resist-
ance, and- a receiver, said first and last men-
tioned paths and a winding of said trans-
former being included in a series circuit,
said receiver being included in a path shunt-
ed about said high resistance path, said sec-
ond mentioned path being included in a cir-
cuit shunted about said transformer wind-
ing, said last mentioned circuit, said receiver
path and said high resistance path having a
common terminal with respect to alternat-
ing signaling current, said elements being so
proportioned and related that said receiver
and said second mentioned path are con-
jugate.

5. A signaling circuit comprising a trans-
former, a path for the transmission and re-
ception of signals, a path including a trans-
mitting apparatus, a path of high resistance,
and a recelver, said first and last mentioned
paths and a winding of said transformer
being included in a series circuit, said re-
ceiver being included in a path shunted
about said high resistance path, said second
mentioned path being included in a circuit
shunted about said transformer winding,
said last mentioned circuit, said receiver
path and said high resistance path having a
common terminal with respect to alternat-
ing signaling current, said elements being so
proportioned and related that said third and
first mentioned paths are conjugate.

6. A signaling circuit comprising a trans-
former, a path for the transmission and re-
ception of signals, a path including a trans-
mitting apparatus, a path of high resistance,
and a recelver, said first and last mentioned
paths and a winding of said transformer
being included in a series circuit, said re-
ceiver being included in a path shunted
about said high resistance path, said second
mentioned path being included in a circuit
shunted about said transformer winding;
said last mentioned circuit, said receiver
path and said high resistance path having
a common terminal with respect to alternat-
ing signaling current, said elements being so

proportioned and related that the impedance

of the combination comprising said trans-
former, said first and third mentioned paths
and said receiver, as seen from said second
mentioned path, is equal to the impedance of

said second mentioned path, the impedance -

of the combination comprising said trans-
former, said second and third mentioned
paths and said receiver, as seen from said
first mentioned path, is equal to the im-
pedance of said first mentioned path, said
receiver and said second mentioned path are

conjugate and said third and first mentioned.

paths are conjugate. :

7. A signaling circuit including in series
four components, the first of said compo-
nents including a line, the second of said

components including a transformer wind-

=]

ing, the third of said components including
a transformer winding and & source of trans-
mitting voltage in parallel, and the fourth
of said components including a receiving in-
strument in parallel with a balancing im-
pedance means and a transformer winding
in series, said windings having a common
magnetic field.

8. A signaling circuit including in series
four components, the first of said compo-
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nents including a line, the second of 'said -

components including a winding of a trans-
former, the third of said components in-
cluding a second winding of said trans-
former and a transmitter in parallel, and
the fourth of said components including a
receiver in parallel with a series arrange-
ment of balaneing impedance means whose

reactance approximately simulates the re-

actance of the line over the range of voice
current frequencies, and a third winding of
said transformer. _

9. A telephone system adapted for use
with a common battery system including in
series four components, the first of said com-
ponents including a line; the second of said
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components including a winding of a trans-

former; the third of said components includ.-

ing a transmitter in parallel with a path
containing a second winding of said trans-
former; the fourth of said components In-
cluding a receiver in parallel with a serles
arrangement of a balancing resistance means
and a third winding of said transformer.

10. A signaling circuit including in series
four components, the first of said compo-
nents including a line; the second of said
components including a winding of a trans-
former; the third of said components In-
cluding a second winding of said trans-
former and a transmitter in parallel; and the
fourth of said components including a re-
ceiver in parallel with a series arrangement
of balancing impedance means and a third
winding of said transformer, said elements
being so proportioned that the impedance of
said combination comprising said trans-
former, said line, said receiver and said im-
pedance means, as seen from said transmit-
ter, is equal to the impedance of said trans-
mitter. o

11. A signaling circuit including in series
four components, the first of said compo-
nents including a line; the second of said
compenents including a winding of a trans-
former; the third of said components in-
cluding a second winding of said trans-
former and a transmitter in parallel ; and the
fourth of said components including a re-
ceiver in parallel with a series arrangement
of balancing impedance means and a third
winding of said transformer, said elements
being so proportioned that the impedance of
the combination comprising said receiver,
said transmitter, said transformer and said

95

100

105

110

115

130



10

15

20

25

30

35

10

impedance means when seen from the termi-
nals of said line is equal to the.effective im-
pedance of said line.. o

12. A signaling circuit including in series

“four components, the first of said compo-
nents including a line; the second of said

components including a winding of a trans-
former; the third of said components in-

‘cluding a second winding of said trans-

former and a transmitter in parallel ; and the
fourth of said components including a re-
ceiver in parallel with a series arrangement
of balancing impedance means and a third
winding of said transformer, said elements
being so proportioned that said receiver and
said transmitter are in conjugate branches
of said circuit. '

18. A signaling circuit including in series .

four components, the first of said compo-
nents including a line, the second of said
components including a winding of a trans-
former; the third of said components includ-

‘ing a second winding of said transformer

and a transmitter in parallel; and the fourth
of said components including a receiver in
parallel with a series arrangement of bal-

-ancing impedance means and a third wind-

ing of said transformer, said elements being
so proportioned that said line and said im-
pedance means are in conjugate branches of
said circuit. ~

14. A sighaling circuit including in series
four components; the first of said compo-
nents including a line; the second of said
components including a winding of a trans-

- former ; the third of said components includ-
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ing a second winding of said transformer

.and a transmitter in parallel; and the fourth

of said components including a receiver in
parallel with a series arrangement of balanc-
1ng impedance means and a third winding of
sald transformer, said elements being so pro-
portioned that the impedance of said combi-
nation comprising said transformer, said
line, said receiver and said impedance means,
as seen from said transmitter, is equal to the
impedance of said transmitter; and the im-
pedance of the combination comprising said
receiver, said transmitter, said transformer
and said impedance means when measured
from the terminals of said line is equal to the
effective impedance of said line; said re-
ceiver and said transmitter being in conju-
gate branches of said circuit; and said line
and impedance means being in conjugate
branches of said circuit..

15, A telephone circuit including in series

- four components, the first of said compo-
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nents including a line; the second of said
components including a winding of a trans-
former ; the third of said components includ-
ing a second winding of said transformer
and a transmitter in parallel; and a fourth
of said components-including a receiver in
parallel with a series arrangement of balanc-

1,396,760

ing impedance means and a third winding of
sa1d transformer; a source of direct current,
and means for directing a suitable current
therefrom through each of said receiver and
transmitter, -

16. A telephone substation comprising a
neutral receiver and a transmitter, said re-
ceiver and transmitter being located in con-
ducting paths in parallel with each other
with respect to a local source of direct elec-
tromotive force for energizing said instru-
ments, said receiver and transmitter being
effectively connected in series with respect

to received telephonic currents.

17. A telephone substation including a
neutral receiver and a transmitter which are
in_ substantially conjugate branches, said
substation having two points to which a local
source of direct electromotive force may Le

-connected, a complete conducting path from

one of said points through said transmitter
to the other of said points and another such
path through said receiver, and a coil of
large self inductance located in at least one
of said paths. ,

18. A telephone substation including a
neutral receiver and a transmitter, conduct -
ing paths in said substation through which
a local source of direct electromotive force
may propel current through each of said re
ceiver and transmitter, one of said paths
comprising means for retarding the flow of
alternating current therethrough.

19. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis.
sion circuit, another of said windings being
included in said balancing circuit, and the
third winding being included between said
transmission and balancing circuits; a ter-
minal of said transmission circuit, said re-
ceiving circuit and said balancing circuit
being joined together, the other terminal of
said receiving circuit being connected be-
tween said third winding and the circuit
including one of the other two windings;
said transmitting circuit being connected in

. shunt with said third winding, and a source

of direct current so connected as to supply
current to both said transmitting and said
receiving circuits.

20. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis-
sion circuit, another ‘of said windings being
included in said balancing circuit, and the
third winding being included between said
transmission and balancing circuits; a ter-
minal of said transmission circuit, said re-
ceiving circuit and said balancing ecircuit
being joined together, the other torminal
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of said receiving circuit being connected be-
tween said third winding and the circuit in-

cluding one of the other two windings; said

transmitting circuit being connected in
shunt with said third winding, and a source
of direct current included in series with said
third winding. :
21. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis-
sion circuit, another of said windings being
included in said balancing circuit, and the
third winding being included between said

“transmission and balancing circuits; a ter-

minal of said transmission circuit, said re-
ceiving circuit and said balancing circuit
being joined together, the other terminal of

said receiving circuit being connected be-

tween said third winding and the circuit in-
cluding one of the other two windings; said
transmitting circuit being connected in
shunt with said third winding; and a source
of direct current so connected as to supply

-current to both said transmitting and said

receiving circuits, one terminal of said
source being.connected to said receiving cir-
cuit through a path of high impedance and
low resistance. :

22. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis-
sion circuit, another of said windings being
included in said balancing circuit, and the
third winding being included between said
transmission and balancing circuits; a ter-
minal of said transmission circuit, said re-
celving circuit and said balancing circuit
being joined together, the other terminal
of said receiving circuit being connected be-
tween said third winding and the circuit in-
cluding one of the other two windings; said
transmitting circuit being connected in
shunt with said third winding; and a source
of direct current included in series with
said third winding, one terminal of said
source being connected to said receiving
circuit through a path of high impedance
and low resistance.

23. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circnit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis-

“sion circuit, another of said windings be-

ing included in said balancing circuit, and
the third winding being included between
said transmission and balancing circuit; a
terminal -of* said transmission circuit, said
receiving circuit and said balancing circuit
being joined together, the other terminal of
said receiving circuit being connected be-

1L

tween said third winding and the circuit in-
cluding one of the other two windings; said
transmitting circuit being connected in
shunt with said third winding; and a source
of direct current so connected as to supply
current to both said transmitting and said
receiving circuits, one terminal of said
source being connected to said recelving cir-
cuit at a point adjacent its junction with
said transmission and balancing circuits
through a path of high impedance and low
resistance.

24. In a signaling system, a trangmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis-
sion circuit, another of said windings be-
ing included in said balancing circuit, and
the third winding being included between
said transmission and balancing circuits; a
terminal of said transmission circuit, said
receiving circuit and said balancing circuit
being joined together, the other terminal of
said receiving circuit' being connected be-
tween said third winding and the circuit in-
cluding one of ‘the other of two windings;
said transmitting circuit being connected in .
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-shunt with said third winding; and a source

of direct current included in series with said 95
third winding, one terminal of said source
being connected to said receiving circuit at
a point adjacent its junction with said trans-
mission and balancing circuits through a
path of high impedance and low resistance. 100
25. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis- 108
sion circuit, another of said windings be-
ing included in said balancing circuit, and
the third winding being included between
said transmission and balancing circuits; a
terminal . of said transmission circuit, said 119
receiving circuit and said balancing circuit
being joined together, the other terminal of
said receiving circuit being connected to the
junction point between said third winding

~and said balancing circuit; said transmit- 115

ting circuit being connected in shunt with
said third winding, and a source of direct
current so connected as to supply current
to both said transmitting and receiving cir-
cuits: .

26. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans-
former having three windings, one of said -
windings being included in said transmis- 128
sion cireuit, another of said windings being
included in said balancing eircuit, and the
third winding being included between said
transmission and balancing circuits; a termi-
nal of said transmission circuit, said recelv- 130
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‘winding, ‘
~cluded in series with said third winding.

i

-ing circuit and said balancing circuit being

joined tngether, the other terminal of said
receiving cireuit being connected to the junc-
tion point between
said balancing circuit; said transmitting cir-
cuit being cohnected in shunt with said third
and a source of direct current in-

27. In a signaling system, a transmission

circuit, a transmitting circuit, a receiving.

circuit, a balancing circuit, and a trans-
former having three windings, one of said
windings being included in said transmis-
sion circuit, another of said windings being

included in said balancing circuit, and the -

third winding being included between said
transmission and balancing circuits; a ter-
minal of said transmission circuit, said re-
ceiving circuit- and said balancing circuit
being joined together, the other terminal of
said receiving cirecuit being connected to the
junction point between said third winding

and said balancing circuit; said transmitting

circuit being connected in shunt with said
third winding; and a source of direct cur-
rent so connected as to supply current to
both said transmitting and receiving cir-
cuits, one terminal of said source being con-
nected. to said receiving circuit through a
path having high impedance and low re-
sistance. . i

28. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit, and a trans.
former having three windings, one of said

windings being included in said transmis-.

sion circuit, another of said windings being
included in ‘said balancing circuit, and the
third winding being included between said
transmission and balancing circuits; a ter-
minal of said transmission circuit, said re-
ceiving circuit and said balancing circuit

being joined together, the other terminal of

said third winding and,

1,398,760

said receiving circuit being connected to the
junction point between said third winding
and said balancing circuit ; said transmitting
circuit being connected in shunt with said
third winding ; and a source of direct current
included in series with said third winding,
one terminal of said source being connected to
said receiving circuit through said third
winding and an inductance circuit,

29. In a signaling system, a transmission
circuit, a transmitting circuit, a receiving
circuit, a balancing circuit and a trans-
former having three windings, one of said
windings being included in said transmis-
slon circuit, another of said windings being
included in said balancing circuit, and the
third winding being included between said
transmission and balancing circuits; a ter-
minal of said transmission circuit, said re-
ceiving circuit and said balancing circuit
being joined together, the other terminal of
said receiving circuit being connected to the
junction point between said third winding
and said balancing circuit; said transmit-
ting circuit being connected in shunt with
sald third winding; a source of direct cur-
rent so connected as to supply current to
both said transmitting and receiving cir-
cuits; an inductance element through which
said direct current may be supplied to the re-
ceiving circuit, said inductance element be-
ing connected in shunt with g circuit includ-
ing said balancing cireuit, and its inductance
being sufficiently high to substantially pre-
vent the transmission of alternating talking
currents through the inductance element
while its resistance is so proportioned as to
supply the optimum value of direct current
to the receiver. )

In witness whereof, T hereunto subscribe
my7name this 29th day of December, A. D.
1017, :

KENNETH S. JOHNSON.
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