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To all whom it m(cJ concern:

Be it known that I, Pavr J. Hacxert, a
citizen of the Umted States, residing at
Seattle, in the county of King and State of
Washington, have invented a certain new
and useful Improvement in Signaling-Cir-
cuits, of which ‘the following is a full, »dear
concise, and exact description.' ,

This invention relates to the circuit ar-
rangement of a telephone substation, and
more particularly to telephone substations
in combination with 2 telephone line over

which two-way communication is to be es-

tablished. _

The object of this invention is to provide
a cireuit arrangement of the substation ap-
paratusina smvle line circuit two-way com-
munication system such that each substa-
tion will be -free from side tone, and, will
also give a maximum ratio of re eceived to
transmitted energy consistent with the re-

quirements necessary to secure freedom from:

side tone. ‘

In order to attain the objects of this in-
vention several requirements must be satis-
fied. In a'single hine circuit two-way com-
municating system, it is impossible to secure

freedom from side tone without the use of.
an auxiliary resistance element at each sub-

station in addition to the regular e equipment
of a transmitter, a receiver, and induction
coils.
transmitting, the fm\llnry resistance re-
ceives the energy which would otherwise go
to the receiver. One requirement therdore*
is: (1) The receiver and transmitter must
be conjugate, that is the receiver must not
be affected by energy originating in the
transmitter of the sqme suns’mblon Other
requirements are: (2) for a line of given
impedance the energy delivered by the trans-
mitter must be a maximum; (3) the energy
delivered by the line to the substation must
be a maximum; (4) the line and auxiliary
resistance must be eonjugate in order that
none of the energy delivered by the line to
the substation shall be wasted 1n the resist-
ance while receiving.

The substation of my 1ment10n is pro-

“vided with a transmitter, a receiver, an aux-

iliary resistance and necessary transformers
to so connect and relate the component ele-
ments to each other and to the line that the
above mentioned requirements are fulfilled.

The specific embodiment of my invention

In eliminating the side tone while

is illustrated in the accompanying drawm@s
in which Figure 1 is a diagram of: the fun-
damental a rr‘m(rement of the substation ap-
paratus, the r’ema‘ining drawings illustrat-
ing modifications of Fig.1. Figs. 2 and 3
are diagrams showing the direction of cur-
rent-flow in the substation of Fig. 1 while
transmitting ~and recelving respectlvely
Fig. 4, shows the substation of my 1nvention
adapted for the use of a differential trans-
mitter. Figs. 5 and 6 show the substation
of my invention adapted for use in common
battery systems using a differential trans-
mitter. The use of a'differential transmit-
ter in common battery systems makes neces-
sary the impedance coils ZZ’ and Z. Fig. 7
is a diagram illustrating a modification of
the substation of Fi ig. 1 in that the trans-

mitter and receiver are- inter-changed so as-

to be suited for common battery systems
using a simple transmitter. Condenser C.
may be placed in series with a winding Ny to
prevent the flow of direct current through
this path. Figs. 8 and 9 are-diagrams illus-
trating the flow of current in the substation
of Fig. 7 while transmitting and recelving
1espect1vely

Referring to I‘1rr 1, Liis a line connected
to a substation comprlsmo a transmitter T,
4 receiver R, an auxiliary resistance X and
two induction coils having two. windings
each N, N, and N, N, respectively. - The ve-
ceiver. R, and auxiliary resistance. X, are

serially connected across the line Li by termi-
of an.in-

nals 5, 6, 7, and-8. . Winding N,
duction coil is in bridge of line L and:wind-
ing N, of the other induction coil isin bridge

of resistance X. The remaining windings
N, and N, of the induction coils, and the

tr ansmltter T, form a separate serial circuit
being mduc’mvely associated with the other
elements by means of the induction coils.

The operation of the substation during
transmission is shown in Fig. 2. Upon
speaking into the transmitter the aotlon 18’
equivalent to generating a1 alternating volt-
age in the transmitter. Cons1der1ng, then,
that the transmitter is a source of alternat-
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ing current, a current I, will flow in the

transmitter circuit throu"h windings N, N,
inducing currents I, and I, in" the hne and
fmxﬂmry resistance mrcmts respectively.
The direction of current flow is indicated by
the arrows. The arrows also indicate-the
direction of induced voltages: in windings
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N, and N, which are included in the receiver
circuit 87 56 The substation being properly

designed, no current will flow thloufrh theg

receiver cncmt since the voltages actmo in
this circuit are equal and opposme
current flow during reception is shown in
Fig. 3 andthe action is as follows:

atmrr voltage applied to the line will sup-
ply a line current 1, to the-substation, this
current dividing at terminal 6, a th I,
flowing throuorh the receiver R, winding N,,
and back to the line thr OU"’h terminal 5 -
another part I, flowing thr, ouﬁh winding N,.
Current I in v;lndm«r N, induces a. cur-
rent I, in the tr ansmitter circuit. The sub-
St‘Lthn being: properly designed, the mag-
neto-motive-force of \*1nchncr \T" is eqtml
and opposite to the magneto- motive-force of
winding N, consequently, neglecting the re-
sistance drop-in winding hs, there will be
no voltage drop across Wmdlnfr N, and no
current will flow ‘through the au\ﬂlary re-
sistance X..

~The necessary design foxmulaa for. -the
proper.proportioning of the various clements
and transformer ratios to meet the above re-
quil ements may be derived as follows:

Let the number of turns of windings N,
N,, N, and N; be denoted by n,, n,, n, and n .
Iespectlvely and .let the current and re-

sistance of' the transmitter, receiver, auxil- -

iary resistance and line be_denoted by I,

L, I, I, and R, R,; R,, R, respectwely
In. dell\/ln‘f these formulm the transformer
windings will be assumed to have negligible
resistance and to be closely: conpled “The

line impedance and the impedance of the

component elements will also be assumed to
be pure resistance, since any reactance ef-
fect may be neutralized if desired. - The first
requirement is that the transmitter ‘and re-
ceiver must be conjugate, that is no current
must flow.in the receiver circuit’ while trans-
mitting. . Referring to Fig: 2, assume, then,
that no current flows thr ourrh the receiver,
and the following relations must be satisfied,

- L,=0
and LR,=1R,
_or R,= I‘IR‘ 1)
: R 3
“also “In,=Ln; (2
and I4n1;1172{2 (3)
c11v1c11ng (3) by (2) '
- I4'n1 STy
Ing g
A N nzm
or - .o 7
I, nlm
substltutmg in (1)
N\
R3—R"<n1n4> @

Another requirement -is that the auxiliary
resistance must: be conjugate to the line

Ther -

An alter-

1,347,849

Whlle 16001V1I10‘ Refenmor to Fm 3 the
following Ielatlons must be true 1n order
for no current to- flow 111 the rmxlhary re- .
sistance Whﬂe I‘bCBlVan' .

Iny=Im, 7 v
and 1 R( ) LR, |
. I ) :
whence Rl:RZ(ﬁf’ﬁ:) - (5) 75
Another requirement is that the line must
supply maximum energy to the substation.
It is a fundamental punc1ple that the re-
sistance of the terminal apparatus connected 80
to a line must be equal to the resistance of
the line for maximum. delivery of’ energy,
neglecting any reactance effect. For maxi-
mum out- -put, then, the impedance of the
substation as seen from the line must be g5
equal to the impedance of the line or," o
ab
Ri=a13 3
Whexe @ = Rz and b=R (n1> 90
)
or R,= o
R +R< 1) e
: R,Rn>
o R“_Rznf—!-Rlnﬁ
substituting equation (5).
100

R, R(l -F"Z”*) ©

Another requirement is that the transmitter
must have maximum out- -put, which means
that the resistance of the circuit supplied 195
by the transmitter must be equal to- the re-
sistance of the transmitter itself, or

non(Yen()

110

and substituting (4) ‘
R,=R <ZL—2@+ )
: USRI
or R, =R <n1n2n4;; Lo n3> (7) 115
3

Collecting u]udtlons (4), (6), dnd (( ) we
have convenient design formul‘U expressing
the impéedance of the various elements in
terms of the line 1mpedance and the trans- 120
fmmel ratlos,

R R <n2n3)
R,= R(1+'”2"*> 1A

n1n2n4 + nZ n3
N

125

“R,=R,

Tig. 7 is a modification of the substation of 130
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my invention adapted for use on common
battery. systems.

The operation during transmission is
shown in Fig. 8 and is as follows the action

of the transmitter supplies alterna wing cur-

rent to the line L, and auxiliary resistance
X, in series, the instantaneous direction of
curient. 'ﬂow being indicated by the artows.
Windings N, and N, are.in bridge of the
line. and auxlhary 1esxst(1nce 1espect1velv,
and they induce voltages inwindings N,
and N, respectively. The substation belno
properiy designed and so connected that the
voltages: induced in windings N, and N, will
be emml and opposite, and no current will
flow 1n the receiver circuit.

The action while IQCGIVHlO' is shown in
Tig..9 and is the same as for Fig. 3 except
that the receiver and transmitter are inter-
changed. ~ The design formule for this
moddlmtlon are very similar to those for
Fig. 1, and may be derived in a similar man-
ner since the only difference is an inter-

change -of posmon of- transnntter and re--

ceiver.
The deswn formul‘e for Fig. 7 are:

R,=R <n1nzn4+ 7% ng)

TNy

s

Tt can readily be seen that modifications
of the substation of my invention, other
than those which I have here shown, can be
had by simply inter-changing the positions
of the various elements, “and consequently
my invention is not to be limited to the
particular forms shown. It awill be under-
stood, also, that, since ideal conditions have
beén - assumed T do not desire to limit the
design of the substation of my invention to
the design formule set forth in this specifi-

cation, but may medify the design to allow
for actual conditions found i n practlce The
design formule set forth in this specifica-
tion have been given to show only-the funda-
mental relations existing in the substation
of my invention.

What I claim is:

1. In a two way swnahn(r system, the
combination of two transformers each hav-
ing a plurality of windings, and four com-
ponent eléments consisting, respectively, of
a cirvcuit for the trflnsmlssmn and reception
of signals, a receiving circuit proper, a bal-
ancing circuit proper, and a transmitting
cu'cult three of said component elements
401'm1n0 a serial circuit, one winding each
of said transformers brldomd separately
tv*o of said component elements in said se-

al circuit, the rémaining fourth component

element tormm(r another serial circuit with

8

\Vlndln(rs of said transformers, said serial

circuit belno inductively related to first
“named serial circuit, said elements being so

proportioned and related that the impe‘dance
of the combination comprising said first
named circuit, said receiving circuit proper,
said balancmg cireuit and said tr ansformers,
as seen from -said: transmitting cn‘cult

- proper, is equal to the 1mpudf1nf'e of sald

transmitting - circuit proper.

2. In' a two way signaling system, the
combination of two transformers each hav-
ing a plurality of windings, and four com-
ponent elements consisting, respectively, of
a cn’cult for the trfmsmlsswn and reception
of signals, & receiving circuit proper, a bal-
ancing circuit proper, and a transmitting

forming ‘a serial ¢ircuit, one winding each
of said transformers bridging separately
two of said component elements in said se-
rial ecircuit, the remaining fourth compo-
rient element forming another serial circuit
with windings of said transformers, -said se-
rial circuit being inductively related to first
niamed serial cireuit, said eléments being so
proportioned and related that said receiving
circuit and said tmnsmlttm«r cireult proper
are conjugate.

3.'In a two way signaling -system, the
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circuit, three of said component elements
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combination of-two transformers each hav- -

ing a plurality of windings, and four com-
ponent elements consisting, respectively, of
a circuit for the transmission and receptlon
of signals, a recéiving circuit proper, a bal-
ancing circuit proper, and a transmitting
circuit, thiee of said component elements
forming a serial circuit, one winding each
of said transformers bridging - separately
two of said component elements in said se-
rial circuit, the remaining fourth component
element forming another serial circuit with
windings of said transformers, said serial
circuit beln«r 1nduct1ve1y related to - first

named serial circuit, said elements being so
proportioned and velated that said balanc-
ing circuit and said first n‘tmed circuit are
con]ugate ’

4. In a two way signaling system, the

combination of two transformers each hav-
ing a plurality of windings, and four com-
ponent elements conmstmb, respecflvely, of
a circnit for the transmission and reception
of signals, a recéiving circuit proper, a bal-
ancing circuit proper, and a transmitting
cn‘cult three of said component elements
formlnfr a ‘serial circuit, one winding each
of said- transformers brido'incr separately
two of said component elements in said se-
rial circuit, the remaining fourth component

element formmc another serial circuit with
windings of said transformers, said serial

circuit “being inductively related to first
named serial cireuit, said elements being so
proportioned and related-that the-impedance

100

105

110

115

120

125

130



10

15

20

25

30

35

40

45

3

of the combination comprising said trans-
mutting circuit proper, said receiving circuit

‘proper, said balancing cirevit and said trans-
formers, as seen from first named circuit, is

equal to the impedance of first. named cir-
cuit. : IR '

5. In a two way signaling system, the
combination of two transformers each hav-
ing a plurality of windings, and four.com-
ponent elements consisting, respectively, of
a circuit for the transmission and reception
of signals, a receiving circui$ proper, a bal-
ancing circuit proper, and a transmitting
circuit, three ol said component elements
forming a serial circuit, one winding each
of said transformers bridging separately
two of said component elements in said se-
rial circuit, the remaining fourth compo-
nent element forming another serial circuit
with windings of said transformers, said se-
rial circuit being inductively: related to first
named serial circuit, said elements being so
proportioned and related that said transmit-
ting circuit and ‘said receiving circuit are
conjugate; said first named circuit and said
balancing circuit are conjugate; the. im-

~pedance of the combination comprising said

first named  circuit, said receiving circuit
proper, said balancing circuit and said trans-
formers, as seen from said transmitting cir-
cuit proper, is equal to the impedance of
said transmitting circuit; and the impedance
of the combination comprising said trans-
mitting circuit proper, said receiving circuit

proper, said -balancing circuit and said

transformers, as seen from said first named
circuit, is equal to the impedance of said
first named circuit. ’ ,

6. A telephone apparatus, comprising a
line, a transmitter, a receiver and an auxil-
lary resistance, three of said elements form-
ing a-serial circuit, two-induction coils hav-

“ing two windings each, one winding each of

said induction coils bridging separately two

“of said elements in said serial circuit, the

fourth element and the remaining two wind-
ings of said induction coils forming & sep-

" arate serial circuit; said circuit being induc-

50
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65

tively associated:with the first mentioned cir-
cuit. BN : s

7. A telephone apparatus, comprising a
line, a transmitter, a receiver and an auxil-
iary resistance, three of said elements form-
ing a serial circuit, two induction. coils hav-
ing two windings each, one winding each of
said induction_coils bridging separately two
of said elements in said serial circuit, the
fourth element and the remaining two wind-
ings of said induction coils. forming a sepa-
rate serial circuit, said eircuit being indue-
tively+ associated with the first mentioned

¢ircuit, the parts being so proportioned, and.

the connections such; that the transmitter
supplies maximum energy without absorp-
tion of energy by the receiver, ‘

1,347,840

8. A telephone .apparatus, -comprising. a
ling, a transmitter, a receiver and an auxil-
1ary. resistance, three of said elements form-

‘ing a serial circuit, two induction coils hav-

ing two windings each, one winding each of
said induction coils bridging. separately two
of said elements in- said serial. circuit, the
fourth element and the remaining two wind-
ings of said induction coils forming a sepa-
rate serial circuit, said circuit being induc-
tively - associated - with the first- mentioned
circuit, the parts being so proportioned, and

the: connections such, -that substantially

none .of the energy supplied by the trans-
mitter shall be absorbed by the receiver.

9.-A telephone apparatus; comprising a
line, a transmitter, a receiver and an -auxil-
jary resistance, three of said elements form-
ing a serial circuit, two induction coils hav-
ing two windings each, one winding each of
said induction coils bridging separately two
of said elements in said serial circuit, the
fourth element and the remaining two wind-
ings of said induction coils forming a sepa-
rate serial circuit, said circuit being induc-
tively associated with' the first mentioned
circuit, the parts being so proportioned, and
the connections such, that the transmitter
supplies maximum effective energy.

10: A telephone apparatus, comprising a
line, a transmitter, a receiver and an auxil-
iary resistance, three of said elements form-
ing a serial-circuit, two induction coils hav-
ing two windings each, one winding each. of
said induction coils bridging separately two
of said elements in said serial circuit, the
fourth element and the remaining two wind-

ings of said induction coils forming a sepa-

rate serial circuit, said. circuit being indue-
tively associated with the first mentioned cir-
cuit, the parts being so proportioned, and
the connections such, that maximum energy
is_absorbed by the receiver from the line
when receiving. = - T

11. " A telephone apparatus, comprising a
line, a transmitter, a receiver and an auxil-
iary resistance, three of said elements form-
ing a serial circuit, two induction coils hav-
ing two windings each, one winding each of
said induction coils bridging separately two
of said elements in said serial circuit, the
fourth element and the remaining two wind-
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ings of said induction coils forming a sepa-

rate serial circuit, said circuit being induc-
tively associated with the first mentioned
circuit; the parts being so proportioned, and
the connections stch, that maximum energy
is absorbed by the receiver from theline
without absorption of energy by said re-
sistance. - : : -

12. A telephone apparatus, comprising a
line, a transmitter, a receiver and an auxil-
iary resistance, three of said-elements form-
ing a serial circuit, two induction coils hav-
ing two windings each, one winding each.of

120
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said induction coils bridging separately two
of said elements in said serial circuit, the
fourth element and the remaining two wind-
ings of said induction coils forming a sepa-
rate serial circuit, said circuit being induc-
tively associated with the first mentioned
circuit, the parts being so proportioned, and
the connections such, that the transmitter
supplies maximum energy to the linewithout
absorption of energy, by the receiver when
the apparatus is transmitting, and maxi-
mum energy is absorbed by the receiver

from the line when-the apparatus is receiv-
ing, without absorption of energy by said
resistance.

In testimony whereof, I have signed my
name to this specification in the presence of
two subscribing witnesses, this thirteenth
day of June, 1919.

PAUL J. HACKETT.

Witnesses :
H. J. FARRAR,
C. B. McCov.
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