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The present invention relates to telephone sub-
station apparatus and has for one of its objects
the provision of an improved and exceedingly
simple substation circuit of the anti-side-tone

6 booster type which is adapted for use in tele-
phone systems of the automatic type.

It is a further object of the invention to pro-
vide in & substation circuit an improved arrange-
ment for substantially preventing electrical

10 transients of oscillatory character from being
developed during operation of the substation
hook or cradle switch or during operation of the
calling device embodied in the circuit.

It is another object of the invention to provide

15 a substation circuit arrangement of the charac-
ter described wherein & single condenser is util-

- {zed in the circuit for a plurality of different pur-
poses, thus minimizing the amount of circuit
apparatus required at the substation.

90 It is a further object of the invention to pro-
vide a substation circuit adapted for use in tele-
phone systems of the automatic type and having
embodied therein an improved and exceedingly
simple arrangement for eliminating clicks in the

o5 substation receiver during operation of the call-
ing device.

It is a still further object of the invention to
provide a telephone substation circuit arranged
in an improved manner such that the condenser

30 included in the transmitter branch of the circuit
is not exposed to high voltage surges which might
puncture the insulation of the condenser.

It is an additional object of the invention to
provide an improved substation circuit of the

gs character described which is so arranged that
grounded or metallic ringing may be utilized in
signalling over the line extending to the circuit
without modification of the circuit.

The invention is illustrated in its embodiment

40 in a substation which comprises a tfelephone
transmitter, a telephone receiver, an induction
coil, a hook or cradle switch, and a calling or
impulsing device interconnected to form a sub-
station circuit. For the puspose of sighalling

45 the substation attendant or subscriber on calls
incoming to the substation, there is also-provided
a signal device arranged to be energized by ring-
ing current projected by way of the line extend-
ing to the substation. More particularly, this

50 signal device is provided with an operating cir-
cuit which includes at least one of the conductors
of the line extending to the substation and a con-
denser. When arranged for metallic ringing, the
signal device is normally bridged between the

56 two conductors of the substation line in series
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with the condenser. On the other hand, when
grounded ringing is to be used, the signal device
is bridged between one of the line conductors and
ground in a circuit which includes the condenser.
In accordance with one feature of the present
invention, the elements of the substation circuit,
as enumerated above, are so connected and ar-
ranged that the signal device may be arranged
for grounded or metallic ringing over the line
extending to the substation without any change
in the substation circuit.

In accordance with a further feature of the
invention, there is provided a non-oscillatory
circuit for substantially preventing electrical
transients of oscillatory character from being
developed during operation of the impulsing or
calling device. Similarly, there is provided a
non-oscillatory circuit for substantially prevent-
ing electrical transients of oscillatory character
from being developed during operation of the
hook switch to disconnect the substation circuit
from its associated line. More particularly, the
first-mentioned circuit comprises the condenser,
mentioned above, by way of which ringing cur-
rent is conducted to the substation ringer, which
condenser is connected in series with a resistor,
to form a circuit arranged to shunt the impulsing
springs of the calling device. This circuit, which
is completed by operation of a set of springs
embodied in the hook switch, is also utilized sub-
stantially to prevent transients of oscillatory
character from being developed during the open-
ing of the hook switch contacts which are utilized
to connect the substation circuit to the line ex-
tending thereto. The arrangement contemplates
the provision of means whereby the contacts of
the hook switch which are utilized to connect
the substation circuit to its associated line, are
opened, before the circuit just described is inter-
rupted, during operation of the hook or cradle
switch to disconnect the substation circuit from
its associated line. By virtue of this arrangement
substantially no parasitic radio frequency volt-
‘ages or currents, which might produce radio
interference, are developed during the switching
operations incident to the completion and re-
leasing of a communication connection.
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In accordance with a still further feature of

the invention, means comprising shunt springs
controlled by the impulsing or calling device and
operative in response to operation of the impuls-
ing device are provided for sequentially com-
pleting in the order named a path for short-
circuiting the substation receiver, a path for
short-circuiting the entire substation circuit, and

50
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for thereafi.r interrupting the branch of the
substation circuit by way of which signal current
energy is delivered to the substation receiver,
By virtue of this arrangement, the possibility

g of transients, developed by operation of the call-

ing device impulsing springs, being reproduced as

" clicks by the substation re.:ver is positively
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precluded.

Further features of the invention pertain to
the particular arrangement of the circuit ele-
ments whereby the above and additional operat-
ing features are attained.

The novel features believed to be characteristic
of the invention are set forth with particularity
in the appended claims. The invention, both as
to its organization and method of operation, to-
gether with further objects and advantages there-
of, will best be understood by reference to the
specification taken in connection with the accom-
panying drawing, in which Figure 1 illustrates
& substation circuit, having embodied therein the
features of the invention as briefly outlined
above; and Figure 2 illustrates a modification of
the circuit shown in Figure 1.

Referring now more particularly to Figure 1
of the drawing, the substation circuit there illus-
trated comprises & telephone transmitter 10, a
receiver 11, an induction coil 12, a calling device
13 and a hook switch 14, interconnected to form
& substation circuit of the well-known anti-side-
tone type. This circuit includes line terminals
8 and 9 terminating the conductors I8 and I8
of a line 20 extending to an exchange, not shown,
of the automatic type. The induction coil 12
comprises three inductively coupled windings 18,
§6 and 11, serially included in & branch circuit
connected between the line conductors 18 and 18
of the line 20. This branch circuit also includes
a coupling condenser 21 connected between the
two windings 17T and 15, which condenser is
effective to prevent the receiver from being ener-
gized by the direct current flowing over the line
20 when the substation is connected for use. The
portion of the branch circuit including the two
windings 16 and 17 and the condenser 21 is shunt-
ed by the transmitter 10, and the receiver 1§ is
connected between the line terminal 9 and the
junction point between the two windings {6 and
1T to shunt the winding 16 of the induction coil
12. Since the condenser 21 is connected between
the two windings 17 and 15 it is protected against
high voltages appearing upon the line 20 which
voltage surges might result in puncturing the in-
sulation of the condenser.

For the purpose of giving an audible indication
of calls incoming to the substation, there is pro-
vided a signal device in the form of a ringer 22
which may be arranged for grounded or metallic
ringing, as desired. If metallic ringing is to be
used, the “X” wiring shown in the drawing is
used, whereas if the line 20 is arranged for
grounded ringing, the “Y” wiring illustrated in
the drawing is utilized. In either case the signal
device 22 is normally connected to be energized
over an operating circuit including the line con-
ductor 18, a condenser 23 and normally closed
contact springs 24 and 25 embodied in the hook
switch 14. For the purpose of operatively con-
necting the substation circuit for communication
over the line 20, the hook switch 14 is also pro-
vided with a pair of springs 26 which normally
occupy the open circuit position.

The calling device 13 is of the conventional
dial operated type and comprises a pair of con-
tact springs 28 which are utilized to transmit
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control impulses by way of the line 28 to the
automatic switching equipment provided in the
exchange terminating the line. The device I3
further comprises three shunt springs 29, 30 and
31 which are arranged to be moved into engage-
ment during operation of the device by an actu-
ating member indicated at 32. As indicated, the
springs 29 and 30 are included in a path for

short-circuiting the receiver {1 and the springs .

30 and 3t are included in a path for short-cir-.

cuiting the entire substation circuit during oper-
ation of the calling device 3.

In accordance with a further feature of the
present invention, there is provided a normally
incomplete, non-oscillatory energy absorbing cir-
cuit for substantially preventing electrical tran-
sients of oscillatory character from being devel-
oped during operation of the calling device 3
and, more particularly, during the initial por-
tion of each period when the impulsing springs
28 are opened. This circuit comprises the con-
denser 238 and a resistor 33 which are arranged
to be connected in series when the hook switch
is operated to its off-normal position to close the
contact springs 24 and 21. Following the com-
pletion. of this circuit and closure of the springs
26, the circuit is connected in shunt with the
impulsing springs 28. Also, with the impulsing
springs 28 in engagement, the circuit shunts the
hook switch springs 26. It is pointed out herethat
the contact springs 26 are so adjusted that when
the hook switch i4 is operated to its normal posi-
tion from the off-normal position shown in the
drawing, the springs 26 are opened before the
spring 24 is moved from engagement with the
spring 27 to interrupt the energy absorbing cir-
cuit comprising the resistor 33 and the con-
denser 23. .

Normally, the springs 26 are open-circuited,
the springs 24 and 21 are disengaged and the
springs 24 and 25 are in engagement to main-
tain the operating circuit of the signal device 22
in a condition such that the device 22 will be
energized when ringing current is projected over
the line 20. With the enumerated springs of
the hook switch 14 in the positions just de-
scribed, if the line 20 is seized by one of the
numerical switches provided in the exchange
terminating the line and tests idle, ringing cur-
rent is projected over the line to energize the
signal device 22. If the line 20 and the signal
device 22 are arranged for grounded ringing,
the path traversed by the ringing current may
be partially traced as extending by way of the
conductor 18, the condenser 23, the springs 24
and 25 and the windings of the device 22 to
ground. On the other hand, if the line 20 and
the signal device 22 are arranged for metallic
ringing, the current-return path to the distant
exchange Is by way of the line conductor 19,
The call is answered in the usual manner by
operating the hook switch i4 to its off-normal
position, at which time the springs 24 and 28
are opened to interrupt the circuit for energiz-
ing the signal device 22; the springs 26 are closed
operatively to connect the substation circuit to
the line 20 and the springs 24 and 27 are moved
into engagement to complete the above-described
energy absorbing circuit. When the springs 26
are closed, a direct current bridging path is con-
nected between the line conductors 18 and 19 of
the line 20. This path may be traced as extend-
ing from the line conductor 18 by way of the
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the induction coil winding {5 and the transmit-
ter 10 to the opposite line conductor 9. The
completion of this path may be utilized in the
usual manner to cause the operation of a back-
bridge relay embodied in the connector switch
by way of which the connection is routed to the
line 20. Since the transmitter 10 is included in
this path, it will be understood that the trans-
mitter is energized by the direct current flowing
from the exchange battery through the windings
of the back-bridge relay embodied in the oper-
ated connector switch and over the line 20.
Following the operation of the hook switch 14
to its off-normal position in the manner just
described, signal currents incoming to the sub-
station traverse the above-traced bridging path
between the line conductors 18 and (9. Since
these currents flow through the winding 15 of
the induction coil 12, corresponding induced
voltages are developed in the winding 16 which
cause corresponding signal currents to traverse
the windings of the receiver 1. The signal cur-
rents flowing through the windings of the re-
ceiver It are reproduced as sound in the usual
manner, - Signal currents developed by opera-
tion of the transmitter 10 follow three closed
circuits. One of these circuits may be traced as
extending from the line terminal 9 by way of
the transmitter 10, the winding (5, the impuls-
ing springs 28, the hook switch springs 26 and
the loop circuit comprising the conductors 18
and 19 back to the terminal 9. The second
closed circuit comprises the condenser 21, the
two induction coil windings 1T and 16 and the
transmitter 10. In this regard, it is pointed out
that the winding 7T is so poled with respect to
the winding 15 that the induced voltages de-
veloped in the winding (5, as a result of the
currents flowing through the winding {7, aid
the currents flowing directly through the wind-
ing 15 and, thus, the well-known booster effect
is achieved. The signal currents traversing the
winding 16 over the closed circuit just traced,
are substantially equal and opposite to the cur-
rents induced in the winding 16 as a result of
the signal currents flowing over the loop circuit
extending to the line terminating exchange.
Thus, the resultant voltage drop across the wind-
ing 16 for signal currents within the voice fre-
quency range is substantially zero and the well-
known anti-side-tone effect is realized.

The substation circuit as described above is
balanced to achieve the maximum possible sup-
pression of the side tone during operation of the
transmitter I8 by properly proportioning the
impedance of the induction coil winding 16 so
that it effectively balances the impedance of the
line 20 and the other apparatus associated there-
with, measured at the line terminals 8 and 8,
when a connection extending by way of the line
is completed between the substation illustrated
and a second substation. For perfect balance,
it is necessary that the voltage across the wind-
ing 6 resulting from current flowing in the
closed loop circuit comprising the condenser 21
and the two windings 1T and 16 be equal and
opposite to the voltage induced in the winding
16 and resulting from the coupling between the
windings 16 and 17, at all frequencies within the
operating range. Since the voltages just men-
tioned are in part determined by the constants
or effective impedances of lines having different
characteristics, the impedance of the winding 16
is proportioned to equalize the voltage compo-
nents for lines having average impedance char-

3

acteristics, whereby reasonably good side-tone
suppression. is achieved regardless of the char-
acter of the lines utilized in an established con-
versational connection. i

In order to release the connection established
in the manner just described after the conversa-
tion is ended, the receiver I{ is returned to its
supporting hook to cause the hook switch 14 to
opergte to its normal position. During the re-
turn of this switch to normal, the springs 26 are
first opened to interrupt the direct current cir-
cuit by way of which energizing current is con-
ducted to the transmitter 10. When the springs
26 are first opened, a transient voltage tends to
be developed which may be of oscillatory char-
acter and may have high frequency components
within the radio frequency range. Such tran-
sient voltages are objectionable since they in-
terfere with radio reception. Since, however,
the circuit, comprising the condenser 23 and the
resistor 33, is not interrupted at the time the
springs 26 are opened, the transient energy de-
veloped by the opening of the springs 26 is dis-
sipated in the resistor 33 and only a minute por-
tion of the transient energy is radiated. It will
be noted that the energy absorbing circuit is
substantially free of inductance and hence, is
non-oscillatory in character. Thus, the possi-
bility of the absorbing circuit oscillating to cause
a8 substantial amount of radio frequency energy
to be radiated, is obviated. After the transient
energy is dissipated in the manner just de-
scribed, the springs 24 and 21 are moved out of
engagement to interrupt the absorbing circuit
and the springs 24 and 25 are moved into en-
gagement. to reprepare the operating circuit for
the signal device 22.

In order to initiate a call at the substation il-
lustrated in Fig. 1, the receiver 11 is removed
from its supporting hook in the usual manner
to cause the operation of the hook switch to its
off-normal position. In response to the opera-
tion of the hook switch, the above-traced bridg-
ing path between the line conductors 18 and 19
of the line 20 is completed, thereby to cause the
connection to be extended to one of the numeri-
cal switches provided in the line terminating ex-
change in the usual manner. Also, when the
hook switch 14 is operated to its off-normal po-
sition, the above described energy absorbing cir-
cuit is completed through closure of the springs
24 and 21. Following the receipt of dial tone,
the calling party may operate the impulsing de-
vice 13 to cause switch control impulses to be
transmitted by way of the line 20 to the auto-
matic switching equipment provided in the dis-
tant exchange.

When the dial of the impulsing device 13 is
moved off normal during' the forward stroke
thereof, the actuating element 32 is operated to
close the springs 29, 30 and 31. When the springs
29 and 30 are closed, the receiver 11 is short-cir-
cuited over an obvious path, thereby to prevent
electrical transients occasioned by operation of
the impulsing springs 28 from being reproduced
as clicks in the receiver. At the springs 30 and
31, the entire substation circuit is short-circuited,
thereby to lower the impedance of the circuit
traversed by the cwrrent impulses resulting
from the opening and closing of the impulsing
springs 28. During each return movement of
the dial, the springs 28 are opened and closed a
number of times depending upon the digit dialed.
‘When these springs are open, the loop circuit ex-
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ing the flow of direct current over the conductors
of the line 20. During the preliminary break

" period of the springs 28, occurring during each
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impulse, voltage and current transients, similar
to those described above and occasioned by open-
ing the hook switch springs 28, are developed.
Since, however, the energy absorbing circuit com-
prising the resistor 83 and the condenser 23, is
now connected in shunt with the springs 28, the
transient energy is dissipated in the circuit with-
out the production of high frequency oscillatory
currents. Thus, the circuit comprising the re-
sistor 33 and the condenser 23 also functions to
prevent high frequency radio interference en-

ergy from being developed during operation of-
the impulsing device. After the desired connec- o

tion to the distant substation is completed and
the conversation is terminated, the connection
may be cleared out at the substation illustrated
in Fig. 1 in the manner explained previously.
Referring now more particularly to Fig. 2 of
the drawing, the circuit there illustrated is in all
essential respects similar to the circuit shown in
PFig. 1 and, accordingly, like reference characters
have been used to designate corresponding ele-
ments in the two circuits. The circuit shown in
Fig. 2 differs from that of Fig. 1 by the addition
of a resistor 34 connected in series with the wind-
ing 16 of the induction coil 12, and also by the
addition of a shunt spring 3% in the impulsing
device 13. The resistor 34 is provided for the
purpose of supplementing the resistance of the
winding 16 in balancing the substation circuit to
achieve maximum suppression of the side-tone in
the manner explained previously. The added
shunt spring 35 is arranged to cooperate with the
spring 81 for.the purpose of opening the brapch
of the substation circuit by way of which signal
current energy is delivered to the receiver 11 dur-
ing operation of the impulsing device 13. More
particularly, when thedial of theimpulsing device
t3 is moved off normal, the receiver 11l is first
short-circuited at the springs 29 and 30, fol-
lowing which the entire substation circuit is
short-circuited at the springs 30 and 31. There-
after, the springs 31 and 35 are opened to inter-
rupt the branch circuit including the transmit-
ter 10 and the induction coil winding 5. When
the dial is moved back to normal, the springs 31
and 35 are first closed to complete the branch
circuit, following which the springs 30 and 3{
are opened to interrupt the path short-circuit-
ing the substation circuit. Finally, the springs
29 and 30 are opened to interrupt the path short-
circuiting the receiver (1. As indicated above,
the purpose of providing the arrahgement for in-
terfupting the branch circuit comprising the in-
duction coil winding (5 and the transmitter 10
is to obviate any possibility of electrical tran-
sients developed by opening the impulsing springs
28 from being reproduced as clicks in the receiver
f1. Thus, if due to unsatisfactory contact con-
ditions between the springs 29, 30 and 31, the
entire substation circuit is not short-circuited or
the receiver 11 is not effectively short-circuited,
transient currents may traverse the winding 15
and cause induced voltages to be developed in
the winding 16 which are reproduced as clicks
by the receiver 1. When the springs 31 and 35
are opened, however, it is impossible for tran-
sient energy, developed by opening of the im-
pulsing springs 28, to be delivered to the receiver
{1 irrespective of whether or not the short-cir-
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the distant exchange is interrupted, thus arrest- -

cuiting paths described above are effectively com-
pleted.

While there has. been described what is at pres-
ent considered to be the preferred embodiment
of the invention, it will be understood that vari-
ous changes may be made therein, and it is con-
templated in the appended claims, to cover all
such changes as fall within the true spirit and
scope of the invention.

‘What is claimed is:

1. In a telephone substation circuit adapted
to be connected to a two-conductor telephone
line, a signal device, a condenser, said circuit be-
ing so connected and arranged that said signal
device can be connected in series with said con-
denser across the conductors of said line for me-
tallic ringing or in serles with said condenser

and between one of said line conductors and

ground for grounded ringing, an impulsing de~
vice including contacts operative to transmit con-
trol impulses by way of said line, a non-oscillatory
circuit including said condenser, and means in-
cluding said last-named circuit for substantially
preventing electrical transients of oscillatory
character from being developed during operation
of said impulsing device. -

2. A telephone substation circuit adapted to
be connected to a two-conductor line and com-
prising, in combination, a transmitter, a receiver,
an Induction coil and an impulsing device inter-
connected to form a substation circuit of the
anti-side tone type, a signal device, a condenser,
said substation circuit being so connected and
arranged that said signal device can be connected
in series with said condenser across the conduc-
tors of said line for metallic ringing or in series
with said condenser and between one of the con-
ductors of said line and ground for grounded
ringing, said impulsing device including contacts
operative to transmit control impulses by way of
said line, & non-oscillatory circuit including said
condenser, and means including said last named
circuit for substantially preventing electrical
transients of oscillatory character from being
developed during operation of said impulsing
device. .

3. In a telephone substation circuit adapted to
be connected to a telephone line, a signal device,
a condenser, an operating circuit for said signal
device, said operating circuit including said con-
denser and at least one conductor of said line,
an impulsing device including contacts operative
to transmit control impulses by way of said line,
a normally incomplete second circuit including
said condenser for substantially preventing elec-
trical transients of oscillatory character from
being developed during operation of said impuls-
ing device, a switch including a first pair of con-
tacts for operatively connecting said substation
circuit to said line and a second pair of contacts
operative to complete said second circuit, means
for operating said contacts in unison, said second
circuit being so connected and arranged that,
when completed, operation of said first pair of
contacts to the open circuit position is substan-
tially ineffective to produce electrical transients
of oscillatory character, and means whereby, dur-
ing operation of said switch, said first pair of
contacts are moved to the open circuit position
before sald second pair of contacts are opened
to interrupt said second circuit. )

4. In a telephone substation circuit adapted to
be connected to a telephone line, a signal device,
a condenser, an operating circuit for said signal
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denser and at least one conductor of said line, an.

impulsing device including contacts operative to
transmit control impulses by way of said line,
a normally incomplete non-oscillatory circuit in-

. cluding said condenser for substantially prevent-

ing electrical transients of oscillatory character
from being developed during operation of said
impulsing device, & switch including a first pair of
contacts for operatively connecting said substa-

tion circuit to said line and a second pair of con--

tacts operative to complete said non-oscillatory
circuit, means for operating sald contacts in
unison, said non-oscillatory circuit being so con-
nected and arranged that, when completed, op-
eration of said first pair of contacts to the open-
circuit position is substantially ineffective to
produce electrical transients of oscillatory char-
acter, and means whereby, during operation of
said switch, said first pair of contacts are opened
before said second pair of contacts are opened
to interrupt said non-oscillatory circuit.

5. In a telephone substation circuit adapted to
be connected to a telephone line, a signal device,
a condenser, an operating circuit for said signal
device, said operating circuit including said con-
denser and at least one conductor of said line, an
impulsing device including contacts operative to
transmit control impulses by way of said line, a
normally incomplete non-oscillatory circuit in-
cluding said condenser and & resistor and ar-
ranged to shunt said contacts, said non-oscil-
latory circuit being operative substantially to
prevent electrical transients of oscillatory char-
acter from being developed by operation of said
impulsing device, a switch including a normally
open first pair of contacts operative into engage-
ment to connect said substation circuit to said
line and a second set of contacts including a
contact operative to interrupt said operating cir-
cuit and to complete sald non-oscillatory circuit,
said non-oscillatory circuit being so connected
and arranged that, when completed, operation of
said first pair of contacts to the open-circuit
position is substantially ineffective to produce
electrical transients of oscillatory character, and
means whereby, during operation of said switch,

said first pair of contacts are opened before said .

non-oscillatory circuit is interrupted.

6. In combination with a telephone substation
circuit adapted to be connected to a telephone
line, a signal device, a condenser, an operating
circuit for said signal device, said operating cir-
cuit including said condenser and at least one
conductor of said line, a switch including a first
pair of contacts adapted-to be moved into en-
gagement, thereby operatively to connect said
substation circuit to said line, a normally incom-
plete circuit including said condenser and opera-
tive, when completed, substantially to prevent
electrical transients of oscillatory character from
being developed when said contacts are opened, a
second set of contacts controlled by said switch
and operative to open said operating circuit and
to close said second-named circuit when said
first contacts are moved into engagement, and
means whereby said second-named circuit is in-
terrupted only after said first contacts are opened
during operation of said switch to disconnect said
substation circuit from said line.

7. A telephone substation adapted to-be con-
nected to a two-conductor telephone line and
comprising, in combination, a transmitter, a re-
ceiver and an induction coil interconnected to
form a substation circuit, said circuit comprising
one branch adapted to be connected between the

conductors of sald line and arranged to transmit
signal current energy to said receiver, a normally
incomplete path for short-circuiting said re-
celver, a normsally incomplete path for short-
circuiting said substation circuit, an impulsing
device including contacts operative to transmit
control impulses by way of said line, means re-
sponsive to operation of said impulsing device
for sequentially completing said first and sec-
ond mentioned paths, and means also responsive
to operation of said impulsing device for inter-
rupting said branch of said circuit after said
paths are completed. -

8. A telephone substation adapted to be con-
nected to a two-conductor telephone line and
comprising, in combination, a transmitter, a re-
ceiver and an induction coil interconnected to
form a substation circuit, said circuit comprising
one branch adapted to be connected between the
conductors of sald line and arranged to transmit
signal current energy developed therein to sald
receiver, & normally incomplete path for short-
circuiting said receiver, a normally incomplete
path for short-circuiting said substation circuilt,
an impulsing device including contacts operative
to transmit control impulses by way of said line,
means comprising contacts controlled by said
impulsing device for sequentially completing said
first and second mentioned paths, and means also
responsive to operation of said impulsing device
for interrupting said branch of said circuit after
said paths are completed and before operation
of said first-mentioned contacts is started.

9. A telephone substation circuit adapted to
be connected to a telephone line and comprising,
in combination, an induction coil including &
plurality of coupled windings, a branch circuit
adapted to be connected across the conductors of
sald line and having said windings serially in-
cluded therein, a condenser included in said
branch circuit and connected between two of said
windings, a receiver connected across one of said
windings between one line terminal of said branch
circuit and the junction point between a pair
of said windings, and a transmitter connected in
shunt with the portion of said branch circuit
which comprises two of said windings and said
condenser. )

10. A telephone substation circuit adapted to
be connected to a telephone line and comprising,
in combination, an induction coil including a
plurality of coupled windings, a branch circuit
adapted to be connected across the conductors of
said line and having said windings serially in-
cluded therein, a condenser included in sald
branch circuit and connected between two of
said windings, a receiver connected across one of
said windings between one line terminal of said
branch circuit and the junction point between a
pair of said windings, and a transmitter con-
nected between said one line terminal and the
junction point between said condenser and a
second of said windings to shunt a portion of
said branch circuit including said condenser.

11. A telephone substation circuit adapted to
be connected to a telephone line and comprising,
in combination, an induction coil including a
plurality of coupled windings, a branch circuit
adapted to be connected across the conductors of
said line and having said windings serially in-
cluded therein, a condenser included in said
branch circuit and connected between two of said
windings, a receiver connected across one of said
windings between one line terminal of said
branch circuit and the junction point between a
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pair of said windings, and a transmitter con-

. nected in shunt with the portion of said branch

circult which comprises two of said windings
and sald condenser, said one winding being so
poled with respect to the other windings that sig-
nal current energy developed by operation of
sald transmitter is’substantially prevented from
bbing delivered to said receiver.

12. In a telephone substation circult adapted
to be connected to a telephone line, an impulsing
device including contacts operative to transmit
control pulses by way of said line, a normally
incomplete second circuit including a condenser
for substantially preventing electrical transients
from being developed during operation of said
device, a switch including a first pair of con-
tacts for operatively connecting said substation
circuit to said line and a second pair of contacts
operative to complete said second circuit, means
for operating sald contacts in unison, said second
circult being so connected and arranged that,
when completed, operation of said first pair of
contacts to the open circuit position is sub-
stantially ineffective to produce electrical tran-
slents, and means whereby, during operation of
said switch, said first pair of contacts are moved
to the open circuit position before said second
pair of contacts are opened to interrupt said sec.
ond circuit.

13. In combination, a telephone line, a sub-
station circuit including an impulsing device com-
prising contacts operative to transmit control
pulses by way of said line, a switch including a
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first pair of contacts operative to connect said
substation circuit to sald line and a second. pair
of contacts, a normally incomplete path shunt-
ing said first-named contacts and said first pair
of contacts in series, said path serially including
a capacitor and said second pair of contacts,
whereby it is completed in response to operation
of said switch to move said first pair of contacts
into engagement, and means whereby, during
operation of said switch, said first pair of con-

tacts are disengaged before said second pair of:

contacts are disengaged to interrupt said path.

14. In combination with a telephone substation
circuit adapted to be connected to a telephone
line, a signal device, a condenser, an operating
circuit for said signal device, said operating cir-
cuit including said condenser and at least one
conductor of said line, a switch including a first
pair of contacts adapted to be moved into en-
gagement, thereby operatively to connect said
substation cjrcuit to said line, a normally incom-
plete circuit including said condenser and opera-
tive, when completed, substantially to prevent
electrical transients from being developed when
said contacts are opened, a second set of contacts
controlled by said switch and operative to close
said second-named circuit when said first con-
tacts are moved into engagement, and means
whereby said second-named circuit is interrupted
only after said first contacts are opened during
operation of said switch to disconnect said sub-
station circuit from said line.

HAROLD C. PYE.
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