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[57] ABSTRACT

A switching circuit is connected in series with a control
device, such as a relay or a saturable reactor, and a direct cur-
rent power source, across a pair of conductors adapted to be
connected to a telephone line so that the circuit functions as a
pulsing circuit. A control circuit monitors the current flow in
the series circuit to render the switching circuit momentarily
non-conductive to briefly disconnect the power source when
the telephone line is open circuited.

18 Claims, 2 Drawing Figures
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PU LSING CIRCUIT INCLUDING A SERIES SWITCHING
CIRCUIT

BACKGROUND OF THE INVENTION

This invention relates to switching circuits in general, and
more particularly to circuits responsive to telephone super-
visory and control signals, such as dial pulses.

This application is an improvement over a copending appli-
cation Ser. No. 860,209 now abandoned filed for Charles A.
Frumusa and Wilham E. Shaffer and entitled “Pulsing Cir-
cuit” filed on the same day as the present application and is as-
signed to the assignee of the present application.

In recent years there has been an increased emphasis on the
use of more sensitive and faster responding control devices in
telephone systems to provide improved service. For example,
saturable reactors and lower inertia and faster responding
~ puising relays are presently being applied to circuits for con-
trol by telephone supervisory and control signals. However,
such sensitive control devices, under various conditions, tend
to produce distorted output pulses that at times exceed ac-
ceptable limits, and in the case of relays, tend to produce un-
desirable spurious or additional contact closures.

Telephone systems generally employ pulsing circuits that
can be connected to any one of a large number of subscriber
telephone lines. Each telephone line generally presents a dif-
ferent electrical characteristic depending upon its length,
gauge, leakage, connected telephone sét, etc. Each telephone
line, therefore, presents a different value of capacitance, in-
ductance and resistance between the subscriber’s dial and the
~associated pulsing circuit so that the operating conditions of
the pulsing circuit change with each telephone line connec-
tion. Furthermore, due to the high cost of copper, there is a
general tendency to use smaller diameter conductors to
reduce costs. However, the telephone lines including the
smaller conductors exhibit a higher resistance per unit length,
and may at times exhibit higher capacitance per unit length.
Therefore, the length of such telephone lines becomes an in-
creasing important factor in determining the electrical charac-
teristics of the telephone loop.

The change In operating conditions between different line
connections 1s particularly noticeable in central offices
wherein higher supply voltages are used to assure that the
required amount of line current flows through high resistance
long line connections. The higher potentials and the various
reactive components in the telephone loop tend to interact to
apply distorted current pulses through the control device
resulting I1n improper circuit operation, and in the case of

pulsing relays, enhance the conditions under which undesira-
ble spurious contact closures are generated.

Normally in the standard step-by-step switching system such
distorted current pulses (within limits) and such spurious con-
tact closures (within imits) generally do not create a problem,
since the inertia of the step-by-step switching devices is suffi-
ciently high that the distorted pulses and spurious contact clo-
sures do not seriously affect the operation of the system. How-
ever, In electronic switching systems and step-by step systems
modified to include electronic switching circuits, the response
time may be such that the circuit will incorrectly respond to

the distorted current pulses and/or spurious contact closures
and result in erroneous switching.

In addition to the foregoing, the components in usual
telephone ringer circuits are designed for proper operation
when connected to a central office battery having a standard
range of output potentials. With the standard range of poten-
tials, the current flow through a telephone ringer circuit due to
the charge and discharge of capacitive elements in the
telephone circuit during dialing is generally insufficient to
overcome the inertia and spring bias of the ringer to cause the
ringer to audibly tap. The amount of transient current flow
through the ringer during dialing is proportional to the mag-
nitude of the central office power supply voltage. Therefore,
in central offices wherein the voltage of the central office bat-
teries has been substantially increased over that of the usual
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range of battery voltages (to assure the required amount of
line current in high resistance line connections) the conditions
under which the ringer taps when the subscriber dials are
enhanced and often reaches a value sufficient to overcome the
inertia and spring bias of the ringer to cause the ringer to
audibly tap. This type of ringer tap is generally annoying to the
subscriber.

The circuit of the invention overcomes the disadvantages of
the prior art by reducing the effects of the reactive com-
ponents in telephone lines and sets on the switching response
of pulsing circuits, and also significantly reduces the occur-
rence of ringer tap. |
It is therefore an object of this invention to provide a new
and improved pulsing circuit that reduces the likelihood of
ringer tap in a connected subscriber telephone during dialing.

It is also another object of this invention to reduce the effect
of the capacitive and inductive components on the switching
response of a pulsing circuit.

It 1s another object of this invention to provide a new and
improved pulsing circuit that can be used with short and long
telephone lines and provide accurate pulsing.

It 1s also an object of this invention to provide a new and im-
proved circuit which reduces ringer tap and pulse distortion.

BRIEF DESCRIPTION OF THE INVENTION

A switching circuit and a control device (such as a saturable
reactor or a relay coil) are connected in a direct current series
circuit between a power source and a pair of conductors so
that the control device is activated when a direct current cir-
cuit is connected across the pair of conductors. A control cir-
cuit detects when the direct current circuit is opened and ac-
tuates the switching circuit to momentarily disconnect the
power source from the series circuit.

In the case wherein the pair of conductors are to be con-
nected to a telephone line, the power source remains discon-
nected for a controlled period of time in the order of the dura-
tion of the open circuit portion of telephone dial pulses.

A further feature of the invention includes a storage circuit
coupled to the series circuit to function as a power source
when the switching circuit is activated to disconnect the
power source, to provide a signal to the control circuit so that
the control circuit actuates the switching circuit to reconnect
the power source to the series circuit in the event a direct cur-

rent circuit is connected across the pair of conductors before
the controlled period of time expires.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a schematic diagram of a first embodiment of a

pulsing circuit of the invention including a relay control
device.

FIG. 2 1s a schernatlc diagram of a second embodiment of a

- pulsing circuit of the invention including a saturable reactor

control device.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The relay pulsing circuit of FIG. 1 is connected to a pair of
central office conductors § and 10 generally designated as the
tip and ring conductors, or a transmit pair. The relay circuit
may, for example, be a portion of a selector circuit or a con-
nector circuit in a step-by-step system, or a portion of a re-
gister circuit or junctor circuit in a common control system.
The central office conductors 5 and 10 are adapted to be con-

nected to any one of a large number of subscriber telephone
lines 12a —12n and to their connected telephone sets 14a -14n

through switching equipment 16 that can be any of the above

mentioned telephone switching circuits.

The telephone lines 124 -12n of FIG. 1 can be terminated
by the telephone sets 14a -14n of the type fully described in
an article entitled ““An Improved Circuit for the Telephone
Set” by A.F. Bennett in the *“The Bell System Technical Jour-
nal,” May 1953, Pages 611-625. The telephone set includes
an alternating current ringer circuit for connection across a
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telephone line. The ringer circuit generally includes a ringer
coil in series with a capacitor. The telephone dial includes
contacts that alternately apply and remove a direct current
circuit across the telephone line and ringer circuit at a
predetermined rate to produce dial pulses having a preset time
duration (within specified standard limits). In effect, during
dialing alternate open and closed circuit conditions are ex-
hibited across the connected telephone line and the conduc-
tors § and 10.

These alternate open and closed circuit conditions tend to
cause the capacitive elements in the telephone circuit to be
charged and discharged at the dial pulse rate through various
paths including the ringer circuit. The current flow through
the ringer circuit due to the charging and discharging of the
capacitive elements may at times be enough to overcome the
inertia and spring bias of the ringer to a sufficient degree to
audibly tap the ringer. Generally, the transient surge of cur-
rent through the ringer due to the discharge of the capacitive
elements was found to have a higher instantaneous amplitude
and therefore most troublesome. The ringer tap due to the
discharge current was eliminated in the prior art by spring
biasing the clapper of the ringer against the bell and by con-
necting the ringer in a manner so that the discharge current
would be in a direction to keep the clapper against the bell.

However, when the battery voltage in the central offices is
increased to assure sufficient telephone transmitter current in
high resistance line connections, the ringer tap due to the
charge current became more predominant than with the lower
battery voltages. The use of a higher potential in the central
office batteries results in a higher surge of charging current
and thereby increases the tendency for producing ringer tap.

Furthermore, the reactive components in the telephone set
and the telephone line and pulsing circuit tend to react in a
manner to distort the current pulses applied to the pulsing
control device from that of the operation of the dial contacts.
Hence, the response of the control device to the distorted cur-
rent puises may result in generating output pulses that do not
conform to the dial pulses, such as for example, by extending
or shortening the time duration of the pulses. Furthermore,
any oscillatory condition in the current pulse through the con-
trol device may result in a greater number of pulses, or spuri-
ous or added contact closures in the case of relays.

The circuit of FIG. 1 reduces the effect of the reactive com-
- ponents in the operation of a pulsing relay 29 and also signifi-
cantly reduces the occurrence of ringer tap in a connected
telephone. A transformer 17 has two primary windings 26 and
22 and secondary winding 24. The dots on the transformer
windings 20 and 22 conventionally indicate the phase relation-
ship between the windings. One lead of the primary winding
20 is connected to the conductor § while the other fead is con-
nected through a relay coil 26 and current limiting resistor 28
to the collector 30 of a transistor 32. The emitter 34 of the
transistor 32 is connected to the negative terminal of a central
office power source 38. A biasing resistor 37 is connected
between the base 36 of the transistor 32 and the positive ter-
minal of the power source 38 (and ground) to provide a for-
ward biasing potential for base-to-emitter junction of the
transistor 32. One lead of the primary winding 22 is connected
to the conductor 10, while the other lead is connected through
a relay coil 27, and a current limiting resistor 40 to the positive
terminal of the power source 38. The relay coils 26 and 27 are
flux-aiding coils of the pulsing relay 29.

The relay coils 26 and 27 are shunted by the respective
diodes 42 and 46 in series with current limiting resistors 44
and 48 respectively. A series circuit including a resistor 52 and
a capacitor 50 is connected between one end of each of the
relay coils 26 and 27. A pair of diodes §4 and 86 are con-
nected between the junction of the resistor 28 and the collec-
tor 30 and opposite sides of the power source 38 to provide a
protection circuit against transient signals due to lightning,
elc.

Since the base of transistor 32 is forward biased by the re-
sistor 37, when a closed circuit condition is exhibited across
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the lines § and 10 (such as an “off hook” condition or during
dialing in a connected telephone) the telephone loop includ-
ing the relay coils 26 and 27, the resistors 28 and 40, the
windings 20 and 22, the transistor 32, and the connected
telephone (14a —14n) is energized by the power source 38.
The resistors 28 and 40 function to limit the amount of current
flow in the direct current circuit so that the circuit can be con-
nected to short and long telephone lines. Although the circuit
of FIG. 1 includes two relay coils 26 and 27 and two primary
windings 20 and 22 in a balanced configuration, it is to be un-
derstood that a single relay coil and a single primary winding
could also be used in an unbalanced configuration.

A control circuit (within the dashed lines §9) is coupled
between the series circuit and the transistor 32 to render the
transistor 32 non-conductive for a controlled period of time
after the telephone loop is open circuited. The control circuit
includes a bi-directional rectifying circuit inciuding a diode 60
connected in parallel with a series circuit including a resistor
62 and a diode 64. The bi-directional rectifying circuit is con-
nected in series with the capacitor 66 across the secondary
winding 24. The capacitor 66 is connected between the
emitter 78 and the base 80 of a control transistor 76 through a
series circuit including a resistor 72 and the parallel combina-
tion of a diode 84 and resistor 74. A limiting circuit including
a zener diode 86 in series with a diode 87 is connected across
the capacitor 66 to limit the amplitude of the voltage that can
be developed across the capacitor. A diode 70 is connected
between the base electrode 80 and the emitter electrode 78 to
Iimit the magnitude of a reverse bias that can be applied
thereto. The collector 82 of transistor 76 is connected to the
negative terminal of source 38 while the emitter 78 is con-
nected to the base 36 of transistor 32. When transistor 76 is
rendered conductive, its current flows through the resistor 37,
removes the forward bias on the transistor 32 and thereby
render the transistor 32 non-conductive. A parallel circuit in-
cluding a capacitor 88 and a resistor 89 is connected in series
with a resistor 90 between the base 80 and the collector 30. In
operation, when a connected telephone line exhibits a closed
circuit across the conductors § and 10, such as ‘‘off hook"’
condition in a telephone set or during the closed circuit por-
tion of dial pulses, a current supplied by the source 38 ener-
gizes the relay coils 26 and 27 and actuates the relay 29. The
initial current surge through the primary windings 20 and 22
of transformer 17 induces a signal across the secondary wind-
ing 24 which has a polarity to forward bias the diode 64 and
charge the capacitor 66 in a direction to back bias the
transistor 76 thus insuring that the transistor 32 is forward
brased.

When the connected telephone loop is open circuited (the

load across the conductors § and 10 changes from a closed cir-

cuit condition to an open circuit condition) the polarity of the
signal developed by the winding 24 reverses and the diode 60

becomes forward biased to charge the capacitor 66 in a

direction to forward bias the transistor 76. The transistor 76
conducts through the resistor 37 to cut off the transistor 32.
The time constant of the discharge circuit for the capacitor 66
is sufficiently long to assure that the transistor 32 stays non-
conductive for a period in the order of the time duration of the
open circuit portion of the dial pulses. Since the power supply
38 is disconnected from the series circuit when the transistor
32 is non-conductive, the capacitive elements in the vicinity of
the telephone ringer are not charged during the open circuit
portion of the dial pulses and thereby the charge that is stored
during this period is minimized. Hence, the current flow
through the capacitive elements during dialing is minimized
and the conditions for creating ringer tap have been essen-
tially eliminated.

It should be noted, that the capacitor 50 is charged while
the transistor 32 is conducting and the charge is stored while
the transistor 32 is rendered non-conductive. Hence, when the
connected telephone loop subsequently is closed, the capaci-
tor 5@ acts as a temporary source (since source 38 may still be
open circuited by transistor 32) and discharges through the se-
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ries circuit to develop a signal across secondary winding 24
having a polarity to charge the capacitor 66 in a direction to
render the transistor 76 non-conductive thereby forward bias-
ing the transistor 32. This surge of current from the capacitor
50 assures that the transistor 76 is cut off and the transistor 32
is forward biased in response to a change from an open to a

closed circuit condition across the conductors 8§ and 10. In ad-

dition, the current flow through the resistor 90 and capacitor
88 when the telephone loop is switched from an open to a

closed circuit (due to a charge on the capacitor 88) is in a
direction to cut off the transistor 76.

The transistor 32 and its control circuit function as a
switching circuit to detect when the series circuit is open cir-
cuited and remove the power source from the series circuit for
a pertod of time in the order of the duration of the open circuit
portion of the dial pulses and thereby provides a means for
reducing the magnitude of a charge that can be stored in the
capacitive components of the telephone loop during this
period. The value of the resistors 68, 74 and 72 and the
capacitor 66, and the characteristic of the zener diode 86 are
selected so that the capacitor 66 maintains a charge to keep
the transistor 76 conductive for a period of time greater than
the open portion of the dial pulses. This period of time is cut
short by the discharge of the capacitor 50, which renders the
transistor 76 non-conductive thereby assuring that the
transistor 32 is conductive immediately after the dial contacts
have been subsequently closed. It is to be understood, how-
ever, that the value of these components can be selected to
keep the transistor 76 conductive (and transistor 32 cut off)
for slightly less than the open circuit portion of the dial pulse,
but for a sufficient length of time to keep the capacitive ele-
ments in the telephone loop from receiving a charge that will

cause ringer tap. In such a case, the capacitor 50 can be
eliminated.

The circuit of FIG. 1 also reduces the effect of the reactive
components in the circuit on the operation of the pulsing
relay. As previously mentioned above, when the telephone
loop 1s open circuited (i.e. the load across the conductors 8
and 10 is changed from a closed circuit condition to an open
circuit condition) the transistor 32 is rendered non-conduc-
tive. The effect of rendering the transistor 32 non-conductive
Is to substantially increase resistance in series with the relay
colls 26 and 27 thereby decreasing the time constant required
to collapse the magnetic flux in the relay coils. Hence, when
transistor 32 is non-conductive the current flow through the
relay coils 26 and 27 rapidly decays to deactuate the relay 29
and thereby enables the operation of the relay to more closely
follow the dial pulses.

The transformer 17 functions as a convenient means for
rapidly detecting when the connected telephone loop is open
circuited. However, it should be understood that other means
for detecting the open loop condition can be substituted for
the transformer, such as for example, an inductor or a satura-
ble core. The relay coil could also function as a means for de-
tecting when the telephone loop is open circuited, such as for
example, as set forth in a copending application Ser. No.
860,645 and entitled *‘Pulsing Circuit Including A Switching
And Current Regulator Circuit” filed for the inventor of the
present application on Sept. 24, 1969.

In addition to the foregoing, the circuit of FIG. 1 has the ad-
vantage of exhibiting a very high input impedance to commu-
nication signals being transmitted by the conductors 5 and 10.
This is particularly important since any loading effect upon a
telephone line undesirably reduces the signal transmission ef-
ficiency of the system. In most systems, low impedance relays
such as reed type relays, cannot be used in detection circuits
in which the relay coil is connected directly across the
telephone line without undesirably loading the circuit. In the
circuit of FIG. 1, the primary windings 20 and 22, in addition
to sensing the change in current, also function as reactive ele-
ments connected in series with the relay coils 26 and 27 to in-
crease the input impedance of the circuit to a point that the
loading effect of the relay coils is substantially negligible.
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In the embodiment of FIG. 2 a saturable reactor 100 and a
pair of retard coils 102 and 104 are substituted for the relay 29
and the transformer 17 of the circuit of FIG. 1. The same
referenced numerals have been used to designate correspond-
ing elements in FIGS. 1 and 2 to maintain a correspondence
between the respective circuit, thereby facilitating a ready un-
derstanding of the circuits.

One end of the retard coil 102 is connected to the conduc-
tor 5 while the other end is connected through a coil 106 in
the saturable reactor to the current limiting resistor 40. One
end of the retard coil 104 is connected to the conductor 10
while the other end is connected through a coil 108 in the
saturable reactor to the current limiting resistor 28. The retard
coils 102 and 104, the windings 106 and 108, the resistors 28
and 40, and the transistor 32 define a series circuit connected
between the power source 38 and the conductors § and 10
that is energized by an “off hook™ (closed circuit) condition
by any one of the connected telephones 14a~14n. The retard
coils 102 and 104 are used to increase the input impedance of
the pulsing circuit to the signals transmitted by the telephone
connection, and can be eliminated if the added amount of im-
pedance is unnecessary.

A bias is supplied to the saturable core 100 by a coil 110
connected across the power source 38 through the current
limiting resistors 112 and 114. A first output winding 116 on
the saturable core is connected to the bi-directional rectifying
circuit (diodes 60 and 64) to charge the capacitor 66 in a
manner as set forth above with regards to the secondary wind-
ing 24 of FIG. 1. A second output winding 118 on the satura-
ble core provides signal pulses of opposite polarity across a
pair of terminals 120 whenever the telephone loop is open and
close circuited. The pair of terminals 120 are adapted to be
connected to a control circuit, such as a flip-flop circuit, or a
relay circuit, to provide continuous pulse type signals cor-
responding to the dial pulses.

The circuit of FIG. 2 functions in essentially the same
manner as does the circuit of FIG. 1. The transistor 32 is for-
ward biased by the resistor 37. When a connected telephone
set 1s “off hook™ and during the closed circuit portion of the
dialing pulses, current flows through the series circuit, the
conductors S and 10, and the connected telephone set and the
saturable reactor is saturated. When the connected telephone
is open circuited (such as during dial pulses) a signal is
developed across the output winding 116 which renders the
diode 60 conductive and charges the capacitor 66 in a
direction to render the transistor 76 conductive and the
transistor 32 non-conductive. When the telephone set is sub-
sequently closed circuited, a signal is developed across the
output winding 116 which renders the diode 64 conductive
and charges the capacitor 66 in a direction to reverse bias the
transistor 76 and render the transistor 32 conductive. In ef-
fect, the transistor 32 of FIG. 2 functions as a switch in the
same manner as set forth with regards to FIG. 1, to open cir-
cuit for a controlled period of time during duration of the
open circuit portion of the dial pulses thereby significantly
reducing the charge and discharge current flow through the
connected telephone ringer. The switching response of the cir-
cuit is also increased by decreasing the time constant for col-
lapsing the magnetic flux in the saturable reactor as set with
regards to the circuit of FIG. 1.

Although the inventive concept has been described in terms
of two specific circuit arrangements, it will be obvious to per-
sons skilled in the art that minor modifications are possible

and that the scope of the invention is as set forth in the Claims
which follow.

What is claimed is:

1. In a telephone system including an exchange having
switching means, a plurality of subscriber telephone sets, a
telephone line individually connecting each telephone set to
the switching means for selecting individual ones of said
telephone lines, and a direct current power source, a pulsing
circuit comprising:

a control device including a coil responsive to be actuated

by a current flow therethrough;
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a switching circuit responsive to control signals for
switching between a high impedance state and a low im-
pedance state;

circutt means connecting said switching circuit and said coil
in a direct current series circuit between said switching
means and said power source so that said switching means
can connect said series circuit to a telephone line,
wherein the series circuit, and a connected telephone line
and telephone set define a telephone loop connection,
and wherein said switching circuit is normally in said low
impedance state to actuate said control device when a
closed circuit condition is present in a connected
telephone set, and

control circuit means coupled to said series circuit and said
switching circuit so that said control circuit means detects
when said telephone loop is switched from a closed to an
open circuit condition and applies a control signal to said
switching circuit that momentarily switches said
switching circuit to said high impedance state.

2. A telephone system as defined in claim 1 wherein said

switching circuit is switched to said high impedance state by
said control circuit for a period of time on the order of the du-
~ration of the open circuit portion of a telephone dialing pulse.

3. A telephone system as defined in claim 2 wherein said

control device is a relay.

4. A telephone system as deﬁned in claim 2 wherein said

control device is a saturable reactor.

5. In a telephone system including an exchange having

switching means, a plurality of subscriber telephone sets, a

telephone line individually connecting each telephone set to

satd switching means for selecting individual ones of said
telephone lines, and a direct current power source, a relay

pulsing circuit comprising;:

a relay including a coil;

a transformer including a primary winding and a secondary
winding;

a transistor;

circuit means connecting the collector and emitter of said
transistor, said primary winding and said relay coil in a
direct current series circuit between said switching means
and said power source for connecting across a telephone
line;

circuit means for applying a saturating forward bias to said
transistor so that said transistor energizes said relay in
response to a closed circuit condition in a connected
telephone set, and

a control circuit coupled to said transistor and said seconda-
ry winding for momentarily removing said forward bias
when a signal is developed by said secondary winding in-
dicating that a connected telephone set was open cir-
cuited.

6. A relay pulsing circuit as defined in claim § wherein said

control circuit immcludes:

a control transistor;

capacitive means coupled to the base and emitter of said
control transistor;

a rectifying circuit coupled between said capacitive means
and said secondary winding, responsive to a preset polari-
ty.of signals across said secondary windings for applying a
charge across said capacitor for rendering said control
transistor conductive, and

circuit means for connecting said emitter and collector of
said control transistor to said other transistor so that said
other transistor is rendered non-conductive when said
controt transistor is conductive.

7. A relay pulsing circuit as defined in claim 6 wherein:

a second rectifying circuit is coupled between said seconda-
ry winding and said capacitive means, responsive to a
signal across said secondary winding having a polarity op-
posite said preset polarity for charging the capacitive
means in a direction opposite said other rectifying circuit;

second capacitive means, and

circuit means connecting said second capacitive means to
said series circuit so that said second capacitive means

8

stores a charge when said transistor connected in the
direct current series circuit is conductive and functions to
provide a current flow through said primary winding in a
direction so that said first mentioned capacitive means

5 renders said control transistor non-conductive when a
connected telephone set switches from an open to a
closed circuit condition.

8. A relay pulsing circuit comprising; |
a pair of conductors for connection to a switching circuit
10 that connects and disconnects a direct current circuit
across said pair of conductors; |
a pair of power terminals for connection to a direct current
pOWer source;
a relay having a coil;

I3 a transformer having a primary winding and a secondary
winding; |

first and second transistors:

circuit means connecting said primary winding, said relay

coil, and the collector and emitter of said first transistor
in a direct current series circuit between said power ter-
minals and said pair of conductors;

biasing means connected to the base of said first transistor

for applying a forward biasing signal thereto, said biasing
signal having a sufficient magnitude so that said first
transistor is saturated when said direct current circuit is
connected across said pair of conductors;

circuit means connecting the emitter and collector elec-

trodes of said second transistor to the base and emitter of
said first transistor so that said first transistor is rendered
non-conductive when said second transistor is conduc-
tive;

capacitive means;

a rectifying circuit coupled between said secondary winding

35 and said capacitive means responsive to a preset polarity
of signals across said secondary winding for applying a
charge to said capacitive means, and

circuit means connecting said capacitive means to the base
and emitter electrodes of said second transistor so that

40 when the current flow through said series circuit is inter-
rupted a charge i1s developed by said capacitive means
that momentarily renders said second transistor conduc-
tive.

9. A relay pulsing circuit as defined in claim 8 wherein said

45 emitter and collector of said first transistor is cannected |

between said relay coil and said power terminals.
10. A relay pulsing circuit as defined in claim 8 including:
a second relay coil magnetically coupled to said other relay
| coil;

50 a second primary winding magnetically coupled to said

other primary winding, and
circuit means for connecting said second relay coil and said
second primary winding in said series circuit so that a coil
and a winding are located in opposite legs of said series

55 circuit to provide a balanced configuration, and so that
said second coil and second primary winding are con-
nected in a ﬂux-aldmg manner with said other call and

~said other primary winding respectively.
11. A relay pulsing circuit as defined in claim 8 including:

60 a second rectifier circuit coupled between said secondary
winding and said capacitive means, responsive to a signal
across said secondary winding having a polarity opposite
to said preset polarity, for charging said capacitive means
in a direction opposite to said first mentioned rectifying

65 means to develop a charge across said capacitive means
to render said secondary transistor non-conductive;

second capacitive means, and
circuit means coupling said second capacitive means to said
series circuit so that satd second capacitive means stores a

70 charge when said first transistor is conductive, and
discharges through said primary winding when said
switching circuit is closed providing a current flow in a
direction so that said first mentioned capacitive means

receives a charge for rendering said second transistor
75 non-conductive.
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12. An electrical circuit comprising:

a control device having a coil;

switching means responsive to a control signal for switching
between a high impedance state and a low impedance
state;

a pair of power terminals for connection to a direct current
power source;

a pair of input terminals for connection to a switching cir-
cuit for connecting and disconnecting a direct current cir-
cuit across said input terminals;

circuit means connecting said coil and said switching means
In a direction current series circuit between said power
source and said input terminals so that said switching cir-
cuit 1s normally in said low impedance state to energize
said coil when a direct current closed circuit connection
1s exhibited across said pair of input terminals, and

control circuit means coupled to said series circuit and to
said switching means so that said control circuit means
detects when a direct current circuit is disconnected from
sald pair of input terminals to apply a control signal to
sald switching means to momentarily switch said
switching circuit to the high impedance state.

13. An electrical circuit as defined in claim 12 wherein said

control circuit means includes:

inductive means connected in said series circuit for provid-
ing a signal when the current flow through said series cir-
cuit is interrupted, and

control circuit means coupled to said inductive means and
said switching means for applying said control signal to
said switching means having a controlled time duration in
response to the signal from said inductive means.

14. An electrical circuit as defined in claim 13 wherein said

control circuit means includes:

a control transistor;

capacitive means coupled to the base and emitter of said
control transistor;

a rectifying circuit coupled between said capacitive means
and said inductive means for applying a charge across
sald capacitive means for rendering said control transistor
conductive, and

circuit means for connecting said control transistor to said
switching means so that said switching means is switched
to said high impedance state when said control transistor
is conductive.

15. An electrical circuit as defined in claim 14 wherein:

said switching means is a transistor having its emitter and

S
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collector connected in said series circuit and a biasing cir-
cuit for forward biasing said transistor into saturation,
and | |

the emitter and collector of said control transistors are cou-
pled to said biasing circuit for overcoming said forward
bias to render the series transistor non-conductive when
the control transistor is conductive.

16. An electrical circuit as defined in claim 12 wherein said

control device is a relay.

17. An electrical circuit as defined in claim 12 wherein:

said control device is a saturable reactor, and

said control circuit means is coupled to a second coil on said
saturable reactor.

18. A pulsing circuit comprising:

a pair of conductors for connection to a switching circuit
that connects and disconnects direct current circuits
across said pair of conductors;

a pair of power terminals for connection to a direct current
POWET SOUrcCe;

a saturable reactor having a pair of coils;

first and second transistors;

circuit means connecting one of said coils and the collector
and emitter of said first transistor in a direct current series
circuit between said power terminals and said pair of con-
ductors;

biasing means connected to the base of said first transistor
for applying a forward biasing signal thereto, said biasing

signal having a sufficient magnitude so that when a direct
current circuit 1s connected across the pair of conductors

the transistor is saturated;

circuit means connecting the emitter and collector elec-
trodes of said second transistor to the base and emitter of
said first transistor so that said first transistor is rendered
non-conductive when said second transistor is conduc-
tive: |

capacitive means;

a rectifying circuit coupled between the other one of said
coils and said capacitive means for applying a charge
thereto, and |

circuit means connecting said capacitive means to the base
and emitter electrodes of said second transistor so that
when the current flow through said series circuit is inter-
rupted a charge is developed by said capacitive means
that momentarily renders said second transistor conduc-
tive.
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