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A general object of the present invention is to provide 
new and improved phase discriminating apparatus. More 
specifically, the present invention is concerned with 
phase discriminating circuits which employ transistors as 
phase sensitive elements. 

Phase discriminating circuits are commonly employed 
in self balancing measuring and control apparatus to 
initiate corrective rebalancing action in response to a 
control signal of one phase or the opposite phase with 
respect to a reference signal. In such applications, these 
circuits generally energize motion producing elements such 
as relays, which require substantial amounts of current 
for their operation. The introduction of junction type 
transistors with their increased power handling capacities 
has made the use of transistors in phase discriminating 
circuits practical. 

It is therefore a specific object of the present invention 
to provide new and improved phase discriminating appara 
tus utilizing junction type transistors for operating relays. 
A further object of the present invention is to utilize 

diodes connected in series with the transistor collector cir 
cuits as additional control elements. 
The effect of an increase in temperature upon transis 

tors is particularly manifested by an increase in the col 
lector current for zero emitter current. Depending upon 
the circuit configuration and circuit parameters employed, 
this increase in collector current for zero emitter cur 
rent may appear multiplied several times in the collector 
current. When transistors are utilized in control circuits, 
the problem of temperature stabilization is extremely im 
portant, for an increase in collector current caused sole 
ly by an increase in temperature could initiate an unsig 
malled relay operation. 

It is therefore a still further object of the present in 
vention to provide a new and improved transistor phase 
discriminating apparatus which is temperature stabilized. 
Another object of the present invention is to provide a 

new and improved transistor phase discriminating ap 
paratus in which temperature stabilization is accomplished 
by biasing the transistor base so as to drive the collector 
current to the value of collector current for zero emitter 
current. 

Still another object of the present invention is to pro 
vide new and improved phase discriminating circuits which 
employ complementary symmetry to achieve the circuit 
operation necessary for selective relay action. 
The various features of novelty which characterize this 

invention are pointed out with particularity in the claims 
annexed to and forming a part of this specification. For a 
better understanding of this invention, its advantages, and 
the specific objects obtained with its use, reference should 
be had to the accompanying drawings and descriptive mat 
ter in which are illustrated and described preferred em 
bodiments of this invention. 
Of the drawings: 
Fig. 1 is a circuit diagram of an embodiment of the 

present invention designed to operate a relay in accord 
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ance with the phase relationship between a control signal 
and a reference voltage; 

Fig. 2 is a circuit diagram of a modification of the 
embodiment of the present invention shown in Fig. 1 
which modification is temperature stabilized; 

Fig. 3 is a circuit diagram of a simplified temperature 
stabilized embodiment of the present invention in which 
a single transistor is employed to operate the relay; 

Fig. 4 is a circuit diagram of a temperature stabilized 
embodiment of the present invention designed to operate a 
pair of relays selectively in response to the phase relation 
ship between the control signal and the reference volt 
age; 

Fig. 5 is a circuit diagram of an embodiment of the 
present invention in which complementary symmetry is 
employed to split the control signal into two out of phase 
signals for relay control; 

Fig. 6 is a modification of the embodiment of the 
present invention shown in Fig. 5. 

Referring now to Fig. 1, the transistors 1 and 2 and the 
diodes 3 and 4 are employed to control the current flow 
through the relay 5 in response to the phase relationship 
between the control signal and a reference voltage. The 
transistors 1 and 2 are junction type transistors having 
the usual emitter, collector and base electrodes. The 
reference voltage in this figure is a voltage across the alter 
nating current conductors Li and L2. Generally, the 
conductors Li and L2 represent a primary power source 
having suitable voltage and frequency characteristics. 
This voltage is introduced into the circuit across the sec 
ondary winding 6 of transformer 7 having its primary 
winding 8 connected across the conductors L1 and L2. 
The secondary winding 6 of the transformer 7 has end 
terminals 9 and 11 and a center tap 12. The collector 13 
of the transistor 1 is connected through the diode 3 to 
the end terminal 9 of the secondary winding 6 and the 
collector 14 of the transistor 2 is connected through the 
diode 4 to the end terminal 11 of the secondary winding 
6. The center tap 12 of the secondary winding 6 is con 
nected through the relay 5 to the emitter 15 of the tran 
sistor 1 and the emitter 16 of the transistor 2 which are 
connected together and to ground. The control signal is 
applied to this circuit across the input terminals 17 and 
18 which are the end terminals of the primary winding 
19 of the input transformer 21. The input transformer 
21 has a secondary winding 22 which has end terminals 
23 and 24 and a center tap 25. The base 26 of the transis 
tor 1 is connected to the end terminal 23 of the second 
ary winding 22 and the base 27 of the transistor 2 is con 
nected to the end terminal 24 of the Secondary winding 
22. The emitters 15 and 16 of the transistors 1 and 2, 
respectively, are connected to the center tap 25 of the 
secondary winding 22. 

In considering the operation of the circuit shown in 
Fig. 1, the control signal applied to the circuit across the 
input terminals 17 and 18, will be considered to be in 
phase with the reference voltage when the end terminal 
23 of the secondary winding 22 of the input transformer 
21 has the same instantaneous polarity as the end terminal 
9 of the secondary winding 6 of the transformer 7. This 
phase discriminating circuit can be regarded as comprising 
two similar control circuits each operative to control the 
operation of the relay 5 during a respective half cycle of 
the reference voltage. These two circuits are energized 
180° out of phase with respect to each other by the refer 
ence voltage. Similarly, these two circuits are controlled 
180° out of phase with respect to each other by the con 
trol signal. The control elements of one of these two 
circuits are the transistor 1 and the diode 3 and the con 
trol elements of the other of these two circuits are the 
transistor 2 and the diode 4. 
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In the absence of a control signal, both of these two 

circuits are operative to prevent an appreciable amount 
of current from flowing through the relay 5. During the 
first half cycle the reference voltage under considera 
tion, the end terminal 9 of the secondary.winding 6 of 
the transformer 7 will be positive with respect to the 
center tap 12 and the end terminal 11 of the secondary 
winding 6 will be negative with respect to the center 
tap 12. During this half cycle of the reference voltage 
very little current will flow in the control circuit in 
cluding the diode 3 because the direction of that current 
flow is in the direction of the high impedance of that 
diode. During this same half cycle very little current 
will flow in the control circuit including the diode 4 
because of the high impedance of the collector circuit of 
the transistor 2. During the next half cycle of the ref 
erence voltage the opposite conditions exist. During that 
half cycle the end terminal 1 of the secondary winding 6 
is positive with respect to the center tap 12 and the end 
terminal 9 of the secondary winding 6 is negative with 
respect to the center tap 12. During this half cycle, very 
little current will flow in the control circuit including the 
diode 4 because the direction of that current flow is in 
the high impedance direction of that diode. During this 
same half cycle, very little current will flow in the con 
trol circuit including the diode 3 because of the high 
impedance of the collector circuit of the transistor 1. 

If a control signal in phase with the reference voltage 
is applied to the input terminals 17 and 18, the relay 5 
will be energized during both half cycles of the reference 
voltage. During the first half cycle of the reference 
voltage, the end terminal 23 of the secondary winding 22 
of the input transformer 2 will be positive with respect 
to the center tap 25 and the end terminal 24 of the sec 
ondary winding 22 will be negative with respect to the 
center tap 25. During this half cycle base current will 
flow in the transistor 2 reducing the impedance of its 
collector circuit. This permits a relatively large amount 
of current to flow from the center tap 12 of the secondary 
winding 6 through the relay 5, through the emitter 
collector circuit of the transistor 2 through the diode 4 
to the end terminal 1 of the secondary winding 6 of 
the transformer 7. During the next half cycle of the ref 
erence voltage, the end terminal 24 of the secondary 
winding 22 of the input transformer 21 will be positive 
with respect to the center tap terminal 25 and the end 
terminal 23 will be negative with respect to the center 
tap 25. Thus, during this half cycle, base current will 
flow in the transistor 1 reducing the impedance of its 
collector circuit. This permits a relatively large amount 
of current to flow from the center tap 12 of the secondary 
winding 6 through the relay 5, through the emitter col 
lector circuit of the transistor 1, through the diode 3 to 
the end terminal 9 of the secondary winding 6. Hence, 
if the control signal is in phase with the reference voltage, 
the relay 5 is energized by a pulsating unidirectional 
Current during both half cycles of the reference voltage. 

If a control signal 180 out of phase with the reference 
voltage is applied across the input terminals 17 and 18, 
the relay 5 will not be energized on either half cycle of 
the reference voltage. During the first half cycle of the 
reference Voltage, the end terminal 23 of the secondary 
winding 22 of the input transformer 21 will be negative 
with respect to the center tap 25 and the end terminal 24 
of the secondary winding 22 will be positive with respect 
to the center tap 25. During this half cycle, base current 
will flow in the transistor 1 but it will have no effect 
since the direction of collector current flow will be in 
the high impedance direction of the diode 3. During 
the next half cycle of the reference voltage, the end ter. 
minal 24 of the secondary winding 22 of the transistor 21 
Will be negative with respect to the center tap terminal 
25 and the end terminal 23 of the secondary winding 22 
of the transformer 2, will be positive. During this half 
cycle base current will flow in the transistor 2 but it will 
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have no effect since the direction of collector Current 
flow will be in the direction of the high impedance of the 
diode 4. Thus, the circuit shown in Fig. 1 will operate 
the relay 5 only when the control signal is in phase with 
the reference voltage, 

Referring now to Fig. 2, there is shown a temperature 
stabilized modification of the embodiments of the present 
invention shown in Fig. 1. In this circuit the transistors 
31 and 32 and the diodes 33 and 34 are employed to 
control current flow through the relay 35. The reference 
voltage is the voltage across the conductors Li and L2 
which is applied to the circuit by means of the trans 
former 37 which has its primary winding 38 connected 
across the conductors L and L2. The transformer 37 
has a secondary winding 36 with end terminals 39 and 4 
and a center tap terminal 42. The collector 43 of the 
transistor 31 is connected through the diode 33 to the 
end terminal 39 to the secondary winding 36. Similarly, 
the collector 44 of the transistor 32 is connected through 
the diode 34 to the end terminal 41 of a secondary 
winding 36. The center tap 42 of the secondary wind 
ing 36 is connected through the relay 35 to the emitter 
45 of a transistor 3 and the emitter 46 of the transistor 
32 which are connected together. The control signal is 
applied to this circuit across the input terminals 47 and 
48. The input terminal 47 is connected through the 
coupling condenser 49 to the base 53 of the transistor 31 
and the input terminal 48 is connected to ground and to 
the base 54 of the transistor 32. The diodes 51 and 52 
are connected in series across the base 53 and the base 
54 of the transistors 3 and 32 respectively. The junc 
tion of the diodes 51 and 52 is connected to the junc 
tions of the emitters 45 and 46 of the transistors 31 and 
32 respectively. The diodes 58 and 52 and the coupling 
condenser 49 eliminate the use of an input transformer. 
The base 53 of the transistol 31 is connected through the 
resistance 56 to the end terminal 41 of the secondary 
winding 36 of the transformer 37 and similarly, the base 
54 of the transistor 32 is connected through the resist 
ance 55 to the end terminal 39 of the secondary wind 
ing 36. 
The operation of the circuit shown in Fig. 2 is identi 

cal to the operation of the circuit shown in Fig. 1 with 
the exception that the input transformer has been elimi 
nated by the use of the coupling condenser 49 and the 
diodes 51 and 52. The diodes 5 and 52 serve to route 
the input signal to one or the other of the transistors 31 
or 32 depending upon the polarity of the input signal. 
The resistors 55 and 56 connecting the respective bases 
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of the transistors 31 and 32 to the end terminals 39 and 
41 of the secondary winding 36 of the transformer 37 
provide temperature stabilization for the circuit. 
The effect of temperature upon the transistor is par 

ticularly manifested by an increase in the collector cur 
rent for zero emitter current. Depending upon the cir 
cuit configuration and circuit parameters employed, this 
increase in collector current for zero emitter current may 
appear multiplied several times in the collector current. 
If no method of temperature stabilization is employed, 
the no signal relay current in the phase discriminating 
circuit just described may be considerable at high tem 
peratures. As a result, it would be necessary to make 
the minimum operating current of the relay greater than 
the no signal relay current in order to prevent unsignalled 
relay operation. Since at high temperatures, the no 
signal relay current may approach or even in extreme 
cases reach the total current available from the transis 
tors, only a small margin of current is available to oper 
ate the relay. The method of stabilization employed in 
the circuit shown in Fig. 2 is that of biasing the base of 
each transistor so that the value of its collector current 
is driven to the value of collector current for zero emitter 
current. While the value of collector current for zero 
emitter current increases with an increase in temperature, 
its increase, depending upon the circuit employed, may 
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be several times less than an increase in the collector 
current when no biasing is present. While this method 
of biasing necessitates an increase in the gain of the am 
plifier so the bias can be over driven, it is of small im 
portance compared to the achieving of a greater power 
output in the phase discriminating stage. Since, in this 
circuit, each transistor is operative to control the relay 
only during one half cycle of the reference voltage it is 
necessary to apply the correct bias only during that half 
cycle. Since the proper polarity of this bias voltage is 
opposite to that applied to the collector of the transistor 
during the half cycle which it conducts, it may be ob 
tained from the half of the reference voltage trans 
former secondary winding which is energizing the other 
transistor 180° out of phase with the transistor under 
consideration. The resistors 55 and 56 are selected so 
as to provide a suitable value of a bias current. It should 
be understood that in lieu of the method of biasing shown, 
that any suitable source of positive voltage could be em 
ployed to achieve the desired temperature stable opera 
tion. 

Referring now to Fig. 3, there is shown a circuit dia 
gram of a modification of the present invention in which 
a single transistor is employed to control the operation 
of the relay. In this circuit, the transistor 61 and the 
diode 62 are the control elements. The reference volt 
age for this circuit is the voltage across the conductors 
L and L, which is introduced into the circuit across 
the secondary winding 63 of the transformer 64 which 
has its primary winding 65 connected across the con 
ductors L and L2. The secondary winding 63 of the 
transformer 64 has end terminals 66 and 67 and a tap 
68. The collector 69 and the transistor 6 is connected 
through the diode 62 and the relay 71 to the end ter 
minal 66 of the secondary winding 63 of the transformer 
64. The input portion of this circuit includes the input 
terminals 72 and 73, the coupling condenser 74, and 
the diode 75. The input terminal 72 is connected through 
the coupling condenser 74 to the base 76 of the transistor 
61. The input terminal 73 is connected to the emitter 77 
of the transistor 61 and to ground. The diode 75 is 
connected between the base 76 and the emitter 77 of the 
transistor 61. The tap 68 on the secondary winding 63 
of the transformer 64 is also connected to ground to com 
plete a series circuit between the emitter 77 and collector 
69 of the transistor 61. The end terminal 67 of the sec 
ondary winding 63 of the transformer 64 is connected 
through the resistor 78 to the base 76 of the transistor 
61, and is operative when so connected, to supply tem 
perature compensating bias to the transistor 61. The 
condenser 79 is connected across the relay 71 to prevent relay chatter. 

Operation of the circuit shown in Fig. 3 is identical 
to the operation of half the circuit shown in Fig. 2 and is 
thus operative to provide a half cycle energization of the 
relay 71 if the control signal is in phase with the refer ence voltage. 

In considering the operation of this circuit, the control 
signal, applied to the circuit across the input terminals 
72 and 73, will be considered to be in phase with the 
reference voltage when the input terminal 72 has the 
same instantaneous polarity as the end terminal 66 of 
the secondary winding 63 of the transformer 64. In 
the absence of a control signal, the relay 7 is not en 
ergized. During the first half cycle of the reference volt 
age, the end terminal 66 of the secondary winding 63 
is positive with respect to the tap 68 and thus the high 
impedance of the diode 62 permits only a negligible 
amount of current to flow. During the next half cycle, 
the end terminal 66 of the secondary winding 63 is nega 
tive with respect to the tap 68, but the high impedance 
of the collector circuit of the transistor 6 permits only 
a negligible amount of current to flow. 

If a control signal in phase with the reference voltage 
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is applied across the input terminals 72 and 13, the 
terminal 73 will be positive when the end terminal 66 
of the secondary winding 63 is positive with respect to 
the tap 68. Only a negligible amount of current will 
flow, however, due to the high impedance of the diode 
62. During the next half cycle, the input terminal 73 
will be positive with respect to the input terminal 72 and 
the tap 68 of the secondary winding 63 will be positive 
with respect to the end terminal 66. During this half 
cycle, the base current flowing in the transistor 61 will 
reduce the impedance of the transistor collector circuit 
and a relatively large current will flow from the tap 68 
through the emitter collector circuit of the transistor 61, 
the diode 62, and through the relay 71 to the end ter 
minal 66 and the secondary winding 63. Thus, when the 
control signal is in phase with the reference voltage, the 
relay 71 is energized on alternate half cycles of the ref 
erence voltage. The condenser 79 shunting the relay 
71 prevents the relay from chattering when so energized. 

If the control signal is 180° out of phase with the 
reference voltage, it will have no effect during the half 
cycle in which the collector current flow is in the high 
impedance direction of the diode 62 and thus very little 
current will flow through the relay 71. During the next 
half cycle, the high impedance of the collector of the 
transistor 61 will prevent a sizable annount of current 
from flowing through the relay 71. 
The resistance 76 connecting the base of the transistor 

6i to the end terminal 67 of the secondary winding 63 
of the transformer 64 is operative to provide a tempera 
ture stabilizing bias for the transistor 6. As in the 
circuit shown in Figure 2, this bias is operative to drive 
the value of collector current to the value of collector 
current for Zero emitter current during the half cycle 
in which the transister 6 is operative to control the flow 
of current through the relay 7i. 

Referring now to Figure 4 there is shown a modification 
of the present invention adapted to operate a pair of re 
lays selectively in response to the phase relationship be 
tween a control signal and the reference voltage. In this 
circuit the transistors 8 and 82 and the diodes 83 and 84 
are employed as the control elements. The reference 
voltage is a voltage across the conductors L1 and L2 which 
is introduced into the circuit by means of the transformer 
85 having its primary winding 86 connected across the 
conductors L1 and L2. The transformer 85 has a sec 
ondary winding 87 having end terminals 88 and 89 and 
a center tap 9. The collector 92 of the transistor 81 is 
connected through the diode 83 and the relay 93 to the 
end terminal 88 of the secondary winding 87 of the trans 
former 35. Similarly the collector 94 of the transistor 
82 is connected through the diode 84 and the relay 95 to 
the end terminal 88 of the secondary winding 87 of the 
transformer 85. The emitter 96 of the transistor 81 and 
the emitter 97 of the transistor 32 are connected together 
and to the center tap 91 of the secondary winding 87 of the 
transformer 85. The input portion of this circuit includes 
diodes i02 and 183. The input terminal 98 is connected 
through the condenser i01 to the base 104 of the tran 
sistor 81. The input terminal 99 is connected to the 
base 105 of the transistor 82 and to ground. The diode 
102 is connected between the base and emitter of the 
transistor 81 and the diode 103 is connected between the 
base and emitter of the transistor 82. The forward im 
pedance of these diodes is in the direction of positive 
emitter current. The relays 93 and 95 are shunted by 
the condensers G6 and 107 respectively. The base 104 
of the transistor 81 is connected through the resistor 108 
to the end terminal 89 of the secondary winding 87 of the 
transformer 85. Similarly, the base 05 of the transistor 
82 is connected through the resistor 109 to the terminal 
89 of the secondary winding 87 of the transformer 85. 
The phase discriminating circuit shown in Fig. 4 can be 

considered as comprising two control circuits of the type 
75 shown in Fig. 3. One of these control circuits is adapted 
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to provide relay operation if the control signal is in phase 
with the reference voltage and the other is adapted to pro 
vide relay operation if the control signal is 180 out of 
phase with the reference voltage. In considering the 
operation of this circuit, the control signal will be con 
sidered to be in phase with the reference voltage when 
the input terminal 98 has the same instantaneous polarity 
as the end terminal 88 of the sceondary winding 87 of the 
transformer 85. 

In the absence of a control signal no relay action is 
provided. During the half cycle of the reference voltage 
when the end terminal 88 of the secondary winding 87 
of the transformer 85 is positive with respect to the 
center tap 91, the direction of the current flow in both 
control circuits is in the direction of the high impendance 
of the diodes 83 and 84 thereby preventing all but a neg 
ligible current from flowing. During the next half cycle 
of the reference voltage, when the end terminal 88 of the 
secondary winding 37 is negative with respect to the 
center tap 91 the high impedance of the collector circuits 
of the transistors 8 and 82 prevent all but negligible 
current from flowing through the relays. Thus, the di 
odes 83 and 84 are operative to prevent the relay cur 
rent from flowing during the half cycle of the reference 
voltage in which the end terminal 88 of the secondary 
winding 87 is positive with respect to the center tap 91. 
and the transistors 81 and 82 prevent relay current from 
flowing during the half cycle in which the end terminal 
88 is negative with respect to the center tap 9. 

If a control signal in phase with the reference voltage 
is applied between the input terminals 98 and 99, the 
emitter 96 of the transistor 31 will be positive with re 
spect to the base it)4 during the half cycle when transistor 
81 controls the current flow through the relay 106. Dur 
ing that half cycle, base current will flow in the transistor 
81 thereby reducing the impedance of the transistor col 
lector circuit permitting a relatively large current to flow 
from the center tap 91 of the secondary winding 87 
through the emitter collector circuit of the transistor 81 
the diode 83, and the relay 93 to the end terminal 88 of 
the secondary winding 87. During this half cycle, the 
relay 95 is inoperative since the diode 103 shunts the 
transistor 82 which acts as though no control signal were 
present. During the next half cycle of the reference volt 
age, only a negligible current will flow through the relays 
93 and 95 because the direction of current flow is in the 
direction of the high impedance of the diodes 83 and 84. 
Thus, if the control signal is in phase with the reference 
voltage the relay 93 will be energized on alternate half 
cycles of the reference voltage. The condenser 106 is 
operative to prevent relay chatter caused by this half 
cycle energization. . 

If a control signal 180° out of phase with the reference 
voltage is applied to the input terminals 98 and 99, the 
emitter 97 of the transistor 82 will be positive with re 
spect to the base 65 during the half cycle in which the 
transistor 82 controls the current flow through the relay 
95. During that half cycle, base current will flow in the 
transistor 82 reducing the impedance of the transistor 
collector circuit thereby permitting a relatively large 
current to flow from the tap 91 of the secondary winding 
87 of the transformer 85 through the emitter collector 
circuit of the transistor 82, the diode 84 and the relay 
95. During this half cycle, the relay 93 is inoperative 
since the diode it.2 shunts the transistor 81 which acts as 
though no control signal were present. During the next 
half cycle of the reference voltage only a negligible cur 
rent will flow through the relays 93 and 95 because the 
direction of collector current flow is in the direction of 
the high impedance of the diodes 83 and 84. Thus, if 
the control signal is 180° out of phase with the reference 
voltage the relay 95 is energized on alternate half cycles 
of the reference voltage. The condenser 07 shunting 
the relay 95 is operative to prevent relay chatter caused 
by half cycle energization. 
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8 
Temperature compensation of this circuit is achieved 

by biasing the bases of the respective transistors so as to 
drive the value of their collector currents to the value of 
collector current for zero emitter current during the 
half cycle in which they control the relay action. To 
accomplish this, the base 104 of the transistor 81 is con 
nected through the resistance 168 to the end terminal 89 
of the secondary winding 87 and the base 105 of the 
transistor 82 is connected through the resistance 109 to 
the end terminal 89 of the secondary winding 87. The 
end terminal 39 of secondary winding 87 will be positive 
with respect to the tap 91 when the end terminal 88 is 
negative with respect to the tap 91 and thus will provide 
the transistors 81 and 82 with the bias necessary for tem 
perature stable operation. 

Fig. 5 is a circuit diagram of an embodiment of the 
present invention in which complementary symmetry is 
employed to achieve the necessary circuit operation for 
phase discriminating relay action. This circuit employs 
the p-n-p type junction transistor ii, the n-p-n type 
junction transistor i12, and the diodes 13 and 114 to 
control the flow of current through the relay 115 in 
accordance with the phase relationship between an input 
signal and the reference voltage. The reference voltage 
in this circuit is the voltage across the conductors L1 and 
L2 which is introduced in the circuit by means of the 
transformer 116 which has its primary winding 117 
connected across the conductors L1 and L2. The trans 
former 116 has a secondary winding 118 having end 
terminals 119 and 12. The collector 122 of the transistor 
111 is connected through the diode 113 and through the 
relay 115 to the end terminal 119 of the secondary wind 
ing 118 of the transformer 116. Similarly, the collector 
23 of the transistor E.12 is connected through the diode 

114, the relay 15 to the end terminal 19 of the second 
ary winding 118. The end terminal 121 of the second 
ary winding 118 is connected to ground. The emitters 
124 and 125 of the transformers 111 and 112 respectively 
are connected together and are also connected to ground 
So as to form a closed circuit with the secondary winding 
118 of the transformer i6. The input portion of this 
circuit includes the input terminals 126 and 127 and 
the coupling condenser 128. The input terminal 126 is 
connected through the coupling condenser 128 to the base 
i29 of the transistor 111 and the base 131 of the transistor 
112. The input terminal 127 is connected to the emitters 
124 and 125 of the transistors 111 and 112 respectively 
and to ground. 
In considering the operation of the circuit shown in 

Fig. 5, the control signal, applied to the circuit across 
the input terminals 126 and 127, will be considered to be 
in phase with the reference voltage when the input termi 
nal 126 has the same instantaneous polarity as the end 
terminal 119 of the secondary winding 118 of the trans 
former 16. This circuit can be considered as compris 
ing two control circuits each operative to energize the 
relay 15 during alternate half cycles of the reference 
voltage if the control signal is in phase with the reference 
voltage. In the absence of such a control signal or 
when the control signal is 180° out of phase with the 
reference voltage the relay 115 is not energized. 

In the absence of a control signal and if the end termi 
nal 119 of the secondary winding 118 of the transformer 
116 is positive during the first half cycle of the reference 
voltage under consideration, very little current will flow 
in the circuit including the diode 113 because the direc 
tion of that current flow is in the high impedance direc 
tion of that diode. During that same half cycle, very 
little current will flow in the circuit including the tran 
sistor 112 because of the high impedance of the collector 
circuit of that transistor. During the next half cycle 
when the end terminal 121 of the secondary winding 
118 of the transformer 116 is positive, very little current 
will flow in the portion of the circuit including the tran 

75 sistor 111 because of the high impedance of the transistor 
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collector. During that same half cycle, very little cur 
rent will flow in this portion of the circuit including the 
diode 114 because the direction of that current flow is 
in the high impedance direction of that diode. 
Due to the assymetrical conduction of the diodes 113 

and 144, the transistors 11 and 112 are operative to 
control the relay current on alternate half cycles of the 
reference voltage. If a control signal in phase with the 
reference voltage is applied to the circuit across the in 
put terminals 126 and 127, that signal will be operative 
to cause base current to flow in the transistors 111 and 
112 during the half cycle in which those transistors con 
trol the relay current. This transistor base current will 
reduce the impedance of the respective transistor collec 
tor circuits and permit a 60 cycle alternating voltage to 
be impressed across the relay 15. If a control signal 
180° out of phase with the reference voltage is applied 
to the circuit across the input terminals 126 and 127, 
base current will flow in the transistors 111 and 112 
only during the half cycles in which the diodes 113 and 
114 prevents current from flowing through the relay and 
accordingly the relay will not be energized. 

Referring now to Fig. 6, there is shown a circuit dia 
gram of a modification of the present invention as shown 
in Fig. 5 in which the relay is energized with a pulsating 
unidirectional current when the control signal is in phase 
with the reference voltage. This circuit employs the 
p-n-p type junction transistor 142, the n-p-n type junction 
transistor 143, and the diodes 144, 45, 146, and 147 
to control the current flow through the relay 148. The 
reference voltage is again the voltage across the conduc 
tors L and L2 which is introduced into the circuit across 
the secondary winding 151 of the transformer 152 which 
has its primary winding 153 connected across the conduc 
tors L and L. The collector 154 of the transistor 142 
is connected through the diodes 144 and 146, which are 
connected in opposite directions, to the end terminal 155 
of the secondary winding 151 of the transformer 152. 
Similarly, the collector 156 of the transistor 143 is con 
nected through the diodes 145 and 147, which are con 
nected in opposite directions, to the end terminal 155 of 
the secondary winding 151. The secondary winding 151 
has its other end terminal 157 connected to ground. 
The relay 148 is connected between the junction point 
158 between the diodes 144 and 146 and the junction 
point 159 between the diodes 145 and 147. The emitters 
161 and 162 of the transistors 142 and 143, respectively, 
are connected together and to ground to form a close 
close circuit with with the secondary winding 151 of the 
transformer 152. The input to this circuit is across the 
input terminals 163 and 164. The input terminal 163 
is connected through the coupling condenser 165 to the 
base 166 of the transistor 142 and to the base 157 of the 
transistor 143 which are connected together. The input 
terminal 164 is connected to ground. 

In considering the operation of the circuit shown in 
Fig. 6, a control signal, applied to the circuit across the 
input terminals 163 and 164, will be considered to be 
in phase with the reference voltage when the input termi 
nal 163 has the same instantaneous polarity as the end 
terminal 155 of the secondary winding 151. This cir 
cuit can be considered as a full wave bridge rectifier sup 
plying pulsating unidirectional current to the relay 148 
when the control signal is in phase with the reference 
voltage. In the absence of a control signal or when the 
control signal is 180 degrees out of phase with the refer 
ence voltage the relay is not energized. 

In the absence of a control signal and if the end ter 
minal 155 of the secondary winding 151 of the trans 
former 152 is positive during the first half cycle of the 
reference voltage under consideration, very little current 
will flow through the relay 148 because of the high im 
pedance of the collector circuit of the transistor 143. 
During the next half cycle, very little current will flow 
through the relay 148 because of the high impedance 
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of the collector circuit of the transistor 142. Thus, the 
transistor 143 is operative to control the current flow 
through the relay 148 during one half cycle of the refer 
ence voltage and the transistor 142 is operative to con 
trol the flow of relay current during the next half cycle 
of the reference voltage. If a control signal in phase with 
the reference voltage is applied to the circuit, that signal 
will be operative to cause base current to flow in the 
transistors 142 and 143 during the respective half cycles 
in which those transistors control relay current. This 
transistor base current will reduce the impedance of the 
respective transistor collector circuits causing the circuit 
of Fig. 6 to operate as a full wave bridge rectifier. If, 
on the other hand, a control signal 180 degrees out of 
phase with the reference voltage is applied to the circuit, 
this base current will flow in the transistors 163 and 164 
during the half cycle when these transistors are not con 
trolling the flow of relay current and thus will be in 
operative to reduce the impedance of the respective tran 
sistor collector circuits when the current flow there 
through is in their high impedance direction, 
While in accordance with the provisions of the statutes, 

there has been illustrated and described the best forms 
of the present invention now known, it will be apparent 
to those skilled in the art that changes may be made in 
the form of the apparatus disclosed without departing 
from the spirit of the invention as set forth in the append 
ed claims, and that in some cases certain features of the 
invention may sometimes be used to advantage without 
a corresponding use of other features. 
Having now described my invention, what is claimed 

as new and desired to secure by Letters Patent is: 
1. A phase discriminating circuit comprising in com 

bination a transistor having a collector, an emitter, and a 
base, circuit means connecting the emitter and collec 
tor of Said transistor to an alternating power source so 
as to form therewith a series circuit, a diode connected 
in said series circuit for acting as a low impedance in 
the normal direction of collector current flow and to 
restrict the current flow in the direction toward the col 
lector of said transistor, a relay connected in said se 
ries circuit, a pair of control voltage input terminals for 
connection to a source of alternating control voltage 
having a reversible phase with respect to said power 
source, circuit means including a condenser connecting 
the base of said transistor to one of said input terminals, 
circuit means connecting the emitter of said transistor 
to the other of said input terminals, and a second diode 
connected between the base and emitter of said transistor 
and acting as a low impedance path in the direction to 
Ward the emitter. 

2. Apparatus as specified in claim 1 wherein the base 
of said transistor is connected to a source of voltage hav 
ing an instantaneous polarity opposite to that applied by 
said alternating power source to the collector of said 
transistor. 

3. An alternating current phase discriminating appara 
tus comprising in combination a pair of transistors each 
having an emitter, a collector and a base, means con 
necting the emitters of said transistors together and to 
a common terminal of an alternating current power 
source, means connecting the collectors of said transis 
tors to said power source to form a series circuit with 
said emitters, means responsive to collector current con 
nected in said series circuit, an input circuit having a pair 
of control voltage input terminals for connection to a 
source of control voltage, circuit means connecting the 
base and emitter of each of said transistors to said input 
circuit, and means including an asymmetrically conduc 
tive device connected in series with each of said collec 
tors for acting as a low impedance in the normal direc 
tion of controlled collector current flow. 

4. A control circuit comprising in combination a tran 
sistor having an emitter, a collector, and a base, a source 
of alternating reference voltage, means connecting said 
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emitter to one terminal of said source, means including 
a diode and a relay connecting said collector to the other 
terminal of said source, said means including said diode 
acting as a low impedance in the normal direction of 
control collector current flow, a second diode connected 
between the emitter and base of said transistor and poled 
to shunt a positive signal away from said base, and an 
input circuit capacitively coupled to said emitter and 
base. 

5. A phase discriminating apparatus comprising in com 
bination, an alternating current power source, a pair of 
transistors each having a collector, an emitter, and a 
base, circuit means connecting the emitters of each of 
said transistors to one terminal of said power Source, 
circuit means including a diode and a relay connecting 
the collector of one of said transistors to another ter 
minal of said power source, circuit means including a 
second diode and a second relay connecting the collector 
of the other of said transistors to the same terminal of 
said power source as the collector of the first mentioned 
transistor, said last named terminal of said power source 
being 180° out of phase with said first mentioned ter 
minal, said diodes being so connected as to provide a 
high impedance path in the direction of current flow into 
said collectors and to act as a low impedance in the nor 
mal direction of collector current flow, an input circuit, 
circuit means connecting the bases of said transistors to 
said input circuit, circuit means connecting the emitters 
of said transistors to said input circuit, and circuit means 
connecting the base of each of said transistors to a source 
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of power 180 out of phase with the source of power 
to which the collectors of said transistors are connected. 

6. An alternating current phase discriminating appara 
tus comprising, in combination, a transistor having an 
emitter, a collector, and a base, means connecting said 
emitter to one terminal of an alternating current power 
Source, means connecting the collector of said transistor 
to said power source to form a series circuit with said 
emitter, means responsive to collector current connected 
in said series circuit, an input circuit having a pair of 
control voltage input terminals for connection to a source 
of control voltage, circuit means connecting the base 
and emitter of said transistor to said input circuit, and 
means including a diode connected in series with said 
collector for acting as a low impedance in the normal 
direction of controlled collector current flow. 
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