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1. 
My invention relates to current-controlling 

Systems and concerns particularly balanced mod 
ulators. 

It is an object of my invention to provide im 
proved arrangements to control an alternating . 
current in response to variations in magnitude 
and polarity or phase of either alternating or 
direct input signals. 
A further object of my invention is to provide 

a balanced modulator for modulating an alter 
nating current in response to variations in either 
an alternating-current or a direct-current signal. 

Still another object of my invention is to pro 
vide a System for transferring alternating cur 
rent in response to direct-current signals. 

Still another object of my invention is to pro 
vide a System for Supplying unidirectional cur 
rent impulses to produce an alternating current 
Output. 
Other and further objects and advantages will 

become apparent as the description proceeds. 
In accordance with my invention in its pre 

ferred form, I provide two pairs of current-con 
trolling devices connected in push-pull with con 
nections for Supplying alternating current to one 
of Said pairs of said current-controlling devices, 
connections for Supplying alternating current re 
versed in polarity to the other of said pairs of cur 
rent-controlling devices, and means for combin 
ing the outputs of Said pairs of push-pull devices. 
For modulating the output in response to mag 
nitude and variations in phase of an alternat 
ing-current signal, connections are provided for 
driving said pairs of current-controlling devices 
in substantially the same phase relationship in 
response to an alternating-current signal input. 
For modulating the output of said current-con 
trolling devices in accordance with variations in 
magnitude and polarity of a direct-current sig 
nal input, connections are provided for supply 
ing Such direct-current signal input to one of 
said pairs of push-pull devices and for supplying 
the same direct-current input reversed in polar 
ity to the other of said pairs of push-pull con 
nected devices. 
A better understanding of the invention Will 

be afforded by the following detailed description 
considered in connection with the accompanying 
drawing, and those features of the invention 
which are believed to be novel and patentable 
Will be pointed out in the claims appended thereto. 

In the drawing, 
Fig. 1 is a circuit diagram of one embodiment 

of my invention, and 
Fig. 2 is a set of graphs explanatory of the 

14 Claims. (C. 19-1715) 
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2 
principles of operation of the apparatus of Fig. 1. 
In the form of my invention represented by 

way of illustration in Fig. 1, there are two pairs 
of current-controlling devices , f2 and 3, 4 
connected in push-pull to power Supply ter 
minals 5 and 6 adapted to be connected to a 
source of alternating current. For combining the 
outputs of the pairs of current-controlling de 
vices if to 4 and supplying the resultant Output 
to a pair of output terminals l and 8, I provide 
an output transformer 9. 
For modulating the output in accordance with 

a direct-current input signal, a pair of direct 
current input terminals 2 and 22 are provided 
having suitable control connections to the cur 
rent-controlling devices. Likewise, for modulat 
ing the output in accordance with an alternat 
ing-current input signal, a pair of alternating 
current input terminals 23 and 24 is provided 
having suitable means for coupling them to the 
current-controlling devices. 
Suitable means are provided for maintaining a 

terminal 25 at an intermediate potential between 
the supply terminals 5 and 16. For example, a 
resistor or an impedance 26 may be connected 
between the supply terminals 5 and 6 with a 
center tap connected to the intermediate-po 
tential terminal 25. Particularly in cases where 
an elevated voltage is desirable for supplying the 
current-controlling devices to 4 the poten 
tial-dividing impedance 26 anay take the form of 
a secondary winding of a transformer 27 hav 
ing a primary winding 28 connected to a suitable 
source of alternating current power 29 having any 
convenient voltage and being of a frequency 
adapted to the electrical parameters of the appa 
ratus employed. For example, in the case of au 
tomatic follow-up systems, the source 29 may 
have a frequency of 200 cycles per second. 
The current-controlling devices to A may 

take the form of asymmetrical variable impedance 
units, having control elements for controlling 
their impedances, such as controlled rectifiers or 
the like. The current-controlling devices may 
take the form of vacuum tubes having anodes, 
cathodes, and control electrodes or grids So as to 
form triodes, as shown. It will be understood that 
my invention is not limited to use of triodes and 
does not exclude the use of multi-grid vacuum 
tubes such as tetrodes or pentodes. Since the 
connections of such additional grids are not in 
volved in my invention, the additional grids and 
their connections are not shown to simplify the 
drawing, which will be described as if triodes 
were employed. 
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If desired, the current-controlling devices 
and 2 may be combined to form a twin tube, and 
likewise, the current-controlling devices 3 and 4 
may be combined to form a twin tube. 
The transformer 9 comprises a secondary 

winding circuit including two parts 3i and 32 
connected in series to the output terminals 
and 8. The transformer parts 3 and 32 have 
a junction terminal 33 which serves as a Center 
tap for the transformer secondary winding. The 
transformer 9 comprises also two center-tapped 
primary windings 34 and 33, each of Which may 
also be considered as two windings arranged 
and connected in series-opposition, considering 
the fact that all anode currents through devices 
f and 2 flow through windings 36 and 3 in the 
directions from the center tap 38. Thus, the 
winding 34 comprises winding elements 36 and 3 
with a junction terminal or center tap 38 and 
the winding 35 comprises two winding elements 
39 and 4 with a junction terminal or center tap 
42. The center taps 38 and 42 are connected to 
the supply terminals 5 and 6, respectively, by 
means of conductors 43 and 44. 
As will be explained more in detail hereinafter, 

unidirectional current impulses which fiow 
through the windings 36 and 37 act in opposition 
with respect to the secondary winding circuit of 
the transformer 9, and likewise the unidirec 
tional current impulses which flow through the 
Windings 39 and 4 act in opposition. With respect 
to the transformer Secondary Winding circuit. It 
will be observed also that the pair of Windings 
36, 37 is connected to the supply terminals 5 and 
f6 in opposite relation to the connection of the 
windings 39 and 4f to the supply terminals 5 
and 6, so that when one pair of electronic cur 
rent-controlling devices is supplied with posi 
tive anode potential, the other pair is supplied 
with negative potential, and hence is rendered 
inoperative throughout a half cycle of the volt 
age supplied through transformer 27. 
The device has an anode 45 connected to the 

free end of the transformer winding 36, and the 
device 2 has an anode 46 connected to the free 
end of the transformer winding 37. Further 
more, the devices and 2 have cathodes 47 
and 48 which may be connected together directly 
or through a resistor 49 having a balancing ad 
justable tap 5 which serves as a junction termi 
nal for the current-controlling devices and 2. 
In a similar manner the current-controlling 

devices 3 and f4 are connected in a series oppo 
sition circuit with the transformer primary 
windings 35 and 36 and have a junction terminal 
52 which may be in the form of a balance adjust 
ing tap of a cathode connecting resistor 53. 

For supplying an alternating-current input 
signal to the pair of current-controlling devices 

and 2, a coupling transformer 54 is provided 
having a primary winding 55 connected across 
the alternating current signal terminals 23, 24 and 
having a secondary Winding. Split into two parts 
56 and 57. The parts 56 and 5 are connected in 
series with a junction effectively at the junction 
terminal 5 of the current-controlling devices 

and f2 and have their free ends connected to 
the control electrodes or grids 58 and 59 of the 
current-controlling devices and 2, respec 
tively. The winding parts 56 and 57 are con 
nected in Series so that the control grids. 58 and 
59 are at opposite polarity with respect to the 
junction terminal. 5, thus forming a push-pull 
grid excitation circuit. . 
In order to permit a unidirectional or gradually 
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4 
varying signal also to be applied to the apparatus, 
in a manner which will be explained in greater 
detail hereinafter, a pair of resistors 6 and 62 
is connected in series between the coupling 
transformer secondary windings 56 and 57. The 
resistors complete the series connection of these 
windings. The resistors 6i and 62 have a junc 
tion terminal 63 which may be connected to the 
junction terminal 5 of the current-controlling 
devices and f2. If desired, a rheostat 64 may 
be interposed between the junction terminals 63 
and 5, for providing adjustment of the chara C 
teristics of the apparatus by adjustment of bias 
and degeneration. 

For impressing an alternating-Current signal 
input on the control grids of the current-con 
trolling devices 3 and 4, a second coupling 
transformer 65 is provided, and the transformer 
65 is connected in a similar manner to the trans 
former 54 so that the control grids of the cur 
rent-controlling devices and 3 have the same 
polarity at any given instant, and likewise the 
control grids of the control devices 2 and 4 have 
the same polarity at a given instant, but have 
a polarity which is opposite to that of the Control 
grids of the devices i and 3 at the same in 
stant, all of these relations being expressed With 
respect to the alternating signal Supplied be 
tWeen terminals 23 and 24. In the arrangement 
as shown, the coupling transformer 65 also has a 
secondary winding divided into two parts 66 and 
6 with free terminals connected to control grids 
of the current-controlling devices 3 and f4 and 
With a Series connection completed through the 
series resistors 6 and 62. As shown, the inner 
terminals of the transformer winding parts 65 
and 6 are connected through conductors 3 and 
69 to the inner terminals of the coupling trans 
former parts 56 and 57 and thus to the end termi 
nals and 2 of the series resistors 6 and 62. 

For impressing a direct-current input Signal Oll 
the current-controlling devices, connections i3 
and 74 are made from the direct-current signal 
terminal 2 to the resistor terminal 72 and from 
the direct-current signal terminal 22 to the re 
sistor terminal 7. 
The terminals 2 and 22 are assumed to Sup 

ply a signal which may be reversible in polarity 
but which is referred to as unidirectional in that 
it retains a given polarity for a period of time 
which is substantially greater than the time pe 
riod of either the alternating current supplied 
to the alternating-current terminals 23, 24 or 
the alternating current Supplied to the power 
supply terminals 5 and 6. Thus, the connec 
tions of terminals 2, 22 are such that the re 
sistor terminal 7 corresponding to the control 
grids of devices and 4 are positive when the 
resistor terminal T2 corresponding to the con 
trol grids of devices 2 and 3 are negative as 
a result of the energization of terminals 2, 22. 
When the current supplied by the power Sup 

ply terminals 5, 6 is to be controlled or mod 
ulated in accordance with variations in peak 
magnitude and phase relationship of an alter 
nating current or voltage or other alternating 
current signal which has a frequency equaling 
the frequency of the source 29, which is of sub 
Stantially the same order of magnitude or which 
is of a considerably higher order of magnitude, 
Such an alternating-current signal input is ap 
plied to the terminals 23 and 24. On the other 
hand, when the alternating current supplied by 
the terminals 5, 6 is to be controlled or mod 
ulated in accordance with variations in mag 
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nitude or polarity of a unidirectional voltage or 
other signal which remains unidirectional or 
which changes in polarity relatively infrequently 
with respect to the frequency of signals supplied 
to the terminals 23, 24 of the current supplied 
to the terminals 5 and f6, such a unidirectional 
or pulsating signal is supplied to the direct-cur 
rent Signal input terminals 2, 22. It is a char 
acteristic of the apparatus shown in the draw 
ing that it may be simultaneously modulated 
with direct-current and alternating-current in 
put signals, and with appropriate magnitudes 
and polarities or phase relationships the direct 
Current and alternating-current input signals 
may be caused to Counteract each other so as to 
result in Zero output at the output terminals 

and 8. 
The manner in which modulation is obtained in 

response to a direct-current signal input may 
first be considered. If it be assumed that the 
polarity of the direct-current signal is as indi 
cated in the drawing, the control grid 58 of the 
current-controlling device if will be positive with 
respect to the cathode 47, rendering the tube 
conducting, and at the same time the control 
grid 59 of the current-controlling device 2 will 
be riegative with respect to the cathode 48, ren 
dering the device 2 non-conducting or at least 
causing it to have such a high impedance as to 
be relatively non-conducting. Assuming that the 
voltage at the power-supplying terminals 5 and 
f6 has a wave form represented by the curve 
77 as shown in Fig. 2A, current will flow through 
the transformer primary winding 36 during the 
first half cycle of the wave 77, thus producing a 
half cycle of current having the wave form 78 
as shown in Fig. 2B. No current will flow through 
the current-controlling device 2 if the potential 
of the control grid 59 is driven low enough to 
be beyond the cut-off potential of the tube 2. 
If the direct-current signal input is very weak, 
a Small Current may flow through the device 2, 
but in any event the current through the wind 
ings 36 and 37 which are in opposition will be 
unequal, and the net current Will have the di 
rection represented by the arrow 79. 
During the first half cycle of the wave TT thus 

considered, no current will flow through either 
of the current-controlling devices 3 and 4 be 
cause during this half cycle the junction termi 
nal 42 is at negative potential. 
During the next half cycle, the polarities at 

the terminals 5 and 6 having reversed, no cur 
rent can flow through the windings 36 and 3 
and through the current-controlling devices 
and 2. However, a current which may be a net 
current will flow through the transformer pri 
mary winding 4 in a direction represented by 
the arrow 8 because the control grid 82 of the 
current-controlling device 4 is at positive po 
tential. Thus, a half cycle of current having the 
wave form 83, as shown in Fig. 2C, flows through 
the transformer winding 4. The inductive ef 
fects on the secondary windings 3, 32 of the 
output transformer 9 are the same as if the half 
cycles of wave forms 78 and 83 had flowed in Op 
posite directions through the same primary 
winding, and accordingly an alternating voltage 
appears at the output terminals 7 and 8. Such 
an alternating output voltage has a magnitude 
dependent upon the magnitude of the direct-cur 
rent input signal. Its phase would be reversed 
180° if the polarity of the input signal were 
reversed because in that case the half cycles of 
current would flow through the windings 37 and 
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39 instead of through the windings 36 and 4f. 
As previously indicated, the Winding 37 is so con 
nected in relation to the Supply terminals 5 
and 6 as to act in opposition to the winding 36, 
and likewise the winding 4 acts in opposition 
to the Winding 39 with respect to the supply ter 
minals 5 and 6. 

If an alternating-current signal is Supplied to 
the terminals 23, 24 which has the same fre 
quency as the source 29 and is in phase therewith, 
the control electrodes of the current-controlling 
devices f and 3 will become positive simulta 
neously. However, as in the previous case, only 
the Winding 36 will carry current during the first 
or positive half cycle of the Supply wave 77 so 
as to produce an output half cycle 78. Simi 
larly, during the next half cycle of the supply 
wave TT the controlling electrodes of the current 
controlling devices 2 and 4 will become posi 
tive simultaneously, but current will flow only 
through the winding 4 producing a negative half 
cycle 83 in the output circuit. If the phase of 
the input alternating-current signal is reversed 
180°, the phase of the voltage at the output ter 
minals and 8 Will also change 180°. 

Likewise, if the frequency of the alternating 
current signal at the terminals 23 and 24 is high 
compared to the frequency of the source 29, a 
voltage of the same frequency as the alternating 
current signal input will appear at the output 
terminals and 8. No doubling of Such fre 
quency will take place because the opposite half 
cycles of the Supply current are passed through 
different transformer windings and are controlled 
by different pairs of current-controlling devices. 
In the event of a phase displacement of an 

alternating-current input signal having the same 
frequency as the power supply source 29, or a 
higher frequency, corresponding phase displace 
ment of the voltage at the output terminals 
and 3 will take place. For example, in the case 
of equal frequencies, assume that the alternating 
current input signal at the terminals 23, 24 lags 
90 behind the voltage at the Supply termina is 
5 and 6. Under these circumstances the tube 

will conduct current only during the latter 
half of the first half cycle of the wave 77. This 
is illustrated by the shaded portion 84 of the 
curve in Fig. 2D. The tube 2 will conduct, cur 
rent during the first part of the first half cycle, 
and this current will be of opposite polarity with 
respect to the output terminals 7 and 8, as 
represented by the shaded portion 85 of the curve 
in Fig. 2E. In a similar manner the tube 3 will 
conduct current during the third quarter cycle 
as represented by the shaded portion 86 of the 
curve in Fig. 2F, and the tube 4 will conduct 
negative current during the fourth quarter cycle 
represented by the shaded portion 8 of the curve 
in Fig. 2G. 

If the currents shown in the shaded portions 
84 to 8 are combined, it will be observed that 

- theoretically an output having the irregular wave 

5 

form shown by the heavy line curve 88 in Fig. 2. 
would result. However, owing to the inherent 
Smoothing action of the leakage reactance of 
the output transformer 9, there would be a tend 
ency for such a curve to be simulated to tie 
sine form shown by the dotted lines 89. It will 
be observed that the curves 88 and 89 lag the 
supply voltage il, of Fig. 2A, 90°. If desired, 
choke coils 9 may be connected in series with 
the output terminals f and 8, and a smoothing 
condenser 92 may also be connected between the 
terminals in order to improve the wave form 
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of the output in the event of phase displace 
ment between the alternating-cul'rent Signal at 
the terminals 23, 24 and the current supply at 
the terminals 5 and 6. . 
Although separate currents supply sources of 

opposite polarity or separate windings of the 
transformer 27 may be utilized for energizing the 
pairs of current-controlling devices ff, 2 and 
3, 4, one may reduce the number of connec 

tions required by merely using a supply source 
f 5, 6 having a center tap terminal 25. In this 
case the junction terminal 5 of the current-con 
trolling devices and 2 is connected to the 
junction terminal 52 of the current-controlling 
devices 3 and 4 by a suitable means such as . 
a conductor 93. These junction terminals may 
also be connected to the center tap 33 of the 
secondary winding of the output transformer 9 
and the center tap 25 of the current supply 
transformer 27. If the bias adjusting rheostat 
64 is used, however, I prefer to connect the junc 
tion terminal 63 of the resistors 6 and 62 through 
a conductor 94 to a center tap 33 and through a 
conductor 95 to the center tap 25. The conduc 
tor 94 may also be grounded if desired. 
As many changes could be made in the above 

construction and many apparently widely dif 
ferent embodiments of this invention could be 
made without departing from the Scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompany 
ing drawings shall be interpreted as illustrative 
and not in a limiting sense. 
What is claimed-is: 
1. A balanced modulator for modulating an 

alternating current in accordance with varia 
tions in either an alternating quantity or a uni 
directional quantity, said modulator comprising 
in combination two pairs of asymmetric current 
controlling devices, each having an anode, a 
cathode and a control element, direct-current 
signal input terminals, alternating-Current signal 
input terminals, output terminals, power supply 
terminals, a pair of resistors Connected in series 
to said direct-current signal input terminals and 
having a junction terminal, connections between 
said junction terminal and the cathodes of Said 
current-controlling devices, Connections from 
one of said direct-current signal input terminals 
to one control element of each pair of Current 
controlling devices, connections from the other of 
said direct-current input terminals to the re 
maining control element of each pair of current 
controlling devices, means for coupling said al 
ternating-current signal input terminals to the 
control elements of one of said pairs of current 
controlling devices, means for coupling Said al 
ternating-current signal input terminals to the 
control elements of the other of said pairs of 
current-controlling devices, the connections from 
said direct-current signal input terminals to the 
control elements of one pair of current-control 
ling devices being reversed, an output trans 
former having a center tap Secondary winding 
and two pairs of primary Windings, each pair of 
primary windings being connected in series aid 
ing to one of said pairs of current-controlling de 
vices, the latter being in series opposition, each 
of said pairs of transformer primary windings 
having a junction terminal, said junction ter 
minals being connected to said supply terminals, 
said supply terminals having a point of inter 
mediate polarity connected to the junction ter 
minal of said pair of resistors and the center tap 
of said output transformer Secondary Winding. 
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8 
2. A balanced modulator for modulating an 

alternating current in accordance with varia 
tions in either an alternating quantity or a uni 
directional quantity, said modulator comprising 
in combination two pairs of asymmetric current 
controlling devices, each having a control ele 
ment, a pair of power supply terminals, an out 
put transformer having a secondary winding with 
a center tap and having two primary windings 
with center tap connections to said supply ter 
..minals, means connecting one of said pairs of 
current-controlling devices in series opposition 
to. One of said primary Windings, means Connect 
ing the other of said pairs of current-controlling 
devices in Series opposition to the other of Said 
primary Windings, a pair of direct-current signal 
input terminals, a pair of resistors connected in 
series to said terminals, and having a junction 
terminal connected to the junction terminals of 
said pairs of current-controlling devices, connec 
tions from said direct-current signal input iter 
minals to the control elements of one of said pairs 
of current-controlling devices, reversed connec 
tions from said direct-current signal input ter 
minals to the control elements of the other pairs 
of current-controlling devices, a pair of alter 
nating-current signal input terminals, means for 
coupling said terminals to the control elements 
of one of said pairs of current-controlling devices, 
and means for coupling said alternating-current 
signal input terminals with polarity reversed to 
the control elements of the other of said pairs 
of current controlling devices, and connections 
joining the center tap of said output transformer 
secondary winding, the junction terminal of said 
pair of resistors and a point at intermediate 
polarity of said supply terminals. 

3. A balanced modulator for modulating an 
alternating current in accordance with variations 
in magnitude and polarity of a direct-current 
input signal, said modulator comprising, in com 
bination, two pairs of asymmetric current-con 
trolling devices, each having a control element, 
a pair of power Supply terminals, an output trans 
former having a secondary winding with a center 
tap and having two primary windings with center 
tap connections to said supply terminals, means 
connecting one of said pairs of current-control 
ling devices in Series opposition to one of said 
primary Windings, means Connecting the other 
of said pairs of current-controlling devices in 
series opposition to the other of said primary 
Windings, a pair of direct-current signal input 
terminals, a pair of resistors connected in series 
to Said terminals, and having a junction terminal 
connected to the junction terminals of Said cur 
rent-controlling devices, connections from said 
direct-current signal input terminals to the con 
trol elements of one of said pairs of current 
controlling levices, reversed Connections to Said 
direct-current signal input terminals to the con 
trol elements of the other of said pairs of current 
controlling devices, a terminal for supplying a po 
tential intermediate between the potentials of said 
supply terminals, and connections joining the 
center tap of said output transformer secondary 
Windings, the junction terminals of said pair of 
resistors and said intermediate polarity terminal. 

4. A balanced modulator comprising two pairs 
of current-controlling devices, each pair connect 
ed in push-pull, connections for supplying alter 
nating current from a source to be modulated 
to One of said pairs of current-controlling devices, 
Connections for Supplying from said source al 
ternating current reversed in polarity to the other 
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of said pairs of current-controlling devices, 
means for combining the outputs of said push 
pull devices, connections for supplying a first 
control signal to said first pair of devices for 
differentially varying the conductivity of the de 
vices of said first pair and also supplying said 
first control signal to said second pair of devices 
for differentially varying the conductivity of the 
respective devices of said second pair in the 
same sense as the devices of the first pair, and 
Connections for Supplying a further control Sig 
nal to said first pair of devices for differentially 
varying the conductivity of the devices of said 
first pair and also supplying said further signal 
to said second pair of devices for differentially 
varying the conductivity of the respective devices 
of Said second pair in the opposite sense to the 
devices of the first pair. 

5. A balanced modulator for modulating an 
alternating current in accordance with variation 
in input signals, said modulator comprising in 
combination, an output transformer having a 
Secondary winding and two pairs of oppositely 
connected primary windings, output terminals 
connected to said secondary Winding, first, Sec 
ond, third and fourth asymmetrical current con 
trolling devices, each having a control element, 
the first and second current controlling devices 
being connected in series opposition to the first 
pair of primary windings and the third and 
fourth current controlling devices being Con 
nected in series opposition to the second pair of 
current controlling devices, means for applying 
unidirectional signal Voltage to the control ele 
ments of the first and Second current controlling 
devices, means for applying Such signal voltage 
with reverse polarity to the control elements of 
the third and fourth current controlling devices, 
means for additively applying an alternating 
signal in the circuit of the control elements of 
the first and second current controlling devices, 
and means for subtractively applying such alter 
nating Signal in the circuit of the control ele 
ments of the third and fourth current control 
ling devices. 

6. A balanced modulator for modulating al 
ternating current in accordance with variations 
in input signal, said modulator comprising in 
Combination, an output transformer having a 
secondary winding and two pairs of oppositely 
connected primary windings, first, second, third 
and fourth asymmetrical current controlling de 
vices, each having a control element, means con 
necting the first pair of primary windings to the 
first and Second current controlling devices, 
means connecting the second pair of primary 
WindingS to the third and fourth current con 
trolling devices, resistance means having first and 
Second end terminals connected respectively to 
the Control elements of the first and second cur 
rent controlling devices and to the control ele 
ments of the fourth and third current control 
ling devices, a transformer having an input wind 
ing Carrying an alternating signal and having 
first, second, third and fourth output windings, 
the first and Second output Windings being con 
nected in Series With said resistance means to the 
control elements of the first and second current 
controlling device, and the third and fourth out 
put windings being connected in series with said 
resistance means to the Control elements of the 
third and fourth Current controlling devices. 

7. A signal responsive circuit comprising, in 
combination, first, Second, third and fourth 
asymmetrical current controlling devices, each 
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10 
having a control element, means for supplying 
Current thereto, an output circuit to which the 
first and second current controlling devices are 
Connected in opposition and to which the third 
and fourth current controlling devices are con 
nected in opposition, means for varying the po 
tentials of the control elements of the first and 
Second current controlling devices in one direc 
tion and varying the control elements of the 
third and fourth current controlling devices in 
the opposite direction in response to a unidirec 
tional signal, and means for varying the poten 
tials of the control elements of the first and 
third current controlling devices in the same 
phase relation and varying the potentials of the 
Second and fourth Current controlling devices in 
phase relation opposite the variation of the first 
and third control elements in response to an 
alternating signal. 

8. A balanced modulator comprising in com 
bination, first, second, third and fourth asym 
metrical current controlling devices, each having 
a Control element, means for Supplying the first 
and fourth devices and for supplying the second 
and third devices in opposition thereto from a 
first source, means for energizing the control ele 
ments of the first and Second devices from a 
Second Source in Opposition to the Control ele 
ments of the third and fourth devices and means 
for exciting the control elements of the first and 
third devices from a third Source in opposition 
to the control elements of the Second and fourth 
devices, said third source being alternating in 
nature. 

9. A balanced modulator comprising in combi 
nation, first, second, third and fourth a Symmet 
rical current controlling devices, each having a 
control element, input connections for first, Sec 
ond and third sources, means for Supplying the 
first and fourth devices in opposition to the sec 
Ond and third devices from the first Source Con 
nections, means for energizing the control ele 
ments of the first and second devices in opposi 
tion to the control elements of the third and 
fourth devices through the Second Source Con 
nections, and means for energizing the control 
elements of the first and third devices in Oppo 
sition to the control elements of the Second and 
fourth devices through the third Source Con 
nections. 

10. A signal responsive circuit comprising in 
combination, first, second, third and fourth 
asymmetrical current controlling devices, each 
having a control element, first, second and third 
input connections, means for Supplying first and 
fourth devices in opposition to the Second and 
third devices from the first input connections, 
means for unidirectionally energizing the control 
elements of the first and second devices in op 
position to the control elements of the third and 
fourth devices through the second input connec 
tions, and means for exciting the first and third 
control elements in opposition to the second and 
fourth control elements With an alternating 
quantity through the third input connections. 

11. Modulating apparatus Comprising: trans 
former means having an output Winding and 
first, second, third and fourth input Windings; 
first, second, third and fourth non-linear cur 
rent-conducting elements respectively connected 
to said input Windings and determining direc 
tions of maximum current conduction there 
through, said first and third Windings and re 
spective non-linear elements being connected for 
aiding each other and opposing said second and 
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fourth windings and respective non-linear ele 
ments in inducing current in said output Wind 
ing; means for applying alternating voltage to 
all said input windings and non-linear elements, 
said voltage-applying means being so connected 
as to polarize said first and second non-linear 
elements for maximum conductivity alternately 
with said third and fourth non-linear elements; 
and means applying a further voltage to said non 
linear elements for varying the current conduc 
tion through said first and fourth non-linear ele 
ments relative to the current conduction through 
said second and third non-linear elements. 

12. Modulating apparatus as defined in claim 
11, wherein each of said non-linear current 
conducting elements comprises an electron dis 
charge device having a cathode, an anode and a 
control electrode, and said means applying a 
further voltage to said non-linear elements com 
prises means for applying voltage to said control 
electrodes relative to the respective cathodes. 

13. Modulating apparatus comprising: trans 
former means having an output winding and first, 
second, third and fourth input windings; first, 
second, third and fourth non-linear current con 
ducting elements respectively connected to said 
input windings and determining directions of 
maximum current conduction therethrough, said 
first and third Windings and non-linear elements 
being connected for aiding each other and for 
opposing said second and fourth windings in in 
ducing current in said output winding; first 
means for applying alternating voltage to all 
Said input windings and non-linear elements, 
Said first Voltage-applying means being so con 
nected as to polarize said first and second non 
linear elements for maximum conductivity alter 
nately with said third and fourth non-linear ele 
ments; second means for applying alternating 
voltage to all said non-linear elements, said sec 
?ond Voltage-applying means being so connected 
as to polarize said first and third non-linear 
elements for maximum conductivity alternately 
with said second and fourth elements; and means 
for applying a third voltage to said non-linear 
elements for varying the conductivity of said first 
and fourth non-linear elements relative to said 
Second and third elements. 

0. 

S 

20 

25 

30 

55 

40 

45 

12 
14. A balanced modulator for receiving power 

from an alternating current source and deliver 
ing an output alternating current of the fre 
quency of said source and of amplitude and phase 
relative to said source dependent upon an alter 
nating signal or a unidirectional signal or both, 
said modulator comprising in combination, out 
put transformer means having a secondary wind 
ing circuit and first and second primary wind 
ings connected in series-opposition and third and 
fourth primary windings connected in series-op 
position, means for alternately passing unidirec 
tional current impulses from said source through 
said first and fourth windings in opposite direc 
tions relative to said secondary winding circuit in 
response to a unidirectional input signal of a first 
polarity and for alternately passing unidirectional 
current impulses from said source through said 
second and third windings in opposite directions 
relative to said secondary winding circuit in re 
sponse to a unidirectional input signal of the 
opposite polarity, said means for alternately pass 
ing unidirectional current impulses being ar 
ranged for alternately passing unidirectional 
current impulses through said first and fourth 
windings in response to an alternating input 
signal of frequency substantially equal to the 
frequency of said source and of a first phase rela 
tion thereto, and for alternately passing unidirec 
tional impulses through said second and third 
wiridings in response to an alternating input 
Signal of the opposite phase. 
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