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1

"The present, invention relates to electronic am-
plifier circuits, and particularly to amplifier cir-
cuits adapted for use in electrical control systems.

An object of the present invention is fo provide
an improved amplifier circuit for use in electrical
control systems.

Another cohject of the present invention is to
provide an amplifier circuit which may he sup-
plied with eleetrical energy from an: alternating
current supply, without the use of rectifiers or
converters.

A further object of the present invention is to
provide a method for determining the proper
load impedance and anode-cathode voltage to he
used. in amplifier circuits including an electrical
discharge device which is supplied with energy
directly from an alternating current source.

Another object of the present invention is to
provide an improved circuit for producing alter-
nating electrical signals. variable in phase in ac-
cordance with the polarity of a unidirectionsal sig-
nal applied to the circuit.

A turther object of my invention is to provide
an amplifier circuit of the type described, in
which the controlling unidirectional potentia] is
applied to the input circuit, and the output cir-
cuit is supplied with electrical energy from an
alternating current source. A still further object
is to. provide, in the output circuit of the dis-
charge device in said circuit, a paralle] resonant
circuit, and signal output terminals coupled to
the terminals of said parallel resonant circuit.

A still further object of the present invention
is to provide g circuit for converting unidirection-
al signal potentials into alternating signal poten-
tials of a phase dependent upon the polarity of
the unidirectional potential, in which means are
provided to maintain the direct current imped-
ances in a network substantially balanced, while
the alternating current impedances in the net-
work are unbalanced upon a change in the direct
current signal potential.

Other objects and advantages of my invention
will become apparent from g consideration of the
appended specification, claims, and drawings, in
which

Figure 1 is an electrical wiring diagram of an
electrical control system including an amplifier,
angd embodying certain principles of my inven-
tion, .

Pigure 2 is a graphical illustration of the meth-
od of determining the proper load impedance and
anode-cathode potential for use in the amplifier
circuit of Figure 1, .

Figures 3 and 4 are graphical illustrations of
certain operating cenditions of the circuit dis-
closed in Figure 1,

Figure 5 is an electrical wiring diagram of a
modification of my invention, and .

Figures 6, 7, 8, and 2 illustrate further modifi-
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cations of my invention, which are especially
adapted. to transform. unidirectional signal poten-
tials into alternating signal potentials.

Figures 1, 2, 3, and ¢

Referring to Figure I, there is shown a system
in which a controller, generally indicated at 10,
operates a slider {1 along a slide wire resistance
t2. The slider f{ and the resistance (2 taken
together, form a control potentiometer 14.

The controller {0 may be any device respon-
sive to a variable condition which is indicative
of the need for operation of a load device 13.
For example, the controller {0 may be a tempera-
ture responsive device, such’ as a thermostat, and
the load device 13 may be a heater or other tem-
perature changing means.

The resistance (2 is connected in an electrical
network I8, of the Wheatstone bridge type. The
network (5 also includes a resistance 5, A slider
LT cooperates with resistance 16, and these two
elements together form a follow-up potentiome-
ter 18. The network {5 has a pair of input ter-
minals 20 and 21, and the sliders If and {7 serve
as. the output terminals. The input terminals
28 and 2! are connected through conductors 23
and 24, respectively, to the termingls of a second-
ary winding 22 on a transformer 25. The trans-
former 25 also includes a primary winding 26
and secondary windings 27 and 28.

The slider 17 is fixed on a shaft 30, which is
rotated by a reversible motor generally indicated
at 31, acting through a gear train schematically
shown at 32. A driving connection is also pro-
vided between the gear train 32 and the load
device 13.

The motor 21 includes an armature 33 and field
windings 84 and 35. The motor 31 is of the series
type, and is so constructed that when field wind-
ing 34 is energized, the motor rotates in one
direction, while when the field winding 35 is en-
ergized, the motor operates in the opposite direc-
tion,

The field winding 34 may ke energized through
a circuit which may be traced from the right hand
terminal of a battery 36, through a conductor 37,
2 switch arm 28, a contact 38, a conductor 40,
winding 24, a conductor 41, armature 33, and
ground cennections §2 and 43 to the left terminal
of battery 38. The winding 35 may be energized
through a similar circuit which may he traced
frem the right hand terminal of hattery 36,
through a conductor 371, switch arm 45, a contact
4%, a conductor 47, field winding 35, conductor 41,
armature 33, and ground connections 42 and 43
to the left terminal of battery 38. It will be read-
ily understood by those skilled in the art, that the
hattery 35 may be replaced by any other suitable
source of electirical energy.

The switch arm 38 is a part of a relay 50, which
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also includes a winding 81 whose energization de-
termines the position of switch arm 38. Switch
arm 38 is biased to its circuit opening position,
and is movable to closed position upon sufficient
energization of winding 8.
part of a relay 52, and its position is controlled by
the energization of a relay winding 53.

An amplifier circuit, generally indicated at 58,
is provided to amplify any potentials existing be-
tween the output terminals of the bridge circuit
i8. The amplifier circuit §% includes a twin tri-
ode 56, which may be of the type commercially
known as type TN7. The twin triode 5§ includes
a first triode 57 having an anode 58, 3 control
electrode 59, a cathode 60, and a heater filament
§1." The twin tricde 56 also includes a second fri-
ode 62 having an anode 63, a contro] electrode 64,
a-cathode 65, and a heater filament 686.

The triodes 57 and 62 have g common input cir-
cuit which may be traced from either control
electrode 598 or control electrode 84, through a
conductor 18 or a conductor Ti respectively, & re-
sistance 72, and ground connections 73 and 14 to
either cathode 58 or 65. The slider (i,
serves as one output terminal of bridge circuit 18
is cbnnected through a conductor 15 and a block-
ing condenser 76 to the input circuit of amplifier
55.. The slider {1, which serves as the other out-
put terminal of bridge circuit #5 is connected to
ground at TT.

The output circuit of triode §71 may be traced

from the upper terminal of transformer second-
ary winding 27 through a conductor 80, anode 58,
cathode 89, ground connections 74 and 81, and re~
sistances 82, 83, and 84 to the center tap on trans-
former secondary winding 21. The output circuit

of triode 62 may be traced from the lower termi-

.nal on secondary winding 27 through 3 conductor

The switch arm 48 is.
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85, anode §3, cathode 65, ground connections 74 -

and 81, and resistances 82, 83, and 84 to the center
tap on secondary winding 217.

The resistance 83 is provided with a movable
tap 86. A condenser 87 is connected between tap
8% and ground at 81. The tap 86 is connected
through. a conductor 88 to g discriminator circuit
generally indicated at 99, which causes selective
energization of the relay windings 51 and 58, de-
pending upon the phase of an alternating poten-
tial existing between the tap 86 and ground.

The circuit 98, which functions both as a dis-
criminator circu1t and as an amplifier circuit, in-
cludes s twin triode 81, which may also be of the
type commerc1a11y known as type TN7. The twin
triode 81 includes g first triode 82, having an an-

ode 93, a control electrode 94, a cathode 35, and :

o heater filament 98. The twin triode 91 also in-
cludes g second triode 97, having an anode 98, a
control electrode 89, a cathode 189, and a heater
filament 181,

The triodes 92 and 97 have a common input cir-
cuit which may be traced from either control
electrode 94 or control electrode 88 through con-
ductor 88, tap ‘88, the portion of resistance 83 to
the left of tap 86, resistance 82 and condenser 87
in paralle] with the latter two resistances, and
ground connections 81 and {02 to cathodes 95 and
188. The cutput circuit of triode 92 may be traced
from the upper terminal of secondary winding 28
through g conductor 105, relay winding 53 and a

condenser 106 in parallel therewith, anode 93,
cathode 85, and ground connections {02 and 107
to.the center tap on secondary winding 28. The
output circuit of triode 97 may be traced from the
lower terminal of secondary winding 28 through
a conductor 188, relay winding 51 and a condenser

40
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169 connected in parallel therewith, anode 398,
cathode (80, and ground connections (02 and 187
to the center tap on secondary winding 28.

The heater filaments §1, §8, §6, and {8{ may be
energized from any suitable source of electrical
energy (not shown).

The following table shows values of the various
resistances and condensers in the circuit of Fig-
ure 1 which have been used in one embodiment
of the invention:

Capacitance or

. 3
Reference Numerals Resistance

5,000 ohms.
5,000 ohms.
-1 8,000 ohms.
1 megohm.
.05 microfarad.

3,000 ohms,

_{ 10,000 ohms.
10,000 ohms.
.01 microfarad.
1 microfarad.

Operation of Figures 1 to 4

Consider first the operation of the amplifier cir-
cuit 55. Since the anode to cathode potential of
the triodes 57 and 62 is continuously varying, it
should be apparent that this circuit is not well
adapted to the use of conventional methods for
determining the proper load impedance and plate
voltage to be used. By the term load impedance,
is meant the impedance in the output circuit of
either triode externally of the triode itself. By
the term “plate voltage,” is meant the ancde to
cathode voltage of the triode when no current is
flowing therethrough. By the term “plate cur-
rent” is meant the current flowing through the
output circuit of the triode.

Because of the continuously varying anode to
cathode voltage obtained in this circuit, I find
it preferable to choose the values of load resist-

" ance and plate voltage so as to obtain a maxi-

(it}

65

75

mum change in the plate resistance of the tube
per unit change in the voltage applied between
the control electrode and the cathode. This is
in contrast to the conventional method of con-
structing an amplifier circuit, in which the ob-
ject is to obtain the highest possible amplifica-
tion factor consistent with considerations of dis-
tortionless amplification.

My method of calculating the proper load im-
pedance and plate voltage to produce the opti-
mum operation of the amplifier circuit §8 is illus-
trated in Figure 2. There is shown in Figure
2 a family of static characteristic curves. for
one half of a type TN7 twin triode. As is well
known in the art, each of these curves shows
the variation of plate current obtained as the
plate voltage is varied and the confrol -electrode
to cathode voltage (represented in Figure 2 by
Be) is maintained at a fixed value. The slope
of each of these curves at any point is a measure
of the plate resistance of the triode under the
particular conditions obtained at that point. In
other words, the slope represents the diflerential
change in plate current divided by the difler-
ential change in plate voltage., I choose 2 point
of substantially maximum slope, as indicated at
A on the curve representing the static charac-
teristic at the maximum expected value of con-
trol electrode potential, and a point of sub-
stantially minimum slope, as indicated at B, on
the curve representing the static characteristic
at the minimum expected value of control elec-
trode potential. Through the two points” so
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selected, I draw a straight line, and extend this
line until it intersects the plate voltage axis. The
slope of this line is then a measure of the proper
load impedance 4o be used, and the point at
which this line intersects the plate voltage axis,
is @ measure of the proper peak valué of anode
to cathode voltage t0 he uzed.

Since only one of the triodes 57 and 62 may
be conductive on any given half cycle, the same
load impedance may be used for both the triodes
57 and §2. This load impsdance comprises the
resistances 82, 83 and 84.

Figure 3 illustrates the conditions obtained
when no signal is impressed on control electrodes
58 and 4. Referring to PFigure 3, there are
shown curves C representing the current flow
taking place through the triode §Y on alternate
half cycles, and curves D showing the current
flow taking place through the triode §2 on the
opposite half cycles. The curves C and D taken
together represent the current flowing through
the resistances 82, 83, and 84. Recause of the
smoothing efiect of the condenser 87, the current
flow through the resistance 82 and the portion
of ‘the resistance 83 to the left of tap 88 takes
place substantially as represented by the curve
B in Figure 3. The curve B may be considered
as comprising two components, one a unidirec-
ticnal component F of constant valus, and the
other an alternating component having twice the
frequency of the energy supplied by winding 2%,

Figure 4 shows the current and pofential con-
ditions existing in the output circuit of ampli-
fier stage when 2 signalin phase with the anode-
cathode voltage of triode 87 is applied to the
control electrodes 59 and §4. TIf the signal is in
phase with the anode-cathede voltage of fricde
57, the control electrode 58 is thereby made more
positive during the half cycles when the triede
81 may be conductive, and its conductivity is
thereby increased during those half cycles. The
current flow through the tricde 57 under such
conditions is represented in Pigure 4 by the curve
G. On the other hand, the signal potential

is regative during the half cycles when the triode 7

$2 may be conductive, and hence the signmal
potential operates to reduce the conductivity of
the iriode 82. The curreni flow through the
triode 62 is represented in Figure ¢ by the curve
H. The current dow through the load imped-
ance comprising the resistances 8%, 82, and 2%
and the condenser 87 is represented by the curves
G and H taken together. The current fow
through resistance 82 and the left pertion of
resistance 83, and hence the potential between
tap 85 and ground is represented in Figure 4 by
the curve K, which differs from the curves G
and H by reason of the smeothing action of con-
denser 27. The curve XK may be considered as
combrising a wnidirectional component L of sub-
stantially constant velue, and an alternsting
component of tha same freguency as that of the
encrgy supplied by winding 27, It should e
further spparsnt thai the phase of the altei-
nating component, of the potential X is depandent
upon the phase of the altermaling signal im-
pressed on the inputb circuit of amplifier 535.

Tt mmy be noted from Figure 4 that the po-
tential ¥ is not 2 pure sine wave, but that iis
form is considerably distorted. It bhas heen
found that the distortion obtained with this type
of amplifier circuit is not sufficient to give troubie
in a control system such as the one illustrated
in Figure 1.

Referring now to the discriminator circuit 92
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of Figure 1,1t may be seen that the output po-
tential existing between tap 86 and ground is
impressed on the -input circuit of the discrimi-
nator 85. The unidirectional potential existing
between tap 8% and ground is of a polarity such
that., as impressed on ‘the input circuit of the
discriminator 88, it acts to bias the control elec-
trodes 94 end 39 negatively with respect to their
associated cathodes. This negative potential
may be varied by adjusting the #ap 85 along re-
sistance 83. Tt is not necessary that this poten-
tial be great enough to maintain the triodes 82
ang ‘97 .continuously cut off, but it should be
aufficient to maintain the normal output current
of those tricdes below the value necessary to
cause effective -energizaticn of velay windings
84 and 53.

“When the alternating -component of the signal
potential between tap 88 and ground is in phase
with the ancde-cathode potential of triode 82,
the conductivity of that triode is increased. If
the signal petential is large enough, the current
flow through the triode 92 becomes sufficient to
energize relay winding 53. This current flow oc-
curs only on alternate half cycles, but is held over
by means of the condenser (08 .s0 that the relay
winding is substantially continuously energized.
Similarly, if the signal potential is in phase with
the .anode-cathode potential of triode 87, the
relay winding 51 is energized.

tarting with the sliders {1 and {7 in the po-
sitions shown in the drawing, let it be assumed
that the slider {1 is moved to the left along re-
sistance 12 by the controller i0. The potential
of slider 14 therefore approaches that of bridge
input terminal 29, while slider (7 remains at
ground potential. Therefore a signal potential
exists between sliders 4! and {7 which is of the
same phase as would exist if the slider 11 were
connected to the upper terminal of secondary
winding 22 and slider 17 were connected directly
to the lower terminal. This signal potential
therefore has its positive half cycle at the same
time that the poteniial applied to the anode-
cathode circuit of tricde 87 and is such as to
make the triode 57 more conductive. The cur-
rent flow in the output circuit of the amplifier
stage 55 therefore takes place as indicated in
Figure 4. It will be readily understood that the
potential at tap 86 increases negatively as the
current flow in the cutput circuit of amplifier 55
increases. Therefore the alternating component
of ‘the current flow as expressed by the curve K
in PFig 4 causes a potential of orposite phase to
appear on the control electrodes 84 and 99 of
the discriminator stage 98. Then, under the
conditions of Figure 4, during the half cycles
when the triode 57 is conductive, the potential
applied to control electrodes 94 and 89 is highly
negeative, and maintains the tricdes §2 and 97
non-conducting. During the following half
cycle, during which the triode 87 may be conduc-
tive, the potential of the control electrodes 94
and 99 becomes more positive, and the triode 97
becomes more conductive, thereby energizing re-
lay winding 51.

Energization of relay winding 5f causes switch
arm 38 to enzage contact 39, thereby completing
the energizing circuit for winding 34 and arma-
ture 33 of motor 34.. Completion of this circuit
causes operation of motor 31 in a direction to
drive slider {7 to the left along resistance I8, so
as to reduce the potential difference hetween
sliders 11 and §7 and thereby rebalance the bridge
circuit 15. -As this difference of potential is de-
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creased, the signal applied to the amplifier 55 is
decreased, and when the bridge {5 is rebalanced,
the signal applied to amplifier 55 is no longer
sufficient to maintain energization of relay wind-
ing 51. The energizing circuit for motor 31 is
interrupted by movement of switch arm 38 away
from contact 39, resulting in the stopping of
motor 31 and hence in the motion of slider 7.
In a similar manner, it may be understood
that if the slider !{ is moved to the right along
resistance 12 a signal of the opposite phase is
impressed on the inpub circuit of amplifier 55,
and causes energization of relay winding 53.
This causes completion of the energizing circuit
for motor 2t which includes field winding 35,
thereby causing rotation of motor 3t in the op-
posite direction, and movement of slider 7 to
the right so as to rebalance the bridge circuit 15.

Figure 5

. In Figure 5 I have shown a modification of the
control system of Figure 1, in which the ampli-
fier and discriminator circuits are somewhat dif-
ferent from those used in the system of Figure
1. In Pigure 5, I have used the same reference
numerals as in Figure 1 wherever the particu-
lar element is exactly equivalent to the corre-
sponding element of Figure 1. These parts of
the system of Figure 5 will not be described in
detail,

The amplifier circuit in the system of Figure
5 .is generally indicated at {20. Amplifier circuit
§28 includes a twin triode {21, which may be of
the fype commercially known as type TN7. The
twin friode i2{ includes a pair of triodes (22
and 123. The triode 122 has an anocde 124, 3
control electrode 125, 5 cathode 126, angd a heater
filament {27. The friode 123 has an anode 128,
a confrol electrode (29, g cathode 130, and a
heater filament 131.

The contrcl electrode 125 is connected to a
conductor §35, and the control electrode 129 is
connected to. a conductor 136. The conductors
i35 and 135 are connected through a variable
resistance 137 and a fixed potentiometer resist-
ance 138. A movable tap 139 associated with re-
sistance {38 is connected through a conductor
{48 to slider i1 of control potentiometer 4.

The input circuit of triode {22 may be traced
from control electrode {25 through conductor

135, resistance (38, tap 139, conductor 140, sliden;

{4, network 185, slider {1, and ground connec-
tions 77 and 14{ to cathode 126. The input cir-
cuit .of triode 123 may similarly be traced from
control electrode 128 through conductor (36, re-
sistance 138, tap 139, conductor 140, slider if,
network 19, slider 17, and ground connections 17
and {14! to cathode §39.

The cutput circuit of triode 122 may be traced
from the upper terminal of secondary winding 27
through a resistance 143, a conductor 144, anode
124, cathode 128, ground connections 141 and 1485,
and a resistance 46 to the center tap on. trans-
former secondary winding 21. The output circuit
of triode {23 may similarly be traced from the
lower terminal of secondary winding 27 through a
resistance 147, a conductor 48, anode 128, cath-
ode 188, ground connections {41 and 145, and re-
sistance 186 to the center tap on winding 27. A
condenser {29 is connected between the upper
terminal of secondary winding 27 and ground to
balance the distributed capacitance between the
winding 27 and ground, which may be considered
as . a single lumped capacitance {58 connected be-
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tween the lower terminal of winding 27 and
ground.

The control electrode 125 is biased negatively
with respect to its cathode 126 by a connection
through a resistance (90, conductor 148, and re-
sistance 147 to the lower terminal of secondary
winding 271. The control electrode 129 is similar-
ly biased negatively by a connection through a
resistance 181, conductor 144, and resistance 143
to the upper terminal of secondary winding 27.
Since each control electrode is connected through
the circuit just traced to the opposite end of the
secondary winding from that to which the an-
ode associated with that control electrode is con-
nected, it may be seen that during the half cycles
when the anode is positive with respect to the
cathode, the control electrode is maintained at
a negative potential with respect to the cathode
by this biasing connection. The magnitude of
this bias is controlled by the resistance 137. Tt
may be noted that a circuit, which is in effect a
voltage divider circuit, may be traced from the
upper terminal of transformer winding 27through
resistance {43, conductor 144, resistance 19, con-
ductor {38, resistance {37 in parallel with resist-
ance {38, conductor 135, resistance 199, conductor
148, and resistance 147 to the lower terminal of
secondary winding 27. If the resistances {96 and
{91 are equal and if the resistances 147 and 143
are equal, as would normally be the case, it may
be seen that along this voltage divider connection
just traced, the center point of the variable re-
sistance 1387 is at a potential corresponding to the
potential of the midpoint of the transformer
winding. By varying the resistance 137, the po-
tentials of the control electrodes with respect to
the center tap rotential, and hence the potential
of the control electrodes with respeet to ground,
may be adjusted. The resistance 137 therefore
serves -to adjust the biasing potential applied to
the input circuit of amplifier 120, or in other
words, it may be said to operate as a gain control
for the amplifier.

The adjustable tap 139 is used to correct for
any differences in the individual characteristics
of the triodes 122 and {23. The resistance (38
also functions as a protective resistance, inas-
much as it prevents the impedance between the
control electrodes and ground from becoming
equal to zero, as might happen if both sliders 11
and {7 reached corresponding ends of their re-
sistances {2 and 6. If the control electrode 125
is connected directly to the cathode with no in-
tervening impedance, it has been found that the
controlling effect of the control electrode becomes
unstable and upon subsequent insertion of g posi-
tive ‘potential into the control eelctrode to cath-
ode connection, the response of the triede is un-
predictable. This condition of operation of an
electric discharge device is sometimes referred to
as the “contact potential region” of operation.
Operation of the discharge device in this region
may be avoided simply by inserting an impedance,
such as the resistance (38 between the control
electrode and the cathode. This impedance
should be permanently maintained in that con-
nection.

The discriminator circuit of Figure 5 is shown
generally at {80. The discriminator circuit 169
includes a.pair of tetrodes {6¢ and 162, which may
be gaseous electrical discharge devices of the type
commercially known as type 2050. The tetrode
181 includes an anode 163, a pair of control elec-
trodes 184 and 1858, a cathode 188, and a heater
filament 187. The tetrode 162 includes an anode
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179, control electrodes 171 and 1712, cathode 113,
and a heater fllament 1T4. The cathodes 16§
and {73, and the control electrodes 184 ang {7l
may all be connected to ground at 115. The input

circuit of tetrode 18! may be traced from control .

electrode 165 through a conductor {38, a resist-
‘ance 171, a suitable scurce of biasing potential,
shown as a battery 178, and ground connections
119 and 118 to cathode £§8. The inputb circuit of
-tetrode 182 may be traced from control electrode
112 through a conductor 181, 2 resistance 182, bat-
tery 118, and ground connections 179 and (75 to
cathode 1183.

The output circuit of tetrode 181 may be
traced from the upper terminal of secondary
winding 28 through a conductor {83, relay wind-
‘ing 58 and s condenser 134 connected in parallel
therewith, anode 183, cathode 188, ground con-
‘nections {718 and {85, and a switch {186 {0 the
center tap on secondary winding 28. The output
circuit of tetrode 162 may be traced from the
lower terminal of secondary winding 28 through
relay winding 51 and 2 condenser {87 connected
in parallel therewith, anode 118, cathode (13,
ground connections 175 and 185, and switch (88 to
the center tap on secondary winding 28.

The heater filaments 127, 131, 187, ang 174,
may he energized from any suitable source of elec-
trical energy (not shown).

Since the tetrodes 161 and 162 are of the
gaseous type, in which, after initiation of a dis-
charge between the cathode and anode, the con-
trol electrode is no longer effective as ‘long as
-a voltage (positive at the anode) remains be-
tween -anode and cathode. However, the anode
voltage in this case is alternating and conse-
quently will extinguish the ionization if the grid
circuits are properly biased. It is understood
that those skilled in the art can rearrange the
biasing scheme either by shifting the phase of
the bias potential or by introducing s potential
between cathode and shield grid. Curves of the
operation with these latter biasing effects are
given in published data on the 2050 tube and
need not be explained here.

The switch 185 is provided so that the output
circuits of the tetrodes 161-and 162 may be opened
during the time the system is being started up,
so -that the tetrodes 161 and 162 will not be gam-
aged by the application of potential between the
anodes and cathodes before the filaments are
heated.

The operation of the system of Figure 5 is'en-
tirely analogous to that of the system of Figure
1, and it is believed that further description of
the operation of thig system is unnecessary.

The following table shows values of the vari-
ous circuit elements in the circuit of Figure 5

which have been used in cne embodiment of that
circuit:

Reéference Nurueral Quantity

1 megohm.
-1-megohm.

approximately 10,000 ohms,
50,000 ohms.
approximately 10,000 ohmns.
€00 to 1600 microfarads,
.| 5 megohms.
"5 megohins,

.02 microfarad.

.02 microfarad.

If no value is given above for any element, the

value for the .corresponding ‘element in Figure 1
may be used.
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Figure 6

There is shown in Figure 6 a circuit in which
an amplifier of the type described in connection
with Figure 1 is used to convert a unidirectional
signal potential to an alternating signal poten-
tial, In the circuit of Figure 6, a somewhsat dif-
ierenttype of load impedance is used in the out-
put-circuit of the amplifier.

Referring to Figure 6, there is shown an elec-
trical network 200, of the Wheatstone bridge type,
which ‘includes a control potentiometer 201 and
a -follow up potentiometer 282. The contro] po-
tentiometer 201 includes a slider 203 and a slide-
wire resistance 204. The follow up potentiometer
262 includes a slider 205 and a slidewire resist-
ance 268. The bridge circuit 200 has input ter-
minals 207 and 208, which are connected through
the 1éft and right terminals respectively of re-
sistances 204 and 206 to conductors 209 and 210,
The bridge circuit 200 is supplied with unidirec-
tional electrical energy from.any suitable source,

‘which is shown, by way of example, as a battery

211,

The sliders 203 and 285, which serve as the out-
put terminals of the network 200 are conduc-
tively coupled to an amplifier circuit generally
indicated at 215 through conductors 216 and 211,
respectively. Amplifier eircuit 215.iticludes a twin
triode 218, which may be of the ‘type commonly
known as type TN7. The twin triode 2 {8 includes
two single triodes 213 and 225. The triode 219
has an anode 221, a'control electrode 222, a cath-
ode ‘223, and g heater fllament 224. The ‘triode
220 has'an anode 228, a control electrode 226, a
cathode 221, :and a heater filament 228.

The input circuit of triode 219 may be traced
from conirol electrode 222 through a conductor

-230, a resistance 231, g battery 232, to cathode

223. The input circuit of triode 220 may be
traced from control eléctrode 226 through a con-
ductor 233, 'a resistance 284, and a battery 232,
to cathode 221. The battery 282 serves as a source
of "biasing potential for the triodes 219 and 220.

The output circuits of the triodes 219 and 220

-are supplied with electrical energy from the sec-

ondary winding 235 of a transformer 236 having
a primary winding 2371, which may be connected
to-any convenient source of alternating electrical
energy. The secondary winding 235 supplies cur-
rent to a voltage divider circuit which may be
traced from the upper termina] of winding 235
through a condenser 240, a resistance 241, g
resistance 242, and a condenser 243 to the lower
terminal of Secondary winding 235. The ¢on-
densers 249 and 243 are blocking condensers, and
serve to keep unidirectional electrical energy out
-of the ‘transformer winding 235, where it might
cause-saturation of the transformer core.

Thre output circuit of triode 213 may he traced

‘from the upper terminal of resistance 241 through
‘& conductor 244, anode 221, cathode 223, 3 con-
‘ductor 245, a parallel resonant network 255 in-
‘cluding "a ‘condéhser 245 -and an Inductance 241,

and-a-conductor ‘248 to the common terminal 249
of resistances 24! and 242. The output circuit
of triode 220 may be similarly traced from the

‘lower terminal of resistance 243 through g con-

ductor 250, ‘anode 225, cathode 221, conductor
245, network 255, and conductor 248, to terminal
249. 'The left'and right terminals of the parallel
resonant network are connscted through block-
ing condensers 251 and 252 to alternating signal

-output ‘terminals 253 and 254.

The following table shows values of the various
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circuit elements in Figure 6 which have been used
in one embediment of that circuit:

Table for Figure 6

Reference Numeral ,‘Quaxitity

1000 ohms.
1000 ohms.

1 megohm.

1 megohm.

1 microfarad.
5000 ohms.
5000 ohms.

1 mierofarad.

1 microfarad.

7 henries.

_| 0.1 microfarad.
0.1 microfarad.

Operation of Figure 6

It is believed to be readily apparent from the
circuit connections in Figure 6 that the triode 218
may be conductive during the half cycles when
the upper terminal of winding 235 is positive,
and that the triode 228 may be conductive during
the half eycles when the lower terminal of wind-
ing 235 is positive. When the bridge circuit 200

is balanced, the current flow conditions in the

output circuits of triodes 219 and 229 may be
regarded as represented by the curves of Figure 3.
Under these conditions, let it be assumed that

- the slider 203 moves to the right along resistance
204, thereby unbalancing the. bridge circuit 200,
and creating a difference of potential between
sliders 282 and 205 of a polarity such that slider
203 is positive with respect to slider 205, as in-
- dicated by the legend applied to the input ter-
minals 287 and 208 of the bridge circuit 200.
This potential difference between sliders 282 and
285 causes a current flow through resistances 231
and 234 in a sense such that their upper ter-
minals are positive with respect to their lower
terminals. The potential drop across resistance
231 opposes the biasing potential of the battery
232 in the input circuit of triode 218, and renders
the triode more conductive.  On the other hand,
the potential drop across resistance 234 aids the
biasing potential of battery 232 in the input cir-
cuit of triode 220, and therefore decreases the
conductivity of that triode. The current fow in
-the common portion of the output circuits of
triodes 219 and 228 now has an alternating com-
ponent similar to that indicated by the curve K
in Figure 4. The parallel resonant network 2855
is tuned to the frequency supplied by transformer
winding 235. Therefore this network presents a

“high impedance to the alternating component of ;

current flow in the output circuit which is of the
same frequency. A correspondingly high poten-
tial drop of that frequency is therefore developed
across the terminals of the resonant network 285
by this current. This potential is fransmitted
through the blocking condensers 25 and 252 to
the signal potential cutput terminals 253 and
254. The output terminals 253 and 254 may he
connected to a discrimingtor circuit which may,
for example, be one of those illustrated in Figures
1 and 5.

If the bridge circuit 280 becomes unbalanced
in the opposite sense, by movement of slider 203
to the left from the position shown in the drawing,
the current flow through resistances 22f and 234
is of the opposite polarity and increases the
conductivity  of triode 228 while decreasing the
conductivity of triode 219. The alternating po-
tential developed across the paralle]l resonant
network is therefore of the opposite phase from
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that previously obtained when the network 209
wags unbalanced in the opposite direction.

Figure 7

In Figure 7 is illustrated a modification of the
circuit of Figure 6. In this modification, the
triode 229 has its control electrode 228 connected
directly to the cathode 227 through a resistance
268, so that the triode 228 is always equally con-
ductive. The slider 20% is connected to ground at
26t through a resistance 283, and the cathodes
223 and 227 are connected to ground at 262.. The
resistances 260 and 263 are provided to prevent
unstable operation of the triodes, and function
in & manner similar to resistance {38 of Figure 5.
Any unbalance potential existing between the
sliders 283 and 285 is applied between the control
electrode 222 and cathode 223 of triode 21{8.
‘When the bridge circuit is balenced, ithe output
circuifs of both triodes are egually conductive,
since their respective control electrodes are at
cathode potential. The current flow through the
parallel resonant network 255 is therefore sub-
stantially unidirectional, with a smail double fre-
quency component. Since the network 255 has
a very low impedance to the double frequency
component, the double frequency voltage appear-
ing across terminals 253 and 254 is very small.

If the bridge circuit becomes unbalanced, the
conductivity of triode 218 is either increased or
decreased from its normal value, thereby creat-
ing an salternating component in the current
flowing in the output circuit. This alternating
component has the same frequency as the supply,
to which frequency the resonant network 255 is
tuned.

When the conductivity of triode 249 is in-
creased above its normal value, the current flow
through the tricde 219 represents the positive
half cycle of current flow, while the current flow
through triode 220 represents the negative half
cycle of current flow through the network 255.
Orn the other hand, if the conductivity of triode
218 is decreased, the current supplied by that
triode to the network 255 is smaller than that
supplied by the triode 220, and hence the.smaller
current represents the negative half cycle and
the current supplied by tricde 228 represents the
positive half cycle. It may therefore bhe seen
that this circuit produces an. alternating signal
potential at the output terminals 253 and 254
whose phase depends on the direction of un-
balance of the bridge circuit.

Figure 8 -

In Figure 8, is shown a modification of the
circuit of Figure 7, in which the triede 228 has
been. replaced by a constant impedance 270.
The resistance 270 should preferably be designed
to match the internal impedance of the triode
2{8. Furthermore, the parallel rescnant network
255 has been replaced by a source of unidirec-
tional potential, shown as a battery 271.

The battery 271 is provided to stabilize the
unidirectional potential existing between the
output terminals 283 and 254. It has ‘been
found, that upon large unbalances of a bridge
circuit of the type shown at 200, or more generally
speaking, upon the application of large unidirec-
tional potentials to the input circuit of the tri-
ode 219, the unidirectional potential existing
across the network. 255 changes sufficiently so
that the change is reflected through the block-
ing condenser to the discriminator circuit and
may cause erratic operation of that circuift. The
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provision of a battery 211, or other source of a
constant unidirectional potentizl in the output
circuit of the amplifier tends to stabilize this
unidirectional potential, and prevent such erratic
operations of the system.

Figure 9

In Pigure 9 is shown another amplifier circuit
of the same general type as those disclosed i
the previous figures. In the circuit of Figure 9,
additional steps have been taken to maintain
the unidirectional potential condition in the out-
put circuit of the triodes 219 and 220 stable while
the alternating potential conditions vary in ac-
cordance with the unbalance of the bridge cir-
cuit 200.

Referring to Figure 9, the output circuit of
triode 219 may be traced from the upper terminal
of secondary winding 235 through a conductor
280, anode 221, cathode 223, a portion of a re-
sistance 281, a tap 282, ground connections 283
ang 284, a battery 285, and a resistance 286
to the center tap of secondary winding 235. The
output circuit of triede 220 may similarly be
traced from the lower terminal of secondary
winding 235 through 2 conductor 287, anode 225,
cathode 227, resistance 28¢, tap 282, ground con-
nections 283 and 284, battery 288, and resistance
286 to the center tap on transformer winding
235.

It has been found that the provision of the
resistance 286 in series with the battery 283
in the common portion of the cutput circuits of
the triodes 219 and 220 adds to the stability
of the D. C. condition in the circuit. The resist-
ance 281 also functions to that end. Further-
more, differences between the characteristics of
the two halves of the twin triode 218 may be
corrected by moving the tap 282 along resistance
281,

Sinece the operation of the circuit of Figure
g is very similar to the operation of the circuits
previously discussed, and it is believed that fur-
ther description is unnecessary.

‘While I have shown and described certain pre-
ferred embodiments of my invention, other modi-
fications thereof will be readily apparent to those
skilled in the art, and I therefore wish my in-
vention to be limited only by the appendeqd claims.

I claim as my invention:

1. Electrical amplifier circuit means, compris-
ing in combination, at least two amplifier stages
connected in cascade, the firs{ of said stages com-
prising a pair of electrical discharge devices, each
having an anode, a cathode, and a control elec-
trode, an input circuit for each said device in-
cluding its control electrode and cathode, an cut~
put circuit for each said device including its an-
ode and cathode, a source of alternating electrical
energy, means connecting said output eircuits in
phase opposition to said source, common load
impedance means contiecied in both said ouiput
circuits, means for applying an alternating elec-
trical signal potential to said input circuits, said
first stage being effective to produce across said
common load impedance means a potential hav-
ing a unidirectional component and an alternat-
ing component corresponding in magnitude to
said signal potential, the second of said stages
comprising an input circuit and an output cir-
cuit, and means for impressing the potential
across said common load impedance means on
said second stage input circuit so that said uni-
directional component serves as a biasing polen-
tial for said second stage.

10

15

20

25

30

35

40

50

60

65

75

14

2. Electrical control apparatus, comprising in
combination, a control device, means responsive
to a predetermined controlling condition for pro-
ducing upon a change in said condition an elec~
trical signal potential having an instantaneous
polarity corresponding to the sense of change
of said condition, amplifier circuit means and dis-
criminator circuit means, each said circuit means
including a pair of electrical discharge devices,
each discharge device having an anode, a cath-
ode, and a control electrode, an input circuit for
each discharge device including its conirol elec-
trode and cathode, an output circuit for each dis-
charge device including its anode and cathode,
power supply means including a transformer hav-
ing a pair of secondary windings, means connect-
ing one of said windings to supply alternating
electrical energy to the output circuits of said
amplifier circuit means in phase opposition, com-
mon load impedance means connected in both
the output circuits of said amplifier circuit means,
the value of said load impedance meauns and the
potential of said one transformer winding being
chosen so as to provide a maximum change in
the plate resistance of said amplifier discharge
devices per unit change in the potentials of their
control electrodes, means connecting the other
of said windings to supply alternating electrical
energy to the output circuits of said discrimina-
tor circuit means in phase opposition, means
coupling said sighal potential producing means
to the input circuits of said amplifier circuit
means, means coupling said load impedance
means $o the input circuits of said discriminator
circuit means, and means connected in the out-
pui circuits of said discrimingfor circuit means
and responsive to the difference between the cur-
rents flowing in said discriminator output cir-
cuits to control the manner of energization of said
control device.

3. Electrical control apparatus, comprising in
combination, a control device, means responsive
to a predetermined contirolling condition for
producing upon a chahge in said condition an
electrical signal potential having an instan-
taneous polarity corresponding to the sense
of change of said condition, amplifier circuit
means angd discriminator circuit means, each
said circuit means including a pair of electri-
cal discharge devices, each discharge device
having an anode, a cathode, and a control elec-
trode, an input circuit for each discharge de-
vice including its control electrode and cath-
ode, an output circuit for each discharge de-
vice including iis anode and cathode, power
supply means including a transformer having a
pair of secondary windings, means connecting
one of said windings to supply alternating elec-
trical energy to the output circuits of said ampli-
fler circuit means in phase opposition, lcad im-
pedance means connected in the output circuits
of said amplifier circuit means, means connecting
the other of said windings to supply alternating
electrical energy to the output circuits of said
discriminator circuit means in phase opposition,
means coupling said signal potential producing
means to the input circuits of said amplifier cir-
cuit means, means coupling said load impedance
means to the input circuits of said discriminator
circuit means, and means connecied in the out-
put circuits of said discriminator circuit means
and responsive to the difference between the
currents flowing in said circuits to control the
manner of energization of said control device,

4. Electrical amplifier circuit means, compris-
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ing in combination, a pair of electrical discharge
devices, each having an anode, a cathode, and a
control electrode, impedance means, an input ¢ir-
cuit for each device including its control elec-
trode and cathode, an output circuit for each
device including its anode and cathode and said
impedance means, power supply means includ-
ing a transformer secondary winding having ter-
minals and a center tap, connections between
each of said anodes and one of said terminals, a
connection between both of said cathodes and
said center tap, said power supply means and
said connections serving to supply the output cir-
cuits of said devices with alternating electrical
energy in phase opposition, connections between
each of said control electrodes and the terminal
associated with the opposite anode for biasing
both of said control electrodes negatively, means
for applying a signal potential to said input cir-
cuits, and electrical load means responsive to the
current flow through said impedance means.

5. Electrical amplifier circuit means, compris-
ing in combination, a pair of electrical discharge
devices, each having an anode, a cathode, and
a control electrode, impedance means, an input
circuit for each device including its control elec-
trode and cathode, an output circuit for each
device including its anode and cathode and said
impedance means, power supply means including
g transformer secondary- winding having termi-
nals and a center tap, connections between each
of said anodes and one of said terminals, a con-
nection between both of said cathodes and said
center tap, said power supply means and said
connections serving ‘{o supply the output cir-
cuits of said devices with alternating electrical
energy in phase opposition, connections between
each of said control electrodes and the terminal
associated with the opposite anode for biasing
both of said control electrodes negatively, means
for applying a signal potential to said input cir-
cuits, gain control means comprising a variable
impedance connected between said control. elec-
trodes, and electrical load means responsive to
the current flow through said impedance means.

6. Electrical amplifier circuit means, compris-
ing in combination, a pair of electrical discharge
devices, each having an anode, a cathode, and
a control electrode, impedance means, an input
circuit for each device including its conirol elec-
trode and cathode, an output circuit for each
device including its anode and cathode and said
Impedance means, power supply means includ-
ing a transformer secondary. winding having
terminals and a center tap, connections between
each of said anodes and one of said terminals,
a connecticn between both of said cathodes and
said cenfer tap, said power supply means and
said connections serving to supply the output
circuits of said devices with alternating electri-
cal energy in phase opposition, connections be-
tween each of said control electrodes and the
terminal associated with the opposite anode for
biasing both of said control electrodes nega-
tively, an impedance connected between said
control electrodes, a tap movable along said im-
pedance, a source of signal potential connected
between said tap and said cathodes, and electri-
cal load means responsive to the current flow
through said impedance means.

7. Electrical control apparatus, comprising in
combination, a control device, means responsive
-to a predetermined controlling condition for pro-
ducing upon a change in said condition an elec-
trical signal potential having an instantaneous
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polarity corresponding to the sense of change of
sald eondition, amplifier circuit means includ-
ing a pair of electrical discharge devices, dis-
criminator circuit means including at least one
electrical discharge device, each discharge device
having an anode, a cathede, and a control elec-
trode, an input circuit for each discharge device
including its control electrode and cathode, an
output circuit for each discharge device includ-
ing its anode and cathode, power supply means
including a transformer having a pair of second-
ary windings, means connecting .one of said
windings to supply alternating electrical energy
to the output circuits of said amplifier circuit
means in phase opposition, load impedance means
connected in the output circuits of said amplifier
circuit means, means connecting the :other of
said windings to supply alternating electrical
energy to said discriminator circuit means,
means coupling said signal potential producing
means to the input circuits of said amplifier
circuit means, means coupling said load imped-
ance means to said discriminator circuit means,
and means connected in said discriminator eir-
cuit means and responsive to the time phase of
the current flowing in saig ioad impedance means
to control the manner of energization of said
control device, .

8. An electrical circuit for producing alternat-
ing electrical signals variable in phase in aec-
cordance with the polarity of unidirectional sig-
nals applied thereto, comprising in combination,
transformer means having a seecondary winding
provided with g pair of terminals and a center
tap, a pair of impedance devices, at least one of
said impedance devices comprising an electrical
discharge device having an anode, a cathode,
and a control electrode, a connection between
said anode and one of said transformer termi-
nals, a connection between said cathode and the
other of said transformer terminals including
the other of said impedance devices, load im-
pedance means, a connection between saig. cath-
ode and said center tap including saiq load im-
bedance means, signal output terminals coupled
to said load impedance means, and means to
vary the conductivity of said discharge device
relative to that of the other of saig impedance
devices, said last named means comprising means
for applying said unidirectional sighals to said
control electrode. )

9. An electrical circuit for producing alternat-
ing electrical signals variable in phase in ac-
cordance with the polarity -but not the magni-
tude of unidirectional signals applied thereto,
comprising in combination, an electrical -dis-
charge device having an anode, a cathode, and
a control electrode, a source of alternating elec-
trical energy, a source of unidirectional eléctri-
cal energy, a source of unidiréctional signal volt-
age reversible in polarity, an input circuit for
sald discharge device including said conirol elec-
trode and said cathode, an output circuit for
sald discharge device including said anode, said
cathode, and said sources, means for impressing
a unidirectional signal voltage from said source
thereof upon said input circuit, signal output
terminals, and means coupling said signal out-
put terminals to said output circuit.

10. An electrical circuit for producing alter-
nating electrical signals variable in phase in ac-

‘cordance with the polarity but not the magni-

tude of unidirectional signals applied thereto,
comprising in combination, an electrical dis-
charge device having an anode, g cathode, and a
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control. electrode, a source-of- alternating elec-
trical energy, a-source of unidirectional electri-
cal energy, a-source of unidirectional signal po-
tential reversible in phase, impedance means, an

input- circuit for said discharge device including.

said-control electrode angd said cathode, .an ous-
but. eircuit for said discharge deviee including
said anode, said cathode, said -sources and said
impedance means in series, means for impress-
ing a unidirectional signal voltage from said
source upon said input circuit, signal output
terminals, and means coupling said signal out-
put terminals to said output circuit.

11. An electrical circuit for producing alter-
nating electrical signals variable in‘phase in
accordance with the polarity but not the magni-
tude of unidirectional signals applied thereto,
comprising in combination, an electrical: dis-
charge” device having an anode, a cathode, and
a control electrode, a source of alternating eléc-
trical energy,” a source of unidirectional electri-
cal energy, a source of unidirectional signal volt-
age reversible in polarity, an input circuit' for
sald discharge device including said control elec-
trode and said cathode; an cutput circuit for said
discharge device including said anode, said cath-
ode, and said sources, impedance means common
to said input and output circuits, means for im-
bressing a unidirectional sigrial voltage from said
source upon said input circuit, signal output ter-
minals, and means coupling said sighal output
terminals to said output circuit,.

12. An electrical circuit for producing alternat-
ing electrical signals variable in phase in accord-
ance with the polarity of unidirectional signals
applied thereto, comprising in combination, trans-
former means having a secondary winding pro-
vided with a pair of terminals and a center tap,
a pair of electrical discharge devices, each said
device having an anode, a cathode, and a control
electrode, connections hetween each of said an-
odes and one of said transformer terminals, load
impedance means, a source of unidirectional elec-
trical energy, a connection between both of said
cathodes and said center tap including said load
impedance means and said source, signal output
terminals coupled to said load impedance means,
a source of unidirectional signal voltage reversible
in polarity, and means for applying said reversible
signal voltage o said control electrodes to op-
Dositely vary the conductivity of said discharge
devices.

13. Electrical amplifier circuit means, compris-
ing in combination, a pair of electrical discharge
devices, each having an anode, a cathode, and a
control electrode, impedance means, an input cir-
cuit for each device including its control electrode
and cathode, an output circuit for each device in-
cluding its anode gnd cathode and said imped-
ance means, power supply means including a
transformer secondary winding having terminals
and a center tap, connections between each of
said anodes and one of said terminals, 2 connec-
tion between both of said cathodes and said cen-
ter tap, said power supply means and said connec-
tions serving to supply the output circuits of said
devices with alternating electrical energy in phase
opposition, connections hetween each of said con-
trol electrodes and the terminal associated with
the opposite anode for biasing both of said con-
trol electrodes negatively, means for applying a
signal potential to said input circuits, an imped-
ance connected between said control electrodes, a
source of signal potential connected between an
intermediate point on said impedance and said
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cathodes, and electrical load means responsive to
the-current flow through said impedance means.

14. Electrical control apbaratus, comprising in’
combination, a. control device, meansresponsive to
a predetermined controlling condition for produc-
ing upon.a chahnge in said condition an electrical
signal potential having an instaiitancous polarity
corresponding-to the sense of ‘change of said con-
dition, amplifier circuit means and discriminator
circuit means, each said circuit means including a

~ pair of electrical discharge devices, each discharge
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device having an anode, g cathode, and a’ control
electrode, a substantially unbiased input circuit
for each discharge device including its' control
electrode and cathods; anl output cireuit for each
discharge device including its'anode and cathode,
Power subply means including g transformer hay-
ing.a pair of sécondary windings, médns connect-
ing. one of said- windings to supply alternating
ele¢trical energy to the . output circuits of said
amplifier civcuit means in ‘phase opposition, said
output -circuits having a’ commen portion includ-
ing a1oad irnpedance, niéans connécting the other
of -said windings to supply alternating electrical
energy.to the outiput circuits of sdid discriminator
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pling -said sighal potential producing means to
the input cireuits of said amplifier circuit means,
means. colpling ah adjustable portion of said load
impedanée t6.'the input circiits of said discrim-
inator ciréuit means to apbly to said input circuits
a biasing voltage dependent in magnitude upon
the magnitude of said adjustable portion and a
further voltage dependent upon the condition of
said signal potential producing means, and means
connected in the output circuits of said discrimi-
nator circuit means and responsive to the differ-
ence between the currents flowing in said circuits
to control the manner of energization of said con-
trol device.

15. Electrical control apparatus, comprising in
combination, a control device, means responsive
to a predetermined controlling condition for pro-
ducing upon a change in said condition an elec-
trical signal potential having an instantaneous
polarity corresponding to the sense of change of
said condition, amplifier circuit means and dis-
criminator circuit means, each said circuit means
including a pair of electrical discharge devices,
each discharge device having an anode, a cathode,
and a control electrode, an input circuit for each
discharge device including its control electrode
and cathode, an output circuit for each discharge
device including its anode and cathode, power
supply means including a transformer having a
pair of secondary windings, means connecting one
of said windings to supply alternating electrical
energy to the output circuits of said amplifier cir-
cuit means in phase opposition, means connect-
ing the control electrode of each discharge device
of said amplifier circuit to the terminal of said
winding to which the anode of the other dis-
charge device is connected so as to bias said con-
trol electrode negatively during the conductive
half cycles of the discharge device, load imped-
ance means connected in the output circuits of
said amplifier circuit means, means connecting
the other of said windings to supply alternating
electrical energy to the output circuits of said
discriminator circuit means in phase opposition,
means coupling said signal potential producing
means to the input circuits of said amplifier cir-
cuit means, means coupling said load impedance
means to the input circuits of said discriminator
circuit means, and means connected in the out-
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put circuits of said discriminator circuit means
and responsive to the differrence between the
currents flowing in said circuits to control the
manner of energization of said control device.

16. Electrica]l control apparatus, comprising in
combination, a control device, means. responsive
to a predetermined controlling condition for pro-
ducing upon a change in said condition an elec-
trical signal potential having an insfantaneous
polarity corresponding to the sense of change of
said condition, amplifier circuit means and dis-
criminator circuits means, each said circuit means
including a pair of electrical discharge devices,
each discharge device having an anode, a cathode,
and a contro] electrode, an input circuit for each
discharge device including its control electrode
and cathode, an output circuit for each discharge
device including its anode and cathode, power
supply means including a transformer having a
pair of secondary windings, means connecting
one of said windings to supply alternating elec-
trical energy to the output circuits of said am-
plifier circuit means in phase opposition, said out-
put circuits having a common portion including
a load impedance, means connecting the other of
said windings to supply alternating electrical
energy to the output circuits of said discriminator
circuit means in phase opposition, means cou-
pling said signal potential producing means to
the input circuits of said amplifier circuit means,
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a constant source of direct potential connected to
said load impedance, means coupling said load
impedance and said source of direct potential to
the input circuits of said discriminator circuit
means, and means connected in the output cir-
cuits of said discriminator circuit means and re-
sponsive to the difference between the currents
flowing in said circuits to control the manner of
energization of said control device.
WILLIAM J. FIELD,
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