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The present invention relates to electronic am 
plifier circuits and particularly to an electronic 
amplifier circuit adapted for use in a System 
wherein a reversible motor is operated in accord 
ance with changes in the value of a controlling 
mechanism, which may respond to changes in a 
variable condition. 
An object of the present invention is to con 

struct an improved and simplified electronic am 
pfler circuit. . 
Another object of the present invention is to 

provide an improved circuit for amplifying alter 
nating electrical signals without shifting the 
phase of said signals. 
Another object of the present invention is to 

provide an improved amplifier adapted for ener 
gization from a source of alternating electrical 
energy and further adapted to amplify signals of 
the same frequency as said Source. A further 
object is to provide, in such an amplifier circuit 
means for increasing the stability of the ampli 
fier, that is, means for substantially preventing 
the appearance of false signals in the amplifier 
output due to. Stray electrical effects from said 
SOce. 
Another object is to provide an improved am 

plifier for alternating electrical signals, especially 
adapted for use in a control System wherein the 
controlling effect is dependent upon the phase of 
the signals. 
A further object of this invention is to provide 

an amplifier circuit wherein the number of in 
pedance elements, particularly wound impedance 
elements, is reduced to a minimum. 
Another object of the present invention is to 

provide, in an amplifier circuit having a plurality 
of stages, an improved voltage supply circuit such 
that the output circuits of a plurality of said 
stages may be connected directly in parallel to 
the terminals of the voltage supply circuit. 
A further object of the present invention is to 

provide an improved amplifier circuit of the type 
shown in the Copending application of Willis H. 
Gille and John W. Sigford, Serial No. 408,594, 
fled August 28, 1941, now Patent No. 2,375,988, 
dated May 15, 1945, and assigned to the assignee 
of the present application, and in the Copending 
application of Walter P. Wills, Serial No. 421,173, 
filed December 1, 1941, and assigned to The Brown 
Instrument Company, a subsidiary of the assignee 
of the present application. 
A further object of the present invention is to 

provide an improved amplifier circuit wherein 
phase distortion is reduced by reducing the num 
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circuits of each stage to a minimum, and wherein 
reactive elements are used only for coupling be 
tween stages and for filtering. 
Other objects and advantages of the invention 

will become apparent from a consideration of the 
appended claims, specification, and drawing, in 
Which: 

Figure 1 represents a circuit diagram of a con 
trol system embodying certain features of my in 
vention, and 

Figure 2 represents a circuit diagram of a con 
trol system embodying certain other features of 
my invention. 

Figure it 
Referring to Figure 1, my invention is shown 

therein, by way of example, as applied to a con 
trol system wherein the position of a valve fo is 
modulated in accordance with the balance or un 
balance of a bridge circuit including three 
temperature responsive resistance elements 2, 
f3 and 4, although of course a larger or smaller 
number of such elements could be used. In the 
system, the unbalanced potential of the bridge 
circuit f is applied to the input of an amplifier 
having three preliminary stages 5, 6 and 7, 
and an output stage f8. A motor 20, of the split 
phase type, has one phase supplied directly from 
a source of power and the other phase supplied 
from the output circuit of the amplifier output 
stage 8. Power is supplied to the system from 
any suitable source of alternating current, to 
which is connected the primary winding 23 of 
a transformer 24. Transformer 24 has a plurality 
of secondary windings 25, 26, 27 and 28. Wind 
ings 25 and 26 supply power to the amplifier 
stages, winding 27 supplies power directly to one 
winding of the split phase motor 20, and winding 
28 supplies power to the bridge circuit fl. 
Motor 20 is provided with a pair of field wind 

ings 30 and 3 and a rotor 32. As stated above, 
the motor is of the split phase type, wherein, as 
is well known in the art, the field windings 3 and 
30 are displaced in space phase, and wherein the 
displacement in time phase of the currents flowing 
through the windings determines the direction 
of rotation of the rotor 32. Rotor 32 drives a 
gear train generally indicated at 33. The output 
shaft of the gear train 33 is connected to a pinion 
34 which engages a rack 35 mounted on stem 36 
of the valve fo. The output shaft of gear train 
33 also drives a sliding contact 40 across a poten 
tiometer resistance 4. 
The bridge circuit has a pair of input ter 

minals 42 and 43 and a pair of output terminals 
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44 and 45. Output terminal 45 is the point of 
engagement of slider 40 on potentiometer resist 
ance 4. Input terminals 2 and 43 are. Con 
nected to the terminals of transformer secondary 
winding 28 by means of a pair of conductors 46 
and 4. 

. The upper left arm of bridge circuit includes 
a variable resistance 50 and temperature respon 
sive resistance f2. The upper right arm of bridge 
circuit f f includes a fixed resistance 5. The 
lower left arm of bridge circuit includes a fixed 
resistance 52 and a portion of potentiometer re 
sistance 4 f, depending upon the position of slider 
40. The lower right-hand arm of bridge circuit 

includes the temperature responsive resistance 
elements 3 and 4, fixed resistance 53 and the 
remaining portion of potentiometer resistance 4. 
An adjustable resistance 54 is connected acroSS 
the terminals of potentiometer resistance 4 for 
a purpose to be described later. 
Output terminal 44 of bridge f is connected 

by means of a conductor 55 to control electrode 
56 of a triode 62 forming a part of the first pre 
liminary stage 5 of the amplifier. Output ter 
minal 45 is connected by means of conductors 5 
and 60 to cathode 6 of triode 62. Triode 62 also 
includes an anode 63. 
Triode 62 forms one-half of a twin trode 64 

which may be of the type commercially known as 
type 7F7. The twin triode 64 also includes a sec 
ond triode 65 including an anode 66, a control 
electrode 67, a cathode 68, and a suitable heater 
element 0 for heating the cathodes of both tri 
odes 62 and 65. 
Conductor 57, which is grounded at 7, forms 

the negative terminal of the power supply for 
the three preliminary stages 5, 6 and T. Con 
ductor 72 forms a positive terminal of the power 
supply for these three stages. 
A unidirectional potential is supplied between 

conductors 57 and 72 by means of a rectifier cir 
cuit connected to transformer secondary winding 
25. This rectifier circuit includes a triode 3, 
which forms one part of a second twin triode 
74 which may also be of the type 7F. Triode 
3 includes an anode T5, a control electrode 76, 
and a cathode 77. 
Twin triode 74 also includes a triode 80 having 

an anode 8, a control electrode 82, and a cathode 
83, and a suitable heater element 84 for heating 
the cathodes of both triodes 73 and 80. 
The rectifier circuit which supplies power to 

the preliminary stages (5. f6 and may be 
traced from the upper terminal of transformer 
secondary winding 25 through a conductor 85, 
anode 75, cathode 77, a conductor 86, a filternet 
work 87 comprising a resistor 90 and a pair of 
condensers 9 and 92, and conductor 93 to the 
lower terminal of transformer Secondary winding 
25. It will be noted that the control electrode 
and cathode are connected together and are at 
the same potential so that the triode 3 is always 
conductive on each operative half cycle of the 
triode. The filter network 8 also includes ter 
minals 94 and 95 which are hereinafter referred 
to as the output terminals of this rectifier circuit. 
Terminal 94 is connected directly to conductor 
72, while terminal 95 is connected to conductor 
57 through a conductor 96. The effect of the 
rectifier circuit is to maintain conductor 2 at a 
positive potential with respect to conductor 57. 
The input circuit of the first preliminary stage 

f 5 may be traced from cathode 6 through con 
ductors 60 and 5T, slider 40, bridge circuit out 
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4 
output terminal 44, and conductor 55 to control 
electrode 56. The output circuit of the first pre 
liminary stage 5 may be traced from positive 
conductor T2 through a load resistor 00, anode 
63, cathode 6?, and conductor 60 to negative Sup 
ply conductor 5. 
. The output circuit of preliminary stage 5 is 
coupled to the input circuit of the second pre 
liminary stage 6 by a condenser to, one ter 
minal of which is connected by a conductor O2 
to anode 63, and the other terminal of which is 
connected to a potentiometer resistance O3 form 
ing a part of the input circuit of second prelimi 
nary stage 6. The condenser to serves to trans 
mit any A. C. signal appearing in the output cir 
cuit of stage 5 to the input circuit of stage f, 
while blocking the transmission of any D. C. 
signal. 
A slider fo4 cooperates with potentiometer re 

sistance 03 and is connected to control electrode 
6T of triode 65. The slider 04 and potentiometer 
resistance 03 form a gain control for the ampli 
fier circuit in a manner well known in the art. 
This gain control may be omitted and a plain re 
sistance used in its stead if adjustment of the 
amount of amplification is not desired. 
The input circuit of the second amplifier stage 

f6 may be traced from cathode 68 through a re 
sistance 105, grounded conductor 5T, a conductor 
f86, a portion of potentiometer resistance 03 and 
contact 04 to control electrode 6. 
The output circuit of second preliminary stage 
6 may be traced from positive power supply line 
72 through a load resistance 07, anode 66, cath 
ode 68, and resistance 05 to negative power sup 
ply line 5T. 
The resistance OS operates to bias the control 

electrode 6 negatively with respect to the cathode 
68, by reason of the voltage drop across resist 
ance fos due to the flow of output current 
through it. 

It has been found that the use of this resist 
ance O5 in the second stage f G has the effect 
of increasing the stability of the amplifier cir 
cuit. That is, it tends to prevent a shift in 
phase between the amplifier input and output 
stages and it tends to prevent the appearance 
of false signals in the output stage when there . 
is no signal applied to the input. It has also 
been found that the stability of the circuit is 
better when this biasing resistance is used in 
the second stage than when it is used in any 
of the other stages, and that the stability is better 
when a biasing resistance is used in the Second 
stage only than when such resistances are used 
in any combination of two or more stages. It 
has also been found that the stability is better 
when no by-passing or filtering condenser is 
connected in parallel with this resistance. 
The exact theoretical reason for the better 

stability obtained when the resistance 05 is 
connected in the particular manner described is 
not known. The existence of such improved 
stability characteristics has, however, been defi 
nitely proven by many experiments. 
The output circuit of the second preliminary 

stage 6 is coupled to the input of the third 
preliminary stage through a connection which 
may be traced from anode 66 through a con 
ductor f08, a condenser 09, and a conductor 

to control electrode 82 of triode 83. 
The input circuit of third preliminary stage 
T may be traced from cathode 83 through a 

put terminal 45, bridge circuit , bridge circuit 75 conductor 5, grounded conductor ST, a con 
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ductor 6, and a resistance if T to control elec 
trode 82. 
The rutput circuit of the third preliminary 

stage 7 may be traced from positive supply line 
l2 through a resistance 8, anode 8, cathode 83, 
and conductor 5 to negative supply line 57. 

Final output stage 8 includes a pair of tri 
odes 20 and 2? which may be included in a 
twin triode 22. Triode 20 includes an anode 
123, a control electrode 24, and a cathode 25. 
Triode 2 includes an anode 26, a control elec 
trode 27, and a cathode 28. Twin triode 22 
also includes a suitable heater element 30 for 
heating both of the cathodes 25 and 28. 
The control electrodes 24 and 2 are con 

nected to a common junction 33 by means of 
conductors 3 and 32, respectively. Likewise, 
cathodes 25 and 28 are connected to a com 
mon junction 34 by means of conductors 35 
and 36, respectively. 
The output circuit of the third preliminary 

stage 7 is coupled to the input circuit of the 
final stage 8 by a connection which may be 
traced from anode 8 through a conductor 40, 
a blocking condenser 4, conductors f42 and 
f43, to common junction 33 and control elec 
trodes f24 and 27. 
The input circuit of the final amplifier stage 

8 may be traced from cathodes 25 and 28 to 
the common junction f34, resistor f44 and its 
associated parallel by-pass condenser 45, con 
ductor 57, conductor f46, a resistance 47, and 
conductor 43 to junction 33 and control elec 
trodes f 24 and 27. 
A filter condenser 50 is connected between 

junction 33 and conductor 57. The condenser 
50 by-passes high-frequency components ap 
pearing in the output of stage fl and passing 
through the blocking condenser 4, thereby sub 
stantially preventing such components from af 
fecting the control electrodes 24 and 27. Con 
denser 50 is just as effective in this respect as 
a condenser connected between anode 8 and 
ground. By connecting the condenser 50 in 
the manner shown however, it is possible to use 
a smaller condenser than would be the case if 
a condenser were connected directly between 
anode 8 and ground. A condenser connected 
directly between anode 8 and ground would 
have to withstand the full voltage across the 
triode 80, while the condenser S0 is connected 
only in the relatively low voltage input circuit 
of triodes f2O and 2. It is, of course, under 
stood that condenser 50 has a relatively high 
impedance to currents of the supply frequency So 
as to prevent condenser 50 from effectively 
shunting resistor 4. 

I have found that, by the use of a filter con 
denser such as the condenser 50, forming a 
low impedance path to high frequency currents 
passing between one of the preliminary stage 
anodes and ground, it is possible to use the sim 
plified voltage supply circuit shown without undue 
distortion in wave form of the transmitted sig 
nal. The use of non-reactive impedances for 
loads and for biasing in the preliminary stages 
reduces distortion in phase of the applied signal. 
The simplified rectifier circuit used and the 

simple type of impedances employed provide a 
circuit which is small in size and light in weight 
for the amount of power supplied, as compared 
with amplifier circuits of the prior art. 
The output circuit of triode 20 may be traced 

from the upper terminal of transformer winding 
26 through a conductor 15, anode 23, cathode 
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6 
25, conductor 35, junction 34, resistor 44 and 

its parallel by-pass condenser 45, grounded con 
ductor 57, a conductor 52, motor winding 30, 
and a conductor f 53 to center tap 54 on trans 
former secondary winding 26. A buffer con 
denser 55 and its protective resistor. 56 are 
connected in series between anode 23 and 
grounded conductor 57. 
The output circuit of triode 2 may be traced 

from the lower terminal of transformer secondary 
winding 26 through a conductor f60, anode 26, 
Cathode 28, conductor 36, junction f34, resistor 
f44 and parallel by-pass condenser 45, conduct 
tors 57 and 52, winding 30, and conductor 53 to 
center tap 54 on transformer secondary winding 
26. A buffer condenser (6 f and a protective re 
sistor 62 are connected in series between anode 
26 and grounded conductor 57. 
Motor winding 3 f is supplied with energy from 

transformer winding 27 through a circuit which 
may be traced from the upper terminal of trans 
former winding 27 through conductor 57, con 
ductor S2, motor winding 3, a conductor S3, a 
condenser 64, and a conductor 65 to the lower 
terminal of transformer secondary winding 27. 
The condenser 64 is chosen so as to form with 

winding 3 a series resonant circuit. Since this 
circuit is resonant, the current flowing in it, and 
hence the current in motor winding 3, is in time 
phase with the terminal potential of transformer 
winding 2. The potential at the terminals of 
winding 3 leads this current by an angle of ap 
proximately ninety electrical degrees, due to the . 
inductance of the winding. Such a condenser is 
commonly provided in connection with split phase 
motors, as is well known in the art. 
Motor winding 30 may receive electrical energy 

in two ways: (1) by transmission from output 
stage 8 through conductors 52 and 53, and (2) 
by induction through transformer action from 
motor winding 3, when the motor is running. 
A condenser 66 is connected across the ter 

minals of motor winding 30. This condenser G6 
is so chosen with relation to the impedance of 
winding 30 when the motor is running, that the 
two together form a parallel circuit resonant at 
the supply frequency. It will be seen that con 
denser f66 and winding 30 form a parallel reso 
nant circuit of high impedance with respect to 
external currents transmitted to winding 30 
through conductors 52 and f 53. On the other 
hand, condenser 166 and winding 30 form a series 
resonant circuit of low impedance with respect to 
internal currents induced in winding 30 by trans 
former action from winding 3. 
Condenser fiss and winding 30 are so designed 

that their impedance to external currents 
matches the internal impedance of triodes 20 
and 2, thereby providing optimum conditions 
for the transmission of energy in the triode cir 
cuits, as is well known in the art. 
The fluxes produced by each of the windings 30 

and 3 in the motor do not link the other wind 
ing when the motor is standing still. When the 
motor is rotating, however, the armature re 
action distorts the magnetic field in the motor 
so that winding 30 is linked by a portion of the 
flux produced by winding 3f. This flux induces a 
current in winding 30, which is the current pre 
viously referred to as being produced by trans 
former action under running conditions. 
The operation of a split phase motor of the type 

described herein in connection with an amplifier 
circuit somewhat similar to the present one is 
analyzed and described in greater detail in the 
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copending application of Walter P. Wills, Serial 
No. 421,173, filed December 1, 1941, assigned to 
The Brown Instrument Company, a subsidiary of 
the assignee of the present application. 
The values set forth in the following table are 

provided to illustrate more completely a specific 
amplifier circuit which has been constructed to 
carry out the principles of my invention. It 
should be understood, however, that these values 
are provided by Way of example only, and that 
other values may be used without departing from 

, the invention. 

Reference Numeral Suggested Walues 

100, 0, 18----------- Resistance---------- 4 Megohm. 
05------------------------- do-------- - 10 Megohms. 
103,117, 147- ---do----- - Megohm. 
144------- ---do- 500 O 
90-------- ---do----- 5 Megohms. 
156,162. --do----- 10 Megohns. 
101,109,141 Capacitance-- .05 Microfarad. 
91, 92----- --do----- 10 Microfarads. 
14.S.--- -do 20 Microfarads. 
155, 161 -do . .0075 Microfarad. 
150,203 ---do- ... .02 Microfarad. 
25----- Termina Woltage--- 350 Volts. 
26------------------------- do--------------- 350 Volts on each 

side of tap 54. 
120 Wolts. 
10 Wolts. 

Operation of Figurel 
The temperature responsive resistance ele 

ments 2, 3 and f4 are exposed to temperatures 
which are individually and collectively indicative 
of the need for a change in the position of the 
valve 0. The adjustable resistance 58 is pro 
vided so that the position of the valve to to be 
maintained in response to a given set of tempera 
ture conditions adjacent the resistances 2, 3 
and 4 may be manually determined. 
When the bridge circuit f f is balanced, the out 

put terminals 44 and 45 are at the same potential, 
and hence no signal is applied to the input circuit 
of the amplifier. Therefore no signal is produced 
in the output circuit of the third preliminary 
stage and no signal is applied to the input circuit 
of the final stage 8. Triodes 20 and 2 are 
therefore equally conductive, and the current 
appearing in the common portion of their output 
circuit which includes the motor winding 30 is 
chiefly unidirectional with a small superimposed 
alternating component of twice the supply fre 
quency. Under these conditions the twin triode 
f22 is in effect acting as a ful wave rectifier. 
Such a current does not cause any movement of 
the rotor 32 and in fact the unidirectional com 
ponent provides a sort of dynamic braking action 
on the rotor. Therefore, the valve 0 is main 
tained in the position which it has previously 
reached. 

Let it be assumed that the temperature adja 
cent the temperature responsive resistance 2 
decreases. This causes the value of resistance 2 
to decrease. This produces an unbalance of 
bridge circuit f f in such a direction that the 
potential appearing between output terminals 44 
and 5 is of the same phase as the potential be 
tween terminals 43 and 42, respectively. This 
potential is, of course, in time phase with the 
potential occurring at the output terminals of 
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windings 2 and 28, and with the potential sup- - 
plied to triode 20 in the final output stage 8. 
This signal is transmitted through the three pre 
liminary stages and appears on the input circuit 
of the final stage in phase with the Output voltage 
of the triode 20, thereby rendering triode 20 
more conductive and the triode 2 less conduc 

70 

8 
tive. The final stage 18 then supplies to the motor 
winding 30 an alternating potential which is in 
time phase with the potential in the upper half 
of transformer secondary winding 26. The cur 
rent through winding 30 lags behind this poten 
tial due to the inductance of the winding. Since 
winding 3 f is continuously energized with current 
in phase with the supply potential, the two wind 
ings 30 and 3 are now energized with currents 
displaced in phase, and rotation of motor 20 fol 
lows. This rotation is transmitted through gear 
train 33 so as to drive valve O towards open posi 
tion. The change in position of valve ?e causes 
the slider 40 to move to the left along potentiom 
eter slide wire 4f so as to restore the balance of 
the bridge circuit . As soon as balance is re 
stored, the signal applied to the amplifier again 
drops to zero, thereby stopping rotation of the 
motor 20. 

In a corresponding manner, an increase of 
temperature adjacent the temperature respon 
sive resistance 2 causes an unbalance of the 
bridge circuit in such a direction that the phase 
of its output potential is shifted in the opposite 
direction. The potential applied to the input 
circuit of the final stage f8 is then in phase with 
the potential supplied to triode 2 from the 
lower half of transformer secondary winding 26. 
This potential causes the output current of triode 
2 to increase and the output current of triode 
20 to decrease. The current then supplied to 
the motor winding 30 is opposite in phase to that 
supplied during the operation previously de 
scribed. Motor 20 therefore rotates in the oppo 
site direction, driving the wave fo towards its 
closed position and moving the slider 40 to the 
right along slide wire 4 to rebalance the bridg 
circuit f. 
Changes in temperature at points 3 and 

will similarly result in movement of the valve O. 
It should be apparent from the foregoing de 

Scription that I have provided an amplifier cir 
cuit which is extremely simple and which pro 
duces an output current variable in phase in 
accordance with the phase of the input current, 
and wherein phase distortion is reduced to a 
minimum. 
The heaters 0, 84 and 30 of the three twin 

trilodes 64, 74, and 22 may be connected to any 
suitable source of electrical energy. - 
The variable resistance 54 is provided in order 

to adjust the amount of unbalance of the bridge 
circuit necessary to cause a movement of slider 
40 from one end of slider 4 to the other and, 
hence, to move the valve O from open to closed 
position, or vice versa. It will be seen that when 
the resistance 54 connected in parallel with po 
tentiometer slide wire 4 is at a maximum, the 
change in balance of the bridge circuit due to a 
given movement of slider 40 will be at a maxi 
nun. On the other hand, if the resistance of 54 
is reduced to zero, the movement of slider 40 
across the potentiometer slide wire 4 produces 
no change in the bridge circuit. Therefore, it 
will be seen that the resistance 54 may be ad 
justed to such a value that valve ?o will be moved 
from fully closed to fully open position during a 
change in the temperature adjacent resistance 
2 over any desired range. 

Figure 2 
Figure 2 shows a somewhat modified form of 

my invention. In this figure, a pair of relays 200 
and 20 are selectively operated by the amplifier 

5 to control the direction of rotation of a reversible 
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fmotor 223. This motor is of a different type 
than that shown in Figure 1, and is provided with 
a pair of windings whose selective energization 
causes rotation of the motor in one or the other 
direction. 

Circuit elements of Figure 2 which correspond 
exactly to elements of Figure 1 have been given 
the identical reference numerals. It Will be noted 
that the only changes are the use of relays, the 
use of a different type of reversible motor, and 
some incidental changes in the bridge circuit. 
Also, in the circuit of Figure 2, the resistance 05 
has been omitted from the Output circuit of the 
second preliminary stage 6. The filtering con 
denser 50 has been omitted from the input cir 
cuit of the final stage 8, and its function has 
been taken over by another filtering condenser 
203 connected in the output circuit of the second 
preliminary stage 6. 

In the bridge circuit f of Figure 2, only a 
single temperature responsive resistance element 
f2 is used. The variable resistances, 3, 4 of Fig 
ure 1 have been replaced by fixed resistors 205. 
and 206. The variable resistance 50 of Figure 1 
has been replaced by a variable resistor 204 in 
the lower right-hand arm of the bridge circuit. 
The operation of the various elements in the 
bridge circuit remains the same. 
The output circuit of triode 20 of Figure 2 may 

be traced from the upper terminal of transformer 
secondary winding 26 through a conductor 20, 
winding 2 of relay 200, a conducter 22, anode 
23, cathode 25, junction 34, resistor 44 and 

parallel by-pass condenser 45, and grounded 
conductor 5 to center tap 54 of transformer 
Secondary winding 26. 

Correspondingly, the output circuit of triode 
2 may be traced from the lower terminal of 

transformer secondary 26 through a conductor 
23, winding 24 of relay 20, a conductor 25, 
anode 26, cathode 28, junction 34, resistor 44 
and parallel by-pass condenser 45 and grounded 
conductor 5 to center tap 54 on secondary 
winding 26. 
Relay 200 controls the operation of- a switch 

arm 220 into and out of engagement with a fixed 
contact 22. When switch arm 220 engages Con 
tact 22, an energizing circuit is completed for 
winding 222 of motor 223. This circuit may be 
traced from the upper terminal of transformer 
winding 27 through conductors 224 and 225, 
switch arm 220, contact 22, a conductor 226, 
motor winding 222, and a conductor 22 to the 
lower terminal of transformer secondary Wind 
ing 2. 
Relay 20 controls the operation of a switch 

arm 230 into and out of engagement with a fixed 
contact 23. When switch arm. 230 engages con 
tact 23, an energizing circuit is completed for 
winding 228 of motor 223. This circuit may be 
traced from the upper terminal of transformer 
secondary winding 27 through conductor 224, 
switch arm 230, contact 23, a conductor 232, no 
tor winding 228 and conductor 22 to the lower 
terminal of transformer secondary winding 2. 
When the bridge circuit is balanced, no poten 

tial is present at the bridge output terminals 44 
and 45. Therefore, no signal is transmitted to 
the input circuit of the final stage 8, and the 
triodes 20 and 2 are equally conductive. 
The impedance of relay windings 2 and 24 

is so designed that the relays do not move their 
associated switch arms to their attracted position 
unless the conductivity of one of the triodes 20 
and 2 has been increased substantially above 
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10 
its normal value by the application of an alter 
nating current signal of proper phase relation 
ship to the input circuit of the final stage 8. 

If the temperature adjacent resistance 2 de 
creases, its resistance decreases, and a potential 
appears between Output terminals 44 and 45 
which is in phase with the potential between ter 
minals 42 and 43, respectively. This potential at 
the terminals 44 and 45 is amplified by the three 
preliminary stages and applied to the input cir 
cuit of the final stage 8 without any substan 
tial shift in phase. Since it is in phase with the 
terminal voltage of secondary winding 28, it is 
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O 

also in phase with the voltage supplied from the 
upper half of secondary winding 26 to the tri 
ode 20, and out of phase with the voltage Sup 
plied to triode 2. Triode 20 therefora be 
comes more conductive, energizing relay 200 and 
thereby causing motor 223 to drive slider 40 to the 
left so as to rebalance the bridge i?, and simul 
taneously to open Valve O so that more heat is 
supplied to the space adjacent resistance 2. 
When a rise in the temperature adjacent re 

sistance 2 takes place, the potential appearing 
at terminals 44 and 45 is in the opposite phase 
from the case previously considered, and accord 
ingly causes the energization of relay 20, thereby 
energizing motor winding 228. Motor 223 then 
drives sider O to the right to rebalance bridge 
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, and simultaneously moves valve ?o towards 
closed position, thereby reducing the supply of 
heat to the space adjacent resistor 2. 

If desired, the impedance of relay windings 2 i? 
and 24 may be so designed that both relays at 
tract their armatures when the bridge circuit is 
balanced. If used in this way, the two notor 
windings 222 and 228 oppose each other under . 
balanced conditions, resulting in a stalled motor 
with a sort of braking action, which may aid in 
preventing overrunning of the motor. 
The operation of the circuits shown in Figure 

2 is analogous to the Operation of the circuits 
of Figure 1, and it is believed that further de 
Scription of its operation is unnecessary. 
While I have shown and described certain pre 

ferred embodiments of my invention, modifica 
tions will readily occur to those who are skilled 
in the art, and I therefore Wish my invention to 
be limited only by the scope of the appended 
claims. 

I claim as my invention: 
1. In an electronic amplifier circuit including 

a plurality of stages, each stage having an input 
circuit and an output circuit, means for supplying 
said stages with rectified alternating electrical 
energy, means including a blocking condenser 
for coupling the output circuit of each stage with 
the input circuit of the succeeding stage, and 
filter means for one of said output circuits com 
prising a condenser connected directly to said 
blocking Condenser and directly across the input 
circuit of the succeeding Stage. 

2. An electronic amplifier circuit, comprising 
in combination, three stages of amplification, each 
stage having an electronic discharge device and 
an input and an output, circuit, the discharge 
devices of said three stages having substantially 
the same electrical characteristics, means for 
Supplying a signal voltage to the input circuit of 
the first stage, and means in only the intermedi 
ate of said three stages for producing a degenera 
tive feedback effect to suppress any tendency of 
any two adjacent stages to cooperate in the gen 
eration of Oscillatory voltages, said last named 
means consisting of an unbypassed resistor cons 
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tnon to the input and output circuits of said inter 
mediate stage. 

3. An electronic amplifier circuit, comprising 
in combination, three stages of amplification, each 
stage having an input circuit and an output cir- . 
cuit, a resistor common to the input and output 
circuits of the intermediate one of said three 
stages for biasing said input circuit negatively, 
said other two stages having unbiased input cir 
cuits, power supply means comprising a rectifier 
and filter network adapted for connection to a 
source of alternating electrical energy and having 
a pair of output terminals, and direct conductive 
connections between said output terminals and 
the output circuits of each of said stages. 

4. An electronic amplifier circuit, comprising 
in combination, at least three stages of amplifica 
tion, each stage having an input circuit and an 
output circuit, a resistor common to the input 
and output circuits of the intermediate one of 
said three stages for basing said input circuit 
negatively, said other two stages having unbiased 
input circuits, power supply means comprising a 
rectifier and filter network adapted for connec 
tion to a source of alternating electrical energy 
and having a pair of output terminals, direct 
conductive connections between said output ter 
minals and the output circuits of each of said 
stages, and filter condenser means connected di 
rectly across a portion of one of said output 
circuits. 

5. An electronic amplifier circuit, comprising 
in combination, three stages of amplification, each 
stage having an input circuit and an output cir 
cuit, a resistor common to the input and output 
circuits of the intermediate one of said three 
stages for biasing said input circuit negatively, 
said other two stages having unbiased input cir 
cuits, power supply means comprising a rectifier 
and filter network adapted for connection to a 
source of alternating electrical energy and having 
a pair of output terminals, direct conductive con 
nections between said output terminals and the 
output circuits of each of said stages, filter con 
denser means connected across a portion of one 
of said output circuits and in series with said 
filter network, a pair of input terminals adapted 
for direct conductive connection to a source 
of alternating electrical signals, non-inductive 
means for coupling said input terminals and the 
input circuit of the first stage, and further non 
inductive coupling means between each output 
circuit and the input circuit of the next Succeed 
ing stage. 

6. An electronic amplifier circuit, comprising in 
combination, at least three stages of amplifica 
tion, each stage having an input circuit and an 
output circuit, a resistor common to the input 
and output circuits of the intermediate one of 
said three stages for biasing said input circuit 
negatively, said other two stages having unbiased 
input circuits, power supply means comprising a 
rectifier and filter network adapted for connec 
tion to a source of alternating electrical energy 
and having a pair of output terminals, direct con 
ductive connections between said output term 
nals and the ouput circuits of each of said stages, 
filter means for One of said output circuits con 
prising a condenser connected across the input 
circuit of the succeeding stage, a pair of input 
terminals adapted for direct conductive connec 
tion to a source of alternating electrical signals, 
non-inductive means for coupling said input ter 
minals and the input circuit of the first stage, 
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and further non-inductive coupling means be 
tween each output circuit and the input circuit of 
the next succeeding stage. 

7. In a multi-stage amplifier, a plurality of 
electronic discharge devices, each of which con 
prises a container and a group of electrodes 
within said container including an anode, a cath 
ode, and a control electrode, at least one of said, 
devices containing two such groups, a filter net 
Work, connections between said filter network and 
the anode and cathode of only one of the two 
groups of electrodes of said one discharge device 
Such that said anode and cathode function as a 
half wave rectifier to supply a pulsating unidirec 
tional Voltage to said filter network, connections 
between the anodes, cathodes, and control elec. 
trodes of the remaining groups of electrodes 
forming a plurality of amplification stages, each 
having an input and an output circuit, said filter 
network having a pair of output terminals, and 
direct connections between said pair of output 
terminals and the output circuit of each ampli 
fication stage. 

8. In an electronic amplifier circuit for ampli 
fying an alternating signal voltage, said amplifier 
circuit including a plurality of stages, each stage 
having an input circuit and an output circuit, 
means for supplying said stages with rectified 
alternating electrical energy, means including a 
blocking condenser for coupling the output cir 
cuit of each stage with the input circuit of the 
succeeding stage, and filter means for one of said 
output circuits comprising a condenser connected 
directly to said blocking condenser and directly 
across the input circuit of the succeeding stage, 
said last named condenser having a high imped 
ance to current of the frequency of said signal 
voltage but of low impedance to current of rela 
tively high frequency. 

9. In an electronic amplifier circuit for ampli 
fying an alternating signal voltage, said amplifier 
circuit including a plurality of stages, each stage 
having an input circuit and an output circuit, 
means for Supplying said stages with rectified 
alternating electrical energy of the same fre 
cluency as said Signal voltage, comprising a rect 
fier and a filter including condenser means, cou 
pling condenser means for coupling the output 
circuit of each stage with the input circuit of the 
Succeeding stage, and filter means for one of said 
output circuits comprising a condenser connected 
directly across the input circuit of the succeeding 
stage, said last named condenser having a capac 
ity which is relatively small as compared with 
that of Said first named filter. 

ALBERTP, UPTON. 
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