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UNITED STATES PATENT OFFICE 
2,455,143 

CATHODE CONTROLLED ELECTRONIC 
WOLTAGE REGULATOR, CIRCUIT 

Edward M. Sorensen, Stamford, Conn.; Helen S. 
Sorensen administratrix of said Edward M. 
Sorensen, deceased 
Application April 17, 1946, Serial No. 662,751 

(C. 323-42) 21 Claims. 

The present invention relates to voltage regu 
lators and particularly to such regulators having 
the ability to regulate voltage to a very accurate 
degree. 
More particularly still, the invention relates to 

Such voltage regulators which employ electronic 
means to effect the regulation and still more par 
ticularly utilize a diode tube having a tungsten 
filament. 

In the past, various forms of voltage regulators 
have been constructed both mechanically and 
electrically operated but even the electrically 
Operated type has possessed the serious disadvan 
tage that the regulation was faulty and could not 
be maintained accurately. In contrast to these 
old regulators, my present invention permits the 
regulation of voltage, particularly A. C., to a frac 
tion of a percent of variation and is therefore 
uSable in Situations where no present device suf 
fices. 
As has been indicated above, my invention em 

ploys a tungsten filament diode, this diode con 
stituting one element of a bridge circuit, the re 
Sistance of the diode being effectively varied by 
varying the filament current and thereby varying 
the tube emission and impedance. The variation 
in the balance of the bridge is then utilized to 
control the output voltage and to maintain it at 
the set value and this utilization is preferably, 
though not necessarily, by means of a saturable 
Core reactor. 

Furthermore, by a slight modification of the 
basic circuits of my invention it may be utilized 
as a current regulator. 

It is an object of the invention to provide a 
voltage regulator which will maintain an output 
voltage constant within a fraction of one percent 
during variation of the load or in the input volt 
age, or both. 

It is another object of the invention to provide 
Such a voltage regulator in which the control is 
electronic in nature. 

It is a further object of theinvention to provide 
a voltage regulator in which the electronic con 
trol includes a tungsten filament diode rectifier 
arranged in a bridge circuit for detecting varia 
tions in the output voltage and applying correc 
tion for such variation. 

It is a still further object of the invention to 
provide Such a voltage regulator which is operable 
to regulate A. C. voltages. 

It is still another object of the invention to pro 
vide a voltage regulator in which the current 
resulting from the unbalance of a bridge circuit 
is applied through an amplifying means to a sat 
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urable core reactor to thereby control the output 
voltage. 
A still further object of the invention is to pro 

vide means whereby the current regulation Over 
comes variations in either load or input voltage, 
or both. 

It is a still further object of the invention to 
provide a modification of, the basic circuit and 
voltage regulator whereby an accurate regulation 
of current may be obtained. 
Other objects and features of the invention will 

be apparent when the following description is 
considered in connection with the annexed draw 
ings, in which 

Figure 1 is a schematic wiring diagram of a 
bridge circuit used in connection with a tungsten 
filament diode to detect and control the voltage 
output; 

Figure 2 illustrates curves of the tungsten fila 
ment diode used in my invention, the plate cur 
rent being plotted against filament voltage for 
two values of plate voltage; 

Figure 3 is a Schematic diagram of one form of 
the complete regulator of my invention; 

Figure 4 is a schematic diagram showing the 
modifications for converting the voltage regulator 
to a current regulator; and 

Figure 5 is a modification of the voltage regul 
lator of Figure 3 showing another mode of com 
penSating for variations in the input voltage. 

Referring now to the drawings, and particular 
ly to Figure 1, there is shown therein a bridge cir 
cuit comprising the resistances fo, and 2 to 
gether with the tungsten filament diode f3. The 
input to this bridge circuit is over conductors 4 
and 5 and the output is taken out in the conven 
tional manner over conductors 6 and f which 
are connected, respectively, between resistances 
O and and resistance 2 and plate 8 of diode 
3. For the purpose of obtaining the greatest 

Sensitivity in the detection circuit the input to ter 
minals f4 and 5 should be on the order of 1000 
volts or greater. In the following specification, it 
will be assumed that there is a direct current in 
put to these conductors or terminals. 

It will be clear that if the resistors O and if 
are of equal value, then the output from terminals 
6 and 7 will be reduced to zero when the re 

Sistance of the diode 3 is equal to the resistance 
of resistor 2. 

Referring now to Figure 2, it will be seen that 
when Working above the knee of the curve, for a 
Very Small change in the potential applied to the 
diode filament, i. e., the terminals 9 and 20 of 
Figure 1, there will be a large change in emission 



2,455,148 
3. 

which will be evidenced by a large variation in the 
plate current. This is, of course, effective to ob 
tain an extremely great sensitivity in the bridge 
of Figure 1, thus making a large change is out 
put voltage for a relatively Small change in fila 
ment voltage. As is clear from Sigure 2, the effect 
of a change in plate voltage is very slight and 
whatever the plate voltage may be the "gain' of 
the tube is extremely great, i. e., the ratio of a 
change in plate current to a change in filament 
voltage is of the order of thousands. 
The diode 3 has the characteristic that it will 

retrace its operating curve; that is, the current 
which the diode draws, for a given filament, po 
tential and a given plate potential Will be identi 
cal Over thousands of filament potential ex 
cursions and Will be consistent over many hours 
of operation. 
The elementary bridge circuit of Figure 1 is 

utilized in my system to control the output volt 
age and to maintain it constant under conditions 
of variation both of load and of input voltage. 
In order to insure extremely accurate regula 

tion to the order of A of 1 percent, it is preferable 
that the diode and its associated bridge network 
comprising resistors 0, and 2 together With 
the filament transformers be placed in a tempera 
ture-controlled oven so that the ambient tempera 
ture of operation is maintained at an exact level. 

Referring now to Figure 3, the input terminals 
are shown at 2 and 22 and the bridge circuit al 
ready described is represented by the resistances 
bearing the same reference numerals as in Figure 
1 together with the diode 3. The voltage for the 
bridge circuit is obtained through the primary 
winding 23 of a transformer 24, this primary be 
ing connected by means of the conductors 2, 28, 
resistance 29 and conductor 3 across the output 
terminals 3 and 32. It should be noted at this 
point that input terminal 22 and output terminal 
32 are common. 
The secondary winding 26 of transformer 24, 

as has been indicated, Supplies a D. C. potential to 
the bridge circuit over conductors and 5 the 
potential being converted to D. C. by the well 
known action of the diode rectifier 33. The fila 
ment of the diode 33 is provided with its potential 
by means of the secondary winding 34 of trans 
former 24. 
The output of the bridge circuit, is connected 

to terminals flo and and over conductors S 
and 7 to the grid-cathode or input circuit of the 
amplifying tube 35 and the output of this tube 
is applied to the saturating winding 36 of the sat 
urable core reactor 3. 

It should be noted that a condenser 49 is pro 
vided in shunt relationship to the resistance de 
of the bridge. This condenser is for the purpose 
of preventing hunting which might otherwise oc 
Cur. This hunting Would result from the fact that 
Sudden Surges would appear across the bridge cir 
cuit and due to the Small time constant of the 
bridge and power supply combination including 
the secondary 26 of the transformer 24 the bridge 
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circuit would over correct before the diode had 6s 
had time to compensate for Such surges in the out 
put voltage. The condenser. 49 smooths out these 
Surges and lengthens the time constant of the 
bridge circuit power supply combination. This 
action may be more clearly understood, if a spe 
cific example be considered. Thus, if it be as 
Sumed that a certain portion of the load is re 
moved from the regulator, thereby causing the 
output voltage to rise momentarily it will be seen 

O 

4. 
rise. Since the flament of the diode 3 would not 
have had a chance to heat up in accordance with 
the line Voltage change the diode impedance 
Would be higher relatively with the higher voltage 
impressed across it. This increased impedance 
Would cause the grid of tube 35 to become more 
positive and ultimately result in an increased line 
Voltage. This condition is a regenerative one and 
will cause hunting. However, if the condenser 49 
be employed the time constant is so lengthened 
that the current is no longer regenerative and the 
desired elimination of hunting results. 

Plate current for the amplifying tube 35 is sup 
plied from tine winding 38 of transformer 24 
through the full-wave rectifier 40 and over con 
ductors 4, terminal 13, conductor 42 and wind 
ing 36 of reactor 37. The return from the cath 
Ode of tube 35 is over conductor 6, terminal 
and conductors 43 to the winding 38 and thence 
to the plates of the rectifier 40. Filament voltage 
for the rectifier 40 is supplied through the wind 
ing 44 of transformer 24. 
An A. C. Winding for the saturable core re 

actor 3 is shown at 45 being in series with the 
"primary' of auto transformer 46 and connected 
across the input 2 and 22. As will be described 
in greater detail later, the Winding 36 of reactor 
37 is so connected that when the control grid of 
tube 35 becomes less negative, the plate current 
in the winding 36 will increase and thus cause the 
reactor to have less reactance between the termi 
nals 47 and 48, thus causing the potential applied 
to the auto transformer 46 to increase and of 
course increasing the output potential across ter 
minals 3 and 32. 

In order that the wave form of the input volt 
age may be corrected to eliminate unwanted har 
monicS and also lower the impedance of the out 
put circuit to improve the sensitivity of the regu 
lator a wave form corrector circuit is provided 
and is connected in parallel with the primary of 
the auto transformer 46. This wave form cor 
rector comprises the usual inductance condenser 
combination such as is shown in Figure 3 at 65 
and 66. In addition to performing the functions 
above mentioned the wave form corrector 65, 66 
also provides at the fundamental power frequency 
a capacitative load which acts effectively as a 
power factor corrector and lowers the output 
without, at the same time, dissipating an excess 
of power. - 

Furthermore, a range stabilizing resistor 67 is 
likewise connected in parallel to the primary of 
the auto transformer 46, this resistor lowering the 
impedance of the auto transformer primary and 
thereby giving to the alternating current winding 
45 of the reactor 3 a greater range of control 
over the voltage impressed across the primary of 
the auto transformer 46. 
The Woltage applied to conductors, 9 and 20 

and thus to the tungsten filament of the bridge 
diode 3 is produced in the secondary 50 of trans 
former 5, the primary 52 of which is connected in 
eSSence acroSS the output terminals 3 and 32. 
A variable resistance 39 is connected in series 
With the primary 52 of transformer 5 this re 
Sistance Serving as a means for adjusting the out 
put level. Thus, any variation in output voltage 
will cause a proportional variation in the filament 
voltage of tube 3 and will be followed immedi 
ately by a change in the balance of the resistance 
bridge previously described, thereby effecting the 
output voltage and restoring it to the preset value, 
the action, however, being so rapid that there is 

that the bridge circuit voltage would accordingly 75 constant maintenance of the voltage within nar 
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row limits, the correction of the voltage taking 
place within one-tenth of a second or less. If 
there be an increase in load across output termi 
nals 3 and 32, there will be a corresponding drop 
in voltage across these terminals with a resultant 
drop in voltage applied to terminals f 9 and 20 of 
diode 3. As a result of this voltage drop and 
the consequent decrease in emissivity and increase 
in resistance of the diode 3, the bridge balance 
will be upset making the control grid of tube 35 
leSS negative and causing an increase in the out 
put voltage to its preset value. Of course, if the 
output voltage rises, the opposite effect occurs 
and the tube 3 becomes in effect a lesser resist 
ance in the bridge and a resulting adjustment of 
the output voltage in a downward direction occurs. 
Although the device already described is effec 

tive to regulate voltage to a considerable extent 
and is in fact better than any known voltage 
regulator it has Some slight disadvantage in that 
the amplifying tube 35 may not have sufficient 
gain so that complete correction can occur, there 
being a slight droop in the curve of the regulator 
output voltage plotted against its load. In order 
to correct this condition and effect an output 
which is substantially constant, I provide a com 
pensating transformer 6, the primary 63 of which 
is connected by means of conductors 53 and 30 to 
terminals 55 and 56 between which is a known 
predetermined length of conductor 57 having a 
known resistance. If the input line voltage re 
mains constant and there is an increase in load 
applied across terminals 3 and 32, the result 
will be an increased voltage drop across conduc 
tor 57. This drop may be extremely low and may 
in fact be in the neighborhood of from 25 to 55 
millivolts depending on the load and the resist 
ance of the wire. Transformer 6 is so wound that 
instantaneous voltage applied through its sec 
Ondary 62 in response to variations in voltage in 
primary 63 is in opposition to the voltage gen 
erated in secondary winding 50 of transformer 
5. Consequently, when the voltage decreases in 
transformer 5 due to an increase in load it is 
still further reduced by the bucking voltage ap 
plied to the flament circuit of tube 3 by virtue 
of the increased opposing phase voltage resulting 
from the increased drop in voltage across conduc 
tor 5 from terminal 55 to terminal 56. 

In a particular case, a ratio for transformer 
6 of three to one has been found satisfactory, 
that is the amount of voltage existing be 
tween points 55 and 56 is applied to the filament 
circuit of diode 3. In this particular case, the 
diode operated on a filament voltage of approxi 
mately 2.05 volts and the compensating voltage 
generated across the secondary 62 of trans 
former 6 was of the Order of 5 to 15 millivolts. 
By adjusting the amount of voltage drop which 

occurs between terminals 55 and 56, it is possible 
to so compensate that the regulator Will actually 
increase the output voltage upon an increase in 
load. Naturally, since this is possible, an ad 
justment may be made whereby there will be a 
straight line relationship between output and 
load and therefore there will be substantially 
no deviation in output voltage no matter how the 
load may vary. 

In addition to the variations in output, which 
may result from load variations, a possibility of 
variations in output voltage resulting from vari 
ations in input voltage exists. In other words, as 
the input voltage applied between terminals 2 
and 22 increases an increase in the output po 
tential existing between terminals 3 and 32 will 

6 
be experienced. This increase in potential at 
the output is of course a function of the ability 
of the bridge network consisting of resistors O, 

and 2, and diode 3 to respond to the changes 
that are taking place in the output of the regula 
tor between terminals 3 and 32. Now the cur 
rent in the saturable core reactor 37 is an in 
verse function of the input voltage. That is to 
say, if the input voltage is low the current in the 
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saturable core reactor becomes high. Thus, if a 
function of this change be induced into the filia 
ment of the diode 3 compensation for input 
voltage variations as well as for load variations 
in the output can be made, thereby stabilizing 
the output so that the variation thereof is ex 
tremely small and the output approaches a con 
stant value. 

In order to accomplish the purpose mentioned 
above, the resistor 29 is connected in the con 
ductor 30 as has been described, this resistor thus 
being in series with the primary of the trans 
former 6 and being likewise in series with one 
side of the winding 23 of power transformer 24. 
Thus, as the input voltage rises there will be an 
additional drop across resistor 29, since trans 
former 24 will effectively have a lesser load, which 
will cause a change in the potential existing across 
the primary 63 of transformer 6, thereby caus 
ing an increase (or more accurately, causing less 
decrease) in the filament potential of the diode 
3 and thus resulting in a decrease in Saturating 
current in the winding 36 of reactor 37 to thus 
lower the output potentials across terminals 3 
and 32 to the predetermined value. 
As has been indicated hereinabove, the voltage 

regulator above described may be modified so 
that it will function as a current regulator to pro 
wide a constant current in a load circuit. Figure 
4 illustrates the modifications for converting the 
voltage regulator to a current regulator. In this 
figure the terminals O through 5 are identical 
with those of Figure 3, and it is understood that 
the equipment appearing to the left of these ter 
minals in Figure 3 will be utilized with the cir 
cuit of Figure 4. 
In general the circuit is extremely similar to 

that of Figure 3. However, the diode 3, although 
connected in the bridge circuit consisting of the 
resistors 0, it and 2, has its flament current 
supplied in a different manner than is the case 
in the circuit of Figure 3. As will be seen in Fig 
ure 4 there is supplied a current transformer 70, 
the primary 7 of which is connected in series 
with the output of the regulator near the output 
terminal 3. The secondary 72 of the trans 
former 70 is connected by means of the conduc 
tors 73 and 74 to the terminals 9 and 20 of the 
diode 3. Across the leads 73 and 74 is placed a 
variable resistor 75 while in series in lead 74 is 
the winding 77 of a transformer 76. This wind 
ing 7 is the secondary of the transformer and 
the primary 78 thereof is connected by means 
of the conductors 80 and 8 across the output 
terminals 3 and 32. 

It should be noted that in this case the pri 
mary 23 of the power transformer 24 is connected 
by means of the conductor 82, terminal 4, con 
ductor 28, conductor 27, and terminal f 5 across 
the input of the regulator so that variations in 
the output voltage are ineffective to alter the volt 
age supply to the bridge circuit. 

In operation this circuit functions as follows: 
upon a decrease in load the current in the Winding 

of transformer decreases. As a result of 
this decrease the current supplied to the flament 
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of the diode 3 decreases and the diode thus has 
an increased impedance. As a result of such 
increase in impedance the control grid of tube 
35 becomes less regative, thereby causing an is 3 
crease in the current flowing in the D. C. Wirad 
ing 36 of reactor 37, thus causing the potential 
of auto transformer 86 to increase and therefoy 
increasing the output potential across terminais 
3 and 32. Due to this increase in Output poten 
tial the current is brought up to its preset, Waltle 
and thus a constant current is produced in the 
output. However, if the diode flament were 
fed by the transformer O without correction 
there would be an over correction or hunting 
produced and the current output would not re 
main truly constant. In order to prevent such 
over correction the transformer 6 is utilized, 
its primary being connected as has been Stated, 
across the output terminals 3 and 32 and its 
secondary 7 being connected in series with the 
secondary 2 of transformer 70 in such a manner 
that the currents produced by secondary buck 
those produced by secondary 2. As a result of 
this connection any increase in load causing a 
corresponding instantaneous increase in the out 
put current tends to decrease the resistance of 
diode 3 but the decrease is less than it would 
otherwise be because of the action of trans 
former 76. Further, when the voltage has been 
readjusted to maintain the output current at 
its present value that adjustment is effective to 
alter the ticking current produced in the wind 
ing 77 of transformer 76 and thus serves to cause 
operation of the diode filament at a temperature 
which maintains the new output voltage at a 
value such that the output current remains 
constant. 
The circuit of Figure 3 provides correction both 

for variations in input voltage and for varia 
tions in load. At times, however, it is unneces 
sary to correct for load variations and desirable 
to correct only for variations in the input voltage. 
Under such circumstances, it is of course desir 
able to utilize simpler equipment than that shown 
in connection with Figure 3. For this purpose 
the circuit of Figure 5 serves Well. In this in 
stance the power transformer 24 is connected 
directly across the output terminals 3 and 32 
as may be seen in Figure 5, in which figure termi 
nals 10 through 5 are identical with those 
in Figure 3 and the apparatus to the left of 
these terminals in Figure 3 is to be considered as 
being present in the circuit of Figure 5. The 
filament circuit 9-20 of diode 3 is provided as 
before with the secondary windings 62 and 50 : 
of the transformers 6 and 5A, respectively, and 
in addition a third transformer secondary 83 
is connected in the filament circuit 89-20, this 
Secondary being part of transformer 84, the pri 
nary 85 of which is connected by means of 
conductors 86 and 8 directly across input 2-22. 
It will be seen that by the use of transformer 85 
in a circuit as described the voltage applied to 
the filament of diode 3 is modified by changes 
in the voltage input acroSS terminals 2 and 22 
and that this is done Without regard to the 
load applied across terminals 3 and 32. In 
utilizing this arrangement the secondary 83 is 
connected in series with secondaries 62 and 50 
in such a manner as to aid transformer sec 
ondary 50. Also, the turns ratio of transformer 
5 is modified in order that the total voltage 
appearing across the diode filament be kept at 
substantially the value which it had when the 
arrangement of Figure 3 was utilized. The 
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amount of voltage which is inserted in series 
with transformer secondary 50 from the secon 
diary 33 is conveniently 7, to 5% of the total 
Voitage in pressed Apon he diode flament by 
the three transformer secondaries 62, 50 and 5. 
While have described a preferred embodi 

Rent of my invention, it will be understood by 
those skilled in the art that my invention is 
capable of various modifications and I do not 
desire therefore to be restricted to the particula: 
details shown and described, but to be limited 
only by the appended claim.S. 
What is claimed is: 

. In an accurate voltage regulator, in com 
bination, an input circuit, an output circuit 
adapted to have a load connected therein, a 
bridge network including a diode electron tube 
as one of the arms thereof, means connected 
across said output circuit for applying a voltage 
to the filament of said diode to thereby deter 
nine the balance condition of Said bridge, meanS 
for supplying a rectified voltage derived from 
said output circuit to said bridge network, a, 
capacitance across one of the arms of the bridge 
to prevent fluctuations in the irectified supply 
thereto effecting the output of said bridge, an 
amplifier connected across said bridge and re 
sponsive to the degree of unbalance thereof and 
means operable under control of said amplifier 
to maintain the output voltage at the predeter 
mined value. 

2. In an accurate voltage regulator, in combi 
nation, an input circuit, an output circuit adapted 
to have a load connected therein, a bridge net 
Work including a diode electron tube as one of 
the arms thereof, means connected across said 
output circuit for applying a voltage to the fila 
ment of said diode to thereby determine the bal 
ance condition of said bridge, an amplifier con 
nected acroSS said bridge and responsive to the 
degree of unbalance of said bridge, a saturable 
core reactor, an auto transformer, the operating 
winding of said Saturable core reactor and the 
primary of said auto transformer being con 
nected in Series and said Series being connected 
acroSS the input, and said Winding of said 
saturable core reactor being connected in the out 
put circuit of said amplifier whereby variations 
in the output voltage cause variations in the de 
gree of Saturation of Said Saturable core reactor 
and corresponding variations in the output volt 
age to bring it immediately to a predetermined 
level. 

3. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load con 
nected therein, a bridge circuit comprising a 
plurality of resistors and a two element electron 
tube, means for supplying said bridge circuit with 
direct current derived from said output, means 
connected across said output for varying the po 
tential applied to the filament of Said electron 
tube to thereby vary the tube impedance and 
the balance of said bridge circuit, an amplifier 
connected across the diagonal of said bridge cir 
cuit, a Saturable core reactor, an auto trans 
former, the operating Winding of said Saturable 
core reactor and the primary of Said auto trans 
former being connected in series across the input 
and the Saturating winding of said saturable core 
reactor being connected in the output circuit of 
said amplifier whereby minute variations in the 
output voltage cause variations in the degree of 
Saturation of said Saturable core reactor and 
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cause readjustment of Said output. Voltage to a 
predetermined value. 

4. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load con 
nected therein, a bridge circuit containing a plu 
rality of resistors and a two element electron tube, 
means for supplying said bridge circuit with direct 
current derived from Said Output, means Con 
nected across said output for varying the poten 
tial applied to the filament of said two element 
electron tube to thereby vary the tube impedance 
and the balance of Said bridge circuit, an ampli 
fier connected across the diagonal of said bridge 
circuit, a Saturable core reactor, an auto trans 
former, the operating winding of said saturable 
core reactor and the primary of said auto trans 
former being connected in series across the input, 
means comprising a condenser inductance com 
bination to correct the wave form of the out 
put of said regulator, said means being connected 
across the primary of said auto transformer, the 
saturating winding of said saturable core reactor 
being connected in the Output of Said amplifier 
whereby minute variations in the output voltage 
cause variations in the degree of Saturation of 
said Saturable core reactor and cause readjust 
ment of said output voltage to a predetermined 
level. 

5. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load con 
nected therein, a bridge circuit containing a plu 
ralty of resistors and a two element electron tube, 
means for supplying said bridge circuit with 
direct current derived from said output, means 
connected across said output for varying the po 
tential applied to the filament of said two ele 
ment electron tube to thereby vary the tube im 
pedance and the balance of said bridge circuit, 
an amplifier connected across the diagonal of 
said bridge circuit, a saturable core reactor, an 
auto transformer, the Operating winding of Said 
saturable core reactor and the primary of said 
auto transformer being connected in series across 
the input, and means comprising a resistance in 
shunt to the primary winding of said auto trans 
former to stabilize the action of the regulator, the 
Saturating Winding of said Saturable core reactor 
being connected in the Output circuit of said am 
plifier, whereby minute variations in the output 
voltage cause variations in the degree of Satura 
tion of said Saturable core reactor and cause read 
justment of said output voltage to a predeter 
mined value. 

6. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load con 
nected therein, a bridge circuit containing a plu 
rality of resistors and a two element electron tube, 
means for Supplying said bridge circuit with direct 
current derived from Said output, means connect 
ed across said output for varying the potential 
applied to the filament of Said two element elec 
tron tube to thereby vary the tube impedance 
and the balance of said bridge circuit, an am 
plifier connected across the diagonal of said 
bridge circuit, a saturable core reactor, an auto 
transformer, the operating winding of said sat 
urable core reactor and the primary of said 
auto transformer being connected in series across 
the input, means comprising a condenser induct 
ance combination to correct the wave form of the 
output of said regulator, and means comprising a 
resistance in shunt to the primary winding of 
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10 
said auto transformer to stabilize the action of 
the regulator, the saturating winding of said 
Saturable core reactor being connected in the 
output circuit of said amplifier, whereby minute 
variations in the output voltage cause variations 
in the degree of Saturation of said saturable core 
reactor and cause readjustment of said output 
voltage to a predetermined value. 

7. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an Output circuit adapted to have a load con 
nected therein, a bridge circuit comprising a plu 
rality of resistors and a two element electron tube, 
means for Supplying said bridge circuit with 
direct current derived from said output, means 
connected across said output for varying the po 
tential applied to the filament of said electron 
tube to thereby vary the tube impedance and the 
balance of said bridge circuit, resistance means 
connected in series with said tube filament supply 
for controlling the level of output of the regulator, 
an amplifier connected across the diagonal of 
said bridge circuit, a Saturable core reactor, an 
auto transformer, the Operating winding of said 
saturable core reactor and the primary of said 
auto transformer being connected in series across 
the input and the saturating winding of said sat 
urable core reactor being connected in the output 
circuit of Said amplifier whereby minute varia 
tions in the Output voltage cause variations in 
the degree of Saturation of said saturable core 
reactor and cause readjustment of said output 
voltage to a predetermined value. 

8. In an accurate voltage regulator for alter 
5 nating current, in combination, an input circuit, 
an output circuit adapted to have a load con 
nected therein, a bridge circuit containing a plu 
rality of resistors and a two element electron tube, 
means for Supplying said bridge circuit with direct 
current derived from said output, means con 
nected across said output for varying the poten 
tial applied to the filament of said two element 
electron tube to thereby vary the tube impedance 
and the balance of said bridge circuit, resistance 
means connected in series with said tube filament 
supply for controlling the level of output of the 
regulator, an amplifier connected across the diag 
onal of said bridge circuit, a saturable core re 
actor, an auto transformer, the operating wind 
ing of said saturable core reactor and the primary 
of said auto transformer being connected in series 
across the input, means comprising a condenser 
inductance combination to correct the wave form 
of the output of said regulator, said means being 
connected across the primary of said auto trans 
former, the Saturating winding of said Saturable 
core reactor being connected in the output of 
said amplifier whereby minute variations in the 
output voltage cause variations in the degree of 
saturation of said saturable core reactor and 
cause readjustment of said output voltage to a 
predetermined level. 

9. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load cnn 
nected therein, a bridge circuit containing a plu 
rality of resistors and a two element electron tube, 
means for supplying said bridge circuit with direct 
current derived from said output, means con 
nected across said output for varying the po 
tential applied to the filament of said two element 
electron tube to thereby vary the tube impedance 
and the balance of said bridge circuit, resistance 
means connected in series with said tube filament 
Supply for controlling the level of output of the 
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regulator, an amplifier connected across the diag 
onal of said bridge circuit, a saturable core re 
actor, an auto transformer, the operating Wind 
ing of said saturable core reactor and the primary 
of said auto transformer being connected in Series 
across the input, and means comprising a re 
sistance in shunt to the primary winding of Said 
auto transformer to stabilize the action of the 
regulator, the saturating winding of Said Sat 
urable core reactor being connected in the output 
circuit of said amplifier, whereby minute Varia 
tions in the output voltage cause variations in 
the degree of saturation of said Saturable core 
reactor and cause readjustment of said output 
voltage to a predetermined Value. 

10. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load con 
nected therein, a bridge circuit containing a plu 
rality of resistors and a two element electron tube, 
means for supplying said bridge circuit with direct 
current derived from said output, means con 
nected across said output for varying the po 
tential applied to the filament of said two element 
electron tube to thereby vary the tube impedance 
and the balance of said bridge circuit, resistance 
means connected in series with said tube fila 
ment supply for controlling the level of output of 
the regulator, an amplifier connected across the 
diagonal of said bridge circuit, a Saturable core 
reactor, an autotransformer, the operating wind 
ing of said saturable core reactor and the pri 
mary of said auto transformer being connected 
in series across the input, means comprising a 
condenser inductance combination to correct the 
Wave form of the output of Said regulator, and 
means comprising a resistance in shunt to the 
primary winding of said auto transformer to sta 
bilize the action of the regulator, the saturat 
ing winding of said saturable core reactor being 
connected in the output circuit of said amplifier, 
whereby minute variations in the output voltage 
cause variations in the degree of Saturation of 
said saturable core reactor and cause readjust 
ment of Said output voltage to a predetermined 
value. 

11. In an accurate voltage regulator, in combi 
nation, an input circuit, an output circuit adapted 
to have a load connected thereto, a bridge net 
work including a diode electron tube as one of 
the arms thereof, a transformer having its pri 
mary winding across Said output circuit and its 
Secondary winding connected to the filament of 
the said diode to thereby vary the impedance of 
said diode and determine the balance condition 
of said bridge, an amplifier connected across the 
diagonal of said bridge network, said amplifier 
being responsive to the degree of unbalance of 
said bridge, means connected across said output 
circuit and controlled by said amplifier to adjust 
the output voltage toward a predetermined value 
upon a change therein, a resistance in series with 
the load, a transformer having its primary con 
nected across Said resistance and its secondary 
in the flament circuit of Said diode whereby the 
impedance of said diode and the balance of said 
bridge is additionally affected to effect additional 
correctOn and complete the adjustment of the 
output voltage to a predetermined value. 

12. In an accurate voltage regulato, in combi 
nation, an input circuit, an output circuit adapted 
to have a load connected therein, a bridge net 
work including a diode electron tube as one of the 
arms thereof, means connected across said output 
circuit for applying a voltage to the filament of 
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said diode to thereby determine the balance con 
dition of said bridge, an amplifier connected 
across said bridge and responsive to the degree of 
unbalance of said bridge, means connected across 
said output circuit and controlled by Said ampli 
fier to adjust the output voltage toward its pre 
determined value upon a change therein, a re 
sistance in series with the load, a circuit con 
nected across said resistance to vary the filament 
potential of said diode to further adjust the bal 
ance of said bridge to thereby effect additional 
correction and complete the adjustment of the 
output voltage to its predetermined value. 

13. In an accurate voltage regulator, in combi 
nation, an input circuit, an output circuit adapt 
ed to have a load connected thereto, and having 
one terminal common to the said input circuit, a 
bridge network including a diode electron tube as 
one of the arms thereof, a transformer having its 
primary connected across said output circuit and 
its secondary connected in series with said diode 
filament to vary the impedance of said diode in 
accordance with variations in said output voltage, 
said impedance variation determining the balance 
condition of said bridge, an amplifier connected 
across the diagonal of said bridge network, said 
amplifier being responsive to the degree of unbal 
ance of said bridge, means operable under control 

- of said amplifier to adjust the output voltage to 
its predetermined value upon an instantaneous 
change therein, a resistance in series with the 
load, a transformer having its primary winding 
connected across said resistance and its second 
ary winding in series with said first mentioned 
transformer secondary and said diode filament to 
thereby further vary the impedance of said diode 
and further adjust the balance of said bridge, a 
resistance in series with said primary of said Sec 
ond transformer, a third transformer having its 
primary winding connected from the point com 
mon to the said input and Output circuit to the 
juncture of the windings of said second trans 
former primary and said last mentioned resist 
ance, Said third transformer Serving to supply 
potentials through its secondary to said bridge 
network and said third transformer tending to 
draw more current under increases in the input 
voltage whereby the potential across the primary 
winding of said second transformer is caused to 
increase and the reaction through Said bridge 
network and said amplifier brings about a varia 
tion in the output voltage to compensate for vari 
ation in the input voltage to thereby maintain 
the Output voltage Constant under variations both 
in load and in input voltage. 

14. In an accurate voltage regulator, in combi 
nation, an input circuit, an output circuit adapt 
ed to have a load connected thereto, and having 
one terminal common with said input circuit, a 
bridge network including a diode electron tube as 
one of the arms thereof, a transformer having its 
primary Connected in Series with a resistor across 
said output circuit, said resistor being variable 
and adapted to adjust the level of output of the 
regulator, the transformer secondary being con 
nected in series with said diode filament to vary 
the impedance of Said diode in accordance with 
the variations in said output voltage, said im 
pedance variation determining the balance con 
dition of said bridge network, said amplifier being 
responsive to the degree of unbalance of said 
bridge, means operable under control of said am 
plifier to adjust the output voltage to its pre 
determined value upon an instantaneous change 
therein, a resistance in series with the load, a 
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transformer having its primary winding Connect 
ed across said resistance and its secondary wind 
ing in series with said first mentioned trans 
former secondary and said diode flament to 
thereby further vary the impedance of said diode 
and further adjust the balance of said bridge, a 
resistance in series with said primary of Said 
second transformer, a third transformer having 
its primary winding connected from the point 
common to the said input and output circuit to 
the juncture of the windings of said second trans 
former primary and said last mentioned resist 
ance, said third transformer serving to supply po 
tentials through its secondary to said bridge net 
work and said third transformer tending to draw 
more current under increases in the input volt 
age whereby the potential across the primary 
winding of said second transformer is caused to 
increase and the reaction through Said bridge net 
work and said amplifier brings about a variation 
in the output voltage to compensate for variation 
in the input voltage to thereby maintain the out 
put voltage constant under variations both in 
load and in input voltage. 

15. In an accurate voltage regulator, in combi 
nation, an input circuit, an output circuit adapt 
ed to have a load connected thereto, and having 
One terminal common with said input circuit, a 
bridge network including a diode electron tube 
as one of the arms thereof, a transformer having 
its primary Connected in Series with a resistor 
across said output circuit, said resistor being vari 
able and adapted to adjust the level of output of 
the regulator, the transformer secondary being 
connected in Series with said diode filament to 
vary the impedance of Said diode in accordance 
with the variations in said output voltage, said 
impedance variation determining the balance 
condition of said bridge network, said amplifier 
being responsive to the degree of unbalance of 
Said bridge, means operable under control of said 
amplifier to adjust the output voltage to its pre 
determined value upon an instantaneous change 
therein, a resistance in series with the load, a 
transformer having its primary winding con 
nected across said resistance and its secondary 
winding in series with said first mentioned trans 
former Secondary and said diode filament to 
thereby further vary the impedance of said diode 
and further adjust the balance of said bridge, a 
third transformer having its primary connected 
acroSS Said input and its secondary in the fila 
ment circuit of said diode, the input to said fila 
ment circuit from said third transformer being 
in aiding relationship to the input from said first 
transformer, said third transformer serving to 
correct the regulation in accordance with varia 
tions in the input voltage. 

16. In an accurate current regulator, in com 
bination, an input circuit, an output circuit adap 
ted to have a load connected therein, a bridge 
network including a diode electron tube as one 
of the arms thereof, a transformer connected in 
Series in Said output circuit, the secondary of said 
transformer applying a voltage to the filament 
of Said diode to thereby determine the balance 
condition of said bridge, an amplifier connected 
acroSS Said bridge and responsive to the degree of 
unbalance thereof, a saturable core reactor con 
nected across said input circuit, said saturable 
core reactor having a saturating winding, said 
Winding being connected in the output circuit of 
Said amplifier, whereby variations in the output 
current cause variations in the degree of satura 
tion of said Saturable core reactor and corre 

14 
sponding variations in the output voltage to re 
turn the output current to its pre-set level. 

17. In an accurate. current regulator, in Com 
bination, an input circuit, an output circuit 

5 adapted to have a load connected therein, a 
bridge network including a diode electron tube 
as One of the arms thereof, a transformer con 
nected in series in said output circuit, the sec 
Ondary of said transformer applying a voltage 

10 to the flament of said diode to thereby determine 
the balance condition of said bridge, resistance 
means connected in shunt to said transformer 
Secondary and diode filament to determine the 
level of current Output of the regulator, an am 

ls plifier connected across said bridge and respon 
sive to the degree of unbalance thereof, a satur 
able core reactor connected across said input cir 
cuit, Said Saturable core reactor having a satur 
ating winding, said winding being connected in 

20 the output circuit of said amplifier, whereby 
variations in the output current cause variations 
in the degree of Saturation of said Saturable core 
reactor and corresponding variations in the out 
put voltage to return the output current to its 
pre-Set level. 

18. In an accurate current regulator, in com 
bination, an input circuit, an output circuit 
adapted to have a load connected therein, a 
bridge network including a diode electron tube as 
One of the arms thereof, a transformer connected 
in series in said output circuit, the secondary of 
said transformer applying a voltage to the fila 
ment of said diode to thereby determine the bal 
ance condition of said bridge, a second trans 
former having its primary connected across the 
Output of said regulator and its secondary in 
Series connection with the Secondary of Said first 
mentioned transformer, and arranged to oppose 
the current supplied to the flament by said first 
mentioned transformer to thereby prevent over 
correction, an amplifier connected across said 
bridge and responsive to the degree of unbalance 
thereof, a Saturable core reactor connected across 
said input circuit, said saturable core reactor hav 
ing a saturating winding, said winding being con 
nected in the output circuit of said amplifier, 
whereby variations in the output current cause 
variations in the degree of saturation of said 
Saturable core reactor and corresponding varia 
tions in the output voltage to return the output 
current to its pre-set level. 

19. In an accurate current regulator, in com 
bination, an input circuit, an output circuit 
adapted to have a load connected therein, a 
bridge network including a diode electron tube as 
One of the arms thereof, a transformer connected 
in series in said output circuit, the secondary of 
said transformer applying a voltage to the fila 
ment of said diode to thereby determine the bal 
ance condition of said bridge, resistance means 
connected in shunt to said transformer secondary 
and diode filament to determine the level of cur 
rent output of the regulator, a second trans 
former having its primary connected across the 
output of said regulator and its secondary in 
Series connection with the secondary of said first 
mentioned transformer, and arranged to oppose 
the current supplied to the filament by said first 
mentioned transformer to thereby prevent over 
correction, an amplifier connected across said 
bridge and responsive to the degree of unbalance 
thereof, a Saturable core reactor connected across 
said input circuit, said saturable core reactor 
having a saturating winding, said winding being 
connected in the output circuit of said amplifier, 
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whereby variations in the output current cause 
variations in the degree of saturation of said Sat 
urable core reactor and corresponding variations 
in the output voltage to return the output current 
to its pre-set level. 

20. In an accurate voltage regulator, in con 
bination, an input circuit, an output circuit 
adapted to have a load connected therein, a 
bridge network including a diode electron tube 
as one of the arms thereof, means connected 
across said output circuit for applying a voltage 
to the filament of said diode to thereby determine 
the balance condition of said bridge, an amplifier 
connected across said bridge and responsive to 
the degree of unbalance of said bridge, a satur 
able core reactor connected across said input cir 
cuit, an auto transformer connected across said 
input circuit and in series with said Saturable core 
reactor, means comprising a condenser induc 
tance combination to correct the Wave form of 
the output of said regulator, said means being 
connected across the primary of said auto trans 
former, and a saturating winding for said satur 
able reactor, said winding being connected in the 
output circuit of said amplifier whereby varia 
tions in the output voltage cause variations in the 
degree of saturation of said saturakole core reactor 
and corresponding variations in the output volt 
age to bring it immediately to a predetermined 
level. 

21. In an accurate voltage regulator for alter 
nating current, in combination, an input circuit, 
an output circuit adapted to have a load connect 
ed therein, a balancing network comprising a 
plurality of resistors and a two element electron : 
tube, means for supplying said balancing network 
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with direct current derived from said output, 
means connected across said output for varying 
the potential applied to the filament of said elec 
tron tube to thereby vary the tube impedance 
and the balance of said balancing network, an 
amplifier connected across the output of said 
balancing network, a saturable core reactor, an 
auto transformer, the operating winding of said 
Saturable core reactor and the primary of Said 
auto transformer being connected in series across 
the input and the saturating winding of said 
saturable core reactor being connected in the 
output circuit of said amplifier whereby minute 
variations in the output voltage cause variations 
in the degree of saturation of said saturable core 
reactor and cause readjustment of said output 
voltageito a predetermined value. 

EDWARD M. SORENSEN. 
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