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18 Claims. (C. 17-312) 
The main objects of this invention are: 
First, to provide a voltage regulator which is 

especially well adapted for uses requiring as near 
ly perfect regulation as it is possible to obtain. 

Second, to provide a high voltage source of con 
stant potential from a conventional low voltage 
alternating current circuit, having desirable 
characteristics similar to but better than those of 
a standard high voltage storage battery. 

Third, to provide a voltage regulator which is 
simple and economical in its parts and very eff 
cient and effective in operation, the system being 
adjustable simply and quickly for any desired 
voltage. t 

Objects relating to details and economies of 
my invention will appear from the description 
to follow. The invention is defined and pointed 
out in the claims. 
A structure which is a preferred embodiment of 

my invention is illustrated in the accompanying 
drawings, in which: 

Fig. 1 is a fragmentary diagrammatic repre 
sentation of a voltage regulator embodying fea 
tures of my invention. 

Fig. 2 is an enlarged fragmentary view similar 
to Fig. 1. 

Fig. 3 is a graphical representation illustrating 
the operation of my voltage regulator. 

In the illustrated embodiment of my invention, 
is a transformer having a primary winding 2 

energized by an alternating current supply of low 
voltage such as that used in conventional house 
circuits, in this case 110 volts. The tapped pri 
mary winding 2 of the transformer acts as an 
autotransformer to control the voltage of the high 
voltage transformer 3 which supplies a rectifier 
4. The tubes 6 of the rectifier are preferably of 
the type known as "866A', although for simpler 
models vacuum type rectifiers are preferred. 
The rectifer 4 is otherwise of conventional de 
sign and needs no further description here, recti 
flers of this type being well known to those skilled 
in the art, . 
The output circuit of the high voltage rectifier 

4 includes a positive conductor 7 and a negative 
conductor 8, the output circuit also including 
a load resistor 80. The voltage between the con 
ductors 7 and 8 in the present example is in the 
order of 1250 volts, but it will be understood that 
my apparatus is efficient over a wide voltage 
range inasmuch as I have operated the device 
successfully with a voltage output in the order of 
2500 volts. The conductors 7 and 8 pass through 
a voltage control unit or the voltage regulator 9, 
this unit being enclosed in a shield ?o to insulate 

the same from the high voltage rectifer 4 which 
is also enclosed in a shield . I have sepa 
rately shielded these two parts of the circuit in 
order to decrease certain tendencies toward in 
teraction between the rectifier tubes and the sen 
Sitive voltage control. ' 

Across the D. C. output lines 7 and 8, I connect 
a variable potentiometer 2 including a variable 
resistor 3, a variable resistor 4, a fixed resistor 
5, and a fixed resistor 6. While I prefer to use 

resistors, it will be appreciated that other types 
of impedance elements may be used in the po 
tentiometer circuit. The adjustable tap 7 of the 
potentiometer is connected to the negative con 
ductor 8, there being a milliammeter f. in this 
circuit. 
The potentiometer tap 7 and the autotrans 

former tap 9 are mechanically connected by 
manually controlled means 20 for simultaneous 
adjustment. Interconnection of the taps 7 and 
9 makes possible the simultaneous selection of 

the proper voltage and the automatic adjustment 
of the potentiometer to the proper impedance. 
This feature is important in simplifying the op 
eration of the device. 

In series circuit relation with the positive con 
ductor 7 of the output circuit of the voltage recti 
fler, I connect vacuum tube impedance means 2. 
This vacuum tube impedance means is controlled 
to keep the potential of the output circuit con 
stant in accordance with the setting of the manu 
ally controlled means 20, by vacuum tube am 
plifying means 22 acting to control the impedance 
means 2f in response to the voltage across the 
variable resistor f4. In the present example of 
my invention, the vacuum tube impedance means 
2 comprises a pair of vacuum tubes 23 of the 
triode type, preferably of high mutual conduct 
ance, such as types “45,' '50,' "2A3,' having an 
anode or plate 24, a cathode or filament 25, and a 
control grid or electrode 26. The electrodes of 
the tubes 23 are connected in parallel as shown, 
the control grids 26 being responsive to the out 
put of the vacuum tube amplifying means 22. A 
Standard battery may be inserted in the cathode 
lead, with Some advantage in reducing the capac 
ity of the circuit. 
The Vacuum tube amplifying means 22 com 

prises in the present preferred embodiment a 
first vacuum tube amplifier 27 and a second vac 
uum tube amplifier 28 of the pentode type. The 
amplifier 27 comprises an anode or plate 29, an 
indirectly heated cathode 30, a cathode heater 3, 
a screen grid 32, and a control grid 33. The tube 
preferably has an equipotential cathode to pre 
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tions in the heating current. 
The control grid 33 is connected to one termi 

nal of the variable resistor 4 by a circuit include 
ing a standard battery 34 and a resistol 35. No 
current is drawn from this battery in operation. 
as it merely controls the potential of the control 
grid 33. The battery minimizes the importance 
of changes in the characteristics of tube 2 and 
increases the efficiency of the voltage control. 
The temperature of the cathcde heater 3 is 

held constant by means of the regulating trans 
formers 36, the series section 37 being on a slight 
ly open unsaturated iron core 38, and the shunt 
section 39 being on a closed saturated core 3. 
Thus, the cathode heater. 3 is energized from the 
secondary winding 4 of the transformer , line 
voltage fiuctuations of the A. C. output, i.eing 
prevented from, affecting the constant tempera 
ture of the heater by virtue of the automatic 
action of the regulating transformers 36. 
The indirectly heated cathode 3 of the tube 

2 is connected to the other terminal of the vari 
able resistor f4 at 42. Thus, changes in the out 
put Voltage of the high voltage rectifier change 
the voltage across the variable resistol 4, chang 
ing the grid potential of amplifier 2, which re 
Sults in the functioning of the impedance means 
2 to offset the voltage change by an equal and 
opposite voltage. The cathode and anode of ine 
tube 2 are supplied with an operating potential 
from the secondary winding 43 of the trans 
former by means including a vacuum tube rec 
tifier 44 and filters 56, the rectifier 43 being pref erably of the “80' type. 
The cathode-anode circuit of the tube 2 in 

cludes a pair of resistors 47 and a third resistor 
48 in series with the anode 29. The screen grid 
32 of the tube is connected between the resistors 
47, these resistors and the resistor 48 having such 
relative resistances that the cathode to plate po 
tential of the tube is not affected by fluctuations 
of the operating voltage from the A. C. input. 
The Screen and plate, voltage changes are thus 
balanced off against each other by a proper selec 
tion of the resistances. of resistors 47 and 48. 

5 

This is best accomplished by trial and error, the 
resistances of the resistors being adjusted until 
changes in the plate voltage are balanced by 
changes in the screen voltage. Thus, the sensi 
tivity of the tube 27 which is preferably of the 
"57' type is utilized without interference from 
fluctuations of the A. C. output. 
In the present embodiment, the second ampli 

fier tube 28 is similar to the first amplifier 27 and 
is supplied with an operating potential by similar 
means including the secondary winding 49, vac 
uum tube rectifier 50, and filters 5. The bal 
ancing of the plate and Screen voltage changes 
is likewise accomplished by means of a pair of 
resistors 52 and a third resistor 54 in the plate 
cathode circuit. . . 

In connection. With the elimination of the 
ripple in the Output of the regulator, it is neces 
Sary to provide adequate shielding for the first 
amplifier tube 2 and the potentiometer 2. 

0 

s 

Also, due to the high gain of the amplifier and to 
imperfections in the resistor 2, not easily avoid 
able, fluctuations inherent in the tube appear 
larger than the theoretical residual ripple in the 
output. The most practical solution of these 
problems is to use tube 27 for direct current con 
trol only. I have achieved this result by means 
of condenser 5 which I connect from the posi 
tive end of the ?ieginnetter 2 to the control 

factor can be made very large. 
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grid 33 of the second amplifier tube 28. Con 
nected in this manner, the condenser 5 Serves 
the double function of blocking off rapid fluctu 
ations in the potential of grid 33 of tube 28 and 
simultaneously impressing upon tube 28 the 
proper potential for the correction of any alter 
nating component in the regulated power output 
of the tubes 23. 
The vacuum tube amplifying means 22 is 

shielded within the voltage control unit 0 by a 
shield 55, the amplifiers 27 and 28 being shielded 
from each other by a shield 56 disposed there 
between. 

Referring to Fig. 3, illustrate the voltage cur 
reint, reiations of my voltage regulato, output 
Voltage being plotted against line Voltage. At 
tention is directed to the almost perfect regula 
tion provided for various values of load current. 

lie characteristics shown in the graph indicate 
that a, increase of load of 30 milliamperes gives 
a drop in voltage of less than part in 10,000. 
This is title up to 100 milliamperes, the maxi 
an in load for which the present embodiment was 
designed. The total change in voltage corre 
Sponding to a line change from 5% undervoltage 
to 5% over voltage is about 1 part in 10,000, an 
achieved reduction of 1000 to i, and an even 
bette reduction factor for Smaller changes since 
the relation is non-linear. 

in Operation, a Voltage is Selected Somewhat 
greater than that desired by manipulating the 
(inaual control means 20. Fractional voltages 
are obtained by adjusting the variable resistor 4. 
he Yillian meter 8 indicates the fraction of the 

above Selected voltage at the output terminals. 
in this manner, any voltage within the range of 
the apparatus is available at a moment's notice. 
Otherwise, my voltage regulator is entirely auto 
imatic in operation and regulates the output of 
the rectifier to such an extent, both against fluc 
tuations in the A. C. input and against voltage 
drop, due to its own internal resistance, that it 
furnishes a far more constant voltage than any 
Storage battery even in the best condition. 
The direct current amplifier, in spite of its 

- tremendous gain, about 250,000, is extremely 
Stable, provided the circuits are well shielded, be 
cause of the inherent ability of my circuit to 
correct any variation in the current through the 
output potential divider. The fundamental ac 
tion of the circuit is that of a correction device, 
the control voltage being obtained from a small 
increment in the current through the potentiom 
eter. The voltage thus obtained is the proper 
voltage to prevent further change in the output Voltage. 

If I let G equal the gain of the amplifier, Vi 
equal input voltage, r1 equal the resistance of the 
Variable resistor 4, Ro equal the resistance of 
potentiometer 2, i equal the current through Ro, 
and Wo equal the output voltage, then 

AV= Grai- (G i. -- 1) AW 
Correction . 

AVil 
AVT 

In view of the high gain of the amplifier, this 

1. Gis.--1 

secondary effects make it impossible to achieve 
the expected constancy in the output voltage 
against line voltage changes. These are in 
Wolved in the effects of the changes on the first 
Control anplifier, its output voltage to the grid 
of tube 28 being affected by its control grid 

However, two 
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voltage as is desired. It is changed also by vari 
ations in (1) its plate voltage, (2) its screen 
Voltage, and (3) its cathode temperature. 

Variations (1) and (2) are controlled by my 
use of a multiple grid tube in the circuit in which 
use is made of the fact that the effect of the 
variations in the screen grid potential on the 
output Voltage of the tube are opposite to the 
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effect of the variations of the plate potential. 
Hence, by adjusting the resistance values of re 
sistors 4 until the proper fraction of the change 
in the input voltage is impressed on the screen 
grid, the variations of output voltage can be re 
duced to a small fraction of those of the input 
voltage. Account must be taken of the screen 
grid current through upper resistor 47, best con 
sidered as due to an additional resistor r" which 
may in certain cases be useful and the resistance 
of resistor 48 must be greater than a certain 
minimum value or the screen grid lead must be 
interchanged with the plate resistor lead in the 
Voltage divider. 

Letting MG2 equal the amplification factor of 
the screen grid, r equal the resistance of lower 
resistor 4, rs equal the resistance of upper re 
sistor 47, rs the resistance of resistor 48, and Z 
equal the plate impedance of the tube, then 

' . MGr 

Av=Avi-( r ) V 2 s. o–Avi-fi)AVii-O 
ra-rs MG a - *r-2 

s MG 
= 2-1 --- 

This expression is approximate, neglecting r. 
Writing for the gain of the screen grid, Ga., 

then 

The best method of determining the proper 
resistances of the resistors 47 is by trial, since 
non-linear analysis is needed to determine the 
actual characteristics. 

voltage due to the non-linearity of the tube, but 
the action turns out to satisfy the requirements 
in an excellent manner. My circuit furnishes 
any desired relative variation of amplifier output 
voltage when the proper resistances of resistors 
47 and 48 are chosen. Use is made of this feature 
in this invention to correct out the final varia 
tions in the output voltage and thus give the 
perfection of bridge correction circuits without 
their difficulties of adjustment. 
The cathode temperature changes could 

balanced out with this bridge circuit, but because 
there is a considerable time lag between the 
change of cathode temperature and the line 
voltage change, there would exist a time of 
erroneous Voltage. I prefer to use an auxiliary 
regulator circuit, as pointed out above, comprising 
a pair of magnetic cores, one saturated and the 
other unsaturated, such as the Rieber regulating 
transformer set. Since only the heating value 
of the current needs regulation, the wave dis 
tortion does not matter. 
Another advantage of my circuit is its voltage 

regulation on variable currents. Besides, offering 
very low resistance to the currents, it corrects for 
the voltage drop in the rectifier or other source 
of power. Its action can be most Simply ex 
plained with the aid of mathematical Symbols. 

The circuit balances only 
a relatively short region of variation of the plate 

3 
If, again, G is the voltage gain of the direct cur 
rent amplifier and Ri=Zp--r, the total internal 
resistance composed of the plate impedance of 
the output tubes, Zip, and the resistance of the 
transformer, rectifier and filter system, r, the 
voltage drop is then Riai to be corrected out by 
the circuit. But I showed that 

- Ro air. AV Gr A. 
approximately, since 

Gr 1. --- 

and therefore 
RoR AV=e Gr Ai 

The effective internal resistance is 
AVRoRi 
A Gr 

It is thus clear that the circuit corrects the 
Woltage drop due to internal resistance in the 
Sane Way that it corrects the variations due to 
line voltage changes. The regulation of the illus 
trated embodiment is about five hundred times 
better than that of a good rectifier filter circuit, 
actually .001 ohm per volt. Further, my rectifier 
gives considerable correction of the machine for 
any unfiltered ripple, an undesirable fault with 
certain prior schemes. Thus, my rectifier greatly 
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decreases the cost of the filter circuit for a given 
purity of direct current. 
AS to the uses of my apparatus, I might men 

tion the replacement of expensive rapidly de 
preciating equipment in the laboratory. My in 
vention has been satisfactorily used to supply 
current to a large high voltage potential divider 
for a class in radio-activity, whose members 
simultaneously required variable Woltages for their 
electrometers and ionization chambers; I use it 
to Supply potential for a mass spectrometer. It 
has also been used with success for a precision 
counter of atomic disintegration particles, which 
allows distinction of the kinds of particle. In 
fact, I obtained accurate counts of a few alpha 
particles per minute in a background of hundreds 
of X-ray electrons per minute. It may also be 
used in accurate radio Work, in gaseous dis 
charges, and many other installations where high 
potential storage batteries are now used. 
Attention is directed to the fact that the feature. 

of balance referred to above is. dependent on the 
quantitative setting of the resistors 4 and 48. 
It is the result obtained by the use of the proper 
relative values of these resistors which constitutes 
an important feature of the present invention. 
The circuit will not produce the desired results 
until the proper values of the resistors, as ex 
plained above, are chosen. The proper adjust 
ment of these resistors is essential to the action 
of the whole device. The invention also con 
templates controlled deviations from such bal 
8C 

My invention makes available a power source of 
high potential direct current sufficiently constant 
to fully Supplant the storage battery sources used 
in most laboratories. Storage battery sources 
of high potential direct current are extremely 
costly both in initial investment and upkeep, and 
further, they depreciate rapidly even under the 
best of care. Single tube voltage regulators have 
been used in some laboratories, but these sources 
are not suitabie for furnishing power comparable 
to ordinary storage batteries. The equivalent re 
sistance of the systems of Johnson and Street at 
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4 
Bartol Laboratory, published in the Journal of 
the Franklin Institute, 932, was of the order of 
30 ohms per volt, whereas good storage batteries 
have an internal resistance of less than 1 ohm 
per volt. 

I developed my invention specifically to replace 
a storage battery high potential source of direct 
current. The invention has proved. Successful 
for one of the most exacting services of the bat 
tery source, that of counting ions in an ionization 
chanoer by a method known as linear amplifica 
tion, and has proved itself to he more satisfac 
tory in every respect than a Storage battery. A 
Storage battery is generally used with protective 
resistances amounting to 1 ohm per volt. My 
new source of 2500 volts has an internal resistance 
better than the battery without the protective 
resistances. 
My voltage regulator is automatically stable in 

operation and overcomes without any special 
stabilizing the chief difficulty with direct coupled 
amplifiers, suitable for amplification of direct 
currents. In fact with proper by-pass condensers 
in the circuit the amplifier may be used to ampli 
fy alternating currents. Miy circuit is so stable 
that more than two tubeS can be used as shown, 
With corresponding improvements in control and 
regulation. If desired, the standard battery 34 
may be omitted, but this will result in some loss 
in accuracy of control. 
There are no restrictions on the type of tubes 

which may be used. The voltage gain tube may 
be a tetrode or a pentode. In general, tubes with 
a high voltage gain are chosen for the amplifier, 
tubes with a high mutual conductance being 
chosen for the impedance or regulating means 2. 
In my preferred embodiment, however, the ampli 
fier comprises tubes having at least two grids to 
obtain compensation of line voltage fluctuations, 
a tetrode or pentode being best Suited for this 
service. The second amplifier tube can be any 
sort of tube. However, with two animplifier tubes 
of the '57' type, I have obtained the phenomenal 
Success mentioned above. . 

Considerable advantage is gained by the use of 
tubes with an equipotential cathode, since the 
grid voltage would otherwise be disturbed by fluc 
tuations of the heating current. This is espe 
cially true of the first stage amplifier tube. The 
simplicity of operation of my apparatus is very 
important. The output voltage is controlled by 
two simple adjustments. While I contemplate 
the use of a single transformer With fixed primary 
voltage and a tapped high voltage secondary, the 
apparatus herein described is definitely prefer 
able for the high voltage set-up. If desired, aux 
iliary transformers may be used to supply the 
rectifiers 49 and 50, as these extra units may be 
cheaper than the windings on the control trans 
former. 
Of course, the regulating or impedance means 

2 may be a single tube instead of a bank of tubes 
in parallel as shown. The second amplifier tube 
28 does not require the balanced circuit described, 
although I prefer this arrangement. An ampli 
fier omitting the second amplifier tube is contem 
plated and because of the balanced circuit would 
give nearly as good correction characteristics ex 
cept that its current regulation would be much 
poorer. The standard battery and the leads to 
the resistor 4 are then both reversed to allow for 
the phase change in vacuum tube 28. Also, the 
resistor 35 which protects the standard battery 
34 when warming up the tubes may be omitted if 
desired, - 
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first transformer, a variable potentiometer in 

consider the balancing circuit of the first am 
plifier tube to be the most important feature of 
my invention because on this circuit depends the 
perfection of operation of my device. This cir 
cuit is useful in other direct current amplifier ap 
plications as will be apparent to those skilled in 
the art. 

If desired, a bridge of tubes may be used in 
place of the first amplifier 27 to eliminate the need 
for the control of the cathode temperature, but 
Iny present arrangement is more Satisfactory 
from the standpoint of simplicity of adjustment 
because the regulator transformers can be ad 
justed permanently at the factory. 

I have illustrated and described my improve 
ments in an embodiment which I have found very 
practical. I have not attempted to illustrate or 
describe other embodiments or adaptations as it 
is believed this disclosure will enable those skilled 
in the art to embody or adapt my improvements 
as may be desired. 

Having thus described my invention, what I 
claim as new and desire to secure by Letters Pat 
ent is: 

1. A voltage regulator comprising a transform 
er having a primary winding and secondary 
windings, the primary Winding being energized 
by an alternating current supply of low voltage, a 
high voltage rectifier having a transformer ener 
gized from the tapped primary winding of said 

cluding a variable resistor connected in parallel 
circuit relation with the output circuit of said 
high voltage rectifier, manually controlled means 
mechanically connecting said variable poten 
tioneter and said first transformer for simul 
taneous adjustment, vacuum tube impedance 
means in series circuit relation with the output 
circuit of said high voltage rectifier, vacuum tube 
amplifying means acting to control said imped 
ance means in response to the voltage across said 
variable resistor to keep the potential of said out 
put circuit constant in accordance with the set 
ting of Said manually controlled means, and vac 
uum tube rectifying means and filters for supply- 4 
ing Said vacuum tube impedance and amplifying 
means with operating power from the secondary 
Windings of said first transformer. 

2. A voltage regulator comprising a trans 
former having a primary winding and secondary 
windings, the primary winding being energized by O 
an alternating current supply, a high voltage rec 
tifier having a transformer energized from the 
primary Winding of Said first transformer, a 
Variable potentioneter including a variable resis- 5 
tor connected in parallel circuit relation with the 
output circuit of said high voltage rectifier, man 
ually controlled means mechanically connecting 
Said variable potentiometer and said first trans 
former for simultaneous adjustment, impedance 
means in series circuit relation with the output 
circuit of said high voltage rectifier, amplifying 
means acting to control said impedance means 
in response to the voltage across said variable 
resistor to keep the potential of said output cir- g5 
cuit constant in accordance with the setting of 
said manually controlled means, and rectifying 
means and filters for supplying said impedance 
and amplifying means with operating power. 

3. A voltage regulator comprising a trans- to 
former having a primary winding and secondary 
windings, the primary winding being energized by 
an alternating current Supply, a rectifier having 
a transformer energized from the primary wind 
ing of Said first transformer, a variable poten- 75 
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chanically connecting said variable potentiom tiometer including a variable resistor connected 

in parallel circuit relation with the output circuit 
of said rectifier, manually controlled means me 
chanically connecting said variable potention 
eter and said first transformer for simultaneous 
adjustment, vacuum tube regulating means in 
series circuit relation with the output circuit of 
Said rectifier, and vacuum tube amplifying means 
acting to control said regulating means in re 
sponse to the voltage across said resistor to keep 
the potential of said output circuit constant. 

4. A voltage regulator comprising a trans 
former having a primary winding and secondary 
windings, the primary winding being energized by 
an alternating current supply, a rectifier having 
a transformer energized from the primary wind 
ing of Said first transformer, a variable poten 
tioneter including a resistor connected in paral 
lel circuit relation with the output circuit of said 
rectifier, means mechanically connecting said var 
iable potentiometer and first transformer for si 
multaneous adjustment, vacuum tube regulating 
means in the output circuit of said rectifier, and 
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vacuum tube amplifying means acting to control 
Said regulating means in response to the voltage 
across said resistor to keep the potential of said 
Output circuit constant. 

5. A voltage regulator comprising a trans 
former having a primary winding and secondary 
windings, the primary winding being energized by 
an alternating current supply, a rectifier having 
a transformer energized from the primary wind 
ing of Said first transformer, a variable poten 
tioneter connected across the output circuit of 
Said rectifier, manually controlled means me 
chanically connecting said variable potention 
eter and first transformer for simultaneous ad 
justment, vacuum tube regulating means in the 
Output circuit of Said rectifier, vacuum tube am 
plifying means acting to control said regulating 
means in response to the voltage across said vari 
able potentiometer to keep the potential of said 
Output circuit constant in accordance with the 
setting of said manually controlled means, and 
vacuum tube rectifying means and filters for sup 
plying said vacuum tube regulating and amplify 
ng means with Operating power from the second 
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alry windings of said transformer. 
6. A voltage regulator comprising a trans 

former having a primary winding and secondary 
windings, the primary winding being energized by 
an alternating current supply, a tube rectifier 
having a transformer energized from the primary 
winding of said first transformer, a variable po 
tentiometer connected across the output circuit of 
Said rectifer, manually controlled means me 
chanically connecting said variable potentiom 
eter and first transformer for simultaneous ad 
justment, regulating means in the output circuit 
of said rectifier, and amplifying means acting to 
control said regulating means in response to the 
voltage across said variable potentiometer to keep 
the potential of said output circuit constant in 
accordance with the setting of said manually con 
trolled means, said potentiometer including a 
manually variable resistor. 

7. A voltage regulator comprising a trans 
former having a primary winding and secondary 
windings, the primary winding being energized by 
an alternating current supply, a tube rectifier 
having a transformer energized from the primary 
winding of said first transformer, a variable po 
tentiometer connected across the output circuit of 
said rectifier, manually controlled means me 

5 

eter and first transformer for simultaneous ad 
justment, regulating means in the output circuit 
of Said rectifier, and amplifying means acting to 
Control said regulating means in response to the 
voltage across said variable potentiometer to keep 
the, potential of said output circuit constant in 
accordance with the setting of said manually con 
trolled means. 

8. A voltage regulator comprising a variable po 
tentiometer including a variable resistor in paral 
lel circuit relation with a high voltage direct cur 
rent Source Subject to fluctuations, a vacuum tube 
having an anode and a cathode in series circuit 
relation with said source, the vacuum tube having 
a control grid, and means acting to amplify the 
Voltage across said variable resistor and operate 
said control grid in accordance therewith so that 
a tendency for the voltage to change is met by an 
equal and Opposite Voltage resisting the change, 
said means comprising a vacuum tube of the 
tetrode or pentode type having an anode, an 
equipotential cathode, a cathode heater, a screen 
grid, and a control grid, a circuit including a 
standard battery connecting said control grid 
to one terminal of said variable resistor, a circuit 
connecting said cathode to the other terminal of 
Said resistor, means including a self-regulating 
transformer for energizing said cathode heater, 
and means including a rectifier and filter for sup 
plying said cathode and anode with an operating 
voltage, the cathode-anode circuit comprising a 
pair of resistors between which is connected the 
Screen grid, and a third resistor in series with the 
anode, said pair of resistors and third resistor 
having such relative resistances that the cathode-, 
to-anode voltage of the tube is not affected by 
fluctuation of the operating voltage. 

9. A voltage regulator comprising a variable po 
tentiometer including a resistor in parallel cir- . 
cuit relation with a direct current source subject 
to fluctuations, a vacuum tube having an anode 
and a cathode in series circuit relation with said 
Source, the vacuum tube having a control grid, 
and means acting to amplify the voltage across 
Said resistor and operate said control grid in ac 
cordance therewith so that a tendency for the 
voltage to change is met by an equal and oppo 
site voltage resisting the change, said means 
comprising a vacuum tube of the pentode type 
having an anode, an equipotential cathode, a 
Cathode heater, a screen grid, and a control grid, 
a circuit including a standard battery connecting 
Said control grid to one terminal of said resistor, 
a circuit connecting said cathode to the other 
terminal of said resistor, means for energizing 
said cathode heater, and means including a rec 
tifier and filter for supplying said cathode and 
anode with an operating voltage, the cathode 
anode circuit comprising a pair of resistors be 
tween which is connected the screen grid, and a 
third resistor in series with the anode, said pair 
of resistors and third resistor, having. Such rela 
tive resistances that the tube is not affected by 
fluctuation of the operating voltage. 

10. A voltage regulator comprising a variable 
potentiometer including a variable resistor in 
parallel circuit relation with a direct current 
Source subject to fluctuations, a vacuum tube reg 
ulator in series circuit relation with said source, 
and means acting to amplify the voltage across 
said variable resistor and operate said regulator 
in accordance therewith so that the output volt 
age is kept constant, said means comprising a 
Vacuum tube of the pentode type having an anode, 
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6 
an equipotential cathode, a cathode heater, 
screen grid, and a control grid, a circuit including. 
a standard battery connecting said control grid to 
one terminal of said variable resistor, a circuit 

5 connecting said cathode to the other terminal of 
said resistor, means including a self-regulating 
transformer or transformer set for energizing 
said cathode heater, and means including a FeC 
tier and filter for supplying said cathode and 
anode with an operating voltage, the cathode 
anode circuit comprising a pair of resistOE's oe 
tween which is connected the screen grid, and 2, 
third resistor in series with the anode, said pair 
of resistors and third resistor having such rela 

5 tive resistances that the tube is not affected by 
fluctuation of the operating Woitage. 

11. A voltage regulator comprising a poten 
tiometer inciuding a resistor in parallel circuit 
relation with a direct current source Subject to 

20 fluctuations, a regulator in series circuit relation 
with said source, and means acting to amplify 
the voltage across said resistor and operate said 
regulator in accordance therewith so that the 
output voltage is kept constant, said means con 

25 prising a vacuum tube having an anode, an equi 
potential cathode, a screen grid, and a coatrol 
grid, a circuit including a standard battery coal 
necting said control grid to one terminal of said 
resistor, a circuit connecting said cathode to the 

30 other terminal of said resistor, and means includ 
ing a rectifier and filterior supplying Said cath 
ode and anode with an operating voltage, the 
cathode-anode circuit comprising a pair of re 
sistors between which is connected the Screer 

35 grid, and a third resistor in Series With the an 
ode, said pair of resistors and third resisto: hav 
ing such relative resistances that the tube is not 
affected by fluctuation of the operating voltage. 

2. A voltage regulator comprising a variatole 
49 potentiometer including a variable resistor in 

parallel circuit relation with a high voltage di 
rect current source subject to iuctuations, a 
voltage regulator operatively associated. Wit. 
said source, means acting to amplify the "Voltage 

45 across said variable resistor and operate said reg 
ulator in accordance therewith, said means coin 
prising a vacuum tube of the pentode type having 
an anode, an equipotential cathode, a screen 
grid, and a control grid, the input circuit of Said 

so tube including said variable resistor, and means 
including a rectifier and filter for supplying said 
cathode and anode with an Operating potentia, 
the cathode-anode circuit comprising a pair of 
resistors setween which is connected the screen 

55 grid, and a third resistor in series with the anode, 
said pair of resistors and third resistor having 
Such relative resistances that the tube is not af 
fected by fluctation of the operating potential. 

13. A Voitage regulator comprising a variable 
60 potentiometer including a resistor in parallel cir 

cuit relation with a direct current source subject 
to fluctuations, a regulator operatively associated 
With said Source, means acting to amplify the 
Woltage across Said Wariable resistor and operate 

65 said regulator in accordance therewith, said 
means COrprising a Vacuum tube having an 
anode, an equipotential cathode, a screen grid, 
and a control grid, the input circuit of said tube 
including said resistor, and means for supplying 

to said cathode and anode with an operating poten 
tial, the cathode-anode circuit comprising a 
pair of resistors between which is connected the 
screen grid, and a third resistor in Series with 
the anode, said pair of resistors and third re 

I5 sistor having such relative resistages that the 

2,117,188 
tube is not affected by fluctuation of the operat 
ing potential. 

14. A voltage regulator including a transformer 
having a primary and a plurality of Secondary 
windings, an alternating current Supply energiz 
ing said primary winding, a rectifier connected 
with said primary winding, means for traintain 
ing constant the output voltage of said rectifier, 
comprising a vacuum tube in circuit with said 
rectities, a resistor in parallel circuit relation 
With the output terminals of said rectifer, means 
connected with the control grid of said tube to 
amplify the voltage across the resistor and Oper 

0. 

ate the control grid whereby a tendency for the 
voltage to change is met by an opposite voltage 
resisting the change, comprising a further vac 
in tute in circuit with said resistor, and means 

ior supplying the cathode and anode of said last 
name age with an operating voltage, said last 
Enamed means including one of the Secondary 
transioner windings and rectifying means be 
tween the same and the tube to be Supplied. 

25. A voitage regulator including a trans 
former having primary and secondary windings, 
a current supply energizing said primary wind 
ing, an output circuit connected to said primary 
winding, raneans for maintaining constant the 
output voltage of said circuit, comprising a Wac 
uum tube having a control grid, a resistor in 
parallel circuit relation with the output terminals 
of said circuit, Smeans connected with Said controi 
grid to amplify the voltage across the resistor and 
operate the control grid whereby a tendency for 
the voltage to change is met by an equal and 
opposite voltage resisting the change, Comprising 
a farther vacuum tube in circuit with said re 
sistor, and means for supplying the ainode of Said 
Aast nained use with an operating voltage, Said 
last, ared means inciuding a secondary wind 
ing of said transformer and rectifying means 
between line same and the tube to be supplied. 

16. A voltage regulator including a transformer 
having prisinary and Secondary windingS, a cur 
rent supply energizing said primary winding, an 
output, circuit connected to said primary winding, 
means for Saintaining constant the output Volt 
age of Saii circuit, comprising a resistor in paral 
el circuit, relation with the output terminals of 
said circuit, means to amplify the Woltage acroSS 
the resistor, comprising a vacuum tube in circuit 
with said resistor, and means for supplying said 
tube with an operating voltage, said last named 
means including a secondary winding of Said 
transfone. 

17. In a voltage regulator for a direct voltage 
current, source subject to fluctuations and con 
nected with a variable load, a variable resistor 
including a potentiometer in parallel circuit re 
lation with said source, means for amplifying the 
voltage across said resistor and for correcting 
rapid factuations in the current to be regulated 
without objectionable time lag, comprising a pair 
of vacuum tubes, and means for constituting Said 
amplifying means a two-stage amplifier for slow 
fluctuations and a one-stage amplifier for fast 
fluctuations including a condenser for connect 
ing the control grid of one of said tubes to one 
terminal of said potentiometer, and means in 
cluding a standard battery for connecting the 
control grid of the other tube to the other ter 
minai of said potentiometer. 

18. In a voltage regulator for an electrical volt 
age source Subject to fuctuations and connected 
With a variable load, variable resistance means 
in parallel circuit relation with said source, means 
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for amplifying the Voltage across said resistance 
means and for correcting rapid fluctuations in 
the current to be regulated without objectionable 
time lag, comprising a pair of vacuum tubes, 
and means for constituting said amplifying means 
a two-stage amplifier for slow fluctuations and a 
one-stage amplifier for fast fluctuations includ 

ing a condenser for connecting the Control grid 
of one of said tubes to one terminal of Said re 
sistance means, and means connecting the con 
trol grid of the other tube to the other ter 
minal of said resistance means. 

CHARLES D. BOCK. 


