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My present invention relates to a voltage regul 
lator especially useful for supplying high voltages 
for use in apparatus such as television transmit 
ters and television receivers. 
Conventional circuits for Supplying a regulated 

voltage of Substantially constant value require, 
so far as I am aware, connection of regulator 
tubes essentially across the output terminals of 
the voltage supply to be regulated. In the case 
of high voltage outputs (such as are required for 
television transmitters, for example), Such con 
ventional circuits would require regulator tubes 
of high voltage rating or the use of a large nun 
ber of such tubes connected in Series in order to 
absorb the high voltage, to which they are Sub 
jected, in Such a way that only a small voltage 
is applied across each tube. 
An object of my present invention is to provide 

an improved voltage regulator in which tubes of 
low voltage rating may be used for regulating a 
Source of very high voltage. Briefly, in accord 
ance with my invention, a resistive circuit is con 
nected across the terminals or leads which are 
to supply the regulated voltage output. My im 
proved regulator System is, in effect, connected 
across a small part of this resistive load in such 
a way (as will be described more fully herein 
after) as to provide ample voltage regulation 
without subjecting the tubes to the full voltage 
of the output, or load circuit. 
My invention will be explained in greater detail 

with the aid of the accompanying drawings, 
wherein: 

Fig. 1 illustrates a prior art type of voltage 
regulator circuit in which the regulating tubes : 
are subjected to the full voltage of the circuit; 

Fig. 2 illustrates a simple form of circuit mak 
ing use of the principles of my present invention; 

Fig. 3 is a modified form of my present inven 
tion in which increased sensitivity is secured; and 

Fig. 4 is a preferred form of my invention, 
especially useful for supplying a regulated high 
voltage for television transmitters. 

Referring now in detail to Fig. of the draw 
ings, a conventional prior art regulated power 
Supply is shown for the purpose of exposition and 
to give a clearer understanding of this invention. 
A sixty cycle input is coupled to the primary 
of a step-up transformer 2, the secondary of 
which is connected to the input terminals of a 
rectifler and fllter system 3. The output termi 
nals of the rectifier are connected to a positive 
terminal 4 and a negative terminal 5 of a voltage 
regulator. The positive terminal 4 from the out 
put of rectifier 3 connects to anode 6 of a voltage 
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regulator vacuum tube (electron discharge device) 
W. The cathode is connected to a positive volt 
age regulated power supply output terminal 8. 
The negative terminal 5 connects to ground 9 and 
to the negative terminal of the output of regu 
lated voltage ... The grid of the vacuum tube 
Vf connects to anode 2 of a control tube (elec 
tron discharge device) W2. The cathode 3 is 
connected to the anode 4 of a gaseous voltage 
regulator tube V3, the cathode of the regulator 
tube being connected to the negative terminal 5. 
A fixed resistance 5 is connected from positive 
terminal 4 to the anode 2. A fixed resistance 
is connected from the positive terminal 8 to the 
cathode of tube V2 and the anode of tube V3. 
A voltage divider is placed across the output 
regulated voltage terminals 8 and 0 and includes 
fixed resistors and 8 and a resistor 9 having 
a variable tap. The variable tap 20 of resistor 
9 connects to the grid 2 of vacuum tube W2. 

If desired, the gaseous voltage regulator or con 
stant voltage tube V3 may be replaced by a fixed 
potential, for example a battery 22, indicated by 
the broken lines in Fig. 1. 
The regulator tube W functions as an auto 

matically variable series resistor which operates 
to keep the output voltage constant. If the out 
put voltage tends to increase due to a change in 
Supply voltage or a change in load current, the 
bias on the control tube W.2 will become more 
positive, causing the plate current of the control 
tube to increase and the drop across resistor 5 
to increase. The bias on the regulator tube Wii 
therefore becomes more negative and the effec 
tive resistance of the regulator tube increases. 
There results an increased drop in the regulator 
which opposes the tendency for the output volt 
age to increase. A decrease in the output voltage 
causes a reverse action. 

It will be seen that tubes W.2 and W3 are con 
nected in series and that nearly the full output 
voltage is applied across the two tubes. The 
available output voltage will therefore be limited 
by the voltage ratings of tubes W.2 and W3. 

Fig. 2 of the drawing shows a particular feature 
of the present invention; namely, the method of 
obtaining Small voltage drops in the control tubes, 
which makes possible the use of tubes having low 
voltage ratings for a power supply with rela 
tively high output voltage. In order to use low 
voltage tubes in a high voltage power supply of 
the prior art circuit shown in Fig. 1, the constant 
voltage tube W3 would have to be replaced by a 
number of tubes connected in series, which would 
add to the cost and bulk of the equipment. 



An improved feature in the circuit of the press 
ent invention is the use of a reference direct cur 
rent potential or constant voltage bias source 
which is connected to the positive output termi 
nal of the power supply output regulated volt 
age instead of to the negative terminal as in the 
prior art circuit of Fig. 1. For example, it will 
be noted (in Fig. 2) that the grid 2 of vacuum 
tube W2 connects to a battery 22 which is Con 
nected to the positive side 8 of the output regul 
lated voltage; and the cathode 3 connects to 
only a portion of the voltage divider which 
includes resistor 7 and a part of the resistor 9. 
The operation of a conventional regulated 

power supply has been described with reference 
to Fig. 1. It will be seen that the operation of 
the circuit shown in Fig. 2 differs from the con 
ventional power supply described in Fig. 1 in one 
or more respects. First, a portion of the output 
voltage is applied between the positive terminal 
8 of the output voltage and the cathode 3 of 
the control tube W2. Second, the reference volt 
age indicated by the battery 22 is applied between 
the positive terminal 8 of the output voltage and 
the grid 2 of the tube W2. The difference be 
tween these two quantities is the grid-cathode 
voltage on the control tube. As in the preceding 
example, assuming a small positive change in the 
output voltage, the grid will then be carried more 
positive than the cathode. The plate current of 
the control tube W.2 will be increased and the op 
eration of this circuit will act to oppose a change 
in the output voltage in the manner described 
with reference to Fig. 1. 
Only a portion of the output voltage change 

will be applied to the control tube V2. The frac 
tion of the change in the output voltage useful 
in the control circuit is the ratio 

for the circuit of Fig. 2; and 

for the prior art circuit of Fig. i. This fraction 
may be small, if the output voltage is large, for 
either circuit Fig. 1 or Fig. 2. 
In order to increase the sensitivity of the Con 

trol, a stage of amplification may be added to the 
control circuit as is shown in Fig. 3. A vacuum 
tube W4 having an anode 30, grid 3, and cath 
ode 32 is connected to an additional battery 33. 
In a practical circuit, the batteries 22 and 33 may 
be replaced by gaseous voltage regulator tubes, 
such as are indicated by W3 in Fig. 1, which tubes 
have the property of maintaining essentially con 
stant voltage across the tubes independent of 
variations in current. If the current through the 
tubes is supplied from the regulated output volt 
age, the drop across the regulator tubes is fur 
ther stabilized. 

Fig. 4 shows a circuit used in a five kilowatt 
television transmitter to supply a regulated bias 
voltage of approximately 1200 volts. For this ap 
plication, it is desirable "to have the rectified di 
rect current potential maintained substantially 
constant; for example, the output voltage may be 
held within +0.25% regardless of changes in the 
output load current or normal changes in input 
voltage. 

Referring now in detail to Fig. 4, three double 
triodes (electron discharge devices) connected in 
parallel are represented by the symbol V. Only 
one triode is actually shown. The input terminal 
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4 is connected to anodes 6 of the tubes V 
through resistors 4. The cathodes are con 
nected to terminal 8 through resistors 42, and 
the grids are connected through resistors 
to anode 2 of the tube W2. The resistors 4, 
42, and 43 function as parasitic suppressor re 
sistors which will prevent Oscillation between the 
several vacuum tubes connected in parallel at 
W. The tubes W5, W6 and W are constant volt 
age tubes which furnish the necessary fixed po 
tential for the control circut, The resistor 9 
is made variable so that the regulated output 
voltage across terminals 8 and O can be changed 
from approximately 900 to 1200 volts. From the 
Cathode 3 of tube V2 to the variable tap 20 a 
small capacitor 44 is added. Also, a condenser 
50 is connected from the cathode of tube W to 
the positive terminal 8. The capacitors 44 and 
50 prevent relaxation oscillations from occur 
ring between tubes Wf and W2, which could occur 
due to the finite resistance of the regulator tubes 
W5, W6 and W. Capacitor 46 is added so that 
for Sudden changes in output voltage the entire 
change is applied to the grid of control tube W4. 
This improves the regulation for rapid changes in 
load current or supply voltage. Capacitor 5 is 
provided to by-pass the high frequency compo 
nents of the load current. A constant voltage is 
applied between the positive output terminal 8 
and the cathode 32 of tube V4. A voltage nearly 
equal to this potential is applied to the grid 45 
of tube V4 by means of the voltage divider which 
includes resistances 7, 8 and 9. The difference 
between the grid and cathode voltage applied to 
V4 is amplified by W4 and applied to the grid 
2 of tube W2. Tubes V4 and V2 constitute a 
two-stage direct coupled amplifier. The ampli 
fied voltage is applied to the grid f of regulator 
tube V whose plate resistance changes causing 
a change in drop across this tube in a direction 
to offset the original change in the output voltage 
assumed between terminals 8 and O. It will be 
seen that this system functions as a degenera 
tive amplifier to oppose changes in the output 
Woltage. 
What is claimed is: 
1. Apparatus for controlling the voltage sup 

plied to a load from a first direct current supply 
Source the voltage of which may vary, said di 
rect current supply source having a pair of in 
put terminals, said load being supplied from a 
pair of output terminals, comprising a first space 
discharge device having an anode, cathode and a 
control grid for controlling the resistance of the 
anode-cathode path of said device in accordance 
with the potential thereof with respect to the 
potential of the cathode, means for connecting 
the anode-cathode path of said device in series 
with Said load and supply source, a first series 
circuit of at least three resistors connected be 
tween said output terminals, a second series cir 
cuit of at least two gaseous discharge two-elec 
trode tubes and a resistor in the order named, 
also connected between said output terminals but 
in shunt to said first series circuit, a second space 
discharge device having an anode connected to 
the control grid of said first device through a re 
sistor and its cathode connected to a point be 
tween two of said gaseous tubes, a resistor con 
necting the anode of said first device to the an 
Ode of Said Second device, a third space discharge 
device having an anode connected to the grid of 
the second device and its cathode connected to 
the junction point of the resistor and a gaseous 
tube in the second series circuit, said third de 
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vice also having a grid connected to a tap on an 
intermediate resistor in the first series circuit, 
whereby said last grid is subjected to a small 
fraction of the regulated output voltage. 

2. Apparatus for controlling the voltage sup 
plied to a load from a first direct current sup 
ply Source the voltage of which may vary, said 
direct current supply source having a pair of 
input terminals, said load being supplied from 
a pair of output terminals, comprising a first 
Space discharge device having an anode, cathode 
and a control grid and connected in series with 
said load and supply source, a first circuit com 
posed of resistance connected between said out 
put terminals, a second series circuit of at least 
two gaseous discharge tubes and a resistor also 
connected between said output terminals but in 
shunt to said first circuit, a second space dis 
charge device having an anode connected to the 
control grid of said first device through a resis 
tor and its cathode connected to a point between 
two of said gaseous tubes, a resistor connecting 
the anode of said first device to the anode of 
Said second device, a third space discharge de 
vice having an anode connected to the grid of 
the second device and its cathode connected to 
the junction point of the resistor and a gaseous 
tube in the second series circuit, said third de 
vice also having a grid connected to a tap on 
said first circuit, whereby said last grid is sub 
jected to a Small fraction of the regulated output 
voltage. 

3. Apparatus for controlling the voltage sup 
plied to a load from a first direct current supply 
source the voltage of which may vary, said direct 
current supply source having a pair of input ter 
minals, said load being supplied from a pair of 
output terminals, comprising a first space dis 
charge device having an anode, cathode and a 
control grid and connected in series with said 
load and supply source, a first circuit composed 
of resistance connected between said output ter 
minals, a second series circuit of at least two 
gaseous discharge tubes and a resistor also con 
nected between said output terminals but in 
shunt to said first circuit, a second space dis 
charge device having an anode connected to the 
control grid of said first device and its cathode 
connected to a point between two of said gaseous 
tubes, a third space discharge device having an 
anode connected to the grid of the second device 
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and its cathode connected to the junction point 
of the resistor and a gaseous tube in the second 
Series circuit, said third device also having a grid 
Connected to a tap on said first circuit, whereby 
Said last grid is subjected to a small fraction of 
the regulated output voltage. 

4. A voltage regulator system comprising in 
put terminals adapted to be subjected to varia 
tions in potential, output terminals from which a 
regulated voltage may be derived, a first vacuum 
tube having an anode, cathode and control grid 
and Connected in series between said input and 
output terminals, a first circuit of resistance pro 
vided with a variable tap and connected between 
said output terminals, a second circuit of a plu 
rality of gaseous discharge tubes also connected 
between said output terminals and in shunt to 
Said first circuit, a second vacuum tube having 
an anode connected to the control grid of the 
first tube, and its cathode connected through an 
impedance to a point between two of said gase 
Ous discharge tubes, a resistor connecting to 
gether the anodes of said first and second vacu 
um tubes, a third vacuum tube having an an 
Ode connected to the grid of the second vacuum 
tube and its cathode connected to a point on 
said second circuit displaced from said first point, 
a connection from the grid of the third vacuum 
tube to said variable tap on said first circuit. 
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