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24 Claims. 

My invention relates to regulating devices and 
particularly to low impedance voltage regulating 
and current regulating circuits which utilize elec 
tric discharge tubes for maintaining either a con 
stant voltage or a constant current output. 
There are many applications for a high voltage 

source which has a low impedance and a more 
constant voltage output than can be obtained 
from a rectifier and filter system. As an example, 
television amplifiers cannot be supplied with volt 
age from a filter system with satisfactory resultS, 

Previously, in cases where the voltage require 
ments have been so strict, it has been necessary 
to employ batteries made up of a large number 
of cells. Such batteries are expensive and must 
be replaced periodically. 
There are also many applications for a low 

impedance Source which Supplies a constant 
current regardless of adverse conditions such as 
varying load impedance or varying line voltage. 

It is, accordingly, an object of my invention to 
provide a regulating circuit which will hold the 
voltage across a load constant when the voltage 
is Supplied from a Source of varying voltage Such 
as a source of rectified current. 
A further object of my invention is to provide 

an improved current regulating circuit which will 
supply a constant current to a load. 
A still further object of my invention is to 

provide voltage and current regulating circuits 
of the above-mentioned types which do not have 
any batteries therein. 
In practicing certain embodiments of my in 

vention, I connect a power tube in series with 
is the load, and vary the impedance of the power 
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tube in accordance with voltage changes by con 
necting the control grid of the power tube to the 
output circuit of a direct current amplifier, the 
input circuit of the direct current amplifier being 
connected to a resistor shunted across the load. 
In certain specific embodiments, all batteries, 
such as grid biasing batteries, are eliminated by 
utilizing a glow tube in one of two voltage-oppos 
ing circuits. 

In practicing other embodiments of my inven 
tion, a power tube is connected in shunt to the 
load instead of in series therewith. Also, in 
certain embodiments, a resistor is connected in 
series with the load, instead of in shunt to it, 
for applying a regulating voltage to the grid of 
the power tube. 
Other features and advantages of my inven 

tion will appear from the following description 
taken in connection with the accompanying 
drawings, in which 

(1-229) 
Figure 1 is a circuit diagram of a voltage reg 

ulating system constructed in accordance with 
one embodiment of my invention; 

Fig. 2 is a circuit diagram of the voltage regul 
lator which, in accordance with my invention, 
does not require the use of batteries; 

Fig. 3 is a circuit diagram of a voltage regula 
tor constructed in accordance with another em 
bodiment of my invention; and 

Fig. 4 is a circuit diagram of a current regula 
tor constructed in accordance with one embodi 
ment of my invention. 

Referring to Fig. 1, a load is supplied with 
direct current from a full wave rectifier of con 
ventional design. The rectifier comprises rec 
tifier tubes 3 and 5 having hot cathodes 7 and 9, 
respectively, which are supplied with current 
from the filament secondary winding if of a sup 
ply transformer 3. The anodes fs and 7 of the 
rectifier tubes 3 and 5, respectively, are connect 
ed to the ends of the high potential winding is 
of the transformer 3. 
A conductor 2 leading from the mid-point of 

the Secondary winding 9, which forms one out 
put lead or terminal of the rectifier , is ground 
ed and connected to the bottom terminal of the 
load 23. 
The other output lead or terminal 25 of the 

rectifier is connected to the upper terminal of 
the load 23 through a filter choke 27 and a power 
tube 29. This connection may be traced from 
the rectifier through the choke coil 27 to the 
plate 3 of the power tube 29, through the space 
current path in the tube to the filament 33 and 
through the filament shunting resistor 35 and 
the conductor 37 to the upper terminal of the 
load 23. 
The usual filter condenser 39 is connected be-, 

tween the load end of the choke coil. 2 and 
ground. 

It will be apparent that the voltage supplied 
to the load 23 would have a fairly large hum 
component if only the choke coil 2T and con 
denser 39 were relied on to filter the rectifier out 
put. Therefore, in accordance with my inven 
tion, I provide a direct current amplifier 4 so 
connected in the circuit that the plate impedance 
of the power tube 29 is varied in the proper man 
ner to maintain the voltage across the load coin 
Stant. 
The direct current amplifier 4 comprises an 

electric discharge device 43 which, preferably, is 
a screen grid vacuum tube, and another electric 
discharge device 45 which functions as a plate 
impedance for the first mentioned device 43. In 
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2 
accordance with a specific feature of my inven 
tion, the control voltage to the input circuit of 
the direct current amplifier is supplied from 
a resistor 47 connected in shunt to the load 28. 

Obviously, in order to obtain maximum con 
trol, the grid 49 and cathode 5 of the vacuum 
tube 43 should be connected across the entire 
resistor 47 to apply the total voltage drop of the 
resistor 47 to the amplifier input circuit. Such 
a connection, however, would require a very large 
biasing battery in a system where there is a volt 
age drop of several hundred volts across the 
load. Furthermore, a direct current connection 
across the entire resistor 47 is not necessary in 
order to obtain the necessary control for varia 
tions in the voltage. 

I obtain the proper control for the above-men 
tioned voltage variations and a certain amount 
of control for the higher frequency or hum varian 
tions by conductively connecting the grid 49 and 
the cathode 5 across a small section of the re 
sistor 47, thus allowing the utilization of a come 
paratively Small biasing battery 5 in the grid 
circuit. - 

The desired additional regulating action for 
eliminating hum or comparatively high fre 
quency voltage variations is obtained by connect 
ing the control grid 49 and the cathode 5 across 
the entire resistor by means of coupling con 
densers 55 and 57, respectively. 
The Screen grid 59 of the vacuum tube 43 is 

supplied with the proper positive potential by 
connecting it to a point on the resistor 47. 
- The plate 6 of the vacuum tube 48 is con 
nected through the vacuum tube 45, which serves 
as a coupling resistor to the upper or positive 
terminal of the resistor 47. This circuit may be 
traced from the plate 6 of the amplifier tube 48 
through a resistor 63 to the cathode B of the 
coupling tube 45, through the space charge path 
of the tube to the anode 8, and through the con 
ductors 69 and 37 to the positive terminal of the 
resistor 47. 
The screen grid T of tube 4S is supplied with 

a suitable positive potential by means of a bat 
tery. 13. 
The control grid 75 of coupling tube is is con 

nected to the upper terminal of the resistor 3 
so that the plate impedance of the coupling tube 
changes with a change in current through the 
resistor 63. It will be seen that the current 
flow through the resistor 63 is in such a direc 
tion that if the current flow increases, the grid TS 
is made more negative and the plate impedance 
of the coupling tube 45 increases. 
The plate impedance of the power tube 2 is 

controlled in accordance with the output of the 
direct current amplifier 4 by means of the power 
tube control grid which is connected by means 
E.t ductor 79 to the plate B of the amplifier 
The above described circuit provides what may 

be referred to as negative regeneration, since the 
direct current amplifier 4 is connected to resist 
variations in voltage rather than to amplify 
them. . This action will be understood by consid 
ering the action of the amplifier 4 when the 
voltage output of the rectifer increases. Such 
an increase will cause an increase in current flow 
through the shunting resistor 47 and make the 
control grid 49 of the amplifier tube more posi 
tive with respect to the cathode 5. This causes 
an increase in current through the resistort 
and coupling tube 4S, whereby the plate be 
comes less positive. 

21,749 
Since the control grid of the power tube 

2 is connected to the plate , it also becomes 
less positive, that is, more negative, and the im 
pedance of the power tube 29 is increased, 
whereby any increase in voltage drop across the 
shunting resistor is opposed. It will be un 
derstood that the voltage variation across the 
load 28 which is permitted by the system is a 
function of the gain of the direct current ampli 
fier 4, the voltage variation being decreased by 
increasing the gain of the amplifier. 

If desired, the coupling tube 45 may be re 
placed by an ordinary coupling impedance, but 
the gain of the amplifier 4 is increased by em 
ploying the coupling tube 45 since the coupling 
tube impedance increases with an increase in the 
plate current of tube 43. Also, a screen grid 
tube with a high negative bias on the grid and a 
low positive voltage on the plate, as in the case 
of tube 45, has a very high plate impedance, of 
the Order of several megohms, yet the direct cur 
rent drop across the tube is only a few volts with 
a plate current of one or two milliamperes. 
resistor of similar impedance would have a very 
high voltage drop at the same current and it 

. Would be difficult and expensive to Supply the 
necessary high voltage, 
Although in the circuit shown in Fig. 1 there 
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is very little drain on the batteries, obviously, 
the elimination of all batteries is desirable. , 

Fig. 2 shows a system in which batteries have 
been eliminated by utilizing a special glow tube 
circuit. In Figs. 1 and 2 like parts are indicated 
by like reference numerals. It will be noted that 
in Fig. 2 the choke coil. 2 of the filter has been 
Omitted, this being feasible when the direct cur 
rent amplifier of the regulator System has a high 
gain. . 

In Fig. 2 the direct current amplifier 8 com 
prises two screen grid tubes 83 and 85. As in Fig. 
1, the control voltage for the direct current am 
plifier 8 is provided by means of a resistor 81 
connected in shunt to the load 23. 
A portion of the resistor 87 is shunted by a glow 

tube 89 connected in series With a current lim 
iting resistor 9. The glow tube may be any one 
of the well known types such as a neon lamp. 
The control grid 98 of the amplifier tube 83 is 
connected to a point on that portion of the re 
sistor 87 which is shunted by the glow tube 89, 
while the cathode 95 is connected to a point be 
tween the glow tube 89 and the current limiting 
resistor f. 
The glow tube 89 will have a substantially con 

stant voltage drop thereaCross so that it supplies 
a substantially constant blasing voltage in the 
grid circuit. It will be noted that since the re 
sistor BT and the glow tube 89 are connected in 
parallel with respect to the rectifier, their voltage 
drops are in opposition in the grid circuit of the 
amplifier tube . 

In one embodiment of my invention, where the 
voltage drop across the load 23 was 230 volts, the 
glow tube had a constant voltage drop of 110 
volts thereacross, while the portion of the resistor 
between the points 92 and 94 had a normal volt 
age drop of 113 volts thereacross. This supplied 
the control grid 93 with a negative bias of 3 volts. 
The plate 97 of the amplifier tube 83 is con 

nected to the positive terminals of the voltage 
supply and load through a high resistance unit 

. The plate 9 is conductively coupled to the 
control grid of the tube 85. In order to main 
tain the control grid if negative with respect 
to the cathode of tube B, the cathode 03 
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21,749 3 
is connected to a point on a resistor OS connected 
in shunt to the load, which point is positive with 
respect to the plate 9 and grid . 
The plate OT of the tube is connected to the 

positive terminals of the voltage supply and load 
through a resistor f 19, which may be of the same 
value as the resistor 99 in the plate circuit of the 
other tube. In one embodiment of the invention, 
resistors 99 and 109 had a value of 1 megohm. 

Obviously, the plate OT of tube 85 must be at 
a higher potential than the plate 97 of tube 
in order that it shall be at a positive value with 
respect to its cathode 03. It is maintained at 
this higher potential since the plate current of 
the tube 8 is less than the plate current of the 
tube 83 due to the control grid foll of tube 
always being maintained more negative than the 
control grid 9 of tube . 
The screen grid if of tube is supplied with 

a suitable positive potential by means of a resistor 
3 connected in shunt to the load 23, while the 

screen grid 5 of the tube 85 is supplied with the 
proper potential by connecting it to the positive 
terminal of the power supply through a conduc 
tor . 
As in Fig. 1, the input circuit of the direct cur 

rent amplifier 8 has an alternating current con 
nection across the entire resistor 87, this con 
nection being through coupling condensers 9 
and 2. A strong control voltage will be applied 
to the amplifier input circuit through the cou 
pling condensers for reducing voltage variations 
of a comparatively high frequency such as those 
having a frequency of 60 or 120 cycles. 

In Fig. 3, the circuit of Fig. 1 is shown modified 
for utilizing a voltage control tube connected in 
shunt to the load instead of in series with it. In 
the two figures like parts are indicated by like 
reference numerals. 

Referring to Fig. 3, the power tube is shown 
replaced by a smaller three element tube 23 con 
nected in shunt to the load. It will be seen that 
the tube 23 acts as a bleeder resistor, the im 
pedance of which may be varied by means of a 
control electrode 25. 
With the valtage control tube 23 in shunt to 

the load, the phase of the control voltage applied 
to the control grid 2 must be such that an 
increase in voltage drop across the resistor 4 
causes a decrease in the plate impedance of the 
tube 23. 

In order to get the proper phase relation, the 
control grid 49 of the amplifier tube 43 is con 
nected below the point f27 on the resistor 47 to 
which the Cathode f is connected. Since this 
connection would put the control grid 49 at a 
high negative potential, a biasing battery 29 is 
inserted in the grid circuit for maintaining the 
grid 49 at the proper negative bias. The grid 49 
and cathode 5 are coupled across the entire re 
sistor 4 by means of the coupling condensers 
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3 and 33, respectively, as in Fig. 1. 
The impedance of the voltage control tube 23 

is controlled in accordance with the output of 
the direct current amplifier 4 by means of the 
control grid 25 which is conductively coupled to 
the plate 6 of the amplifier tube 48. In order 
to maintain the control grid 2 at a negative 
potential with respect to the cathode 35, a bias 
ing battery 3 is inserted in the connecting lead 
between the plate 8 and the control grid 2. 

All of the above described circuits have the 
common features of a resistor connected in shunt 
to the load for supplying the control voivage to . 
the direct current amplifier. They also have 

the common feature of a direct current amplifier 
which has its input circuit conductively connect 
ed across only a part of the voltage control re 
sistor for opposing slow voltage changes and ca 
pacitively connected across the entire voltage 6 
control resistor for opposing voltage hum varia 
tions, 
Fferring to Fig. 4, where parts similar to 

those in Fig. 2 are indicated by like reference 
numerals, there is shown a current limiting sys- lo 
ten which does not require the use of batteries, 
As in Figs. 1 and 2, a power tube 2 is connected 
in series with the source of rectifying current and 
the load. In this circuit, however, the control 
voltage is supplied from a resistor connected 15 
in series with the load. 
The control voltage is applied to the input of 

a direct current amplifier which is similar to 
the one shown in Figure 2, 
The main distinction between the circuits of 20 

Figs. 2 and 4 resides in the input circuit of the 
direct current amplifier 8. The cathode 5 
of the first amplifier tube 3 is connected to a 
point on the series resistor f39, while the control 
grid 93 of the amplifier tube 3 is connected 25 
through a conductor 4 to a circuit in shunt to 
the rectifier. This shunt circuit comprises a grid 
glow tube 4 connected in series with a current 
limiting resistor 45. 
With respect to the grid circuit of the amplifier 30 

tube 83, the glow tube 143 is connected in series 
relation with the portion of the series resistor 3 
which is in the said grid circuit. With respect 
to the rectifler, however, the glow tube 48 and 
the series control resistor 39 are connected in as parallel. It will be apparent that the voltage 
drops across the glow tube 43 and the resistor 

are in series opposition in the amplifier grid 
circuit so that the desired small negative bias is 
applied to the control grid 93. (O 

It will be noted that the glow tube 43 and the 
resistor 47, which supplies the desired potential 
to the screen grid if and the cathode 03, are 
connected across the power supply at a point be 
tween the rectifier and the power tube 2 in 
stead of at a point between the load 2 and the power tube 29 as in the preceding figures. This 
is desirable since the voltage across thioad may 
be varied greatly in maintaining the current 
through it substantially constant. '' . 

In both Fig.2 and Fig. 4 the glow tube and cur 
rent limiting resistor may be replaced by a bal 
last lamp connected in series with a resistor. 
Since a ballast lamp is a constant current device, 
the drop across the resistor will be substantially 65 
constant and may be utilized in place of the volt 
age drop across a glow tube. While it is pre 
ferred that a glow tube or some other device 
which has a substantially constant voltage drop 
therea cross be used, the operation of the circuit 69 
will be satisfactory so long as the voltage varia 
tion across the glow tube or substituted device is 
small compared with the voltage variation across 
the resistor. It will be noted that both the glow 
tube and the ballast lamp have an impedance 65 
which varies with the voltage impressed across 
then. 
From the foregoing description, it will be ap 

parent that I have provided regulating systems 
which are highly effective in supplying a load with 70 
either a constant voltage or a constant current 
and which are economical and convenient to op 
erate. More particularly, I have provided cer 
tain vacuum tube regulating systems which derive 
all the voltages for the vacuum tubes from the 
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source of power to be regulated whereby all bat 
teries are eliminated. Also, I have provided cer 
tain other vacuum tube regulating systems which 
require only small biasing batteries which will 

s have a long life. 
Various modifications may be made in my in 

vention without departing from the spirit and 
scope thereof, and I desire, therefore, that only 
such limitations shall be placed thereon as are 

O necessitated by the prior art and set forth in the 
appended claims. 

I claim as my invention: i. In a voltage regulating system for a source 
of variable voltage, a load, a voltage divider re 

is sistor shunted across said load, an electric dis 
charge tube having a control electrode, said tube 
being connected in the circuit between said source 
and said voltage divider resistor, and means for 
controlling, the impedance of said tube in ac 

20 cordance with changes in voltage drop across said 
voltage divider resistor, said means comprising 
a direct current amplifier having an input circuit 
connected to said voltage divider resistor and an 
output circuit connected to said control electrode. 

25 2. A system according to claim 1 characterized 
in that a second circuit including a glow tube is 
connected in shunt to a portion of said voltage 
divider resistor, said glow tube and said portion 
being connected in series relation in said input 
circuit of the direct current amplifier. 

3. In a voltage regulating system for a source 
of variable voltage, a load, a voltage divider re 
sistor shunted across said load, an electric dis 
charge tube connected in series with said source 
and said load, said tube having a control elec 
trode, and means for increasing the impedance of 
said tube in response to an increase in current 
through said voltage divider resistor, said means 

/including a direct current amplifier having its 
40 input circuit connected across a low potential por 

tion of said voltage divider resistor and its output 
circuit connected to said control grid. 

4. In combination, an amplifier comprising an 
electric discharge device having input electrodes 
cluding a control electrode, a source of poten tal, a constant impedance device connected in 

series with said source, a gaseous discharge de 
vice also connected in series with said source, and 
means for connecting said impedance device and 

so said gaseous discharge device in series relation 
between said input electrodes with the voltage 
drops in said devices in opposition. 

5. Apparatus according to claim 4 character 
ized in that the gaseous discharge device is con 

is nected in a circuit which is in shunt to the con 
stant impedance device. 

6. Apparatus according to claim 4 character 
ized in that the gaseous discharge device is a 
glow tube. 

60 7. In combination, an amplifier comprising an 
electric discharge device having input electrodes 
including a control electrode, a source of poten 
tial, a variable impedance circuit connected in 
series with said source of potential, a portion of 

is said circuit having a constant voltage drop there 
across, an impedance device of comparatively 
constant impedance connected in a circuit in 
shunt to said variable impedance circuit, and 
means for connecting Said impedance device and 

70 a portion of said variable impedance circuit in 
series relation between said input electrodes. 

8. In combination, a Source of electrical en 
ergy, a load connected thereto, an electric dis 
charge tube connected in series with said load, a 

is direct-current amplifier having input electrodes 
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and an output circuit, a resistor connected across 
said load, a circuit including a glow tube con 
nected across at least a portion of said resistor, 
one of said input electrodes being connected to 
the portion of said resistor shunted by said glow 5 
tube, and the other of said input electrodes being 
connected to said glow tube circuit, and means for 
so connecting the output circuit of said amplifier 
to said electric discharge tube that the imped 
ance of said tube is increased in response to an 0 
increase in the voltage of said source. 9. In a voltage regulating system for a source 
of variable voltage, a load, an impedance device 
shunted across said load, an electric discharge 
tube connected in series with said source and 15 
said load, said tube having a control electrode, 
and means for increasing the impedance of said 
tube in response to an increase in current through . 
said impedance device, said means including a 
direct current amplifier having input electrodes 20 
and an output circuit, a circuit including a glow 
tube connected across at least a portion of said 
impedance device, one of said input electrodes 
being connected to the portion of said impedance 
device shunted by said glow tube and the other of 25 
said input electrodes being connected to said glow 
tube circuit, said output circuit being connected 
to said control grid. 

10. In a voltage regulating system including a 
source of variable voltage and a load connected so 
thereacross, an impedance unit connected in 
shunt to said source, a variable impedance device 
connected in the circuit between said source and 
said impedance unit, and means including a direct 
Current amplifier for controlling the impedance 35 
of said device in accordance with variations in 
voltage supplied from said source, said amplifier 
having input electrodes conductively connected 
across a portion of said impedance unit, said in 
put electrodes also being coupled across a larger do 
portion of said impedance unit by coupling means 
which will pass pulsating voltages only. 

11. In a voltage regulating system including a 
source of variable voltage and a load connected 
thereacross, an impedance unit connected in 
shunt to said source, a variable impedance device 
connected in the circuit between said source and 
said impedance unit, means including a direct 
current amplifier for controlling the impedance 
of said device in accordance with variations in SO 
Voltage supplied from said source, said amplifier 
having input electrodes and an output circuit, 
means for conductively connecting said input 
electrodes across a portion of said impedance 
unit, means for capacitatively connecting said 55 
input electrodes across a larger portion of said 
impedance unit, and means for coupling the out 
put circuit of Said amplifier to said variable im 
pedance device. - 

12. In a current regulating system, a source of 00 
current, a load connected thereto, an electric 
discharge tube connected in series with said load, 
a resistor also connected in series with said load, 
a glow-tube circuit connected across said source 
and in shunt relation to at least a portion of said is 
resistor, and means for increasing the impedance 
of said tube in response to an increase in current 
through said resistor, said means including a di 
rect current amplifier having an input circuit 
connected across said glow tube and said portion 70 
of Said resistor, said glow tube and said resistor 
portion being in series relation with respect to 
said input circuit. 

13. In combination, a source of voltage, an 
amplifier having an input circuit including input is 
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electrodes, a substantially constant impedance 
device connected across said source, a gaseous 
discharge device connected in parallel with said 
constant impedance device, means for connecting 
One of said input electrodes to said constant in 
pedance device, and means for connecting the 
other of said input electrodes to said gaseous dis 
charge device whereby said constant impedance 
device and said gaseous discharge device are con 

() nected in series in said input circuit. 
14. In combination, an amplifier comprising 

an electric discharge tube having input electrodes 
including a control electrode, a source of poten 
tial, a first impedance device connected in series 
with Sald Source, said first device having a sub 
stantially constant impedance, a second imped 
ance device also connected in series with said 
source, said Second device having an impedance 
which changes substantially instantaneously in 
response to a change in Voltage impressed there 
across, and means for connecting said impedance 
devices in series relation between said input elec 
trodes with the voltage drops in said devices in 
opposition. 

25 15. A voltage regulating device including a 
source of current having a pair of terminals, a 
tube including electrodes and a grid, a conduc 
tive connection between one of said terminals 
and one of said electrodes, a connection leading 
from the other electrode, out-put means for the 
device connected at one side to the last men 
tioned connection, a connection leading from the 
remaining terminal of the source of current, con 
trol means for said grid bridged between the last 

st two connections, and a conductive connection be 
tween said grid and the controlling means, said 
controlling means including a discharge gap and 
a resistor in series with the discharge gap and 
a contact movable Over said resistor and form 
ing a terminal for the last mentioned connection. 

16. A regulating circuit for direct currents, said 
circuit having an input and an Output tending to 
very from normal in accordance with the poten 
tial difference between the output and input, said 

a circuit including a variable resistance tube, 
means for supplying a constant potential, and 
means to regulate the resistance of the tube in 
conformity with variations from normal of the 
potential difference between the first means and 

so the output. 
17. A voltage regulating device including a 

source of current having a pair of terminals, a 
tube including electrodes and a grid, a conduc 
tive connection between one of said terminals 

is and one of said electrodes, a connection leading 
from the other electrode, out-put means for the 
device connected at one side to the last men 
tioned connection, a connection leading from the 
remaining terminal of the source of current, con 
trol means for said grid bridged between the last 
two connections, and a conductive connection be 
tween said grid and the controlling means, said 
controlling means including a discharge gap and 
a resistor in series with the discharge gap and 
a contact in series with said resistor and form 
ing a terminal for the last mentioned connection. 

18. The invention as set forth in claim 16, 
wherein said constant potential means includes 
a gaseous discharge device. 

9. The invention as set forth in claim 16, 
wherein said constant potential means comprises 
a glow tube connected in series with a resistor. 

20. The invention as set forth in claim 16, 
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wherein said regulating means comprises a volt 
age divider network connected across said output 
circuit. 

21. A voltage regulating device including a 
source of current having a pair of terminals, a 
tube including electrodes and a grid, a conduc 
tive connection between one of said terminals 
and one of said electrodes, a connection leading 
from the other electrode, output means for the 
device connected at One side to the last men 
tioned connection, a connection leading from the 
remaining terminal of the source of current, con 
trol means for said grid bridged between the last 
two connections, and a direct voltage responsive 
connection between said grid. and the control 
ling means, said controlling means including a 
discharge gap and a resistor in series with the 
discharge gap and a contact movable over said 
resistor and forming a terminal for the last men 
tioned connection. 

22. A voltage regulating device including a 
Source of current having a pair of terminals, a 
tube including electrodes and a grid, a conduc 
tive connection between one of said terminals and 
one of said electrodes, a connection leading from 
the other electrode, output means for the device 
connected at one side to the last mentioned con 
nection, a connection leading from the remain 
ing terminal of the source of current, control 
means for said grid bridged between the last two 
Connections, and a direct voltage responsive con 
nection between said grid and the controlling 
means, said controlling means including a dis 
charge gap and a resistor in series with the dis 
charge gap and a contact in series with said re 
sistor and forming a terminal for the last men 
tioned connection. 

23. A voltage regulating device inciuding - a 
source of current having a pair of terminals, a 
tube including electrodes and a grid, a conduc 
tive connection between one of said terminals 

5 

O 

2 5 

30 

40 

and one of Said electrodes, a connection leading 
from the other electrode, output means for the 
device connected at one side to the last men 
tioned connection, a connection leading from the 
remaining terminal of the source of current, con 
trol means for said grid bridged between the 
last two connections, and a direct voltage respon 
sive connection between said grid and the con 

A trolling means, said controlling means including 
a discharge gap and a resistor in circuit with the 
discharge gap and a contact movable over said 
resistor and forming a terminal for the last men 
tioned connection. 

24. A voltage regulating device including a 
source of current having a pair of terminals, a 
tube including electrodes and a grid, a conductive 
connection between one of said terminals and 
one of said electrodes, a connection leading from 
the other electrode, output means for the device 
connected at one side to the last mentioned con 
nection, a connection leading from the remain 
ing terminal of the source of current, control 
means for said grid bridged between the last two 
connections, and a direct voltage responsive Con 
nection between said grid and the controlling 
means, said controlling means including a dis 
charge gap and a resistor in circuit with the 
discharge gap and a contact in circuit with said 
resistor and forming a terminal for the last men 
tioned connection. 
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