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This invention relates generally to electrical 
power control circuits and more particularly to 
an improved voltage regulation network provid 
ing differential voltage regulation as a function 
of the control action of two different types of 
regulator elements. 

Heretofore various types of thermionic or gas 
eous discharge regulator tubes have been en 
ployed for the purpose of obtaining stabilized 
voltages for the operation of electronic or other 
apparatus. Such regulator tubes usually have a 
slightly rising or falling voltage-current charac 
teristic within the normal operating range. War 
ious feedback systems have been employed here 
tofore to compensate for such undesired slope in 
the operating characteristic. 
The instant invention contemplates the use of 

two different types of conventional gaseous-dis 
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charge voltage regulator tubes in a bridge circuit 
wherein the rising voltage-current characteristic 
of one tube is compensated by the falling voltage 
current characteristic of the other tube in the 
same operating range. The circuit is particularly 
advantageous for supplying regulated voltages to 
circuits requiring considerably lower voltage than 
is normally obtainable directly from conventional 
line voltage Sources. 

Briefly, the improved voltage regulating circuit 
according to the invention comprises a first gas 
eous-discharge regulator tube connected in shunt 
with the supply voltage Source and a Second gas 
eous discharge regulator tube, having a lower 
operating voltage than the first regulator tube, 
connected in series between the supply voltage 
source and the load. The load voltage thus de 
rived is the regulated difference voltage between 
the operating voltages of the two regulator tubes. 
A series resistor, or voltage-dropping impedance, 
connected between the supply voltage source and 
the regulator tubes determines the operating 
characteristic of the tubes and prevents overload 
currents which might otherwise be applied there 
to. If desired, a second resistor may be con 
nected across the load terminals to determine the 
minimum effectively regulated load current. 
Warious combinations of series- or parallel-con 
nected gaseous regulator tubes may be employed 
for controlling the load voltage derived from 
various supply voltage sources. 
Among the objects of the invention are to pro 

vide improved methods of and means for regu 
lating the voltage supplied to a load from an un 
regulated Supply voltage source. Another object 
is to provide an improved voltage regulating net 
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tor tubes having different operating potentials. 
An additional object is to provide an improved 
voltage regulator circuit employing at least two 
gaseous regulator tubes having different operat 
ing control potentials wherein the regulated load 
voltage is the difference voltage between the oper 
ating control voltages of the regulator tubes. A 
further object is to provide an improved voltage 
regulator circuit employing at least two gaseous 
discharge regulator tubes having different oper 
ating-voltage characteristics and having voltage 
current static characteristics with opposite slopes 
wherein said opposing static characteristics are 
Substantially complementary so that the load 
voltage is constant and equal to the difference of 
the operating voltages of the tubes. A still fur 
ther object of the invention is to provide an im 
proved voltage regulator circuit including a plu 
rality of serially-connected regulator tubes ef 
fectively connected across a supply voltage 
Source and at least one regulator tube of a dif 
ferent operating voltage characteristic connected 
between the supply voltage source and the load 
terminals, 
The invention will be described in further de 

tail by reference to the accompanying drawing of 
which Figure i is a schematic circuit diagram of 
a first embodiment thereof, Figure 2 is a sche 
matic circuit diagram of a second embodiment 
thereof, Figures 3 and 4 are graphs showing typi 
cal voltage-current static characteristics of dif 
ferent types of gaseous regulator tubes, and Fig 
ure 5 is a graph indicating the regulated voltage 
derived from the circuit of Figure 1 when em 

5 ploying regulator tubes having characteristics as 
indicated in the graphs of Figs. 3 and 4. Similar 
reference characters are applied to similar ele 
ments throughout the drawing. 

Referring to Figure 1 of the drawing, a first 
embodiment of the voltage regulator circuit in 
accordance with the invention includes input ter 
minals f, 3 connected to a supply voltage source, 
not shown. Input terminal f is connected 
through a first resistor or voltage-dropping im 
pedance 5 to a first gaseous discharge regulator 
tube (such for example as an RCA type 
OD-3/VR150), and to a second gaseous discharge 
regulator tube 9 (such for example as an RCA 
type OC-3/VR105). The remaining electrode of 
the first regulator tube 7 is connected to the re 
maining input terminal 3 and to one of the output 
terminals f. The remaining electrode of the 
second regulator tube 9 is connected to the re. 
maining output termine 3. A second resistor 

work utilizing a pair of gaseous discharge regula- 55 5 shunts the output terminals if and 3. Thus 
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the regulated output voltage which may be ap 
plied to a load, not shown, is equal to the differ 
ence of the operating voltages of the regulator 
tubes and 9. 
The series resistor 5 depends upon the Supply 

voltage and controls the maximum operating 
current characteristics of the regulator -tubes, 
and in the example illustrated should be selected 
to prevent the current in the first regulator tube 
7 from exceeding approximately 40 milliamperes. 
The second resistor 5, connected across the load 
terminals f , 3, provides a current through the 
second regulator tube 9 of the order of 5 milli 
amperes, with an infinite load impedance. Thus, 
the regulated load voltage will be maintained 
substantially constant for load currents varying 
from zero to approximately 30 milliamperes. If 
the second resistor 5 is omitted, good regulation 
of the load voltage will be provided for load Cur 
rents varying from 5 to 35 milliamperes. 
the first regulator tube has an operating voltage 
of approximately 150 volts and the second regul 
lator tube an operating voltage of about 109 
volts, the difference voltage applied to the load 
terminals will be of the order of 41 volts in the 
example described. 
Other values of line and load operating volt 

ages may be regulated in accordance with the 
invention by utilizing gaseous discharge tubes 
having different operating voltages from those 
indicated in the previous example. For example, 
if the operating voltage of the first regulator 
tube 7 is 105 volts and that of the second regul 
lator tube 9 is 75 volts, the regulated load volt 
age will be 30 voltS. 

Figure 2 is similar in all respects to Fig. 1 with 
the exception that a third regulator tube 7' is 
serially connected with the first regulator tube 
T. If the first and third tubes and each 
have operating voltages of 105 volts and the oper 
ating voltage of the second regulator tube 9 is 
150 volts, then the regulated load voltage will be 
equal to 60 volts providing the Supply voltage 
applied to the input terminals , 3 exceeds 210 
volts. 
The graph of Figure 3 indicates the voltage 

current static characteristic of a typical type 
OD-3/VR150 gaseous discharge regulator tube 
indicating a rising characteristic with load cur 
rent. The graph of Figure 4 indicates the falling 
voltage-current characteristic of a type OC 
3/VR105 gaseous discharge regulator tube. The 
graph of Figure 5 indicates the Substantially con 
stant load voltage derived from the circuit of 
Fig. 1 when the tubes indicated in the examples 
shown in FigS. 3 and 4 are employed. 
Thus, the invention comprises an improved 

voltage regulator circuit wherein normally op 
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4. 
posing voltage-current static characteristics of 
two or more gaseous discharge regulator tubes 
are combined in a circuit to provide a substan 
tially constant regulated load voltage having a 
magnitude corresponding to the difference in the 
operating voltages of the regulator tubes. 
I claim as my invention: 
1. A voltage regulator circuit for connection 

between a source of Supply voltage and a load 
including a voltage-dropping impedance in series 
with said Supply voltage, a pair of voltage-regu 
lating devices having different voltage drops 
which vary in Opposite sense as a function of 
the series currents therethrough, and means for 
connecting a load to said voltage-regulating de 
vices whereby the load voltage is proportional 
to the regulated difference voltage between said 
two regulating devices. 

2. A voltage regulator circuit for connection 
between a Source of Supply voltage and a load 
including a voltage-dropping impedance in series 
with said Supply voltage, a pair of voltage regul 
lating devices having different voltage drops 
which vary in opposite sense as a function of 
the series currents therethrough, means con 
necting one of Said devices in Series with said 
resistor and said load, means connecting the 
other of Said devices in shunt with said one de 
vice and said load, and means for connecting 
a load to said voltage regulating devices whereby 
the load voltage is proportional to the regulated 
difference voltage between said two regulating de 
WCes. 

3. A voltage regulator circuit for connection 
between a Source of Supply voltage and a load 
including a first resistor in series with said supply 
voltage, a pair of voltage regulating devices hav 
ing different voltage drops which vary in op 
posite Sense as a function of the series currents 
therethrough, means connecting one of said de 
vices serially between said resistor and said load, 
means connecting the other of said devices in 
Shunt with said one device and said load, a second 
resistor connected in series with said one device, 
and means for connecting a load in shunt with 
Said Second resistor whereby the load voltage is 
proportional to the regulated difference voltage 
between said two regulating devices. 
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