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DIRECT CURRENT STABLIZER, 

Heyward A. French, Belleville, N. J., and Leo 
Staschover, Jamaica, N. Y., assignors to Inter 
national Standard Electric Corporation, New 
York, N. Y., a corporation of Delaware 
Application May 20, 1950, Serial No. 163,186 

(C. 323-4) 5 Claims. 

This invention relates to current stabilizers and 
more particularly to stabilizers for maintaining 
Substantially constant a direct current despite 
changes in voltage from the source or changes in 
the impedance of a direct current load. 
Various types of direct current stabilizers have 

been proposed using a regulating electron dis 
charge device in the supply circuit for regulating 
the current supplied to a load. These may consist 
of a degenerative circuit in which a degenerative 
feedback is effected to control the bias on the 
regulating tube, a mu-balance circuit in which a 
balance voltage is fed to the grid of the regulating 
tube Over an inverter amplifier having amplifica 
tion factor of mu from a voltage divider bridged 
Es the regulating device, or a combination of 
both. 
The combination mu-balance, degenerative sys 

ten generally exhibits a closer regulation than 
either of the other types. Such a circuit consists 
of a regulator tube having a cathode resistor con 
nected to output terminals for application be 
tween a direct current source and a load. Across 
the regulator tube is provided a potentiometer, 
an intermediate point of which is coupled to the 
grid of an amplifier-inverter tube. The anode 
of this amplifier tube is coupled to the grid of the 
regulator tube over a neon or glow tube, which in 
turn has its cathode connected to the lower ter 
minal of the cathode resistor. 
the almplifier tube is coupled through a second 
glow tube to this lower terminal to serve as a 
source of reference voltage for the amplifier tube. 
In this case the cathode resistor is used as the 
Source of comparison voltage. 
Thus the Standard reference voltage will be 

compared with a lower Voltage for application to 
the amplifier tube. Moreover this shunt, current 
serves to preserve properly high operating poten 
tial for the shunted connected electron discharge 
device. 
The electron discharge device connected across 

the regulator cathode resistor is supplied with 
a variable grid bias circuit to control the current 
flow and thus adjust the magnitude of the refer 
ence voltage. As the potential of the regulator 
cathode resistor is relatively high while the po 
tential at the cathode resistor of that device con 
nected therea cross is relatively low, a voltage re 
ducing divider consisting of a glow tube and Series 
resistor preferably is connected across the regu 
lator cathode resistor. Woltage drop across the 
glow tube differs from the drop in the regulator 
cathode resistor by an amount equal to the biaS 
desired for the amplifier tube. 
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The shunt potentiometer and amplifier tube 

serves as the mu-balance regulator, while the 
cathode resistor and return grid circuit furnish 
the degenerator regulator control, 
In accordance with a feature of our invention 

a combined mu-balance, degenerative circuit of 
the type described above is provided with an 
electron discharge device and cathode resistor 
connected across the cathode resistor of the regu 
lator electron discharge device, the cathode re 
Sistor of the first electron discharge device Serv 
ing as the reference voltage source connected to 
the inverter-amplifier tube of the mu-balance 
circuit, 

It has been found that a regulator or stabilizer 
as described above has certain undesirable fea 
tures. A glow tube serving as a voltage reference 
is not stable. When operation is initiated and the 
circuit may tend to stabilize at a current value 
other than that desired. Moreover, the glow tube 
reference source is of a high impedance which is 
less desirable from an operating standpoint. 

It is an object of our invention to provide a 
combination mu-bridge, degenerative current 
regulator, wherein an electron discharge device 
is provided with a cathode resistor serving as a 
reference Voltage standard. 
The above-mentioned and other features and 

objects of this invention and the manner of at 
taining them will become more apparent and the 
invention itself will be best understood by refer 
ence to the following description of an embodi 
ment of the invention taken in conjunction with 
the accompanying drawings, in which: 

Fig. 1 is a schematic circuit diagram of a simpli 
fied circuit embodying our invention. 

Fig. 2 is a Schematic circuit diagram of an 
embodiment of our invention as used on an oper 
ating System and, 

Fig. 3 is a modification of Fig.2 to be substituted 
for the portions to the left of line 3-3. 
Turning first to Fig. 1, the current stabilizer 

includes a current regulator tube having an 
anode 2, grid 3 and cathode 4, and provided with 
a relatively high resistance cathode resistor 5 and, 
if desired, a plate load resistor 6. The Series 
circuit comprising resistor 6, tube and cathode 
resistor 5 is connected to terminals 7 and 8 which 
may be coupled in Series with a D. C. Source 9 
and a load O. Bridged across tube f is a poten 
tioneter comprised of resistors . The junction 
point between these resistors is connected through 
the coupling resistor 2 to grid 4 of amplifier 
invertor tube 3 provided with an anode 5 and 
cathode 6. The anode 5 may be coupled through 
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a load resistor to the positive supply terminal 
and the anode output applied through a coupling 
resistor 9 to grid 3 of tube . This tube 3 
serves to apply the control voltage to regulator 
tube in accordance with changes in the current 
producing voltage drop in cathode resistor 5. In 
order that tube 3 may properly regulate the 
current flow over a fixed Standard the cathode 
6 of tube 3 is coupled acroSS a cathode resistor 
9 of a constant voltage supply tube 2C. Tube 20 

together with its cathode resistor 9 is coupled 
across resistOr 5. Grid 2 of tube 20 is provided 
With an adjustable bias by means of potention 
eter resistor 22 and adjustable potentiometer 
slider 23. A high frequency bypass condenser 24 
is provided to bypass any undesired alternating 
current component that may be present. It will 
be evident that through the cathode resistor 9 
there is a large negative feedback across tube 29 
and that this large negative feedback current 
through the tube, and consequently the voltage 
across resistol 9, is maintained substantially con 
Stant. Thus cathode 6 of tube 3 is tied to a 
very stable constant voltage position. The volt 
age supplied to the grid of tube i3 Will be deter 
mined by the potential difference between the 
drop in 9 and in resistor 5. Since potential 
across resistor 9 is low and whereas potential 
across resistor 5 is relatively high it is, therefore, 
desirable to subtract substantially from the po 
tential of l'esistor 5 a relatively fixed amount SO 
that the voltage Valiation at 5 will be compared 
with a potential of comparable magnitude. To 
accomplish this a voltage divider comprising a 
glow tube 25 and resistol 28 is coupled across 
resistol 5 and across tube 23 and resistor S. The 
tube 25 will serve to Subtract, Substantially a fixed 
amount from the voltage drop normally present 
in resistor 5 So that the comparison voltage ap 
plied to tube 3 will be substantially the difference 
in voltage between the standard from resistor 3 
and the voltage drop in resistor 2. 

It will thus be evident, that the balance circuit 
comprising potentiometer in tube 3 and as 
sociated circuits will normally serve to control the 
voltage Supplied to grid 3 of regulator tube So 
that the current output from Source 9 to load 
is substantially constant. However, when com 
paratively large departures in the voltage from 
Source 9 o' in the impedance of load occur 
degenerative action on tube due to the resistol 
5 in its common anode-cathode-grid path, will 
also serve to provide a regulating function. 

Detailed explanation of the operation of the 
combination mu-balance, degenerative generator 
is not offered herein since it has already been quite 
fully described in the literature. It will be under 
stood howevel that in the circuit in accordance 
With our invention an extremely stable reference 
voltage is obtained by the use of tube 23 and re 
Sistor 9 which has not been provided in the 
known prior at structures. Furthermore, cath 
ode resistor 9 provides a low impedance voltage 
Source which has desirable features in Operation 
of the circuit. 
In Fig. 2 is shown a Schematic diagram of a 

voltage stabiliser constructed utilising the prin 
ciples of our invention. This circuit is essentially 
equivalent to that shown in Fig. 1 and is adapted 
to be inserted as a two terminal network in Series 
with a source 9 and 3 as in the case of the circuit 
of Fig. 1. In this circuit however the triode has 
been replaced by two tetrodes 2, 28 each con 
nected to the positive supply terminal through 
load resistors 29, 3. The Screen grid and anode 
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are connected together so that the tubes operate 
Substantially as triodes. TWO tubeS are used in 
parallel to carry the higher current. A common 
cathode resistor 3 is provided for the triodes 27, 
28 which is connected to terminal 8 for coupling 
to the power supply negative terminal. 
The amplifier tube 32 is shown as a pentode 

tube having its control grid coupled to an inter 
mediate point on the potential divider compris 
ing a resistor 33, a regulating potentiometer 34 
and glow tube 35. Glow tube 36 is included in the 
potential divider coupled across tubes 27 and 28 
in this instance in Series with resistor 37 acroSS 
the resistors 3 in the same manner as 25 and 
26 are connected in Fig. ... Potentiometer 34 is 
included so that the aimplification of pentode 32 
may be adjusted to provide the proper mu-bal 
ance division of the voltage. The Standal'd lef 
erence supply tube 38 consists of a double triode 
in this instance having its cathode coupled to the 
lower end of resistor 3 through cathode resistor 
39 and is provided with an amplifying control pO 
tention eter consisting of resistor 22 and slider 
23 shunted by a condenser 24 as in Fig. 1. The 
anode potential in tube 39 and the Screen grid 
potential in regulator tube 32 are derived from 
the Sane Solice. 

in an actual constructed exaiiape the regula 
to tubes 2 and 23 were of the type known as 
6AR3 and the pentode was of the type known as 
CSJ7 while tube 33 was of the type known as 6J 6 
and glow tube 35 of the type known as OB2. 
Cathode resistor 3: Was of 2 kilohias, the l'esistol 
33-i negohm, potentiometer Si-5 kilohms, re 
Sistor 3-4700 ohms, cathode resistor 3-5 kil 
ohins. The anode load resistor 29 and 30 were of 
47 ohis each, while the aiiode resistor for pen 
tode 32 was 1.5 megohms. With this circuit ar 
rallgerinent the regulator was fol ind to operate 
with a, voltage supply varied circuit 1350 to 1650 
Voits supplying i00 millampere current to load 
Which Was stable Within plus and ninus 30 micro 
anpeires. Furthei'nore, the regulator produced 
Only a 500 volt drop in the complete supply cir 
cuit, whereas other regulators tested produced be 
tween 700 and 1403 volts drop in a similar cir 
cuit. 

Since the Inagnitude of the current is con 
trolled by variations in voltage on the grid of 
tube 38 aii audio frequency modulation can be 
Skapplied to the load as shown in Fig. 3. This 
may be accomplished by inserting in the control 
grid lead of tube 36 an audio modulating source 
Such as a carbon inicrophone 4. With this ar 
l'angement the frequency response of the System 
is found to be Substantially constant between 50 
Cycles per Second and 25 kilocycles and at 100 
inlilliamperes C. C. With two thirds milliamperes 
R. M. S. value of input value. The distortion in 
this inodulator is -46 to -51 decibels in the 
}'ange betwee: 50 cycles per second and 15 kilo 
Cycles. ii) this System only one gaseous discharge 
i'egulator tube Such as 36 or 25 is used and this 
tube inay be operated in its most stable condi 
tion. As a consequence the regulator has been 
found to provide extremely stable current regula 
tion. 
While We have described above the principles of 

oul' invention in connection with specific appara 
tus, it is to be clearly understood that this de 
Scription is made oinly by Way of example and 
ilot as a limitation to the Scope of our invention. 
We claii in: 
1. A current regulator comprising a first elec 

tion discharge device and a resistc for connec 



2,601,271 
5 

tion in series with a direct current source and a 
load, Whereby a predetermined voltage drop Will 
be produced in said electron discharge device, a 
Second electron discharge device for amplifying a 
portion of Said voltage drop and applying it to 
Said device to regulate current flow therein, a 
Stabilizing voltage comparison source compris 
ing a third electron discharge device and a series 
Cathode l'esistor connected in series and acroSS 
Said first named resistor and means for connect 
ing Said second device in series with said cathode 
resistor to provide a comparison Voltage for Said 
Second electron discharge device. 

2. In a regulator including a regulating tube 
having anode, cathode and girid electrodes, and a 
resistor in Series with said cathode electrode for 
connection in Series with a Source of current and 
a load, a potential dividing network coupled be 
tween said anode and cathode electrodes, and an 
aimplifying tube having an anode, a cathode and 
a grid, means for coupling said anode to the grid 
electrode of Said regulating tube, and means for 
coupling an intermediate point of said potential 
dividing netWork to Said grid of Said amplifying 
tube; a circuit for providing a standard reference 
Voltage for said regulator, comprising an electron 
discharge device and a cathode resistor in Series 
coupled across said first named resistor whereby 
a Substantially constant voltage is developed 
acroSS Said cathode resistor, and means coupling 
the cathode of said amplifying tube to the junc 
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tion between said cathode resistor and said elec 
tron discharge device. 

3. A current regulator according to claim 2, 
further comprising a gas discharge tube having 
a substantially constant voltage drop forming a 
portion of said voltage divider adjacent said cath 
Ode electrode. 

4. A current regulator according to claim 3, 
Wherein said amplifier tube is a pentode further 
comprising means for connecting the screen grid 
of said pentode to said cathode electrode of said 
regulating tube. 

5. A current regulator according to claim 2, 
Wherein said electron discharge device includes a 
grid, further comprising means coupled to said 
grid variably to control the bias thereof to adjust 
the drop through said cathode resistor. 

HEYWARD A. FRENCH. 
LEO STASCHOWER, 
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