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REGULATING DEVICE 
Spurgeon H. Buder, Merchantville, N. J., and 
William H. Eichelberger, Denver, Colo., assign 
ors to Radio Corporation of America, a corpo 
ration of Delaware 

Application June 12, 1946, Serial No. 676,167 
(Cl. 315-107) 5 Clains. 

This invention relates to regulating devices of 
the type which are suitable for regulating the 
Cathode heating current of an electron discharge 
element so as to maintain a current of constant 
value in the output of such element. 

In the operation of various types of equipments 
including an electron discharge element, it is 
desirable that the cathode heating current of the 
element be so regulated that the cutput current 
is maintained within very narrow limits, or Sub 
stantially constant irrespective of variation in 
the operating voltages of the device. Thus in 
the case of a lens coating equipment Wherein 
the coating is hardened by bombardinent with an 
electron gun, for example, the requireinent that 
the lens coating be unifornly treated makes it 
necessary that the current and Scanning speed 
of the cathode ray of the electron gun be main 
tained constant throughout the bombarding of 
the coating on the lens surface. 

In accordance with the present invention, the 
first requirement, namely that of keeping the 
current constant, is achieved by a regulating 
device Which includes (1) a variable in pedance 
means connected in the cathode heating circuit 
of the electron gun, (2) a pair of push-pull elec 
tron tubes of the gaseous conduction type con 
nected to control the impedance of the imped 

O 

5 

20 

25 

ance means, and (3) means for applying to the . 
control grids of the electron tubes a bias potential 
which is the resultant of a potential having a 
constant value and a potential having a value 
which is proportional to the output current Cf the 
electron gun. 
Under these conditions, there are applied to 

the control grids of the tubes (3) an alternating 
potential which has a predetermined phase re 
lation with that applied to the in pedance de 
vice and the cathode heating circuit of the elec 
tron gun, and (2) unidirectional bias potential 
which is proportional to slight variations of the 
output current of the gun so that the impedance 
of the impedance means connected in the Cath 
ode heating circuit increases when the output 
current of the gun tends to increase and Vice 
WeSa. 

This action results from the well knowin fact 
that the current conduction of a gaseous dis 
charge tube (sometimes designated as a “Thyra 
tron') may be started at any desired point in 
the positive half cycle of its anode Voltage 37 
varying the bias potential of its control grid relia 
tive to its cathode. Thus the part of the posi 
tive half during which the triode conducts de 

2 
termines the value of its anode current and of 
the impedance of the impedance device which is 
connected in its anode circuit. 
Important objects of the invention are the pro 

Vision of an improved regulating device and 
method of operation for maintaining a constant 
value in the output current of an electron gun, 
and the provision of an improved regulating 
device which functions to vary the impedance of 
a cathode heating circuit in accordance with the 
value of a unidirectional potential dependent on 
the electron emission of such cathode. 
The invention will be better understood from 

the following description considered in connec 
tion with the accompanying drawing and its 
Scope is indicated by the appended claims. 
The Single figure of the drawing is a wiring 

diagram of a regulating device connected and 
Enged in accordance with the present inven 
O 

This figure shows an electron gun V-2 which 
includes a cathode 6, an anode , a focus coil 
2, a high speed sweep deflection coil 3 and a 

low speed Sweep deflection coil 4. Heating cur 
rent is Supplied to the cathode 3 from the alter 
nating potential input terminals 5-8 through 
a transformer T- and a variable impedance 
device which includes a transformer T-2 and 
a pair of gaseous conduction electron discharge 
elements W-4 and W-5 which have their an 
Odes connected in push-pull relation to the Sec 
ondary winding 7 of the transformer T-2, the 
primary winding of this transformer being con 
nected in series with the heating circuit of the 
cathode 0. 
Alternating potential derived from the termi 

nals 5-f6 is applied to the control grids 2 and 
9 of the electron discharge elements W-4 and 
W-5 through a transformer T-3 which has its 
secondary winding 23 shunted by the resistors 
R-6 and R- and the capacitors C-2 and 
C-3 so that a push-pull potential is applied to 
the grids 8 and 9 throlig: the l'esistors R-4 
and R-5. The neutral lead 2 of the secondary 
Winding 20 is connected to the airode of the 
gun W-2 which is grounded. 
Operating potential is applied between the 

cathode 9 and the anode of the election guin 
W-2 from a pair of terminals 22-23 through 
a resistor R-2 which is adjustable to produce a, 
voltage E-2. This voltage is balanced against 
that of a constant voltage device W- which is 
connected between the terminals 22 and 23 
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through a resistor R- and functions to pro 
duce a constant voltage E-. 
The resultant difference voltage E-3 of the 

voltages E-f and E-2 is applied between the 
neutral lead 2 and the cathode return lead 24 
of the devices W-4 and W-5 so that the cath 
odes 25 and 26 are maintained at a bias poten 
tial dependent on the value of the voltage E-3. 
Rapid fluctuations in this voltage are Smoothed 
out by a filter R-3 and C-, and the discharge 
device W-3 functions to limit the voltage that 
can be applied to the cathodes 25 and 26 under 
abnormal conditions. 
If the voltage E-2 is small compared to E-1, 

the voltage E-3 from the cathode lead 24 to the 
grid return lead 2 is more positive thus causing 
a wider angle of current flow in the devices W 
and W-5, lowering the impedance of the trans 
former T-2, increasing the temperature of the 
cathode 9 and increasing the current of the gun 
V-2. Likewise if E-2 is large compared to 
E-, the grids of the devices W-4 and W-5 
are made more negative with respect to their 
cathodes, thus limiting the flow of their currents 
to a smaller part of the cycle, increasing the 
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impedance of the transformer T-2 and decreas 
ing the current of the gun V-2. 

Since the circuit of the devices W-4 and V-5 
is arranged to change from a firing angie of Zero 
to 180 degrees when the voltage E-3 varies over 
a few volts, the current of the gun. W-2 is stabi 
ized at such a value that E-f and E-2 are ap 
proximately equal. The magnitude of the gun 
current required to fulfill this condition may be 
varied by adjustment of the resistor R-2. 
the voltage E-3 is the resultant difference of two 
relatively large voltages E- and E-2, a Snail 
change in gun current produces a relatively large 
change in the voltage E-3 So that the gun cur 
rent is substantially independent of line voltage 
(and condition of cathode), the reference volt 
age E-i being maintained at a constant value 
by the voltage regulator W-. 
The present invention is thus characterized by 

the provision of means whereby a potential pro 
portional to the output current of an electron dis 
charge device is compared with a constant po 
tential to derive a resultant potential by which 
the cathode heating current of Such device is 
regulated to maintain its output current at a 
constant value determined by the adjustment of 
the regulating device. 
We claim as our invention: 
1. In a device for regulating the output current 

of an electron discharge device having a cathode 
coupled to be heated to a Source of heating cur 
rent, the combination of means for producing 
opposed unidirectional potentials one of which 
has a constait value and the other of which has 
a value proportional to Said output current, a 
5'ariable inpedance connected between said cath 
ode and said source of heating current, means to 
contigoi ta value of said variable impedance, and 
means to continuously impress the resultant of 
said opposed potentials upon said control means 
to vary the value of said variabie ingedance and 
the heating current supplied to said cathode in 
accordance with fictuations in said resultant po 
tentials. 

2. In a device for regulating the output current 
of an electron discharge device having a cathode 
coupled to be heated to a source of heating cur 
rent, the combination of means for producing 
opposed unidirectional potentials one of which 
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4. 
has a constant value and the other of which has 
a value proportional to said output current, means 
for Smoothing out rapid fluctuations in the re 
Sultant of Said opposed potentials, a variable in 
pedance connected between said cathode and 
Said source of heating current, means to control 
the value of Said variable impedance, and means 
to continuously impress Said Smoothed out re 
Sultant potential upon said control means to vary 
the value of said variable impedance and the 
heating current Supplied to Said Cathode in ac 
cordance With fluctuations in Said resultant p0 
tential. 

3. In a device for regulating the output cur 
rent of an electron discharge device having a 
cathode coupled to be heated to a source of heat 
ing current, the combination of means for pro 
ducing opposed unidirectional potentials One of 
which has a constant value and the other of which 
has a value proportional to Said output current, 
means for Smoothing out rapid fluctuations from 
the resultant of Said potentials, a discharge de 
vice upon which Said resultant potential is im 
pressed for providing a shunt path under abnor 
mal operating conditions of Said device, a variable 
impedance connected between said cathode and 
Saidi Source of heating current, means to control 
the value of Said variable impedance, and means 
to continuously impress Said Smoothed-out re 
Sultant potential upon Said control means to vary 
the value of Said variable impedance and the 
heating current supplied to said cathode in ac 
cordance with fiuctuations in Said resultant po 
tential. 

4. In a device for regulating the output current 
of an electron discharge device having a cathode 
coupled to be heated to a source of heating cur 
rent, the combination of means for producing 
opposed potentials one of which has a constant 
Value and the other of Which has a value propor 
tional to said output current, a transformer hav 
iing a primary Winding connected betWee Said 
Cathode of Said discharge device and Said course 
of heating current and a secondary winding, a 
pair of gaseous conduction electron discharge 
tubes, each having a grid, cathode and anode 
electrodes, said gaseous discharge tubes being 
push-pull connected to Said Secondary Winding, 
and means for applying between the cathodes and 
Control grids of Said gaseous conduction tubes a 
potential which is the resultant of said opposed 
potentials to vary the current drawn by said 
gaseous conduction tubes proportionally to said 
resultant potential to vary the impedance of said 
transformer primary to cause heating current 
variations in opposition to variations in said out 
put current. 

5. In a device for regulating the output current 
of an electron discharge device having a cathode 
coupled to be heated to a source of heating cur 
rent, the combination of means for producing op 
pOSed potentials one of which has a constant 
value and the other of which has a value propor 
tional to Said output current, a pair of gaseous 
conduction electron discharge tubes each having 
a cathode, an anode, and a control grid, a trans 
former having a primary winding connected be 
tween Said Source of heating current and said 
cathode of said discharge device and a secondary 
Winding, Said pair of gaseous conduction electron 
discharge tubes being push-pull connected to said 
Secondary Winding, means for applying between 
the cathodes and control grids of said gaseous 
conduction tubes a push-pull alternating current 
biasing potential, and means for applying between 
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said gaseous conduction tubes, cathodes and Con 
trol grids a potential which is the resultant of 
said opposed potentials to vary the current drawn 
by said gaseous conduction tubes proportionally 
to said resultant potential to vary the impedance 
of said transformer primary to cause heating Cur 
rent variations in opposition to variations in Said 
output current. 

SPURGEON H. BUDER. 
WILLIAM. H. EICHELBERGER. 
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