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The invention described herein may be man-... 
ufactured and used by: Or, for the Government. 
for governmental purposes without payment to." 
me of any royalty thereon. 
This invention relates to vacuum tube appa 5. 

ratlas and particularly pertains to the regulation. 
of magnetron filament temperatures. 

In certain applications, the plate voltage of 
magnetron-tubes must be interrupted frequently 
in which case it becomes necessary to lower the 
filament voltage each time plate voltage is ap 
plied, due to the backheating which is caused by 

l0 netron ... The Voltage drop appearing across A. 

bombardment of electrons that do not go to the 
plate but return to the filament and -bombard the latter with sufficient force to cause excessive als' imary: winding:9 will vary inversely with the volt 
heating thereof. Consequently, it is particularly. 
desirable to provide a means for the automatic. 
regulation of filament voltage so as to insure a 
constant filament temperature. . 

It is an object of this invention, therefore to . 
provide a method of controlling the operating 
filament temperature of vacuum tubes.byutiliz 
ing the Variation in the ratio of filament current 
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to filament voltage produced by changes in-fila-..., 
ment temperature. 25. 

It is a further object of this invention to pro-. . 
vide a method of controlling the 'operating fila-. 
ment temperature of Vacuum tubes, by detecting... 
and neaSuring the variation in the ratio. of flats 0. 
ment: current to filament voltage, ; and utilizing . . ' 
Such measured variation to control the filament: 
temperature by readjustment of the filament. 
voltage. 
A further object of this invention is to pro-, i. 

Vide-means for automatically regulating the volti, 35. 
age- of a vacuum tube filament so '.as: to main . 
tain the filament at a constant temperature. 
As still further object of this invention is to: 

provide a means for detecting: Variations in filae. 
ments current with respect to filament: voltage; 40. 
and for... utilizing these variations to control the: 
voltage, drop across the filament. 
Other objects and features... of this...invention ... 

Will become apparent When the following descrip: 
tion is readiri connection. With the annexed draws. 
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ing in which is shown a schematic diagram' of a . 
preferred embodiment of my invention. 
According to my invention generally, it is pros. 

posed: to connect, in series. With a magnetron. filament transformer, a variable (saturable):res. 50 turns on the primary...and.many turns on the . . . secondary provided a constant frequency powers. actor,' whose. Secondary: Winding may, begs Cons 
trolled by a means responsive to filament: cur: 
rent fluctuations, so, as to reduce: the Voltagecon: 
the filament transformer when backheating:OCs: 
CLS: 

2. 
In the dra Wing, the primary Winding 9 of the: 

filament:transformer is ; connected in series. 
with; the A. C. Windings of a variable reactor. 
2}anda fixed resistor, 3, across an A.C. power - 
4...'. The frequency, of the A. C. power source 
may be between 400 and 1600 cycles in the case. 
of: aircraft Systems, or 60 cycles in ground in 
Staliations: The filament transformer secondary 
Winding:i5 is connected to the filament 6 of mag-.. 

C. Winding. . . . Will. vary depending: upon the 
amount of current figWing... through; the D. C. 
Winding. 8 of the Saturable reactor 2. The volt 
age drop acroSS the filament transformer pries, 

age:drop across winding: , provided; of course, 
resistor 33is of relatively low-resistance. 

it. Wi O 

detector circuit, operates to control the bias of 
a vacuum, tube: Whose output; current flows 
through the D.C. (control), winding of the vari 
able reactor. , 

Since the resistance of a tungstentifilament. 
varies directly with the temperature rise of the 
filament...over the operating range, then stem 
peratures changes can be determined by meas: 
uring (and, comparing the voltage-ands, current. 
required to heat the filament. The secondary of . 
a filament transformer is usually at a high neg. 
ative, D.C., potential,- and it, is, therefore more. 
practical--to measure: the current and voltage in 
the primary since, the voltage and current in 
the primary ofia, transformer is directly pro-. 
portional to the Voltage and current in the sec-. 
ondary. 
According:tomy invention, a transformer 19. 

for-measuring voltage is: connected in parallel. 
..with the: magnetron filament: transformer. A 
transformer-20-for. measuring current may be. 
connected: either; in series. With , the filament, 
transformer, or it may be connected, across.sa. 
resistor, which is, in series, with the filament, 
transformer. The latter. arrangement is shown 
in the drawing, and is considered to be the more 
desirable arrangement, for the following reason: 
When-measuring; current through a circuit, it "... 
is customary to use a transformer haying, a fewey. 

source: is used. However, because the secondary, 
voltage of a transformer, is a function of fre-- 
quency as well as the current in the primary, 

55, when a variable-frequency, power-source is used, 

OW:be explained how a differential 
change in the ratio offilament voltage to filas. 
iment::current, after being applied to a balanced 
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it becomes preferable to use a low resistance in 
series With the primary of the magnetron fla 
ment transformer, and to measure the voltage 
drop across the resistor. Such a resistor, how 
ever, in addition to having a flat frequency re 
Sponse, should have a substantially Zero tem 
perature - coefficient since varying currents 
through the resistor Would otherwise cause its 
resistance to Vary. 
Experiment has shown that peak values of 

magnetron filament current and voltage do not 
vary uniformly because of harmonic distortion 
and leakage inductance in reactor f2. On the 
other hand, it has also been found that the 
actual R. M. S. values of voltage and current 
do vary uniformly. Therefore, it is desirable 
to measure the R. M. S. value of voltage and 
current or preferably to use average reading 
detectors, since the average values of voltage 
and current are more easily measured and closely 
follow. R. M. S. values. . Average reading 
detectors have proportionately lower voltage out-. 
puts than have peak reading detectors, Conse 
gulently. Some amplification of the control Voltage 
is usually necessary in order to meet control 
range requirementS. 

Referring again to the drawing, the secondary 
windings of transformers f9 and 20 are connected 
to the plates of diodes 2 and 22 respectively. 
Two resistors 23 and 24 of equal size are con 
nected across the cathodes of diodes 2 and 22 
respectively, and the midpoint of said resistors is 
tied to a connection between the secondaries of 
transformers 9 and 20 as shown. In operation, 
D. C. cutput voltages will exist across resistors 23 
and 248, which follow , Variations in magnetron 
filament voltage and current respectively. The 
algebraic Sum of the voltages across resistors 23 
and 24 will produce a reference voltage which 
will be the difference between the two D. C. out put Voltages. 
A variable resistor 25 is inserted in the Output 

from tube 2 simply for the purpose of adjusting 
the relative outputs from the two diodes during 
initial setting of the filament voltage. , 

4. 
sistance increases, lowering the filament current, 
causing a lower voltage drop across resistor 3 
and a lower voltage across transformer 20. The 
output from diode 22 becomes less, so that the 
Sum of the output of diodes 2 and 22 becomes 
relatively more positive. The resulting decrease 
in the bias on the grid of tube 28 causes the tube 
to draw current and thus produce a voltage drop 
acroSS resistor 29. The negative bias thus cre 
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Resistor 26 in conjunction with condenser 21. 

forms a filter section for deriving an average 
filtered reference voltage which can be applied 
to the grid of tube 28. The cathodes of tube 28 
and diode 22 are connected together and to 
ground. Tube 28 serves to amplify the reference 
voltage. A plate load resistor 29 connecting the 
plate of tube 28 to the cathode of amplifying 
tube 39 is supplied with a low positive D. C. volt 
age 35. The plate of tube 28 is directly coupled 
to the grid of tube 30. The D. C. plate voltage 
to tube 30 is supplied from a source of positive 
D.C. voltage 34 through a series circuit compris 
ing the reactor winding 8 and the operating coil 
31 of a relay 32. This relay interrupts the volt 
age to the magnetron anode 33 when the filament 
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voltage drops to approximately 4 of its normal 
value, or when the current output from tube 
38 drops below the lower limit of regulation. 
In operation, resistor 25 should be adjusted 

so that the magnetron filament has the correct 
voltage on it with no plate voltage applied. Tube 
28 is biased at cut-off but no bias is placed on 
tube 30 since no voltage drop exists across re 
sistor 29. Tube 30 conducts heavily creating a 
relatively low A. C. voltage drop across the pri 
mary winding of reactor f2 and a relatively high 
voltage across filament transformer O. When 
the intermittent magnetron plate voltage is ap 
plied, backheating occurs and the filament re 
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ated on the grid of tube 30 causes the current 
through the ID. C. Winding 8 of reactor 2 to 
be reduced. This increases the A. C. voltage 
drop across the primary winding of transformer 
2 and lowers the voltage across the filament 
transformer. The voltage across the magnetron 
filament is thus decreased until the combined 
effect of the filament power and the backheating 
is sufficient to maintain the filament at a con 
stant temperature. Thus, the circuit automati 
cally accommodates itself to fluctuations in fila 
ment temperatures. I have found that only a 
slight increase in temperature (and filament re 
sistance) is required to maintain the circuit at 
its new condition. 
While I have described and illustrated a pre 

ferred embodiment of my invention, it will be 
apparent to those skilled in the art, that many 
variations and changes may be made therein, 
without departing from the spirit of the invention 
or its scope as defined in the appended claims. 

I claim: 
1. A method of regulating the temperature of 

a vacuum tube filament, which consists in induc 
tively detecting a variation in the ratio of fila 
ment current with respect to filament voltage, 
measuring the value of said variation separately 
in both voltage and current, and utilizing said. 
measured value to provide a reference voltage 
used to adjust the filament voltage to the value 
necessary for restoring the filament temperature 
to normal. -- 

2. A method of controlling the temperature of 
a vacuum tube filament, which consists in ob 
taining, an A. C. voltage proportional to the cur 
rent drawn by the filament, obtaining an A. C. 
voltage proportional to the voltage across the 
filament, converting said A. C. voltages into D. C., 
voltages, differentially combining said D. C. volt 
ages so as to produce a reference voltage, and 
utilizing said reference voltage to adjust the fila 
ment voltage to maintain the filament temper 
ature Constant. - 

3. A method of controlling the temperature. Of 
a vacuum tube filament, Which consists in deriv 
ing a pair of A. C. voltages which are respectively. 
proportional to the current drawn by the fila 
ment and to the voltage across the filament, con 
verting said A. C. voltages into D.C. voltages, 
differentially combining said D. C. voltages so. as 
to produce a reference voltage, amplifying said 
reference voltage, and utilizing said amplified. 
Voltage to control the filament voltage to main 
tain the filament temperature constant. 

4. In apparatus for regulating the tempera 
ture of an electrically heated vacuum tube fila 
ment comprising an A. C. power source, a variable 
impedance element, a vacuum tube filament heat 
ing filament transformer secondary winding hav 
ing its opposite ends connected to the ends of said 
filament but otherwise insulated and coupled with 
a primary Winding connected in series with said 
element to said power Source, inductive means. 
'distinguishing current variations from voltage. 
variations for detecting filament temperature: 
variations, and means connected with said de 
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tector means for controlling the impedance of 
said variable impedance element in response to 
changes in filament temperature. 

5. In apparatus for regulating the temperature 
of a vacuum tube filament, an A. C. power source, 
filament transformer means for supplying induc 
tively said filament with current and voltage from 
Said Source, a saturable reactor having a primary 
winding and a secondary winding, said primary 
Winding being serially connected between said 
Source and said transformer means, means dis 
tinguishing current from voltage for deriving a 
filtered reference voltage which varies in accord 
ance With variations in the temperature of said 
filament, means for converting said reference 
voltage into corresponding current variations, 
and circuit means for passing said current varia 
tions through the secondary winding of said sat 
urable reactor so as to produce corresponding 
variations in the voltage drop across said pri 
mary winding, thereby varying the potential 
acroSS said transformer means. 

6. The invention recited in claim 5 including 
a plate voltage source, a vacuum tube, an anode 
Within Said vacuum tube, means for connecting 
Said anode with said plate voltage source, and 
means controlled by the amount of current flow 
ing in Said circuit means for disabling said con 
necting means. 

7. In apparatus for regulating the temperature 
of a Vacuum tube filament, an A. C. source of 
power, transformer means for supplying the fila 
ment with current and voltage from said source 
of power, Saturable reactor means comprising a 
primary winding and a secondary winding, said 
primary Winding being serially connected between 
Said Source of power and said transformer means, 
means for deriving a pair of A. C. voltages respec 
tively proportional to the voltage and current 
in Said filament, means for rectifying each volt 
age of Said pair to produce two pulsating D. C. 
output voltages, means for adjusting the relative 
Value of said pulsating D. C. output voltages, 
means for combining said two pulsating D. C. 
output voltages to produce a difference voltage 
Output, means for deriving from said difference 
Voltage output an average filtered reference volt 
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6 
age, means for amplifying said reference voltage 
SO as to produce a current which varies in accord 
ance With variations in said reference voltage, 
circuit means for passing the current produced 
by Said amplifying means through said secondary 
Winding of said reactor means whereby variations 
in Said reference voltage produce corresponding 
variations in the voltage of said primary wind 
ing of said reactor means and consequently in 
the filament voltage so as to effect corresponding 
changes in the temperature of Said filament. 

8. In combination. With a magnetron having a 
filament and an anode, an alternating current 
circuit Supplying inductively heat energy to said 
filament, a saturable reactor having a pair of 
alternating current Windings connected in par 
allel in the alternating current circuit and a 
direct current control winding connected to a 
direct current power source supplying a direct 
current circuit coupled inductively with the re 
actor alternating current windings and wherein 
the alternating current windings are responsive 
to the magnitude of current flow in the direct 
Current Winding, an amplifying vacuum tube in 
the direct current circuit and applying its out 
put to the reactor direct current control wind 
ing through a relay operating coil interrupting 
the Voltage to the magnetron anode when the cur 
rent output of Said amplifying vacuum tube be 
comes outside predetermined limits of regulation, 
and a detector circuit balanced separately for 
voltage and current to control the heat energy 
Supplied to the magnetron filament by controlling 
the bias applied to the amplifying vacuum tube. 

KENNETH. D. J.ENKTNS. 
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