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1. 

This invention relates generally to electrical 
apparatus and more particularly to means for 
automatically adjusting electron tube circuit 
parameters to obtain optimum operating CO(n- 
ditions. 
In certain Oscillators where an ultra high radio 

frequency signal is to be generated use is made 
of a velocity-modulated vacuum tube of the re 
flex type. For a tube of this type to oscillate at 
a particular frequency whereby it furnishes max 
imum power output it is required that a critical 
voltage be applied to the reflector anode of the 
tube. Frequently the Supply voltage for the re 
flector anode changes while the OScillator is in 
operation and sometimes when the OScillator is 
shut off for a while and then restarted. In cer 
tain applications where the reflector anode ad 
justment is not readily accessible, it may not be 
practical. to depend on manual adjustment of 
the reflector anode voltage. 
erator may not be skilled in adjusting the re 
flector anode voltage properly. Accordingly, one 
object of the present invention is to provide a 
means whereby the voltage applied to the re 
flector anode of Such a v-m tube is adjusted auto 
matically So that oscillations Will occur at a 
particular frequency. 
Other objects, features and advantages of this 

invention will suggest themselves to those skilled 
in the art and will become apparent from the 
following description of the invention taken in 
connection with the accompanying drawings in 
which: 

Fig. 1 is a schematic diagram of a circuit en 
bodying the principles of this invention; and 

Fig. 2 is a graph which will be used to explain 
the operation of this invention. 
There is shown diagrammatically in Fig. 1 a 

reflex velocity-modulated oscillator tube 10, here 
inafter referred to simply as the V-m tube 0. 
W-m tube do includes a cathode , control grid 
2, cavity 3 and reflector anode 4. Cavity 
3, which is represented in Cross-Section, includes 
two parallel grids 5 placed at right angles to 
the direction of flow of electrons through the 
tube. Customarily cavity 3 is grounded. 

Battery f6 is connected between cavity 3 and 
cathode , its positive terminal being connected 
to cavity 3. Electrons leaving cathode if are 
thus accelerated towards the cavity grids 5 by : 
Virtue of this positive potential existing between 
the two elements. A second battery 7 is con 
nected between control grid 2 and cathode , 
its positive terminal being connected to control 
grid 2, Control grid 2 regulates the total num 
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ber of electrons traversing between cathode 
and cavity grids 5. The output power is taken 
from cavity 3 by means of a probe f8 project 
ing therein and leading to the external circuit 
through a coaxial line 9. 

ReflectOr anode 4 is connected to the variable 
tap of a potentiometer 20. The ends 2 and 22 
of potentiometer 20 are connected to the ends 
S and 32, respectively, of the secondary winding 
33 of a transformer 30. End 22 of potentiometer 
20 is connected also to the variable tap 24 of a 
potentiometer 23. The position of the variable 
tap 24 is governed by the angular displacement 
Of a permanent-magnet (p-m), motor 26. F-n 
motor 26 has two input terminals 27 and 28. A 
battery 25 is connected across the potentiometer 
23, the positive terminal of this battery being 
grounded. Battery 25 effectively supplies to re 
flector anode f4 a negative voltage with respect 
to cavity 3. 
A portion of the output of the v-m tube O 

is taken from the coaxial output line 9 and ap 
plied to a Crystal detector 40. By-pass condenser 
4 is connected from one end of crystal 40 to 
grOUnd. 

Signals which appear in the crystal detector 
Output are Separated into alternating current 
(A.-C.) and direct current (D.-C.) components. 
The A.-C. component is amplified by a suitable 
audio frequency amplifier 42 and applied through 
a coupling network consisting of coupling con 
denser 43, grid resistor 44 and bias battery 45 to 
control grids 5 and 6 of vacuum tubes 50 and 
60, respectively. The potential from bias battery 
45 is Sufficient to render vacuum tubes 50 and 60 
nonconductive when no signal is applied to the 
Control grids. 
The D-C. component of crystal current output 

is amplified by a Suitable D.-C. amplifier 46 and 
applied to winding 7 of a D.C. relay TO. 
Anodes 52 and 62 of vacuum tubes 50 and 60, 

respectively, are connected to the ends of center 
tapped Secondary winding 34 of transformer, 30. 
The center tap of secondary winding 34 is at 
ground potential. To primary winding 35 of 
transformer 30 is applied a suitable alternating 
Voltage. 
Cathodes 53 and 63 of vacuum tubes 50 and 60, 

respectively, are connected to windings 8? and 
9, respectively, of reversing relays 80 and 90, 
respectively. The opposite ends of both windings 
8? and 9 are returned to ground potential. 
Movable contact 3 of D.-C. relay TO is con 

nected to the positive terminal of a battery T4. 
Movable contact 75 of D.-C. relay 70 is connected 



2,527,730 
3 

to the negative terminal of battery 4. D.-C. relay 
70 includes make-and-break fixed contactS T6 
and 77 associated with movable contact 73. Re 
lay 70 also includes make-and-break fixed Con 
tacts 78 and 79 associated with movable contact 
75. When the relay is deemergized, movable con 
tacts 3 and 5 are in contact with fixed con 
tacts 76 and 78, respectively. 

Relay 80 includes make-and-break fixed con 
tacts 83 and 82 associated with movable contact 
84, and make-and-break fixed contactS 85 and 
86 associated With movable contact 8. When 
reversing relay 80 is deenergized, movable con 
tacts 84 and 87 are in contact. With fixed contacts 
82 and 85, respectively. 
Reversing relay 90 includes a movable contact 

92 and a fixed contact 93. When reversing relay 
90 is energized movable contact 92 is in contact 
With fixed contact 93. 

Fixed contact 93 of reversing relay 9 is con 
nected to terminal 27 of p-m motor 26, to fixed 
contact 9 of D.-C. relay () and to fixed contact 
86 of reversing relay 8. Movable contact 92 of 
reversing relay 9 is connected to fixed contact 82 
of reversing relay 80. 

Fixed contact 83 of reversing relay 8 is con 
nected to fixed contact 85 of reversing relay 8), 
to terminal 23 of p-n motor 25, and to fixed con 
tact 77 of D.-C. relay O. Movable contacts 84 
and 8 of reversing relay 8 are connected to fixed 
contacts 6 and 8, respectively, of D.-C. relay 0. 
The interconnections between the relays de 

Scribed above are Such that when D.-C. relay is 
and reversing relay 9 are deemergizd and revers 
ing relay 80 is energized, a voltage is applied to 
notor 26 to drive it in a forward direction. When 
relays T0 and 8 are deenergized and reversing 
relay 90 is energized, a voltage will be Supplied to 
the motor 26 to cause it to rotate in a reverse di 
rection. When D.-C. relay 7 is energized, the 
motor 26 Will be driven in a forward direction 
regardless of the position of the other relays. 
Operation of this circuit Will be described first 

aSSuming that the reflector anode voltage is ad 
justed So that Oscillations in the v-m tube 0 are 
not possible. Lack of oscillation will result in 
Zero D.-C. Output from the crystal detector A. 
The D.-C. amplifier 46 and D.-C. relay to are 
arranged in Such a manner that relay Will be 
energized. This effectively connects battery 14 
directly to motor 28 and causes the latter to ro 
tate in a forward direction. Variable tap 24 of 
potentiometer 23 is thereby moved and the volt 
age applied to the reflector anode 4 is changed 
aCCOrdingly. Potentioneter 23 is so constructed 
that variable tap 24 will rotate continuously 
through 360 degrees. Hence, a voltage will be 
reached Which will allow the osciliator to become 
Operative and Supply power to the crystal de 
tector. When such a condition occurs, D.-C. 
relay T0 is deenergized, the source of potential to 
the motor is interrupted, and the remainder of 
the circuit is allowed to come into operation. 
When oscillations begin, the output is modiu 

lated by the small-amplitude A.-C. signal which 
is induced in secondary winding 33 and applied 
to reflector anode 4. The effects of the modulat 
ing voltage on the output of the oscillator is more 
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the reflector voltage be adjusted to the optimum 
value of Eo volts. 
The operation of the circuit will next be ex 

plained when the reflector anode Voltage, E1, is a 
value greater than the optimum Walue, EO volts 
as indicated in Fig. 2. In Fig. 2 the sinusoidal 
A.-C. modulating Voltage Of has been Shown 
Superimposed upon the reflector anode voltage E1. 
The resultant power output variation (indicated 
by the crystal current) is shown by the sinusoidal 
error signal curve O2. 
The error signal O2 is amplified in audio am 

plifier 42 and applied to the control grids of 
vacuum tubes 50 and 60. As mentioned before 
hand the bias Voltage also applied to the control 
grids prevents either tube from conducting when 
the error signal is absent or of low amplitude. 
The vacuum tubes 50 and 60 together function 
aS a phase detector, giving a first output when 
the error signal is of one phase and a second 
output when of the opposite phase in a manner 
to be described. 
A Sinusoidal alternating reference voltage of 

the Same frequency as the error signal 92 is 
applied to the anodes of Vacuum tubes 59 and 
60 from Secondary winding 34 of transformer 30. 
Since Secondary winding 34 is center-tapped to 
ground the application of the sinusoidal alter 
nating Voltage to the plates of vacuum tubes 
50 and 60 Will result in voltages on these plates 
Which are out of phase with each other. It will 
be assumed that for the first half-cycle of the 
error signal 2 the control grids of the vacuum 
tubes 5c and 60 are driven above cutoff, and fur 
thermore, that the polarity of the reference sig 
nal on plate 52 is positive while that on plate 62 
is negative. Under these conditions vacuum tube 
59 will conduct and vacuum tube 60 will not con 
duct. On the other half-cycle of the error signal 

40 O2 the polarity of the signal on plate 62 will be 
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clearly shown in Fig. 2. In Fig. 2 the power, as O 
measured by D.-C. crystal current, is plotted 
against the reflector anode voltage. The power 
Output curve is a resonance type curve with max 
inum power occurring for a reflector anode volt 

positive and that on plate 52 negative. How 
ever, reference to Fig. 2 will show that the erro 
Signal 02 on the control grids now drives the 
grids below cut off. Therefore vacuum tube SO 
Will not conduct during either half-cycle for an 
error signal of the phase shown. 

Reversing relay 80 is thus energized when tube 
50 conducts and motor 26 is caused to rotate in 
a for Ward direction. The sense of the rotation is 
Such as to alter the Setting on potentiometer 23 
So that the reflector anode voltage is decreased. 

It should be evident to those skilled in the art 
that if the reflector anode voltage had been less 
than the optimum value Eo volts, the error signal 
Would have been reversed in phase, vacuum tube 
60 of the phase detector would have conducted 
a current, relay 99 would have been energized, 
motor 26 Would have rotated in a reverse direc 
tion, and the reflector anode voltage would have 
been increased accordingly. 
As a result of this action the presence of an 

error signal from the crystal detector 40 will cause 
One of the Vacuum tubes in the phase detector 
to conduct, and a difference of 180 degrees in 
phase Will Select which tube will conduct and 
hence which relay will operate. 
When the reflector anode voltage reaches the 

proper Value Eo, the error signal will be substan 
tially of low amplitude, negative pulses as shown 
by Curve f3 in Fig. 2. When the error signal is 
aS shown by Curve 03, neither tube 50 nor 60 of 
the phase detector will conduct, since neither grid 
is driven above cut off. Both reversing relays 80 

age of approximately Eo volts. It is desirable that 75 and 90 remain deemergized, motor 26 does not 
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rotate, and the reflector anode voltage is left at 
the optimum value of Eo volts. 
The foregoing has shown that the presence of 

the error signal automatically selects the proper 
direction for the variable tap on potentiometer 
23 to travel to obtain optimum reflector anode 
voltage. It is only necessary for relays 80 and 90 
in the plate circuits of the two phase detector 
vacuum tubes 50 and 60 to reverse the motor 26 
in such a manner that it will adjust the reflector 
anode voltage in the proper direction. The Cir 
cuit also provides for automatically adjusting the 
reflector anode voltage so that oScillations are 
pOSSible. 

It should be evident that the device herein dis 
closed may be adapted to control the operation 
of any specific device having a similar current 
voltage characteristic. 
While there has been described hereinabove 

what is at present considered to be a preferred 
embodiment of this invention, it will be obvious to 
those skilled in the art that various changes and 
modifications may be made therein Without de 
parting from the Scope of the invention as Set 
forth in the appended claims. 
What is claimed is: 
1. In combination. With a reflex Velocity-mod 

ulated vacuum tube including at least a reflector 
anode and a cavity, means for causing said veloc 
ity-modulated tube to oscillate and produce a 
radio frequency signal, means for modulating said 
radio frequency Signal in a periodic manner, 
means for extracting the modulated radio fre 
quency power from Said cavity and producing 
therefrom a rectified direct-current component 
and an erroir signal alternating-current com 
ponent proportional to Said radio frequency 
power, a potentiometer, a motor acting in con 
junction. With said potentiometer for adjusting 
the value of direct voltage applied to said reflector 
anode, means responsive to the direct-current 
component in the output of said vacuum tube for 
energizing Said motor when said direct-current 
component is Zero, Selective means for causing 
said motor to operate in a first direction when 
Said error signal is of a first phase relative to the 
output of Said modulating means, and other selec 
tive means for causing said motor to operate in a 
second direction when said a-c component of error 
Signal is of a second phase relative to the output 
of Said modulating means. 

2. In combination with a vacuum tube oscil 
lator for producing in its output a radio frequency 
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signal and having at least a cavity and a reflector 
anode, means for modulating Said radio frequency 
signal to produce a modulated radio frequency 
output signal, means for extracting a direct 
curreit component and an alternating-current 
Component from said modulated output signal, 
regulating means for adjusting the direct voltage 
applied to said reflector anode, means responsive 
to Said direct voltage for actuating said regulating 
means to maintain said vacuum tube in a state 
of OScillation, and Selective means sensitive to 
the phase of said alternating-current component 
relative to the output of said modulating means 
for causing said regulating means to operate in 
alternative directions depending upon such phase, 
to maintain the vacuum tube in a condition of 
maximum OScillation. 

3. In combination with a radio frequency 
vacuum tube oscillator having at least a cavity 
and a reflector anode, the output frequency of 
Said OScillator varying with the voltage applied 
at said anode and the output voltage reaching a 
maximum at the resonant frequency of said 
Vacuum tube, direct current means for varying 
the voltage of the reflector anode, alternating cur 
rent means in Series With said direct current 
neans for modulating the anode voltage and 
consequently the frequency of said oscillator, 
rectifier means responsive to the output of said 
Oscillator for obtaining a direct voltage output 
proportional to the average oscillator output volt 
age and an alternating voltage output resulting 
from the modulation, means responsive to said 
direct voltage output for adjusting said reflector 
anode Voltage to initiate or maintain oscillation 
and means responsive to the phase of said alter 
nating voltage output component with respect to 
the phase of said modulating means to maintain 
the oscillations at maximum. 

RALPH. H. HOGLUND. 
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