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This invention relates to electrical circuits gen 
erally. More particularly this invention relates 
to frequency stabilizing and adjusting systems 
and frequency deviation indicators. 
An object of this invention is to provide a 

frequency discriminating device, the rectified 
Output of which is a direct current voltage, whose 
polarity and, amplitude is directly proportional 
to the frequency deviation and direction of devi 
ation between an oscillator of fixed frequency 
and an Oscillator, the frequency of which is to 
be controlled, or the deviation, from the fixed fre 
quency, of which is to be indicated by a meter 
ing device. 

a discriminator-detector device, the balance fre 
quency (frequency of zero direct current output) 
of which is determined solely by the fixed fre 
quency Oscillator, and is therefore not subject to 
variation due to temperature changes or circuit 
instabilities. 
Other and further objects of this invention will 

be apparent to those skilled in the art to which 
it relates from the following specification and 
the claims. --- 
In accordance with this invention I provide 

two beat frequency detectors for the purpose of 
deriving the beat frequency between two oscil 
lators, the frequency of One of which is more 
or less fixed and the frequency of the other sub 
ject to variation, the magnitude of which it is 
desired to limit and/or indicate by metering de 
vice. In addition a phase shifting device is used 
to shift the phase of one of the Oscillators before 
application to one of the beat detectors, this 
being for the purpose of displacing the phase of 
the two beat detector outputs by 90 degrees. A 
further phase shift is provided to one of the beat 
detector outputs which gives an additional shift 
of 90 degrees and renders the shifted beat out 
put a direct function of the frequency. Under 
the above circumstances a phase turnover of 180 
electrical degrees occurs between the derived 
beat supplies as the frequency deviation of the 
varying oscillator shifts from negative values 4 
through zero-beat to positive values. Two am 
plifiers are provided for amplifying the two beat 
supplies to the proper level and two transformers 
mix the two beats and apply the resulting volt 
ages to a double diode detector, the purpose of 
which is to provide a direct current voltage pro 
portional to the frequency deviation and direc 
tion of deviation of the frequency of the oscilla 
tor subject to variation from the frequency of 
the reference oscillator. 

Further details of my invention will be appar 
ent from the following specification and draw 
ing in which, the sole figure illustrates an em. 
bodiment of my invention. 

Oscillator A is a regenerative vacuum tube os 
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(C. 250-36) 
cillator utilizing a tuned circuit as the frequency 
determining element. The reactance tube B 
forms a part of the frequency determining circuit 
of A and thereby permits the frequency of the 
Oscillator A to be controlled by the bias voltage 
supplied to the grid of the reactance tube device 
B. This combination is conventional and has 
been described in various publications. 

0 
Oscillator A Supplies a radio frequency voltage 

through condenser f to grid G1 of vacuum tube 8. 
It also supplies, through condenser 3, grid G1 of, 
vacuum tube 9. Crystal oscillator C, which is a 
conventional device, utilizing a vacuum tube os 

ucillator in which a quartz crystal forms the fre 
Another object of this invention is to-provide 15 quency determining element, supplies a radio 
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frequency voltage to grid G2 of tube 8. It also 
supplies the phase shifting network D which 
shifts the phase of the Crystal frequency by 
exactly 90 electrical degrees and Supplies the 
shifted output to grid G2 of vacuum tube 9. Vac 
uum tubes 8 and 9 are mixer-detector devices, 
the purpose of which is to derive a beat fre 
quency equal to the difference in frequency be 
tween Oscillators A and C. For the purpose of 
illustration let it be assumed that the frequency 
of oscillator C is exactly 1000 kilocycles. Let it 
further be assumed that the frequency of OScil 
lator A is near 1000 kilocycles, but is prone to 
vary above or below this frequency because of the 
effects of temperature variation and circuit in 
stability. For example assume that the fre 
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quency of oscillator A becomes 1001 kilocycles. 
In this event, a beat frequency of 1000 cycles ap 
pears across resistor iO in the plate circuit of 
detector E and across resistor 5 in the plate 
circuit of detector F. 
The beats in the plate circuits of tubes 8 and 

9 occur as a result of the falling in and out of 
step of the two radio frequency voltages when 
the phase of one of them is advancing at a great 
er rate than the other, which of course, is a re 
sult of a frequency difference. The phase dis 
placement afforded by shifter D therefore causes 
a 90 degrees phase-displacement between the two 
beat frequency sources at the plates of detectors 
E and F. If, now, the frequency of oscillator 
A becomes, for instance, 999 kilocycles, the phase 
relation between the beats will be reversed due 
to the fact that the phase of Oscillator A is now 
continuously retarding with respect to that of 
oscillator C, whereas, when the frequency of OS 
cillator A was 1001 kilocycles, its phase was con 
tinuously advancing with respect to that of OS 
cillator. C. If, for instance, the phase relation 
between the beat supplies from detectors E and 
F may be represented vectorially by the expres 
sion: Ve=d V, when the frequency of oscillator A 
is higher than 1000 kilocycles, then the expres 
sion indicating the phase relation between the 
beats when the frequency of oscillator A is lower 



2 
than 1000 kilocycles becomes: We=-Vt. In 
these expressions, W designates voltage and sub 
letters e and findicate respectively the outputs 
of detectors E and F. The phase reversal indi 
cated occurs at zero-beat, since it is dependent 
upon whether the phase of Oscillator A is ad 
vancing, or retarding with respect to that of os 
cillator C. 
The purpose of network G is to provide an 

additional phase displacement of 90 degrees be 
tween the two beat frequency Supplies and to 
provide an output, the amplitude of which, is 
proportional to the frequency. Network G is 
therefore interposed between the plate of de 
tector tube 9 and the grid circuit of tube 22. 
Coil 20 has no appreciable reactance at the beat 
frequencies, but effectively chokes out radio fre 
quency from the oscillators. 
Connection is made from the plate of tube 8 

through resistor and choke 3 to the grid of 
The purpose and characteristics of 

choke 3 are identical with that of choke Coil. 
tube 2. 

20. Resistor 2 returns resistor f to ground 
through bias battery 4. The combination ff, 
2 and 4 provides the correct alternating volt 
age level and proper bias for tube 2. 
The voltages at the grids of tubes 2 and 22 

will as a result of the previously explained phase 
shifts be either in phase or out of phase depend 
ing upon whether the frequency of oscillator A 
is higher or lower than that of oscillator C. 
Vacuum tubes 2 and 22 are conventional am 

plifier devices provided for amplifying the beat 
voltages delivered to their grids and applying 
their respective outputs to transformers 23 and 
24, which, in turn, supply the balanced rectifier 
device J. . . . . 
The secondaries of transformers 23 and 24 

supply balanced rectifier J as follows: Connec 
tion is made from terminal 23d of transformer 23 
to terminal 24d which is a center tap on the sec 
ondary of transformer 24. Terminal 24c con 
nects to the plate of rectifer tube 25 and 24e con 
nects to the plate of rectifier tube 26. The re 
turn is made from terminal 23c through resistors 
27 and 28 to the respective cathodes of tubes 25 
and 26. Rectifier 25 rectifies the series voltages 
supplied by the secondary of transformer 23 and 
half of the secondary of transformer 24, the out 
put of which appears across resistor 2. Rectice 
fler tube 26 is so connected that it rectifies the 
series voltages from the secondary of trans 
former 23 and the other half of the secondary of 
transformer 24. The output of this rectifier ap 
pears across resistor 28. The connections, are SO 
made that if the phases of the voltages from am 
plifiers H and I are such that the voltages in 
series with terminals 23c and 24c are in phase, 
then, the voltages in series with terminals 23c 
and 24e will be in phase opposition. 
The Output Connection-from the balanced rec 

tifier J is made between the cathodes of tubes 25 

10 

2,274,434 
not pass direct current, the output of detector J 
will be zero. If the frequency of Oscillator A de 
viates, a resulting beat frequency is applied to 
the balanced rectifier J from separate sources 
through transformers 23 and 24. The ampli 
tude of the source from transformer 23 does not 
vary with the beat frequency, but the amplitude 
of the beat frequency delivered by transformer 
24 is directly proportional to the frequency, 
therefore the voltage output of the detector J 
will depend upon the extent to which the voltage 
from the secondary of transformer 24 can un 
balance the voltage applied to the two rectifier 
plates from the secondary of transformer 23. In 
other words, the unbalance, and hence the bal 
anced detector output is directly proportional to 
the beat frequency and its polarity is dependent 
upon the phase relation of the beat Sources, 
which reverses as the frequency difference goes 
through zero-beat. 
The output of rectifier J is a pulsating direct 

current voltage and its pulsations are filtered out 
by condensers 29 and 3 in conjunction with re 
sistor 30. The voltage across condenser 3 f is 
therefore a pure, direct current voltage whose 
polarity and amplitude are dependent directly. 
upon the deviation and direction of deviation of 
the frequency of the oscillator A. This voltage 
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ductor 8 in series, will be called Er. 
65 

(0 

and 26. With this connection the rectified volt 
age at the output will be zero if the voltages ap 
plied to the plates of tubes 25 and 26 equal. It 
will also be zero if one of the transformer volt 
ages is zero. If the alternating voltages are un 
equal, a difference voltage will appear the polarity 
of which will depend upon which of the voltages 
is greater. . . 

In considering the performance of the con 
plete device it is apparent that if the frequency 
of oscillator A is equal to that of oscillator C, the 
beat outputs of detectors E and F will have Zero 
frequency and since transformers 23 and 24 can 

plitude response throughout 

E. (RHR) F(al-II.C)? 

is supplied to the grid of the reactance control 
tube B which directly and automatically limits 
the possible frequency deviation of the oscilla 
tor A. --- 
Transformers 23 and 24 are high grade iron 

core devices capable of delivering constant am 
a frequency band ex 

tending from 15 to 15,000 cycles. The trans 
formers, as well as other components are se 
lected to make the phase shift characteristics of 
amplifiers Hand Iidentical. 

Milliammeter 34 in conjunction with resistor . 
33 is calibrated to read the amount which the 
frequency of Oscillator A deviates from that 
of C. 
There remains to show that the phase shifter 

5 G. can be made to properly shift the phase of 
any frequency in the band 0 to 15,000 cycles by 
90 degrees. For this purpose an equivalent cir 
cuit will be assumed, in which the plate resist 
ance of tube 9 and resistor 5 will be combined 
and called Rp. An equivalent driving voltage 
will be assumed to be in series with Rp and will 
be called Eg. The alternating voltage resulting 
across the combination of resistor f7 and in 

The an 
gular frequency in radians per second will be des 
ignated by w, and the condenser 6, the resistor 
it and the inductor 8 will be indicated, in the analysis, as respectively C, R, and I. 
The vector resulting from the derivation of 

the ratio E/E yields the angle of phase shift. The equation for this is given by (1). 
P--- (tie) --- (1) E. (R+R,)+j(oL-1/oC) 

Rationalizing Equation i yields Equation 2, be 
low. 

-- f 

(R--R) co-R(a)L-1/oC) 
(R-R)2+ (oL-1/C) 

If the numerator of the first term of Equation 
2 could be equated to zero for all frequencies, 
the network G would shift the phase of any fre 
quency passed through it by exactly 90 degrees. 
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This, of course, is not, possible. However, sup 
pose that the frequency band of importance ex 
tends only to 15,000 cycles, and that in this band, 
the components are selected so that 1/w0xcL. 
In this case the numerator of the first term of 
Equation 2 will reduce to: R. (R-R)-L/C. This 
expression does not vary with the frequency, 
and may therefore be equated to zero for fre 
quencies within the band extending from zero 
to 15,000 cycles. 
A further requirement is that E, /Egbe a lin 

ear function. This means that the second term 
of Equation 2 must be directly proportional to 
the frequency. To illustrate that circuit com 
ponents may be selected to sufficiently meet this 
requirement, we now consider the result of se 
lecting values so that: (R-R) g(1/C) 2. Equa 
tion 2 then reduces to: Er/Egs. wCR. This ex 
pression is perfectly linear. In practice, it has 
been found that the last above condition need 
not be stringently met in order to obtain satis 
factory linearity. 
In the circiut arrangement shown diode type 

rectifier tubes may be used to replace the mixer 
type tubes used in detectors E and F, and the 
network G may be placed in the plate circuit of 
detector E instead of the plate circuit of detec 
tor F. 
While I have described this invention in detail 

in a preferred embodiment, it will be observed 
that modifications therein may be made without 
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departing from the Spirit and scope thereof and 
therefore I intend to be limited only as indicated 
by the scope of the following claims. 
Having described my invention I claim: 5 

1. In a frequency stabilizing and adjusting sys 
tem the combination of, a source of radio fre 
quency Oscillations, the frequency of which is 
substantially fixed, a second source of radio fre 
quency oscillations having a frequency subject to 
variation, the extent of which is to be controlled, 
two detector devices each of said detector de 
vices deriving a beat frequency between the fre 
quencies of said sources of radio frequency os 
cillations, means for shifting the phase of one of . 
said oscillation sources by substantially 90 de 
grees before application thereof to one of said 
detectors, a network for shifting the phase of one 
of the beat frequency oscillations by substantially 
90 degrees, amplifiers for amplifying the two : 
Separate beat frequency oscillations, a balanced 
rectifier, means for impressing said beat fre 

40 

quency oscillations on said rectifier in such a 
manner that the output of said rectifier will be 
Zero if the frequency of the two sources of radio : 
frequency OScillation are equal, and will be a 
positive or negative voltage proportional to the 
frequency difference if the radio frequency oscil 
lations have unequal frequency, and means for 
controlling the frequency of said second source 
in accordance with the Output of said rectifier. 

2. In a frequency stabilizing and adjusting sys 
tem the combination of, a source of radio fre 
quency oscillations, the frequency of which is sub 
stantially fixed, a second source of radio fre 
quency oscillations having a frequency subject to 
variation, the extent of which is to be controlled, 
two detector devices each of said detector devices 
deriving a beat frequency between the frequen 
cies of said sources of radio frequency oscillations, 
means for shifting the phase of one of said oscil 
lation sources by substantially 90 degrees before 
application thereof to one of said detectors, a 
network for shifting the phase of one of the beat 
frequency oscillations by substantially 90 degrees, 
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3 
a rectifier, means for impressing said beat fre 
quency oscillations on said rectifier in such a 
manner that the output of said, rectifier will be 
Zero if the frequency of the two sources of radio 
frequency oscillation are equal, and will be a 
positive or negative voltage proportional to the 
frequency difference if the radio frequency oscil 
lations have unequal frequency, and means for 
controlling the frequency of said second source in 
accordance with the output of said rectifier. 

3. In a frequency stabilizing and adjusting 
System the combination of, a source of radio 
frequency oscillations, the frequency of which is 
substantially fixed, a second source of radio fre 
quency Oscillations having a frequency Subject 
to variation, the extent of which is to be Con 
trolled, two detector devices each of said de 
tector devices deriving a beat frequency between 
the frequencies of said sources of radio frequency 
oscillations, means for shifting the phase of 
one of said oscillation sources by substantially 
90 degrees before application thereof to one of 
said detectors, a network for shifting the phase 
of one of the beat frequency oscillations by Sub 
stantially 90 degrees, amplifiers for amplifying 
the two separate beat frequency oscillations, a 
balanced rectifier, a pair of transformers for 
impressing said beat frequency oscillations on 
said rectifier in such a manner that the Output 
of said rectifier will be Zero if the frequency of 
the two sources of radio frequency oscillation are 
equal, and will be a positive or negative voltage 
proportional to the frequency difference if the 
radio frequency oscillations have unequal fre 
quency, and means for controlling the frequency 
of said second source in accordance with the 
output of said rectifier. 

4. In a frequency stabilizing and adjusting 
system the combination of, a Source of radio 
frequency oscillations, the frequency of which is 
substantially fixed, a second source of radio fre 
quency oscillations having a frequency subject 
to variation, the extent of which is to be Con 
trolled, two detector devices each of said detector 
devices deriving a heat frequency between the 
frequencies of said sources of radio frequency 
oscillations, means for shifting the phase of one 
of said oscillation sources by substantially 90 
degrees before application thereof to one of Said 
detectors, a network for shifting the phase of 
one of the beat frequency OScillations by Sub 
stantially 90 degrees, a balanced rectifier, trans 
former means for impressing said beat frequency 
oscillations on said rectifier in such a manner 
that the output of said rectifier will be Zero if 
the frequency of the two sources of radio fre 
quency oscillation are equal, and will be a posi 
tive or negative voltage proportional to the fre 
quency difference if the radio frequency oscil 
lations have unequal frequency, and means for 
controlling the frequency of said second source 
in accordance with the output of said rectifier. 

5. In a frequency stabilizing and adjusting 
System the combination of, a source of radio 
frequency Oscillations, the frequency of Which 
is substantially fixed, a second source of radio 
frequency oscillations having a frequency sub 
ject to variation, the extent of which is to 
be controlled, two detector devices, each of said 
detector devices deriving a beat frequency be 
tween the frequencies of said sources of radio 
frequency oscillations, means for shifting the 
phase of one of said oscillation sources by Sub 
stantially 90 degrees before application thereof 
to one of said detectors, a network for shifting 



4. 
the phase of one of the beat frequency oscilla 
tions by substantially 90 degrees, amplifiers for 
amplifying the two separate beat frequency OS 
cillations, a balanced rectifier, means for im 
pressing said beat frequency oscillations on said 
rectifier in such a manner that the output of 
said rectifier will be zero if the frequency of the 
two sources of radio frequency oscillation are 
equal, and will be positive or negative voltage 
proportional to the frequency difference if the 
radio frequency oscillations have unequal fre 
quency, the polarity of said voltage depending 
upon whether the frequency of the oscillation 
source subject to variation is higher or lower 
than that of the fixed source of Oscillation, a 
variable reactance tube device for controlling the 
frequency of said variable source of Oscillations, 
means for filtering and applying the output Of 
said balanced rectifier to said variable reactance 
tube device for the purpose of exerting a con 
trolling influence on the frequency of said Sec 
ond source of radip frequency oscillation. 

6. In a frequency stabilizing and adjusting Sys 
tem the combination of, a source of radio fre 
quency oscillations, the frequency of which is 
substantially fixed, a second source of radio fre 
quency oscillations having a frequency subject 
to variation, the extent of which is to be con 
trolled, two detector devices, each of said de 
tector devices deriving a beat frequency between 
the frequencies of said sources of radio fre: 
quency oscillations, means for shifting the phase 
of one of said oscillation sources by substantially 
90 degrees before application thereof to one of 
said detectors, a network for shifting the phase 
of one of the beat frequency oscillations by Sub 
stantially 90 degrees, a rectifier, means for im 
pressing said beat frequency oscillations. On said 

O 
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of radio frequency oscillation are equal, and will 
be positive or negative voltage proportional to the 
frequency difference if the radio frequency Oscil 
lations have unequal frequency, the polarity of 
said voltage depending upon whether the fre 
quency of the oscillation source subject to varia 
tion is higher or lower than that of the fixed 
source of oscillation, a variable reactance tube 
device for controlling the frequency of said vari 
able source of oscillations, means for filtering and 
applying the output of said balanced rectifier to 
said variable reactance tube device for the pur 
pose of exerting a controlling influence on the 
frequency of said second Source of radio fre 
quency oscillation. 

8. In a frequency stabilizing and adjusting Sys 
tem the combination of, a source of radio fre 
quency. Oscillations, the frequency of which is 
substantially fixed, a second source of radio fre 
quency oscillations having a frequency subject to 
variation, the extent of which is to be controlled, 
two detector devices, each of said detector de 
vices deriving a beat frequency between the fre 
quencies of said sources of radio frequency oscil 
lations, means for shifting the phase of one of 
said oscillation sources by substantially 90 de 
grees before application thereof to one of said de 
tectors, a network for shifting the phase of One 
f the beat frequency oscillations by substantially 

90 degrees, amplifiers for amplifying the two sep 
arate beat frequency OScillations, a balanced rec 

rectifier in such a manner that the output of . 
said rectifier will be zero if the frequency of 40 
the two sources of radio frequency oscillation 
are equal, and will be positive or negative volt 
age proportional to the frequency difference if 
the radio frequency oscillations have unequal 
frequency, the polarity of said voltage depending 
upon whether the frequency of the Oscillation 
source subject to variation is higher or lower 
than that of the fixed source of oscillation, a var 
iable reactance tube device for controlling the 
frequency of said variable source of Oscillations, 
means for filtering and applying the output of 
said balanced rectifier to said variable reactance 
tube device for the purpose of exerting a control 
ling influence on the frequency of said second 
source of radio frequency oscillation. 

7. In a frequency stabilizing and adjusting sys 
tem the combination of, a source of radio fre 
quency Oscillations, the frequency of which is 

tifier, a pair of transformers having the primaries 
thereof Connected to said amplifiers and the Sec 
ondaries connected to said rectifier for impress 
ing said beat frequency oscillations on s Tec 
tifier in such a manner that the output of said 
rectifier will be zero if the frequency of the two 
sources of radio frequency Oscillation are equal, 
and will be positive or negative voltage propor- - 
tional to the frequency difference if the radio 
frequency oscillations have unequal frequency, 
the polarity of said voltage depending upon 
whether the frequency of the oscillation source . 
subject to variation is higher or lower than that, 
of the fixed source of oscillation, a variable re 
actance tube device for controlling the frequency 
of said variable source of oscillations, means for 
filtering and applying the output of said balanced 
rectifier to said variable reactance tube device 

50 

substantially fixed, a second source of radio fre- . 
quency oscillations having a frequency subject to 60 
variation, the extent of which is to be controlled, 
two detector devices, each of said detector devices 
deriving a beat frequency between the frequen 
cies of said sources of radio frequency oscilla 
tions, means for shifting the phase of one of said 
oscillation sources by substantially 90 degrees 
before application thereof to one of said detec 
tors, a network for shifting the phase of one of 
the beat frequency Oscillations by Substantially 
90 degrees, amplifiers for amplifying the two sep 
arate beat frequency oscillations, a balanced rec 
tifier, transformer means for impressing said 
beat frequency Oscillations on said rectifier in 
such a manner that the Output of said rectifier 
will be zero if the frequency of the two sources 
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for the purpose of exerting a controlling influ 
ence On the frequency of said second source of 
radio frequency oscillation. . 

9. The combination of two sources of radio fre 
quency oscillations, the frequency of one of which 
is substantially constant and the frequency of the 
other Subject to variation, the extent of which is 
to be Controlled, two detector devices for deriving 
the beat frequency between said sources of oscil 
lation, means for shifting the phase of one of 
said sources of radio frequency oscillations before 
application thereof to the corresponding beat de 
tector, said beat frequency oscillations being dis 
placed in phase by substantially 90 degrees, a 
phase shifter adapted to shift the phase of one 
of said beat frequency oscillations by approxi 
mately 90 degrees connected to the output of 
one of Said beat detectors, a rectifier supplied by 
both of said beat frequency oscillations, means 
for varying the amplitude of one of said beat 
frequency oscillations so that the output of said 
rectifier provides a voltage which is a pulsating 
direct current voltage proportional to the fre 
quency difference between the said sources of 

75 
radio frequency oscillations and the polarity of 
which depends upon which of said sources of 
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radio frequency Oscillation exceeds the other in 
frequency. 

10. The combination of two sources of radio, 
frequency oscillations, the frequency. Of one of 
which is substantially constant and the frequency 
of the other subject to variation, the extent of 
which is to be controlled, two detector devices for 
deriving the beat frequency between said sources 
of oscillation, means for shifting the phase of one 
of said sources of radio frequency oscillations be 
fore application thereof to the corresponding 
beat detector, said, beat frequency oscillations 
being displaced in phase by substantially 90 de 
grees, a phase shifter adapted to shift the phase 
of one of said beat frequency oscillations by ap 
proximately 90 degrees connected to the output of 
one of said beat detectors, a rectifier supplied by . 
both of said beat frequency oscillations, means 
for varying the amplitude of one of said beat 
frequency oscillations so that the output of said 
rectifier provides a voltage which is a pulsating 
direct current voltage proportional to the fre 
quency difference between the said sources of 
radio frequency oscillations and the polarity of 
which depends upon which of said sources of : 
radio frequency oscillation exceeds the other in . 
frequency, and means for controlling the fre 
quency of said variable source in accordance with 
said direct current voltage. 

11. The combination of two sources of radio 
frequency oscillations, the frequency of one of 

2) 

5 
the output of one of said beat detectors, a rectifier 
supplied by both of said beat frequency oscilla- . 
tions, means for varying the amplitude of one of . 
said frequency Oscillations so that the output of 
said rectifier provides a Woltage which is a pull 
Sating direct current voltage proportional to the 
frequency difference between the said sources of 
radio frequency oscillations and the polarity of 
which depends upon which of said sources of 
radio frequency oscillations exceeds the other in 
frequency, means for filtering said pulsating di 
rect current voltage, and means controlled by 
said filtered direct current voltage for con 
trolling the frequency of said variable frequency 
Source. 

12. The combination of two sources of radio 
frequency Oscillations, the frequency of one of 
which is substantially constant and the frequency 
of the other subject to variation, the extent of 
which is to be controlled, two detector devices for 
deriving the beat frequency between said sources 
of Oscillation, means for shifting the phase of 
one of said sources of radio frequency oscillations 
before application thereof to the corresponding 
beat detector, said beat frequency oscillations 
being displaced in phase by substantially 90 de 
grees connected to the output of one of said beat 

I detectors, a rectifier supplied by both. Of said beat 

'R 

lations so that the output of said rectifier pro 
which is substantially constant and the frequency 
Of the other subject to variation, the extent of 
which is to be controlled, two detector devices 
for deriving the beat frequency between said 
Sources of Oscillation, means for shifting the 
phase of one of said sources of radio frequency 
oscillations before application thereof to the cor 
responding beat detector, said beat frequency os 
cillations being displaced in phase by substan 
tially 90 degrees, a phase shifter adapted to shift 
the phase of One of said beat frequency oscilla 
tions by approximately 90 degrees connected to 

cordance with said 

frequency Oscillations, means for varying the 
amplitude of one of said beat frequency Oscil 

vides a voltage which is a pulsating direct cur 
rent voltage proportional to the frequency dif 
ference between the said sources of radio fre 
quency oscillations and the polarity of which 
depends upon which of said Sources of radio fre- . 
quency oscillation exceeds the other in frequency, 
means for filtering said pulsating direct cur 
rent voltage, and a variable reactance tube con 
nected to said last means for controlling the fre 
quency of said variable frequency oscillator in ac 

filtered direct current voltage. 
CHARES F. S.HEAFFER, 


