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1. 
This invention relates to automatic frequency 

stabilizing systems, and more particularly to ap 
paratus for maintaining a predetermined, fixed 
relationship between the frequency of a carrier 
wave, especially, but not necessarily, a carrier 
wave in the microwave region of the electro 
magnetic spectrum, and a selected reference fre 
quency. 
While not limited thereto, the present inven 

tion is admirably adapted to the control of the 
carrier Wave of a communication System compris 
ing, for example, two widely separated terminal 
stations and a plurality of intermediate relay sta 
tions, the system permitting two-way transmis 
Sion of intelligence between any and all of the 
Stations included therein, With the carrier Wave 
emanating from each relay station under the 
control of the carrier Wave received at each relay 
station, and all under the master control of the 
carrier wave originating at one of the terminal 
stations. 
In a system of this general description, it is 

apparent that the frequency of the carrier wave 
originating at the master terminal Station must 
be controlled within very close limits, and it is the 
main object of the present invention to provide 
apparatus satisfying this requirement. 
This, and other objects of the present inven 

tion, which will become more apparent as the 
detailed description thereof progresses, are at 
tained, briefly, in the following manner. 
A portion of the carrier wave to be stabilized is 

applied to an energy-transmission System, for 
example, a wave guide having a plurality of 

20 

2 5. 

branches extending from a common junction. 35 
One of said branches terminates in a non-linear 
impedance, such as a crystal, to Which modu 
lation is applied whereby a portion of the carrier 
wave entering said first branch from Said com 
mon junction is mixed with the modulation in 
said crystal, and becomes amplitude modulated, 
the resultant sidebands travelling along said first 
branch, back toward said common junction. 
A second wave-guide branch, along which a 

portion of the carrier wave likewise travels from 
said common junction, is terminated in a tuned 
circuit, such as a cavity, resonator, which is de 
signed to be resonant to a selected reference fre 
quency with respect to which it is desired to main 
tain the frequency of the carrier wave in a pre 
determined, fixed relationship. 

Preferably, the lengths of Said first and second 
wave-guide branches are Such that the difference 
therebetween is equal to 

where n is an odd integer and N is the Wave-guide 
Wavelength corresponding to said Selected refer 
ence frequency. As a result of such an arrange 
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2 
ment, the above referred to amplitude-modulated 
portion of the carrier wave, and a portion thereof 
Which is reflected from said cavity resonator, 
meet at Said common junction 90° out of phase. 
A third wave-guide branch is terminated in 

another non-linear impedance, such as a second 
Crystal, to which is applied said amplitude-modu 
lated and cavity-reflected portions of said carrier 
Wave. The mixing of the amplitude-modulated 

È and calVity-reflected portions of said carrier wave 
at Said last-named crystal produces a substan 
tially constant-amplitude resultant wave pro 
Vided there has been no deviation from the afore 
Said predetermined, fixed relationship between 
She frequency of Said carrier wave and said refer 
ence frequency. On the other hand, if there has 
been a deviation from said fixed relationship, the 
anplitude-modulated portion of said carrier wave 
and the portion thereof reflected from said cavity 
resonator do not arrive at said second crystal 
in phase quadrature, and, therefore, the in-phase 
component of the modulated portion causes the 
cavity-reflected portion to become substantially 
amplitude modulated. 
The modulation envelope of the last-named 

resultant Wave has a phase, relative to the modu 
lation initially applied to the carrier wave, and a 
magnitude, which depend, respectively, on the 
Sense and magnitude of any deviation from the 
above-mentioned fixed relationship between the 
frequency of Said carrier wave and said selected 
reference frequency. Preferably, said modulation 
envelope is either in phase with said initially 
applied modulation, or it is in phase opposition 
thereto. 

If there has been no deviation from said fixed 
relationship, and, as a result, a substantially con 
Stant-amplitude Wave is produced at said second 
Crystal, there is no modulation envelope to re 
Cover, but if there has been a deviation, the 
modulation envelope of the amplitude-modulated 
resultant Wave produced at said second crystal, 
Whether it is in phase with the initially applied 
modulation, or in opposition thereto, is recovered, 
the Sense and magnitude of the recovered en 
velope depending, respectively, on the sense and 
magnitude of said deviation. 
The recovered modulation envelope is com 

bined, for example, in a differential-amplitude 
detector, with a portion of the initially applied 
modulation to obtain a unidirectional output 
Whose direction and magnitude likewise depend, 
respectively, on the direction and magnitude of 
the deviation of the frequency of the carrier 
wave from its fixed relationship with respect to 
the selected reference frequency. 

Said unidirectional output is applied to any 
preferred electronic or mechanical tuning control 

(0 to adjust the source of the carrier wave to com 
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pensate for the frequency deviations above re 
ferred to. - 
Now, it is desired to point out that the fixed 

relationship herein referred to can be either a 
zero frequency difference, as is preferred, or any 
predetermined actual difference; and it is further 
desired to point out that the normal phase rela 
tionship between the first above-mentioned am 
plitude-modulated portion of the carrier wave, 
and that portion thereof which is reflected from 
the cavity resonator, need not be 90. Where said 
phase relationship is other than 90, the resultant 
wave at the second crystal will not be a substan 
tially constant-amplitude wave, but, instead, will 
have a certain recoverable amplitude character 
istic, and upon a frequency deviation occurring, 
said resultant wave will have a different ampli 
tude characteristic. In this case, the recovered 
modulation envelope Will have an amplitude 
characteristic which is a function of the differ 
ence between the amplitude characteristics of 
both said last-named resultant waves, and such a 
difference-characteristics wave may also be used 
to control the tuning of the source of the carrier 
WaWe 

In the accompanying specification there shall 
be described, and in the annexed drawings shown, 
an illustrative embodiment of the frequency 
stabilizing system of the present invention. It 
is, however, to be clearly understood that the 
present invention is not to be limited to the de 
tails herein shown and described for purposes of 
illustration only, inasmuch as changes therein 
may be made without the exercise of invention, 
and Within the true spirit and scope of the claims 
hereto appended. 

In said drawings, 
Fig. 1 is a partial block, partial schematic dia 

gram of a frequency-stabilizing system assembled 
in accordance with the principles of the present 
invention; Figs. 2 and 3 are vector diagrams illustrating 
phenomena, occurring in certain of the compo 
nents of said system; 

Fig. 4 is a schematic diagram of one type of 
detector which may be utilized in the system; 
ard 

-Figs. 5 and 6 are vector diagrams explanatory 
of the operation of said detector. 

Referring now more in detail to the aforesaid 
illustrative embodiment of the present invention, 
with particular reference to Fig. 1 of the draw 
ings, the numeral to designates a carrier-wave 
generator, for example, a microwave oscillator 
whose frequency it is desired to control as above 
indicated, and whose carrier-wave output is ap 
plied to an energy-transmission system includ 
ing, for example, a wave-guide section f. The 
latter communicates with another wave-guide 
section f2 terminating in oppositely-directed 
branches 3 and 14, the junction of said branches 
being hereinafter considered, for mathematical 
analysis purposes, as the energy-injection point 
of the System, 
The Wave-guide branch f3 may be terminated 

in any desired matched load, such as an appro 
priate antenna system for radiating the greater 
portion of the energy developed by the oscillator 
f0, and the wave-guide branch 4, which is recep 
tive of a small portion of said energy through an 
iris 5, may be terminated in a So-called "magic 
T” 6 comprising three wave-guide branches 7, 
8 and 9 extending from a common junction at 
right angles to each other. 

O 

4 
mixer 20 to which is applied, in series with a 
Source 2 of direct current, the relatively low 
frequency output of an oscillator 22 which is in 
tended to modulate that portion of the carrier 
wave entering the branch 7 from the above 
mentioned common junction, the addition of the 
direct current assuring the appearance of the full 
modulation envelope across the crystal. 

For the purpose of indicating the relationship 
which may exist between the carrier-wave out 
put of the oscillator 0 and the modulation output 
of the oscillator 22, it is pointed out that the 
former may have a frequency, for example, of 
10,000 megacycles, and the latter may have a 

5 frequency, for example, of 50 megacycles. 
The wave-guide branch l8 may be terminated, 

through an iris 23, in a cavity resonator 24 de 

2 5 

30 

4) 

45 

signed to be resonant at the selected reference 
frequency with respect to which it is desired to 
maintain the frequency of the carrier wave in a 
predetermined, fixed relationship. As stated in 
earlier portions of this specification, the desired 
carrier-wave frequency may be the resonant fre 
quency of the cavity resonator, and this relation 
ship is preferred, or there may be an actual pre 
determined difference between said frequencies. 
The lengths of the branches 7 and 18, or, more 

accurately, the distance (a) between the center 
line of the wave-guide section. 4 and the crystal 
29, on the one hand, and the distance (b) be 
tween the center line of the wave-guide section 
14 and the iris 23, on the other, are such that 
the difference therebetween (a-b) is, preferably, 

8 

where n is an odd integer and A is the wave 
guide wavelength corresponding to the selected 
reference frequency. By proper choice of the 
length and cut-off frequency of the branches 7 
and fB, the phase difference can be maintained 
practically constant over a substantial frequency 
band. It will be understood by those skilled in 
the art that, if desired, other relationships may 
be used, provided appropriate modifications are 
made in the components to be later described 
herein. The wave-guide branch 9 may be terminated 
in a second crystal 25 which is receptive of the 
modulated portion of the carrier wave coming 
from the first crystal 20, and another portion of 
said carrier wave reflected from the cavity reso 
nator 24. As hereinbefore indicated, and as will 
become more apparent from the mathematical 

5 analysis to be hereinafter set forth, the com 
bination of these two waves at the second crystal 
produces a substantially constant-amplitude or a 
substantially amplitude-modulated resultant 
wave, depending upon whether the frequency of 
the carrier wave has drifted from its fixed rela 
tionship with respect to the reference frequency, 
and if it has drifted, the resultant wave will have 
a phase, relative to that of the initially applied 
modulation, and a magnitude, depending, respec 
tively, on the direction and magnitude of said 
drift. 
The output of the crystal 25 is applied to a 

modulation-frequency amplifier 26 which is tuned 
to the frequency of the modulation oscillator 22, 
and which is capable of passing an appreciable 
frequency band with a substantially constant 
phase shift, and the output of said amplifier is 
applied to a differential-amplitude detector 27. 
The latter is also receptive of a portion of the 

The branch 17 may be terminated in a crystal 75 output of the modulation oscillator 22, and the 
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?ombination of the modulation-fréquency ampli 
fier output and said modulation oscillator output 
in said detector results in a unidirectional output 
whose direction and magnitude likewise depend, 
respectively, on the sense and magnitude of any 
deviation from the fixed relationship between the 
frequency of the carrier wave and the selected 
reference frequency. 
The unidirectional output thus obtained is ap 

plied to any appropriate tuning control 28, which 
may be electronic or electro-mechanical, to tune 
the carrier-wave oscillator 10, and compensate 
for any drift in the frequency thereof. 

Except for the details of the differential-ampli 
tude detector 27, one form of which, shown in 
Fig. 4 of the drawings, will later be described, this 
completes the description of the physical aspects 
of the system of the present invention, and the 
following is presented as a mathematical analy 
sis of the operation of said system. 

It will be assumed that the energy travelling 
toward the matched load from the energy-in 
jection point is completely absorbed, and any 
leakage across the "magic T' will be neglected. 
At the energy-injection point, the output eh 

of the carrier-wave oscillator O may be repre 
sented by: 

e = Ex sin (cot --6) (1) 
where Eh is the peak value of the carrier Wave, 
oht is the angular velocity thereof, and 01 is a 
reference phase. 
Across the crystal 20, the output el of the modu 

lation oscillator 22 may be represented by: 

O 

20 

30 

where E is the peak value of the modulation wave, 
w1 is the angular velocity thereof, and 62 is a ref 
erence phase. 
That portion of the carrier wave travelling 

along the wave-guide section 4 from the energy 
injection point splits at the common junction, 
part travelling along the wave-guide branch 
toward the crystal 29, and part travelling along 
the wave-guide branch 8 toward the cavity res 
Onator 24. 
At the crystal 20, there arrives a portion of the 

carrier wave which may be represented by: 
e h == k Eh sin (chi -- 6 -- qb) (3) 

where ke is a proportionality constant and qþ is the 
phase shift introduced between the energy-in 
jection point and the crystal. 
The voltage eh expressed by Equation 3 and 

the voltage el expressed by Equation 2 are mixed 
at the crystal 20, as crystal current, and an ampli 
tude-modulated resultant Wave travels back along 
the Wave-guide branch 7 toward the common 
junction. The carrier portion of the reflected 
wave is, however, Zero if the crystal is properly 
matched to the Wave-guide branch. 

50 

5 s 

() 

Now, the reflection coefficient of the voltage 
incident upon the crystal 20 is: 

iant-R-4. Reflection coefficient=?Z, (4) 
where R is the effective resistance of the crystal 
20 and Zg is the impedance of the Wave-guide 
branch 7. 

Rearranging this formula: 

R/Z, -ia-1 
R/Z-- a--1 (5) 

where a=R/Zg, the relative match between the 
crystal 20 and the wave-guide branch 7. 

It will be seen that for a-1, the carrier is sup 

Reflection coefficient= 
70 

75 

6 
pressed, and for a741, a carrier componiént is ré 
flected, with a -- phase where a21 and a -phase 
where a<1. Furthermore, any reflected carrier 
component has an amplitude depending upon the 
value of d, and has the following form: 

The action at the crystal 20 generates side 
bands which are the result of mixing the inci 
dent eh and the injected el. Considering only the 
first order terms, these sidebands have the form: 
e Xe= sin (coat +6, + b) cos (wit +9) == 

(7) 
where the first term immediately above is the 
upper sideband, and the second term immediately 
above is the lower sideband. 
These sidebands, plus reflected carrier, if any, 

travel back to the common junction, from whence 
part goes toward the matched load and is ab 
sorbed, and part goes toward the crystal 25 which 
terminates the wave-guide branch 9. 
At this point it is desired to digress momentarily 

to develop the reflection coefficient of the cavity 
resonator 24. Over a narrow frequency band, 
and where the iris 23 is thin compared to the 
wavelength of the energy being handled by the 
System, Said iris is equivalent to an ideal trans 
former between the wave-guide branch 8 and 
the cavity resonator 24. The cavity resonator 
itself may be represented over a narrow frequen 
cy band as a parallel resonant circuit having a 
constant shunt resistance. 
The parallel impedance of the uncoupled res 

onator is: 

)8( ??? ??Z 
Where Zo is the parallel impedance of the un 
coupled cavity resonator, at resonance, =r, and 

2Af S Q 
in which latter expression Qd is the dissipative Q 
of the cavity resonator, Alf is the difference be 
tween the frequency of the injected carrier wave 
and the resonant frequency of said cavity res 
onator, and feav is the resonant frequency of said 
cavity resonator. 

Now, considering the iris coupling between 
the Wave guide and the cavity resonator, the 
parallel impedance of the coupled cavity resonator 
at the Wave-guide side of the iris becomes: 

??2Z Z/p= . 
? 1?jS 

Where în is the ratio of an ideal transformer. 
The reflection coefficient for the wave-guide, 

terminating in the impedance Zip represented by 
Equation 9, is: 

(9) 

Reflecti . Z”p?Z”? 
eflection coefficient=ziz (10) 

2 Z 2Z. 
??Z, - (1+jS) (11) ser- - - J: 
n220 ??2Z ?+z,%"+(1+js) 

where Zg is the impedance of the wave-guide 
branch 8. 
Substituting at? for 



7 
the relative match between the cavity resonator 
24and the wave-guide branch. 8: 

Reflection 0eicient = (12) 
= (21?1)?is. (au?I)?is (a1+1)+jS (a+1) –jS 
-a12-1-S2-2ja18 (13) 

(11+1)2+S2 
For the special case where the cavity.resonator 

and the Wave-guide branch are matched at 
resonance, i. e., d.1=1, the reflection coefficient 
reduces to: 

jS?2-? S2 ? 
4?8° 

Returning now to the analysis of the system as 
a whole, there arrives at the cavity resonator 24, 
from the common junction, a portion of the car 
rier *Wawe “which may be represented by: 

seh=ki El sin (cont-9 --d') (15) 
Where k1 is a proportionality constant and p' is 
the phase shift introduced from the energy-in 
jection point to the cavity resonator. 

With 'a reflection coefficient as expressed in 
Equation 13, a 1741, and for Small S, so that said 
reflection coefficient is nearly constant in magni 
tude and the angle thereof is nearly proportional 
to S, the voltage reflected from the cavity reso 
nator'24 has an angle which is nearly proportion 
a to S, and has the form: 

Reflection coefficient= (14) 

e =k ( El, sin (o i++g ) (6) 
which is, for Small S: 

a 12-1-S2 o eh ki Fa sin (cont-61--b' -- Aa) (17) 
Where 

??= - a2 is radians 
Practically, therefore: 

Acx=k2Af (18) 

where k2 is a proportionality constant and, as 
above Stated, Afis the difference between the fre 
quency of the injected carrier wave and the. Se 
lected reference frequency, which is the resonant 
frequency of the cavity resonator. 
The carrier wave reflected from the cavity 

resonator 24 travels back to the common junction 
of the “magic T,' fron whence part goes toward 
the matched load and is absorbed, and part goes 
toward the crystal 25, said cavity-reflected wave 
having the form: 

e = sin (aoht -- 691 - qþ" -- Aa) (19) 
Thus, there arrives at the crystal 25, from the 

crystal 20, upper and lower Sidebands and, poS 
sibly, a carrier-Wave component depending in 
amplitude on the relative match of the crystal 20 
with the wave-guide branch 7, and reversing in 
phase as said crystal and guide go through 
match. Also arriving at the crystal 25, from the 
cavity resonator 24, is a carrier Wave Which is 
nearly constant in amplitude but has a phase 
angle depending on the deviation of its frequency 
from the predetermined, fixed relationship there 
of with respect to the selected reference fre 
quency of the cavity resonator 24. 
The various voltages arriving at the crystal 25 

have the following forms: 

y 

5 

20 

25 

30 

Carrier from crystal 20-sin (ost-9,4---') (20) 
Uppersideband- :sin (cºnti-fair p+et-6,+p') 

(2F) 
Lower sideband-— i sin (alt+0+þ— esit — di--þ”) 

(22) 
where p' is the phase shift introduced between 
the crystals 20 and 25. 
Carrier, from cavity resonator 24 

sin (co t + 0 +g' -- Aaz+qþ”) (23) 
Where b'is'the phase shift introduced between 
the cavity-resonator'24 and the crystal 25. 
Now, any carrier-component from the crystal 

20 combines with the carrier wave from the 
cavity resonator 24 vectorially, and so, at the 
crystal 25, only one carrier input need be con 
Sidered. 
The combination, at 'said crystal 25, of the 

upper sideband, as represented by the Expression 
21, and the carrier wave, as represented by the 
Expression 23, is as follows: 
sin (oh#?61?ó?ait?62?ó”) sin : (cht +61+q)’+zAœ+ qp’) = 
cos (oht?64???a??62?ó” 

?a??64?ó”?Aa?ó” 
?cos (a?t?6??ó?oit?62?ó” 

?o??6??ó”?Aa?ó”) 
in which the low-frequency or modulation en 
Velope term is: 

cos (awit --9-+-þ-- çff"—b'—qþ"F Aa) (25) 
The combination, at the crystal 25, of the lower 

Sidebaad, as represented by the Expression 22, 
and the carrier wave, as represented by the ex 
preSSion 23, is as follows: 

(24) 

it) 

5 5 

6) 

7) 

(26) 

- COS (u+?+B FAa) (28) 

Tile:Sumt of: theif Xpressions' 28 and 29, gives the 
resultant low-frequency output from the "crystal 
25. 
Now, as previously:indicated, the difference be 

tween the lengths of the wave-guide branches 
and 8 is, preferably, 

and since p--p'-d'-g' =B,B must equal 90°. 
Hence, where Acy is Zero, ?corresponding to 'no 

deviation from the fixed relationship between the 
frequency of the carrier wave and the selected 
reference frequency, the low-frequency output 
from the crystal’25 is zero. In this case, the only 
output from said crystal:25 is direct; current: and 
eWen harmoriics, or a Substantially constant 
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amplitude output resulting from rectification of 
the carrier-wave input. 
This has been iliustrated vectorially in Fig. 2 

of the drawings. The upper sideband may be 
considered as a vector rotating in a counter 
clockwise direction at the frequency of the car 
rier wave plus that of the modulation wave, and 
the lower sideband may be considered as a vector 
rotating in the same direction at a frequency of 
the carrier wave minus that of the modulation 
wave. These two vectors periodically become in 
phase and so, they may also be considered as 
oppositely-rotating vectors combining to pro 
duce a non-rotating vector, which is the result 
ant sideband. The latter, actually, is the car 
rier wave varying in amplitude at the modula 
tion frequency, and when combined with the cav 
ity-reflected portion of the carrier wave, With 
which it is 90° out of phase, said cavity-reflected 
portion of the carrier wave remains substan 
tially unaffected. Therefore, no modulation en 
velope is recovered at the crystal 25. 
Where, however, Ao is not zero, in other words, 

the frequency of the carrier wave has drifted 
from its fixed relationship with respect to the 
reference frequency, a recoverable output does 
appear across the crystal 25, the phase of said 
output depending on the sign of Aox, i. e., the di 
rection of the frequency drift, and the amplitude 
of said output depends on the magnitude of Act, 
i. e., the extent of the frequency drift. 

This, too, has been illustrated vectorially, in 
Fig. 3 of the drawings, from which it can be seen 
that where the carrier frequency drifts above the 
resonant frequency of the cavity resonator 24, as 
indicated by the dashed vector to the left of the 
full line labelled 'Carrier (ch-fcav),' the carrier 
wave from said cavity resonator acquires, at the 
crystal 25, "-- amplitude modulation,' and, 
where the carrier frequency drifts below the res 
onant frequency of the cavity resonator, as indi 
cated by the dashed vector to the right of said 
full line, said carrier wave acquires “— ampli 
tude modulation,' said -- and - modulation re 
ferring, of course, to the phase of the modula 
tion envelope. The modulation thus produced 
results from the effect of an in-phase portion of 
the resultant sideband acting upon the carrier 
wave whose frequency has been altered by Aoz. 

In any event, the output of the crystal 25, after 
passing through the modulation-frequency am 
plifier 26, is applied to the detector 27 to extract 
the sense thereof, depending on whether Acy is -- 
or -, and obtain a unidirectional output of the 
proper sense and magnitude to operate the tun 
ing control. 28. 

Referring to Fig. 4 of the drawings, it will be 
seen that the detector 27 may comprise a pair 
of diode vacuum tubes 29 and 3 the anodes of 
which are connected to the opposite ends of the 
secondary winding 3 f of the transformer 32, the 
primary winding 33 of said transformer having 
applied thereto a signal E, the output of the mod 
ulation-frequency amplifier 26. The cathodes of 
the tubes 29 and 30 are connected to ground, 
respectively, through resistors 34 and 35, and the 
secondary winding 3 of the transformer 32 is 
center-tapped, whereby a portion of the output 
E' of the modulation oscillator 22 may be ap 
plied between said center-tap and ground. The 
output of the detector is taken from across the 
cathode ends of the resistors 34 and 35. 
The input signal E appears across the second 

ary winding 3 of the transformer 32 as the sum 
of the voltages E1 and E2. Assuming that Ax is 

0. 

10 
--, the input to the tube 29, diode f, is the vector 
sum of E--E1, producing the output Ed 1 shown 
in Fig. 5 of the drawings. At the same time, the 
input to the tube 30, diode 2, is the vector sum 
of E-E2, producing the output Ed2 shown in 
the same figure. 
The voltages Ed and Ed2 appear across the re 

sistors 34 and 35 in opposition to each other, and 
the algebraic diference therebetween, AE, con 
stitutes the final output of the differential-am 
plitude detector, as shown in Fig. 6 of the draw 
ingS. 
This final output, a unidirectional voltage 

whose direction and magnitude depend, respec 
tively, on the direction and magnitude of the 
deviation of the carrier frequency from the fre 
quency desired thereof, is applied to the tuning 
control 28, which, in turn, acts upon the carrier 
wave oscillator 0 to compensate for any such 
deviation. 
While the detector 2 has been shown to in 

clude diode vacuum tubes, triodes may be used, 
in which case the center-tap of the secondary 
3 may be omitted, and the output from the oscil 
lator 22 may be applied to the grids of the triodes 
in parallel. 
This completes the description of the afore 

said illustrative embodiment of the frequency. 
stabilizing system Gf the present invention. It 
will be noted from all of the foregoing that the 
present invention enables the maintenance, 
within close limits, of a predetermined fixed re 
lationship between the frequency of a carrier 
wave and a selected reference frequency. 
Other objects and advantages of the present 

invention will readily occur to those skilled in 

45 

50 

30 
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the art to which the same relates. 
What is claimed is: 
1. Apparatus for stabilizing the frequency of 

a carrier wave comprising: means for amplitude 
modulating a portion of said carrier wave; means 
for shifting the phase of another portion of said 
carrier wave through such an angle that, upon 
combination of said amplitude-modulated and 
phase-shifted portions thereof, a wave having 
a selected amplitude characteristic results; 
means, responsive to any drift in the frequency of 
said carrier wave, for altering the phase of said 
phase-shifted portion thereof; means for com 
bining said amplitude-modulated and phase 
shifted portions of said carrier wave whereby, 
in the event no frequency drift has occurred, the 
resultant wave has the aforesaid selected ampli 
tude characteristic, and, in the event a frequency 
drift has occurred, the resultant wave has a sub 
stantially different amplitude characteristic; 
means for deriving from said last-named result 
ant wave a wave having an amplitude character 
istic which is a function of the difference between 
the amplitude-characteristics of both said re 
sultant Waves; and means, receptive of Said dif 
ference-characteristics wave, for So tuning the 
source of said carrier wave as to compensate for 
said frequency drift. ? 

2. Apparatus for stabilizing the frequency of 
a carrier wave comprising: means for amplitude 
modulating a portion of said carrier wave; means 
for shifting the phase of another portion of said 
carrier wave through Such an angle that, upon 
combination of said amplitude-modulated and 
phase-shifted portions thereof, a wave having a 
Selected amplitude characteristic results; means, 
responsive to any drift in the frequency of Said 
carrier wave, for altering the phase of said phase 
shifted portion thereof, the sense and magnitude 



11 
of Said phase-shift, alteration depending, respec 
tively, on the sense and magnitude: of any such 
frequency drift; means for combining the am 
plitude-modulated and phase-shifted portions of 
said: carrier wave whereby, in: the event no fre 
quency drift has occurred, the resultant wave 
has: the aforesaid selected amplitude. character 
istic; and, in the event, a frequency drift has oc 
curred, the resultant, wave has a substantially 
different amplitude characteristic; means for de 
riving from said last-named resultant wave a 
Wave having an amplitude characteristic which is 
a fünction of the difference: between the ampli 
tude characteristics of both said resultant waves, 
the phase of the amplitude characteristic of said : 
difference-characteristics: Wave; relative to the 
modulation: initially, applied to said carrier wave, 
and the magnitude: thereof, depending, respec 
tively, on the sense and magnitude of said, fre 
quency drift; means for combining said, differ 
ence-characteristicsswaye with a portion of said 
initially applied modulations to obtain a unidi 
-rectional output, whose sense and magnitude like 
Wise depend; respectively; on the sense and mag 
nitude: of Said, frequency drift; and means, re 
ceptive of said unidirectional Wave, for So: tun 
ing; the-source-, of. Said. carrier waye: as to com 
pensate.' for said frequency drift. 

3. Apparatus for stabilizing the:frequency of a 

2. 

- 12 
nitude of Said, frequency drift; and means, re 
ceptive of said unidirectional wave, for so tun 
ing; the Source- of Said carrier wave as to com 
pensate for said frequency drift. 

'5; Apparatus for maintaining a fixed relation 
ship between the frequency of a carrier wave.and 
a selected reference frequency comprising: an 
energy-transmission system, receptive of said 
carrier. Wave, and having a plurality of branches 
extending from a common junction; means, ter 
minating a first of said branches, for amplitude 
modulating... that portion of said carrier wave 
entering the same; a tuned circuit, resonant to 
said selected reference frequency, terminating 
ar. Second of said branches, said first and second 
branches being of such lengths that the difference 
therebetween is equal to 

7A 
8 

where n is an oddi integer and X is the wave-guide 
wavelength corresponding to said Selected refer 
ence frequency, whereby, at said common junc 
tion; said amplitude-modulated portion of said 
carrier. Wave-and that portion of said carrier wave 

carrier wave comprising: means far amplitude , 
modulating a portion of said carrier wave; means 
for shifting the phase of another portion of said 
carrier Wave through an angle of 90°; means; re 
sponsive to any drift in the frequency: of said 
carrier wave, for altering the phase of said phase- ; 
shifted portion thereof; means for combining, the 
amplitude-modulated and phase-shifted por 
tions of said carrier wave whereby, in the event 
no frequency drift, has. Occurred, the resultant 
wave is a substantially, constant-amplitude wave, 
and; in: the: eventa frequency: drift:has: occurred, 
the resultant wave is a substantially amplitude 
modulated wave; means:for recoveringthe modu 
lation envelope of said last-named resultant 
WaVe; and means, receptive of said modulation. 
envelope, for So-tuning the source of said: carrier 
Wave as to compensate for said frequency drift. 

4. Apparatus: for stabilizing the frequency of 
a carrier wave-comprising: means for amplitude 
modulating a portion. of said carrier wave; 
means for shifting the phase--of another portion 
of said carrier wave through an angles of 90°; 
means, responsive: to any drift in the frequency 
of Said, carrier wave, for altering the phase of 
Said phase-shiftedsportion thereof, the sense; and 
magnitude of said: phase-shift alteration; depend 
ing, respectively, on the-sense-and-magnitude of 
any such frequency drift; means for combining 
the-amplitude-modulated and phase-shifted-por 
tions of Said carrier wave. whereby, in the event 
no frequency drift has: occurred, the resultant t 
wave is a substantially 'constant-amplitude wave, 
and, in the event a frequency, drift has occurred, 
the resultant wave is a substantially amplitude 
mGdulated waye, the:phases of the modulation en 
velope of said: last-named resultant wave, rela 
tive: to the modulation initially applied to said 
carrier wave; and the magnitude thereof, de 
pending, respectively, on the sense and magni 

reflected from said tuned circuit are 90° out of 
phase; means, terminating a third of said 
branches, for combining said amplitude-modu 
lated and reflected portions of said carrier wave 
whereby, in the event the-aforesaid: fixed rela 
tionship between the frequency of said carrier 
wave, and said selected: reference frequency has 
been maintained, the resultant wave-is a substan 
tially-constant-amplitude wave, and, in the event 
said fixed, relationship has been altered, the re 
Sultant Wave is: a substantially amplitude-modu 
lated wave; means for recovering the modula 
tion-envelope of said last-named resultant wave; 
and means receptive, of Said-modulation envelope, 
for so tuning the Source of Said: carrier wave as 

50 

5 5 

tude of said frequency drift; means for "recovering 
said modulation envelope; means for combining 
Saidi modulation envelope with a portion of said 
initially, applied modulation to. obtain a unidi 
rectional; output whese sense and magnitude like 

to reestablish, said fixed relationship between the 
frequency of said carrier wave and said selected 
reference frequency. 

6. Apparatus...for maintaining a fixed relation 
ship between the frequency. of a carrier, wave, and 

7 a... selected reference frequency comprising: a 
waVe: guide, receptive of said: carrier wave; and 
having, a. plurality. of branches extending from 
a common: junction; means, terminating a first 
of said branches-and including-a-source of mod 
ulation and a mixer adapted to be energized 
thereby, for amplitude modulating that portion 
of said carrier wave entering the same; a cavity 
resonator, resonant to said selected reference fre 
quency, terminating a second of said branches; 
said first and second branches being of such 
lengths that the difference therebetween is equal 
to 

22M 
8 

where nis anodd integer and Nisthewave-guide 
wavelength corresponding to; said: selected ref 
erence frequency, whereby, at said commonjunc 
tion, said amplitude-modulated portion of said 
carrier wave and that portion of said: carrier 
wave reflected from said cavity resonator are 90° 
out of phase; means, terminating a third of said 
branches and including a second mixer, for com 
bining said amplitude-modulated, and reflected 
portions of Said carrier wave whereby, in the 
event the aforesaid fixed relationship between 
the frequency of said carrier wave and saidse 
lected reference frequency has been maintained, 
the resultant wave is a substantially, constant 

Wise depend, respectively, on the sense and mag- ?: amplitude wave, and, in the event said fixed re 
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lationship has been altered, the resultant wave is 
a substantially amplitude-modulated wave; 
means for recovering the modulation envelope of 
said last-named resultant Wave; and means, re 
ceptive of said modulation envelope, for So tun 
ing the source of said carrier wave as to reestab 
lish said fixed relationship between the frequency 
of said carrier wave and said selected reference 
frequency. 

7. Apparatus for maintaining a fixed relation 
ship between the frequency of a carrier wave and 
a selected reference frequency comprising: an 
energy-transmission system, receptive of said : 
carrier wave, and having a plurality of branches 
extending from a common junction; means, ter 
minating a first of said branches, for amplitude 
modulating that portion of said carrier wave en 
tering the same; a tuned circuit, resonant to 
said selected reference frequency, terminating a 

5 

: 

second of said branches; said first and second go 
branches being of such lengths that the difference 
therebetween is equal to 

2A 
8 

where n is an odd integer and X is the wave 
guide wavelength corresponding to said Selected 
reference frequency, whereby, at Said Common 
junction, said amplitude-modulated portion of 
said carrier wave and that portion of Said carrier 
wave reflected from said tuned circuit are 90' 
out of phase if the aforesaid fixed relationship 
between the frequency of said carrier wave and 
said selected reference frequency has been main 
tained, and a different amount if said fixed re 
lationship has been altered, the sense and mag 
nitude of the latter amount depending, respec 
tively, on the sense and magnituide of the devia 
tion from said fixed relationship; means, ter 
minating a third of said branches, for combining 
said amplitude-modulated and reflected portions 
of said carrier wave whereby, in the event Said 
fixed relationship has been maintained, the re 
sultant wave is a substantially constant-ampli 
tude wave, and, in the event said fixed relation- 45 
ship has been altered, the resultant wave is a 
substantially amplitude-modulated wave, the 
phase of the modulation envelope of said last 
named resultant wave, relative to the modula 
tion initially applied to said carrier wave, and 50 
the magnitude thereof, depending, respectively, 
on the sense and magnitude of said deviation 
from said fixed relationship; means for recover 
ing said modulation envelope; means for combin 

4. 

ing said modulation envelope with a portion of 55 
said initially applied modulation to obtain a uni 
directional output whose sense and magnitude 
likewise depend, respectively, on the sense and 
magnitude of said deviation from said fixed re 
lationship; and means, receptive of said unidi- 60 
rectional output, for so tuning the source of said 
carrier wave as to reestablish said fixed relation 
ship between the frequency of said carrier wave 
and said selected reference frequency. 

8. Apparatus for maintaining a fixed relation- 65 
ship between the frequency of a carrier wave 
and a selected reference frequency comprising: 
a wave guide, receptive of said carrier Wave, 
and having a plurality of branches extending 
from a common junction; means, terminating 70 
a first of said branches and including a Source 
of modulation and a mixer adapted to be ener 
gized thereby, for amplitude modulating that 
portion of said carrier wave entering the same; 
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reference frequency, terminating a second of 
said branches; said first and second branches be 
ing of Such lengths that the difference there 
between is equal to 

Where n is an odd integer and X is the Wave-guide 
Wavelength corresponding to said selected ref 
erence freque; cy, Whereby, at Said common junc 
tion, said ainplitude-modulated portion of said 
carrier wave and that portion of said carrier 
Wave reflected from said cavity resonator are 
90° out of phase if the aforesaid fixed relation 
ship between the frequency of said carrier wave 
and said selected reference frequency has been 
maintained, and a different amount if said fixed 

... relationship has been altered, the sense and 
magnitude of the latter amount depending, re 
Spectively, on the Sensa and magnitude of the 
deviation froin said fixed relationship; means, 
terminating a third of Said branches and includ 
ing a Second mixer, for combining said ampli 
tude-modulated and reflected portions of said 
carrier wave whereby, in the event said fixed 
relationship has been maintained, the resultant 
Wave is a substantially constant-amplitude 

... Wave, and, in the event said fixed relationship 
has been altered, the resultant wave is a sub 
stantially amplitude-modulated wave, the phase 
of the modulation envelope of said last-named re 
Sultant wave, relative to the modulation initially 
applied to said carrier wave, and the magnitude 
thereof, depending, respectively, on the sense 
and magnitude of Said deviation from Said fixed 
relationship; means for recovering said modu 
lation envelope; means for combining said 
modulation envelope with a portion of said ini 
tially applied modulation to obtain a unidirec 
tional output whose Sense and magnitude like 
Wise depend, respectively, on the sense and mag 
nitude of said deviation from said fixed rela 
tionship; and means, receptive of said unidirec 
tional output, for so tuning the Source of said 
carrier Wave as to reestablish said fixed rela 
tionship between the frequency of said carrier 
wave and said selected reference frequency. 

9. Apparatus for stabilizing the frequency of 
a carrier Wave comprising: means for amplitude 
modulating a portion of Said carrier wave, a 
tuned circuit having a resonant frequency with 
respect to which it is desired to maintain the 
frequency of said carrier wave in a fixed rela 
tionship, said tuned circuit being receptive of 
another portion of said carrier wave to produce 
a reflected Waye whose phase and magnitude 
are functions, respectively, of the direction and 
magnitude of any deviation of the frequency 
thereof from that desired of said carrier wave; 
means, receptive of Said amplitude modulated 
portion of said carrier wave and said reflected 
wave, for detecting the phase of said reflected 
Wave and deriving a unidirectional control volt 
age whose direction and magnitude are, like 
wise, functions of said frequency deviation; 
and means, receptive of said control voltage for 
tuning the Source of Said carrier Wave to com 
pensate for any such frequency deviation. 

10. Apparatus for Stabilizing the frequency 
of a carrier Wave comprising: means for ampli 
tude modulating a portion of said carrier wave, 
a cavity resonator having a resonant frequency 

a cavity resonator, resonant to said selected S with respect to which it is desired to maintain 
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the frequency of said carrier wave in , a fixed 
relationship, Said cavity resonator being recep 
tive of , another portion of Said carrier wave to 
produce a reflected wave whose phase and mag 
nitude are functions, respectively, of the direc 
tion and magnitude of any deviation of the 
frequency thereof from that desired of said 
carrier wave; means, receptive of said ampli 
tuide modulated portion of Said carrier Wave 
and said reflected wave, for detecting the phase 
of said reflected wave and deriving a unidirec 
tional control Voltage whose, direction and mag 
nitude are, likewise, functions of said frequency 
deviation; and means, receptive of said control 
voltage for tuning the source of said carrier 
wave to compensate for any such frequency 
deviation. 

11. Frequency-Stabilizing apparatus compris 
ing: * a. source of relatively high-frequency oscil 
lations; a source of relatively low-frequency 
oscillations; a circuit, receptive of said relatively 
high and low-frequency OScillations, and in 
cluding a cavity resonator having a resonant 
frequency with respect to which it is desired to 
maintain the frequency of said high-frequency 
oscillations in a fixed relationship, for modu 
lating said high-frequency oscillations with said 
low-frequency oscillations to produce a modti 
lated wave the phase and magnitude of whose 

16 
modulation, envelope are functions, respectively, 

10 

20 

30 

of the direction and magnitude of any deviation 
of the:frequency of said high-frequency oscilla 
tions from that - desired: thereof; means, recep 
tive of said modulated, wave, for recovering said 
Inodulation envelope; means, receptive of Said 
modulation envelope and a portion of the output 
of Said Source: of relatively low-frequency oscil 
lations, for comparing the phases thereof, and 
deriving therefrom a unidirectional control volt 
age whose direction and magnitude are, like 
Wise, functions of said frequency deviation; and 
means, receptive of said control voltage and cou 
pled to said: source of relatively, high-frequency 
oscillations, for tuning said source of relatively 
high-frequency oscillations to compensate for 
any stich frequency deviation. 
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