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This invention relates to apparatus for stabiliz 
ing the frequency of a carrier wave, for example, 
the carrier Wave generated at the master ter 
minal station of a frequency-modulated radio 
Communication System. 
Examples of the type of apparatus to which 

the present invention relates are found in the 
Copending applications of George G. Bruck and 
Philip E. Wolz, entitled “Frequency stabilizing 
System,' Ser. No. 647,008, filed February 12, 1946, 
of George G. Bruck and Paul J. Pontecorvo, en 
titled “Frequency stabilizing system,' Ser. No. 
655,074, filed March 18, 1946, Patent No. 
2,462.841, issued March 1, 1949, and of George G. 
Bruck, Robert M. Sprague and Malcolm C. Wos 
burgh, entitled “Radio communication System,' 
Ser No. 660,596, filed April 9, 1946. 
While the devices disclosed in Said Copending 

applications have been found efficiently to per 
form their intended functions, they are more or 
IeSS complicated, and are critical in their ad 
justment. 

It is, therefore, the main object of the present 
invention to provide frequency-stabilizing ap 
paratuS which is simpler than that heretofore 
proposed for the purpose, and Which is easier 
to Set up and adjust. 

These, 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: 
The present invention provides means, in the 

form, for example, of appropriate Wave-guiding 
apparatus, for deriving from the carrier wave to 
be stabilized two carrier-Wave portions of like 
phase. One of these carrier-wave portions is 
mixed with an intermediate-frequency wave to 
produce Sideband waves, Said intermediate-fre 
quency Wave being generated by a novel oscilla 
tion generator hereinafter more fully referred 
to. The other carrier-wave portion is mixed 
with one of said sideband Waves to recover said 
intermediate-frequency wave. The two mixing 
devices may comprise non-linear in pedances, 
Such as crystals. 

Said mixing devices are connected, respec 
tively, to the output and input circuits of a 
broad-band amplifying device the center fre 
quency of which corresponds to the frequency 
of the aforementioned internediate-frequency 
wave. This amplifying device is caused to oscil 
late and produce Said intermediate-frequency 
wave by positive feedback between its output and 
input circuits, said feedback being obtained by 
interposing between the mixing devices con 
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2 
nected, respectively, to Said output and input cir 
cuits a tuned circuit, for example, a cavity res 
onator Which is resonant to One of the Sideband 
waves produced by the combination of the first 
above-mentioned carrier-Wave portion and Said 
intermediate-frequency Wave. 
A portion of Said intermediate-frequency wave 

is applied to means, such as a frequency dis 
criminator, for deriving from said intermediate 
frequency Wave a unidirectional output whose 
amplitude and Sense are functions, respectively, 
of the magnitude and Sense of any deviation of 
the frequency of Said intermediate-frequency 
wave from its initial frequency, such deviation 
being brought about, as will hereinafter be more 
fully explained, by any deviation of the frequency 
of the carrier wave from its initial frequency. 

Finally, the unidirectional output thus, ob 
tained is applied to any appropriate device, elec 
tronic or mechanical, for altering the fre 
quency of the source of said carrier wave to 
compensate for any such frequency deviation. 
In the accompanying specification there shall 

be described, and in the annexed drawing 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 drawing, the single figure is a partial 

block, partial schematic diagram of a frequency 
stabilizing system assembled in accordance with 
the principles of the present invention, certain 
of the components of said System being appro 
priately broken away more clearly to show in 
ternal construction. 

Referring now more in detail to the aforesaid 
illustrative embodiment of the present invention, 
with particular reference to the drawing illus 
trating the same, the numeral to designates an 
Oscillator adapted to generate a carrier Wave coh, 
preferably, in the microwave region of the elec 
tromagnetic spectrum, having a frequency, for 
example, of 10,000 m.c./sec. It is the frequency 
of this carrier wave that it is desired to stabilize. 
The output of the oscillator O is applied to 

an energy-transmission system, for example, a 
Wave guide , at the outer end of which (not 
shown) there may be connected any appropriate 
load device, for example, an electromagnetic 
horn adapted to radiate said carrier Wave. 
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By means of Suitable coupling devices, such as 
probes 2 and 3, two carrier-wave portions of 
like phase are fed from the wave guide into 
a pair of Wave-guide Sections 4 and 5. The 
Wave-guide Sections 4 and 3 also Communicate 
With a cavity resonator 6, respectively, through 
Openings and f8, Said cavity resonator being 
tuned to a Sideband wave having a frequency 
which is either the sum of or the difference be 
tWeen the frequency of the carrier wave wh, gen 
erated by the oscillator e, and the frequency of 
an intermediate-frequency wave col, generated as 
Will hereinafter be more fully explained. As 
SUming that the intermediate-frequency wave 
has a frequency of 50 m.c./sec., the cavity res 
onator 6 may be tuned to a frequency of either 
10,050 mc./sec. or 9,950 m.c./sec. For the pur 
pOSes of this Specification, it will be assumed 
that Said cavity resonator is tuned to the fre 
quency of the upper side; and wave ai; -- ol. 

Disposed in the wave-guide sections 4 and 5 
are non-linear impedance devices, for example, 
Crystals 9 and 20, the former being connected 
to the input terminals of an amplifying device 
2, and the latter being connected to the output 
terminal of said device. 
ASSuming, for the moment, that the amplifying 

device 2 is feeding an intermediate-frequency 
Wave col to the crystal 2, said intermediate-fre 
quency WaWe Will combine with the carrier Wave 
portion coh entering the wave-guide section 5 
from the Wave guide to produce sideband 
WaVeS (wh-i-col. The upper sideband Wave thus 
produced will enter the cavity resonator 6, which 
is tuned thereto, and will pass from said cavity 
resonator to the wave-guide section 4 to excite 
the crystal 9. The latter will also be excited 
by the carrier wave portion coh entering the wave 
guide Section 4 from the wave guide to re 
produce, across the crystal 9, the intermediate 
frequency Wave col. The latter, being applied to 
the input terminals of the amplifying device 2, 
Will cause the cycle just described to continue, 
provided the energy fed back from the output 
terminal of the amplifying device to the input 
terminal thereof is of the proper phase to sustain 
Oscillation. 
This condition is satisfied if: 

pl.-higb2=727t (1) 

where pl is the phase shift inherent in the feed 
back circuit consisting of the cavity resonator 6, 
gb2 is the phase shift inherent in the amplifying 
device 2, and n is any integer. 
Now, 

-o (ohol) 
pi s2A-Hi-Q. (2) 

where A (coh--avi) is the frequency deviation of the 
Sideband wave from the frequency to which the 
cavity resonator 6 is tuned, oh-oi is the resonant 
frequency of said cavity resonator, and Qe is the 
Q of the cavity resonator; 
And, 

- Aoi 
th=2. o (3) 

where Awl is the frequency deviation of the inter 
mediate-frequency wave from the frequency to 
which the amplifying device 2 is tuned, o is the 
resonant frequency of said amplifying device, 
and Qa is what might be termed the equivalent 
Q of Said amplifying device. 
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4 
Substituting Equations 2 and 3 into Equation 1, 

and differentiating, 
Aoi. LQa?on 

NOW, in a Smuch as 

Qa3Q and ->1 

Aceh-i- on Qa A = + (1+3) (5) 
Thus, if the frequency of the carrier Wave ash 

Changes by Aceh, due to randon drift of the oscil 
lator A, the frequency of the intermediate-fre 
quency Wave will, generated by the oscillating am 
plifying device 2, changes by Aol in accordance 
With the ratio expressed by Equation 5. 

In order to utilize any change in the frequency 
of the intermediate-frequency wave col to stabilize 
the oscillator 0, a portion of the output of the 
amplifying device 2 is applied to a conventional 
frequency discriminator 22 whose center fre 
duency corresponds to the initial or normal fre 
quency of the intermediate-frequency Wave, and 
as the frequency of Said intermediate-frequency 
Wave varies in response to deviations from the 
initial or normal frequency of the carrier Wave, 
a unidirectional output is produced having an 
amplitude and sense which are functions, respec 
tively, of the magnitude and sense of said fre 
quency deviation. 
Said unidirectional output is applied to any 

appropriate control device 23 designed, in turn, 
to returne the oscillator so as to compensate 
for the aforesaid frequency deviation. 

his completes the description of the aforesaid 
illustrative embodiment of the present invention. 
It will be noted from all of the foregoing that the 
frequency Stabilizing apparatus of the present in 
wention is relatively simple in its component 
parts, requires less skill initially to set up the 
Same than devices heretofore known for similar 
purposes, and is not as critical to adjust as the 
heretofore known devices. 
Other objects and advantages of the present 

invention Will readily occur to those skilled in the 
art to Which the same relates. 
What is claimed is: 
1. Apparatus for stabilizing the frequency of 

a carrier wave comprising: means for deriving 
from said carrier wave two carrier-wave portions 
of like phase; means for mixing one of said car 
rier-Wave portions With an intermediate-fre 
quency wave to produce a, Sideband wave; means 
for mixing the other of said carrier-wave por 
tions with said sideband wave to recover there 
from said intermediate-frequency wave; an am 
plifying device, resonant to said intermediate 
frequency wave, and having output and input cir 
cuits coupled, respectively, to said first and sec 
Ond-nained mixing means; means, resonant to 
Said Sideband Wave, for transmitting the same be 
tween Said first and Second-named mixing means, 
Whereby Said amplifying device is caused to oscil 
late at the frequency of said intermediate-fre 
quency Wave; means, receptive of a portion of said 
intermediate-frequency wave, for deriving there 
from a unidirectional output whose amplitude 
and sense are functions, respectively, of the mag 
nitude and Sense of any deviation of the fre 
quency of Said carrier wave from its initial fre 
quency; and reans, receptive of said unidirec 
tional output, for altering the frequency of said 
carrier Wave to compensate for any such fre 
quency deviation. 
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2. Apparatus for stabilizing the frequency of a 

carrier Wave comprising: means, including a Wave 
guide receptive of said carrier wave, a pair of 
wave-guide sections, and a coupling device inter 
mediate each of said Wave-guide Sections and 
said wave guide, for deriving from said carrier 
Wave two carrier-Wave portions of like phase; 
means for mixing one of said carrier-Wave por 
tions With an intern ediate-frequency Wave to 
produce a side-band wave; means for mixing the 
other of said carrier-wave portions with said 
Sideband Wave to recover therefron said inter 
mediate-freqency Wave; an an plifying device, 
resonant to said intermediate-frequency Wave, 
and having output and input circuits coupled, 
respectively, to said first and second-named miX 
ing means; means, resonant to said Sideband 
wave, for transmitting the same between said 
first and second-named mixing means, whereby 
said amplifying device is caused to oscillate at 
the frequency of Said intermediate-frequency 
wave; means, receptive of a portion of said inter 
mediate-frequency wave, for deriving therefron 
a unidirectional output whose amplitude and 
sense are functions, respectively, of the magni 
tude and sense of any deviation of the frequency 
of said carrier wave from its initial frequency; 
and means, receptive of said listidirectional out 
put, for altering the frequency of said carrier 
wave to compensate for any such frequency 
deviation. 

3. Apparatus for stabilizing the frequency of 
a carrier Wave comprising: means, including a 
Wave guide receptive of said carrier Wave, a pair 
of wave-guide sections, and a coupling device 
intermediate each of said wave-guide sections 
and said Wave-guide, for deriving firo; in said car 
rier wave two carrier-wave portions of like phase; 
a non-linear impedance device, disposed in one 
of said wave-guide sections, for Inixing one of : 
said carrier-wave portions with an intermediate 
frequency wave to produce a sideband wave; an 
other non-linear impedance device, disposed in 
the other of said Wave-guide sections, for mixing 
the other of said carrier-Wave portions With said 
sideband Wave to recover therefrom said inter 
mediate-frequency wave; an ainplifying device, 
resonant to said intermediate-frequency Wave, 
and having output and input circuits coupled, re 
Spectively, to said first and Second-harned in 
pedance devices; means, resonant to said side 
band Wave, for transmitting the same between 
said wave-guide sections, whereby said amplify 
ing device is caused to oscillate at the frequency 
of said intermediate-frequency wave; means, re 
ceptive of a portion of said intermediate-fre 
quency wave, for deriving therefrom a unidirec 
tional output Whose amplitude and sense are 
functions, respectively, of the magnitude and 
sense of any deviation of the frequency of said. 
carrier wave from its initial frequency; and 
means, receptive of said unidirectional output, 
for altering the frequency of said carrier wave 
to compensate for any such frequency deviation. 

4. Apparatus for stabilizing the frequency of 
a carrier Wave comprising: means, inciuding a 
wave guide receptive of said carrier wave, a pair 
of Wave-guide sections, and a coupling device 
intermediate each of said Wave-guide sections 
and said Wave-guide, for deriving fron said car 
rier Wave two carrier-wave portions of like phase; 
means, disposed in One of said Wave-guide Sec 
tions for mixing one of said carrier-Wave portiorns 
With an intermediate-frequency wave to produce 
a sideband wave; means, disposed in the other 
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6 
of said wave-guide sections, for mixing the other 
of said carrier-wave portions with said sideband 
Wave to recover therefrom said intermediate 
frequency wave; an amplifying device, resonant 
to said intermediate-frequency wave, and having 
output and input circuits coupled, respectively, 
to said first and second-named mixing means; 
a cavity resonator, resonant to said sideband 
Wave, for transmitting the same between said 
first and second-named mixing means, whereby 
said amplifying device is caused to Oscillate at 
the frequency of Said intermediate-frequency 
wave; means, receptive of a portion of said inter 
mediate-frequency wave, for deriving therefrom 
a unidirectional output whose amplitude and 
sense are functions, respectively, of the magni 
tude and sense of any deviation of the frequency 
of said carrier Wave fronyn its initial frequency; 
and means, receptive of Said unidirectional Out 
put, for altering the frequency of said carrier 
Wave to compensate for athy such frequency 
deviation. 

S. ApparatUS for stabilizing the frequency of a 
cairier wave comprising: means, including a wave 
guide receptive of said carrier Wave, a pair of 
Wave-guide sections, and a coupling device inter 
mediate each of Said Wave-guide sections and Said 
wave guide, for deliving fron said carrier Wave 
two carrier-Wave portions of like phase; a non 
linear impedayace device, disposed in one of said 
Wave-guide secticins, for mixing one of said car 
rie-Wave portions With an intermediate-fre 
quency Wave to produce a Sideb2nd Wave; another 
snon-likear impedance device, disposed in the 
other of said wave-guide sections, for mixing the 
other of said carrier-wave portions with said side 
h2nd Wave to recover therefron said interme 
diate-frequency wave; an amplifying device, 
resonant to said intermediate-frequency wave, 
and having output and input circuits coupled, 
respectively, to said first and second-named in 
pedance devices; a cavity resonator, resonant to 
said sideband wave, for transmitting the same 
between said wave-guide sections, whereby said 
an plifying device is caused to oscillate at the 
frequency of said intermediate-frequency wave; 
a frequency-discriminator, receptive of a por 
tion of said intermediate-frequency wave, for 
deriving thererfom a unidirectional output whose 
amplitude and sense are functions, respectively, 
of the magnitude and sense of any deviation of 
the frequency of Said carrier wave from its initial 
frequency; and means, receptive of said unidirec 
tional output, for altering the frequency of said 
carrier wave to compensate for any such fre 
quency deviation. 

6. An oscillation generator comprising: means, 
receptive of a first periodic wave, for deriving 
therefrom two periodic-wave portions of like 
phase; means for mixing one of said periodic 
wave portions with a second periodic wave to 
produce a third periodic wave whose frequency 
is an arithmetic function of the frequencies of 
said first and Second periodic waves; means for 
nixing the other of said periodic Wave portions 
with said third periodic wave to recover there 
from said second periodic wave; an amplifying 
device, resonant to said Second periodic Wave, 
and having output and input circuits coupled, 
respectively, to said first and Second-named 
mixing means; and means, resonant to said third 
periodic wave, for transmitting the same between 
Said first and Second-named mixing means, 
whereby said amplifying device is caused to OS 

  



2,468,029 
7 

cillate at the frequency of said second periodic 
WaWe. 7. An oscillation generator comprising: means, 
including a wave guide receptive of a first pe 
riodic wave, a pair of wave-guide sections, and a 
coupling device intermediate each of said wave 
guide sections and said wave guide, for deriving 
from said first periodic wave two periodic-wave 
portions of like phase; means for mixing one 
of said periodic-Wave portions With a second pe 
riodic wave to produce a third periodic Wave 
whose frequency is an arithmetic function of 
the frequencies of said first and second periodic 
waves; means for mixing the other of said pe 
riodic-wave portions with said third periodic 
Wave to recover therefron Said Second periodic 
wave; an amplifying device, resonant to said Sec 
ond periodic wave, and having output and input 
circuits coupled, respectively, to said first and 
Second-named mixing means; and means, reS0 
nant to said third periodic-Wave, for transmit 
ing the same between said first and second 
named mixing means, whereby Said amplifying 
device is caused to oscillate at the frequency of 
said second periodic Wave. 

8. An oscillation generator comprising: means, 
including a wave guide receptive of a first pe 
riodic Wave, a pair of Wave-guide sections, and a 
coupling device intermediate each of said Wave 
guide sections and said wave guide, for deriving 
from said first periodic wave two periodic-wave 
portions of like phase; a non-linear impedance 
device, disposed in one of said wave-guide sec 
tions for mixing one of said periodic-Wave por 
tions with a second periodic Wave to produce a 
third periodic wave whose frequency is an arith 
metic function of the frequencies of Said first 
and Second periodic Waves; another non-linear 
impedance device, disposed in the other of Said 
wave-guide sections, for mixing the other of said 
periodic-wave portions with said third periodic 
wave to recover therefron said second periodic 
wave; an amplifying device, resonant to said Sec 
ond periodic Wave, and having output and input 
circuits coupled, respectively, to said first and 
Second-named impedance devices; and means, 
resonant to said third periodic wave, for trans 
mitting the Sarne between said Wave-guide Sec 
tions, whereby said amplifying device is caused 
to oscillate at the frequency of Said second 
periodic Wave. 9. An oscillation generator comprising: means, 
including a wave guide receptive of a first pe 
riodic wave, a pair of wave-guide sections, and a 
coupling device intermediate each of said wave 
guide sections and said wave guide, for deriving 
from Said first periodic Wave two periodic-Wave 

O 

3:) 

45 

55 

8 
portions of like phase; means, disposed in One 
of said wave-guide sections, for mixing one of 
said periodic-wave portions with a second pe 
riodic wave to produce a third periodic wave 
whose frequency is an arithmetic function of the 
frequencies of said first and second periodic 
Waves; neans, disposed in the other of Said 
Wave-guide Sections, for mixing the other of said 
periodic-wave portions with said third periodic 
Wave to recover therefrom said second periodic 
Wave; an amplifying device, resonant to Said Sec 
ord periodic wave, and having output and input 
circuits coupled, respectively, to said first and 
Second-nanied nixing means; and a cavity reso 
nator, resonant to said third periodic wave, for 
transmitting the same between said first and 
Second-named mixing means, whereby said alm 
plifying device is caused to oscillate at the fre 
quency of Said second periodic wave. 

10. An oscillation generator comprising: 
realis, including a wave guide receptive of a first 
periodic wave, a pair of wave-guide sections, and 
a coupling device intermediate each of said wave 
guide Sections and said wave guide, for de 
}riving froii said first periodic wave two periodic 
Wave portions of like phase; a non-linear in 
gheda ince device, disposed in one of Said Wave 
guide Sections, for mixing one of said periodic 
Wave portions with a second periodic wave to 
produce a third periodic wave whose frequency 
is an arithnetic function of the frequencies of 
Said first and Second periodic waves; another 
non-linear impedance device, disposed in the 
Otheir of said wave-guide sections, for mixing the 
other of said periodic-wave portions with said 
third periodic wave to recover therefrom said 
Second periodic Wave; an amplifying device, reso 
nant to said second periodic wave, and having 
output and input circuits coupled, respectively, 
to Said first and second-named impedance de 
Vices; and a cavity resonator, resonant to said 
third periodic Wave, for transmitting the same 
between Said Wave-guide sections, whereby said 
ainplifying device is caused to oscillate at the 
frequency of said second periodic Wave. 

GEORGE G. BRUCK. 
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