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1 
The present invention is related to the art in 

cluding ultra-high-frequency object-detecting 
and locating systems and is more specifically di 
rected to Systems of the type wherein an ultra 
high-frequency wave is radiated toward an object 
to be located and the reflected energy is received 
and used to supply the desired indications. The 
present application is a true divisional of our ap 
plication Serial No. 499,562, filed August 21, 1943, 
which itself is a continuation-in-part of prior co 
pending application Serial No. 426,986. filed Jan 
uary 16, 1942, in the names of William W. Hansen, 
Russell H. Varian, John R. Woodyard, and Ed 
ward L. Ginzton, 
In systems of the present, type difficulty has 

been experienced in securing stable reception, 
since the transmitting frequency may vary or drift 
considerably during operation for any of a num 
ber of causes, such as change in supply voltage, 
thermal drift, vibration, and other effects. To 
receive signals from a transmitter whose frequen 
cy thus tends to drift, it was formerly necessary 
to employ a receiver having a wide frequency 
band width to allow for drift. Such receivers are 
subject to the disadvantage of resulting unfavor 
able signal-to-noise ratio due to the increased 
band width. A further disadvantage resides in 
the greater number of amplification stages re 
quired, since the gain per stage decreases with 
increasing band width. In superheterodyne re 
ceivers further disadvantage resides in the nec 
essity for using a local oscillator, which may also 
be subject to drift from similar causes. 
To overcome these defects, in the present sys 

tem a wave is derived differing in frequency from 
the transmitted frequency by a fixed and pre 
determined amount. This wave is then utilized as 
a local oscillator frequency in a superheterodyne 
receiver so that the resulting intermediate fre 
quency will be fixed and predetermined no matter 
what variation in transmitter frequency occurs. 
In this manner the transmitter frequency and 
local oscillator frequency are continuously main 
tained in the correct relation with one another, 
avoiding the above-enumerated difficulties of the 
prior art and permitting the use of relatively 
sharply tuned intermediate frequency circuits re 
suiting in greatly improved operation. 
According to the present invention, a single 

Velocity-modulation oscillator-buffer tube of the 
type disclosed in U.S. Patent No. 2,294.942, issued 
September 8, 1942, in the name of R.H. Varian 
et al., is utilized to simultaneously generate a 
high-power ultra-high-frequency wave suitable 
for-transmission and a local oscillator wave sep 

(C. 343-12). 
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arated in frequency therefrom by the desired fixed 
intermediate frequency. Such a device comprises 
three cavity resonators successively traversed by 
an electron stream. The first cavity resonator 

5 serves to velocity modulate the electrons of the 
stream at a predetermined frequency to which 
the resonator is substantially tuned. These ve 
locity-modulated electrons thereafter traverse a 
field-free drift space in which they become ve 

10 locity-grouped or density-modulated. The den 
sity-modulated stream then enters the second 
cavity resonator which extracts energy of the ve 
locity-modulating frequency from the stream. 
Part of this extracted energy is fed back to the 

15 first resonator to sustain oscillations in the de 
vice. This portion of the System provides a self 
Oscillating ultra-high-frequency generator, and 
energy of this ultra-high frequency may be ex 
tracted from the second resonator for use in trans 

20 mission. The electron stream is further controlled 
at a frequency equai to the desired intermediate 
frequency of the receiving System or a sub-multi 
ple thereof. As a result of this modulation, the 
electron beam contains alternating current com 

25 ponents of frequencies corresponding to the 
modulation side-bands of the transmitted wave 
as modulated by the modulating frequency. En 
ergy at any one of these side frequencies suitable 
for use as the local oscillator wave may then be 

30 derived from the third cavity resonator by tuning 
this cavity resonator to this local oscillator fre 
quency. 

Accordingly, it is an object of the present in 
vention to provide improved synchronized radio 

35 transmission and reception apparatus of the Su 
perheterodyne type operating at a fixed inter 
mediate frequency independent of the transmitted 
or received frequency. 

It is another object of the present invention to 
40 provide improved apparatus, at ultra high fre 

quencies adapted to produce two ultra high fre 
quency waves having frequency separations of de 
sired amounts, independent of variation or drift 
of the ultra-high-frequency waves. 

45. It is a further object of the present invention to 
provide improved apparatus for shifting a pre 
determined frequency by a desired amount. 
Other objects and advantages of the present in 

vention will become apparent from the specif 
50 cation, taken in connection with the accompany 

ing drawings, wherein the single figure of the 
drawing shows a schematic wiring diagram of the 
present invention. 

In this figure is shown an oscillator-buffer de 
5 vice 260' of the velocity-modulation type described 
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more in detail in the above-mentioned Patent No. 
2,294,942. In brief, oscillator 200' comprises three 
cavity resonators 25 f', 252' and 253'. An electron 
beam is projected under the influence of an ac 
celerating voltage source 209", successively 
through these resonators by way of their electron 
permeable walls defining gaps across which the 
electron beam is projected. The electrons of the 
beam are velocity-modulated on passing through 
the first gap of resonator 25 f' by the oscillating 
electric field existing at this gap due to oscillations 
within the resonator 25t'. After passing through 
the field-free drift space 24', the electrons of the 
beam are bunched or grouped so that they may 
then deliver ultra-high-frequency energy to res 
onator 252' upon passing through the correspond 
ing gap of this resonator. Resonators 25' and . 
22' are both tuned to a desired ultra-high-fre 
quency f suitable for radiation or transmission. 
Some of the energy of resonator 252' is fed back 
to resonator 25 by means of the feedback line 
255' to sustain the system in Oscillation at this fre 
quency f. Energy at the frequency f. may then 
be extracted from resonator 252' by means of 
the coupling line 288. As thus far described, the 
oscillator 260 is similar to the Kiystron oscillator 
disclosed in U. S. Patent No. 2,242,275, granted 
May 20, 1941, to R. H. Varian, and will produce 
ultra-high-frequency energy of the frequency f 
in line 256. This energy is supplied to an antenna 
284 or to any other load circuit. 

In series with the beam-accelerating voltage 
source 289 is an oscillator 288 of a frequency 
which, as will be seen, determines the intermedi 
ate frequency of the Superheterodyne receiver 
portion of the System. This Oscillator 268 is illus 
trated, as having a frequency f such as 15 mega 
cycles per second, but may have any desired 
value. . 
As discussed in U. S. Patent No. 2,281,935, 

granted May 5, 1942, to R. H. Varian and W. W. 
Hansen, OScillator 268 serves to phase modulate 
the alternating current component of the 
grouped electron stream so that the electron 
beam current represents a phase-modulated 
Wave and will have alternating current come 
ponents of frequency f and of side frequencies 
differing from the frequency f by integral mul 
tiples of the modulating frequency f derived 
from oscillator 268. Accordingly, by tuning the 
third resonator 253 to one of the side frequen 
cles f-infa of the resulting modulated wave, an 
Output may be derived from coupling line 270 
having a frequency separation with respect to 
the wave in line 25B equal to an integral multiple 
n of the modulating frequency fa, this multiple 
corresponding to the order of the side frequency 
to which resonator 253' is tuned. If resonator 
253' is sufficiently sharply selective to resonate 
Only at this side frequency and not at the neigh 
boring side frequencies or carrier frequency f, 
a single-frequency output is derived in line 270 
which is separated from the frequency f. radiated 
from antenna, 264 by the frequency fa of oscil 
lator 268 or a desired multiple in thereof. Pref 
erably, resonaor 253' is tuned to a higher order 
side frequency, for example, that corresponding 
to the second order side band differing from 
the frequency f by twice the frequency fa of os 
citator 288. : . 

This frequency fitnfa may be further filtered 
by a filter 27 adapted to pass only this fre 
quency. Filter 27 may assume the form of a 
hollow cavity resonator resonant at this fire 
quency. Preferably, it would be formed of a 
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4. 
resonator, one of whose higher modes of reso 
nance has a resonant frequency equal to this 
output frequency fffa, since for: such a reso 
nator the selectivity is much higher than for 
One Oscillating at its fundamental or lowest 
mode. However, filter 27 may be omitted if 
suficient selectivity can be obtained from resos 
nator 2. 
The Wave radiated by antenna 284 will have a 

portion of its energy reflected from the distant . 
object to be located, and such reflected energy 
may be received on a suitable receiving antenna 
indicated at 274. Antenna 24 is coupled to a 
mixer. 273 of any suitable type, to which is also 
fed the wave of frequency finf derived from 
Oscillator 20' and serving as a local oscillator 
wave in the superheterodyne receiving system. 
The output of mixer 23 will then be the differ 
ence between the two input frequencies, that is 
fa, which represents the intermediate frequency 

of the system. 
This intermediate frequency may be utilized 

in an intermediate frequency circuit 27, one 
form of which is illustrated in Fig. 22 of the 
above-mentioned parent application Serial No. 
428,986. In this way the intermediate frequency 
of the receiving system is entirely independent 
of the frequency f; and, in fact, if the frequency 
f should change or drift for any reason, it will 
have no effect upon the intermediate frequency. 
Accordingly, all of the intermediate frequency 
circuits may be sharply and fixedly tuned to the 
frequency infa in the illustration used. 

It will be noted that the intermediate fre 
quency was chosen as a multiple in of the modu 
lating frequency fa of oscillator 268 and prefer 
ably twice this frequency. In this way any 
stray coupling between the intermediate. fre 
quency circuit 276 and oscillator 288 will be in 
effective to produce any harmful results, whereas 
if the oscillator 280' produced an output f-fa, 
corresponding to its first side band and resulting . . 
in an intermediate frequency of fa, harmful 
interaction between oscillator 288 and circuit 276 
might be encountered unless special precautions 
in the way of isolation and shielding are used. 
Such special precautions are unnecessary in the 
system illustrated in the figure by virtue of the 
choice of second or higher side band for the local 
Oscillator frequency fina. 
In the device of the present invention the 

output resonator 253' need not be tuned to a fixed 
frequency but may be provided with frequency 
adjusting means of any well-known type so that 
it may be selectively tuned to any of a number 
of the side frequencies produced. In this way a 
single device 260' may produce any of a number 
of local oscillator frequencies or any of a number 
of frequency separations from the frequency f, . 
or may provide any of a number of frequency 
shifts. 
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Although the modulator of the present inven 
tion has been illustrated as operating by varying 
the accelerating voltage, any other form of mod 
ulation may be used to produce the desired side 
frequencies. Thus, the electron beam current 
may be varied at the modulating frequency in 
dependently of or in conjunction with variation 
in the accelerating voltage, as by impressing the 
modulating voltage from oscillator 268 upon a 
control grid between the cathode and first reso 
nator 25. Alternatively, the transit time of the 
electrons may be varied in any of the ways shown 
in Patent No. 2,281,935. It is to be understood 
that any form of amplitude, frequency, or phase 
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modulation, or any combination thereof, may be 
used, including any of those shown in Patent 
No. 2,281,935. 

It will be seen that although the above modi 
fications of the present invention were directed 
toward a radio locating System having a trans 
mitter and a Superheterodyne receiver for receiv 
ing reflected energy, in its broader aspect the 
present invention is concerned with the produc 
tion of ultra high frequencies with predeter 
mined and fixed frequency separations which are 
independent of variations in the ultra high fre 
quencies; that is, a plurality of frequencies are 
produced which “track' with one another. Also, 
the invention may be used as a frequency shifter 
Or convertel. 
Since many changes could be made in the 

above construction and many apparently widely 
different embodiments of this invention could 
be made without departing from the Scope there 
of, it is intended that all matter contained in 
the above description or shown in the accom 
panying drawings shall be interpreted as illus 
trative and not in a limiting sense. 
What is claimed is: 
1. Ultra high frequency apparatus, comprising 

means for producing an electron beam, means 
for velocity modulating said electron beam at a 
predetermined ultra high frequency, means for 
extracting energy of said predetermined fre 
quency from said electron stream, means for 
further controlling said electron stream in ac 
cordance with a modulating frequency, and 

6 
sustained oscillations at the resonant frequency 
of said resonators, means for extracting energy 
of Substantially said resonant frequency from 
said second resonator, means for varying the 

O 

accelerating voltage of said beam in accordance 
with a modulating frequency, said third resonator 
being tuned to a frequency differing from said 
resonant frequency by an integral multiple of 
said modulating frequency, and means for ex 
tracting energy of substantially said latter tuned 
frequency from said third resonator, whereby 
two frequencies are produced differing by an inte 
gral multiple of said modulating frequency, their 
difference being independent of variation of said 
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means for further extracting energy from said 
stream at a frequency differing from said pre 
determined frequency by an integral multiple of 
said modulating frequency. m 

2. Ultra high frequency apparatus, comprising 
means for producing an electron stream grouped 
in accordance with a predetermined ultra high 
frequency wave, means for modulating said elec 
tron stream grouping in accordance with a modul 
lating frequency, means for extracting energy of 
said predetermined frequency from said stream, 
and further means for extracting energy from 
said stream of a frequency differing from said 
predetermined frequency by an integral multiple 
of said modulating frequency. - 

3. Ultra high frequency apparatus, comprising 
an oscillator-buffer velocity modulation electron 
discharge device having three cavity resonators, 
the first and second of said resonators being tuned 
to the same resonant frequency, each of said, 
cavity resonators having a pair of electron per 
meable walls defining a gap, the gaps of the first 
and second of said resonators being separated by 
means defining a field-free drift space, and means 
including a source of accelerating voltage for pro 
jecting a stream of electrons successively through 
the gap of said first resonator, said drift space, 
the gap of said second resonator and the gap 
of said third resonator; means for coupling said 
first and second resonators together to produce 
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substained oscillation frequency. 
4. High frequency apparatus, comprising 

means for producing an electron stream, means 
for producing self-sustained grouping of said 
electron stream at a predetermined ultra high 
frequency, means for extracting energy of said 
frequency from said stream, means for modulat 
ing said electron grouping in accordance with a 
modulating frequency, and means for extracting 
energy from said stream of a frequency differing 
from said predetermined frequency by an inte 
gral-multiple of said modulating frequency. 

5. Ultra high frequency apparatus, comprising 
means for producing an electron stream, means 
for producing self-sustained grouping of the elec 
trons of said stream at a predetermined fre 
quency, means for controlling said stream at a 
modulating frequency, and means for extracting 
ultra high frequency energy from said stream at 
a frequency differing from Said predetermined 
frequency by an integral multiple of said modul 
lating frequency. 

. 6. Apparatus as in claim 5, further including 
means for extracting energy of said predeter 
mined frequency, means for radiating said ex 
tracted energy of predetermined frequency, 
means for receiving a portion of Said radiated 
energy, and means for mixing said received 
energy and said different frequency extracted 
energy to produce an intermediate frequency of 
an integral multiple of said modulating fre 
quency and independent of variation of said pre 
determined frequency. 
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