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1

The present invention relates to high-fre-
quency oscillators and, particularly, to oscillators
of the type adapted to generate oscillations of a
few centimeters wave length. In greater partic-
ularity, the invention relates to such oscillators
of the triode-tube type.

Of the several types of high-frequency oscilla-
tors which heretofore have been proposed, the
triode vacuum-tube type possesses numerous ad-
vantages not the least of which is its low oper-
ating-voltage requirements. One such well-
known oscillator, termed the Barkhausen oscil-
lator, operates the grid of the triode tube at a
moderately high positive potential and the anode
preferably at a slightly negative potential. The
operation of this oscillator is dependent upon the
fact that most of the electrons attracted by the
grid pass between the meshes thereof toward the
anode but have their velocities slowed down by
the latter and are returned back to the grid. Modst
of the returning electrons again pass between the
meshes of the grid, are slowed down by the
cathode, and returned back toward the grid.
The electrons thus oscillate about the grid at a
frequency determined by the electrode voltages
and the distances between the electrodes., ‘This
typ of oscillator has the disadvantage that the
power output and efficiency of operation are quite
critical with respect to circuit adjustments and
the operating voltages applied to the tube elec-
trodes. Optimum operation usually oceurs when
the temperature of the cathode is maintained suf-
ficiently low that only a limited number of elec-
trons are emitted so that the operating conditions
within the tube are intermediate between the
space-charge - limited and temperature-limited
space-current modes of operation. This has the
serious disadvantage that the efficiency obtain-
able is relatively low, of the order of 1 to 3 per
cent., thus substantially lowering the maximum
power output of the oscillator. This type of oscil-
lator has the additional disadvantage that the
power output is further limited by the fact that
the grid must absorbh most of the lost power which,
of course, constitutes the major portion of the
power supplied to the oscillator and which can
never be very large for the reason that the grid
must necessarily be small and of a type of struc-
ture not capable of dissipating large amounts of
energy. :

A triode vacuum-tube type of high-frequency
oscillator operates with substantially improved
efficiency and considerably larger power output as
compared with the Barkhausen oscillator when
the oscillator circuit arrangement is of more con-
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ventional form and includes an input circuit
coupled between the control elecirode and cathode
and an outpub circuit coupled between the anode
and cathode of the triode vacuum tube. The
input and output circuits of an oscillator of this
type usually take the form of transmission lines
which hkave resonant properties when their
lengths are suitably adjusted. Severe difficulty is
experienced in operating these oscillators at fre-
quencies rmuch higher than about three hundred
megacycles, which corresponds to a wave length
of one meter, so that, in general, they are not
suitable for the generation of oscillations of a few
centimeters wave length.

It is an object of the present invention, there-
fore, to provide a new and improved high-ire-
quency oscillator.

It is a further object of the invention to provide
a new and improved high-frequency oscillator of
the triode-tube type which avoids one or more of
the limitations and disadvantages of the prior
arrangements of this type.

It is an additional object of the invention to
provide a new and improved high-frequeney oscil-
lator having a relatively simple and compact yet
sturdy construction and one having relatively high
frequency stability.

In accordance with the invention, a high-fre-
quency oscillator comprises a wave guide having
dimensions proportioned substantially to attenu-
ate oscillations of a fundamental frequency and
to translate oscillations of higher frequency
harmonically related to the fundamental-fre-
quency oscillations. The oscillator includes a
vacuum tube having input and output electrodes
positioned with at least one pair of the electrodes
lying within the wave guide and continued elec-
trically by the walls.thereof, and means resonant,
5t THe fundamental frequency and Having sub-
stantial regenerative coupling to the wave guide
for providing s resonant circuit between another
pair of the electrodes to cause the vacuum tube
to generate in the wave guide oscillations having
the aforesaid fundamental frequency but includ-
ing a frequency component of the aforesaid
higher frequency.

For a better understanding of the present in-
vention, together with other and further objects
thereof, reference is had to the following descrip-
tion taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims.

Referring to the drawing, Fig. 1 is a cross-sec-
tional view illustrating the construction of a high-
frequency oscillator embodying the present inven-
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tion; and Mig. 2 is a plan view of the Fig. 1
arrangement.

Referring now more particularly to Fig. 1 of
the drawing, there is illustrated, in cross-sectional
view, the constructional details of a high-fre-
quency oscillator embodying the present inven-

tion in a preferred form. The oscillator includes

a wave guide {0 having dimensions proportioned,
in a manner now well known, substantially to
attenuate oscillations of a fundamental frequency
and to translate oscillations of a higher frequency
harmonically related to the fundamental-fre-
quency oscillations. The oscillator also includes
g vacuum tube { | having an envelope 12 enclosing
a cathode 13, a control electrode 14, and an
anode 15. The anode has a conductive terminal
diaphragm 16 which extends exteriorly of the
tube envelope (2 transverse the axis of the tube.
The control electrode 14 is, of course, electron
permeable and also has a . conductive terminal
diaphragm {71 extending exteriorly of the tube
envelope. transverse the axis of the tube. The
cathode 13 has a terminal sleeve {8 coaxial with

the axis of the tube, the sleeve 18 being common -

to the cathode and to the cathode-heater circuit
which includes a conductor 19 supported coaxially
of the sleeve 18.

The .oscillator includes a coaxial transmission

line 20 having an inner conductor 2! thereof :.

coupled to the cathode terminal sleeve 18 and an
outer conductor 22 extending through an aper-
ture 23, provided in one wall of the wave guide
10, substantially into the wave guide and elec-

trically closed at the end by the terminal dia- .

phragm 17T of the control electrode. The frans-
mission-line conductor 22 is preferably mechani-
cally and electrically connected to the wave guide
10, as by soldering or brazing around the edges
of the aperture 23. The transmission line 20 is
short-circuited at its end remote from the termi-
nal diaphragm (T by an axially movable conduc~
tive piston 24 which slides inside of the trans-
mission-line conductor 22 in electrical engage-

ment therewith. The piston 24 also slides over -

a sleeve 25 in electrical contact therewith, the
sleeve 25 being fixedly positioned over a sleeve
26 of insulating material which in turn is fixedly
positioned over the transmission-line inner con-
ductor 21, whereby the sleeve 25 is capacitively
coupled to the latter. A conductor 27T is sup-
ported within, but insulated from, the transmis-
sion-line inner conductor 21 and terminates in
a connector 28 which engages the end of the
heater-circuit conductor (9 to complete the
heater circuit to an external energizing source,
not shown.

The transmission line 20 normally has sub-
stantial coupling to the wave guide 10 by virtue
of the inherent capacitance existing between the
electrodes of the tube I1. To provide additional
coupling, where this is desirable, a probe member
29 is supported in an insulating bushing which
is secured in an aperture provided in the outer
conductor 22 of the transmission line at a point
near the control-electrode diaphragm I7.

he wave guide 10 is provided with an aper-
%ur 0, Coaxial with the aperture 23, to permit
RSeTtion ot the Tube 11 mve Position.
oscillator ifcludes means for sup_p_ortmg the
‘tube YT Withits 6léctrodes lying within the wave
e and with at Teast one pair thereof electri-
cally continted by the Walls of the wave guide.
This means comprises & Sheet of iNsulating mate-
rial 31 positioned hetween the anode-terminal
diaphragm (6 and the wave guide 10, and capaci-

tively coupling the former to the latfer, and thé

turned-down peripheral portion of the conductive

diaphragm 17 which has a close but slidable fit

with the inner surface of the end of the trans-
5 mission-line conductor 22.

A transverse section of the wave guide 10 in
the vicinity of the tube |f essentially comprises
the major portion of an inductor which couples
the control electrode {4 and the anode 15 and

10 which has in shunt across the ends thereof the
inherent capacitance betwéen the anode and con-
trol electrode, thus to provide at least a portion

- of a resonant circuit tuned substantially to reso-
nance at the fundamental frequency of the oscil-

15 lator. The inductor mentioned also includes the
anode-terminal diaphragm 16, the control-elec-
trode terminal diaphragm {1, and the portion of
the transmission-line conductor 22 which ex-
tends between the wave guide and the diaphragm

90 11. The oscillator additionally includes capaci-
tive means eflective across at least a portlon 0 of
The wave guide (0 in the vicinity of the vacuum

m‘ﬁfg‘éﬂgresonant cireuit Tast mien= ..
tioned moré accurately to resonance at the de-

o5 sired fundamental frequency of the oscillator.

This means comprises a condenser member 32
‘stpported 4t the end of & threaded rod 33 which.
~—extends through a threaded aperture 34 prov1ded
inawelt-of-the Wave guide 10.

30 —Meéans is provided for resonating the wave

guide 10 to the aforementioned higher-frequency
harmonic oscillations in order that the latter
may be selected and utilized to the exclusion of
the fundamental-frequency oscillations. Refer-

35 ring now to Fig. 2, this means comprises conduc-
tive members 35, 36 transverse the wave guide
10 in the interior thereof and adjustably spaced
from the vacuum tube 1, The higher-frequency
oscillations may be applied from the wave guide

10 10 to external wave-signal apparatus, not shown,
by any suitable means, for example by the use
of a probe member 371 which is supported by an
insulating bushing 38 extending through one wall
of the wave guide 10 at a position relatively re-

45 moved from the tube I1.

It will be understood that the anode of the
vacuum tube (1 is suitably energized from a
source of potential, not shown. A resistor, not
shown is connected across the cozﬁer?w*ﬁ‘med

50 by"t‘he elementswﬂ,-zs “and’ 26 to

atliode of~the~tubeyw=»u
Considering now the operation of the oscllla-
tor just described, the transmission line 20 is
55 initially tuned by adjustment of the piston 24
until it has an effective electrical length of an
odd number of quarter-wave lengths at the op-
erating or fundamental frequency of the oscil-
lator. When so tuned, the transmission line 20
60 has resonant properties, as is well known, and ef-
fectively comprises a resonant circuit coupled be-
tween the control electrode {4 and cathode 13 of
the tube {1. The control electrode 14 and anode
i5 are coupled by a resonant circuit formed in
65 large part by the walls of the wave guide 10 act-
ing as an inductor and by the interelectrode ca-
pacitance of the anode and control electrode.
The oscillator is tuned more exactly to the de-
sired fundamental frequency by movement of
70 the condenser element 32 which provides a small
adjustable capacitance in shunt to a portion of
the inductor last mentioned.

he resonant circuits thus provided are capac-
_itively coupled by the iiiherent iriterel ectrode

76 capacitances of tube T and.by._the. _capa@tfve
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probe 28 where the latter is provided. Oscilla~-
tions of fundamental frequency are thus gener-
ated and oscillatory currents of this frequency
flow around the inner surfaces of the walls of
the wave guide 10 over a transverse section of
the latter in the vicinity of the vacuum tube 11,

The amplitude of the oscillations thus gener-
ated is limited by the self-bias potential which the
control electrode 14 develops by peak rectifica-
tion of the generated oscillations. This devel-
oped bias is sufficiently large that the anode cur-
rent of the vacuum tube 1l includes a funda-
mental-frequency component and a number of
harmonic-frequency components.

The dimensions of the wave guide {0 are so
proportioned, however, that the fundamental-
frequency oscillations thus developed are not
propogated longitudinally of the wage guide. On
the other hand, the dimensions of the wave guide
{0 are such that a desired harmonic-frequency
component of the generated oscillations is prop-
agated longitudinally of the wave guide and the
conductive members 85 and 36 are so adjusted
relative to the vacuum tube (i that the wave
guide selects and translates the desired harmonic-
frequency component to the exclusion of other
undesired harmonic-frequency components. The
desired harmonic-frequency component thus
selected is propagated longitudinally of the wave
guide 10 to the probe member 37 to induce on the
latter waves of voltage and current, whereby the
latter operates essentially as an antenna to ra-
diate wave-signal energy of harmonic frequency
externally of the wave guide.

It will be apparent from the foregoing descrip~-
tion of the invention that the fundamental fre-
quency of the oscillator may be adjusted over a
range of values by correlated adjustments of the
piston 24 and condenser element 32, The trans-
verse conductive members 35, 36 of the wave guide
{8 are, of course, correspondingly adjusted to
select any desired harmonic-frequency compo-
nent of the generated fundamental-frequency
oscillations.

The oscillator of the present invention is par-
ticularly suited for generating oscillations hav-

_ing a frequency of the order of 3,000 megacycles
or higher. For this purpose, and while not limited
thereto, illustrative values for the dimensions of

the wave guide 10 are as follows:

Centimeters
WIAtH e e 45
Depth e 2
Length 20

While there has been described what is at pres-
ent considered to be the preferred embodiment
of this invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from
the invention, and it is, therefore, aimed in the
appended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A high-frequency oscﬂlator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations,avacuum
tube having input and output electrodes posi-
tioned with at least one pair of said electrodes
lying within said wave guide and continued elec-
trically by the walls thereof, and means resonant
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at said fundamental frequency and having sub-
stantial regenerative coupling to said wave guide
for providing a resonant circuit between another
pair of said electrodes to cause said vacuum tube
to generate in said wave guide oscillations hav-
ing said fundamental frequency but including a
frequency component of said higher frequency.

2. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to select and trans-
late oscillations of higher frequency harmonically
related to said fundamental-frequency oscilla-
tions, a vacuum tube having input and output
electrodes positioned with at least one pair of said
electrodes lying within said wave guide and con-
tinued electrically by the walls thereof, and means
resonant at said fundamental frequency and hav-
ing substantial regenerative coupling to said wave
guide for providing a resonant circuit between
another pair of said electrodes to cause said
vacuum tube to generate in said wave guide oscil-
lations having said fundamental frequency but
including a frequency component of said hlgher
frequency.

3. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to franslate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, means
for resonating said wave guide to said higher-
frequency oscillations, a vacuum tube having in-
put and output electrodes positioned with at least
one pair of said electrodes lying within said wave
guide and continued electrically by the walls
thereof, and means resonant at said fundamental
frequency and having substantial regenerative
coupling to said wave guide for providing g re-
sonant circuit between another pair of said elec-
trodes to cause said vacuum tube to generate in
said wave guide oscillations having said funda-
mental frequency but including a frequency com-
ponent of said higher frequency.

4. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related

‘to said fundamental-frequency oscillations, a

conductive member transverse said wave guide
in the interior thereof for resonating said wave
guide to said higher-frequency oscillations, a
vacuum tube having input and output:electrodes
positioned with at least one pair of said electrodes
lying within said wave guide and continued elec-
trically by the walls thereof, and means resonant
at said fundamental frequency and having sub-
stantial regenerative coupling to said wave guide
for providing a resonant circuit between another
pair of said electrodes to cause said vacuum tube
to generate in said wave guide oscillations having
said fundamental frequency but including a fre-
quency component of said higher frequency.

5. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related

-to said fundamental-frequency oscillations, 2

vacuum tube having input and output electrodes
positioned with at least one pair of said electrodes
lying within said wave guide and continued elec-
trically by the walls thereof, means resonant at
said fundamental frequency and having substan-
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tial regénerative coupling to said wave guide for
providing a resonant circuit between another pair
of said electrodes to cause said vacuum tube to
generate in said wave guide oscillations having
said fundamental frequency but including a fre-
quency component of said higher frequency, and
at least one conductive member transverse said
wave guide in the interior thereof and adjustably
spaced from said vacuum tube for resonating said
wave guide to said higher-frequency oscillations.

6. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
tions of higher frequency harmoniecally related
to said fundamental-frequency oscillations, a
vacuum tube having input and output electrodes
positioned with at least one pair of said electrodes
lying within said wave guide and continued elec-
trically by the walls thereof, and a transmission
line coupled between another pair of said elec-
trodes, said line having substantial regenerative
coupling to said wave guide and an effective elec-
trical length providing resonance at said funda-
mental frequency to cause said vacuum tube to
generate in said wave guide oscillations having
said fundamental frequency but including a fre-
quency component of said higher frequency.

7. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of a
fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related
to said fundamental-frequency oscillations, a
vacuum tube having input and output electrodes
positioned with at least one pair of said electrodes
lying within said wave guide and continued elec-
trically by the walls thereof, a transmission line
coupled at one end between another pair of said
electrodes and having substantial regenerative
coupling to said wave guide, the other end of said
transmission line being short-circuited and said
line having an effective electrical length equal
approximately to an odd number of quarter-wave
lengths at said fundamental frequency to cause
said vacuum tube to generate in said wave guide
oscillations having said fundamental frequency
but including a frequency component of said
higher frequency.

8. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of a
fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having input and output electrodes
including a common electrode positioned with at
least one pair of said electrodes lying within said
wave guide and continued electrically by the walls
thereof, a coaxial transmission line coupled to
another pair of said electrodes including said com-
mon electrode and having the outer conductor
thereof electrically coupled to said wave guide
and to said common electrode, said line having
substantial regenerative coupling to said wave
guide and an effective electrical length providing
resonance at said fundamental frequency to cause
said vacuum tube to generate in said wave guide
oscillations having said fundamental frequency
but including a frequency component of said
higher frequency.

9. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
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tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having input and output electrodes
including a common electrode positioned with at
least one pair of said electrodes lying within said
wave guide and continued electrically by the walls
thereof, a coaxial transmission line coupled to
another pair of said electrodes including said
common electrode and having the outer conduc-
tor thereof extending substantially into said wave
guide in electrical engagement therewith and
coupled to said common electrode, said line having
substantial regenerative coupling to said wave
guide and an effective electrical length providing
resonance at said fundamental frequency to cause
said vacuum tube to generate in said wave guide
oscillations having said fundamental frequency
but including a frequency component of said
higher frequency.

10. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having an envelope enclosing a cathode,
a control electrode and an anode, said anode
and control electrode each having a conductive
terminal diaphragm extending exteriorly of said
envelope transverse the axis of said tube, means
supporting said tube with said anode and control
electrode lying within said wave guide and said
anode diaphragm coupled thereto, and a coaxial
transmission line coupled to said cathode and
control electrode with the outer conductor of said
line electrically coupled to said control-electrode
diaphragm and to said wave guide electrically to
continue said control electrode by the walls of
said wave guide, said transmission line being
resonant at said fundamental frequency and hav-
ing substantial regenerative coupling to said wave
guide to cause said vacuum tube to generate in
said wave guide oscillations having said funda-
mental frequency but including a frequency com-

5 ponent of said higher frequency.

11. A high-frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of g
fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having an envelope enclosing a cathode,
a control electrode and an anode, said anode and
control electrode each having a terminal dia-
phragm extending exteriorly of said envelope
transverse the axis of said tube, means support-
ing said tube with said anode and control elec-
trode lying within said wave guide and said anode
diaphragm coupled thereto, and a coaxial trans-
mission line coupled to said cathode and control
electrode with the outer conductor of said line
electrically coupled to said wave guide and elec-
trically closed at the end by said control-electrode
diaphragm, whereby said anode and control elec-
trodes are continued electrically by the walls of
said wave guide, said transmission line being reso-
nant at said fundamental frequency and having
substantial regenerative coupling to said wave
guide to cause said vacuum tube to generate in
said wave guide oscillations having said funda-
mental frequency but including a frequency com-
ponent of higher frequency.

12, A high - frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of a

<y
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fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having an evacuated envelope and in-
cluding pairs of input and output electrodes at
least one of which pairs is extended outside of
said envelope by individual conductive diaphragm
members transverse the axis of said tube, means
supporting said tube with at least said pair of
electrodes lying within said wave guide and said
diaphragm members electrically coupled to in-
dividual opposing areas of said wave guide,
whereby said pair of electrodes are continued
electrically by the walls of said wave guide, and
means resonant at said fundamental frequency
and having substantial regenerative coupling to
said wave guide for providing a resonant circuif
between another pair of said electrodes to cause
said vacuum tube to generate in said wave guide
oscillations having said fundamental frequency
but including a frequency component of said
higher frequency.

13. A high - frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of a
fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having an envelope enclosing a cathode,
a control electrode and an anode, said anode and
control electrode each having a terminal dia-
phragm extending exteriorly of said envelope
transverse the axis of said tube and said cathode
having a terminal sleeve coaxial with the axis
of said tube, means supporting said tube with said
anode and control electrode lying within said
wave guide and said anode diaphragm coupled
thereto, and a coaxial transmission line having
the inner conductor thereof coupled to said cath-
ode sleeve and the outer conductor thereof
coupled to said control electrode diaphragm and
to said wave guide, whereby said anode and con-
trol electrode are continued electrically by the
walls of said wave guide, said line being resonant
at said fundamental frequency and having sub-
stantial regenerative coupling to said wave guide

to cause said vacuum tube to generate in said wave .

guide oscillations having said fundamental fre-
quency but inciuding a frequency component of
said higher frequency.

14. A high - frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
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a fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having input and output electrodes po-
sitioned with at least one pair of said electrodes
lying within said wave guide and continued elec-
trically by the walls thereof to provide a first
resonant circuit, means resonant at said funda-
mental frequency and having substantial regen-
erative coupling to said wave guide for providing
a second resonant circuit coupled between another
pair of said electrodes, and capacitive means ef-
fective across at least a portion of said wave guide
in the vicinity of said vacuum tube for tuning said
oscillator more accurately to resonance at said
fundamental frequency to cause said vacuum
tube to generate in said wave guide oscillations
having said fundamental frequency but including
a frequency component of said higher frequency.

15. A high - frequency oscillator comprising, a
wave guide having walls with dimensions propor-
tioned substantially to attenuate oscillations of
a fundamental frequency and to translate oscilla-
tions of higher frequency harmonically related to
said fundamental-frequency oscillations, a vac-
uum tube having input and output electrodes po-
sitioned with at least one pair of said electrodes
lying within said wave guide and continued clec-
trically by the walls thereof, means resonant at
said fundamental frequency for providing a
resonant circuit between another pair of said elec-
trodes, and means for regeneratively coupling en-
ergy from said wave guide to said last-named
means to cause said vacuum tube to generate in

a5 said wave guide oscillations having said funda-

mental frequency but including a frequency com-
ponent of said higher frequency.
EMRYS GWYNNE JAMES.
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