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.. REFLEX KLYSTRON OSCILLATOR = T e

cend i s Willliam H, Huggins,: Cambridge, Mass, assignor:..: -

woniili il wowoeo o nooc torthe United States of America as represented . IRt

Gt oz . o bythe Secretary.of War - o i , -
G sl ne L ~ . Application March 29, 1946, Serial No. 657,952~ <~ - - . ¢

2 Chims. (CL315-5)

-+~ This invention relates génerally to a radio fie- ‘cavity will ‘become’ resonant-at a fundamental
<quency oscillator, -and, more: particularly, ‘to a -frequency ‘and-produce ‘a- high- frequency alter-
-reflex “klystron harmonic oscillator. nating voltage variation between grids 12 and

.. In-a  reflex, velocity-modulated klystron,--a

, 13.°* The alternating voltage -variation. velocity
~cavity resonator is used as the resonant element -

modulates--the -stream " of - electrons to -form

[

which determines the frequency of oscillation. bunches of electrons. ‘The bunches-of electrons
Power at the fundamental frequency of -oscilla-  ‘aré stopped. by virtue of ‘the strong: retarding
~tion is-taken from the cavity by means of a cou- field, “their direction - is- reversed; and. they-are

pling loop. and coaxial lirie. An object of the sent back through. the cavity grids.’ Some.of the
bresent invention is to provide a cavity which 10 ‘energy impaited to: the- électrons. during..the

will: be resonant or-antiresonant at the funda- bunching process is then given to the cavity and
mental frequency of oscillation and - simul- oscillations within ‘the ‘cavity are sustained: -
taneously resonant or antiresonant at a har- “-Cavity.20 includes'an -outer conductor 21 con-

monic of the fundamental frequency and. allow ~centrically: spaced about sa -center: conductor: 22,
power.at the harmonic frequency to be extracted 15 Center conductor 22 is held in place by means
-from the cavity. The cavity is to be such that of a supporting disc'23 attached to its outer end
the kylstron will operate satisfactorily over a and ‘also to ‘the outside conductor.: Outer: con-
fairly wide range of frequencies.- It is intended ductor 21 is closed :at the. opposite end: by: a-
.that the loading afforded by the extraction of suitable metallic disc 123 which forms one end
the power at the harmonic frequency will not -go Of the cavity. UL T R ST
_-affect. the amplitude of oscillation at the funda- - Disc. 123 contains a.hole 124 directly. opposite
- mental frequency. the inside ‘end:of center -conductor -22. - Cavity
.. Other objects, features and advantages of this grid 12:is mounted in hole {24 in such a manner
invention will suggest themselves to those skilled = -as ‘to afford electrical - continuity between: grid
. in the art and will become -apparent from the 25 and supporting dise. Cavity grid. 13:is mounted
_following description of the invention, taken in across the inner'end-of center conductor 22 so-as
connection with the accompanying drawings; in -to:afford. electrical continuity ‘between: the two.
. which: . o The outer end of center conductor 22 projects
.- Fig. 1 is a .cross-sectional view of a reflex -through a hole in dise 23 to the outside. The
klystron, - harmonic oscillator embodying the 3o end of the cavity adjacent to disc 123 will here-
principles of this invention; and o inafter be referred to as the inner end of the
- Pig. 2 is a cavity characteristic diagram which cavity. e TR
~ will be used in explaining the operation of the . Thé outer end.of ‘cavity 20 is effectively short-
circuit of Fig. 1. . . e circuited for direct current (D.-C,) potential by
- ~In Fig. 1 cavity 20 is used as the resonant ele- 35 means of two_sliding annular plungers 24 .and
‘ment;: of the klystron. The cavity structure will = 25 coacting between the center conductor ‘22
"be describedv more. fully later. An- indlrectly and outer conductor 21{. Annular plunger 24
--heated cathode I{ functions as a source of elec- - may include a cylindrical.conductor 86 surround-
-trons, which are accelerated toward the cavity  Ing center conductor 22, end plates 31, and slid-
-grids 12-and 13 by virtue of a suitable positive 40 ing friction contacts 38, which bear on the in-
~'potential from a source designated herein:as side of outer -conductor 2{. -Annular plunger
‘battery (4 connected between grid and cathode. 25 contains sliding friction contacts 39 bearing
'A control grid I§ which is placed between the ~on ‘annular plunger 24, and sliding friction con-
* cathode and the cavity grids controls the number _ tacts 40 bearing ‘on-the outside of “inner “con-
‘of electrons that pass through tlie ‘cavify:- A %5 ductor 22. The relative lengths of the two
-positive: potential, less than that applied to the -plungers are such that ‘plunger 24 is free to slide
““cqvity, is applied to the control grid from a suit- over a predetermined distance inside of outer
- able source designated -herein as battery (6.  conductor 21; and plunger 25is fres to §lide over
After leaving the cavity grids, the electrons enter 50 & bredetermined length on plunger 24. The po-
* the strong retarding field of the reflector anode sition of both plungers 24 and 25 may be ad-

11.. The potential of the reflector anode is main- - justed by suitable .means such as rods 26 and
“tained negative with respect to the cathode by a - 21, respectively, attached thereto. and projecting
-suitable source of potential connected therebe- through holes in disc 23 to the oufside, .. .

tween and designated herein as battery 18. ~The ‘g5 - The inner conductor:of coaxial line 29 projects
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ifiito the cavity where it is bent back and attached
to the outer conductor to form the probe 28.
The outer conductor is held secure by coupler
30. Coupler 30 is fitted into a longitudinal slot
3{ in outer conductor 21 of the cavity and is
free to slide in order to adjust the position of
the probe. The probe is placed at a point in
the line where the desired harmonic voltage sig-
nal is at 2 maximum. ‘The probe feeds the load
connected to output terminal 33 through a high
pass filter 82 which attenuates the fundamental
frequency component and passes the harmonic
frequency component. Lo
A coaxial filter of the -type-described in-the
copending patent application, -entitled Electrical
Apparatus, by Paul I. Richards, Serial Number
638,897, filed January 3, 1946, now abandoned,
may be used. The center coridvctor of the filter,
according to the application referred to,-com-
prises a plurality of short sections of conductor
-34 separated by thin pieces of dielectric.material
5. The- inner conductor may-be separated from
‘the outer conductor by a dielectric material.
The cavity effectively -constitutes two sections
.of ~coaxial line :having -different characteristic
-impedances- and-coacting in-series. The charac-
-teristic impedance of a coaxlal line is related to
the ratio of the inside diameter of the outer con-
-duetor and the outside diameter of the inner con-

ductor. The-two coaxial lines coacting in series :

-is-equivalent to a-length, 6. (at the fundamental
frequency), of a coaxial line having a character-
istic' impedance Za, and-terminated by a short-
circuited length, g (at the fundamental frequen-
cy), of a coaxial line having a- characteristic im-
.pedance equal to-Zs, as shown in-Fig. 2.

The lengths of the coaxial line sections may be
adjusted by means of the rods attached to the
-plungers and extending to the outside. When

the line lengths are adjusted properly, cavity 20 ¢

is-resonant at the fundamental:frequency of os-
- cillation, and simultaneously resonant at a de-
-gired’ harmonic frequency. For the cavity to be
“resonant at the fundamental frequency of oscil-

lation, the input impedance of the two sections <

.of -coaxial line coacting in’series should be sub-
sstantially infinite. ‘This will: occur when Equa-
“tion.1, below, is:satisfied:

‘Ctn ga=m tan 6o ’ a

“where m is ‘a factor Aefinéd by the tatio Zo/Za.
The &lection béam in the refléx tube will con-
tain harmonic frequency components, and if the
“eavity is simultaneously “anti-résoriant 4t this
“hatmonic” fréquency, héimonic power will be de-
véloped. The condition for resonance at the nth

“harménic’is givén by Equation 2 shown below:
Ctnn ga=m tann 6 (2)

_For example, 1&t n=2

Ctn 20a=m-tan 26 3

~Replacing Ctn 20, and tan 26 in Equation 3 by
_their trigonometric.identities gives:

Cinto,—1_ 2 tan 8y
200,  1—tan¥fs

Solving Equations 1 and 4 simultaneously gives:
Ctnt-ga4 (3m2—1): Ctn2 sa-$m?=0 (5)

(4)

The required 6. corresponding to any m may
be computed, and ¢ subsequently - determined
from Equations lor 2. . .

-©tn? 0, will be positive and real only if m=1/3, -
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For the critical case when m=1/3, the required
line lengths of 62 and 6v are equal.

Power at a higher freguency than could nor-
mally be extracted from a klystron oscillator may
be taken from the harmonic oscillator embody-
ing the principles of this invention. When ex-
tracting harmonic power from the oscillator de-
scribed, herein, ‘the fundamental -frequency of
oscillation is-independent-of the'load imposed by
the extraction means. The oscillator possesses
excellent amplitude regulation, since loading at
the harmonic frequency does not affect the
‘Ppuriching action of the klystron. In tuning the
oscillator by the means presented herein, a rel-

“atively-broad- tange of oscillating frequencies is
possible. “By:-ehoosing a different harmonic fre-

«quency and substituting a corresponding high

“pass filter, the range may be extended even far-
~ther, .

While there has béen described hereinabove
what:is- at -present considered $o:be & 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 spirit-and scope of the inven-
-tion.

“What is elaimed is:

1. A -reflex klystron -oscillator -for high -fre-
guency operation comprising-a cavity reésonator
including a first coaxial line having a-first-char-
acteristic’ impedance and- a -second - coaxial line
coupled across one ‘end: of said first:line and hav-
ing a second characteristic impedance, means
coupled to:both said lines tuning said cavity res-
cnator ‘to a-given frequency ‘and‘to a harmonic
frequency thereof, the inner and outer ¢onduc-
tors of said first coaxial line being separated fromn
one another by-a.gap- at the-end of -said: first line
remote from the end coupled: to said second line,
said -conductors of “said first:coaxial line being
provided with a pair-of apertures:adjacent said
gap, a source of electrons mounted adjacent
one <of ' said ~apertures ‘for : projecting 'electrons
across said gap; electron reflecting meansmounted
adjacent the other of said-apertures -for reflecting
celectrons -back:aéross: said’gap'in -an interval of
‘time "to -éxcite “said “résenator -to -oseillate -at-a
fundamental frequency equal to said given-fre-

“quency, -and ‘output -‘coupling ‘means positioned
“In &' region 6f said résongdtor-where energy 'of said

harmonic frequency is s maximum and-energy

-of-said-given’ frequency is ‘substaritially less than

‘that of ~said ‘harinonic freguéncy for providing
output energy of said harmonic frequency.
9. A -reflex klystron oscillator “for -high *fre-

.+ queéney - operation-comprising -atcavity résonator

60
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ineluding-a first’esaxial line -Having ‘a-first ratio
“of inner-to-outer conductor: diameteérs-and-aigec-
ond coaxial line coupled.in series across ore-end
of said first:line, and having a-second ‘ratio-of
.inner-to-outer conductor diameters, a pairofisep-
arately movable tuning-means one in each ofsaid
lines for independently: tuning said-lines-so-that
the .combination -of -said -lines -is -resonant-at a
given frequency and at-a harmonic frequency
thereof, the inner and outér conductors of said

-first coaxial line being separated-from one an-

other by a gap at-the end of said-first line remote
from-the end coupled to said second-line, said
conductors-of said first-line-being provided with
-apertures adjacent said gap; a source of electrons
mounted adjacent one of said apertures for.pro-

. jecting electrons across said gap, electron reflect-

-ing means mounted- adjacent the cother -of said
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apertures for reflecting electrons back across said
gap In an interval of time to excite said resonator References Cited in the file of this patent
to oscillate at a fundamental frequency equal UNITED STATES PATENTS
to said given frequency, and movable output cou- b ’ N
pling means positioned in a region of said resona- 5 NUM eé' b ame Date
tor where energy of said harmonic frequency is 2,402,600  Chevigny et al. ___ June 25, 1946
a maximum and energy of said given frequency is 2,404.261  Whinnery _____.____ July 16, 1946
substantially less than that of said harmonic fre- 2,409,222 Morton e Oct. 15, 1946
quency for providing output energy of said har- 2,411,151 FISk --------------- Nov. 19, 1946
Monic frequoncy. 2,416,080  Bailey —.__________ Feb. 18, 1947

WILLIAM H. HUGGINS. 10 2,436,397 Morton —e o Feh. 24, 1948



