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This invention relates to electronic microwave signal
amplifiers and/or oscillator microwave guide devices,
and more particularly to electromagnetic waveguide
devices wherein interaction takes place between the
electron stream and an electromagnetic wave propagated
in the wave guide, of the type described in “Proceedings
of the Symposium on Electronic Wave Guides,” pub-
lished in Micro Wave Research Imstitute Proceedings,
Volume 8 of 1958. The wave guide devices of the pres-
ent invention embody all operating elements of such
known wave-guide devices as described in the aforesaid
“Proceedings of the Symposium on Electronic Wave
Guides™ except for the modifications of the present in-
vention as hereinafter described.

Travelling wave tubes, velocity modulation tubes, mag-
netrons, and the like, have been heretofore applied as
amplifying or oscillating devices for microwave signals.
The construction of such devices has been attended with
considerable difficulty due to the fact that a slow wave
circuit or cavity resomator becomes smaller in propor-
tion to the wave length, where the frequency of the
signal becomes exceedingly high, for instance, above
50,000 mec.

An important object of the present invention is to elimi-
nate such difficulties. In microwave devices according
to the present invention, instead of employing a slow
wave circuit or a cavity resonator, useful interaction is
effected between electromagnetic wave propagation in
a wave guide and an electron stream therein. The re-
sulting structure is simplified, since there is no slow wave
circuit, and it becomes easy to produce. Several em-
bodiments and the operating principles of the present
invention are set forth hereinafier, reference being had
to the accompanying drawing, wherein:

FIGS. 1, 1-A and 2 show, respectively, the vertical
section longitudinally of a microwave device of the pres-
ent invention, and fransverse cross-sectional views taken
along the lines 1-A—1-A and 2—2 of FIG. 1;

FIG 3 illustrates diagrammatically the movement of
electrons in the device of FIG. 1; and

FIGS. 4, 5 and 6 show fransverse cross-sectional views
of other embodiments of the invention.

FIGS. 1, 1-A and 2 illustrate one form of the micro-
wave device 10 of the present invention. - The micro-
wave signals are impressed into a wave guide at input
side 11. An airtight window 12, of glass for instance, is
mounted transversely of the wave guide input 11 in frame
12’ therein and sealed in. Window 12 passes the waves
along. - A ridge wave guide 13 of typical cross-section,
as shown in FIG. 2, acts as-an anode. The central region
is a longitudinal, cylindrical passage for microwave sig-
nals, as in the TEM mode.
axially along the center passage of the anode guide 13.
A corresponding window 15 and wave guide terminal 16
are at the output side of device 10. Ridge wave guide
i3 is maintained at a high potential E-+ with respect
to the cathode 14 which emits electrons. The longitu-
dinal cathode is preferably a -coaxial cylinder, oxide-
coated to emit electrons about a coiled heater element
with terminals 17, 17",

The device is evacuated like a tube, and is Gperated

in the presence of a magnetic field along the axial direc~
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tion, indicated by B said field being produced by coil C.
The electromagnetic signal energy entering from the input
wave guide 11 performs an interaction with the cathode-
emitted electrons along the ridge wave guide 13 as it prop-
agates therethrough and goes out from the output wave
guide 16 after being amplified. The direction of propa-
gation of the electromagnetic signal wave is symmetrical,
and can enter from either end of the wave guide and go
out through the other wave guide end.

FIG. 2 shows a section taken along line 2—2 of FIG. 1.
The cathode 14 is positioned in the center of the ridge
wave guide 13, When the ridge wave guide 13 is main-
tained at a suitably high potential with respect to the
cathode 14, and when a magnetic field B is applied along
the axial direction, the electrons emitted from the cath-
ode 14 revolve around the cathode 14 in a known cy-
cloidal movement. A transverse microwave signal, as a
TEM, propagating along the ridge wave guide 13, pro-
duces an electric field a, g, as shown by the lines across
ridge gaps 18, 19. When the electrons revolved about
the cathode 14 in a cycloidal movement, arrive at gap
18, they are accelerated. When the high-frequency elec-
tric field a, ¢ in the gap 18 is of a phase suitable for ac-
celerating the electrons, they will absorb energy from the
electric field a, a, and thereupon be attracted to the cath-
ode 14, returning to it again, and not coniinuing the re-
volving cycloidal movement.

FIG. 3 illustrates the movement of emiited electrons
from cathode 14. The path 20 of the electrons is for
those which have been accelerated by the high-frequency
electric field a, a at the gap 18. On the cther hand, those
electrons which have been slowed or reduced in speed
by the high-frequency field 4, a, at the gap 18, continue
their cycloidal revolution without being returned to cath-
ode 14. The reason for the latter mode is that such elec-
trons had imparted part of their enmergy to the electric
field a, a. The path 21 shown, is for electrons that have
thus been slowed at the gap 18 by the high-frequency
electric field a, 4, a cycloidal movement. The impressed
electromagnetic wave propagating longitudinally along
the ridge wave guide 13 is not slowed down, its phase
velocity actually becoming larger than that of the speed
of light ¢. Therefore, the phase of the electric field
propagating along guide 13 by the interaction with the
aforesaid electrons at gap 18, will advance more than
several wave lengths during the interval that such elec-
trons (which have gone through a speed reduction by the
high-frequency electric field 4, a at gap 18) will reach the
opposite gap 19 through their cycloidal movement.

It is practical to adjust the magnitudes of the accelerat-
ing voltage E-- for the electrons, the axial magnitude field
B, and so forth, so that an optimum interaction of electrons
and propagation of axial waves will occur, at such phase
relation capable of speed-reducing the electrons (in cycloi-
dal movement from the gap 18 to gap 19) through the
high-frequency electric field that is traveling longitudinally
more than several wave lengths behind the phase of the
high-frequency electric field a, ¢ that so acts upon such
electrons. When the synchronized condition of the ap-
plied electromagnetic signal field and the electron stream
is satisfied, the emitted electrons will continue to revolve
cycloidally, imparting energy fo the electromagnetic, field
every time the electrons arrive at gaps 18 and 19, finally
arriving at the anode, namely the ridge wave guide 13.
In this manner, the applied signal high-frequency electro-
magnetic wave in the circuit is amplified. If a portion of
the amplified output signal, as at 16, is reflected or fed
back to the input guide 11, the microwave device 10 will
act as an oscillator. ’

A theoretical explanation of the synchronized condition
between the electrons and the high-frequency electromag-
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netic field, follows. Reference is made to a related sys-
tem of the co-pending patent application Serial No.
832,588 filed August 10, 1959, for “Microwave Device,” by
M. Miya, assigned to the assignee of the present applica-
tion.. Assuming the angular frequency of the electromag-
netic wave as w, and the revolving angular velocity of
electrons as w,, then the necessary time Te for the electrons
to travel from the gap 18 to gap 19, that is; the time for
making a 180° revolution around the cathode 14, is ex-
pressed as follows:
Te=— (D)
We
Time, Trn, which is the period from the time when the
electric field at the gap is of a phase that reduces the elec-
tron speed to the time when the electric field at the gap 19
is alsq of a phase that reduces the electron speed, is given
by thé following equation:

Tn=gf (%-l—n) (2)
w .
where n=0, 1,2 . . . :
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The necessary condition that the electrons be in synchro- -

nism with the electromagnetic field, and impart energy to
the electromagnetic field, is Te=Tn. Therefore, from
Equations 1 and 2, the following Equation 3 is obtained:

2na—J|— 1 (3)

" This Equation 3 represents the synchronized condition,
As is now clear from Equation 3, it'is feasible fo use a
value of r that is relatively large, even when the frequency
used is high and is large. Therefore, the resultant angular
velocity of electrons w, need not be correspondingly large.
The angular velocity w, is given apprommately by the fol-

" lowing equation:
' EB
Fl- \/ B (RZ—ﬂ)] )

where V is the acceleratmg voltage, R and r are the radii of
the anode and cathode, respectively, and e is the specific
‘charge of the electrons. Using Equation 4, the synchro-
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nized condition of Equation 3 can be expressed in terms of .

the frequency, voltage and magnetic fields, as follows;
it el R P By DRRE
o V="2@n+1) @ntijel (3)
- where f represents the frequency. From the above equa-
tion, it will be understood that V and B can be set at prac-
tical values only by selecting r.to be large, even if f be-
comes exceedingly large, say ~50.kme. and above.
The present invention is not to be understood as lim-

ited to the aforesaid embodiment 10. Thus, the cross-sec--

tional configuration of device 10 as shown in FIG 2, may
be modified as shown in FIGS. 4, 5 and 6. .

‘The ridge wave guide 13 of FIGS.1and 2 contams two
symmetnca] oblong-shaped, longitudinal end regions 22,
~ 23 of a non-resonant nature.

~central longitudinal cylindrical region 24; also of ‘non:

e . resonant- dimension. -The resltant opposed symmetncal

“ solid, longltudmal channels 25,25 co-act with the longitu-
- dmal regions 23, 22,:24, 25, and the gaps 18, 19, to com-

: - The end -regions 22, 23 -
: .commumcate with the transverse: gap.across 4, 4, and-the
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" prise'the ridge wave Gulde 13.. Non-resonant dimensioning ’

thereof results in’ rather broad-band operatlon, as ‘an

amphﬁer of the: dev1ce 10..- For application as an oscilla- °
“ - tor, or special narrow frequency band amphﬁet apphca—;
~ tlon ‘resonant dimensions could: be indicated. o
The ndge wave guide correspondmg to-13.in dev1ce 16--
‘may assume configurations as illusirated in FIGS. 4, 5~

" ‘and 6, among others. In FIG. 4, the device 39; otherwise

65

similar ‘in-‘combination and opgration to -vd'efvic'e 10, bhas -

" the cylindrical, longitudinal region 31 off-center of device .-
The
75

- 30 ‘The: cathode 32, however; is -central therein:
- lower -wall: 330of the wave: gulde contams the correspond-

70 ..;
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ing cylindrical bore for the axial path. Device 40 has a

central cathode 41 arrangement, with the side regions
42, 43 of triangular cross-section. Device 56 has a central
cathode 5% arrangement, with cylindrical, longitudinal
side regions 52, 53.

The microwave device of the present invention is rela-
tively inexpensive to fabricate, even for exceedingly high-
frequency use. It employs no cavity resonator or slow
wave circuit sections. = Practical, relatively low values of
anode voltage and external magnetic field are feasible
even for high-frequency - operation. Broad-band oper-
ation is attained therewith.

It will be apparent to those skilled in the art that the

novel principles of the invention disclosed herein in con-.

nection with specific exemplifications thereof, will suggest
various other modifications and applications of the same.
It is accordingly desired that in construing the breadth
of the appended claims, they shall not be limited to the
specific exemplifications of the invention described above.

I claim:

1. In an electronic: microwave gulde device, a ridge
wave guide comprising a conductive envelope havmg an
input- and an output end; a longitudinal, substantlally
cylindrical space region and two spaced gap reglons
extending from and communicating with said space region,
and a longitudinal cathode mounted within said longi-
tudinal space region along the longitudinal axis of said
cylindrical space region, whereby electrons emitted by
said cathode interact with microwave signals propagated
along said ridge wave guide to impart amplification energy
to the signals; said cylindrical space region and said gap
regions communicating with ‘said input and output ends;
said cylindrical space region being continuous and sub-
stantially straight between said input and output ends;
the width of said gap regions adjacent said cylindrical
space region being substantially less than the diameter of
said cylindrical space region; the length of said gap
regions being equal to the length of said cylmdrlcal space
region.

2. In an electromc microwave guide device, an input

guide element, an output guide element, a ridge wave .

guide coupled between said input and -output guide ele-

ments -and. comprising a conductive envelope having an

input a2nd an output end; and. contammg a longitudinal,

substantlally cylindrical space region and two spaced gap -

regions extendlng from and’ communicating with said
space region, and a longitadinal cathode mounted con-
cenfrlcally within said cylindrical space region astride

said gap regions, whereby electrons  eémitted by -said -

cathode in the presence of :a unidirectional axial mag-

netic field interact with microwave signals propagated

along said ridge wave guide, with said- guide ¢lements

" maintained at.an anode potential to impart amplification
energy-to the signals emergent at said output guide ele—,

ment; ‘said cylindrical space region and said gap regions
communicating with said ‘input ‘and output ends; said

cylindrical space region being continuous .and-substan- -
tally straight. between said input and output ends; the
- width of said gap regions adjacent said cylindrical space -

region being substantxally lesg than- the ‘diameter of said

cylindrical space region; the length-of §aid gap reglons o

being ‘equal to the length of said cylindrical space: region;

said’gap regions being- substant1ally wider-than the diam- - :
eter -of said cylindrical space région -at the gap reolons

remote from said cyhndncal space region.

3. In an electromc microwave guide device, an mput:- :
wave vmde and an oufput wave- guide- for-:microwave -
51gnals, a’'ridge wave guide integrally coupled between -
said input and output wave guldes compnsmg a conductive::

envelope having. an mput and an output énd; and- mclud-

ing two spaced lorgltudmal guide- elements containing a.’ B

Iongltudmal substantially. cyhndncal space region- there-

between and: two spaced gap. regions extendmg from and *
commumcatmg with said ‘cylindrical space region, and.a .
lon01tud11a1 cathode mounted concentrxcal]y thhm said .
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cylindrical space region astride said gap regions, whereby
electrons emitted by said cathode in the presence of a
unidirectional axial magnetic field interact with the micro-
wave signals propagated along said ridge wave guide, with
said guide elements maintained at an anode potential to
impart amplification energy to the signals emergent at
said output wave guide; said cylindrical space region and
said gap regions communicating with said input and out-
put ends; said cylindrical space region being continuous
and substantially straight between said input and output
ends; the width of said gap regions adjacent said cylin-
drical space region being substantially less than the diam-
eter of said cylindrical space region; the length of said
gap regions being equal to the length of said cylindrical
space region; said gap regions being substantially wider
than the diameter of said cylindrical space region at the
gap regions remote from said cylindrical space region.

4, In an electronic microwave guide device as claimed
in claim 1, a window sealed-in across each end of the
cylindrical space region for maintaining it in an evacuated
condition within the device.
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5. In an electronic microwave guide device as claimed
in claim 3, a window sealed-in across both said input and
output wave guides for maintaining an evacuated con-
dition within said ridge wave guide.

6. In an electronic microwave guide device as claimed
in claim 1, one of said longitudinal guide elements being
integral with an outer wall of said ridge wave guide.

7. In an electronic microwave guide device as claimed
in claim 2, one of said longitudinal elements being
integral with an outer wall of said ridge wave guide.
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