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5 Claims.
1.

This invention relates to methods of and ap-
paratus for utilizing the interaction between elec-
tron streams and electromagnetic waves within
wave giides.

An object of the invention is to increase the
efficiency of coupling of electronic energizing sys-
tems to wave guides.

Another object of the invention is to cause a
section of a wave guide to serve as a negative re-
sistance with respect to waves traversing it,
whereby the wave guide section may function as
an amplifier.

An additional object of the invention is t,o in-
crease the effective wave-length inside .. wave
guide by virtue of the properties of the guide in
the frequency range near its cut-off frequency.

A feature of the invention lies in the incorpora-
tion of an electronic device such as an amplifier

2
employed. When a harrow beam or pencil of
electrons is employed for energy interaction with
the system, the amount of power which can be

‘handled may be uneconomically small at the

higher frequencies. In accordance with the
present invention, a sheet of electrons may be
employed instead of a beam or pencil thereof. To

' . avoid difficulties due to phase and amplitude dif-
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entirely within the compass of the wave guide.

The device so incorporated is protected by the
wall of the wave guide and if the wall is of con-
_ ductive material, the device is shielded thereby
from incoming or otitgoing radiations.
Another feature of the invention is the use of
an electron stream of increased cross-sectional
area such as may be supplied from g linearly ex-

tended cathode. By constricting the inner cavity .

of the wave guide immediately surrounding the
- cathode, advantage is taken of the natural varia-
tion of the velocity of wave propagations in a
wave guide operating near the cut-off’ frequency
of the guide, which velocity may greatly exceed
the free-space velocity of waves at the operating
frequency. In accordance with this feature of
the invention, a cathode may be extended
through ‘a length of several free-space wave-
lengths and still occupy a length only a quarter
wave-length or less relative to the waves 1ns1de
the guide.

Another feature of the invention is the placing
of the cathode structure and connecting leads
substantially within an equipotential plane with
respect to the electromagnetic field in the adJa-
cent portion of the wave guide.

While the main advantages of the above fea-
tures will immediately be evident to those familiar
with the ultra-high frequency technique, it

30

ferences in the electromagnetic wave from point
to point along the length of the electron sheet,
the stream is preferably limited to the order of a
quarter wave-length in the direction of its linear
extension. By placing the electron stream in a
restricted séction of wave guide where the velocity
of wave propagation is several times the free-
space velocity, the actual length of the cathode
may be extended to several times what it would
be if it were operating upon a wave in free space.
or in an unmodified section of the wave guide.
The restricted section of the guide may be con-
nected to the adjacent unmodified portion either
by a transition section to minimize reflections or
through an apertured partition or coupling iris
to secure an optimum impedance transformation,
or through any other suitable coupling means,
or by a combination of such means.

In the drawings:

Figs. 1 and 2 show, respectively, a longitudinal
and a transverse section of a wave guide contain-
ing the elements of a diode oscillator in a con-
stricted portion of the guide; ,

Fig. 3 is 'a diagram useful in explaining the

" reason for the particular design of cross section
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shown in Fig. 2
Fig. 4 shows a longitudinal section of a mag-
netron oscillator embedded in a restricted section

. of a wave guide;
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should be noted that the feature involving a

linearly extended cathode is of particular im-
portance in increasing the power capacity of elec-
tronic devices at the higher frequencies. Usually
the power capacity of an ultra-high frequency
system is limited by the diminutiveness of such
of its physical dimensions as are necessarily not
much greater than the free-space wave-lengths
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Fig. 5 is a diagram useful in selecting ap-
propriate designs for the cross-sectional con-
figuration of the device shown in Fig. 4;

Fig. 6 shows an arrangement for projecting an
electron stream into a wave guide through a side
opening;

Fig. 7 is a diagram useful in explaining the op-
eration of the arrangement of Fig. 6;

Figs. 8, 9, 10 and 11 show various shapes of .
wave guides and appropriate types of electro-

“magnetic field distributions which may be ad-

vantageously used in connection with electronic
energization;

Figs. 12 and 13 show, respectively, a longitudi-
nal and & transverse section of an arrangement
for coupling two wave guides through an elec-
tronic amplifier; and

Fig 14 is & cross-sectional view of an arrange-
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mep.t whereby a'_wa,ve of fundamental frequency
in one wave gulde may be utilized to set up 8
wave of 2 higher or harmonic ireguency in-a
wave guide of smaller dimensions.

Referring to Figs. 1 and 2, a wave guide ﬂ is
shown comprising a tube of conductive material,
circular in cross section, and filled with a-di-
electric substance, for example atmospheric air.
The wave gulde 3§ is shown broken off af the
ends but it may actually be a section of a guide
of eny desirved length, for exsmple, connecting
two distant points for the transmission of elec-
tromagnetic waves from one io the othér or msy
be coupled to such a system by means of an irls.
A constricted portion 3 is formed of conductive
meterial ot 4, as, for example, by thickening of

the walls. The particular shape of the holiow -

space 3, which is formed within the thitkensd
walls, is preferably determined in accordence
with principles which will be discussed hereln~
after.
space-and the unmodified wave guide is made
gradual and preferably in accordance with the
same general principles. which determine the
shaping of the space 8. In the dlametral plane
perpendicular to the papsr in Fig. 1, shown more
clsarly by the sectiongl view in Fig. 2, there is
lccated o flawment such as o metallic ribbon §
and ‘s peir of slmilarly shaped ribhons § and 7
" mounfed edgewise with vespect to the flament §.
The filament may be heated by current flowing
from a battery 8 by way of leads O and 18 enter-

The transition between the constricted
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ing the wall of the guide { through small holes -

provided with insuleting bushings ({ and (2, and
thenge through o pealr of bent supporting rods,
oae of which is conductively connected with the
flament § and the other of which is connected
" with one of the retwrn leads § snd 7, the latler
belng conductively joined at the far end in any
suiteble manner, as for example, by mesns of
& connecting bsr (3 to compicte the flament
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{5 will have negligible effect in atienuaiing or
tistorting the wave as it passes. The device may
a.50 be used as & modulator or detector. As in
the case of the Liswellyn type of dicde, the tran-
sit time’ of electrons passing from the cathode
to the anode is to be adjusted {o o critical vaiue
depending upon the operating frequency in ordey
to secuie the desired negative resistance effsct.
The transit time may be adjusted by variation or
proper selection of the voltage supplicd by the
battery 18,  The ftranciy time is preferably ade
justed {o one of the values ¢f the expressicn -
(n-Y4) gycles of the operating frequeney, where
718 & positive Inigger,

. The mode of pyopagation for which the &bove=
described structure is primarily designed is-thai
deslgnated =3 an E1 wave according to the nota-
tion employed in U. 8. Patent 2,129,712, issued
a..entemb sr-13, 1838, o G. C. Southworth. The
H; typs wave 15 depicied disgrammatically in
Figs. § and 22 of the Southworth patent. In the

~weve of this kind the instentanecus configurn-

tion of the eleciric ficld is 25 shown approwi-
mately by the arrows in Fig, 8. Othsr types of
wave propegation mey be employed with sulfe
able modification of the epparatus. -

As above noted, the purpose of constricting the
Interior space of the wave guide at:3 is to produce
& modified portion of guide, the cut-off fre-
guency of which will ke only slightly bclow the
operating frequency of the system.. One way to
achieve this result would be to diminish the
diameter of the cavity leaving it circular in shape.
By this process the electric fleld would be cou- -
siderably distorted from the configuration shown

" In Fig. 3 and es it is-desivable to permit waves

a0

" cireuit. To provide & vacuum chamber, both

- ends. of the constricted section are sesled by
means of glass or other suitebie insulating clo-
sures {5 and {5 through one of which, {4, the
flament heating leads mey  be hermetically
sepled. The fAlement § Is preferably mede of
highly resistive maleriel and costed with & sub-
stence which gives coplous electron emission, in

accordence with well-known practice. The re- &

turn leads 8 and 7 are preferably of highly cone
ductive material, such as copper. The thickened

well portions 4 are conductively coxmectea wwith -

the walls of the unmodified zulde snd msy ba
integral therewlth. The inner surface of the cav-
1ty 3 serves o5 an ancde and s provided with 8
polerizing potentinl by mesas of o battery 08
or other suitable source preferably connzcted be-
tween ong side of the filament eircudd and the
wall of the guide {. Irises 40 and 47 may be em-
ployed to regulate the coupling to the main body
of the guide.
In the operation of the system shown in Figs,
1 and 2 the elements in the evacuated chambor
between the closures {4 and % function as &
dlode to provide & negative resistance effect in
‘the manner of the diodes disclosed in U. 8. Patent
2,180,668, issued Februery 20, 1840, to F. B.
Llewellyn. The arrangement may be used as an
osclllator to generate  ultre-high - frequency
- waves,.in which case the ;waves will be trans-
mitted along the wave guide in either direction.
Alternatively, the device may be employed a3 an
amplifier to reinforce a traveling wave as it passes
the device. In either case, the closures {4 and
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from the unmedified portion of the guide to

“traveres the constricied section without undue

distortion, & shape of section for the constricted
portion should be adopted which will, as little
23 possibie, distort the electric fleld. For this
purpose, & shape may be selected which 1s sub-
stentielly in the form of an cquipotentisl lime
of contour, cutiing the lines of eclectric forss
everywhere at right angles. Curves of this-sort
are in the genersl nature of ellipsss, & number
of which are shown at {7, 18 end 19 in Fig. 3.
The shape which has been employed in the ar- -
rengement of Figs. 1 and 2 Is that of curve 8.
In an elliptical wave guide, the cut-off freguency
for the Zh wave i determined by the length of
the mejor anis of the ellipse.  Accordingly, the
major azis of the cross section of cavity 4 is
made somewhat less than the diameter of the
guide {. In this way, the cut-off ireguency of
the ellipticel ssction is brousght closer to the

- operating frequency then is the csse of the cut-

off frequency in the unmodified portion of the
gulde §. As a result, the velocity of propagation
of the wave in {$he constricted section may be

-made greater than the veloelly of propagation of - Z

the same wave in the unmodified guilde by o

" factor of several times. 'The active length of

€5
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the cathede is preferably made substantially
equal to the length of the constricted section
and this may be several free-space wave-lengths
and at the same time the cathode will actually-
be short compared with the wave-length within.
the constricted gulde, preferably a quarter wave-
length or less. It will be evident that by this
arrangement the cathode has been extended
linearly and the area of the electron stream
which can be usefully employed has béen in-
creased in substantially the same ratio,

Fig. 4 shows a modified system according to
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the same general principles employed in the sys- '

tem of Flgs. 1.and 2, in this case arranged to

operate as a magnetron rather than in the man- ‘

ner of the diode oscillator. In the arrangement
of Fig. 4 the cathode comprises a wire or small

rod 20 mounted substantially on the axis of the -

guide § and supported at either end by means

of extensions which are hermetically sealed into

and pass through the closures 14 and 5. A mag-
netizing coil 21,
provided to supply the field required for mag-
netron operation. This arrangement is particu-
larly designeéd for a second order type of wave
propagation, the electric field configuration for
which is shown approximately by the arrows in
Fig. 5, corresponding generally with Fig. 9b of
the Southworth Patent 2,129,712, above cited.
The thickened wall section 4’ of Fig. 4 encloses
a cavity 8° which may have a cross-sectional
shape such as one of those represented by equi-
potential lines 22, 23 and 24, respectively, in
Fig. 5.

The arrangement of Fig. 4 operates in essen-
tially the same manner as a four-plate conven-
tional magnetron, current flowing principally to
four regions on the anode surface, which regions,
however, need hot be physically separated or in-
sulated from one another. Due to the constricted
cavity 8, the axial length of the elements may

- be long compared to the free-space wave-length
in accordance with the same principle governing
the case of the diode. As in the case of the ar-
rangement of Figs. 1 and 2, the magnetron of
Fig.- 4 may be used as an oscillator, amplifier,
modulator, etc.

An alternate arrangement for a diode in a wave
guide is as shown in Fig. 6. This arrangement
has the property of acting upon a traveling wave
in a wave guide but does not make use of a con-
stricted section nor of a linear cathcde. The
guide ! is provided with a side tube 25 fastened
over a hole 26 in the wall of the guide {. An
electron gun, designated generally at 21, enclosed
in an insulating envelope 28 is affixed to the tube
25 by. means of a suitable vacuum-tight seal, and
the vacuum chamber is closed by means of insu-
lating windows 29 and 30 which offer substan-
tially no obstruction to the passage of electro-
magnetic waves along the guide {. A wave of the
H: type is suitably employed, giving an electric

field configuration as indicated diagrammatically-

in Pig. 7. The electron stream indicated by a
dash-line arrow 3! is injected into the main
guide | substantially in the principal direction of
the electric field. The electrons of the stream 3t
are accelerated by a suitable biasing potential

between the cathode of the electron gun and the

conductive walls of the guide i. By suitably con-
trolling the transit time of electrons in traversing
the interior of the guide 1, the electron stream
may be made to deliver energy to the electro-
magnetic fleld of the guide. Accordingly, the de-
vice may be employed as a negative resistance
element to sustain the amplitude of a traveling
wave passing along the guide. It will readily be

appreciated that the arrangement may also be

used as an oscillator or modulator.

The arrangements shown in Figs. 1, 2 and 6
are all characterized by an electron heam inter-
acting with an electromagnetic fleld, the elec-
tric component of which is substantially at all
times in the direction of the beam or in the re-
verse of that direction. It will be evident that
there are many modes of oscillation in wave
guides which will set up electric field configura-

coaxial with the cathode 20 is
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tions suitable for interaction with an electron
beam in the manner above described. It wili-fur-
ther be noted that the guide need not be a circu-
lar one but may be square or prismatic with a

variety of different shapes, the main character-

istic desired being that the electric field have a
considerable region in which it consists essen-
tially of parallel straight lines. A number of suit-
able wave guide sections with appropriate elec-
tric flelds indicated are shown in Figs. 8,9, 13
and 11.

Fig. 8 shows cyhndrical guides supporting a
wave of the Eo type as in Figs. 6 and 6a in South-
worth Patent 2,129,712.

Fig. 9 shows how the circular guide of Fig. 3
may be modified into various prismatic shapes.’
all of which will support essentially the same con-
figuration of electrical waves as shown in Fig. 3.
The modifications include a square guide in
which the electron stream is suitably introduced.
in the direction of a diagonal of the square cross
section, and a triangular guide in which the elec~
tron stream may be introduced either at the right |
angle corner or in the reverse direction so as te
emerge from that corner. The last example in
Fig. 9 is in the form of quarter sections of a ¢ylin-
drical shape in which the electron beam may
either enter or leave at the center of the circular
In all these examples the electron path is
substantially parallel to the electric field.

Fig. 10 shows a fleld configuration -generally
similar to that shown in Fig. 5 but imposed upon

a cylindrical guide transversely to the axis of the
cylmder instead of longitudinally.

Tor comparison g cylindrical guide supporting
2 wave in the manner of Fig. 5 is shown in per-
spective in Pig. 11.

Tn Figs. 8, 9, 10 and 11 the direction of the axis
of the electron stream is indicated by an arrow.

The electron stream in the form of a beam or
pencil- may be employed with any of the wave
guides illustrated in PFigs. 8, 9, 10 and 11 as well
as in other configurations not, shown. The ar-
rangements of Figs..9 and 11 are particularly weil
adapted, in addition, to the use of the extended
linear cathode in connection with a- constricted
portion of a guide, in accordance with the prin-
ciples set down in connection with the description
of Figs. 1. 2 and 4.

Figs. 12 and 13 show longitudinal and trans-
verse sections, respectively, paitially diagram-
matic, of a triode arrangement coupling two wave
guides. The arrangement operates as an ordinary
triode amplifier except that the cathode-grid

5 space and the grid-anode space are isolated from

each other by being included each in a separate
wave guide interconnected only through the
meshes of the grid. The arrangement is shown
asan amplifier.

‘In Figs. 12 and 13. two partially overlapping
wave guides 45 and 46 are shown with a common
wall portion 49. The guides are preferably rec-
tangular in cross section and in the case of an
amplifier both guides may well have the same
transverse dimension or width W, as indicated in
Fig. 13. .In the common wall 48 there is situated
an electron permeable region or grid $0 opposite
which in the guide 45 is a thermionically active
cathode section 51 insulated from the wall of the
guide by msulatxon 41 or otherwise suitably
mounted. Vacuum seals are provided, as at 61,
62, 63 and 64. The cathode may be heated by an
externa] heating element 52 insulated as at 65
and energized by a battery 53. The cathode may
be positively polarized with respect to the grid 50
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by means of a polarizing battery 54. Opposite
the grid 50 in the guide 4€ may be mounted an
anode 55 insulated from the wall of the guide by
insulation 48 and polarized positively with respect
to the grid 50 by means of a battery 56. Each
of the batteries above mentioned may be replaced
by any suitable source of direct current electro=-
motive force. Adjustable pistons or reflectors 5%
and 58 are provided for controlling the establish-
ment of standing wave patterns. An incoming
wave in the guide 45 serves to impress a control
voltage between the cathode 5 and the grid 5€
thereby producing a variable electron current in
the region between the grid 58 and the anode 86,
the variations of which current serve to set up
amplified electromagnetic waves in the guide 6.
The mode of operation of the device is generally
similar to that described in U. S. Patent 2,153,728,
issued April 11; 1939, to G. C. Southworth.

Fig. 14 is a cross-sectional view of a modifica-~
tion of the arrangement of Fiigs. 12 and 13 adapted
for frequency conversion. " In this arrangement
the incoming wave guide, shown at the top, is
of a suitable width (horizontal dimension) to
support .a wave of a desired fundamental fre-
quency. ‘The output wave guide, shown below, is
narrower so that it will not support a wave of
the fundamental frequency but it may be tuned
to the harmonic frequency. The vertical dimen-
sions of the respective guides in Figs. 12, 13 and
4 .may be determined by the relative spacings
desired hetween the grid and the cathode on the
one hand and the anode on the other,

In Fig. 14 the wave guide for the fundamental
frequency is designated 52 and the guide for the
harmonic 68, the widths of the respective guides
being W1 and Wa.

The arrangement of Fig. 14 is claimed in my
copending application Serial No. 461,517, filed
October 10, 1842, assigned to the same assignee as
the present-application. ’

What is claimed is: .

1. In an ultra-high. frequency electronic de-
vice, a source of waves of g given operating fre-
quency, a' section of wave guide of such trans-
verse dimensions as to have a cut-off frequency
close to a.id slightly below said operating fre-
quency, said wave guide section being sc propor-
tioned that its length is of the order of magni-
tude of a quarter wave-length referred to propa-
gation of waves within said guide, but relatively
great. compared to the free-space wave-length
corresponding to the operating frequency, a cath-
ode with its active portion extending substantial-
ly the full length of said wave guide section, and
means for causing an electron stream emifted
from said cathode to effect energy inferchange
with electromagnetic waves from  said sgurce
within saiq wave guide section. )

2. In a system for effecting exchange of energy
between - an electron stream and an electro-
magnetic wave, a source of waves of given oper-
ating frequency, & wave guide, means in said
guide to increase the speed of propagation of
waves from said source therein over the speed of
propagation of a wave of the same frequency in
free space, thereby multiplying the wave-length
in said guide compared to the free-space wave-
length, and a source of an electron stream, said

10

20

25

30

40

48

&9

&b

8

source extending along and adjacent to the path
of propagation of said wave within the confines
of said speed increasing means in-said guide, the
length of said source in this extension being of
the order of magnitude of a quarter wave-length
referred to. propagation within said speed in-
creasing means and at the same time of the
order of magnitude of several free-space wave-
lengths. .

3. In g system for energy interchange at ultra-
high frequencies, a- source of electromagnetic
waves of -2 given operating frequency, a source
of an electron stream, means for constraining
waves from said first-mentioned source to tra-
verse a. restricted region in which the speed of
propagation of the wave is increased with respect
to the speed of propagation of a wave of the
same frequency in free space, thereby multiplying
the wave-length in said region compared to the
free-space wave-length, said source of an elec-
tron stream being positioned within said region
of increased speed of wave propagation and being
extéended in its dimensions along the path of
propagation of said wave to a length which is of
the order of magnitude of a quarter wave-lengih
referred fo propagation within said region of
increased speed and at the same time of the order
of magnitude of several free~-space wave-lengths.

4. An extended length of wave guide, & source
of waves of a given frequency freely transmitied
by sald guide, a section of reduced internal cross-
sectional area in said guide having such .di-
mensions as to have a cut-off frequency close to
and-slightly below said given operating frequency,
said section of reduced ares heing so propor-
tioned that its length is a fraction of & wave-
length referred to the speed of wave propagation
within said section and at the same time equsal
to several free-space wave-lengths of the operat-
ing frequency, and means for projecting electrons
transversely to the guide within said section of
reduced area alcng a substantial portion of the
entire length of said section to efiect energy inter-
change between electrons so projected and a
wave of the operating frequency within said
section.

5. In an ultra-high frequency transmission
system, a wave guide desighed for the propaga-
tion of an electromagnetic wave of a given fleld
configuration, g portion of said guide being modi-
fied 'in internal dimensions to form a section of
reduced internal diameter, the cross section at
all points of said guide being such as to conform
substantially with equipotential contours of the
given field configuration to secure a section of
inereased speed and propagation without causing

 material distortion of the field configuration, and

86

means. for maintaining in said section of reduced
internal diameter an electron strearn having &
dimension {ransverse to the direction of motion
of the electrons which is substantially as great
as the length of said reduced section, said means
comprising o heated cathode located within the
said section of. reduced internal diameter, and
said cathode having its electrical connections
located substantielly in- a single equipotential
plane of said given field configuration. .

ARTHUR L. SAMUEL.



