3,010,048

J. E. NEVINS, JR
TRAVELING WAVE TUBE WAVEGUIDE SYSTEM

Nov. 21, 1961

4 Sheets-Sheet 1

Filed April 2, 1959

T.

INVENTOR
JOHN E. NEVINS uR.

o Yoo

AGENT



Nov. 21, 1961 J. E. NEVINS, JR 3,010,048
TRAVELING WAVE TUBE WAVEGUIDE SYSTEM
Filed April 2, 1959 4 Sheets-Sheet 2

INVENTOR,
JOHN E. NEVINS JR.

L NW’/W

AGENT



3,010,048

4 Sheets-Sheet 3

J. E. NEVINS, JR
TRAVELING WAVE TUBE WAVEGUIDE SYSTEM

Nov. 21, 1961
Filed April 2, 1959

o
-
3L g2
re  £>
s, 5 2
2L/ z —
29/, s/ 2"
| U —} s
wL\ — _L-90/ o
=4=4
e — DA IR 8, V| ViV V\U,V,9,9,,i\0,v,v,9, sy
Ay T — Ju(wo\ AN AE] e . - : -
. %Q\\ 09/ s/
L7214 o g/ 9%, v¥i BE/
lﬂl _IHHHU__ \ H \\IV: 274
9% —_ 2ol otl
ot e | e aVaTV TV VetV Ve yare oo
= P MVAVVVVVVVUVAY s |
f1214 )
ey
zz/ 82/, 90y vt/ G/ >/4
i - v =
/_J]J}]l]}wﬂ [aTaYaYaTaYa) 1 g9
e I s | VAVAVIVAVIVAVIVAVIViViViViViVivivay == ocr
e } ‘01 DU 7 y( i . \-zgy

06 \wm = g  rE/ mﬁ

AGENT



3,010,048

J. E. NEVINS, JR
TRAVELING WAVE TUBE WAVEGUIDE SYSTEM

Nov. 21, 1961

4 Sheets-Sheet 4

Filed April 2, 1959

S
/s

INVENTOR,
JOHN E. NEVINS JR.

AGENT

Pl

g2 \
622 ’ ol Y\m
e . 4 12 )
AV D75 an NE1 P
s 4 S \\
88— .il\_x\._ &4 L ~gs
P NSO A NN
=
A o&.VA/I\n« H
822 .
Gl
‘ 222 P! gor f<—gl
/ \ o] 252 622
1 .nd\.mfk; Mc
_ﬂ.”..k\\v_N 812 a N .¢mN
= \vr|.rf & - . o > ﬁ\ e i HE)
fom—r lltlllllfjmﬂ ] /A 7
(444 002 QM_ —\ é f f
1224 90z \ _Almﬁ 822 .



United States Patent O

3,010,048
Patented Nov. 21, 1961

B ey

ce

1

3,016,648
TRAVELING WAVE TUBE WAVEGUIDE SYSTEM
John E. Nevins, Jr., Los Angeles, Calif., assignor to
Hughes Aircraft Company, Culver City, Calif,, a cor-
poration of Delaware
Filed Apr. 2, 1959, Ser. No. 503,803
6 Claims, (CL 315—3.6)

This invention relates to waveguide systems in general
and more particularly to waveguides having a semianmular
cross-sectional configuration.

This invention finds particularly valuable application in
connection with traveling-wave tubss wherein it is usually
desirable 10 be able to insert the elongated traveling-wave
tube into and withdraw it from a magaetic focusing sys-
tem which provides an axial magnetic field for focusing
the electron stream of the traveling-wave tube.

In one typical form of ihe prior art a traveling-wave
tube with its necessary connecting waveguide system re-
quires a large magnet to surround the traveling-wave tube
and the waveguides with their right angle bends. Since
the volume circumscribed by the focusing magnet must
be so large in diameter, obviously the magnet must be
quite large and heavy and, if electrical, must also reguire
a large magnitude of power in order to provide a given
strength of focusing magnetic field along the axis of the
tube. If the magnet could be made smaller, for example,
by the elimination of the rectangular waveguides, clearly,
the magnet could be much smaller in diameter and thereby
require less magnetic energy in order to provide the given
required focusing effect. It is well known in the case
of a solenoid, for example, that for a given axia} field and
constant electrical power, the weight of the solenoid varies
as the square of its inner diameter.

An alternative system commonly practiced in the prior
art uses rectangular wavegunides which extend radially out-
wardly from the traveling-wave tube and which pass
through apertures in the focusing magnet. The magnet
here may be somewhat smaller than that noted above;
however, the apertures or discontinuities in the focusing
magnet will distort or cause perturbations in the focusing
of the electron stream unless extra magnetic energy is
provided to compensate for the discontinuities. There-
fore, although the magnet may be somewhat smaller than
in the previously noted case, it still represents an ineffi-
ciency in providing a given overall focusing effect from
the magnet.

The present invention therefore includes among its ob-
jects the following: :

To provide a bidirectional waveguide system within a
minimum circumscribed cylindrical velume;

To provide a bidirectional waveguide system about an
elongated slow-wave structure within 2 minimum circums-
scribed cylindrical volume;

To provide a semiannular waveguide system about a
. slow-wave structure and within a minimum circumseribed
cylindrical volume;

To provide a transition from such a serniannular wave-
guide system to a rectangular waveguide system;

To provide a magnetically focused traveling-wave tube
which may be inserted into and withdrawn from 2 focus-
ing magnet having exceptionaily low requirements of size,
weight and power;

"To provide a low noise backward-wave amplifier travel-
ing-wave tube having an especially strong focusing mag-
netic field which may be inserted into and effectively fo-
cused by an especiaily small and light magnet.

Briefly, these and other objects are achieved by the
present invention in the following manner:

A pair of waveguides, semiannular in cross-section, are
provided which may be separately coupled to different feed
points of a slow-wave structure inserted coaxially within
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and between the semiannular waveguides. The entire
system may then be inserted into a solenoid or other focus-
ing magnet having a minimum inner diameter due to the
overall cylindrical geometry of the traveling-wave tube
and pair of semiannular waveguides, The semiznnular
waveguides may be transformed to conventional rectangu-
lar waveguide circuitry at a point axially beyond the
focusing magnet so that the focusing magnet need only
be large enough and long enough to encompass the semi-
annular waveguides and the necessary length of traveling-
wave-tube and need mnot circumscribe any rectangular
waveguide components. Means are shown herein for pro-
viding such a transition which readily provides a voliage
standing wave ratio of the order of 1.05.

The novel features of this invention, as well as the in-
vention itseif, both as to its organization and method of
operation, will best be understood from the following
description, taken in conjunction with the accompanying
drawings in which like reference numerals refer to like
parts, and in which: }

FIG. 1 is a schematic view of a prior art traveling-
wave tube and associated waveguide system useful in
discussing the features of the present invention;

FIG. 2 is a schematic view of an alternative prior art
configuration, also useful for purposes of description;

FIG. 3 is a simplified schematic view of an exemplifica-
tion of the present invention as utilized in conjunction
with a traveling-wave device indicated partially in dotted
lines;

FIG. 4 is a sectional view taken along the lines 4—4
through the structure shown in FIG. 3;

FIG. 5 is an enlarged pariially cut-away view of a
egment of the structure shown in FIG. 3;

FIGS. 6 through 9 are longitudinal sectional views of
alternative waveguide transition systems, from semiannu-
lar to rectangular, constructed in accordance with the
present invention;

FIG. 10 is a longitudinal sectional view of a structure
in accordance with the present inveation which utilizes
a helix terminated by coupling leads and matching fer-
rules and coupled to semiannular waveguides;

FIG. 11 is a longitudinal sectional view of a traveling-
wave tube arrangement in accordance with the present
invention utilizing an interconnected ring or ring-bar type
of slow-wave structure terminated by coupling leads and
matching ferrules and coupled to semiannular waveguides;

FIG. 12 is a longitudinal sectional view of a traveling-
wave tube utilizing a helical slow-wave structure which
is terminated by probes coupling directly into the feed-in
semiannular waveguides in accordance with the present
invention;

FIG. 13 is a longitudinal sectional view of a backward-
wave amplifier embodiment of the present invention uti-
lizing cascaded helices terminated by coupling leads and
matching ferrules and coupled to semiannular waveguides;

FIG. 14 is a more detailed view, partly in section and
partly broken away, of a practical backward-wave ampli-
fier traveling-wave tube comstructed in accordance with
the present invention; and

FIG. 15 is a cross-sectional view taken along the lines
15—15 of the structure depicted by FIG. 14.

Referring now with more particularity to the figures,
in FIG. 1 there is shown a typical prior art traveling-wave
tube 20 which, with its input waveguide 22 and its output
waveguide 24, may be inserted coaxially within an en-
compassing cylindrical magnet or solencid 26 (shown by
dotted lines only). Asis readily apparent from the dotted
lines, the magnet 26 is very large in comparison to the
clectron stream of the tube 26 which it is designed to
focus; however, the cost in weight, power and material
has been readily paid by practitioners in the prior art be-
cause of the value in being able to insert and withdraw
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the traveling-wave tube 20 for purposes of replacement,
repair or experimentation. As pointed out above, how-
ever, the size and weight could be drastically reduced but
for the necessity of the rectangular waveguides 22 and 24.
As may realistically be deduced from the drawing, the
inner diameter of the magnet 26 is many times larger than
the outer diameter of the glass envelope of the tube 28.

Referring to FIG. 2, there is shown a common alterna-
tive practiced in the prior art in which the traveling-wave
tube 20 is inserted into a focusing magnet 28 which is
apertured along its length to permit the radial passage
of an input waveguide 3¢ and an output waveguide 32.
This arrangement has certain advantages in the total size
and weight of the magnet required but it has the dis-
advantage of lack of versatility since the traveling-wave
tube 20 cannot be removed from the magnet without
removing it also from its waveguide couplings. Thus the
critical alignment of traveling-wave tube and waveguides
may not be accomplished in the open but must be done
within the confines of the focusing magnet 28. A further
disadvantage is that the aperiures for the wavegnides 39
and 32 cause perturbations and a decrease in the other-
wise available focusing effect of the magnet 28. The
magnet must therefore be made larger. and heavier in
order to minimize the consequences of the perturbations
to a practical magnitude. As a result, and as again may
be deduced realistically from the drawing, the size of the
magnet 28 is many times larger than it inherently would
have to be in order to focus the electron stream within
the traveling-wave tube 28.

Referring to FIG. 3, it is seen that a fraveling-wave
tube 20 may be fed by a system of semiannular wave-
guides in a manner in accordance with the present inven-
tion. The term “semiannular” refers to the cross-section,
in conformity with the general use of cross-sectional
shapes to denote waveguide types. The lower semiannu-
lar waveguide designated 34 is the input waveguide, as
indicated by the arrows 36 showing the direction of micro-
wave energy flow for a forward traveling-wave type am-
plifier. A transition section 38 couples the input semi-
annuiar waveguide 34 to external waveguide circuitry,
not shown. The upper semiannular waveguide 4§ is the
output waveguide and couples energy from the traveling-

wave tube 28 and carries it to a second transition section .

42, from whence it propagates to external waveguide cir-
cuitry, not shown. A portion of each of the semiannular
waveguides 34 and 48 toward the gon end from the
arrows 36 and output arrows 44, respectively, are not
utilized and are accordingly physically blocked by con-
ductive plugs 46 and 48, respectively, in the regions indi-
cated by arrows. See FIGS. 10 and 11 for more detail
as to these plugs. Also, as will be shown in more detail
below, coupling slots are provided in the inner circular
walls of the semiannular waveguides 34 and 46 for cou-
pling these waveguides to the slow-wave structure of the
traveling-wave tube 28. The terms “upper” and “lower”
are used for establishing a frame of reference with re-
spect to the figures, it being understood that the attitude
of the structure can be inverted or placed in any other
position desired.

The system of semiannular wavegnides 34 and 40 and
the traveling-wave tube therewithin are inserted within a
focusing magnet 39, the outer diameter of which is shown
in the figure by dotted lines, Here, the focusing magnet
5§ may fit snugly about the semiannular waveguides and
may be only slightly larger in diameter than the envelope
of the traveling-wave tube 28.

In operation, briefly, the input rectangular waveguide
38 is excited in a conventional mode of propagation such
as the TE;q mode. This energy passes through the tran-
sition section and excites in the TE,; the lower or input
semiannular wavegnide 34 which in turn propagates the
energy to the input end of the slow-wave structure of the
tube 20. The microwave energy at that point launches
a traveling wave upon the slow-wave structure. The
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traveling wave is caused to interact with the electron
stream and is amplified thereby. At the output end of
the slow-wave structure, the amplified wave is transmitted
into and excites a TE;; mode of propagation in the up-
per, output, semiannular wavegnide 40 which in turn ex-
cites the output rectangular waveguide 42 in a conven-
tional TEy, mode of propagation. Thus, microwave en-
ergy is taken from rectangular waveguide, amplified in a
traveling-wave tube, and transmitted again into a rectan-
gular waveguide.

FIG. 4 is a slightly enlarged cross-scetional view taken
as indicated through the structure of FIG. 3. The inner
cylinder 52 illustrates the slow-wave structure within the
traveling-wave tube 28. The next outer cylinder illus-
trates the glass wall 54 of the elongated portion of the
envelope for the tube 26. The next outer cylinder in-
dicates the inner conductive nonmagnetic cylinder 56
which forms the inner circular cylindrical surface of the
semiannular waveguides 34 and 48. The next outer cyl-
inder depicts the outer circular cylindrical conductive
nonmagnetic wall 58 of the semiannular waveguides 34
and 48. The outer, cross-hatched cylinder iflustrates the
magnet 5¢. Dividing the annular space between the in-
ner conductive wall 56 and the outer conductive wall 58
are a pair of coplanar conductive vanes 68 which con-
ductively join the two concentric cylinders and divide the
annular space into semiannular microwave passages, Viz,
the input and output waveguides 34 and 40. The con-
ductive vanes 66 lie in an axial diametrical plane, as
shown.

Referring to FIG. 5, there is presented a more pictorial
and detailed fragmentary view of a structure similar to
that of FIGS. 3 and 4. Here, a slow-wave structure or
helix 62 is supported and separated from an inner con-
ductive cylinder 64 by a set of dielectric rods 66. A
glass envieope may or may not be situated between the
rods 66 and the cylinder 64, depending upon the particular
configuration chosen by a practitioner. In the structure
of FIG. 5 a glass envelope is not shown. An outer con-
ductive cylinder 68 is secured to the inmer cylinder 64,
again by a pair of mutually coplanar conductive vanes 76,
disposed in a diamefrical plane passing through the axis
of the helix 62. The conductive material of cylinders
64 and 68 and the vanes 76 is generaily nonmagnetic in
order that the encompassing focusing magnet 72 is not
magnetically isolated from the electron stream within the
helix 62. The slow-wave structure, illustrated here as
a wire helix 62, may be instead a ribbon helix or a ring-
bar type of slow-wave structure and may be glazed to
the dielectric rod 66 in order to provide a rigid slow-
wave structure.

Refer now to FIG. 6, which shows the transition from
a pair of semiannular waveguides 74 and 76 to rectangular
waveguides 78 and 88. The upper semiannular wave-
guide is coupled to the input rectangular waveguide 78
and the lower semiannular waveguide 76 is coupled to
the oufput rectangular waveguide §0. Flanges §2 are
illustrated as a practical means for coupling the rectan-
gular ‘waveguide, which in this example is a reduced
height waveguide, to external rectangular waveguide of
conventional height. The semiannular waveguide sys-
tem is shown without an accompanying inner traveling-
wave tube or outer focusing magnet for purposes of sim-
plifving the illustration.

The semiannular waveguides are formed by an inner
conductive cylinder 84 and an outer conductive circular
cvlinder 86. A pair of planar conductive vanes 88 sup-
port the cylinders 84 and 86 in concentric alignment and
divide the annular space between them into a pair of
semiannular waveguide passages. The lefthand ends (as
seen in FIG. 6) of the semiannular waveguides 74, 76 are
in part closed off by an end planar conductor 90. The
planar conductor 26 has two parallel rectangular open-
ings 92 and 94 therein for receiving the righthand ends
(again as seen in FIG. 6) of the rectangular waveguide
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sections 78 and 8§8. Referring to the upper or input rec-
tangular waveguide 78, its upper surface is determined
by a plane 9¢ parallel to the diametrical plane indicated
at 88 and spaced apart therefrom by a distance interme-
diate to the different radii of the cylinders 84 and 88.
The lower surface of the rectangular ‘waveguide 78 is
determined by a plane $8 which is also parallel to the
diametrical plane and is separated therefrom by a distance
less than the radius of the inmer conductive cylinder 84.
The waveguide height, a, of the rectangular waveguide
78 is approximately equal to the height, b, of the semi-
annular waveguide section 74 which is defined as the dif-
ference between the inner radius of the outer cylinder
86 and the outer radius of the inner cylinder 84. The
plane 96 is separated from the outer surface of inner cyl-
inder 84 by a distance, ¢, at the point of their closest ap-
proach to each other. In practice, the dimension c,
has proven to be fairly critical and will be discussed in
more detail below in connection with the description of
FIGS. 14 and 15.

The portion of FIG. 6 below the diametrical plane in-
dicated at 88 is geometrically similar to the upper portion
above described and a detailed description is accordingly
omitted.

Referring to FIG. 7, an alternative transition is shown
for matching an upper semiannular waveguide section
74 and a lower section 76 to rectangular waveguide sec-
tions 160 and 102, shown in dotted lines. -The transi-
tion is a completely smooth one from the semiannular
waveguide on the right to a conventional standard height
rectangular waveguide on the left.

Referring to FIG. 8, another alternative transition is
shown from semiannular waveguide sections 74 and 76
to standard height rectangular waveguide sections 104
and 166. The rectangular waveguide section are simply
butied against the cylindrical form of the pair of semi-
annular waveguides 74 and 76. In order to properly
match the geometrically dissimilar form of waveguides
104 and 166 to waveguide sections 74 and 76, dielectric
fillets 108, 118, 112 and 114 are placed in the rectan-
gular waveguide sections and are shaped in an appropri-
ate manner to provide a smooth transition from rectan-
gular to semiannular cross-section. For example, the
shape of the dielectric fillet 116 is that of a straight line
at the lefthand end and a semicircle at the righthand end.

Referring to FIG. 9, another transition from semi-
annular to rectangular waveguide is shown. In this em-
bodiment the semiannular waveguides 74 and 76 are
formed by an inner conductive cylinder 118 and an outer
conductive cylinder 126. The inner conductive cylinder
118 extends axially to the left beyond the end of the outer
cylinder 126 by a distance which is approximately equal
to the waveguide height of a pair of rectangular wave-
guide sections 122 and 124. The waveguide height of the
rectangular waveguides 122 and 124 is approximately
equal to the waveguide height of the semiannular wave-
guides 74 and 76 as defined in connection with FIG. 6.
It has been found that one or more matching pins 126
improve the impedance matches between the rectangular
waveguides 122 and 324 and the semiannular waveguides
74 and 76, the rectangular waveguides being disposed
orthogonally to the axis of the semiannular waveguides
74, 76.

Referring to FIG. 10, there is shown in simplified
schematic form means for coupling microwave energy
from a pair of semiannular waveguides 74 and 76 to the
ends of a traveling-wave tube helix 128. The waveguides
are formed by inner and outer cylinders 13¢ and 132,
respectively, which for the sake of a simplified presenta-
tion are shown as lines without wall thickness. The helix
and the two encompassing conductive cylinders are all
concentrically aligned. Adjacent the axial positions of
the ends of the helix 128 and coupled thereto are re-
spectively an input coupling lead 134 and matching fer-
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6
rule 136 and an output coupling lead 138 and matching
ferrule 149.

At the axial positions of the coupling leads 134 and
138 are provided coupling slots 142 and 144 through the
inner cylinder 138, only, for permitting-a coupling com-
munication between a coupling lead and its respective
wavegnide 74 or 76. To the right of each of the coupling
slots 142 and 144 are provided, as indicated in connec-
tion with FIG. 3, individual conductive plugs 46 and 48,
each of which is semiannular in cross-section and sub-
stantially fills the waveguide at the position indicated.
The coupling slots 142 and 144 may be rectangularly
arcuate in shape extending through any portion of the
180° arc on citheir side of the diametrical plane indicated
at 88.

Referring to FIG. 11, a coupling scheme similar to
that depicted in FIG. 10 is illustrated, except that a ring-
bar type of slow-wave siructure 148 is utilized in the
traveling-wave tube instead of the helix 128.

FIG. 12 depicts a similar system for coupling micro-
wave energy from a pair of semiannular wavegunides 74
and 76 wherein, however, the helix 159 is terminated at
each of its ends by a radially extending coupling lead 152
and 154. The input coupling lead 152 extends radially
outwardly through a coupling slot 15§ through the inner
circular wall of the semiannular wavegnide 74 and is
electrically connected to the outer cylindrical wall of the
waveguide 74 at a point opposite the coupling slot 156.
The output end of the helix 150 is in like manner coupled
by means of the lead 154 through a coupling slot 158 to
the outer wall of the output semiannular waveguide 76.
Again, conductive blocks 166 and 162 plug and elec-
trically short the waveguide openings to the right of each
of the coupling slots. .

Referring to FIG. 13, a backward-wave amplifier ar-
rangement in accordance with the present invention is
shown in a simplified schematic view. An input semi-
annular waveguide 74 and an output semiannular wave-
guide 76 again are made up of an inner conductive cylin-
der 84 and an outer conductive cylinder 86 is arranged
concentrically about a slow-wave structure system of the
backward-wave amplifier which comprises an input helix
164 and an output helix 166.

At its lefthand end (as seen in FIG. 13) the input
helix 164 is terminated by a coupling lead 168 and a
matching ferrule 17¢. At the opposite or righthand end,
the helix 164 is terminated by a ferrule 172. A resistive
termination at this end may be provided by applying a
lossy substance, such as aquadag, to the last few turns
of the helix 164 and the ferrule 172.

The output helix 166 is similarly terminated at each
end by a coupling lead 174 and a matching ferrule 176
at its righthand end, and a resistive termination applied
to its lefthand end as described concerning the input helix
164. The helices and ferrules in this example are sup-
ported within a glass envelope 178 which is.in turn sup-
ported within the semiannular wavegnide system by a
series of spacing cylinders 180, 182 and 184. An input
coupling slot 186 at the axial position of the input cou-
pling lead 168 is provided through both the inner conduc-
tive wall 84 and the supporting cylinder 182 to provide
eleciromagnetic coupling communication between input
waveguide section 74 and the input hélix 164, Similarly,
a coupling slot 188 is provided through the inner wall 84
and the supporting cylinder 182 at the axial position of
the coupling lead 174. Again, the semiannular wave-
guides 74, 76 are blocked and shorted to the right of the
coupling slots by conductive plugs 198 and 192.

The electron stream in this cascaded helix backward-
wave amplifier example traverses the tube from right to
left in the figure, as shown.

Input microwave energy propagated through the wave-
guide section 74 is impressed upon the input helix 164
and the electron stream is modulated in a backward-wave
mode. The stream thus modulated passes through an
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outpui helix 166 and produces thereon an amplified sig-
nal corresponding to the original stream modulation.
The backward-wave energy thus amplified is coupled by
means of the lead 174 into the output semiannular wave-
guide 76.

Not shown in the simplified views of FIGS. 10 through
13 are other mecessary traveling-wave tube components,
e.g., the annular encompassing focusing magnets, The
use of these and other elements have been omitted to
clarify the description, but will be understood by those
skilled in the art.

10

Referring to FIG. 14, there is shown, partly in sec- '

tion and partly broken-away, a practical embodiment’ of
2 backward-wave amplifier constructed in accordance with
the present invention and embodying structure similar to
that schematically shown in FIG. 13. A pair of cas-
caded helices are included in the slow-wave structure
system of the traveling-wave tube 184. - Only the input
helix 196 is visible in the drawing. An output helix is
disposed toward the opposite or lefthand end of the tube
194. ‘The helix 196 is supported concentrically within
a glass envelope 198 and separated therefrom by three
dielectric rods 286. Attached to the righthand end of the
glass envelope 198, forming an extension of the same
vacuum envelope, is an enlarged glass envelope 202 which
encompasses and supports a low noise electron gun 294.
The clectron gun utilized in this particular example is
constructed generally along the lines of the low noise
electron gun discussed in the following co-pending appli-
cation and patent assigned to the assignee of the present
invention: Low Noise Traveling-Wave Tube, Serial No.
631,129, filed December 28, 1956, now Patent No.
2,936,393, by M. R. Currie and D. C. Forster, and
Patent No. 2,869,021, issued January 13, 1959, entitled
Low Noise Traveling-Wave Tube by M. R, Currie. Such
low noise electron guns readily make possibie traveling-
wave tubes having noise figures of the order of 3 decibels.

Such low noise guns are usually immersed in an ex-
ceptionally strong focusing magnetic field which aids in
the mechanisms of achieving noise reduction. This re-
quirement of an exceptionally strong magnetic field would
cause a conventional focusing system to be exceptionally
large and heavy in order to provide the required field.
However, in accordance with the present invention where-
by the focusing magnet may be substantially immediate-
ly adjacently about the electron gun, the magnet may be
vastly reduced in size and weight and power as com-
pared to that which would otherwise be required.

The portion of the traveling-wave tube system en-
closed by the glass envelopss 198 and 204 may be freely
inserted and withdrawn from the semiannular waveguide
system and focusing magnet which is constructed general-
1y in accordance with the schematic figures previously
described. Spaced radially outwardly from the glass
envelope 198 is an inner, nonmagnetic circular conduc-
tive cylinder 286. Secured to the inner surface of the
cylinder 206 are supporting cylinders 2€8 and 219. These
cylinders substantially fill the annular space between the
envelope 1928 and the conductive cylinder 286 so as to
maintain concentricity between the glass envelope and the
cylinder 206. The supporting cylinder 228 and the inner
cylinder 286 are relieved to provide a pair of coupling
slots 212 and 214 at the axial position of coupling leads
on the ends of the helices, for example, helix 196. Dis-
posed radially outwardly and concentric with the inner
cylinder 266 is shown an outer, nonmagunetic conductive
cylinder 216. The annular space between cylinders 206
and 216 is divided into semiannular cylindrical micro-
wave passages 220 and 222 by a pair of conductive vanes
218 lying coplanarly in a diametrical axial plane. Be-
cause of the view taken, only one of the vanes, 218, ap-
pears in the drawing.

To the right of each of coupling slots 212 and 214 is
disposed a conductive shorting plug 224 and 226. These
plugs are semiannular in cross-section and substantially
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fill semiannular waveguide passages 22¢ and 222, respec-
tively, so that microwave energy may only traverse in the
passage from the left up to the associated coupling slot
212 or 214. The lefthand end of each of plugs 224
and 226 is conically tapered to aid in the coupling between
slot and waveguide.

At the lefthand end of the tube 194 each of the semi-
annular wavegrides 226 and 222 are coupled to a seg-
ment of rectangular waveguides 228 and 2289, respectively.
The semiannular waveguides are effectively continued for
a short distance beyond the lefthand end of cylinders
216 and 206 by a pole piece 230 having semiannuiar
passages therethrough substantially matching and aligned
with the semiannular passages of waveguides 220 and 2Z2.
Recessed into the lefthand face of the pole piece 238
are rectangular openings 232 and 234 adapted to receive
snugly the reduced height righthand end of each of rec-
tangular waveguides 229 and 228. The reduced height
of the rectangular wavegunides 228, 229 is made approxi-
mately equal to the height, b, of the semiannular wave-
guide 220 or 222, as discussed in connection with FIG. 6.
The minimum clearance at the juncture of the two forms
of waveguide is again designated as “c.” A series of
waveguide steps 236 are provided to form an impedance
transformer between the reduced height, ¢, and the con-
ventional rectanguiar waveguide height at the lefthand
end of waveguides 228 and 229.

Immediately surrounding the outer cylinder 218 is the
focusing magnet 238 which extends from the pole piece
230 to axially beyond and over the electron gun 204.
An additional pole piece may be supplied at the righthand
end of the magnet 238, if desired. It has been found
expedient for purposes of ease in assembling to form the
pole piece 230 from a pair of matched halves. The same
has been found regarding the fabrication of some of the
other elements of the structure, for example, the elongated
inner and outer cylinders and the supporting cylinder
288. Thus, these cylindrical parts may be stamped from
flat sheet stock and then built up into their finished forms.

It has been found desirable to provide a transverse
component of the axial magnetic field near the collector
end of the tube 194 in order to defocus the electron
stream and spread its energy over a larger portion of the
surface of the collector electrode. To this end, the
individual halves of the cylinder 268 may be of mag-
netically different materials. For example, the upper half
may be copper and the bottom half iron. In similar
manner, the pole piece 23¢ may also be constructed to
provide an angular asymmetry in the focusing field near
the coliector.

About the righthand end of the elongated envelope
198 is a supporting collar 240 which has an inner diam-
eter approximately equal to the outer diameter of the
envelope 198, and has an outer diameter equal to the
inner diameter of the outer cylinder 216. The collar
246 is secured to the outer cylinder 216 and to the inner
cylinder 286 which it physically terminates.

In a particular example of the invention designed to
operate at X-band and constructed generally in accord-
ance with the structure depicted in FIG. 14, as discussed
above, and FIG. 15, discussed below, the height, a, of
the rectangular waveguide was made .090 inch and the
height, b, of the semiannular waveguide was 095 inch.
The clearance, ¢, was .009 inch, The voltage standing
wave ratio in the waveguide was approximately 1.05 and
the gain of the tube was approximately 30 decibels over
an appreciable fraction of the X-band frequency range.
The noise figure was less than four decibels and the mag-
net weight was approximately one-third of that which is
otherwise required to achieve like results.

Referring to FIG. 15, some of the details of the transi-
tion from rectangular to semiannular waveguide at the
lefthand end of the tube 194 of FIG. 14 are represented
from a cross-sectional view for additional clarity. The
semiannular waveguides 22¢ and 222 are shown end-on
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and in part by dotted lines due to the opaqueness of the
pole piece 230. The longitudinal conductive dividing
vanes 218 are shown lying in the axial diametrical plane
indicated at 88. The reduced height ends of the wave-
guides 228 and 229 are shown in place, inserted into the
rectangular recesses 234 and 232 in the pole piece 230,
The height of the semiannular waveguides is indicated by
“b” and is defined as the differential between the inner
radius of the outer cylinder 256 and the outer radius of
the cylinder 206. The reduced height of the rectangular
waveguide is again indicated by “a.” “¢” again desig-
nates the slight minimum vertical clearance between the
plane of the lower surface of the upper portion of the
waveguide 228 and the upper surface of the inner cyl-
inder 206. The letter “c” in the lower half of FIG. 15
indicates the geometrically similar quantity regarding
the waveguides 222 and 229.

There have thus been described a number of embodi-
ments of semiannular waveguide structure which are ca-
pable of providing two waveguide passages about an
inner cylindrical structure such as a traveling-wave tube
slow-wave structure and electron gun within a minimum
circumscribed circle about which an encompassing focus-
ing magnet may be placed. Such a configuration pro-
vides a given required focusing effect from a minimum
weight or power of focusing magnet. The overall pack-
age may thus be lighter in weight considering both the
magnet and its power supply, if electrical, by a factor of
2 to 4. Thus, the arrangement makes practical the use
of traveling-wave tubes in airborne, otherwise mobile, or
miniaturized equipment where the size and weight re-
quired for focusing magnets and/or focusing magnet
power supplies would heretofore have rendered such
traveling-wave tubes impractical.

What is claimed is:

1. A traveling-wave tube including: a waveguide sys-
tem for propagating microwave energy in a predetermined
frequency range in both directions along the axis of and
exterior to an elongated circular cylindrical volume hav-
ing a predetermined radius, said waveguide system in-
cluding a pair of substantially semiannular waveguides
comprising an inner conductive circular cylinder having
substantially said predetermined radius, an outer con-
ductive substantially circular cylinder disposed coazxially
with said inner cylinder and at least two longitudinally
disposed conductive planar vane members conductively
secured between said cylinders dividing the anmular space
therebetween into said semiannular waveguides, the radius
of said outer cylinder being of a magnitude to provide
said waveguide system about said elongated cylindrical
volume within a circumscribed cylinder of minimum
radius, and transition means from one of said semiannular
waveguides to a rectangular waveguide comprising a recs
tangular waveguide impedance step transformer varying
in waveguide height from the conventional dimension of

approximately half the width of the waveguide to a sub-.

stantially lesser height approximately equal to the an-
nular differential radivs of said semjannular waveguides,
said impedance transformer being disposed at the end
of said one of said semiannular waveguides with its lon-
gitudinal dimension parallel to the axis of said semian-
nular waveguides and with the lower height end thereof
being partially in register with said one of said semi-
annular waveguides; and a cylindrical focusing magnet
system having an inner diameter substantially equal to
that of said outer conductive cylinder and being disposed
adjacently thereabout. .

2. A traveling-wave tube including: a waveguide sys-
tem for propagating microwave energy between a rec-
tangular waveguide and a slow-wave structure within
a minimum circular cylindrica] volume comprising an
inner cylindrical conductive tube disposed  about and
coaxially with said slow-wave structure; an outer cylin-
drical conductive tube disposed coaxially about said
inner cylindrical tube, two coplanar conductive vanes
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lying in an axial diametrical plané conductively joining
said inner and outer cylinders and dividing the annular
space therebetween into a pair of semiannular wave-
guides; a length of rectangular waveguide whose broad
walls lie respectively in first and second planes parallel
to said diametrical plane and abutting one of said semi-
annular waveguides in partial optical register and in
electromagnetic communication therewith, said first plane
lying apart from said diametrical plane by a distance less
than the radius of said inner cylinder, said second plane
lying apart from said diametrical plane by a distance
intermediate the radii of said inner and outer cylinders;
and a cylindrical focusing magnet system having an inner
diameter substantially equal to that of said outer con-
ductive tube and being disposed adjacently thereabout.

3. A traveling-wave tube including: a waveguide sys-
tem: for propagating microwave energy between a rec-
tangular waveguide and a slow-wave structure within
a minimum circular cylindrical volume comprising an
inner cylindrical conductive tube disposed about and
coaxially with said slow-wave structure, an outer cylin-
drical conductive tube disposed coaxially about said
inner cylindrical tube, two coplanar conductive vanes
lying in an axial diametrical plane conductively joining
said inner and outer cylinders and dividing the annular
space therebetween into a pair of semiannular wave-
guides; a length of rectangular waveguide whose broad
walls lie respectively in first and second planes parallel
to said diametrical plane and abutting one of said semi-
annular waveguides in partial optical register and in
electromagnetic communication therewith, said first plane
lying apart from said diametrical plane by a distance less
than the radius of said inner cylinder, said second plane
lying apart from said diametrical plane by a distance
intermediate the radii of said inner and outer cylinders,
the height of said semiannular waveguides being equal to
the differential radius of the anmulus and being substan-
tially equal to the height of said rectangular waveguide,
the width of said rectangular waveguide being of the
order of the outer diameter of said annulus; and a
cylindrical focusing magnet system having an inner di-
ameter substantially equal to the outer diameter of said
annulus and being disposed adjacently thereabout.

4. A f{raveling-wave tube comprising: an electron gun
for projecting an electron stream along the axis of said
tube; a slow-wave structure system for propagating micro-
wave energy in electromagnetic interaction relationship
with said stream; a first elongated conductive cylinder
coaxial with said tube and disposed closely about said
slow-wave structure system; a second coaxial conductive
cylinder disposed externally to said frst cylinder pro-
viding an annular cylindrical space therebetween; a pair
of conductive planar vanes lying in a diametrical plane
and disposed along and dividing said annular space into
a pair of semiannular waveguides, each of said semi-
annular wavegiides being coupled through apertures in
said inner conductive cylinder to said slow-wave struc-
ture system; a focusing magnet system disposed . closely
about said outer cylindrical conductor along at least a
portion of the length thereof for focusing said electroni
stream.

5. A traveling-wave tube amplifier systemn which may
readily be inseried into and withdrawn from an annular
focusing magnet of relatively small radial dimensions and
small weight comprising: an electron gun for projecting
an elongated electron stream in a given direction along
a predetermined path; a helical slow-wave structure sys-
tem disposed about said electron siream in electromag-
netic energy exchange relationship therewith; a pair of
semiannular waveguides disposed about said helical sys-
tern and adapted to fit inside said focusing magnet, said
semiannular waveguides surrounding said helical system
thereby supporting said helical system in coaxial align-
ment with said magnet when inserted therein; waveguide
transition means axiaily displaced from said magnet when
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said waveguides are inserted therein for matching said
semiannular waveguides to rectangular waveguides ex-
ternal to said magnet, said helical slow-wave structure
system having along its length at a predetermined axial
point at least one signal coupling means, one of said
semiannular waveguides being apertured through its inner
wall at said axial point to provide coupling between the
particular semiannular waveguide and said helical sys-
tem, and means in the apertured semiannular waveguide
for shorting said waveguide in one direction from said
predetermined axial point.

6. A low noise backward-wave amplifier traveling-
wave tube system comprising: an elongated glass envelope
in a major portion of the lengih thereof being of a first
predetermined radius and one end of said envelope being
somewhat enlarged for encompassing and supporting a
low noise electron gun for projecting a hollow stream of
electrons along the common axis of said elongated en-
velope; said enlarged end portion having a second pre-
determined radius; a pair of helices disposed along said
major portion of the length of said envelope and sup-
ported thereby coaxially about said stream, the ends of
said helices toward each other being terminated by a
coupling lead and a matching ferrule, said matching
leads being respectively at a first and a second axial
position along the length of said envelope; a first con-
ductive nonmagnetic cylinder disposed over substantially
all of said major portion of the length of said envelope;
a second nonmagnetic conductive cylinder having an in-
ner radius substantially equal to said second predeter-
mined radius extending over substantially the entire
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length of said envelope and coaxially abeut said first
conductive cylinder; a pair of nonmagnetic conductive
vanes disposed in the annular space between said first and
second conductive cylinders lying coplanarly in an axial
diametrical plane of said tube for dividing said annular
space into a pair of substantially isolated semiannular
waveguides, each of said semiannular waveguides, includ-
ing a pair of arcuate coupling slots, one of said arcuate
slots being at said ficst predetermined axial position for
coupling one of said semiannular waveguides to ome of
said helices, the other of said arcuate slots being at said
second predetermined axial position for coupling the
other of said helices to the other semiannular waveguide;
an apnular focusing magnet having an inner radivs sub-
stantially equal to. the outer radius of said second con-
ductive cylinder and extending thersover for substan-
tially the entire length of said envelope, said semiannular
waveguides extending at least to the end of said focusing
magnet at the end thereof opposite. 1o said electron gun;
and transition means for matching each of said semian-
nular waveguides to rectangular waveguides externally
to said magnet, said semiannular waveguides being shorted
and blocked at axial points adjacent to said arcuate slots
in each guide toward the electron gun end of said tube,
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