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'- Satmaei Sensiper, Los Angeles, Calif.,, assignor to Hﬂlﬂhﬁis -
- Aircraft C@Eﬂpﬂﬂ}’, Culver City, Cahf., a t:mptamtmn of

Deﬂa'vare |
Filed May 23, 1962 Ser. No. l% 0358 _a
- i8 Chﬂim:h (CH 315——3 5) -

This mventlon relates generally to microwave devxtes
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Patemed Am' 2'? 1965'

- prowd-., a ceupled cavtty travehnn'-wave tube in Whlch

any

the upper cutoff frequemy of the fr....quency passband of | |

" “the tube is substantially eliminated.

‘In accordance with the objectlve stated abt}ve the"':"'
tmvelmg -wave tube of the present invention mcludes .
means for launching a stream of electrons along a pre-

" determined path of fixed length and a coupled-cavﬂy slow-

10

and more particularly relates to traveling-wave tubes hav- .

eans for substantially eliminating oscillations in the -

vicinity of a predetermined frequency, such as tht, upp,_..r. ~

cutoff frequency of the tube passbaﬂd |
In traveling-wave tubes a stream of electrons is causud

 to interact with a propagating electromagnetic wave in a

manner which amplifies the electromagnetic energy. In

order to achieve such interaction, the. electromagnetic

wave is propagated along a slow-wave structure, such as
a conductive helix wound about the path of the electron

stream or a folded waveguide type of structure in which.

a waveguide is effectively wound back and forth across
the path of the electrons. The stow-wave structure pro-
vides a path of propagation for the electromagnetic wave
which is considerably longer than the axial length of the

structure, and hence, the traveling-wave may be made to
effectively propagate at nearly the velocily of the elec-

tron stream. The interactions betwsen the electrons in
the stream and the traveling-wave cause velocity modula-
rons in the stream. The net ¢
result may then be a transfer of energy from the elec-

tions and bunching of elec

‘tron beam to the wave tra.velmg a.lmg the slew-‘wave Struc-
ture. | |

- The present invention is pri arﬂy_ 'concerned wlth
traveling-wave tubes utilizing slow-wave structures of the
- folded waveguide type, which structures are also known
as the coupled cavity, or interconnected celi type.

or cavities, are disposed adjacent to each other
tially along the axis of the tube.

in this
type of slow-wave structure a series of interaction cells,
sequen-

"The electron siream
passes thmwh each interaction cell, and electromagnetic.
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20

29

wave structure disposed alonﬂ and about the electmn.-
stream path for propagafing anp electtemagnuttc wave in’

such manner as to provide energy exchange between the
 electron stream and the electromagnetlc wave.
‘field modifying means, preferably in the form of an elec-
_--trtcally conductive ring concentrically disposed about the
clectron stream in a plaﬂe perpendicular to the electron_' o
stream path, is prswded in the interaction gap of each
slow-wave structure cavity. The electric field modify-
~ing means is made resonant at a pteaelected

Eiectric -

requency,
preferably the upper cutoff freguency of the tube pass-
band. This reduces the electric field along the electron

stream path in the interaction gap at the preselected fre-
- guency, which in turn reduces the interaction impedance -

at that frequency, thereby substantlally eliminating any
tendency for the tube to oscﬂlate in the V1c1n1ty of the'_—'
preselected frequency.

The exact nature of the mvemmn as Well ‘as. other] :

ob]ects and 'tdvantagea thereof will be readﬂy ayparent'

~ from consideration of the following’ si,ec:tﬁcatlo*'l describ-

ing preferred embodiments of the invention as ﬂlustrate;d =

1n the accompanying drawmgs in waich: e
FIG. 1 is a schematic view, primarily in langttudmal' o

~ section, of a traveling-wave tube constructed in accord- -
- ance WItn the present invention; | =

Wi\
ot

coupling is provided between each cell and the electron |

stream. Each interaction cell is also coupled to an ad-

jacent cell by means of a coupling hole at the end wall
Generally, the cgup}mg holes between
adjacent cells are alternately disposed on oppoaifﬁ sides

arrange-

- cdefining the cell.

of the axis of the tube, although wvarious other a
ments for staggering t,ae coupling holes are possible and
have been employed. When the coupli
arranged, a folded waveguide type of ensrgy propagation
results, with the
length of the tube by entering each interaction cell from

- one side, crossing the electron- stream, and then 1ewmg'

the cell from the other side, thus t a,trehnﬂ a qmuoas, or
serpentine, extended path.

- One of the problems enc_ountetad' in ttaveltng-wave.

tubes of the coupled cavity variety, and especially high

g aoles are so

80
FIG. 1 there is shown a traveling-wave tube 10'in which
a coupled cavity slow-wave structure 12 is utilized for.
DI opagatms microwave €nergy in a surpentme path about
an electron beam traveling along the longitudinal axis

of the tube 18. The slow-wave structure 12 comprises
~a series of

traveling-wave energy traversing. the

55

power tubes of this type, is a tendency for the tube to

oscillate at frequencies near the upper cutoff freguency

of the tube passband. This problem arises from the fact

- a range of
are also close to synchronism near the upper cuto i

fre- ¥
quency. Since the interaction tmpﬂdance is high and the

_ZChCﬂlt'tU"[fnﬂsmASbmﬂ line match is poor at and in the cavities 28 are. interconnected by means of an off-center

G0
that for wideband opemtlm the phase velocity. of the -
'-“Iow-wava circuit wave and the velocity of the eleciron
beam should be essentially synchronized over as large
frequencies as possible; hence, these velocities

65

vicinity of the upper cutoff frequency, the loop gain for

~ the tube, or even for a section of the tube, may be suf—_.' 70

ficiently large for oscillations to start. | o
It is, therefore, an Ub]uCt of the presnnt mvemtm te'

40

45

“FIG. 2 is a cress—secttonal view taLen alanﬂ* hne 2—-—-—- |
of FIG. I; S | "

1G. 3 is a cross-sectional view, sunllar to FTG 2, Jlus— :

": '_trattng an alternate embod1ment of .the preseﬂt .111ve11—-"":
ticn; | |

FIG 4is ::1 longltudmal SF‘CHGI}&I wew taken along hnef -

4 AOLPI . 3;

- FIGS. 5, 6 and 7 respectwely, are. 10ng1tudma1 views, "

similar to FIG. 4, ﬂluqttatng further embodlments of thp -
present inventicon; -

" FIG. 8 is a cross-sectional view, SIII‘HIEII‘ to FIG. 2, 111113—'_

traling a sttll further embadlment of the pr sent IIIVGH-
ton and . -
_t'TGS 9(53) (b) are ﬂtaphs of HIt@I'aCtlD’l 1mpedance X

as a function of frequency which are used 111 e}{plammg |
the th eory of the present mmvention.

eferring with more par thUlaI‘lﬁY to the draw:tngs mn -

circular vane members, or plates, 14
which are disposed perpendicular to ths longitudinal axis

- of the tube 18 and are mounted in a cylindrical wave-
guide 16 which serves as an envelope for the slow-wave
The vane members 14, as well as the en-
velope 1§, are composed of a ‘nonmagnetic electrically

structure 12.

conductive material, such as copper or brass. The vanes |

14 are dlsposed at spaced points along the envelope 16
to provide a series of interaction cells, or cavities, 28,
Each cavity 20 is defined by the walls of the two adjacent

vanes 14 and that portion of the inner surface of the wave-
- guide 1% located between these two vanes.

Ad]acent

coupling hole 18 pmwded through the mtermedlate vane

14 to permit the transfer of microwave energy from cell ~ ;

to cell along the slow-wave structure 12. Asis illustrated,
the cowhng heles 13 IH"IY be. substantially Mdney-shaped

y tendency for the tube to oscillate in the vicinity of



oy

" and may be alternately disposed 180° apart with respect |
to the longitudinal axis of the tube, although the coupling -

3,181,024

holes 18 may be of other shapes and may be staggered :

in other -arrangements well known in the art.

~ Each vane 14 defines a drift tube, or ferrule, 22 in its
central region. The drift tube 22 is in the form of a
cylindrical extension, or lip; protruding axially along the
path of the electron stream from both surfaces of the vane

“

optimum results. The mountmg po'ints 66 end 68 act as'

nodes for the ring 69 when energlzed at 1ts resonant fre- |
- quency. | -

The theory of operation of the :resonant rmg structure

- will now be explained with reference to FIG. 9. In this

figure there are illustrated graphs of the interaction-im-
pedance Z in a gap 26 and on the tube axis plotted as

- a function of the frequency of the interacting microwaves.

14, i.e., in both directions normal to the plane of the vane - -

14. The drift tubes 22 are provided with centrally and

10

axially aligned apertures 24 to provide a passage for the =

- flow ‘of the electron beam. Adjacent ones of the drift

~ tubes 22 are separated by an interaction gap 26 in which
‘energy exchange between the electron stream and micro-

 wave energy traversing the slow-wave structure occurs.
. At one end of the slow-wave structure 12 there is dis-

- posed a conventional electron gun 28 which may include
an electron emitting cathode 30 and filamentary heater

32, The emitted electrons are shaped and focused into

a beam by a focusing electrode 34 and are accelerated
A voltage
source 38 is tapped at appropriate potentlals as shown,
to provide operatmn voltages for the electrodes 36 34

- to a high Velocuy by accelerating anode 38.

and 36.
A collector electrode 49 1s dlsposed at the oppo51te end

of the slow-wave structure 12 to intercept the stream of

20

electrons and dissipate their kinetic energy. A source of

~ potential 42 is connected to the collector. 49 to bias the
collector 40 positive to prevent secondarily emitted elec-
trons from ‘the slow-wave structure 12 from returning fo

~ interference.

30
- the mteraetlon region, _thereby reducmg nolse and other

An input Wavegulde 44 18 eonnected to the mput end of 3

the slow-wave structure 12 which, although illustrated as

~ the electron gun end in FIG. 1, may alternately be the col-

lector end if a backward wave dewee is desired. The wave-

guide 44 is connected to external circuitry (not shown)

The curve 190 .in FIG. 9(a) shows the. interaction im-

pedance for a coupled-cavity traveling-wave tube of the -
type shown. in FIG. 1 but without the inclusion . of the -

resonant rings 69, It will be observed that the interaction

impedance is a maximum (theoretically approaching in-

finity) at both. the upper and lower cuto
wy and oy, respectively.
According to the aecopted definition the mteraetlon

frequencies

impedance is given by the relation Z=F,,2/28.2Wv,,

where E,, is the axial electric field of the nth space
harmonic in the interaction gan, 8, is the propagation
constant of the nth space harmonic of the traveling

microwave, W is the stored energy per unit length, and

Vg is the group velocity of -the microwave. Normally at
the upper cutoff frequency w, the group velocity v, be-
comes zero, and hence the interaction impedance theo-

retically approaches infinity, as- iilustrated in FIG. 9(a).
- However, with the inclusion of the resonant ring struc-

ture, the axial eleciric field across the -gap. 26 at the

‘resonant frequency ¢, is drawn outwardly to the ring

69, thus reducing to essentially zero the electric field in
the center of the gap, i.e., at the location of the electron

“beam. . Since the interaction impedance varies directly as

the square of the electric field E and inversely as the

- group velocity v, the interaction impedance goes to zero

- when the electric field goes to zero, even though the

by a coupling flange 46, which may include a microwave

window to enable a pressure differential to exist between

- the exterior and the evacuated-interior of the traveling-
‘wave tube 10.  Similarly, an output waveguide 48 is con-
nected to the opposite end of the slow-wave structure 12.

40

A coupling flange 50, which may be similar to the flange

' 46 described above, is provided at the end of the wave-

guide 48 for coupling to external circuitry (not shown)
A solenoid 54, energized by a source of potential 52, is

disposed concentrically about and substantially coex-.
tensive with the low wave structure 12 for providing a.

group velocity also approaches zero. THhus, as is illus-
trated by the curve 102 1 FIG. 9()), the resonant
rings cause the interaction impedance Z to be minimum .

(theoretically approach zero). at the upper cutoff fre-

quency wy. By reducing the interaction impedance in
the vicinity of the upper cutoff. frequency, while main-
taining it essentially at its normal value throughout sub-
stantially the remainder of the tube passband, any
tendency for the tube to oscillate at ‘the upper, cutoff

- Irequency is substantially -eliminated.

In order to extend the frequency range of mﬂuence of
the resonant rings, a ‘coating of lossy material, for ex-

. ample kanthal, may be applied to either the rings 69, the
- supporting webs €2 and €4, or both, in order to reduce

longitudinal focusing magnetic field which constrains the -

~ electron beam to flow along an axial path toward the eol—
~lector electrode 40. -

50 ¢

In order to minimize any te ndeney for the tube to oseﬂ- |

late in the vicinity of the upper cutoff frequency, electric
field modifying means is provided. in each interaction
gap 26 to reduce ‘the - interaction impedance in the gap

~for the traveling wave and the electron beam at the upper

cutoff frequency of the tube, while leaving the interaction

the Q of the resonance and thereby broaden the range
of frequencies affected. | |
A modified form of the resonant ring structure of the_ |

| present invention is illustrated in FIGS. 3 and 4. In this

- embodiment the resonant ring 69 is supported by a palr

55

of electrically conductive rods 72 and 74 projecting in-

‘wardly from the envelope 16. Coupling probes 76 and

78, disposed parallel to the longitudinal axis of the tube,

~ are provided at the inner ends of the rods 72 and 74, re-

| 1mpedanee substantially unaffected for the remaining fre-

- quencies in the tube passband For this purpose, an elec-.

- trically cotnductwe ring 690 .is eoncentncally mounted in

electron beam path. The rings 60 are made resonant at

60
each interaction gap 26 in a plane perpéndicular to:the

a predetermined frequency, preferably the upper cutoff
frequency of the tube. passband, by making the cir-

cumference of each ring 60 equal to one wavelength cor-

responding to the desired resonant frequency. For typical

65

traveling-wave tube frequencies this results in the rings

~ 60 having a circumference shghtly greater than that of

_the drift tubes 22.

- Asisshown in FIG. 2; each ring: 60 is supoorted at dta--"“
metrically opposite points §6 and 68 by a pair of elec-

70
- The rods &4 perform the dual functlon of supporting the

- trically conductive webs 62 and 64, which webs are con- N
" nected to and project inwardly from the envelope 16. The -

~ support webs 62 and-64 are substantially sector-shaped,
75

| Wl_th the_ sector angle_ being- _setected experimentally for

the

spectively, adjacent the ring 69. -As illustrated in FIG. 4,
coupling probes-"?’o:-and 78 extend in .opposite__ direc-
tions along the axis of the tube from the piane. contammg
the ring 63. The eouplmg probes ensure maximum cur-

rent flow on the ring at resonance. in order to achieve
-maximum .excitation of the rmg at wy.

In the embodiment shown in FIG. 5, the resonant
ring &0 1s mounted on a pair of longitudinally extending
rods 82 and 84. The rods 82 and 84 are disposed paral-
lel to the tube axis and extend from opposite faces of
the ring 60 to the vane members 14 defining the cavity
29 in which the ring 69 is located, the rods 82 and 84
being located on opposite sides of the axis of the tube.

resonant lmg 68 and also serving as couplmg probes to
ensure ma :omum ewltanoo_ of the ru*g at 1ts resopant“l

frequency.

Although the mtroduetton of the resonant Ting strue-



~ the gap 26 by an annular disk
which extends from the jnner circumference of the en-

3.181,024

ture advantageously serves to reduce the interaction ime
pedance at the upper cufoil frequency, there may also

be a slight narrowing of the passband of the fundamental

mode due to a lowering of the upper cutoff frequency.

' Cne way to maintain the upper cutoff frequency oy of
the tube at the desired value 1s to make the rescnant fre-

guency o, of the ring 68 occur at a value shghtly higher
than Wy |

Altemate Yy, additional capacltance may be added to
the slow-wave circuit by the structure of FIG. 6. For
this purpose annular rllges 85 are provided on the vanes

14, which ridges project into the cavities 20 at points

-~ radially outwardiy of the ring suppert rods 82 and 84.

Another way of introducing the additional capacitance -

necessary to maintain the desired upper cutoff frequency

of the tube passband is illustrated in FIG. 7. In this =

trically conductive means disposed in at least one 'of said
cavities in proximity to said stream and resonant at a
preselected frequency within substantially said predeter-
mined frequency range for reducing the electric' field

along said path in said one cavity of eleciromagnetic '

. wave energy within a small partwn of said predetermmed

{frequency range encompassing said preselected

10

15

embodiment diift tubes 22 are construcied with first tubu-~ -
lar steps 87 of increased oufer circumference and sec-

d tubular steps 89 of the same inner circumference but
a ﬂmaﬂef outer circumference than the steps 87 project-

20

ing beyond the steps €7 info the gaps 26. 1he rods 82

and 84 which support the resonant ring 69 are cmmer"ted
to the inner steps 87 of the drift tubes 22. |

A further embodiment of the present inve ntmn is ilius-

trated in FIG. 8. The resonant ring 69 is supported in
80 of dielectric material

velone 16 to the cuter circumference of ring &8,
1t should be understood, of course, that the forenomﬂ

| dlsc"czhrﬁ relates cnly {o preferred embodiments of the

invention, and that numercus meodifications or altera-
tions may be made therein without departing from the
spirit and scope of the mv ention as set forth 111 tha ap-
pended claims. | |
i claim:

1. A traveling-wave tube comprising: means for pro-

- viding a stream of electrons along a predetermined path,

slow-wave struciure 111eans disposed along and about said
path for p*‘opagatinﬂ
in a predetermined Trequency range in such manner as to
provide energy exchange be

£ 0
e

lectromagnetic wave energy with-

said electron stream

25 S

30

said path for propagating electromag;

without substantially affecting the electric field of elec-
fromagnetic wave energy w...thm the remamder of said
predetermined frequency range. B I
-4, A traveling-wave tube comprising: means for pro-- -
viding a stream of electrons along a predetermined path, -
slow-wave structure means defining a plurality of inter-
coupled cavities disposed sequentially along and about o
etic wave energy
within a preﬂetermmed frequency range in such manner -

“as to provide energy -exchange between said electron

stream and said electromagnetic wave energy, and an
element of electrically conductive. material mounted in -
at 1cast one of said cavities ad]acent said predetermined -
path, said element being resonant at a preselected fre-

- quency Wlthlﬂ substantiali iy p‘f‘edetermmed freqHEHCY-

range. -
5. A trawi:ng-wave tube ac ordmg to claim 4 wherem -
said element is coated with a lassy material. o
6. A traveling-wave tube comprising: means: for pro-
viding a stream of electrons along a predetermined path,.
siow-wave structure means defining a plurality of inter-
coupled cavities disposed sequentially along and about
said patq for propagating electromagnetic- wave energy
within a predetermined frequency range in such manner
as to provide energy exchange between said electiron -
stream and said electromagnetic wave energy, and an
electricaily conductive ring mounted in at least one of

- said cavities and- being concentrically disposed about said =

electron stream in a plane perpendicular to said predeter-
mined path, said ring being resonant at a preselected

B frequuncy within. substantlally sa1d pfedetermlned 'fre-- :.

40

and said electromagnetic wave energy in energy exchange
- regions along said path, and rescnant electrically con-

‘ductive means disposed in proximity to said stream and
adjacent at least one of saxd energy -exchange regions ior
-modifying the electric field in said one region of electro-

“magnetic wave energy within a small portion of said pre-

determined frequency range without substantially affect-
ing the eleciric field of electromagnetic wave energy
within the rﬁmamder of said predefermmed frecrﬂency
range. | - -

2. A travelmﬂ—wc,fe tibe cemprlsmg means for Bro-
viding a stream of electrons along a predetermined path,

slow-wave structure means disposed along and about said

path for propagating electfomagnetm wave energy within

45
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a predetermined frequency range in such manner as to

provide

tive means disposed in pm}ﬂrﬁiiy of said stream and ad-
jacent at least one of said enmergy exchange rgeions for

reducing the interaction impedance of said electron stream
within a small portion
of sald predetermined frequency range without substan- -

with electromagnetic wave energ

e

tially affecting the interacticn impedance of said eiectron
stream with electromagnetic wave energy Wlthm the re-
mainder of said predetermined Irequency range. o
3. A traveiing-wave tube comprising: means fﬁr'p*‘
viding a stream of electrons along a predetermined pash
slow-wave structure means defining a plurality of inter-
counled cavities disposed sequentially along and about

as to provide energy exchange between said electron
siream and smd electromagnatlc wave uﬁﬂrgy, and - elec-

energy exchange between said electron stream:
and said eleciromagnetic wave energy in energy exchange .
regions along said path, and rescnant electrically conduc-

60
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- coupled cavities ‘disposed- sequentially along and about

quency range.- | |

7. A traveling-wave tube compn ing: means for pm-" -
viding a stream of electrons along a predetermined path,
slow-wave structure means defining a plurality of inter- -

coupled cavities disposed sequentially along and about--_'
- said path for propagaﬁnn elﬂctro'nagnetlc wave energy

wiikin a predetermined frequency range in such manner

- as to provide emergy excaange between said electron

stream and said electromagnetic wave energy, and an--_ '_
element of elecirically conductive material mounted in

selected ones of said cavities adjacent said predetermmed o

path, each said element being resonant at a frequency in

the vicinity of the upper cutoif frequency Df sa1d prede- N

termined freguency range.
8. A traveling-wave tube csmmlsmg

slow-wave structure means defining a plurality of infer--

said path for propagating electromagnetic wave energy

‘within a predetermined frequency range in such mannmer -

as to provide energy exchange between said electmn,;'-.
stream and sald electromagnetic wave energy, a pair

of electrically conductive support clements affixed to said .
~ slow-wave structure means and projecting therefrom into
‘at least one of said cavities on opposite sides of said
- electron

~mounted on the ends of said support elements remote |

stream, and an electrically conductive ting

from said slow-wave structure means, said ring bemgﬁ |

~ concentrically disposed about said electron stream in a

70

said path for propagating electromagnetw wave energy
within a predetermined frequency range in such manner

‘plane perpendicular to said predetermined path and hav-
ing a circumference equal to a FLESEIECtﬂd WaveLng’th'_ |

corresponding - to a frequency. within substantlaﬂy sa1d
pradﬂtermmed frequency range. '

9. A traveling-wave tube accordmg {o clalm Wﬂerein .

said Quﬂpﬂrt elements are coated with a lossy material. "-'

 10. A traveling-wave tube: camprﬁmg an. eﬁve?o_ﬂ-

means 'dlspased aéﬁcbm 0*1-... e*&d m sald ex:wulepu for' |

Tequency

neans for pro- -
viding a stream of clectreons along a predetermined path, .



- envelope and projecting lnwardly therefro

launching a stream of elecirons along a _
path within said envelope, means disposed within said

envelops and cooperating therewith to define a plurality
of intercoupled cavities d1spesed sequentially along and
about said path for propagating eleetmmagnetlc wave-
energy within a predetermined frequency range in such

~manner as to provide energy exchange between said elec-
tron stream-and said electromagnetic wave energy, a pair
of electrically conductive support elements affixed to said
1 0 oppesne
sides of said electron stream in at least one of said cavities,
and an electrically conductive ring mounted on the inner

- ‘ends of said support elements, said ring being concentrical- -

- ly disposed about said eleetmn stream 1 a plane perpen-
dicular to said predetermmed path and having a clrcum-

ference equal to a preselected wave-length coerresponding
to a frequency within substantmlly said predeterxmned fre-

quency range.
11. A traveling-wave tube accerdmﬂ to claim 10 where-

 in said support elements are ‘substantially r~"esc:ti:yr-s};mped.

webs of a predetermined sector angle.

predetermined

5,181,024
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an electrically conductive envelope disposed about and

axially alisned with said path, a pluralitv of electrically

10

conductive plates mounted perpendicular to said path at
spaced points along said envelope to define therewith a
plurality of cavities, said plates defining aligned apertures
in their central regions to provide a passage for said elec-
tron stream and further defining coupling apertures in -
regions radially outwardly of said central regions for in-
terconnecting adjacent cavities whereby a propagation

‘path is provided for electromagnetic wave energy within

a predetermined frequency range in a manner to provide

~energy exchange between said electron stream and said

| eleetromagneuc wave energy, each of said plates deﬁnmﬂr |

15

20

12. A traveling-wave tube aecerdmr‘ to claim 10 where- _'

in said support elements are parallel rods d13pesed per-

pendicular to said predetermined path.
13. A traveling-wave tube according to claim 10 where-

25

in conductive probes are disposed parallel to said elec-

tron stream path at said mner ends of said support ele-

ments. | -
14. A travehnﬂ-wave tube eompmsmﬂ an_-- envelope,
means disposed adjacent one end of said envelope for

launching a stream of electrons along a predetermined

path within said envelope, means disposed within said
envelope and cooperating therewith to define a plurality

of intercoupled cavities disposed sequentially along .and

about said path for propagating eleetremagnetie wave

a .tubular portion adjacent its central aperture which

‘projects beyond the remainder of said plate on at least one

side thereof in a direction along said electron stream path
whereby an interaction region is provided in the cavity
into which said tubular portion projects of an axial length
less than the axial length of said cavity, and a ring of elec-
trically conductive material concentrically mounted about
said electron stream in said interaction region and in a
plane perpendicular to said electron stream path, the cir-

-cumierence of said ring being equal {o a preselected wave-
lengih corresponding to a frequency within substantially

said predetermined frequency range and being slightly

‘greater than the circumierence of said tubular portion.

17. A travehng-—wave tube comprising: means for pro-

-'_vldmg a stream of electrons along a predetermined path,

30

30

energy within a predetermined frequency range in such

manner as to provide energy exchange between said elec-
a di-

tron stream and said electromagnetic. wave energy,
~ electric plate defining a central circular aperture affixed

- to said envelope and projecting inwardly therefrom- in at

40

~least one of said cavities, and an electrically conductive-

ring mounted in said aperture and bemg concentrically

disposed about said electron stream in a plane perpendic- -
ular to said predetermined path, said ring having a cir-

cumference equal to a preselected ‘wave-length corre-
sponding to a frequency within snestantlally sald pre-
determined frequency range. . |

- 15. A traveling-wave tube compnsmg means f_er pre-
viding a stream of electrons along a predetermined path,
~an electrically conductive envelope disposed about and

- axially aligned with said path, a plurality of electrically -

~ conductive plates mounted perpendmu‘ar to said path at
spaced points along said envelope to define therewith a

| plmality'm cavities, said plates defining aligned apertures
in their central regions to provide a passage for said elec- -
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an electrically conductive envelope disposed about and
axially aligned with said path, a plurality of electrically
conductive plates mounted perpendicular to said path at

‘spaced points along said envelope to define therewith a

pluraht‘y of cavities, said plates defining aligned ap...rtures

- in their central regions to provide a passage for said elec-
‘tron stream and further defining coupling apertures mn
- regions radially outwardly of said central regions for in-
terconnecting adjacent cavities whereby a propagation
- path 1s provided for electromagnetic wave energy within

a predetermined frequency range in a manner to provide
energy exchange between said electron stream and said
electromagnetic wave energy, each of said plates defining
a tubular portion -adjacent its central aperture which

projects beyond the remainder of said plate on at least

one side thereof in a direction aleng said electron stream

path whereby an interaction region is provided in the

cavity into which said tubular portion projects of an axial
length less than the axial length of said cavity, at least
a pair of eleetrleally conductive support elements respec-
tively affixed to a pair of adjacent plates at points radially
oufwardly of said tubular portmns thereof, said support

elements projecting from said pair of plates on opposite
“sides of said eleciron stream jnto the rwﬂy bounded by

- said pair of plates, each plate of said pair of plates fur-
- ther defining an annular ridge portion concenfrically dis-

tron stream and further defining coupling apertures m"_ :

regions radlally outwardly of said central regions for in-.
terconnecting adjacent -cavities whereby a propagation
path is provided for electremagnetie wave energy within

a predetermined frequency range in a manner to provide

_ 60
energy exchange between said electron stream and said =

electromagnetic wave energy, at least a pair ef eleetrleally

ixed to a

conductive support elements respectively -af

pair of adjacent plates and projecting therefrom on op-,f'--
posite sides of said electron ‘stream into  the cavity
- bounded by said pair of plates and an electrically con-

ductive ring mounted on the ends of said support. elements o
‘remote from said pair of plates, said ring bemt, concen-
trically disposed about said electron stream in a plane
 perpendicular to said electron stream-path and having a
- circumference equal to a preselected wavelength corre-
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sponding to a frequency thhm substantmlly said - Pre-_-

- determined frequency range.

- 16. A traveling-wave tube eﬁmerlsmg ‘means f01 pro-_

viding a stream of electrons along a predetermmed path,

;75

- posed about said tubular portion thereof and projecting

from said plate in the direction in which said support ele-

- ment affixed to said plate projects, and an electrically
‘conductive ring mounted on the ends of said support ele-

ments remote from said pair of plates, said ring being .

concentrically disposed abeut said electron stream in a
- 'plane perpendicular to said electron stream path and hav-

ing. a circumference equal to.a preselected wavelength

~ corresponding to a frequency Wlthm substanfiailly said -
-predetermmed frequeney range. |

18. A traveling-wave tube comprising: means for pm-..
viding a stream of electrons along a predetermined path,

. an electrically conductive envelope disposed about and
- axially aligned- with said path, a plurality of electrically
conductive plates mounted perpendicular to said path at

spaced points along said.envelope to define therewith a
plurality of cavities, said plates defining alzgned apertures
in their central regions to provide a passage for said elec-
tron stream and further defining coupling apertl..res n -

- regions radially outwardly of said central regions for

mtej.eenner*tmg adjacent cavi ities whereby a propagation
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1agnetic wave energy within

path is provided for electro

‘a predetermined frequency range in a manner to provide

energy exchange between said electron stream and said
electromagnetic wave energy, each of said plates de-
fining a first tubular portion adjacent its central aperture
which projects beyond the remainder of said plaie on at

3,181,024

least one side thereof in a direction along said electron

stream path and a second tubular portion of the same
inner circumference and smaller outer circumference than
said first tubular portion projecting beyond said first tu-
~ bular portion in said direction whereby an Interaction
region is provided in the cavity into which said first and
second tubular portions project of an axial length less
than the axial length of said cavity, at least a pair of elec-
trically conductive support elements respectively affixed
to the first tubular portions of the plates defining said
cavity, said support elements projecting from said first
tubular portions on opposite sides of said electron siream

into said cavity, and an electrically conductive ring

,mounted on the ends of said support clements remote
from said first tubular portions, said ring belng concen-
trically disposed about said electron stream in a plane

perpendicular to said electron stream path and having a

‘circumference equal to a preselected wavelength corre-

sponding to' a frequency within substantmlly sald pre- -

B determmed frequency range.
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Column 3, 1line 48,

column 5, 1line 60, for "of" read --
after 'substantially" insert

for "low wave'" read -- slow-wave ---

3
to --; column 6, line 22,
-~ Said --,

Signed and sealed this LZzth day of October 1965.

(SEAL)
Attest:

ERNEST W, SWIDER EDWARD J. BRENNER
At testing Officer

Commissioner of Patents
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