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3,181,024 United States Patent Office .,:; 1965 
3,18024 

TTRAVELENG-WAVE TITUBE WETTE GSCELLATION 
??V?N???? ???ANS 

Samuel Seasiper, Los Angeles, Calif., assigaOS to Highes 
Aircraft Coapany, Calver City, Calif., a corporation of 
Delavare 

EFÄRed Wilay 23, 1962, Ser. No. 19?,938 
É8{Cºaianas. (Cº. 315-3,5) 

This invention relates generally to microwave devices, 
and more particularly relates to traveling-wave tubes hav 
ing means for substantially eliminating oscillations in the 
vicinity of a predetermined frequency, Such as the upper 
cutoff frequency of the tube passband. 

In traveling-wave tubes a stream of electrons is caused 
to interact wita a propagating electromagnetic wave in a 
manner which amplifies the eiectromagnetic 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 eiectrons. The slow-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 velocity of the elec 
tron stream. The interactions between the electrons in 
the stream and the traveling-wave cause veiocity modula 
tions and bunching of electrons in the stream. The net & 
result may then be a transfer of energy from the elec 
tron beam to the wave traveling along the slow-wave struc 
ture. 
The present invention is primarily concerned with 

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. in this 
type of slow-wave structure a series of interaction celis, 
or cavities, are disposed adjacent to each other sequen 
tially along the axis of the tube. The electron stream 
passes through each interaction cell, and electromagnetic 
coupling is provided between each cell and the electron 
stream. Each interaction ceil is also coupled to an ad 
jacent cell by means of a coupling hole at the end wall 
defining the cell. Generally, the coupling holes between 
adjacent cells are alternately disposed on opposite sides 
of the axis of the tube, although various other arrange 
ments for staggering the coupling holes are possible and 
have been employed. When the coupling holes are so 
arranged, a folded waveguide type of energy propagation 
results, with the traveling-wave energy traversing the 
length of the tube by entering each interaction cell from 
one side, crossing the electron stream, and then leaving 
the cell from the other side, thus traveling a sinuous, cr 
serpentine, extended path. 
One of the problems encountered in traveling-wave 

tubes of the coupled cavity variety, and especially high 
power tubes of this type, is a tendency for the tube to 
oscillate at frequencies near the upper cutoff frequency 
of the tube passband. This problem arises from the fact 
that for wideband operation, the phase velocity of the 
slow-wave circuit wave and the velocity of the electron 
beam should be essentially synchronized over as large 
a range of frequencies as possible; hence, these velocities 
are also close to synchronism near the upper cutoff fre 
quency. Since the interaction impedance is high and the 
circuit-to-transmission line match is poor at and in the 
vicinity of the upper cutoff frequency, the loop gain for 
the tube, or even for a section of the tube, may be suf 
ficiently large for oscillations to start. 

It is, therefore, an object of the present invention to 
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2. - 

provide a coupled cavity traveling-wave tube in which 
any tendency for the tube to oscillate in the vicinity of 
the upper cutoff frequency of the frequency passband of 
the tube is substantially eliminated. - 

In accordance with the objective stated above, the 
traveling-wave tube of the present invention includes 
means for launching a stream of electrons along a pre 
determined path of fixed length and a coupled-cavity slow 
wave structure disposed along and about the electron 
stream path for propagating an electromagnetic Wave in 
such manner as to provide energy exchange between the 
electron stream and the electromagnetic wave. Electric 
field modifying means, preferably in the form of an elec 
trically conductive ring concentrically disposed about the 
electron stream in a plane perpendicular to the electron 
stream path, is provided in the interaction gap of each 
slow-wave structure cavity. The electric field modify 
ing means is made resonant at a preselected frequency, 
preferably the upper cutoff frequency of the tube pass 
band. This reduces the electric field along the electron 
stream path in the interaction gap at the preselected fre 
quency, which in turn reduces the interaction impedance - 
at that frequency, thereby substantially eliminating any 
tendency for the tube to oscillate in the vicinity of the 
preselected frequency. 
The exact nature of the invention as well as other 

objects and advantages thereof will be readily apparent 
from consideration of the following specification describ 
ing preferred embodiments of the invention as illustrated 
in the accompanying drawings in which: M - 

FIG. is a schematic view, primarily in longitudinal 
Section, of a traveling-wave tube constructed in accord 
ance with the present invention; … ???????? 

F.G. 2 is a cross-sectional view taken along line 2-2 
of F.G. 1; 

F.G. 3 is a cross-sectional view, similar to FIG. 2, illus 
trating an alternate embodiment of the present inven 
tion; 
FiG. 4 is a longitudinal sectional view taken along line 

4-4 of FIG. 3; 
FGS. 5, 6 and 7, respectively, are longitudinal views, 

similar to FIG. 4, illustrating further embodiments of the 
present invention; 
FIG. 8 is a cross-sectional view, similar to FG. 2, illus 

trating a still further embodiment of the present inven 
tion; and 

FIGS. 9(a)-(b) are graphs of interaction impedance 
as a function of frequency which are used in explaining 
the theory of the present invention. 

eferring with more particularity to the drawings, in 
FIG. 1 there is shown a traveling-wave tube 50 in which 
a coupled cavity slow-wave structure 2 is utilized for 
propagating microwave energy in a serpentine path about 
an electron beam traveling along the longitudinal axis 
of the tube it. The slow-wave structure 52 comprises 
a series of circular vane members, or plates, 14 
which are disposed perpendicular to the longitudinal axis 
of the tube it and are mounted in a cylindrical wave 
guide 6 which serves as an envelope for the slow-wave 
structure 2. The vane members E4, as well as the en velope 16, are composed of a nonmagnetic electrically 
conductive material, such as copper or brass. The vanes 
E4 are disposed at Spaced points along the envelope 26 
to provide a Series of interaction cells, or cavities, 20. 
Each cavity 26 is defined by the walls of the two adjacent 
Vanes 4 and that portion of the inner surface of the wave 
guide 6 located between these two vanes. Adjacent 
cavities 29 are interconnected by means of an off-center 
coupling hole 18 provided through the intermediate vane 
4 to permit the transfer of microwave energy from cell 

to cell along the slow-wave structure 2. As is illustrated, 
the coupling holes 18 may be substantially kidney-shaped 
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and may be alternately disposed 180 apart with respect 
to the longitudinal axis of the tube, although the coupling 
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 
14, i.e., in both directions normal to the plane of the vane 
14. The drift tubes 22 are provided with centrally and 
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 2 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 
to a high velocity by accelerating anode 35. A voltage 
source 38 is tapped at appropriate potentials, as shown, 
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to provide operating voltages for the electrodes 30, 34 
and 36. 
A collector electrode 40 is disposed at the opposite end 

of the slow-wave structure 12 to intercept the stream of 
electrons and dissipate their kinetic energy. A Source of 
potential 42 is connected to the collector. 40 to bias the 
collector 40 positive to prevent secondarily emitted elec 
trons from the slow-wave structure 12 from returning to 
the interaction region, thereby reducing noise and other 
interference. 
An input waveguide 44 is connected to the input end of 

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 device is desired. The Wave 
guide 44 is connected to external circuitry (not shown) 
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. 
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 
longitudinal focusing magnetic field which constrains the 
electron beam to flow along an axial path toward the col 
lector electrode 40. 
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4. 
optimum results. The mounting points 66 and 68 act as 
nodes for the ring 69 when energized at its resonant fre 
quency. 
The theory of operation of the resonant ring structure 

I 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. 
The curve 90 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 60. It will be observed that the interaction 
impedance is a maximum (theoretically approaching in 
finity) at both the upper and lower cutoff frequencies 
cu» and cov1, respectively. 

According to the accepted definition the interaction 
impedance is given by the relation Z=E/26W', 
where E is the axial electric field of the nth space 
harmonic in the interaction gap, gn is the propagation 
constant of the nth space harmonic of the traveling 
microwave, W is the stored energy per unit length, and 
v is the group velocity of the microwave. Normally at 
the upper cutoff frequency cu the group velocity v be 
comes zero, and hence the interaction impedance theo 
retically approaches infinity, as illustrated in FIG. 9(a). 
However, with the inclusion of the resonant ring struc 
ture, the axial electric field across the gap. 26 at the 
resonant frequency c 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 
group Velocity also approaches zero. Thus, as is illus 
trated by the curve 62 in FiG. 9(b), the resonant 
rings cause the interaction impedance Z to be minimum : 
(theoretically approach zero) at the upper cutoff fre 
quency au. 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 
frequency is substantially eliminated. 

In order to extend the frequency range of influence of 
the resonant rings, a coating of lossy material, for ex 
ample kanthal, may be applied to either the rings 60, the 
supporting webs 52 and 64, or both, in order to reduce 
the Q of the resonance and thereby broaden the range 

50 
In order to minimize any tendency for the tube to oscil 

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 
impedance substantially unaffected for the remaining fre 
quencies in the tube passband. For this purpose, an elec 
trically conductive ring 60 is concentrically mounted in 
each interaction gap 26 in a plane perpendicular to the 
electron beam path. The rings 60 are made resonant at 
a predetermined frequency, preferably the upper cutoff 
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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 
traveling-wave tube frequencies this results in the rings 
60 having a circumference slightly greater than that of 
the drift tubes 22. 
As is shown in FIG. 2, each ring 60 is Supported at dia 

metrically opposite points 66 and 68 by a pair of elec 
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trically conductive webs 62 and 64, which Webs are con 
nected to and project inwardly from the envelope 16. The 
support webs 62 and .64 are substantially sector-shaped, 
with the sector angle being selected experimentally for 75 

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 62 is supported by a pair 
of electrically conductive rods 72 and 74 projecting in 
wardly from the envelope 6. 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 
spectively, adjacent the ring 60. As illustrated in FIG. 4, 
the coupling probes. 76 and 78 extend in opposite direc 
tions along the axis of the tube from the plane containing 
the ring 60. The coupling probesiensure maximum cur 
rent flow on the ring at resonance in order to achieve 

- maximum excitation of the ring at dovu. 
In the embodiment shown in FIG. 5, the resonant 

ring 60 is mounted on a pair of longitudinally extending 
rods 82 and 34. 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 4 defining the cavity 
20 in which the ring 68 is located, the rods 32 and 84 
being located on opposite sides of the axis of the tube. 
The rods 84 perform the dual function of supporting the 
resonant ring 60 and also Serving as coupling probes to 
ensure maximum excitation of the ring at its resonant 
frequency. 

Although the introduction of the resonant ring struc 
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ture advantageously serves to reduce the interaction im 
pedance at the upper cutoff 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 is of 
the tube at the desired value is to make the resonant fre 
quency ce' of the ring 68 occur at a value slightly higher 
than awu. - 

Alternately, additional capacitance may be added to 
the slow-wave circuit by the structure of FIG. 6. For 
this purpose annular ridges 35 are provided cn the varies 
14, which ridges project into the cavities 20 at points 
radially outwardiy of the ring support 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 
embodiment drift tubes 22 are constructed with first tubu 
lar steps 87 of increased outer circumference and sec 
ond tubular steps 359 of the same inner circumference but 
a smaller outer circiimference than the steps 87 project 
ing beyond the steps 37 into the gaps 26. The rods 82 
and 34 which support the resonant ring 68 are connected 
to the inner steps 87 of the drift tubes 22. 
A further embodiment of the present invention is iiius 

trated in FIG. 8. The resonant ring 69 is supported in 
the gap 25 by an annular disk 90 of dielectric material 
which extends from the inner circumference of the en 
velope ió to the cuter circumference of ring 69. - 

it should be understood, of course, that the foregoing 
disclosure relates only to preferred embodiments of the 
invention, and that numerotis modifications or altera 
tions may be made therein without departing from the 
spirit and scope of the invention as set forth in the ap 
pended claims. 

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

viding a stream of electrons along a predetermined path, 
slow-wave structure means disposed along and about said 
path for propagating electromagnetic wave energy with 
in a predetermined frequency range in such manner as to 
provide energy exchange between said electron stream 
and said electromagnetic wave energy in energy exchange 
regions along said path, and resonant electrically con 
ductive means disposed in proximity to said stream and 
adjacent at least one of said energy exchange regions for 
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 electric field of electromagnetic wave energy 
within the remainder of said predetermined frequency 
range. 

2. A traveling-wave tube comprising: means for pro 
viding a stream of electrons along a predetermined path, 
slow-wave structure means disposed along and about said 
path for propagating electromagnetic wave energy within 
a predetermined frequency range in such manner as to 
provide energy exchange between said electron stream 
and said electromagnetic wave energy in energy exchange 
regions along said path, and resonant electrically conduc 
tive means disposed in proximity of said stream and ad 
jacent at least one of said energy exchange rgeions for 
reducing the interaction impedance of said electron stream 
with electromagnetic wave energy within a small portion 
of said predetermined frequency range without substan 
tially affecting the interaction impedance of said electron 
stream with electromagnetic wave energy within the re 
mainder of said predetermined frequency range. 

3. A trayeiing-wave tube ccmprising: 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 
said path for propagating electromagnetic wave energy 
within a predetermined frequency range in such manner 
as to provide energy exchange between said electron 
stream and saidi electromagnetic waye energy, and elec 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

(S 
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 electromagnetic 
wave energy within a small portion of said predetermined 
frequency range encompassing said preselected frequency 
without substantially affecting the electric field of elec 
tromagnetic wave energy within the remainder of said 
predetermined frequency range. 

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 
Said path for propagating electromagnetic wave energy 
within a predetermined frequency range in such manner 
as to provide energy exchange between said electron 
stream and said electromagnetic wave energy, and an 
eleinent of electrically conductive material mounted in . 
at least one of said cavities adjacent said predetermined 
path, Said element being resonant at a preselected fre 
quency within substantially predetermined frequency 
?range. 

5. A traveling-wave tube according to claim 4 wherein 
said element is coated with a lossy material. 

6. 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 
said path for propagating electromagnetic wave energy 
within a predetermined frequency range in such manner 
as to provide energy exchange between said electron 
strean 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 
frequency within Substantially said predetermined fre 
quency range. 

7. 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 
Said path for propagating electromagnetic wave energy 
within a predetermined frequency range in such manner 
as to provide energy exchange between said electron 
strean and Said electromagnetic wave energy, and an 
element of electrically conductive material mounted in 
Selected ones of Said cavities adjacent said predetermined 
path, each said element being resonant at a frequency in 
the vicinity of the upper cutoff frequency of said prede 
termined frequency range. 

8. 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 
Said path for propagating electromagnetic wave energy 
within a predetermined frequency range in such manner 
as to provide energy exchange between said electron 
stream and said electromagnetic wave energy, a pair 
of electrically conductive support elements affixed to said 
slow-wave structure means and projecting therefrom into 
at least one of Said cavities on opposite sides of said 
electron stream, and an electrically conductive ring 
mounted on the ends of said support elements remote 
from Said slow-wave structure means, said ring being 
concentrically disposed about said electron stream in a 
plane perpendicular to said predetermined path and hav 
ing a circumference equal to a preselected wavelength 
corresponding to a frequency within substantially said 
predetermined frequency range. - 

9. A traveling-wave tube according to claim 8 wherein 
Said Support elements are coated with a lossy material. 

i0. A traveling-wave tube comprising: an envelope, 
means disposed adjacent one end of said envelope for 
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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 electromagnetic 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 
envelope and projecting inwardly therefrom on opposite 
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 electron stream in a plane perpen 
dicular to said predetermined path and having a circum 
ference equal to a preselected wave-length corresponding 
to a frequency within substantially said predetermined fre 
quency range. 

11. A traveling-wave tube according to claim 10 where 
in said support elements are substantially sector-shaped 
webs of a predetermined sector angle. 

12. A traveling-wave tube according to claim 10 where 
in said support elements are parallel rods disposed per 
pendicular to said predetermined path. 

13. A traveling-wave tube according to claim 10 where 
in conductive probes are disposed parallel to said elec 
tron stream path at said inner ends of said support ele 
mentS. 

14. A traveling-wave tube comprising: 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 electromagnetic 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 di 
electric plate defining a central circular aperture affixed 
to said envelope and projecting inwardly therefrom in at 
least one of said cavities, and an electrically conductive 
ring mounted in said aperture and being 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 Substantially said pre 
determined frequency range. 

15. A traveling-wave tube comprising: means for pro 
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 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 
electromagnetic wave energy, at least a pair of electrically 
conductive support elements respectively affixed to a 
pair of adjacent plates and projecting therefrom on op 
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 
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remote from said pair of plates, said ring being 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 substantially said pre 
determined frequency range. 

16. A traveling-wave tube comprising: means for pro 
viding a stream of electrons along a predetermined path, 75 

8 
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 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 
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 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 
cumference of said ring being equal to a preselected wave 
length corresponding to a frequency within substantially 
Said predetermined frequency range and being slightly 
greater than the circumference of said tubular portion. 

17. A traveling-wave tube comprising: means for pro 
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 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 
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 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, at least 
a pair of electrically conductive support elements respec 
tively affixed to a pair of adjacent plates at points radially 
outwardly of said tubular portions thereof, said Support 
elements projecting from said pair of plates on opposite 
sides of said electron stream into the cavity bounded by 
said pair of plates, each plate of said pair of plates fur 
ther defining an annular ridge portion concentrically dis 
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 supportele 
ments remote from said pair of plates, said ring being 
concentrically disposed about 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 within substantially said 
predetermined frequency range. . 

18. A traveling-wave tube comprising: means for pro 
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 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 
interconnecting adjacent cavities whereby a propagation 
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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 
electromagnetic wave energy, each of said plates de 
fining a first 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 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 stream 
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into said cavity, and an electrically conductive ring 
mounted on the ends of said Support elements remote 
from said first tubular portions, said ring being 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 substantially said pre 
determined frequency range. 
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