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This invention relates to traveling wave electron dis 
charge devices and more particularly to the traveling wave 
amplifier type. 

Traveling wave tubes have various structural configura 
tions. One general form has an electron gun in an en 
larged glass enclosure with the radio frequency inter 
action section and the electron collector electrode dis 
posed in a long, slender glass enclosure. The enlarged 
enclosure and the long, slender enclosure are integral 
and provide a glass vacuum housing. The radio frequen 
cy interaction section or propagating structure includes 
an input connection for radio frequency energy at or 
immediately adjacent the end of the propagating struc 
ture adjacent the electron gun and an output connection 
for radio frequency energy at or immediately adjacent 
the end of the propagating structure adjacent the collec 
tor electrode. These radio frequency connections are 
usually disposed at right angles to the axis of the inter 
action section and extend straight outwardly therefrom. 
This type of tube structure is fragile, and the disposition 
of the radio frequency energy connections interrupt the 
effectiveness of the magnetic field and usually necessitates 
a special type of magnetic structure for the means to 
produce the magnetic field for electron beam collimation 
whether it be a solenoid or a permanent magnet. 
To overcome the fragility of the glass-envelope travel 

ing wave tube, another general type of tube configuration 
was derived which employs an all-metal vacuum housing. 
The usual all-metal tube configuration has an increased 
housing diameter with respect to the glass tube diameter, 
particularly in the housing portion enclosing the propagat 
ing structure. This increase in housing diameter neces 
sitates employing a larger solenoid than would be em 
ployed with a tube having the usual glass envelope, the 
larger the solenoid, the heavier the weight thereof. Thus, 
rigidity has been paid for in weight of the solenoid-tube 
package and increased diameter of the housing particu 
larly in the interaction region. This increased weight be 
comes an important factor in certain applications, such as 
in airborne equipment. 
Where the housing is kept down in size, whether glass 

or metal, and both radio frequency connections are 
brought out at right angles to the axis at the ends of the 
propagating structure beyond the diameter of the sole 
noid, as is the usual practice, the solenoid becomes a 
permanent part of the package. There is no possibility 
of interchanging tubes and solenoids without dismantling 
the tube. Thus, the traveling wave tube-solenoid pack 
age is further complicated and may necessitate scrapping 
the relatively expensive solenoid along with a defective 
tube. 

It has been shown that best tube operation results when 
the following requirements are met. First, the wave 
propagating structure, such as a helix, should start at a 
given point along the tube axis where the electron beam 
is of minimum diameter which is relatively close to the 
entrance of the electron beam into the interaction region 
housing. This first requirement is easily met by proper 
positioning of the end of the helix at said given point. 
The second requirement is that the solenoid be positioned 
relative to said given point so that the magnetic field 
will be at least 90 percent of its total field strength at 
said given point. This second requirement is very dif 
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ficult to meet when the radio frequency connections are 
brought out of the tube at the ends of the helix per 
pendicular to the tube axis. 
Many configurations of glass and metal tubes have 

been proposed to enable the meeting of the second of the 
two requirements. The radio frequency connections have 
been brought out at right angles to the tube axis and 
then bent to be parallel to the tube axis and disposed 
within the solenoid inner diameter. In some arrange 
ments the input and output connections have been brought 
out to one end of the tube by running the input end 
through the housing or outside the housing, and others 
have brought them out at their respective ends of the 
housings. In either case, the solenoid has been properly 
placed over the input and output connections and the 
tube itself to satisfy the second of the two requirements 
and thereby provide the best possible operating condi 
tions. However, it is obvious that this structural arrange 
ment further increases the size of the solenoid needed 
and hence the weight of the tube-solenoid package. This 
is without considering the increase in the weight of the 
tube itself. 
An object of this invention is to provide a traveling 

wave tube structure having a metallic vacuum housing 
with a diameter in the propagating structure region which 
is comparable to the diameter of the glass-envelope travel 
ing tube in this region. 
Another object of this invention is to provide an all 

metal traveling wave tube structure which will reduce the 
traveling wave tube-solenoid package weight. 

Still another object of this invention is to provide a 
traveling wave tube structure which employs radio fre 
quency terminal connections adjacent each end of the 
propagating structure disposed in such a manner that 
there is no interference between the location of the sole 
noid and the radio frequency terminal connections and 
which will enable the meeting of the requirements set 
forth hereinabove for the best possible operation of the 
traveling wave tube. 
A further object of this invention is to provide a travel 

ing wave tube structure with a reduced number of parts 
and of simple construction. 

till a further object of this invention is to provide a 
traveling wave tube structure which permits the inter 
change of traveling wave tubes with solenoids. 
A feature of this invention is the provision of a travel 

ing wave tube comprising a vacuum housing including a 
metallic enlarged portion containing an electron gun for 
projection of an electron beam along a given rectilinear 
path and a slender, elongated metallic enclosure for the 
propagating structure disposed coaxially of said beam 
path. A first pole piece is disposed transversely of the 
enlarged housing portion adjacent one end of the long, 
slender portion. A second magnetic pole piece is dis 
posed at the other end of said long, slender housing por 
tion, said first and second magnetic pole pieces having 
a portion thereof engaging the inner surface of a mag 
netic field producing means whether a solenoid or a 
permanent magnet. Radio frequency input and output 
means are provided for the propagating structure dis 
posed relative to the ends of said magnetic field producing 
means to enable the achievement of a substantially maxi 
mum magnetic field at the extremities of said propagating 
structure and the starting of the propagating structure at 
substantially the point of minimum diameter of the elec 
trom beam. 

Another feature of this invention is the provision of 
radio frequency connections at opposite ends of a radio 
frequency propagating structure, such as a helix, em 
bedded in the magnetic pole pieces and utilizing the mag 
netic pole pieces as a portion of a waveguiding structure 
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such as the outer conductor of a coaxial transmission line 
Section. 

Still another feature of this invention is the disposition 
of the output radio frequency connection including as a 
portion thereof the magnetic pole piece to enable the tube 
to be slipped into seating arrangement with a magnetic 
field producing means. 
A further feature of this invention is the utilization of 

an aperture in the magnetic pole piece disposed at the 
further end of the long, slender housing portion to func 
tion as the collector electrode for the electron beam. 

Still a further feature of this invention is the utilization 
of a first coaxial transmission line section parallel to the 
beam path and a second coaxial transmission line section 
at right angles to said first transmission line section em 
bedded in the magnetic pole piece, said magnetic pole 
pieces functioning as the outer conductor of the coaxial 
transmission line section to couple radio frequency en 
ergy to the propagating structure and yet not interfere 
with the positioning of the magnetic field producing 
11€aÎ1S. 

Stil another feature of this invention is the utilization 
of the magnetic pole piece adjacent the electron gun end 
of the housing to support the enlarged housing portion 
and the long, slender housing portion in connected rela 
tionship and further to provide a support for the electron 
glan. 
The above-mentioned and other features and objects 

of this invention will become more apparent by reference 
to the following description taken in conjunction with 
the accompanying drawing, in which: 
FIG. 1 is a cross-sectional view of a preferred embodi 

ment of a traveling wave tube following the principles of 
this invention; 

FIG. 2 is a cross-sectional view taken along lines 2-2 
of FIG. 1; 

FIG. 3 is a cross-section taken along lines 3-3 of 
FIG. 1; 

FIG. 4 is a cross-sectional view taken along lines 4-4 
of FIG. 1; and 

FIG. 5 is a cross-sectional view taken along lines 5-5 
of FIG. 1. 

Referring to the figures of the drawing, an embodiment 
of a traveling wave tube incorporating the features of 
this invention is shown as comprising a metallic housing 
1 including an enlarged portion 2 and an elongated, 
slender tubular portion 3. An electron gun unit 4 is 
shown to be supported in the enlarged portion 2 for 
projection of an electron beam along a path within the 
elongated portion 3. A typical arrangement for such a 
traveling wave tube is shown as comprising the projection 
of an electron beam axially along the portion 3 to be in 
interacting relation with radio frequency propagating 
structure 5, shown for purposes of examples as including 
a helical conductor 6 supported by a plurality of ceramic 
rods, 7 to be in interacting relation with the electron beam 
passing axially thereof. 

Electron gun unit 4 forms a pencil-like electron beam 
which is focussed to have its minimum diameter at sub 
stantially the start of the helical structure 6 to thereby 
meet the first requirement for the best operation of the 
traveling wave tube. In conjunction therewith, the mag 
netic field producing means 8 is positioned with respect 
to the beginning of helical propagating structure 6 such 
that the magnetic field strength is approximately 90 per 
cent of its full strength at the start of the helical propagat 
ing structure 6 thereby meeting the second requirement 
for the best operation of the traveling wave tube. It is 
to be understood that the magnetic field producing means 
may be a solenoid of the well-known type, or it may be 
a permanent magnet providing sufficient magnetic strength 
to maintain the electron beam focussed for travel within 
the helical propagating structure without appreciable in 
terception thereby. 
To facilitate the positioning of the solenoid 8 with re 
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4 
spect to the beginning of the helix 6, a magnetic barrier 
member 9 is positioned crosswise portion 2 having its 
central aperture 10 disposed coaxially of the electron 
beam path. The input radio frequency connection to 
helix 6 is provided by means of an aperture if parallel to 
the path of the electron beam and an aperture 12 at right 
angles to aperture it all within the magnetic barrier 9. 
These apertures 1 and 2 form a waveguiding structure 
which, in the embodiment illustrated, is coaxial in nature. 
This is accomplished by disposing spacer 13 of the di 
electric material, such as mica, and within aperture 12 
spacer 14 of dielectric material, such as mica, to provide 
positioning and support means for the central conductor 
15 which is an extension of the tab 6 of helical conductor 
6. This construction is such that we provide a coaxial 
transmission line section for coupling between the input 
end of helix 6 to a radio frequency terminal connection 
17 of coaxial configuration. The walls of the aperture 
through a magnetic barrier of pole piece 9 act as a con 
tinuation of the outer conductor 8 of the terminal 17, 
while conductor 15 acts as a continuation of the inner 
conductor 19 of the terminal connection 17. The rela 
tively small diameter coaxial transmission line section 
provided in the pole piece 9 in conjunction with the 
tapered transition section 29 cooperate in matching the 
high impedance helical transmission line to the relatively 
low impedance coaxial transmission line and thereby pre 
vents unwanted reflections upon the transfer of energy 
from the coaxial transmission line 21 to the relatively high 
impedance helical propagating structure 6. 
At the other end of elongated portion 3 removed from 

electron gun 4 is disposed a second magnetic pole piece 
22 which in effect plugs the end of portion 3 and is 
hermetically sealed thereto. To facilitate coupling to 
the output end of helical conductor 6, there is provided a 
waveguiding structure in the form of a coaxial trans 
mission line section 23 including an aperture 24 through 
pole piece 22 and an inner conductor 25 supported and 
spaced by the dielectric spacers 26 and 27. The wall of 
aparture 24 is a continuation of the outer conductor 28 
of the output terminal connection 29 of coaxial con 
figuration. The output conductor 28 is secured to the 
magnetic pole piece 22 by insertion thereof within a 
counterbore 30 in the end of magnetic pole piece 22 in 
Substantially axial alignment with the electron beam path. 
Conductor 25 is a continuation of the inner conductor 31 
of coaxial terminal 29 for connection to the output end 
of helix 6. As in case of the input radio frequency cou 
pling means, there is provided a tapered section 32 to 
cooperate with the reduced diameter coaxial line 23 to 
provide the necessary impedance transition between the 
relatively high impedance structure 6 and the relatively 
low impedance coaxial transmission line. The coaxial 
arrangement of coaxial terminal 29 is to enable the en 
gaging of the magnetic pole pieces 9 and 22 with the inner 
surface of magnetic field producing means 8 at 33 and 34, 
respectively. It is to be understood that this terminal 29 
may be at any desired angle to the axis of portion 3 
provided magnetic field producing means 8 may be slid 
ably engaged with the portions of pole pieces 9 and 22. 
The magnetic pole pieces 9 and 22 provide a magnetic 
field path for the field of the magnetic field producing 
means 8 and thereby cooperate in concentrating the mag 
netic field on the axis of portion 33 and hence along the 
electron beam path within the helical propagating struc 
ture 6. This cooperates in providing a more efficient elec 
tron beam collimation arrangement. 
The electron beam projected from gun unit 4 is directed 

toward the magnetic barrier member 22 which includes 
therein aperture 35 which functions as the collector elec 
trode for the traveling wave electron discharge device. 
The langular arrangement of anode 38 enables a distribu 
tion of the electron beam along a greater area and thereby 
reduces the heating effect of the electron beam and en 
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ables easier cooling of the collector electrode for the 
traveling wave electron discharge device. 
The propagating structure 5 is supported and positioned 

in its coaxial relation to the axis of portion 3 by means 
of counterbores 36 and 37 respectively located axially 
in magnetic barrier members 9 and 22. Magnetic bar 
rier member 9 is further configured to cooperate with the 
housing portion 2 and the housing portion 3 to provide a 
connecting support therefor and thus simplifies the manu 
facture of the traveling electron discharge device. Hous 
ing portion 2 is spun over and placed in engagement with 
magnetic barrier 9 which is then welded or otherwise 
secured to the spunover portion of housing 2 at 38a. 
Magnetic barrier 9 further includes a lip 38 having a de 
creased outer diameter portion 39 for engagement with 
the tubular portion 3 which is then secured by brazing 
or other techniques thereto at 39a to provide the com 
pleted housing 1. 

In a reduction to practice in the traveling wave electron 
discharge device incorporating the features of this in 
vention, the input coaxial arrangement was provided by 
one of several ways. This was accomplished by drilling 
apertures 11 and 2 at right angles to one another for 
the location of the outer conductor of the coaxial line 
section. Then, a slot 45 was milled in magnetic barrier 
9 to the proper depth above the aperture that is perpen 
dicular to the helical axis, that is, above aperture 12, so 
that only one half the circumference of the outer con 
ductor of the coaxial line section remained. The inner 
conductor 5 was then welded to helix tab 16 and the 
mica or other insulating washers 13 and 14 were posi 
tioned to support conductor 15, as shown. The coaxial 
cover 40 is then placed in the milled slot 41 to complete 
the circumference of the outer conductor of the coaxial 
transmission line section. The cover 40 is then trapped 
in place by a mica sheet 42 and the anode 44 placed in 
depression 43 of magnetic barrier member 9. The elec 
tron gun unit 4 supported as a unit by ceramic rods 45 
held in ring 46 is then placed against the mica sheet 42 
and anode 44 and then secured to magnetic pole piece 
9 by means of bolts 47 or other such securing devices, 
Thus, the magnetic pole piece 9 provides a magnetic path 
for magnetic field producing means 8, input coaxial trans 
mission lines sections to prevent spaced interference with 
magnetic field producing means 8, a support and connec 
tion between housing members 2 and 3 and a support of 
the electron gun unit 4. 
While I have described above the principles of my 

invention in connection with specific apparatus, it is to 
be clearly understood that this description is made only 
by Way of example and not as a limitation to the scope 
of my invention as set forth in the objects thereof and 
in the accompanying claims. 

I claim: 
1. A traveling wave electron discharge device compris 

ing a metallic vacuum housing having a large portion and 
a slender, elongated tubular portion, an electron gun unit 
disposed in said large portion to project an electron beam 
along a path axially of said elongated portion, a helical 
propagating structure disposed in said elongated portion 
for propagation of a wave in interacting relation with the 
electrons of said beam, a first magnetic pole piece having 
a first aperture therethrough coaxially of said beam path 
disposed transverse of said large portion adjacent one 
end of Said elongated portion, a second magnetic pole 
piece disposed crosswise the other end of said elongated 
portion in hermetically sealing relation therewith, a con 
tinuous magnetic field producing means slidably engag 
ing a portion of each of said pole pieces for positioning 
said magnetic field producing means closely adjacent the 
outer Surface of Said elongated portion and abutting said 
large portion, a radio frequency input means for said 
propagating structure including a first coaxial terminal 
extending at right angles to said large portion from said 
first pole piece and a coaxial transmission line section 
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6 
including a second aperture in said first magnetic pole 
piece parallel to said beam path, a third aperture in said 
first magnetic pole piece at right angles to said second 
aperture and continuous therewith, the walls of said sec 
ond and third aperture forming a continuation of the 
outer conductor of said first terminal, and a conductor 
extending from the input end of said propagating struc 
ture coaxially of said second and third apertures form 
ing a continuation of the center conductor of said first 
terminal, a radio frequency output means for said propa 
gating structure including a second coaxial terminal ex 
tending axially of said slender portion from said second 
magnetic pole piece and a coaxial transmission line sec 
tion including a fourth aperture in said second magnetic 
pole piece extending angularly therethrough from a point 
removed from the axis of said slender portion to said 
second terminal, the wall of said fourth aperture form 
ing a continuation of the outer conductor of said second 
terminal, and a conductor extending from the output end 
of said propagating structure axially of said fourth aper 
ture forming a continuation of the center conductor of 
said second terminal and a collector electrode including 
a fifth aperture in said second pole piece disposed rela 
tive to said beam path to collect the electrons of said 
beam. 

2. A traveling Wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
With its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength at 
least coextensive with said propagating structure, a first 
radio frequency wave energy coupling means coupled to 
the end of said propagating structure adjacent said other 
end of said housing, said first radio frequency wave en 
ergy coupling means including a terminal connection dis 
posed coaxially of said path, and a second radio fre 
quency Wave energy coupling means coupled to the end 
of Said propagating structure adjacent said gun unit, said 
Second radio frequency wave energy coupling means ex 
tending from the inside to the outside of said housing 
adjacent said gun unit in an antiparallel relationship to 
said path and in a longitudinally spaced, non-interfering 
relationship with said magnetic field producing means. 

3. A traveling wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
With its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous Imag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength at 
least coextensive with said propagating structure, a first 
radio frequency wave energy coupling means coupled to 
the end of said propagating structure adjacent said other 
end of said housing, and a second radio frequency wave 
energy coupling means disposed adjacent said gun unit 
including a first waveguiding portion disposed to extend 
from the inside to the outside of said housing in an anti 
parallel relationship to said path and in a longitudinally 
spaced, non-interfering relation with said magnetic field 
producing means and a second waveguiding portion con 
tinuous with and angularly related to said first Waveguid 
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ing portion in energy coupling relation with the end of 
said propagating structure adjacent said gun unit. 

4. A traveling wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength at 
least coextensive with said propagating structure, a mag 
netic pole piece disposed transversely of said housing 
adjacent each of the ends of said magnetic field producing 
means to provide a magnetic field path, a first radio fre 
quency wave energy coupling means coupled to the end 
of said propagating structure adjacent said other end of 
said housing, and a second radio frequency wave energy 
coupling means disposed adjacent said gun unit including 
a first waveguiding portion disposed to extend from the 
inside to the outside of said housing in an antiparallel 
relationship to said path and in a longitudinally spaced, 
non-interfering relation with said magnetic field produc 
ing means and a second waveguiding portion continuous 
with and angularly related to said first waveguiding por 
tion in energy coupling relation with the end of said 
propagating structure adjacent said gun unit, said mag 
netic pole piece adjacent said end of said propagating 
structure adjacent said gun unit forming a portion of said 
first and second waveguiding portion. 

5. A traveling wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength at 
least coextensive with said propagating structure, a mag 
netic pole piece disposed transversely of said housing 
adjacent each of the ends of said magnetic field produc 
ing means to provide a magnetic field path, a first radio 
frequency wave energy coupling means disposed adjacent 
said gun unit coupled to the end of said propagating struc 
ture adjacent said gun unit, and a second radio frequency 
wave energy coupling means disposed adjacent said other 
end of said housing including a waveguiding portion in 
energy coupling relation with the end of said propagating 
structure adjacent - said other end of said housing dis 
posed in a non-interfering spaced relation with said mag 
netic field producing means and at an oblique angle with 
respect to said path, said magnetic pole piece adjacent 
said end of said propagating structure adjacent said 
other end of said housing forming a portion of said 
waveguiding portion. 

6. A traveling Wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
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3 
path having a length greater than the length of Said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength 
at least coextensive with said propagating structure, a 
magnetic pole piece disposed transversely of said housing 
adjacent each of the ends of said magnetic field produc 
ing means to provide a magnetic field path, a first radio 
frequency wave energy coupling means disposed adjacent 
said gun unit including a first waveguiding portion dis 
posed to extend from the inside to the outside of said 
housing in an antiparallel relationship to said path and 
in a longitudinally spaced, non-interfering relation 
with said magnetic field producing means and a second 
waveguiding portion continuous with and angularly re 
lated to said first waveguiding portion in energy coupling 
relation with the end of said propagating structure ad 
jacent said gun unit, said magnetic pole piece adjacent 
said end of said propagating structure adjacent said gun 
unit forming a portion of said first and second waveguid 
ing portion, and a second radio frequency wave energy 
coupling means disposed adjacent said other end of said 
housing including a third waveguiding portion in energy 
coupling relation with the end of said propagating struc 
ture adjacent said other end of said housing disposed in 
spaced relation with said magnetic field producing means 
and in antiparallel relation with said path, said magnetic 
pole piece adjacent said end of said propagating struc 
ture adjacent said other end of said housing forming a 
portion of said third waveguiding portion. 

7. A traveling wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron gun 
unit disposed in one end of said housing to project an 
electron beam along a given rectilinear path in said hous 
ing toward the other end thereof, an elongated radio fre 
quency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
Said path having substantially maximum field strength at 
least coextensive with said propagating structure, a first 
radio frequency wave energy coupling means coupled 
to the end of said propagating structure adjacent said 
other end of said housing, and a second radio frequency 
Wave energy coupling means disposed adjacent said gun 
unit including a first coaxial transmission line section 
disposed to extend from the inside to the outside of said 
housing in an antiparallel relationship to said path and 
in a longitudinally spaced, non-interfering relation with 
Said magnetic field producing means and a second coaxial 
transmission line section continuous with and angularly 
related to said first transmission line section in energy 
coupling relation with the end of said propagating struc 
ture adjacent said gun unit. 

8. A traveling wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting re 
lation with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength 
at least coextensive with said propagating structure, a 
magnetic pole piece disposed transversely of said housing 
adjacent each of the ends of said magnetic field producing 
means to provide a magnetic field path, a first radio fre 
quency wave energy coupling means coupled to the end 
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of said propagating structure adjacent said other end 
of said housing, and a second radio frequency wave en 
ergy coupling means disposed adjacent said gun unit in 
cluding a first coaxial transmission line section disposed 
to extend through said housing in an antiparallel rela 
tionship to said path and in a longitudinally spaced, non 
interfering relation with said magnetic field producing 
means and a second coaxial transmission line section 
continuous with and angularly related to said first trans 
mission line section in energy coupling relation with the 
end of said propagating structure adjacent said gun unit, 
said magnetic pole piece adjacent said end of said propa 
gating structure adjacent said gun unit forming the outer 
conductor of said first and second coaxial transmission 
line sections. 

9. A traveling wave electron discharge device compris 
ing an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said path 
for propagation of wave energy in interacting relation 
with the electrons of said beam, a continuous magnetic 
field producing means disposed coaxially of said path 
having a length greater than the length of said propagat 
ing structure to provide a magnetic field along said path 
having substantially maximum field strength at least co 
extensive with said propagating structure, a magnetic 
pole piece disposed transversely of said housing ad 
jacent each of the ends of said magnetic field producing 
means to provide a magnetic field path, a first radio fre 
quency wave energy coupling means disposed adjacent 
said gun unit coupled to the end of said propagating 
structure adjacent said gun unit, and a second radio fre 
quency wave energy coupling means disposed adjacent 
said other end of said housing including a coaxial trans 
mission line section in energy coupling relation with the 
end of said propagating structure adjacent said other end 
of said housing disposed in a non-interfering spaced 
relation with said magnetic field producing means and at 
an oblique angle with respect to said path, said magnetic 
pole piece adjacent said end of said propagating struc 
ture adjacent said other end of said housing forming an 
outer conductor of said coaxial transmission line section. 

10. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing, an electron 
gun unit disposed in one end of said housing to project 
an electron beam along a given rectilinear path in said 
housing toward the other end thereof, an elongated radio 
frequency propagating structure disposed in said housing 
with its longitudinal axis parallel to and adjacent said 
path for propagation of wave energy in interacting rela 
tion with the electrons of said beam, a continuous mag 
netic field producing means disposed coaxially of said 
path having a length greater than the length of said 
propagating structure to provide a magnetic field along 
said path having substantially maximum field strength 
at least coextensive with said propagating structure, a 
magnetic pole piece disposed transversely of said housing 
adjacent each of the ends of said magnetic field produc 
ing means to provide a magnetic field path, a first radio 
frequency energy coupling means disposed adjacent said 
gun unit including a first coaxial transmission line sec 
tion disposed to extend through said housing in an anti 
parallel relationship to said path and in a longitudinally 
spaced, non-interfering relation with said magnetic field 
producing means and a second coaxial transmission line 
section continuous with and angularly related to said 
first coaxial transmission line section in energy coupling 
relation with the end of said propagating structure ad 
jacent said gun unit, said magnetic pole piece adjacent 
said end of said propagating structure adjacent said gun 
unit forming the outer conductor of said first and second 
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coaxial transmission line sections, and a second radio 
frequency wave energy coupling means disposed adjacent 
said other end of said housing including a third coaxial 
transmission line section in energy coupling relation with 
the end of said propagating structure adjacent said other 
end of said housing disposed in spaced relation with said 
magnetic field producing means and in an antiparallel 
relation with said path, said magnetic pole piece adjacent 
said end of said propagating structure adjacent said other 
end of said housing forming the outer conductor of said 
third coaxial transmission line. 

11. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing having first 
and second portions, an electron gun unit disposed in said 
first portion to project an eiectron beam along a given 
rectilinear path in said second portion, an elongated radio 
frequency propagating structure disposed in said second 
portion with its longitudinal axis parallel to and adjacent 
said path for propagation of wave energy in interacting 
relation with the electrons of said beam, a magnetic field 
producing means disposed coaxially of said path at least 
coextensive with said propagating structure to provide a 
magnetic field along said path, a first radio frequency 
wave energy coupling means coupled to one end of said 
propagating structure disposed adjacent said gun unit, a 
second radio frequency wave energy coupling means 
coupled to the other end of said propagating struc 
ture spaced from said gun unit, a first magnetic 
poie piece disposed adjacent the end of said magnetic 
field producing means adjacent said gun unit to pro 
vide a magnetic path for the magnetic field thereof, 
said first magnetic pole piece being disposed within said 
housing in supporting relation to both said first and 
second housing portions, and a second magnetic pole 
piece disposed adjacent the end of said magnetic field 
producing means adjacent said other end of said propagat 
ing structure to provide a magnetic path for the magnetic 
field of said magnetic field producing means. 

12. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing having first 
and second portions, an electron gun unit disposed in said 
first portion to project an electron beam along a given 
rectilinear path in said second portion, an elongated radio 
frequency propagating structure disposed in said second 
portion with its longitudinal axis parallel to and adjacent 
said path for propagation of wave energy in interacting 
relation with the electrons of said beam, a magnetic field 
producing means disposed coaxially of said path at least 
coextensive with said propagating structure to provide 
a magnetic field along said path, a first radio frequency 
wave energy coupling means coupled to one end of said 
propagating structure disposed adjacent said gun unit, 
a second radio frequency wave energy coupling means 
coupled to the other end of said propagating structure 
spaced from said gun unit, a first magnetic pole piece dis 
posed adjacent the end of said magnetic field producing 
means adjacent said gun unit to provide a magnetic path 
for the magnetic field thereof, and a second magnetic pole 
piece disposed adjacent the end of said magnetic field 
producing means adjacent said other end of said propa 
gating structure to provide a magnetic path for the field 
of said magnetic field producing means and in her 
metically sealing relation with the end of said second 
housing portion spaced from said gun unit. 

13. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing having first 
and second portions, an electron gun unit disposed in said 
first portion to project an electron beam along a given 
rectilinear path in said Second portion, an elongated radio 
frequency propagating structure disposed in said second 
portion with its longitudinal axis parallel to and adjacent 
said path for propagation of wave energy in interacting 
relation with the electrons of said beam, a magnetic field 
producing means disposed coaxially of said path at least 
coextensive with said propagating structure to provide a 
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magnetic field along said path, a first radio frequency 
wave energy coupling means coupled to one end of said 
propagating structure disposed adjacent said gun unit, a 
Second radio frequency wave energy coupling means 
coupled to the other end of said propagating struc 
ture spaced from said gun unit, a first magnetic 
pole piece disposed adjacent the end of said magnetic 
field producing means adjacent said gun unit to provide 
a magnetic path for the magnetic field of said magnetic 
field producing means, and a second magnetic pole piece 
disposed adjacent the end of said magnetic field produc 
ing means in a hermetically sealing relation with the end 
of said second housing portion removed from said gun 
unit to provide a magnetic path for the magnetic field 
of said magnetic field producing means, said second pole 
piece including an aperture therein disposed relative to 
said path to dispose the wali of said aperture in electron 
collecting relation with said beam. 

14. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing having first 
and second portions, an electron gun unit disposed in 
said first portion to project an electron beam along a given 
rectilinear path in said second portion, an elongated radio 
frequency propagating structure disposed in said second 
portion with its longitudinal axis parallel to and adjacent 
said path for propagation of wave energy in interacting 
relation with the electrons of said beam, a magnetic field 
producing means disposed coaxially of Said path at least 
coextensive with said propagating structure to provide a 
magnetic field along said path, a first radio frequency wave 
energy coupling means coupled to one end of said pro 
pagating structure disposed adjacent said gun unit, a sec 
ond radio frequency wave energy coupling means coupled 
to the other end of said propagating structure Spaced from 
said gun unit, a first magnetic pole piece disposed adjacent 
the end of said magnetic field producing means adjacent 
said gun unit to provide a magnetic path for the magnetic 
field of said magnetic field producing means, and a sec 
ond magnetic pole piece disposed adjacent the end of said 
magnetic field producing means adjacent the end of said 
second housing portion removed from Said gun unit to 
provide a magnetic path for the magnetic field of said 
magnetic field producing means, said second pole piece 
including an aperture therethrough disposed in an anti 
parallel relationship with respect to said path and said 
second radio frequency wave energy coupling means in 
cludes a coaxial transmission line section including the 
wall of said aperture as the outer conductor thereof and 
a conductor disposed axially thereof in coupled relation 
to said other end of said propagating structure as the 
inner conductor thereof. 

15. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing having 
first and second portions, an electron gun unit disposed 
in said first portion to project an electron beam along 
a given rectilinear path in said second portion, an elon 
gated radio frequency propagating structure disposed in 
said second portion with its longitudinal axis parallel 
to and adjacent said path for propagation of wave en 
ergy in interacting relation with the electrons of said 
beam, a magnetic field producing means disposed co 
axially of said path at least co-extensive with said propa 
gating structure to provide a magnetic field along said 
path, a first radio frequency wave energy coupling means 
coupled to the end of said propagating structure dis 
posed adjacent said gun unit, a second radio frequency 
wave energy coupling means coupled to the other end 
of said propagating structure spaced from said gun unit, 
a first magnetic pole piece disposed adjacent the end of 
said magnetic field producing means adjacent said gun 
unit to provide a magnetic path for the magnetic field 
of said magnetic field producing means, and a second 
magnetic pole piece disposed adjacent the end of said 
magnetic field producing means adjacent the end of said 
second housing portion removed from Said gun unit to 
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12 
provide a magnetic path for the magnetic field of said 
magnetic field producing means, said second pole piece 
including an aperture therethrough disposed in an anti 
parallel relationship with respect to said path and said 
second radio frequency wave energy coupling means in 
cludes a coaxial terminal connection secured to the side 
of said second pole piece removed from said other end 
of said propagating structure in continuous relation with 
said aperture and a coaxial transmission line section in 
cluding the wall of said aperture as the outer conductor 
thereof continuous with the outer conductor of said ter 
minal connection and a conductor disposed axially of said 
aperture in coupled relation to said other end of said 
propagating structure as the inner conductor thereof. 

16. A device according to claim 15, wherein said co 
axial terminal extends from said second pole piece rela 
tive to said path to permit said magnetic field produc 
ing means to slidably engage portions of said first and sec 
ond pole pieces. 

17. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing having 
first and second portions, an electron gun unit disposed 
in said first portion to project an electron beam along 
a given rectilinear path in said second portion, an elon 
gated radio frequency propagating structure disposed in 
said second portion with its iongitudinal axis parallel 
to and adjacent said path for propagation of wave en 
ergy in interacting relation with the electrons of said 
beams, a magnetic field producing means disposed co 
axially of said path at least coextensive with said propa 
gating structure to provide a magnetic field along said 
path, a first radio frequency wave energy coupling means 
coupled to the end of said propagating structure disposed 
adjacent said gun unit, a second radio frequency wave 
energy couping means coupled to the other end of said 
propagating structure Spaced from said gun unit, a first 
magnetic pole piece disposed adjacent the end of said 
magnetic field producing means adjacent said gun unit 
to provide a magnetic path for the magnetic field of said 
magnetic field producing means, and a second magnetic 
pole piece disposed adjacent the end of said magnetic 
field producing means adjacent the end of said second 
housing portion removed from said gun unit to provide 
a magnetic path for the magnetic field of said magnetic 
field producing means, said second pole piece including 
a first aperture therein disposed relative to said path to 
dispose the wall of said first aperture in electron col 
lecting relation with said beam and a second aperture 
therethrough, and said second radio frequency wave en 
ergy coupling means includes a coaxial transmission line 
section including the wall of said second aperture as the 
outer conductor thereof and a conductor disposed axi 
ally of said second aperture in coupled relation to said 
other end of said propagating structure as the inner con 
ductor thereof. 

18. A traveling wave electron discharge device com 
prising a metallic vacuum housing having a large tubular 
portion and a slender, elongated tubular portion, an elec 
tron gun unit disposed in said large portion to project 
an electron beam along a given path in said housing 
parallel to the longitudinal axis of said housing, an elon 
gated radio frequency propagating structure disposed in 
said slender portion coaxially of said path for propaga 
tion of wave energy in interacting relation with the elec 
trons of said beam, a first magnetic pole piece disposed 
in said large portion adjacent one end of said slender 
portion in a transverse relationship to said longitudinal 
xis, said first magnetic pole piece having an aperture 

therethrough coaxial of said path, a second magnetic pole 
piece disposed at the end of said slender portion spaced 
from said large portion in transverse relation to said 
longitudinal axis in a hermetically sealing relation with 
said slender portion, a magnetic field producing means 
slidably engaging a portion of the outer surface of each 
of said pole pieces, a first radio frequency wave energy 
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coupling means in energy coupling relation with one end 
of said propagating structure and a second radio fre 
quency Wave energy coupling means in energy coupling 
relation with the other end of said propagating structure, 
said first and second radio frequency wave energy cou 
pling means being disposed respectively at opposite ends 
of said slender portion, and in an antiparallel relation 
ship with respect to said path to enable movement of said 
slender portion into engagement with said magnetic field 
producing means. 

19. A traveling wave electron discharge device com 
prising an electron gun unit for projecting a beam of elec 
trons along a given path, a radio frequency propagating 
structure disposed coaxially of said path for propagation 
of wave energy in interacting relation with the electrons 
of said beam, a metallic vacuum housing having a first 
portion enclosing said gun unit having an enlarged con 
figuration and a second portion enclosing said propagat 
ing structure having a slender, elongated tubular con 
figuration, a first magnetic pole piece disposed in said 
first housing portion adjacent said second housing por 
tion in a transverse relation with said path, a second 
magnetic pole piece disposed at the end of said second 
housing portion removed from said first housing portion 
in a transverse relation with said path, a first radio fre 
quency wave energy coupling means in energy coupling 
relation with the end of said propagating structure adja 
cent said first pole piece including as a portion thereof an 
aperture disposed in said first magnetic pole piece in an 
antiparallel relationship to said path and a second radio 
frequency wave energy coupling means in energy cou 
pling relation with the end of said propagating structure 
adjacent said second pole piece including as a portion 
thereof an aperture disposed in said second pole piece in 
an antiparallel relationship to said path. 

20. A traveling wave electron discharge device com 
prising an elongated metallic vacuum housing, an elec 
tron gun unit disposed in one end of said housing to pro 
ject an electron beam along a given rectilinear path in 
said housing toward the other end of said housing, an 
elongated radio frequency propagating structure disposed 
in said housing coaxially of said path for propagation 
of wave energy in interacting relation with the electrons 
of said beam, a continuous magnetic field producing 
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means disposed coaxially of said path to provide a mag 
netic field along said path coextensive with said propagat 
ing structure, a first magnetic pole piece disposed in a 
transverse relation with said path adjacent the end of 
said propagating structure adjacent said gun unit, said 
first pole piece being in contact with the end of said mag 
netic field producing means adjacent said gun unit to 
provide a low reluctance magnetic field path, a second 
magnetic pole piece disposed in a transverse relation with 
said path in a hermetically sealing relation with said hous 
ing adjacent the end of said propagating structure spaced 
from said gun unit, said second pole piece being in con 
tact with the end of said magnetic field producing means 
spaced from said gun unit to provide a low reluctance 
magnetic field path, a first radio frequency wave energy 
coupling means in energy coupling relation with the 
end of said propagating structure adjacent said first pole 
piece including as a portion thereof an aperture dis 
posed in said first magnetic pole piece in an antiparallel 
relationship to said path and a second radio frequency 
wave energy coupling means in energy coupling relation 
with the end of said propagating structure adjacent said 
second pole piece including as a portion thereof an aper 
ture disposed in said second pole piece in an antiparallel 
relationship to said path. 
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