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ABSTRACT OF THE DISCLOSURE 
This invention relates to a traveling wave tube utiliz 

ing a helical member for a slow wave structure in which 
the helical conductor has a cross-section con?guration 
such that the inner surface of the helical conductor is a 
curved line and the outer surface of the helical conductor 
is a straight line to provide a ?attened outer surface. 
The outer ?attened surface provides a larger area sur 
face to remove heat from the conductor by means of 
heat conducting rods having surfaces substantially 
parallel to the ?attened surfaces on the helix and in con 
tact therewith. 

This invention relates to traveling wave tubes and 
more particularly to the slow wave propagation structure 
and to a method of manufacturing the same. 
A traveling wave tube may be considered in its broad 

est sense to be simply a device for providing continuous 
interaction between an electron beam and an electromag 
netic wave so that the electromagnetic wave is ampli?ed. 
The tube generally comprises an elongated evacuated en 
velope with an electron beam producing means provided 
at one end thereof for the production and projection of 
an electron beam along a predetermined path or axis 
within the envelope. A slow wave structure, usually com 
prising an electrical conductor in the form of a helix 
is provided for propagating an electromagnetic wave along 
the length of the envelope in an interacting relationship 
with the electron beam. 

In high power traveling wave tubes, considerable heat 
is generated within the slow wave structure due to inter 
ception of the electron beam and radio frequency losses. 
It is therefore necessary in the higher power tubes to 
provide means for removing the heat from the slow wave 
structure. This normally requires that the contact area 
between the outside diameter of the helix or slow Wave 
structure and supporting dielectric rods be of a maximum 
value to permit conduction of the heat from the helix 
to a suitable heat sink. 
One solution that has been proposed is the provision 

of a tape-type helix in which the conductor is rectangular 
in cross section to provide maximum contact between the 
helix and the support rods. It is found, however, that the 
tape-type helix permits energy to be stored between adja 
cent turns of the helix of a relatively high value and there 
fore the backward wave impedance is high. This results in 
the traveling wave tube being highly susceptible to oscil 
lation and is found to be generally unstable. 

Accordingly, it is a general object of this invention 
to provide a new and improved traveling wave tube. 

It is another object to provide an improved conduc 
tor con?guration for the helix in a traveling wave tube 
to provide maximum heat transfer therefrom and also 
to provide good electrical properties. 

It is another object of this invention to provide a 
method of manufacturing an improved helix for a travel 
ing wave tube. 

Brie?y, the present invention accomplishes the above 
cited objects by providing a helical member in which the 
conductor has a cross section con?guration such that the 
inner surface of the helical conductor is substantially 
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circular in shape and the outer surface of the helical con 
ductor is substantially ?at. The structure is obtained by 
Winding a circular cross sectional con?guration wire about 
a mandrel and then removing the outer portion of the 
winding to provide a ?attened outer surface andv circular 
inner surface. - 

Further objects and advantages of the invention will 
become apparent as the following description proceeds 
and features of novelty which characterize the invention 
will be pointed out in particularity in the claims annexed 
to and forming a part of this speci?cation. 
For a better understanding of the invention, reference 

may be had to the accompanying drawings, in which: 
FIGURE 1 is a schematic representation showing the 

traveling wave tube embodying the present invention; 
FIG. 2 is a cross sectional view taken along the line 

II.—-II of FIG. 3; 
FIG. 3 is a cross sectional view taken along the line 

III——III of FIG. 1; , . 7 

FIG. 4 is a cross sectional view illustrating one step 
in the manufacture of the slow wave structure; and 

FIG. 5 is a cross sectional view illustrating a second 
step in the manufacture of the slow 'wave structure. 

Referring in detail to FIG. 1, there is illustrated a travel 
ing wave tube which is comprised of an evacuated en 
velope 10. The envelope 10 consists of a tubular inner 
portion 11 which is of constant cross sectional area and 
is of a suitable material such as copper or molybdenum. 
An electron beam source 14 is provided at one end of 
the envelope 10, and is disposed within an envelope end 
portion 13. The end portion 13 is of a suitable material 
such as a glass and is sealed to the inner portion 11. The 
electron beam source 14 comprises at least an electron 
emissive cathode 17, a focusing electrode 19, and an 
accelerating electrode 21. These electrodes 17, 19 and 
21 are connected to suitable sources of voltages which 
have not been shown, and collectively act to direct a 
beam of electrons along the axial length of the inner 
tubular portion 11 to the opposite end of the envelope 10 
at which point is located an electron collector 23. The col 
lector 23 is positioned transverse to the electron beam 
within an envelope end portion 15 located at the opposite 

. end of the envelope 10 from the envelope end portion 
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13. The envelope end ‘portion 15 may also be of glass 
and is sealed to the inner tubular portion 11. The collector 
23 is also connected to a suitable source of potential which 
is not shown. A slow wave propagating means .25, for 
the propagation of radio frequency energy is disposed 
centrally within the envelope 10 and within the _ma]or 
portion of the axial length of the inner tublar portion _11 
and is coaxial with and in interacting relationship wlth 
the major portion of the electron beam from the elec— 

‘tron gun 14. Electromagnetic energy may be applied to 
the slow wave structure 25 by means of a coaxial cou 
pling 29 sealed through the wall of the envelope 10. or by 
any other suitable system. A second coaxial coupling 31 
is provided at the opposite end of the slow wave struc 
ture 25 for the removal of radio frequency energy from 
the slow wave structure 25. 
The slow wave structure 25 is a helix formed of a 

suitable electrically conducting material such as tungsten. 
The cross sectional con?guration of the conductor is illus 
trated in FIG. 2. The conductor is wound so that the 
cross sectional view of the conductor includes a curved 
line 26 on the interior region of the helix 25 and a straight 
line 28 on the exterior region of the helix. The conducting 
element of the helix 25 is wound to form the helix 25 
having a spacing between turns suitable for the frequen 
cies to be employed. 

Positioned against the helix 25 and in thermal contact 
is one and preferably three or four ceramic rod members 
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30. These rod members are substantially coextensive with 
the helix 25 and are disposed along the axial length of the 
envelope 10 for supporting the helix 25 within the inner 
envelope portion 11. The support members 30 illustrated 
in the speci?c embodiment are substantially keystoned 
shaped in cross sectional to provide large area heat con 
ductive contacts to the helix 25 and to the envelope 10. 
The support members 30 may be of any suitable heat 
conducting electrically insulating material such as alumina 
or beryllia. 

In order to minimize the action of the electron beam 
of spreading to the extent that it would pass out of the 
interaction region and intercept the slow wave structure 
25, it is necessary to provide some form of focusing means. 
Focusing in the present invention is provided by a mag 
netic ?eld structure. This ?eld may be achieved by pro 
viding a long annular solenoid 33 which surrounds the 
envelope portion 11 for substantially its entire length. 

In the fabrication of the slow wave structure 25, as 
illustrated in FIGS. 4 and 5, a tungsten Wire of circular 
cross section and a suitable diameter (typically .030 inch) 
is wound onto a cylindrical mandrel 40 of a suitable mate 
rial such as molybdenum. In the speci?c embodiment the 
mandrel 40 has a diameter of .093 inch. The mandrel 40 
with the helix 25 is then provided with a potting material 
42 such as acrylic and is illustrated in FIG. 4. After the 
potting material 42 has set, the glass tubing 44 and the 
plugs 46 are removed. The mandrel 40 is then positioned 
in a suitable grinding machine and the outer portion of 
the potting material 42 is removed by grinding until the 
helix 25 is exposed. The mandrel is then positioned in 
a centerless grinding machine and the outside diameter 
of the mandrel 40 and helix 25 is reduced to a diameter of 
about .111 inch. The helix 25 is then chemically cleaned. 
The helix 25 is then given a rhodium strike and then a 
copper coating of about .001 inch in thickness. The pot 
ting material 42 is then removed by using ultrasonic tech 
niques. The helix 25 may then easily be removed from 
the mandrel 40 and stored prior to assembly to the mount 
ing spacers and assembly into the tube. In this manner, the 
helix 25 is fabricated by an economical method to provide 
a helix 25 in which the cross section of the conductor is 
an internal curved line and an outer straight line. 

It is obvious that the helix 25 may be secured by sev 
eral techniques to the mandrel 40. It is only necessary 
that it be secured so as to withstand the grinding step. 

While the invention has been shown and described in 
what is presently considered to be the preferred embodi 
ment of the invention, modi?cations thereto will readily 
occur to those skilled in the art. It is not desired, there 
fore, that the invention be limited to the speci?c arrange 
ments shown and described and it is intended to cover 
in the appended claims all such modi?cations as fall with 
in the true spirit and scope of the invention. 

1 claim as my invention: 
1. A traveling wave tube comprising an envelope, an 

electron gun positioned at one end of said envelope to 
direct a beam of electrons therethrough, a collector at the 
opposite end of said envelope to collect the electrons from 
said electron gun, a slow wave propagating tubular struc 
ture within said envelope intermediate said electron gun 
and said collector to propagate electromagnetic waves at a 
rate such that an interaction with the electron beam is 
obtained, said slow wave structure formed of a helically 
wound conductor, said conductor having a cross sectional 
con?guration de?ned by a curved line on the inner surface 
of said slow wave structure and a straight line on the outer 
surface of said slow wave structure, said conductor having 
said cross sectional con?guration over a substantial portion 
of the length of said conductor and support members posi 
tioned between the straight line portion of the outer sur 
face of said slow wave structure and said envelope for 
supporting said slow wave structure Within said envelope, 
said support members in contact with a substantial portion 
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4 
of said straight line portion providing conduction of heat 
from said slow wave structure to said envelope. 

2. A traveling wave tube comprising an envelope, an 
electron gun positioned at one end of said envelope to 
direct a beam of electrons therethrough, a collector elec 
trode at the opposite end of said envelope to collect the 
beam of electrons from said electron gun, an elongated 
slow wave propagating structure within said envelope 
between said electron gun and said collector to propagate 
electromagnetic waves at a rate such that an interaction 
with the electron beam is obtained, said slow wave struc 
ture formed of a helically wound conductor, said con 
ductor having at least one portion having cross sectional 
con?guration de?ned by a curved line on the inner surface 
of said slow wave structure and a straight line on the 
outer surface of said slow Wave structure and a support 
member positioned between the outer surface of said slow 
wave structure in contact with said straight line outer 
surface of said conductor and said envelope. 

‘ 3. A traveling wave tube comprising a tubular envelope, 
an electron gun positioned at one end of said envelope 
andadapted to direct a beam of electrons therethrough, a 
collector at the opposite end of said envelope adapted to 
collect the electrons from said electron gun, a slow wave 
propagating tubular structure within said envelope be 
tween said electron gun and said collector and adapted 
to propagate electromagnetic waves at a rate such that an 
interaction with said electron beam is obtained, said slow 
wave propagating structure including a conductive element 
having a section having a cross sectional con?guration 
de?ned by a curved line surface on the inner surface of 
said slow wave structure and a straight line on the outer 
surface of said slow wave structure and members posi 
tioned between said section of said slow wave structure 
and said envelope and in contact with the straight line 
portion for conducting heat from said slow wave struc 
ture to said envelope. 

4. A traveling wave tube comprising an envelope, an 
electron gun positioned at one end of said envelope to 
generate a beam of electrons, a collector electrode at the 
opposite end of said envelope to collect the electrons from 
said electron gun, a slow wave propagating structure 
within said envelope intermediate said electron gun and 
said collector adapted to propagate electromagnetic waves 
at a rate such that an interaction with said electron beam 
is obtained, said slow wave propagating structure includ 
ing a conductive element having a cross sectional con?gu 
ration de?ned by a curved line portion on the inner sur 
face of said slow wave structure and a straight line por 
tion on the outer surface of said slow wave structure_to 
provide a ?attened outer surface and heat conductive 
members positioned between said ?attened outer surface 
of said slow wave structure and said envelope for con 
ducting heat from said slow wave structure to said en 
velope, said members having inner surfaces parallel to and 
in contact with said ?attened outer surface of said slow 
wave structure. 

5. A traveling wave tube comprising an envelope, an 
electron gun positioned at one end of said envelope to 
generate a beam of electrons, a collector at the opposite 
end of said envelope to collect the electrons from said 
gun, a tubular member within said envelope intermediate 
said electron gun and said collector adapted to propagate 
electromagnetic waves at a rate such that an interaction 
with the electron beam is obtained, said tubular member 
formed of a helically wound conductor, said conductor 
member having a cross section to provide a cylindrical 
surface on the inner region of said tubular member and 
a ?attened surface on the outer region of said tubular 
member and a support member positioned between the ?at 
tened surface of said conductor and said envelope with 
the inner surface of support member substantially paral 
lel to and in contact with said ?at surface for supporting 
said tubular member within said envelope and providing 
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conduction of heat from said tubular member to said 
envelope. 

6. A traveling wave tube comprising a tubular envelope 
portion, an electron gun positioned at one end of said 
envelope portion to generate a beam of electrons there 
through, a collector at the opposite end of said envelope 
portion adapted to collect said beam of electrons, a tubu 
lar member within said envelope intermediate said elec 
tron gun and said collector adapted to propagate electro 
magnetic waves at a rate such that an interaction with the 
electron beam is obtained, said tubular member including 
a conductive member, said conductor member having a 
semi-circular cross-section to provide a circular inner sur 
face within said tubular member and ?attened outer sur 
face on the said tubular member and a heat conductive 
member positioned between the ?attened outer surface of 
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said conductive member and said envelope for supporting 
said tubular member within said envelope and providing 
conduction of heat from said tubular member to said en 
velope, said heat conductive member having a surface sub 
stantially parallel to said ?attened surface and in contact 
therewith. 
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