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This invention relates to traveling wave electron dis 
charge devices and more particularly to electron-optical 
systems of a permanent magnet type applicable to such 
devices. 
The traveling wave type of tube is particularly useful 

in wideband microwave systems since it is capable of am 
plifying radio frequency energy over an unusual wide 
band of frequencies. The tube includes a form of trans 
mission line, usually a helix, for transmission of micro 
wave energy for interaction with an electron beam closely 
associated with the line. The helical characteristic of 
the transmission line is such that the axial velocity of 
microwave signals conducted along the helical path is 
approximately the same as or slightly slower than the ve 
locity of the electrons of the beam whereby the electrical 
field of the microwave signals interact with the electron 
beam for amplification of the microwave signals. 

In the passage of the electron beam from an electron 
gun along the length of the transmission line, there is a 
tendency for the electrons of the beam to deviate from a 
desired electron beam path and as a result causes an in 
creased electron beam cross-section which eventually will 
become greater than the diameter of the helical trans 
mission line. This deviation of the beam is caused by 
the natural spaced-charge repulsion of electrons along 
the path of the helix, as well as by some types of electron 
guns which naturally projects a convergent electron beam. 
In becoming larger than the diameter of the helical trans 
mission line, the electron beam will transfer electron 
beam current to the helical line which is a feature unde 
sired for maximum amplification as well as requiring pow 
er dissipation on the helical structure. The use of mag 
netic fields to maintain electron beams uniform in diame 
ter is substantially well understood, which is to say that 
the required magnetic field for any given application can 
be predicted. Heretofore the solution to this problem has 
been solved by employing electromagnets comprising a 
number of solenoid coils, ranging from one to four sepa 
rate coils, coaxial of the electron beam path and extend 
ing substantially the entire length of the traveling wave 
propagating structure. These solenoids with their asso 
ciated current supplying devices are arranged to produce 
a substantially uniform magnetic field whose lines of flux 
extend axially of the helical conductor for substantially 
its entire length to insure a pencil-like beam throughout 
the entire length of the transmission line. 
In a number of traveling wave device applications 

these electromagnets, with the number of coils employed 
and the circuitry required to establish the regulated current 
to flow therethrough to produce a desired magnetic field, 
become cumbersome. Further, even with all the current 
regulating circuitry, the magnetic field produced by the 
electromagnets often varies enough to produce an unde 
sired effect of beam expansion and thus yielding unde 
sired power operating characteristics. In these applica 
tions where the known electromagnet type electron-op 
tical systems become cumbersome, it may become desir 
able to employ a permanent magnet to produce the re 
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2 
quired magnetic field distribution. From the viewpoint 
of economy of the magnetizing force, consideration must 
be given to the D.-C. power when a solenoid is employed 
and the weight of the magnet when a permanent magnet 
is employed, as well as the quality of the result. It is 
required for use in electron-optical system that the mag 
netic field be uniform over the axial extent of the elec 
tron beam in the helical propagating structure. In many 
of these applications it has been found preferable and 
more economical to employ permanent magnet type of electron-optical systems. 

It is an object of this invention, therefore, to provide 
an improved electron-optical system of the permanently 
magnetized type to provide a substantially uniform axial 
magnetic field; and another object is to provide such an 
electron-optical system in combination with a traveling 
wave type of electron discharge device. 

Still another object of this invention is the provision 
of a hollow cylindrical magnetic system capable of pro 
viding a substantially axial magnetic field throughout sub 
stantially the entire length thereof. 
A feature of this invention is the tapering of the in 

terior wall of a hollow cylindrical permanent magnet in 
a manner to obtain a uniform axial magnetic field over a 
Substantial portion of the axial extent of the permanent magnet. 
Another feature of this invention is the employment of 

a shell of Saturable magnetic material coaxially of and 
Within a hollow cylindrical permanent magnet to assist 
in aligning the axis of the magnetic field with the me 
chanical axis of the permanent magnet, and where such 
magnet is used in conjunction with a traveling wave elec 
tron discharge device to assist in making the axis of the 
magnetic field coincide with the electron path of such de 
WCC 

Additional features of this invention include the com 
bination of a shell of saturable magnetic material and a 
cylindrical shell permanent magnet of uniform cross 
Section; a shell of Saturable magnetic material and a cy 
lindrical shell permanent magnet having a tapered in 
terior wall; and a shell of saturable magnetic material 
and a cylindrical shell permanent magnet having a ta 
pered exterior wall; each combination producing a sub 
stantially uniform magnetic field in substantial coinci 
dence with the mechanical axis of the permanent magnet. 
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 drawings, in which: 

Fig. 1 is a longitudinal section illustrating an appli 
cation of an embodiment of this invention; 
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Fig. 2 is a curve illustrating the ideal magnetic field 
distribution for application with a traveling wave tube 
which the embodiments of this invention attempt to ap proach; 

Figs. 3 and 4 are longitudinal sections illustrating other 
embodiments of this invention; and 

Figs. 5 and 6 are graphical representations of the axial 
magnetic field distribution for the various embodiments 
of this invention with and without the shell of the satu 
rable magnetic material. 

Referring to Fig. 1, a traveling wave type of electron 
discharge device 1 is shown to comprise a cylindrical hous 
ing 2 containing at one end thereof an electron gun unit 
3, at the opposite end thereof an electron collector 3a 
and intermediate thereof a radio frequency interaction 
section 4. The housing 2 has mounted thereon and con 
centric thereto an embodiment of an electron-optical sys 
tem 5 in accordance with the principles of this invention. 
For application with a traveling wave type it is desir 

able to have a magnetic field distribution as illustrated in 
Fig. 2 or as close as may be practically attainable, The 
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embodiments of cylindrical shell magnets illustrated in 
Figs. 1, 3, and 4. Reference to Figs. 5 and 6 and curves 
20 and 21, respectively, illustrate the behavior of the 
axial magnetic field when the shell 17 is employed in con 
junction with the embodiments of the cylindrical shell 
magnet shown in Fig. 1 and Figs. 3 and 4, the curves 16 
and 20 being typical for both forms of magnets shown in 
Figs. 3 and 4. Such a magnetic field distribution as illus 
trated herein for each of the separate embodiments illus 
trates that the various embodiments may be interchanged 
to function as a portion of the electron-optical system as 
shown in Fig. 1 with equivalent practical advantages. 
However, it can be readily seen by those skilled in the art 
that it would be preferable to employ the embodiment 
shown in Fig. 1 for an application wherein the magnetic 
field distribution is required to rigidly maintain the elec 
tron beam uniform throughout the length of interaction 
section 4. 
While I have described above the principles of my in 

vention 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. In a device of the traveling wave tube type which 

includes means for producing an electron beam for flow 
along a given path and a radio frequency propagating 
structure disposed adjacent said path to enable inter 
action between the electrons of said beam and radio fre 
quency energy propagated along said structure; an elec 
tron-optical system disposed concentrically of said path 
comprising a hollow cylindrical permanent magnet mag 
netized longitudinally in a manner to produce oppositely 
polarized poles substantially at the ends of the cylindri 
cal form of said magnet and a thin cylinder of saturable 
magnetic material disposed concentrically within said 
magnet and about said path to orient the axis of the 
developed magnetic field with the path of said beam, said 
permanent magnet comprising a cylindrical shell having 
a cross-section tapering from the center toward its ends. 

2. In a device according to claim 1, wherein the inner 
diameter of said cylindrical shell is constant and the outer 
diameter thereof varies in a manner along its length such 
that the outer surface is tapered from the center to the 
ends. 

3. In a device according to claim 1, wherein the inner 
diameter of said cylindrical shell varies in a manner along 
its length such that the inner surface is tapered from the 
center to the ends. 

4. In a device according to claim 3, wherein the central 
portion of said inner surface is slightly rounded to reduce 
the abrupt change of the contour of said inner surfare. 

5. In a device of the traveling wave tube type which 
includes means for producing an electron beam for flow 
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6 
along a given path and a radio frequency propagating 
structure disposed adjacent said path to enable inter 
action between the electrons of said beam and radio fre 
quency energy propagated along said structure; an elec 
tron-optical system disposed concentrically of said path 
comprising a hollow cylindrical permanent magnet mag 
netized longitudinally in a manner to produce oppositely 
polarized poles substantially at the ends of the cylindri 
cal form of said magnet and a thin cylinder of saturable 
magnetic material disposed concentrically within said 
Biagilet and about said path to orient the axis of the 
developed magnetic field with the path of said bean, said 
permanent magnet being tapered in cross-section toward 
at least one end thereof. 

6. In a device of the traveling wave tube type which 
includes means for producing an electron beam for flow 
along a given path and a radio frequency propagating 
structure disposed adjacent said path to enable inter 
action between the electrons of said beam and radio fre 
quency energy propagated along said structure; an elec 
tron-optical system disposed concentrically of said path 
comprising a hollow cylindrical permanent magnet mag 
netized to produce oppositely polarized poles substan 
tially at the ends of said magnet having the cross-section 
of a portion thereof tapering toward at least one of its 
ends. 

7. In a device according to claim 6, wherein the inner 
diameter of said magnet varies in a manner along its 
length such that the inner surface is tapered from the 
center portion thereof toward its ends. 

8. A permanent magnet comprising a hollow cylinder 
having a cross section tapering from the center towards 
its ends magnetized longitudinally to produce oppositely 
polarized poles substantially at the ends of said cylinder 
and a Saturable magnetic shell of uniform cross section 
disposed to be concentrically within said cylinder, sub 
stantially coextensive of said cylinder and in contact with 
at least the central portion of said cylinder for coopera 
tion therewith to produce a substantially uniformly dis 
tributed magnetic field axially of said cylinder. 

9. A magnet according to claim 8, wherein the inner 
diameter of said cylinder varies in a manner along its 
length Such that the inner Surface is tapered from the center portion toward its ends. 
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