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[57] ABSTRACT 

A light~weight permanent magnet beam focus struc 
ture for linear beam microwave tubes, such as kly 
strons and traveling wave tubes, employs a pair of cen 
trally apertured generally cylindrical pole pieces dis~ 
posed at opposite ends of the tube. The pole pieces 
are energized by means of a pair of high BXH prod 
uct, radially polarized, permanently magnetized rings 
which are surrounded by a magnetically permeable cy 
lindrical yoke. The magnet material is magnetized and 
loaded such as to have a ratio of Bm/Hm within the 
range of 0.8 to 1.3. Suitable magnets include the rare 
earth cobalt magnets, especially samarium cobalt. 

7 Claims, 4 Drawing Figures 
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PERMANENT MAGNET BEAM FOCUS 
STRUCTURE FOR LINEAR BEAM TUBES 

DESCRIPTION OF THE PRIOR ART 

Heretofore, X-band medium power CW klystrons 
have had their beams magnetically focused by means of 
a pair of centrally apertured pole pieces disposed at op 
posite ends of the beampath and energized by means 
of transversely polarized bar magnets of Alnico IX ma 
terial energized and loaded such as to have a Bm/Hm 
ratio of approximately 9.0. Two such bar magnets were 
provided at opposite lateral sides of each pole piece 
and a pair of magnetically permeable yoke plates inter 
connected the two energized pole piece assemblies to 
provide a return ?ux path therebetween. In a typical 
X-bandjCW klystron‘tube, the aforedescribed magnet 
structure, which is capable of providing an average fo 
cusing magnetic ?eld of, 2,200 gauss over a beam path 

' length of 1.8 inches, weighs approximately 14 pounds. 
It would be desirable to substantially reduce the weight 
of the beam focus magnetic structure, especially for 
airborne applications. ‘ i 

It is also known from the prior art that certain rare 
earth cobalt magnet materials, such as samarium co 
balt, can provide a higher energy product permanent 
magnet than that offered by Alnico IX. . 

It is also known from the prior art that the beam of 
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. ing speci?cation taken in connection with the accom 
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a‘ microwave tube may be focused by means‘ of a per- ‘ 
manent magnet structure utilizing radially polarized an 
*nular permanent magnets at oppositeends of the tube 
and enclosed in a cylindrical magnetic yoke. Such a 
beam focusingmagnetic structure is‘ disclosed in US. 
Pat. No. 3,205,415 issued Sept. 7, 1965. In this latter 
magnetic focusing system, the permanently magnetized 
structure included, in addition to the pair of radially 
polarized annular permanent magnets, several addi 
tional permanently magnetized annular magnetic mem 
bers which were axially polarized. These axially polar 
ized magnetic members signi?cantly increase the‘ com 
plexity and weight of the overall resultant, magnetic 
structure and, therefore, this scheme is impractical for 
light-weight airborne applications. 
SUMMARY OF THE PRESENT INVENTION 

The principal object of the present invention is the 
provision of an improved permanent magnet beam 
focus structure for linear beam tubes. 

In one feature of the present invention, a pair of pole 
pieces at opposite ends of the beam path are‘energized 
by ?rst and second radially polarized permanent mag 
nets interconnected by a surrounding cylindrical mag 
netic yoke, whereby certain undesired leakage ?ux is 
eliminated to achieve a substantial reduction in the 
weight of the magnetic focus structure. 

In another feature of the present invention, the per 
manent magnet material is rare earth cobalt or mix 
tures of same‘ energized and loaded to have a Bm/Hm 
ratio falling within the range of 0.8 to 1.3. 
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In another feature of the present invention, the pole _ 

piece structure at the gun end of the tube includes a tu 
bular axial projection projecting around the cathode 
for shaping the magnetic ?eld in the region of the gun 
to provide a con?ned flow type of magnetic beam fo 
cusing. 
Other features and advantages of the present inven 

tion will become apparent upon a perusal of the follow 
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panying drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view, partly in eleva 
tion, depicting a klystron tube employing a prior art 
‘magnetic beam focus structure, 

FIG. 2 is an enlarged perspective view of the prior art 
magnetic beam focus structure of FIG. 1, 
FIG. 3 is a plot of demagnetization force (Hm) in k 

Oersteds vs. ?ux density Bm in kG for a samarium co 
balt magnet and for an alnico IX magnet, and ' 
FIG. 4 is a longitudinal sectional view, partly sche~ 

matic, of a magnetic beam focus structure of the pres 
ent invention. ’ 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIGS. 1 and 2, there is shown an X 
band klystron tube 1 employing a prior art permanent 
magnet beam focus structure 2. The tube 1 includes an 
electron gun assembly 3 for forming and projecting a 
beam of electrons 4 over an elongated beam path to a 
beam collector structure 5 disposed at the terminal end 
of the beam path for collecting and dissipating, the en 
ergy of the collected electrons. A microwave circuit 6 
is disposed along the. beam path 4 intermediate the 
electron gun 3 and beam collector 5 in energy exchang 
ing relation with the beam to produce an output micro 
wave signal which is coupled from the circuit 6 to a 
suitable load, such as an antenna, not shown. The mi 
crowave circuit.6 comprises an electrically conductive 
block body portion 7, as of copper, having a plurality 
of reentrant cavity resonators 8 formed therein. The 
cavities 8 include a deformable wall portion de?ning a 
tuning diaphragm, not shown, which is moved in and 
out (relative to the plane of the paper) for changing the 
volume of the cavity and thus tuning the resonant fre 
quency of the cavity. The diaphragm is deformed by 
means of a tuning bridge structure 9 projecting out 
from the body of the tube along one side thereof. A pair 
of waveguides, not shown, project out from the ?rst 
and last cavity on the opposite side of the body 7 from 
the tuners 9. 
As best shown in FIG. 2 the permanent magnet beam 

focus structure 2 includes a centrally apertured elec 
tron gun pole piece 11 disposed at the upstream end of 
the beam 4 and a similar collector pole piece 12 dis 
posed adjacent the collector 5. In a typical example, 
pole pieces 11 and 12 are madeof soft iron. The. pole 
pieces are energized by transversely directed pairs of 
permanent bar-shaped magnets 13 and 14, said pairs of 
permanent magnets 13 and 14 being transversely polar 
ized as indicated by the arrows to make one of the mag 
netic poles ll of one polarityfsuch as north, and the 
other ‘magnetic pole piece 12 of opposite polarity, such 
as south, to produce a beam focusing magnetic ?eld 
within the beam 4 which is longitudinally directed of 
the beam and of generally uniform magnitude as of 
2,200 gauss. A pair of magnetically permeable rectan 
gular plates 15, as of soft iron, are disposed on opposite 
sides of the body of the tube 7 interconnecting thepairs 
of permanent magnets 13 and 14 to provide a magnetic 
?ux return path. , 

The magnets 13 and 14 of the prior art were made of 
Alnico IX and energized and loaded such as to have an 
operating point with a ratio of Bm/Hm of approxi 
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mately 9 as shown by the load line of FIG. 3 intersect? . 
ing curve 21 at point 22. The prior art magnetic focus- ' 
ing structure for focusing an X-band klystron of the 
type shown in FIG. 1 having a gap length between poles ‘ 
ll and'l2 of 1.8 inches and providing a magnetic ?eld 
of an averageintensity of 2,200 gauss within'the beam 
path weighs approximately 14 pounds. Several prob 
lems,’ aside from weight, are encountered in the struc-, 
ture of FIG. 2. One of these problems is that if the mag 
nets 13 and 14 are not properly balanced, i.e., of equal - 
strength, then the magnetic equipotential planes will 
not be normalto the beam axis such that a substantial 
defocusing transverse magnetic ?eld component is gen 
erated within the beam. ' 

when an attempt is made to reduce the weight of the 15 
prior art magnet structure of FIG. 2 by substitution of > 
more powerful permanent magnets, such as one of the 
rare earth cobalt magnets, for example samarium co 
balt, .it is found that excessive leakage of magnetic flux 
around the permanent magnets is experienced. More 
particularly, as shown in FIG. 3, the Bm v. Hm curve 
for samarium cobalt is shown by line 23. In order to ob 
tain a higher energy product (Bm X Hm) for a rare 
earth cobalt magnet material, the load line 24 
(Bm/Hm) ratio is chosen within the range of 0.8 to 1.3. 
This yields a higher energy product magnet than that 
offered by Alnico IX. However, it requires that the 
magnet have a larger cross-sectional area and this re 
sults in producing more self leakage of flux around the 

‘ =individual magnets 13 and 14 in the geometry of FIG. 
2. - 

It has been found that the self leakage associated with 
the end regions of the magnets at 26, in FIG. 2, can be 
substantially eliminated by shaping the magnets 13 and 
14 to ?gures of revolution, i.e., annular members, such‘ 
that there are no end portions 26. 

Referring now to FIG. 4, there is shown a magnetic 
beam focusing structure 31 incorporating features of 
the present invention. The beam focus structure 31 in 
cludes an annular gun pole piece 32 disposed at the gun 
end of the tube and-having an axially directed tubular 
projecting portion 33 surrounding the thermionic cath 
ode emitter 34 of the electron gun 3. An annular col 
lector pole piece 35 is disposed at the collector end of 
the interaction circuit region 6. A pair of annular radi 
ally polarized permanent magnets 36 and 37 are dis- 
vposed encircling the respective gun and the collector 
pole piece structures 32 and 35. A cylindrical magnetic 
return yoke 38, as of soft iron surrounds both the gun 
and collector permanent magnets 36 and 37 and the in 
tervening region therebetween. The yoke 38 is aper 
tured for access to the tuners 9 and for'passage of the 
wave-guides through‘ the yoke. 
The permanent magnets 36 and 37 are preferably 

rare earth cobalt magnets operated in a region having 
a ratio of (Bm/Hm)§within the range of 0.8 to 1.3, as 
indicated by the cross-hatched region of the plot of 
FIG. 3. Magnets 36 and'37 are oppositely radially po 
larized as ‘shown by the arrows of FIG. 4 to produce an 
axial magnetic focusing ?eld B9 in the gap between the 
pole pieces 33 and 35. The mutually opposed inner 
faces 41 and 42 of the gun pole piece and collector pole 
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piece, respectively, are {planar and parallel to facilitate ‘ 
obtaining the uniform axial magnetic ?eld within the 
beam. The tubular extension 33 on the gun pole piece 
32 serves to shape the leakage ?eld passing through the 
spherically‘ concave emitting surface 34 of the'cathode 
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emitter of the gun such that the magnetic flux lines pass 
through the emitting surface perpendicular thereto to 
obtain a con?ned ?ow type of magnetic beam focusing. 
The magnetic beam focusing structure 31 of the pres 

ent invention, as used for focusing the-beam of the tube 
of FIG. 1, results in reducing the weight of the beam 
focus magnetic structure by a factor of 3.5. That is, the 
weight is cut from 14 pounds to 4 pounds. In addition, 
a better beam focusing field is obtained because the cy 
lindrical yoke 38 in combination with the annular per 
manent magnets 36 and 37 yields cylindrical symmetry 
which assures that the opposite sides of the yoke are 
operating at the same magnetic potential as the yoke 
constitutes a magnetic equipotential member. 
What is claimed is: I 

1. In a linear beam tube: 
electron gun means for forming and projecting a 
beam of electrons over an elongated beam path; 

collector means at the terminal end of the beam path 
for collecting and dissipating the energy of the col 
lected electrons; ' 

electrical circuit means disposed along the beam path 
I intermediate said cathode means and said collector 
means in energy exchanging relation with the beam 
to produce an output signal; 

magnet means for magnetically focusing the beam 
over said beam path between said electron gun 
means and said collector means, said magnet 

7 means including, electron gun and collector pole 
. piece structures coaxially disposed of the beam 
path in axially spaced relation, said pole piece 
structures each being centrally apertured for pas 
sage of the beam therethrough and each being 
made of a magnetically permeable material, mag 
netically permeable magnetic yoke means coaxially 
disposed of said beam path and including axially 
spaced portions surrounding said electron gun and 
collector pole piece structures respectively in radi 
ally spaced relation therefrom, permanent magnet 
means for energizing said pole piece structures, 

' said permanent magnet means comprising essen 
tially only ?rst and second axially spaced centrally 
apertured radially polarized permanent magnet 
means of opposite radial polarity interposed be 
tween said respective pole piece structures and said 
respective surrounding yoke portions for produc 
ing an axially directed beam focus magnetic ?eld 
within the beam path and extending axially be 
tween said pair of axially spaced electron gun and I 
collector pole piece structures, the magnetic ?eld 
within said permanent magnet means being com 
posed of ?ux lines which are substantially radially 
directed and centered substantially at the beam 
axis. 

2. The apparatus of claim 1 wherein said ?rst and 
second permanent magnet means are each ?gures of 
revolution with an. axis of revolution along the axis of 
the beam path. . ' 

3. The apparatus of claim 1 wherein said yoke is a-?g 
tire of revolution. ' > 

4. The apparatus of claim 1 wherein each of said per 
manent magnet means has-a (Bm/Hm) ratio falling 
within the range of 0.8 to 1.3. 

5. The apparatus of claim 4 wherein said permanent 
I ‘magnet material is a rare-earth-cobalt. 
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6. The apparatus of claim 1 wherein said electron gun 

and collector pole piece structures have opposed gen 
erally planar transverse inner faces. ‘ 

7. The apparatus of claim 1 wherein said electron gun 
includes a thermionic cathode emitter having a gener 
ally spherically concave emitting surface, and wherein 
said electron gun pole piece includes an axially di 
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rected tubular projection surrounding said electron gun 
for shaping the magnetic ?eld in the region of said gun 
to cause the beam focusing magnetic ?eld lines to pass 
through said concave emitting surface generally per 
pendicular to said surface, whereby a magnetically con 
?ned convergent ?ow electron gun is obtained. 

* * * * * 


