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[57] ABSTRACT

A magnet construction is disclosed wherein the flux of
a first, principal magnet is conserved by placing a sec-
ond magnet adjacent the first magnet with the mag-
netic axes of the two magnets perpendicular to each
other. The second magnet is constructed of a highly
anisotropic material having low permeability perpen-
dicular to its magnetic axis and preferably having a
high coercive force and good magnetization retention.
Preferably the second magnet surrounds the first mag-
net to minimize the flux leakage of the first magnet.

15 Claims, 8§ Drawing Figures
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1
'LOW FLUX LEAKAGE MAGNET CONSTRUCTION

BACKGROUND OF THE INVENTION

Permanent magnets are normally characterized as
materials having magnetic flux producing properties
generally along an axis. However, in actual practice,
some of the flux is generated in directions skewed from
the main axis. This may be regarded as leakage or lost
flux since the flux so generated contributes little, if any,
to the desired magnetic intensity. The extent of this loss
varies with the type of material as well as the geometric
design of the magnet. In any event the usual remedy is
to increase the total size of the magnet to achieve the
desired magnetic intensity. This, however, has the un-
desirable effect of adding excessive weight to the mag-
netic system. |

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to provide

an improved magnet construction wherein the leakage
flux is minimized.

It is another object of the invention to provide a mag-
net construction having an improved magnetic inten-
sity per unit weight ratio.

These and other objects of the invention will be ap-
- parent from the specification and accompanying draw-

Ings. .. | |
In accordance w1th the invention the magnetic flux of
a first magnet is conserved by placing a second perma-
nent magnet adjacent the first magnet with the mag-
netic axis of the second magnet perpendicular to the
axis of the first magnet to prevent leakage of flux from
the first magnet. The second magnet comprises a highly
anisotropic material having a low magnetic permeabil-
ity in a direction perpendicular to its magnetic axis.
Preferably, the second magnet comprises a high coer-

cive force material with good magnetization retention
pwpertles

- BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a bar magnet con-
structed in accordance with the invention.

FIG. 2 is a cross-sectional view of a magnet for a kly-

stron constructed in accordance with the invention.

- FIG. 3 is a cross-sectional view of a magnet for a volt-
age tunable magnetron constructed according to the
invention. -_ |

FIG. 4 is a cross- sectmnal view of a modified version
of the magnet construction of FIG. 3.

FIG. 5 is a cross-sectional view of a loud speaker
magnet constructed according to the invention.

FIG. 6 is a cross-sectional view of a portion of a
motor ‘having a rotor magnet construction. in accor-
dance with ‘the invention. |

FIG. 7 is a cross-sectional view of a portion of a
motor having a stator magnet construction in accor-
dance with the invention.

FIG. 8 is a graph showmg B- H curves for magnetic
materrals

DESCRIPTION OF THE INVENTION

Turmng now to FIG. 1, the invention is illustrated as

comprising a central bar magnet 2 and a second magnet
10.

Bar magnet 2 in the ilustrated embodrment com-

prises a solid rod with the magnetic axis generally along

‘the mechanical axis of the rod. Magnet 2 can be made

10

15

20

25

30

35

40

45

50

25

60

65

2

of any conventional magnet material such as, for exam-
ple, steel or Alnico.

Magnet 10 is of generally conical configuration with
a central bore therein conforming to the diameter of
magnet 2 so that magnet 10 may be slipped over mag-
net 2. Magnet 10 is preferably conically shaped or ta-
pered for a reason which will be described below. Mag-
net 10 can be permanently attached to magnet 2, for
example, by bonding the magnets together with gener-
ally magnetically transparent means such as epoxy ce-
ment or the like. In accordance with the invention mag-
net 10 1s constructed of a highly aniostropic material
having a low permeability normal to its magnetic axis.
Preferably, the material also should exhibit a high coer-
cive force and good magnetic retention properties. The
latter property is particularly desirable to prevent de-
magnetization or alteration of the magnetic properties
of magnet 10 by magnet 2. Materials which possess
these properties and which have been found to be use-
ful in the practice of this invention include the rare
earth-cobalt alloys described and claimed in U.S. Pat.
Nos. 3,655,463 of Apr. 11, 1972;3,655,464 of Apr. 11,
1972; 3,684,593 of Aug. 15, 1972; and 3,695,945 of
Oct. 3, 1972; and all assigned to the assignee of this in-
vention. |

The use of the term “rare earth-cobalt alloys” is in-
tended to include one or more of the rare earth ele-
ments alloyed with cobalt. The term ‘“‘rare earth” is in-
tended to include the 15 elements of the lanthanide se-
ries having atomic numbers 57-71 inclusive. The ele-
ment yttrium (atomic number 39) is commonly in-
cluded in this group of metals and is therefore to be
considered, in this specification, as also included in the
term “‘rare earth”. | |

As shown by the arrows in FIG. 1, magnet 10 is in ac-
cordance with the invention, radlally magnetized so
that its direction of magnetlzatlon 18 generally perpen-
dicular to the magnetic axis of magnet 2. Any skewing
of the flux lines generated by magnet 2 are thus cor-
rected or prevented from “‘leaking” out of the sides of
magnet 2. This conservation or increase of the avail-
able flux in magnet 2 enables one to reduce the overall
size, and thus the weight, of magnet 2 to a size com-
mensurate with the desired amount of flux without the
previous necessity of addltlonally compensating for
flux losses by “leakage” of stray flux.

The magnetic material used in accordance with the
invention for magnet 10 must have low permeablllty In
a direction normal to the magnettc axis, i.e. parallel to
the magnetic axis of the main magnet 2 to prevent
shorting the field of the main magnet.

The term low permeability is intended to define a rel-
ative permeability of the cladding magnet material in a
direction normal to its magnetic axis more like that of
vacuum than that of ferromagnetic materials.

The cladding magnet material must also, in accor-
dance with the invention, have a high anisotropy, i.e.,
the material should be hlghly magnetizable only along
one axis. The degree of anisotropy of a material can be
found by determining the alignment factor which is the
residual induction (B,) of the material divided by the
saturation magnetization (47],). If a theoretically per-
fect alignment factor was assigned a value of 1 and an
alignment ' factor representing completely random
alignment assigned a value of 0.5, the alignment factor
representing highly anisotropic material would have a
value of at least 0.80 and preferably 0.95 or higher.



- _erally shaped as'a double cone.’ | .
- Magnetlc member: 20'is constructed of magnetlc ma-'.__. |
terial having. the properttes described above for magnet

As prevrously mentloned the magnetlc matertal used

xa:l , :3,:76H8,(ksdl' |

~ in constructing claddmg magnet 10 preferably should

“have a relatively high coercive force to provide the re-

~ quired magnetic potential necessary for operation of '

the invention. Coercive force is a material property de- .

" fined as the field strength (HE) at which the magnetic -

induction (B) becomes zero. High coercive force mate-

" rial, then, is defined in this specification as referring to

strongly magnetizable material requiring a coercive
force of at least 2 Kilo oersteds and preferably 4 Kilo
- oersteds, to reduce the magnetic induction to zero.

10

- Referring to FIG. 8, B~H curves in the second quad-

~ rant of the hysteresrs loops for various rnagnettc materi-
- als are plotted using the EMU system of units. It will be
15
~rare earth curves approaching a 45° slope, the theoreti- '
cally ideal condition. The ratio of the value of H. to the

seen that the slopes of the curves vary, with the cobalt-

residual mductlon B, the magnetic induction B corre-

sponding to zero magnetizing force H is an indication
- of the magnetization retention properties of the mate-

rial. It can be seen that the value of H for the Alnico
materials with respect to B, is much lower than that of -

. rcladdmg magnets in accordance with ‘the invention.
The term good magnetization retention properties,

20

N ..-' )

The thlckness of member 20 at any pomt S clter-

mined by the magnetic potenttal on the principal mag-

net 13 or 14 as well as the coercive force of the mate-

rial used in constructmg ‘member 20. The shape and

configuration of the cladding magnet or magnets can

“thus be determined either empirically or by calcula- |
~ tions using the magnettc potential of the principal mag-

net and the magnetic properties of the cladding magnet

~material. These parameters can, in turn, be determined :

by referring t_o the B-H curves for the partrcular mate-

rials used.

Thus, while I do not wrsh to be bound by any mathe-

matical theories concerning the magnetic forces, it is

believed that the shape of member 20 can be calculated
by first determining the magnetic potential along the
main magnets 13 or 14 by applying computational .
methods well known to those skilled in the art and then
applying the results to the followmg formula |

T U/H,

f, where T is the thlckness of the cladding at any given

) | the CoPt, ferrite and cobalt-rare earth materials and, in’
fact, such Alnico materrals are unsurtable for use as-

25

~ then, is defined in this specrﬁcatlon as referring to a

o matertal hav:ng a value of H, at least 60% of B, (when
| expressed in the EMU system in Oersteds and gauss re-
- spectively) and preferably 80-90% or higher.

' tepeated with the claddmg in place. The new solutton_. N

30 thus obtained will lead to a slightly different magnetic

- Referring now to FIG. 2,a specific apphcatton of the )

o teachmgs of thts mventton is illustrated. A magnet com-

prising a smgle reversal permanent magnet circuit for -

a linear beam tube is shown. Cylinders 13 and 14 may

“be constructed of conventlonal magnettc material and
are magnetized axrally and placed in opposmon as

: shown Cylmders 13 and 14 produce the flux that_
o passes through pole pieces 15 and 16 and the open

- space 19 to be occupled by a linear beam tube such’ as
a klystron or travehng wave tube Reversal pole piece
17 carrtes twrce the flux as etther of the end pole

preces R | | |
‘In accordance with the 1nvent10n magnetlc cylmders

| ?13 and 14 are ]acketed by a magnettc member 20 gen-

35

- point; U is the magnetic potential (in gilberts in the -
EMU system of umts) at that pomt on the surface of the

main magnet; and H, is the coercive force cf the clad-

dlng material. | SR |
Since the addttlon of the claddmg mater:al to the .

orrgmal magnetic circuit alters the flux pattern previ- -

ously computed, it is essential that the computation be

potent1a1 distribution U on the surface of the main mag- |
nets. The cladding thickness is then slightly ad_]usted |
according to the above formulation. This process is re- -

‘peated until a solution is obtained that is self-ccnsrstent _'

within the desired degree of accuracy.. . |
To demonstrate the method of computmg the clad- '

~ ding thickness, the circuit of FIG. 2 will be analysed

40

Still referring to FIG. 2, the flux density B is specified
to be axlally directed w:th a complete reversal of direc- -
tion in the center of the structure. The magnetic field

’ vector H is therefore also axtally directed and has a

.magmtude equal to B in the EMU system. of units in the

~ open space 19. Since no surface current is flowing at

45

- terial of cylinders 13 and 14 as in the space 19 by the
. law of continuity. The flux. dcnsrty of the material of
'cyllnders 13 and 14 1S now’ estabhshed by. refemng to l |

'10. Member 20 is radially magnetlzed as'indicatedin

. the figure, substantlally perpendicular to- the flux lines -
JRATe ;ct' cyhndrlcal magnets 13 and 14, In this embodnnent
~the: second, flux conserving, magnet 20 is not ccn-_

50

 structed of uniform thickness. Since the magnetic po-

tentlal in cylmders 13 and 14 varies lmearly with-dis-" -

tance from the respective end pole pieces 15 and 16,

~the variation in thickness of the cladding 20 must be

linear along the axis of magnets. 13 and 14, Stated an-

33

other way, inasmuch as the magnetic potential in-

creases along " cyhnders ‘13 and 14,

~ ing the size or thtckness of claddmg 20. The magnettc,

potentral of the reversing pole 17 is constant.and there- .

~ fore the thtckness of member 20 is constant in this re-
- gion. Iron shell 18 carries no flux and is merely added

“to kcep external ﬁelds from penctratmg into the struc-

- _ture

the magnetic
counter potential necessary to prevent leakage of flux. -
from cylmders 13 and 14 must be increased by increas-

60

the boundary between the open space 19 and the cylin- -
ders 13 and 14, the field vector H is the same in the ma-

the appropriate B-H characteristic of the material with
H being. known. Desrgnatmg B, as the magmtude of
- flux densnty in the material of the cyhnders 13 and 14
'and B the magmtude of flux densrty in the open space

19, the rule that the dwergence of the ﬂux densrty van-“_-' '
1sh tmpltes that D R

| A B = AB
where A,,. 1S the transverse area of the matertal com--
prising cylinders 13 and 14 measured in a plane per-

‘pendicular to the axis of these cylmders ‘and A is'the
transverse area of the open space 19 measured in the
same plane. This relation yields the value of A,

because all the other factors are known or spectfied %

" From this value of A, the thlckness of the main ﬂux:_

63

'- producing cylinders is determined.

“The thickness of the cladding at any polnt X on thelz

surface of the main flux producing cylinders is estab- o

hshed by first determmmg the magnettc potenttal U
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along the outer surface of the cylinders 13 and 14 and
then referring to the appropriate B~H curve of the clad-
ding material to obtain the coercive force H, which is
the value of H when B is equal to zero. The values of
U and H, are applied to formula (1) to determine the
thickness of the cladding at the point X. A similar pro-
cedure yields an equation for the cladding thickness
along cylinder 14. Since the flux patterns were known
beforehand, no repetition of the calculation is neces-
sary in this example, the given solution already being
self-consistent. |

Although the method of computation outlined above
yields a definite value of cladding thickness as a func-
tion of geometrical location, a thickness different from
the one computed may be used. In particular, changes
in the thickness lead to changes in the flux density in
the open space to be occupied by a specific device, and
thus afford a valuable means of adjusting the flux den-
sity for optimum device performance. In general, a
lesser thickness of cladding yields a lower flux density
and vice versa. The use of cladding thicknesses other
than computed may result in some leakage flux which,
however, is still far below the leakage flux normally as-
sociated with unclad magnetic circuits. It should also
be noted here that non-tapered cladding, in some in-
stances, may be used for manufacturing efficiencies.

Referring now to FIG. 3, another magnetic construc-
tion, in accordance with the invention, is illustrated in
a structural form most useful for crossed-field devices
such as magnetrons, voltage-tunable magnetrons
(VTMs), and crossed-field amplifiers (CFAs).

In this construction the useful flux is produced by cy-
lindrical bars 34 and 35 magnetized in the same direc-

- tion. This flux passes through the space 36 to be occu-

pited by the crossed-field device and completes the cir-
cuit through iron shell 31.

In accordance with the invention, cladding magnets
32 and 33 comprising radally magnetized cylinders sru-
uounding principal magnets 34 and 35. Again the
thickness of magnets 32 and 33 is not uniform but is
rather directly proportional to the magnetic potential
along the flux producing bars 34 and 35 or in the air
gap 36. The cladding thickness, therefore, is zero at the
very center of air gap 36 because the magnetic poten-
tial is zero there.- This proper adjustment of the thick-
ness of the cladding magnet 32 and 33 results in no flux
being carried by these magnets. Magnets 32 and 33 are
- constructed of magnetic materials having the proper-
ties previously described with respect to cladding mag-
net 10. FIG. 4 illustrates an alternate construction to
FIG. 3 and useful in the crossed-field devices previ-
ously described. In this embodiment magnets 34, 35',
37 and 38 are each shaped as frustums of a cone. Mag-
nets 34’ and 37 together comprise one main magnet
while magnets 35’ and 38 form the other main magnet.

Cladding magnets 32’ and 33’ have an outer cylindri-
cal shape but are each provided with a tapered center
bore conforming to the frustum shapes of the respec-
tive main magnets. An iron shell 31’ surrounds the
magnet construction to serve as a return path and to
shield the magnets from penetration by external fields.

To further illustrate the practice of the invention, a
magnet was constructed as shown in FIG. 4. Frustums
34’ and 35’ were constructed of Alnico 9 material with
a base diameter of 1.25 inches, a diameter of 0.875
inch at the smaller end, and 1 .013 inches thickness.
- Magnets 37 and 38 were constructed of Co,Sm alloy
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6
having a base diameter of 1.390 inches, a diameter at
the smaller end of 1.25 inches, and a thickness of 0.375
inch. Magnets 34, 35', 37 and 38 were all magnetized
axially with the North poles of magnets 35’ and 38 fac-
ing the South poles of magnets 34’ and 37 as indicated
by the arrows in FIG. 4.

Cladding magnet 32’ was constructed of Co;Sm alloy
segments forming a cylinder having an outer diameter
of 1.65 inches and a length or thickness of 1.388
inches. Magnet 32’ was magnetized normal to its cylin-
drical axis.

The segments forming magnet 32’ were provided
with an internal taper to provide a conical bore to
snugly receive frustum main magnets 34’ and 37. The
segments of magnet 32’ were retained to magnets 34’
and 37 using Eastman 910 cement.

The segments forming magnet 33’ were similarly as-
sembled about main magnets 35’ and 38 and the clad
magnet assemblies were mounted in iron shell 31’ with
the small ends of magnets 34’ and 35’ facing one an-
other in coaxial alignment with a spacing therebetween
of 0.550 inch.

Measurements of the flux density were made and
found to be about 7,400 gauss as compared to a theo-
retical value of about 8,000 gauss. While the flux densi-
ties of main magnets 34’, 35’, 37 and 38 were not actu-
ally measured without cladding, standard magnets of
this type, size, and gap are normally found to have flux
densities below 5,000 gauss.

In FIG. § a loudspeaker magnet constructed in accor-
dance with the invention is illustrated. The main flux
producing member is a radially magnetized disk 45
which is clad with axially magnetized shaped disks 42,
43, and 44. The pole pieces 46 and 47 serve to concen-
trate the flux to a density that is higher than that capa-
ble of being produced by the permanent magnet mate-
rtal comprising disk 45. The large, generally circular,
block 41 comprises an iron return path for the flux
from the main magnet 45,

The cladding or insulating magnets 42, 43, and 44
are, in accordance with the invention, constructed of
magnetic materials having the properties previously de-
scribed with respect to magnet 10. The axial magneti-
zation of magnets 42, 43, and 44 produces a magnetic
counter potential perpendicular to that of radially mag-
netized disk 45. The thickness of the cladding magnets
42, 43, and 44 is, again, proportional to the magnetic

potential on the surface of disk 45. Since this is not lin-
ear along the disk, the thickness of magnets 42, 43, and
44 1s not a linear function but is rather determined by
the B-H characteristics of disk 45 and the remamder of
the magnetic circuit geometry. |

It should also be noted here that in actual practice
voice coil 48 must have some means of external com-
munication and thus magnet 44 must be either modi-
fied or eliminated. This will result in a minor amount
of leakage flux. The amount of flux lost, however, with
respect to the amount conserved is small and thus the
object of the invention to minimize leakage flux 1s still
carried out by magnets 42 and 43.

In FIG. 6, a motor is generally shown having a perma-
nent magnet type rotor comprising radially magnetized
spokes 52 having alternate directions of magnetization.
In accordance with the invention flux leakage is mini-
mized by the insertion of c1rcumferent1ally magnetized
sections 54 between spokes 52 comprising materials
having the magnetic characteristics previously de-
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scribed mth respect to magnet 10. It should be pomted
out again, however, that the principal magnets, in this
case spoke 52, can be constructed of any magnetic ma-
terials depending upon the flux density desired. The di-
. rection of magnetization alternates for sections 54 to

provide the desired flux leakage bucking system in ac-

cordance with the invention.
Alternatively, as shown in FIG. 7, the stator may be
constructed as a permanent magnet structure compris-

‘ing radially magnetized spokes 62 clad in circumferen-

tially magnetized sections 64. As discussed in previous
embodiments each section 64 is not of uniform thick-

10

ness but is rather tapered to provide a profile of stron-

gest magnetic potential adjacent the end of each spoke
62 facing the rotor. The amount of taper and the thick-
ness is again determined as previously described.

For the correct choice of thickness of cladding mag-
nets 64 the space 65 between spokes 62 will be a mag-
netic field free region and may therefore be filled with
a highly permeable material. This space may, alterna-
tively, be used by contouring the stator return shell 66
to fill this region. | -

The cladding magnets used to provide magnetic po-
tential in accordance with the invention to inhibit leak-
age of flux from the main magnet are dimensioned to
provide the correct amount of counter potential in ac-
cordance with the potential along the main magnet as
well as the coercive force of the particular material
used for the cladding magnet. The materials used for
the cladding magnets must have the particular mag-
netic properties previously described with respect to
magnet 10. -

‘The cladding magnet may be shaped to the desired
contour by pressing the magnetic material in particu-

15

20

25

30

late form to the desired shape followed by sintering of 35

~ the shaped magnet. The magnetic alignment of the par-

ticles before sintering and the magnetization of the sin-

tered product are carried out as described and claimed
~ in the aforementioned pending patent applications.
The material can also be ground or machined to the

desired shape. While this would normally be done be-

fore magnetization because of the practical preblems
experienced when processing magnetized materials,
the desired high anisotropy of the material may make
it desirable to magnetize the material before fabrica-

40

45

tion. When, as in the preferred embodiment, a mag-

‘netic material having hlgh magnetization retention
properties is used, processing can be done after magne-
tization with minimal rlsk of demagnetizing the clad-
ding material.

The resultant claddmg magnets are _]emed to the
main magnet using, for example, bonding means such
as epoxy cement. Other bonding or mechanical reten-
tion means can be used provided they do not interfere
with the magnetization of either the main ‘magnet or the
cladding magnets. In certain circumstances it may be
desirable to remagnetize the main magnet in situ, i.e.
after bemg clad when a material havin a low intrinsic
coercive force is used for the main magnet. Since, as
previously described, the cladding magnet material is
preferably characterized by a high magnetization reten-
tion, the choice of bonding methods or materials will
have little, if any, effect on its magnetization nor will
remagnetization of the main magnet effect the cladding
magnet. |
- Thus, the invention prewdes an improved magnet
- structure wherein the flux of a principal magnet is con-
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served by cladding the magnet with a second magnet
having its magnetic axis perpendicular to the magnetic
axis of the first magnet and further characterized as
preferably having a high coercive force, with low per-
meability perpendicular to its magnetic axis, and highly
anisotropic. Preferably, the aterial is also characterized
as highly resistant to alteration of its magnetic proper-
ties. The cladding magnet is preferably contoured as
previously described to provide a perpendicular, buck-
ing, magnetic force proportionate to the potentlal
along the principal magnet.

What is claimed is:

1. A permanent magnet construction having a mini-
mum leakage flux comprising a first permanent magnet
having a predetermined lineal extent and a magnetic
axis therealong and a second permanent magnet form-
ing a cladding completely about said first magnet and
coextensive therewith, said second magnet comprising
a highly anisotropic material having its magnetic axis
substantially perpendicular to the magnetic axis of said.
first magnet and having low permeability in the direc-
tion normal to its magnetic axis to inhibit leakage of
magnetlc flux from said first magnet. |

- 2. The magnet construction of claim 1 wherein said
second magnet comprises a rare earth-cobalt alloy.

3. The magnet construction of claim 1 wherein said
second magnet comprises a material exhibiting good'
magnetlzatlon retention preperttes

4. A magnet construction comprising a first magnet
havmg a predetermined lineal extent and a magnetic
axis therealong and a second magnet comprising highly
anisotropic material having a low permeability normal
to its magnetic axis, said second magnet adjotning sub-
stantially the entire extent of said first magnet and sub-
stantially completely surrounding the magnetic axis of
said first magnet, the magnetic axis of said second mag-
net being substantially perpendtcular to the magnetlc
axis of said first magnet.

5. The magnet construction of claim 4 wherein the |
magnetic potential of the second magnet is not umferm
along the magnetic axis of the first magnet. |

6. The magnet construction of claim § wherem the
magnetlc potential of the second magnetic is strongest
adjacent at least one end of the magnetlc axis of the
first magnet. | -'

- 7. The magnet constrlxctton of claim 5§ whereln the
thickness of the second magnet perpendmular to the
magnetic axis of the first magnet is tapered to provide
a non-uniform magnetic potential along the magnetlc .
axis of the first magnet. S

8. The magnet construction of claim 5 wherem sald_ '
second magnet comprises a rare earth-cobalt alloy. o

9. The magnet construction of claim 4 wherein said
first magnet comprises a plurallty of magnets aligned
along a common magnetic axis. | -

10. The magnet construction of claim 4 wherein sald
second magnet comprises a plurality of magnets, each
having its magnetic axis normal to the magnetic axis of
said first magnet. | |

11. The magnet construction of claim 4 wherem said
first magnet comprises a pair of coaxially aligned hol-
low cylinders disposed in mutually axially spaced rela-
tion, and said second magnet is in the form of a double -
cone having a wide-thickness portion surrounding the
adjacent ends of said cylinders, said wide-thickness
portion being of substantially uniform thickness over
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an axial extent thereof corresponding to the spacing of
said cylinders.

12. The magnet construction of claim 11 wherein
said cylinders of said first magnet are magnetized in op-
posite directions and said construction further com-
prises a pair of radially extending reversal pole pieces
disposed within the space between said cylinders.

13. The magnet construction of claim 12 wherein the
cylinders are adapted to surround a linear-beam elec-
tron discharge device. | |

14. The magnet construction of claim 4 wherein said
first magnet comprises a pair of spaced aligned solid
bars of uniform diameter and having a common direc-

10

- tion of magnetization, and said second magnet com-
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prises a pair of cylinders having a common axis and uni-
form internal diameters conforming with the diameters
of said bars, the magnetic axes of said cylinders being
in mutually opposed directions and normal to the mag-
netic axis of said bars, and a magnetic shell encasing
said first and said second magnets to form a complete
magnetic circuit.

15. The magnet construction of claim 14 wherein the
space between said bar magnets is adapted to be occu-

pied by a crossed-field electron discharge device.
¥ ok ok k%
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