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The present invention relates to permanent magnets 
and, more particularly, to those designed to produce a 
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Substantially uniform magnetic field of high intensity in 
their air-gap. 

It is generally known that tubular magnets are able to 
yield substantially uniform fields over a considerable 
length of their air-gap. In the U.S. patent application 
Ser. No. 512,392 filed on June 1, 1955 in the name of 
the applicant, and now abandoned, special tubular mag 
nets have been described, having an air-gap, the cross 
section of which in an axial plane is a minimum near the 
central portion of the air-gap, and increases toward both 
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tively small compared to its length. It comprises essen 
tially: a first magnetic circuit having, for instance, the 
general shape of a U and an air-gap defined by two plane 
polar pieces, and a second magnetic circuit of generally 
tubular shape, surrounding, at least partially, the air-gap 
of the first magnetic circuit. 
According to a preferred embodiment of the invention, 

the second magnetic circuit is made up of an arrange 
ment of elongated magnets, resulting for instance, from 
the sub-division, along the length of the air-gap, of a 
tubular magnet. Such tubular magnet may have a mini 
mum transverse air-gap section in the middle of the air 
gap axis and increasing towards both ends of the magnet. 
The invention will be better understood with the aid 

of the appended description and with reference to the 
annexed drawings, wherein: X 

Fig. 1 diagrammatically shows one embodiment of a 
magnet according to the invention. 

Fig. 2 diagrammatically shows a 
of a magnet according to 

In Fig. 1, a first magnetic circuit A, of U shape, com 
prises an air-gap 1 bounded by the planar end faces of 

25 

ends of the magnet. In this case, it can be considered 
that Superficial magnetic masses, located on the inner 
surface of the magnet, are more particularly concentrated 
in the neighbourhood of the middle portion of the air-gap, 
which produces a substantially uniform field over a con 

sions. Such magnets are of particular interest especially 
for focusing the electron beam in travelling wave tubes. 
Known tubular magnets, however, present a common 

drawback in that, as is well known, the magnetic field 
produced in the air-gap is about equal to the magnet's 
demagnetizing field, and, consequently, is lower than the 
coercive force of the alloy of which it is made up. If it is 
desired to produce, for instance, magnetic fields of the 
order of 600-650 oersteds, use can be made of alloys 
such as Alnico VI having a coercive force of 800 oer 
steds. 
desired to obtain, with tubular magnets, magnetic fields 
of higher intensities, of the order of 1500 oersteds, for 
instance. 

Certain hard ferrites or certain manganese-bismuth al 
loys, with coercive forces attaining 2500-3000 oersteds, 
might be used. However, with such alloys, strong co 
ercive fields are obtained only with very low magnetic 
permeabilities. For instance, the permeability of barium 
ferrites is of the order of 1 to 1.25 for magnetic field 
strengths of about 800 to 1100 oersteds. Because of this 
low permeability, strong fields in the air-gap can only be 
obtained with tubular magnets of large cross-section 
which are bulky and difficult to construct. 

But the problem becomes difficult when it is 
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Unlike tubular magnets, conventional U-shaped mag 
nets have the advantage of making it possible to obtain 
strong magnetic fields in the air-gap, such values being 
often several times greater than that of the demagnetizing 
field, and, hence, higher than the coercive force of the 
magnetic alloy constituting the magnet. But, the super 
ficial magnetic masses are then localized at the ends 
of the air-gap, and it is difficult, therefore, to obtain a 
uniform field in the latter, except when its length is very 
Small in proportion to its transverse dimensions. 

It is an object of the present invention to provide a 
permanent magnet system, free of the above-mentioned 
disadvantages. 
The magnet system according to the invention is capa 

ble of producing a strong and substantially uniform mag 
netic field, while its transverse air-gap section is kept rela 
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two polar pieces 2 and 3. In practice, such a circuit may 
comprise, one magnet or several magnets joined together 
or independent. This circuit produces a field h in the 
air gap of the magnetic system according to the inven 
tion. Magnetic bars B1, B. . . . B form a second mag 
netic circuit surrounding and coaxial in the longitudinal 
direction with the air-gap of the first system and are 
parallel to the lines of force of the field hi, thus produc 

y ing in the air-gap of the magnetic system, a field h siderable length, without requiring large transverse dimen- i. gap g y 2 having the same direction as field hi, identical poles of 
the two circuits being located at approximately the same 
location along the longitudinal axis of the air-gap and 
on the same end of the air-gap of the composite magnet, 
as shown in the figure. In the magnetic system of Fig. 
1, the two constituent magnetic circuits mutually interact, 
thus combining their above-mentioned respective advan 
tages, which result in a uniform field of high value being 
obtained. This can be roughly explained by considering 
that the tubular magnetic circuit provides a magnetic field 
passing within its tubular shape, the magnetic field being 
substantially radially symmetrical about the longitudinal 
axis about the air-gap of the U-shaped magnet, i.e. the 
field pattern being substantially symmetrical with respect 
to any plane which includes this longitudinal axis, in order 
to act uniformly from all sides of the air-gap to repel 
the lines of force of the U-shaped magnetic circuit and 
reduce their dispersion to the point of producing a uni 
form field in the air-gap, this field being a strong one 
since the U-shaped circuit generates an intense magnetic 
field. The demagnetizing fields in both magnetic circuits 
are stronger than they would have been, had they been 
isolated from one another; in other words, each has a 
tendency to demagnetize the other. Thus, while the co 
ercive field of the alloy constituting the U-shaped circuit 
may be small, that of the alloy forming the tubular cir 
cuit must be large and greater than the uniform field 
which it is desired to set up in the air-gap, in order that 
the field of the U-shaped circuit shall not demagnetize the 
tubular circuit or reverse its orientation. . . . . . . . . 

Fig. 2 illustrates a longitudinal cross-sectional view of 
a magnet system according to the invention, comprising a 
magnetic circuit A and a tubular magnet B, the profile of 
which is such that the transverse section of the air-gap 
is a minimum in the neighbourhood of its middle portion, 
and increases towards the ends of the magnet. 
The U-shaped magnetic circuit A is constituted by an 

alloy of high BHma factor, so as to produce a strong 
field for small weight and bulk. Its dimensions are deter 
mined empirically in such a way that, after the magnet 
system is assembled, the alloy operates at its optimum op 

and embodiment ity 
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erating point in the various sections of the magnet, ac 
count being taken of its partial demagnetization by the 
second magnetic circuit. It is not necessary that said 
alloy shall have a very strong coercive field: Alnico V, 
for instance, may be employed. The alloy of magnetic 
circuit B has a strong coercive force, the value of which 
is greater than that of the uniform field to be set up 
in the air-gap. This condition is necessary in order that 
its magnetic orientation shall not be reversed when said 
circuit is placed in the neighbourhood of the air-gap of 
magnetic circuit A. In the example illustrated in Figure 
2, the air-gap has a length of 10 cm., the diameter of the 
polar pieces of the U-shaped magnet being 4 cm. The 
field which it is desired to set up in this air-gap is of 1200 
oersteds. Alnico V constituting the magnetic circuit A 
has a coercive force of about 650 oersteds, whereas the 
alloy forming the magnetic circuit B has a coercive force 
of the order of 1500 oersteds. The length of the 
U-shaped magnetic circuit is of the order of 30 cm. 
What I claim is: - 
1. A permanent magnet system for producing a sub 

stantially uniform field of high value in an air-gap of 
greater length than transverse dimensions, comprising in 
combination, a first permanent magnet structure having 
an air-gap of greater longitudinal than transverse dimen 
sions, and including a positive pole and a negative pole 
defining said air-gap, and a second permanent magnet 
structure of generally tubular shape substantially sur 
rounding said air-gap having its axis substantially in align 
ment with the longitudinal axis of said air-gap and pro 
viding internally of its tubular shape a magnetic field 
which in its entirety is substantially symmetrical with re 
Spect to Said longitudinal axis and to any plane which 
includes said longitudinal axis, said second permanent 
magnet structure having a positive pole and a negative 
pole, the like poles of both said permanent magnet struc 
tures being located at approximately the same location 
along the longitudinal axis of the air-gap and at the same 
end of the air-gap, the second permanent magnet struc 
ture being made of a magnetic material having a higher 
coercive force than that of the first permanent magnet 
Srtucture, said two magnetic structures being separated at 
each end of the air-gap to provide an air space between 
said like poles at each end of said air-gap. 

2. A permanent magnet system according to claim 1, 
wherein the second permanent magnetic structure com 
prises a plurality of elongated magnets laterally bound 
ing said air-gap of said first permanent magnet structure 
the transverse dimension of the longitudinal section of said 
air-gap being minimum at the middle portion of the 
axis thereof and increasing toward the ends of said 
Second magnet structure. 

3. A permanent magnet system according to claim 2 
in which said first permanent magnet structure is 
U-shaped. 

4. A permanent magnet system for producing a sub 
stantially uniform field of high value in an air-gap of 
greater length than transverse dimensions, comprising, in 
combination, a first permanent magnet structure having an 
air-gap of greater longitudinal than transverse dimensions, 
and including a positive pole and a negative pole defining 
said air-gap, and a second permanent magnet structure 
of generally tubular shape substantially surround 
ing said air-gap and symmetrically arranged about 
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s: 
the longitudinal axis passing through the middle of said 
air-gap and providing internally of its tubular shape a 
magnetic field which in its entirety is substantially sym 
metrical with respect to any plane which includes the 
longitudinal axis of said air-gap, said second perma 
nent magnet structure having a positive pole and a nega 
tive pole, the identical poles of the two permanent mag 
net structures being located at approximately the same 
location along the longitudinal axis of the air-gap and at 
the same end of the air-gap, an air space being provided 
between both said identical poles of said two structures 
at each end of said air-gap, the second magnet structure 
being made of a magnetic material having a higher coer 
cive force than that of the first permanent magnet struc 
ture. 

5. A permanent magnet system comprising a first per 
manent magnet structure having opposed end poles defin 
ing therebetween an elongated air-gap, and a second per 
manent magnet structure being made of a magnetic ma 
terial having a higher coercive force than that of the first 
permanent magnet structure, and laterally defining a sub 
Stantially cylindrical air-gap at least part of which is com 
mon to Said elongated air-gap and substantially coaxial 
therewith, said second permanent magnet structure provid 
ing within said cylindrical air-gap a magnetic field which 
in its entirety is substantially symmetrical with respect to 
any plane which includes the longitudinal axis of said 
elongated air-gap, the poles of said two permanent mag 
net structures having a same denomination being situ 
ated at approximately the same location along the longi 
tudinal axis of said elongated air-gap and at a same end 
of Said elongated air-gap and an air space being provided 
therebetween thereby to provide a substantially uniform 
field of high value in said elongated air-gap. 

6. A permanent magnet system comprising a first per 
manent structure having opposed end poles defining there 
between an elongated air-gap, and a second permanent 
magnet structure being made of a magnetic material hav 
ing a higher coercive force than that of the first perma 
nent magnet Structure, and laterally defining a substan 
tially cylindrical air-gap at least part of which is super 
imposed on said elongated air-gap and substantially co 
axial therewith, said second permanent magnet structure 
providing within said cylindrical air-gap a magnetic field 
which in its entirety is substantially symmetrical with re 
spect to any plane which includes the longitudinal axis of 
Said elongated air-gap, the poles of said two permanent 
magnet structures having a same denomination being 
situated at approximately the same location along the 
longitudinal axis of said elongated air-gap and at a same 
end of said elongated air-gap thereby to provide a sub 
stantially uniform field of high value in said elongated 
air-gap. 
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