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puCING AXIALLY syMMETRICAL MAG 
NETC FELDS 

Frederick Hermes Nicol, Ickenham, England, as 
signor to Electric & Musical Industries in 
ited, Middlesex, England, a company of Great 
Britain 

Application October 28, 1938, Serial No. 23,398 
in Great Britain November , 93 

Claims. 

The present invention relates to permanent 
magnet devices for producing axially symmetri 
cal magnetic fields and more especially to ar 
rangements which are used to form magnetic 
electron lenses. 
Known permanent magnet devices for Setting 

up magnetic lenses in cathode ray discharge tubes 
and the like have hitherto usually been consti 
tuted by an arrangement of substantially annu 
lar members, the field producing member being, 
in general, an annular permanent magnet with 
or without pole pieces. Such arrangements have 
the disadvantage, especially in the case of lenses 
of large diameter used for focussing composite 
electron beams, that the ratio of the length of 
the magnet to its width or cross-sectional area 
is Small and consequently the magnetisation of 
the magnet becomes weakened or destroyed fair 
ly quickly. 
The object of the present invention is to pro 

vide a permanent magnet device for setting up 
a magnetic field more especially for serving as 
an electron lens in respect of a composite electron 
cean, the device being SO formed that it will re 
tain its magnetism for a long period. 
According to the present invention, a perma 

nent magnet device, more especially for setting 
up a magnetic field for focussing a composite 
beam of electrons, is provided, said device con 
prising two pole pieces spaced from each other 
and each having an aperture through which the 
electron beam may pass, and a plurality of indi 
vidual permanent magnets Straddling the gap be 
tween said pole pieces, like poles of each magnet 
being associated with one of said pole pieces. 
According to one method of carrying the in 

vention into practice the lens field may be formed 
within a pair of equidiameter co-axially arranged 
cylindrical pole pieces separated by an air gap. 
The pole pieces may carry flanges of magnetic 
material constituting end shields for the field 
producing arrangement, permanent magnets of 
bar or horse shoe form being arranged with their 
ends in contact with either the pole pieces or said 
flanges, the magnets being symmetrically dis 
posed about the axis of the pole pieces each hav 
ing a north pole on one pole piece or its flange 
and a south pole on its other pole piece or 
its flange. Preferably the air gap between the 
pole pieces is adjustable. 

the nature of the invention and the method 
of carrying the invention into practice will be 
more fully understood from the following de 
scription with reference by way of example to 
the accompanying drawings in which: 

(C. 250-161) 
Figure shows a sectional side elevation of one 

embodiment of the invention in which horse shoe 
permanent magnets are used and Figure 2 shows 
a plan view of the arrangement of Figure 1 with 
the front flange removed. 

Figure 3 shows curves referred to in describing 
a method of adjusting the arrangement of Fig 
lure 1, 

Figures 4 and 5 are views corresponding to Fig 
ures 1 and 2 of another embodiment of the in 
vention in which bar form permanent magnets 
are used, 

Figure 6 is a view corresponding to Figure 1 of 
another embodiment of the invention, while Fig. 
7 shows a Cathode ray tube together with the im 
proved focusing means embodying the invention. 

Referring to Figures 1 and 2, it will be seen 
that the arrangement therein shown comprises 
two cylindrical pole pieces 3 and 2 which may 
be of magnetic material, for example, soft iron, 
these pole pieces being supported on or provided 
with soft iron flanges or shields 3 and 4 respec 
tively between which are mounted horse shoe 
magnets 6 shown as arranged each with a north 
pole N resting on pole piece and a south pole S 
resting on pole piece 2 and straddling the air gap 
which is formed between the cores and 2. 
referably one of the cores, such as the core 2 as 

shown, is threaded in its shield such as 4 where 
by it can be Screwed in or out to adjust the 
width of the air gap . If desired, of course, both 
cores could be threaded in their shields. In the 
arrangement shown, four magnets 6 are pro 
vided arranged Symmetrically about the axis 8 of 
the cores and 2 but a different number of mag 
nets may be provided if desired. Experiments 
performed with the arrangements similar to that 
illustrated in Figures 1 and 2 have shown that 
as few as three horse shoe magnets about 1A' 
long produce a sufficiently uniform field to give a 
Substantially round spot on a cathode ray tube 
for a beam of approximately a quarter of the 
diameter of the cylindrical pole piece. These 
magnets will focus a 2000 volt electron beam for 
an object distance of 8 cms. and image distance 
of 30 cms. and a gap between the pole pieces of 
.5 cm. The adjustment of the gap 7 gives a fine 
Control of the strength of the field on the axis 
and hence the focal length of the electron lens. 

Figure 3 shows curves connecting the electron 
beam voltage and the length of the gap 7 for an 
arrangement required to have a focal length of 9 
Cms. Curve A corresponding to the case when 
three magnets 6 are provided, curve B corre 
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provided, curve C corresponding to the case when 
five magnets are provided and curve D corre 
sponding to the case when six magnets are pro 
Vided. 
Considerable variation in the shape of the pole 

pieces and 2 may be made and their radii may 
not necessarily be the same. 

Figures 4 and 5 relate to an embodiment of 
the invention similar to that shown in Figures 
1 and 2 with the exception that bar magnets a 
are used instead of the horse shoe magnets 6. 
These magnets a are connected between the 
shields 3 and 4 as shown with their north poles 
N on the shield 3 and their south poles S on the 
shield 4. In this case the shields 3 and 4 form 
pole pieces for the magnets 6a, the magnetic cir 
cuit of these magnets being completed through 
the magnets through shield 3, pole piece , air 
gap 7, pole piece 5 and shield 4. 

In a case when a number of Small permanent 
magnets are used symmetrically disposed about 
the axis of the lens the effect of the Soft iron 
cylinders and the soft iron cylinders and 2 is 
to smooth out the irregularities of the field pro 
duced by the individual magnets. However, the 
fact that a number of relatively long permanent 
magnets are employed instead of a single annular 
member is found to improve the "permanence' 
of the magnetism in the device. 

If desired, the electron lens formed according 
to the invention may be provided with a plurality 
of air gaps such as , the arrangement then being 
analagous to a multiple element lens such as is 
found in optical systems. For example, a partic 
ular arrangement with two air gaps is shown in 
Figure 6 of the drawings. The arrangement in 
this case having two pole pieces f, co-operating 
with a central pole piece 2a to form gaps 7 and 
''. The arrangement may comprise horse shoe 
magnets 6 as shown, arranged between two 
shields or flanges 3 and 4 and, if desired, a cen 
tral flange or flanges might be provided on the 
coil 2a for the purpose of affording support to 
bar magnets such as the magnets 6a of Figure 4, 
for example, or any other suitable arrangement 
of magnets may be used. 

In Fig. 7 is shown how the improved magnetic 
focusing device is used with a cathode ray tube 
such as One having a screen adapted to luminesce 
under impact of electrons for example. The 
cathode ray tube 2 f has a luminescent screen 23 positioned on its end wall. Opposite the screen 
23 and Supported by a stem structure is a heater 
25 for heating the electron emitting cathode 27. 
A cylindrical electrode structure 26 serves to con 
centrate the emitted electrons while the anode 
electrode 29 Serves to accelerate the concentrated 
electrons toward the screen 23. The magnetic 
focusing structure, which may have any of the 
forms shown in Figs. 1, 2 and 4 through 6, and 
by way of example the form in Fig. 1 is shown, 
is positioned concentrically with the neck of the 
tube 2 and Serves to focus the electrons passing 
therethrough so that they all impact upon the 
screen 23 in a very small area. It will thus be 
observed that considerable variation of adjust 
ment is possible So that Optimum focusing can 
be readily obtained. 

I claim: 
1. A permanent magnet device for setting up a 

2,200,089 
magnetic field for focussing a composite beam of 
electrons, said device comprising two co-axial 
pole pieces spaced longitudinally from each other 
and each having an aperture through which the 
electron beam may pass, and a plurality of indi 
vidual permanent magnets straddling the gap be 
tween said pole pieces, like poles of each of said 
plurality of magnets being associated with one 
of said pole pieces. 

2. A permanent magnet device according to 
claim 1 in which at least one of said pole pieces 
carries a flange of magnetic material serving as 
an end shield for the device. 

3. A permanent magnet device for setting up 
a magnetic field for focussing a composite beam 
of electrons, said device comprising two co-axial 
pole pieces spaced longitudinally from each other 
and each having an aperture through which the 
electron beam may pass, and a plurality of in 
dividual permanent magnets of substantially 
horse shoe form straddling the gap between said 
pole pieces, like poles of each of said plurality of 
magnets being associated with one of said pole 
pieces. 

4. A permanent magnet device for setting up 
a magnetic field for focussing a composite beam 
of electrons, said device comprising two co-axial 
pole pieces spaced ongitudinally from each other 
and each having an aperture through which the 
electron beam may pass, ferro-magnetic flanges 
mounted on said pole pieces, and a plurality of 
individual permanent magnets of bar form 
mounted between said flanges and straddling the 
gap between said pole pieces, like poles of each 
of Said plurality of magnets being secured to 
the flange of one of said pole pieces. 

5. A permanent magnet device for setting up 
a magnetic field for focussing a composite beam 
of electrons, said device comprising a plurality of 
more than two co-axial pole pieces spaced longi 
tudinally from each other, each pole piece hav 
ing an aperture through which the electron beam 
may paSS and a plurality of individual permanent 
magnets straddling the gap between each pair 
of adjacent pole pieces, like poles of each of said 
plurality of magnets being associated with one of 
Said adjacent pole pieces. 

6. A permanent magnet device for setting up 
a magnetic field for focussing a composite beam 
of electrons, said device comprising a plurality of 
co-axial pole pieces spaced longitudinally from 
each other and each having an aperture through 
which the electron beam may pass, and at least 
one of Said pole pieces being adjustable, and a 
plurality of individual permanent magnets strad 
dling the gap between said pole pieces, like poles 
of each of said plurality of magnets being asso 
ciated with one of said pole pieces. 

7. In combination, means to emit electrons, 
means to concentrate electrons from the emitting 
means, two apertured flanged concentric pole 
pieces spaced from each other through which the 
concentrated electrons may pass, a plurality of 
individual permanent magnets intermediate and 
in contact with the two pole pieces for focusing 
the electrons passing through the pole pieces, and 
an electron Sensitive Screen positioned to receive 
the focused beam of electrons. 
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