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5 30, Tomsk, Union of Soviet Socialist 
Republics, a Corporation organized and exist-
ing under the laws of the Union of Soviet 
Socialist Republics, do hereby declare the 
invention, for which we pray that a patent 

10 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state-
ment:— 

Th'is invention relates to a Betatron. A 
15 betatron may be employed in physical and 

biological research as well as in flaw detection 
and medicine. 

Betatron electromagnets have been proposed 
which comprise a magnetic circuit having 

20 pole-pieces defining an operating zone in 
which a betatron vacuum chamber is mounted. 

A field winding is provided around the pole 
pieces which are shaped as conical discs with 
a fiat central part. 

25 In the previously proposed betatron electro-
magnets the pole-piece steel is not fully loaded 
owing to a non-uniform distribution of the 
magnetic flux in the air-gap zone. This is 
because magnetic induction reaches the satura-

30 tion level (about 15,000 gauss) in the flat 
central part of a pole piece whereas in the 
vicinity of the equilibrium orbit with the 
betatron ratio (2:1) maintained, magnetic 
induction is only about 3,000 to 5,000 gauss. 

35 A considerable magnetic leakage, practically 
unused, from the end faces of the pole pieces 
also reduces the efficiency of the installation 
and increases its dimensions and weight. 

The focussing forces affecting the acceler-
40 ated electron beam are relatively weak as the 

field gradient n lies within the range 0 < n < l . 
The cooling of pole pieces present a problem 

in such betatrons. 
According to the present invention there is 

45 provided a betatron including an electro-
magnet comprising pole pieces forming 
part of a magnetic circuit and defining an 
operating region for receiving a vacuum cham-

:r, each pole piece having a solid central 
portion and at least three spokes projecting 50 
radially from the central portion to a point not 
outside the operating region, and a field wind-
ing. 

Preferably two pole pieces are provided 
and the ribs of one pole piece face corres- 55 
ponding ribs of the other pole piece. 

The spoke surfaces facing the operating 
region may be concave. 

The ribs of one pole-piece may be angularly 
displaced relative to the ribs of the other about 60 
an axis common to both pole-pieces. 

The invention will now be described in 
more detail, by way of example only, with 
reference to the accompanying drawings, in 
which:— 65 

Figure 1 is a sectional view of an electro-
magnet for a betatron; 

Figure 2 is a section along line II—II of 
Figure 1; 

Figure 3 shows pole-piece ribs for a further 70 
electromagnet; 

Figure 4 illustrates an alternative lay-out 
of the electromagnet pole-piece. 

In the drawings, like parts are designated 
by like reference numerals. 75 

The electromagnet shown in Figures 1 and 
2 has six radial spokes 1 protruding from 
central cylindrical parts 2 of poles 3 and 4. 

The electromagnet is split in a median plane 
5 and comprises two identical halves 6 and 7. 80 
Both halves 6 and 7 are secured together with 
pins (not shown), one of which passes through 
a centre hole 8. The magnetic flux is produced 
by winding 9 mounted around the end faces 10 
of the spokes 1. A reverse magnetic circuit 85 
11 is used to close the magnetic flux. The 
betatron ratio (2:1), is achieved by placing 
centre inserts 12 separated by non-ferro-
magnetic insulation spacers 13, between the 
pole pieces 3 and 4. The spokes belonging to 90 
one of the pole pieces 3 or 4 are so designed 
that the distance between side surfaces 14 of 
the spokes 1 increases, as the radius is 
increased. The spokes 1 belonging to the pole-
piece 3 are placed opposite the spokes, belong- 95 
ing to pole piece 4. Surfaces 15 of the spokes 
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1 facing an operating zone 16 and used for 
mounting the beratron vacuum chamber may 
be so designed that an air-gap 17 formed by 
the surfaces 15 increases radially, remains 

5 constant or decreases radially. In the electro-
magnet shown in Figures 1 and 2, the surfaces 
15 of the spokes 1 of the pole piece 3 run 
parallel to the surfaces 15 of the spokes 1 of 
the pole piece 4 so that the air gap 17 remains 

10 radially unchanged. The length of the spokes 
1 is selected so that an average equilibrium 
orbit 18 intersects them approximately half-
way along their length. 

The spokes 1 are formed from electrical 
15 steel laminations 19 which may be set along 

the spokes, across or at an angle to axes 20 
of the spokes 1. The steel laminations are pre-
ferably set at an angle to the spokes 1 as in 
this case the best phase structure of the con-

20 trolling field formed bv the spokes 1 in the 
operating zone 16 is provided. 

In Figure 3, the surfaces 15 of the spokes 1 
on the pole pieces 3 and 4, facing the operating 
region 16, are concave and the points 21 of 

25 the surfaces 15 which are of a maximum dis-
tance from the betatron median plane 5 are 
placed so as to face the averaged equilibrium 
orbit 18. 

In Figure 4, the electromagnet pole pieces 
30 3 and 4 are arranged so that the spokes 1, 

belonging to the pole piece 3, are turned 
through an angle « relative to the spokes 1 of 
the pole piece 4. 

The configurations of pole pieces described 
35 are possible because the sectional ;|rea of the 

pole piece steel, ensuring the passage of a 
magnetic flux necessary to hold the electrons 
being accelerated in the equilibrium orbit 18, 
is much smaller than the section of the air-

40 gap in the median plane 5. 
The number, dimensions and shape of the 

spokes 1 are selected so as to ensure that a 
magnetic flux sufficient to hold the electrons 
being accelerated in the equilibrium orbit 18 

45 is provided. 
The spoke width B for the present pole 

piece design is approximately given by the 
formula (1): — 

2~ r c . H„ 
B = — (1) 

H c N 

50 where Ho is the average magnetic-field inten-
sity in the radius r„ of the average 
equilibrium orbit; 

H0 is the magnetic-field intensity within 
the central hub of the pole pieces of 

55 radius re; 
N is the number of spokes on a pole. 
A radially decreasing, increasing or invari-

able magnetic field may be obtained under the 
spoke by varying the profile of the surfaces 15 

60 of the ribs 1, facing the operating region. 
Within the space between the spokes 1 

where the magnetic field is set up by leakage 
fluxes from the side surfaces 14 of the spokes 
1, there is always a decreasing magnetic field 
for the distance between the side surfaces 14 65 
increases radially. The surfaces 15 of the 
spokes 1, facing the operating region 16, are 
selected so that the azimuth-averaged field 

gradient n should remain within the range 

0 < n < l . This ensures vertical and radial 70 
focusing of the beam, as in previously pro-
posed betatrons. 

Such a field also provides an additional 
vertical focusing force by varying the field 
intensity in the azimuthal direction as for 75 
example in isochronous cyclotrons. 

The focusing properties of the controlling 
field are improved still further by using the 
pole piece configuration shown in Figure 3. 

To improve the focusing properties of the 80 
field, the surfaces 15 of the spokes 1, facing 
the operating region 16, are made concave so 
that the field gradient n under the spokes 1 
has different signs on different sides of the 
averaged equilibrium orbit 18. 85 

When the pole pieces are designed in this 
way, electrons forming the beam are focused 
by selecting an equal azimuth-averaged field 

gradient n (e.g. 0.5—0.7) within the annular 
sector of the operating zone 16 between the 90 
central part 2 and the averaged equilibrium 
orbit 18. Within this sector the distance 
between the side surfaces 14 of the spokes 1 
is small, the field variation amplitude is low, 
and its effect on the magnitude of the focusing 95 
force is small. 

Beyond the averaged radius of the 
equilibrium orbit 18 the distance between the 
side surfaces 14 of the ribs 1 is relatively 
large and the field variation amplitude 100 
increases. The value of the azimuth-averaged 

field gradient n may approach 1 and this 
decreases the focusing forces radially. 

The variation of the sign of the field gradi-
ent n under the spokes 1 at points close to the 105 
averaged radius of the equilibrium orbit 18, 
decreases the value of the azimuth-averaged 

field gradient n which increases the focusing 
forces radially. The useful aperture of the 
vacuum chamber is therefore increased. 110 

The configurations of pole pieces described 
allow methods of correcting the controlling 
field, for example by varying the spoke width 
with appropriate changes in the profile of the 
side surfaces 14 of the spokes 1. 115 

The configuration of pole pieces, shown, in 
Figure 4 allows an additional increase in the 
focussing forces to be obtained by converting 
the equilibrium orbit 18 into a spatial spiral. 
This is due to the fact that the field being 120 
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formed has all its components Hz, H r , H0 in 
the median plane 5. 

This kind of field possesses a vertical 
symmetry, the planes of symmetry passing 

5 through the axes 20 of the spokes 1. By vary-
ing the angle of rotation a of the spokes 1 it 
is possible to control the field components. It 
is advisable to select an angle of rotation « 
equal to sr/N as this provides a favourable 

10 periodicity of the field. 
Furthermore, the presence of the azimuth 

field component He may improve the process 
of electron injection and capture for accelera-
tion. 

15 The ribs 2 may be made spiral so as to give 
an additional increase in the vertical focusing 
forces. 

The described electromagnets have pole 
pieces so designed as to form a controlling 

20 magnetic field with improved focusing 
properties, to reduce the leakage field from the 
pole piece end faces and to improve the pole 
piece cooling conditions. 

The described electromagnet makes it pos-
25 sible to form in betatrons a time-varying con-

trolling field with a field gradient which is 
variable in magnitude and azimuthly alternat-
ing. This is known to possess the best focusing 
properties. 

30 A decrease of the pole piece end faces makes 
it possible to reduce the leakage flux from these 
surfaces by approximately 40 to 50% and, at 
the same time, to increase the cooling surface 
as well as to improve heat-removal conditions. 

35 The overall reduction of the magnetic cir-
cuit weight may amount to 20%. 

WHAT WE CLAIM IS : — 
1. A betatron including an electromagnet 

comprising pole pieces forming part of a 
magnetic circuit and defining an operating 40 
region for receiving a vacuum chamber, each 
pole piece having a solid central portion and 
at least three spokes projecting radially from 
the central portion to a point not outside the 
operating region and a field winding. 45 

2. A betatron as claimed in Claim 1 having 
two pole pieces, the spokes of one pole piece 
facing corresponding spokes of the other pole 
piece. 

3. A betatron as claimed in Claim 1 or 50 
Claim 2 wherein the spoke surfaces defining 
the operating region are concave, the points of 
these surfaces furthest from a median plane 
of the electromagnet facing points intended 
to lie on the average equilibrium orbit. 55 

4. A betatron as claimed in claim 3, as 
appendant to Claim 1, wherein the spokes of 
one of the pole pieces are angularly displaced 
with respect to the other pole piece about an 
axis common to the pole pieces. 60 

5. A betatron substantially as herein des-
cribed with reference to and as shown in the 
accompanying drawings. 
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