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Abstract
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A novel method to generate a gradient field in a constant gapped magnet is devised with use of inter-pole made of
anisotropic magnet material. This magnet can have not only constant gap but also smaller fringing field compared
with a conventional one. This technique should widen the recipe to design a magnet with a complex magnetic field

distribution.
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Fig. 1 A magnet with gradient field.
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Fig. 2 Divided magnet pole parts are switched.
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Fig. 3 A magnet with inter-pole made of bulk iron.
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Fig. 4 Composed anisotropic material.

Fig. 5 Flux plot of a magnet with a set of inter-poles
made of anisotropic magnet material that has low
permeability (u~3) in horizontal direction.
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Fig. 6 Magnet configurations to evaluate the effective
lengths: the magnets with inter-poles (left) and the
conventional ones (right). The upper and bottom figures
represent weaker and stronger configurations, respectively.
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Fig. 7 The magnetic field distributions of large and
small gapped magnets. When the inter-poles are used the
ratio is kept fairly constant until the absolute values
become less significant.
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Fig. 8 A magnet with inter-pole that has stepwise
approximated iron surface. This example has also trim
coils to change the field index. After the step pole shape
was optimized for n=-3.5 without trim coils, the
positions of four coils together with the currents of the
two groups are adjusted to raise the gradient to n=-4.5.
Finally, all six currents are adjusted to flatten it to n=-2.5.
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Fig. 9 Field distributions with currents on trim coils.
The field index is raised to 4.5 or reduced down to 2.5
from the original value 3.5.
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Fig. 10  One directional high u material can be
composed from magnetic material inserted in nonmagnetic
separators. Left figure shows top view.

Fig. 11 Geometries to compare absolute values of the
fringing field, which show the effects of the anisotropies.

500

| |
-+-ABz [Gauss] aniso-iso
> ——ABz [Gauss] hybrid-iso 0

x\\¢//

6000 -50

~~~~~~~

|7
[ssnen)] zgy

o

w—gz %gauss% isotropic
— -Bz [Gauss] anisotropic
4000 H_._B7 [Gauss] hybrid

AN

0 20

Bz [Gauss]

\

40 S [em] 60 80 100

Fig. 12  Fringing fields with different anisotropies.
Magnified differences from the isotropic (in the paper
plane) inter-pole are also shown.
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Fig. 13 The packing factor is increased towards the right
edge to hold higher magnetic flux density. The p.’s of the
parts of the inter-pole are 3, 5 and 10, from left to right.
The corresponding packing factors are 0.677, 0.2 andd 0.9,

respectively.
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Fig. 14 Magnetic filed distributions and their deviations
from a power function.
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