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Abstract

It is well-known that a superconducting coil witc@® ~ Consisting of rectangular parts optimized for maxing
shape generates a pure dipole field. However, actjwal the field. As Fig.1 shows, the_ width of the cpllthat case
magnets, one often comes across coil shapes quitgS smallest at the equatorial plane and increasexy
different from co® shape. In an earlier work we ffom that plane. This suggests the possibility bé t
out to be very different from the conventional @skape. Shape. In this work we have worked out a generdl co
In this work we have found out the general anadytic Sh@p€ which can produce pure dipole field.

shape of a dipole coil.
FIELD INSIDE ELLIPTIC CONDUCTOR

INTRODUCTION The fieldB, at a point Xo,yo) due to a current density
Superconducting dipole magnets, producing ggh  (alongZ) in an infinitely long conductor is [4]
field, are used in large numbers in high energy 1]
accelerators like LHC, RHIC, HERA etc. In thesel<oi By(Xo,yo,J):L@n[(X(y)‘Xo)2+(y‘yo)z]dy
dominated dipole magnets, the field quality depeords ar
the shape of the superconducting coil. It is walkn
that a long current-carrying conductor of circular
elliptic cross-section produces a perfect transvdisld
gradient inside [1]. This property is utilized fobtaining
a pure dipole field by superposition of two oppesit
current densities. The coil shape is obtained by th ST
displacement of two overlapping elliptic currentconductor is given by
distributions of opposite magnitudes. In such ¢dite
variation of coil width is similar to a cBsdistribution. By (X0, Yo,d) = 1pd
Such magnets are called Batipole magnets. a+b
However, cddshape is not the only coil shape whiclThis is a field with a constant gradient. A purg@ae
can produce dipole field. One comes across dipole cfield is obtained by superposing two displaced emuirr
shapes which are markedly different from thebcslsape distributions with a displacement of for each.
[2]. In an earlier work [3], we designed coil shape
6

where/y, is the permeability of air. Herdy) defines the
boundary of the coil as a function pf The field and its
components depend on the shape of the cross-saiftion
the conductor. For an elliptic cross-section givien
x=acosf) and y=bsin(g), the field inside the
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PRODUCING PERFECT DIPOLE FIELD
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Here we investigate if we can obtain pureotlifield
using any other cross-section for the conductot. ue
investigate the following conductor shape for this
purpose.

X = acos(g) + ccos¢) +d cos@g)
and
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_ o _ _ _ where the parameters and d cause deviation from the
Figure 1: Optimized dipole magnet with blockls. elliptic shape. With thisB, comes out to be
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This is a combination of dipole, quadrupole andgeale
fields. One can easily remove the quadrupole fiel
component by mixing two fields from two different
current distributions as shown below.

B, (%, +t,¥o,a,b—c,d,J)+B, (%, ~t,¥,,8a,b,c,d,=J) =

_cla=b+3d) bt  3d(a-bt__2ct
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’ 4dt? 2 6dt Vo >
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This field is a combination of a dipole field and a
sextupole field [ x,>y,?). The sextupole term vanishes
when we take c¢ = -6dt/(a+b). With this conditidhe
dipole field comes out to be

As evidenced from the absence xf andy, in the
equation, the field is constant and therefore ceteby
uniform within the overlapped area.

Fig.1 shows typical coil shapes for variousuesl of a,
b, d and t. Fig.2 shows the field line plot caltethwith
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SUPERFISH code for a dipole with a=6.4, b=6.0, d=-1

and t=1.2.
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d=-05 t=1.097
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Figure 2: Various coil shapes for pure didtdéd.

DISCUSSIONS

Since the field amplitude depends non-lineari the
shape parameters a, b, d, and t, one can try tanmzx
the field for a given coil area and current densityis is
equivalent to minimizing the coil area for a reedir
magnetic field.

A FORTRAN code, based on random search
optimization, has been written for this purpose:. &@ield
of 7.5 T in an aperture of 5cm radius, with an eagring
current density of 750 A/mMmthe coil area is 21.54 ém

For co® shape, it is 22.86 ¢m

-

Figure 3: Pure dipole field inside with newilc

We have shown that the coil shape obtainedhby
overlapping of two displaced ellipses is not they@hape
which can produce a pure dipole field. The shapergin

this work also produces a perfect dipole field. &wgling

on the values of the shape parameters, the cgilesban
be markedly different from the d®shape.

Moreover, the parameters involved in the shape
equations can be optimized for maximizing the field
minimizing the coil area. The coil area can be oeduby
about 7% for a field level of 10 T with the new phaas
compared to the conventional shape. This will maan
reduction in the quantity of the costly supercoriihgc
wires. But, of course, reduction in coil area i$ the only
criterion in superconducting magnets. One has ¢otisat
the field at all the points in the coil is beloweth
acceptable critical field. We have not delved inihis
aspect in this work.
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