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Summary 

An H-magnet with no median plane symmetry, in where Bo is the vertical field at the magnet center. 
which all the current carrying coils lie below the me- Units for bn and an are cm-n. One sees that the verti- 
dian plane, has been studied using the GRACY magnet cal field is good, while the radial field Br has appre- 
program. This magnet was suggested by A. vansteenbergen ciable al and a3 which would require correction. We 
and has several possible advantages for use in a super- find al = - 1.28 x 10-3/c, and a3 = - 0.058 x 10'3/cm3 
conducting storage accelerator. The field multipoles which correspond to pole tip fields of 0.0038 and 0.0016 
violating median plane symmetry were found to be small, relative to B. at the pole face which is 3 cm from the 
and correctable with small correction coils. In addf- median plane. These undesired multipoles al and a3 
tion, it was found possible to reduce these undesired could then be corrected out with small correction coils 
multipoles considerably by shaping the iron pole face. surrounding the desired aperture of k 2.5 cm. 

I. Introduction 

Figure 1 shows a possible bending magnet suggested 
by A. vansteenbergen for an AGS stretcher ring. The 
magnet is a modified H-magnet with only one coil below 
the median plane. This magnet does not have median 
plane synnnetry. A computer study, using the GRACY mag- 
net program,indicates that the median plane field is, 
nevertheless, quite good, and requires very small cor- 
rection coils to be made acceptable for use in a stor- 
age ring. The field can also be improved considerably 
by shaping the upper pole. 

The forces on the coils are of interest. One finds 
at B, = 10 kG, a downward force Fy = - 933 kG/m, and 
an outward force Fx = 326 kG/m. 

II. Magnet Field Results 

The magnet considered here is shown in Fig. 1. It 
has a pole width of 20 cm, and magnet gap of 6 cm. The 
desired good field region is about * 2.5 cm. The mag- 
net is to be used at fields no larger than about 10 kG, 

III. Effect of Errors in the Coil Positions 

For this magnet, one would like the field to be re- 
latively insensitive to rather large displacements of 
the current blocks. Table I lists the rms value of the 
error multipoles introduced into the median plane mag- 
netic field by a random displacement of the two current 
blocks by 0.5 cm. The only error multipoles that are 
appreciable are ha, and Abl, and these are still within 
the usual tolerances for an accelerator. We find that 
Aao = 0.12 x 10'3 and Abl = 0.11 x 10s3 cm-l. 

IV. Pole Shaping to Eliminate the Radial Field 

Because of the lack of median plane symmetry, the 
so that there are no appreciable iron saturation effects. median plane magnetic field has appreciable al and a3. 

It is possible to eliminate the an by shaping the pole. 
Table I shows the multipoles present in the verti- One approach is shown in Fig. 1 where the upper pole is 

cal and radian fields in the median plane, which are de- made narrower by 2.4 cm at each edge. Suprisingly, it 
fined by is possible to essentially eliminate both al and a3 

using the one parameter, the width of the upper pole. 

BZ = Bo(bo + blx + b2X2 + b3X3 + . ..> , Narrowing the upper pole, while reducing the an multi- 
poles in the radial field, increases the b, multipoles. 

Br = Bo(ao + alx + a2X2 + 83x3 + . ..) , However, the b, so introduced are small, although they 
may still require correction. The multipoles b, and an 

TABLE I 

The column headed Rectangular Poles gives multipoles present in a magnet with 
rectangular poles, and the coils are only below the median plane. The column headed 
Narrowed Upper Pole shows the reduction in the multipoles obtained by narrowing the 
upper pole by 2.4 cm on each side. The columns headed Coil Errors show the rms val- 
ues of the error multipoles introduced by an rm error in the coil position of 0.5 cm. 

Rectangular Narrowed 
Poles Upper Pole 

bn an bn an 

10-3 cm-* 10-3 cm-n 10-3 cm-n 10-3 cm-n 

1000 0 1000 0 
0 -1.28 0 0.000 

-0.008 0 -0.0417 0 
0 -0.058 0 0.001 

-0.002 0 -0.0051 0 
0 -0.001 0 0.000 

0.000 0 0.000 0 

Coil Errors 

fib, 4 

10 -?zm-n lo-?Ern-n 

mm- 0.12 
0.11 0.01 
0.002 0.001 
0 .ooo 0 .ooo 
0.000 0.000 
0.000 0.000 
0 .ooo 0.000 

%ork performed under the auspices of the U.S. Energy 
found by narrowing the pole by 2.4 cm at each edge are 
given in Table I. The iron removed from the upper pole 

Research & Development Administration. is 2.4 cm by 1 cm at both sides of the pole. 
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Fig. 1. A magnet without median plane symmetry. 
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