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Abstract
A few types of errors produced by defects in coils are estimated for the magnetic field in

the accelerator magnets.

The circular, almost constant magnetic field B created by a toroidal magnet is affected by the
defective field due to small interruptions in the coil. The total field can be represented as

M
B(O) =B+ b(0-6) . 1)
i=1
where M is the number of interruptions (and of regular coils) and b(f@ — 6;) is the defective
contribution of an interruption in the coil placed at 6;. The mean square deviation of B(#) is
given by

(ABY =B, — B, , 2)
where
31:%/d0-<l§b(0—0i):2> (3)
and

B, = l%/d@- <Zb(e—9i)>_ , (4)

(...) denoting the average over the distribution of §;. Making use of the Fourier representation
1 ind
n

the mean defective field is readily computed as

= dO- (SM 60— 0)) = o= 3 by - = [ dBe™? - M (7m0 = .
6
= Mbo/2m = 5L [d - b(0) .

Since the interruptions are small the integral in (6) can be approximated by bA# = bAl/R, where
Al is the length of the interruption and R is the torus radius. We obtain therefore

%/dg. <i§b(9_9i)> :Mb% : (7)
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where L is the length of the torus. In addition, we can also use the estimation b/B = —Al/L, so
that

B, = B*(Al/L)* M? . (8)

In a similar way we have

57 J A0 - 7 L b’ o ($M | emintimmi)) =
9)

— (271T)2 En |bn|2 . ‘EZI\il <€—z’n6i> 2

We shall assume that 6; is normally distributed around the mean value 6; with a small dispersion
d, so that

) 1 . 727)\2 /952 . 252
—inb; —inb; —(0;—6;) /26 —inb; —n“6</2
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we get therefore
2
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The summation over 7 in (11) gives M and n = M X integer, as a consequence of a symmetrically
distributed interruptions, so that (11) becomes

M? 9 2522 M?
b . .efM(5n —
PR or)

The summation over n may be replaced by an integral and we obtain

5(0’) Z 67M262n27iMn(070’) ) (12)

M2 /T : o —(0=0) jas _
Bi= G s / d0do'b(0)b(d') - ¢ (0-7) : (13)

since § is very small we may approximate the integral over the gaussian in (13) by

M2
B, = fo(S/dO b2 —/d0 O (14)
(2m)*
and we can see that the result does not depend on §. Followed a similar estimation as that
employed in (7) and (8) we obtain

M Al Al Al\?
Bi=— -0V -=—=My¥ -—=B*=— )
1= b= MY B(L>M (15)

From (8) and (15) we get the relative error

(AB)?/B = (Al/L)*?[M (1 - M - AlJL)? | (16)

produced by the defective field, or

e = (Al/L)**VM (17)
since M - Al/L < 1.
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A similar estimation holds for the magnetic field produced by the cylindrical magnets distributed
regularly along the accelerator ring. In this case the defective field is due to the end coils of the
magnets, and the ratio b/B is of the order r/l, where r is the radius of the magnet and [ is its
length, i.e. we may replace Al by r. On the other hand we have M = L/(l + Al) ~ L/I, since
Al = r < (. From (7), (8) and (15) we obtain

B, 2 B*(r/1)> , By B*(r/l)* | (18)

so that we get the error
e (r/1)%?. (19)

For typical values 7 = 3c¢m and [ = 15m the error is € & 1072%.

Another type of error can appear in the magnetic field near the central line of a cylindrical magnet
from defects in the winding of the longitudinal coil. The magnetic field near the centre of the
magnet, produced by a coil which extends from —A# to +A6, is given by

! ! > df 6 ! ! 2sin Af (20)
- . . .cosf = — - —— -
2rr Al J-ne 2rr  Afy ’

where I is the current through the coil and Af, is the angle of a wire in the coil. The defective
field due to a defect of extension 6 placed at 6; is

I 00
b; or b cos f; = bycos b (21)

so that the mean square deviation of the field B(f) = B + Y, by cos 0; is

(AB)>=02-M -

cos? ) — (COS 0)2] : (22)

where M is the number of defects distributed independently. The averages in (24) are straight-
forwardly computed, and we obtain

2 1 sin2Af# sin®? A6
00520—(6030) =57 irg (20)? ; (23)

on the other hand, from (20) and (21) we have by/B = §6/2sin Af, and we obtain the error

00
°= 2sin Af

M2

cos? 6 — (cos 0) 2] v . (24)

For A9 = 7/4 the error given by (24) is € 22 0.1- 660 - (M/2)"/?, and for typical values 66 ~ 1/30
and M ~ 10 — 20 we get ¢ ~ 1%.
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