Surfaces of Equal Potential

B, (out) = B, (in)

For large permeability, H(out) is
perpendicular to the surface.

—

H parallel (Out) — H parallel (ln)

—> —

parallel (Out) =—2B parallel (ll’l)

r

B(Y) =-V¥(¥)

For highly permeable materials
(like iron) surfaces have a
constant potential.

X
~ 1§0.d§+j1§0.d§:\P(A)—tP(B)
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Green function:

ViGF i) =8 ~7)  y()=[yF)6F-7)dT,
V
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= [V, G)V,G -GV wi)|as
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= (W G)V,6 -GV )| a
1%

= [l V.6 +BG)Gl a7,

v
Knowledge of the field and the scalar magnetic potential on a closed surface
inside a magnet determines the magnetic field for the complete volume which is
enclosed.
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Potential Expansion

Criess &1 EPP

If field data in a plane (for example the midplane of a cyclotron or of a beam
line magnet) is known, the complete filed is determined:

- (axbo (X, Z)\
w(x,y,2)=2 b (x,2)y" = B(x0,2)=- b(x,2)
" (0.b,(x,2))

0=V = Z(a%az)b y +Zn(n )b y"
n=0

i[(82+82)b +(+2)(n+1)b |y

1 2 2
bn+2(x9 Z) - (n+2)(n+1) (ax +ay)bn(xa Z)

Data of the magnetic field in the plane y=0 is used to determine by(x,z) and b,(x,z).
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d, =0,+d,., 0,=id,—id, =i(d,~0,)
V?=02+0’+92=(d,+9,)’—(,—-9,)’ +9>=49,0, +0’

y  =Im{ iaﬂ(z) (ww ) w")

v,A=0

V2y = Im{ i4av2(ﬂ+v)/l(wW)l_1W"+ i%(W)ﬂW}

= Im{ i[4(ﬂ,+1+ W (A+Da,,,, +a;, 1(ww)*w’} =0
v,A=0
= -1 a; a,,=% (2)
A A+ 1+ A+ 4T T Y

The functions ¥ (z) along a line determine the complete field inside a magnet.

lteration equation: 4
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Multipole Coefficients

¥, (z) are called the z-dependent multipole coefficients

y(xy. ) =Tm( 3 D (WWYW‘P{“}@)}
o S A+ 4 g

v (A+WIAN 2

The index v describes C, Symmetry @ @
around the z-axis €,

<1> S
w(r (oz)—z —| ' Im{¥* ()}

/4
due to a sign change after A@ =— @ ®

g ®© v=3
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< Main field :'L g

1 Fringe field 1

. . . . 2
Only the fringe field region has terms with A # 0 and azg// #0

. : . . 2.
Main fields in accelerator physics: A=0, 0Jy =0

‘PV‘ for v+#0
\IIV= .
I “PO‘ for v=0

ei 1223

w(r, Q)= i |, | Im{e” "M} H W |
v=l
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Main Field Potential

Main field potential: W= “PO‘ — i r’ “PV‘ sin[v(p—1,)]
v=1

The isolated multipole: W= —rv“l’v‘ sin(ve)

Where the rotation ?9V of the coordinate system is setto 0

The potentials produced by different multipole con\Egnents have

Different rotation symmetry C,

Different radial dependence rv
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