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Tables And Graphs Of First Order Perturbation Effects In Iron
Dominated Two Dimensional Symmetrical Multipoles

Klaus Halbach and Ron Yourd

Because of space limitations, in a recently written paperl) only
the most important tables and graphs could be included. This report
contains more extensive tables and graphé than the original paper. When
referring to figures or equations of that paper, the identification
number is preceded by I.

To make the use of the tables more convenient, in this report
the following quantities are tabulated for N = 2, 3, k:

b a

n’ n’ n’

byta s Gy, G p /cos(3 - %), as well as these quantities multiplied

P n n’ “x

n!
by‘n/N,_ To cover any reasonable foreseeable need, but also realizing
that tables for larger N will not be used very often, for N _ 6, 8, 12
only the following basic quantities are tabulated: jn- n/N, bn- n/N,
a . n/N, I n/N. The notation and use of the tables is discussed in
detail in T.

Since the above mentioned paper was written, the graphs in Fig. I8 =
Fig. I11 were used extensiveiy for shimming quadrupoles. They proved
to be B0 useful tﬁat 1t seemed worthwhile to reproduce more specific
graphs, combining, with some modifications, Fig. I8 with Fig. 19 - Fig. Ill
for N =1, 2, 3, L.
Using, and slightly modifying, the equation following equ. I36,

equ. I4Of can be rewritten as followsg

ar=-5" A(Zmtl) |, g

N(2m+1)’ (1)
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' 4
A Cyiamsy) = 1 MW - Re(ly ) AV - X - a0/x. (2)

Using A cN(Zm ) n/N = (2m+l) . A CN(2m+l) to describe the effect of
the poleface modificetion in terms of 1ts normalized contribution to

the field (see equ. I3e), introducing

a = N(b, (3)

\ .
and using equ.'s I3 and 1204, (2m+1)A CN(2m+l) for an extended poleface
modification can be expressed by:

n/2
(em+1) A C_,. =1 . P (a) - h(a)ax (%)
N(2m+1) S N(am+l)

ZN
cos h(% tan Q)+(cos «

7

B = + ° o

Py(em+1) ~Re((Zml)L, ) IR T, (5)
Graphs of PN(2m+l) are shown in Fig, 1P, 2P, 3P, 4P for N = 1, 2,

3, 4, and for 2m+l = 3, 5, 7. For convenience, the factor /180 has

been included in the definition of PN(2m+l) (equ. 5) so that when

carrying out the integration in equ. (%) numerically, da is measured in

degrees. As in I, h(a)>0 corresponds to addition of iron, normalized

with the aperture radius of the magnet. While equ. 4 is very useful for

localized poleface modifications, the integration becomes tedious for

extended modifications. If h(a) 1s given by

h(a) = g, +&- - for oy sosa,

h(a) = 0 ‘for <0<, , (6)
and one introduces a |

Wy S et @

and
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R (@) =fP(a) cq-4daq, (8)

N(2m+1) N(2m+1)

then (2m+l)- A C resulting from & modification described by equ. (6)

N(2m+1)

becomess

(2m+1) « A Cy(zms1) = * ggo(Q (@) - @ (o) ) + g (R (o) -R () )f . (9

N(2m+l)  N(2m+1) N(2m+1)  N( anfl)
The graphs for @ (@) and R (a) are shown in the remaining figures.
N(zm+1) N(2m+1)
In all equations and graphs, a is measured in degrees. Since every
polygon - shaped poleface modification can be described by a series of
eqﬁations in the form of equ. 6, equ. 9 together with the graphs allows

a fairly simple evaluation of thé effects of such modifications.z)
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dn= bn= an= pn"‘
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