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Tables And Graphs Of F i r s t  Order Perturbation Effects  I n  I ron 
Dominated Two Dimensional Symmetrical Multipole s 

Klaus Halbach and Ron Yourd 

Because of space l imitat ions,  i n  a recent ly  wr i t ten  paper’) only 

the  most important tab les  and graphs could be included. This report  

contains more extensive tab les  and graphs than the o r ig ina l  paper. When 

re fer r ing  t o  f igures  or equations of tha t  paper, the ident i f ica t ion  

number i s  preceded by I. 

To make the  use of the  tab les  more convenient, i n  t h i s  report  

the  following quan t i t i e s  a re  tabulated f o r  N = 2, 3, 4: 

PnP bn’an9 Gx, ($9 Pn /cos(z 0 r)9 as well  as these quant i t ies  multiplied 

by n/N. 

t h a t  t ab l e s  f o r  l a rge r  N w i l l  not be used very often, f o r  N = 6, 8, 1 2  

only the  following bas ic  quant i t ies  a re  tabulated: 

a 0 n/N, pno n/N. 

d e t a i l  i n  I ,  

jn9 bn, an9 
n n  

To cover any reasonable foreseeable need, but a l s o  rea l iz ing  

jn n/N, bn* n/N9 

The notation and use of the  tab les  i s  discussed i n  n 

Since the  above mentioned paper wa8  writ ten,  the  graphs i n  Fig, 18 - 
Fig, I11 were used extensively fo r  shimming quadrupoles. They proved 

t o  be B O  usefu l  t h a t  it seemed worthwhile t o  reproduce more spec i f i c  

graphs, combining, with some modifications, Fig. 18 with Fig. I9 - Fig. I11 

f o r  N =I 1, 2, 39 4. 

Using, and s l i g h t l y  modifying, the  equation following equ. I s 9  

equ. I40f can be rewri t ten as followss 
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us in$ A 'N( &+I) A 'N( zm+l) t o  describe the e f f ec t  of 

t he  poleface modification i n  terms of i t s  normalized contribution t o  

the  f i e l d  (see equ. I3e),  introducing 

n/N = ( 

a = I?09 (3) 

and using equ.'s 1% and I20d, (itm+l)A CN(2m+l) f o r  an extended poleface 

modification can be expressed byr 

2N R 
= Re( ( 2m+l) Lb,) * 3-1/N ' m. ( 5 )  'N ( 2m+l) cos h(2 tan  COS a) 2 

Graphs of P 

3, 4, and f o r  2m+l = 3, 5,  7. 

a re  shown i n  Fig. l2, 2P9 3P9 4P f o r  N = 1, 2, N( 2m+l) 

For convenience, the  factor  +80 has 

been included i n  the  de f in i t i on  of PN(2m+l) (equ. 5 )  s o  tha't when 

carrying out the  in tegra t ion  i n  equ, (4) numerically, da  i s  measured i n  

degrees. As i n  I, h(a)>O corresponds t o  addition of iron, normalized 

with the  aperture radius of t he  magnet. While equ. 4 ie very useful  f o r  

local ized poleface modifications, the integrat ion becomes tedious flop 

extended modifications. If h(a) is given by 

and one introduces a 
Q (a) = $  P (a)  0 d a  

N ( & + l )  M( h+l) 

and 
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then ( h+l) A ern( 
be comes : 

r e su l t i ng  from a modification described by equ. ( 6 )  

The graphs f o r  Q (a) and R (a) are shown i n  the  remaining figures, 
N ( h+l) M( h+l) 

I n  a l l  equations and graphs, CY i s  measured i n  degrees. Since every 

polygon - shaped poleface modification can be described by a s e r i e s  of 

equations i n  the  form of equ, 6, equ. 9 together with the  graphs allows 

a fa i r ly  simple evaluation of the  e f fec t8  of such modifications. 2) 
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N =  2 

b -a n n  n bn +an 

N+n= eve n N+n- even N+n= odd 

1 -1oOOE+00 
2 -703OE-01 
3 -3o84E-01 
4 -8016E-02 
5 0. 
6 5e24E-03  
7 -5oF4E-03 
8 -6088E-04 
9 00 

10 1 ,13€-04 
11  -8o89E-04 
12 -2o05E-05 
13  00 
14 3.98E-0t 
15 -1.48E-04 
16 - 8 , 0 4 E - C 1  

-7 0 0 2 E -0 B 
-3. c m - 0 1  

00 
1 49E-0 1 
8o66E-02 
2 m44E-02 
00 
7oCSE-03 
5 o 5 8 E-03 
2.44E-03 
00 
9 0 9 E -0 4 

3.5tE-04 
0. 
P o  4 5 E - 0 4  

9 e ~ - o 4  

0 .  
3.02E-08 
90 

-4.78E-02 
00 

00 
40 53E-03 
00 

00 

OD 

00 
1- 02E-04 

- 1 3 5E-0 2 

10 64E-03 

-6 o 2 8 E-04 

-2.496-04 

4. 9 8E-0 B 
00 

-60 22E-0 1 
0 .  

- 1 o O 8 E - 0 1  
00 

-10 24E-0 2 
0. 
2 0  n E - 0 3  
0 ,  
9.3 LE-04 
0.  

00 

00 

-2 Q 0 2 E d  4 

-1 ,25E-04 

A 
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n --.a N n= 
n -.p - 
N n- 

1 2  . . !! 0 . - ~ 2 66E-0 3 - 2 0 7E-03 0. _... . 
13 -2.43E-04 2 27E-03 2 e 27E-03- 9028E-04 
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N =  2 

n 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
1 6  

n(b  +a ) N n n  s ( b  -a ) N n n  

-5e00E-01 
-7.30E-01 
-5  76 E- 0 1 
-1 .63E-0 1 

0. 
1.57E-02 

-2.08E-02 
-20 75E-03 

0 .  
5. 63E-04 

-4. 89E- 0 3  
-1.23E-04 
0. 
2 79E-05 

-1 11 E-03 
-60 43g-06 

-3  05 I€-0 1 
-3.02E-0 1 

0 .  
2.99E-01 
2. 16E-0 1 
7.32E-02 
0. 
2.84E-02 
2.5 1E-02 
P.22E-02 
0 .  
50456-03 
40 54E-03 
20 49E-03 
0 .  
-1.16E-03 

N+n=even 

n 
ii* Gx 

0 .  
30  0 2 E - 0 1  
0. 

-9056E-02 
0. 

0. 
1,81E-02 
0 .  
9 2 2E-0 3 
0. 

-3.77E-03 
0. 
1.74E-03 
0. 
8. 14E-04 

-4.06E-0 2 

N+n= even 

n 
T i *  cy 

0. 

0. 
-3m27E-01 
0. 

-6.2 9E- 0 2  
0 .  
2.20E-02 
0 .  
9 0 1E-03 
0. 

-3.94E-03 
0 .  

-1.78E-C3 
0 .  
8 2 3E-04 

-7o30E-01 

N+n= odd 

n 'n -. ---- 
.IT n cos ;-*-) Z N  

N 

2. 49E-0 1 
0 .  

-9. 33E-OP 
0 .  

0 .  
-4. 33E-02 

0 .  
1. 06E-02 
0 .  
50 12E-03 
0.  

-1031E-03 
0, 

-9 .4  P E - 0  4 
O e  

-2o7OE-0 1 
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N = 3  

a =  n Pn= 
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N =  3 

b -a n n  n 

1 
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4 
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9 

10 
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12 
1 3  
1 4  
1 5  
16 
17 
1 8  
1 9  
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2 1  
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24 
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0 .  
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-6e48E-07 

b +an n 
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0 .  
1 3%-0 1 
10 9 2E-0 1 
1 30E-0 1 
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1.04E-04 

N +n= e ve n N +n= even N+n= odd 
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0 .  
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0. 
3.63E-02 
0. 

-2 .78E-02 
0 .  

-1.67E-02 
0 .  

-5018E-03 
0 .  
2. I 5 E - 0 3  
0.  
1. 82E-rJ3 
0 .  
8. 94E-04 
0 .  

0. 

0 .  

0 .  

-2 e 6 5  E-0 4 

-2o59E-04 

-1.67E.-O4 

G 
Y 

7.00E-01 
0.  

-1 0 3E +00 
0.  

- 3  0 6E- 0 1 
0 .  

0 .  

0. 
2070E-04 
0.  
3046E-03 
0 .  

0 .  
L.93E-05 
0.  

0 .  

0. 

0. 

-1 .02E-01 

-2.77E-02 
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-3 e 57E-04  

-2.66E-04 

-1 .27E-05 
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2 N  c3s(--.--) 
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8.5 3E-0 1 
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0. 
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0 .  
00 

0. 

0. 
9. 
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N = 3  

n 

1 
2 
3 
4 
5 
6 
3 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
1 8  
19 
2 0  
2 1  
22 
23 
2 4  

n(b -a ) N n n  
n 
-(b +a ) N n n  

N+n=even 

n 
E' Gx 

-4 96E-0 1 
DO 

6 05E- 0 1 
0. 
60 C5E-02 
00 

0.  

00 

0 ,  
9.32E-03 
0. 
9012E-03 
00 
5 oO?E-03  
00 

-1a68E-03 
0. 

-1*81E-0?1 
0. 

-1e28E-03 
9, 

-60 48E-02 

-5oO2E-02 

-1 o 9OE-02 

N tn= even 

n 
N' Gy 

2 o 33E-0 1 
00 

00 

00 

0, 

00 
9. 89E-04 
0. 
1 50E-02 
00 
1 .o 1E-02 
00 
10 IO€-04 
0 .  

-2o26E-03 
0 .  

0.  

00 

- 1 . 0 3 ~  +oa 

-5e09E-QB 

-2 o 39E -01 

- 8 . 3  2E-02 

-1 o 86E-03 

-90?6E-O5 

N+n= odd 

n 'n 

00 
5.696-0 1 
00 

0 .  

0. 

00 

0. 
00 
0 .  
1. 16E-02 
00 
7 3 1 E -0 3 
0.  
00 
00 

00 

00 
O *  

-1e28E+00 

-50  OOE-Q 1 

-2.P6E-01 

-6 . 77E-0 2 

-1m54E-03 

-1029E-0 3 
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N+n= even N+n= even N+n= odd 

n bn-an bn+arl 

P 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
16 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

-80  36E-01 
- 5  9 7 E-0 1 
-3 6 6E-0 1 
-1063E-01 

0. 
1.16E-01 
10 85E-01 
2 1 O E -0 I 
10 56E-01 
P OOE -0 1 
5 o 2 8E-0 2 
10 89E-02 
00 

-5.94E-03 
-2077E-03 

4079E-03 

B o  58E-03 
3 26 E-0 3 
lo 52E-03 
0. 

-7 0 5 3E-04 
- 5 0  2 1E-04 

5033E-04 

5,046-03 

30 
-1074E+00 

00 
90 14E-0 1 
D O  

10 2 LE-0 1 
0. 

-3.12E-02 
00 

-20 51E-02 

-1082E-02 
00 

-9. 5 2 ~ - 0 3  
00 
20 29E-03 
00 
P o  8PE-03 
00 

0. 
1.36E-09 
0, 

-20 8 1E-04 

04 

io e x - 0 3  
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n 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9  
20 
2 1  
22 
23  
24 

E(b +a ) n -(b -a 1 ~ n n  N n n  

-2. 78E-0 1 
- S  . 43E-0 1 
-7.50E-Cl 
-8.63E-01 
-6.64E-01 
-7. 57E-01 
-5 060 E-0 1 
-3.05 E-01 
-1.59E-01 
-5 56 E-02 

0 .  
1.51E-02 
5 12 E-03 

-1.14E-02 
-1.75E-02 
-2 0 25 E-03 
-30 72E-03 
-2 0 8 E- 0 3 
9. 
4021E-04 

-30 86E-03 
-40 46E-03 
-8.64E-05 

-1.326-03 

- 2 e O S E - 0 1  
-2 09 B E - 0  1 
-2.75E-01 - 1. 63E-0 1 

0 .  
1.75E-01 
3.24E-0 1 
4 20 E-0 1 
30 5DE-01 
2.5CE-01 
1 45E-0 1 
5.68E-02 
0. 

-2. a 8 ~ - 0 2  
-1004E-02 

1 o92E-02 
2. 14E-02 
2mO6E-02 
1 556-02 
70 5SE-03 
0 .  

- 4 . M - 0 3  

3 20 E-03 
-3,OCE-03 

N +n = even Ncn=even N+n= odd 

n 
iT* G* 

0. - 8 7 LE- 0 1 
0. 
9.14E-01 
0. 
1.8 1E-0 1 
0. 

-6. 24E-02 
0. 

-6.28E-02 
0. 

-5m45E-02 
Q. 

0. 
9015E-03 
0. 
8,436-03 
0. 
9 e  36E-03 
O *  
7 50  E-03 
0. - 1 69E-0 3 

-3.33E-02 

n 
15' Gy 

0 .  
5049E-CP 
0 ,  

0 .  

0.  

0 .  

00 

0.  

0. 
1.16E-02 
0. 
1.39E-02 
0. 
1 o05E-02 
0. 
3.32E-03 
0. 

- 1 34E+ 00 

-6.38E-01 

-3.92E-01 

-2 . 0 8E -0 1 

-9.40E-02 

-2. 10E-02 

-1078E-03 

n Pn 

5m34E-0 2 
00 
6.90E-0 1 
0. - 1.6 lE+00 
0 .  

0 .  

00 

0 .  

0. 

0. 
60 90E-0 3 
0. 
1m17E-0 2 
0. 
6.33E-03 
0 ,  
1095E-03 
00 

-6.71E-0 1 

-3.68E-01 

-1m93E-01 

-8.16E-02 

- 1 . 5 7 ~ 0 2  
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N = 8  
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N n- 
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N n- 
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n 
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~ 
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