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Traditionally, we have designed the cross-sections 
of multipole magnets to make certain higher-order field 
aberations exactly zero. For example, for a dipole with 
three free variables - block angles, say - we can ma~~ 
C3(sextupole), C5(decapole), and C7(14-pole) exactly zero. 

This does not necessarily result in a magnet pro­
ducing the best field. (What we mean by "best field ll is 
not often well/defined, which makes getting it, or know­
ing we1ve got it when we have, a bit difficult. Neverthe­
less ... ). We could, in the above example, reduce Cg and 
C 11, i n p r inc i p 1 e, by 1 e t tin g C 3' C 5' and C 7 b e s 1 i g h t 1 y 
non-zero, and we might end up with a better magnet. 

One systematic way of doing this is to minimize the 
sum of the weighted squares of a specified number of higher 
order multipoles. A scheme for doing that is developed in 
this report. A basic subroutine (Mincoef) has been built 
into several minicomputer programs. It is more complex, 
and therefore slower, than the simple Newton's method pre­
viously used, but even on the disgustingly slow HP9845, 
convergence takes perhaps 20 sec. for even a rather com­
plex design. 

(Just before Christmas of ~O it came to my attention 
that Palmer at B N Lw a s d'o in g this sort of thing, using an 
optimizing program called MINUITL, and so I gave it a whack. 
I later found that MINUITL is an obsolete, but still avail­
able, LBL program, and it was added to an LBL magnet design 
program. MINUITL is a rather complex affair - the write-up 
is a quarter inch thick. So far, experience with it has 
not been very successful.) 
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3740 
3750 
3760 
3770 
3780 
3790 
3800 
3810 
3820 
3830 
3840 
3850 
3860 
3870 
3880 
3890 

SUB MincoefCA(*),WfC*),YC*),BigyC*),P,Q,DelxC*),B<*),CC*),D(*),Fla~) 
MAT B=ZER 
MAT C=ZER 
FOR 1=1 TO P 
FOR .1=1 TO Q 
C(.1)=C(.1)+WfCI>*ACI,.1)*CBigy(I)-Y(I» 
FOR K=1 TO Q 
B(.1,K)=B(.1,K)+Wf(I)*ACI,K)*A(I,.1) 
NEXT K 
NEXT .1 
NEXT I 
IF Q= 1 THEt~ 3880 
CALL Simeq(B(*),C(*),DC*),Delx(*),Q,Flag) 
SUBEXIT 
Delx(1)=C(1)/B(1,1) 
SUBEND 

3920 SUB Si~eq(A(*),C(*),D(*),x(*),Order,Flag) 
3930 OPTION BASE 1 
3940 REDIM ACOrder,Order),C(Order),DCOrder,Order),X(Order) 
3950 F 1 a,~=0 
3960 IF DETCA)=0 THEN Flag=1 
3970 IF DETCA)=0 THEN SUBEXIT 
3980 MAT D=INV(A) 
3990 MAT X=D*C 
4000 SUBEtHl 
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the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or producrname does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



" 

\-" 

~-

,<1,., 

f 
~ 

TECHNICAL INFORMATION DEPARTMENT 

" LAWRENCE BERKELEY LAB ORA TOR Y 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

. ~~ 




