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Summary 

Analytic formulas as we l l as computer prog 

ram are dev e l oped for cyc l otron mag neti c fie

ld computation b ase d on measurement dat a of 

a n asymmetric ref e renc e plan e . 

Introduction 

It is unpr ac tical to ca l culate directly th e 

cyc l otro n magnetic fi e ld be ca use of it s co mp 

licat e d ma g n e ti c c ircuits . Under conventional 

co ndi tio n,m ag neti c me asu rem e nts only give mag

n et i c field data on th e medi an pl a n e where 

the beam orbit is assumed to be l ocated . How -

e ver, t he d etai l e d b ea m dynamics r eq uir es th

ree - dimensional magnetic fi e ld dat a and , he n

ce , it is theoretically interesting and prac

tic a lly urg e nt to dev e lop thr ee - dim e nsional 

cy clot ro n magnetic f~e l d calculation bas e d on 

measurement data o f a r e fer e n ce plane. As cy

c lotron magnetic fie l d ca l c u lation based on 

measurement data of a sy mmetric reference pla 

ne i s well known [ l ], our work is d e voted to 

cyc l ot r o n magnetic fi eld calcu l ation b ased on 

measurement dat a of a n asymmetric reference 

plan e in orde r to enlarge th e scope of its 

a ppli ca tion . 

Analytic Formul as 

In cy l indric coo rdin ates , l e t the p l ane Z = O 

be the asymmetric refer e nc e plane wher e the 

magn etic data Br(r,Q,O), Be(r,Q , O ) and B~(r1e, 

bJ ai i 'li~~ n~' C ~ d. heti a .measurem e nts. 

By T ay l or series the t hre e - dim e n s ional mag

neti c field s r ead 

(1 - 1 ) , 

00 1 <f Be n 
~ -- ( ---- ) Z 

n = 0 n! 02 n z = 0 

00 z n 
Bz (r ,e,z) = ~ b (r,e)Z 

n = o n 

OQ 1 .:f Bz n 
= 1: -- ( - - -- ) Z 

n = on! a Zn z = o 

(1 - 2), 

(1 - 3) . 

By Maxwell e quations VxH = O and V 'B = O wi t h 

co n stant ~, we h av e Vx B= O , V
2

B= O a nd V
2

Bz = O, 

i . e . 

( 2 ) . 

The substitution of (1 - 3) in to(2) gives 

pr es ent ing t h e recursive fo rmu la 

(3) • 

As b6(r,e) = Bz (r,e,0) from (1 - 3) , the recur

sive formu l a (3) gives 

z ( _ l)n 0 2 1 d 1 0 2 
n 

b (r,e) = 7 - -' - (- -- +--- +----- ) Bz(r,e,O) . (4) 
2n \ 2n)' or2 r o r r 2 d Q2 

z o Bz 
As b 1 (r,e) = ( -~z)z = o from (1 - 3), Maxwe l l eq -

u at ion V · B=O or 
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gives 

Consequently, by th e r ec ursiv e for mula (3), we 

hav e 

1 () 1 0 
x[( - + -- )B r (r, e,O) + -~~ Be(r,e,O)], 

r or r 0" 

z ( _l)n+1 () 2 10 1 0 2 n 
b 2n + 1 (r,e) = \2n+I)I( a~2 +r ~r + ~2a~2 ) 

x [ ( ~ + -~ ) B r ( r , e , 0) : 
r iJr 

Combi n atio n of (4) and (5) g i ves the Z com 

pon ent of the thre e -dim ensiona l magnetic field 

x Bz(r e O)Z - ----[(-+--)Br(r e 0) [ 
2n 1 1 a 

, , 2 n + 1 r ar " 

( 6 ) . 

I f t h e r e f e rence plan e is sy mm etric, i.e. 

Br(r,e,O) = O, Be(r,e,O) =O , (6) co n tai n s only 

eve n terms, giv ing the well known for mula ~ [ 1] 

Si mil ar l y, - we get th e 9 a n d r co mp one nts of 

th e three-d im e n sio nal mag n etic fi e ld: 

~ (_1)n 1 0 0 2 
Be(r e z) = Be(r e 0 )+ ~ -7--'-----(---

, , "n = 0 \ 2 n ) ! r i!J 9 Or 2 

1 0 1 0
2 

n - 1 { +---- +----- ) (1 -S on) 
r ar r 2 Jg 2 

1 0 
x [ Cr+ar)Br(r,e,O) 

1 0 ] 2 n 
+ragBe(r,e,O) Z 

1 0
2 

1 () 1 a2 
+----(---+--- +-----) 

2n+1 or2 ror r 2 CJg 2 

xBz(r,e,0)Z2n + 1 } 

~ (_O n iJ 
Br(r e z)=Br(r e 0 )+ ~ -7-- , ----

, , " n =o \2n) !a r 

0 2 
1 iJ 1 "(/ n-1 

x(---+ --- +------ ) 
Or 2 r or r 2 Og 2 

x {( 1-.s0 n ) [ (~+ -~) B r( r , e , 0) 
r or 

1 a ] 2 n 
+ r "2>g B e ( r , e , 0) Z 

2n + 1 ) xBz(r,e,O)Z 

( 7) , 

(8) . 

If the refere nce pl ane is sy mm etric , i.e. 

Br(r,e,O) = O, Be(r,e,O) =O , (7) a nd (8) contain 

only odd terms, giving the we ll known formu-

I as [ 1 ] 

co ( _ On 1 a a2 
1 d 

Be(r e z)= ~ ----------- ( --- +---
" n =o (2n+1)lr ag or2 rar 

1 0 2 
n 2n+ 1 

+-2--2- ) Bz(r,e ,O )Z 
r Og 

00 ( - 1 ) n a 3
2 

1 " 
Br(r,e,z) = ~ -7----,---- (- -- +---

n = o \ 2n + 1) I q r o r2 ror 

2 
1 (') n 2n + 1 

+-2--2-) Bz(r,e,O) Z 
r og 

Impl e me ntation of th e Analyti c F orm ulas 

A co mpu te r progr am is d eve l o p e d for numeri~ _ 

ca l cyc l otro n magn et i c field calc ul a tion bas e d 

o n measureme nt data of a n asy mm e tri c referen

ce pl ane by the a n alytic formulas (6), (7) 

a nd (8). Tes t by a simpl e pr o blem which has 

an exac t solution shows that the a nalytic fo

rmulas wi th their computer pro gra m are good 

for e ngineering appli cation . 
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Conclusion 

Based on the measurement data of an asymme

tric reference plane, a three-dimensional cy

clotron magnetic field computation method is 

developed. The precision of computation by 

this method is considerably improved in comp

arison with that by the well known method[lJ 

based on the measurement data of a symmetric 

reference plane. Furthermore, this method en

sures far and wide application for magnetic 

fiel~ computation of various complicated ele

ctromagnetic devices with given measurement 

data of any asymmetric reference plane. 
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