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I .  I n t r o d u c t i o n  - 
I n  a  s c a l i n g  Mark V a c c e l e r a t o r ,  a  s p i r a l  l i n e  c r o s s e s  c i r c l e ;  

abou t  t h e  c e n t e r  of t h e  machine a t  an  a n g l e  which is i n d e p e n d e n t  of 

t h e  r a d i i  of t h e  c i r c l e s .  T h i s  f o l l o w s  f rom t h e  e q u a t i o n  of  t h e  r , p i r a l .  

- w / V ~  = Con s t E c n t  

CWN (e-%) 

f r o m  which  
I d r  Sih,,& = - - = W / r :  
r d s  ( 2 )  

and  f r o m  F i g u r e  I ,  a i s  t h e  a n g l e  of  t h e  s p i r a l  w i t h  
c i r c l e s  of  r a d i u s ,  V, and r 2 . - 

~ N d e  
which f rom ( I )  a r e  c o n n e c t e d  by 'i. e ( 3  ) 

i rl 

‘d F i g u r e  I. 

* S u p p o r t e d  by t h e  N.S.F.,  O . N . R .  and  A.E.C. 

* On l e a v e  f r o m  t h e  S t a t e  U n i v e r s i t y  of  Iowa 
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From F i g u r e  I we n o t e  t h a t  

PI= r, C69Jd - 5  Cw,(& - 40) 

4 8  
(41  

( 9 .  = r,&-=.-h-r;~CC3.(d(+~@) 
h w  4 8  

Ker , t  ha s u g g e s t e d  t h a t  t h e  v e r t i c a l  o s c i l l a t i o n s  i n  a  s e p a r a t e d  

s e c t o r  Mark V n i g h t  b e  t u n e d  by  t w i s t i n g  t h e  m a g n e t s ,  i . e , ,  by  chang ing  

$.. . Then .& i s  no l o n g e r  i n d e p e n d e n t  of  r a d i u s  and t h e  machine no  

l o n g e r  .tales; t h a t  i s ,  t h e  f r e q u e n c y  of  v e r t i c a l  o s c i l l a t i o n  i c  now a  

f u n c t i o n  of r a d i u s .  It i s  t h i s  l a c k  of  s c a l i n g  wh ich  t h e  p r e s e n t  

n o t e  c o n s i d e r s .  

11. C s l c u l a t i o n  of Chanqe i n k  

- We d e n o t e  t h e  v a l u e  of d, a t  r a d i u s  \r; by 4 Then we r o t a t e  

a b o u t  a n  a x i s  p e r p e n d i c u l a r  t o  t h e  p l a c e  of t h e  p a p e r  p a s s i n g  t h r o u g h  

t h e  p o i n t  of r a d i u s  r, . We t h u s  k e e p  t h e  l e n g t h  r( f i x e d .  I n  

a d d i t i o n ,  t o  keep  t h e  p h y s i c a l  s h a p e  of t h e  i r o n  f i x e d ,  we k e e p T J  5 )  
and  t h e  a n g l e  between X, and  %2 60) f i x e d .  Then a t  r a d i u s  V 2 ,  

Where f o r  r, 4 , 0 & L O -  

Ca 1 i i n g d ; d .  =dt ' -&,  t o  f i r s t  o r d e r  i n  t h e  di; 
d 

we have  
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S I I .  E f f e c t  on F r e a u e n c y  

We u s e  t h e  imooth  a p p r o x i m a t i o n  t o  e s t i m a t e  t h e  change  i n  f r e q u e n c y  

w i t h  r a d i u s  C a l l i n g  ~ j ( ~ ) t h e  change  i n  f r e q u e n c y  f rom t h e  un- 
2 

t u n e d  v a l u e &  = d.) a t  r a d i u k  v-; we f i n d  f rom t h e  smooth a p p r o x i -  

m a t i o n  r e . u l t  

32= - a + G$)' 
t h a t  

(7) 

-G 

r l 
where  r, ii t h e  f i x e d  r a d i u s .  45 and  - a r e  r e l a t e d  by ( 3 ) ,  : o  

ra 
t h a t  ( 8 )  i s  a  f u n c t i o n  o n l y  of 3 i m e e  

I n  F i g u r e  1.1 we g r a p h  t h i s  f u n c t i o n  f o r  t h r e e  v a l u e s  of wN,  whe re  

wN = 1 and wN = 2 a r e  i n  t h e  r a n g e  a p p r o p r i a t e  f o r  s m a l l  models and  wN = 

0 . 1  i s  i n  t h e  r a n g e  a p p r o p r i a t e  f o r  a  l a r g e  machine .  Because  of t h e  

much t i g h t e r  s p i r a l  i n  l a r g e  m a c h i n e s ,  ( 9 )  i s  much more r a p i d l y  v a r y i n g  
r 

i n  t h i s  c a s e ,  b u t  t h e  r a n g e  of / i s  much s m a l l e r ,  a s  i s  i n d i c a t e d  
rll - 

on t h e  g r a p h .  

In. a  small .  model where  t h e  r a d i u s  change  i s  of  t h e  o r d e r  of  2? 

t h e n  t u n i n g  changes  t h e  f r e q u e n c y  o n l y  50% a; much a s  t h e  o u t e r  e d g e  
P 

a s  a t  t h e  i n n e r ,  which  makes t u n i n g  a c r o s s  r e s o n a n c e c :  d i f f i c u l t .  I n  

a  l a r g e  mach ine ,  where  t h e  r a d i u s  change  i s  l e s s  t h a n  1096, t h e  

f r e q u e n c y  a t  t h e  o u t e r  edge  i s  changed  a b o u t  80% a ?  much a s  t h e  f r e q u e n c y  
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a t  t h e  i n n e r  edge .  These  numbers c a n n o t  be  improved m a t e r i a l l y  by 

choos ing  an a x i s  a t  any  p o i n t  between t h e  i n n e r  and o u t e r  edges .  

An i n t e r e s t i n g  p o i n t  abou t  m i s a l i g n m e n t s  may be n o t e d  f rom ( 6 ) ,  

I f  a  p o i n t  on t h e  i n n e r  edge  of t h e  r a d i a l  a p e r t u r e  i s  h e l d  f i x e d  and  

t h e  magnet t w i s t e d  abou t  i t ,  t h e n  t h e  misa l ignment  ( t h e  a n g l e  of  t w i s t )  

a t  l a r g e r  r a d i i  i s  a lways  s m a l l e r .  I f  a  p o i n t  on t h e  o u t e r  edge  i s  

f i x e d ,  t h e n  t h e m i s a l i g n m e n t s  a t  s m a l l e r  r a d i i  a r e  l a r g e r  f o r  some 

v a l u e s  of  48 . It a p p e a r s  w i s e ,  t h e r e f o r e ,  t o  a l i g n  c a r e f u l l y  t h e  

i n n e r  edges  of s e p a r a t e d  s e c t o r  magnets .  




