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T t  was pointed ant i n  MlJRA-LWJ-7 t h a t  f o r  a  p a r t i c u l a r  

,byx) the  choice of parameters (C3.g. & = 6 3 ,  6, = 4 
e f f e c t  of focusing from magnet edges was so important t h a t  a  

Mark I1 must have a circumference f a c t o r  almost a s  g rea t  a s  a  

Mark I b  i f  t he  f i e l d s  i n  ha l f  t he  s ec to r s  are  not  t o  reverse  

d i rec t ion .  

One questions whether t h i s  i s  due t o  an unfortunate 

choice of parameters o r  whether the  r e s u l t s  a re  genera l  t o  a l l  - 
Mark I1 types. I n  p a r t i c u l a r ;  i f  the number of sec tors ,  N, and 

the number of betat$on wavelengths, y , a re  var ied  but  the  

values of -9- held constant ,  a re  the e f f e c t s  of edges i n  

Mark I1 designs always a s  ser ious  a s  indicated above? 

The arguments below indica te  an af f i rmat ive  answer, and 

imply t h a t  conclusions from the previous spec i f i c  c a l cu l a t i ons  

on Mark I1 apply general ly.  

We Aphrhse the quest ion a s  follows: 

I f  the 6'''~ from strong focusing neglec t ing  edges a r e  held 

constant a s  N i s  changed, w i l l  the 6- due t o  edges alone vary? 

and be held  constant. 
2 

For edges alone, 

C edge = wsr AP' oL vV~, 
i f  i s  constant .  i s  the ha l f - sec to r  length and e is 

the angle between a normal t o  the magnet edge and the equil ibr ium 
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P 

orb i t .  

From the smooth approximation, neglec t ing  edges, 
A. 

Po 

where G =  ~ ~ % ( ~ , e ) ~ g ~  
and a r e  the numbers of hor izonta l  and v e r t i c a l  Y 

beta t ron o s c i l l a t i o n s  around the machine. 

P If TX and 6tf are  held  constant,  the r a t i o  '/'/. 
remains constant  a l s o  s ince 

2' 

Y x = N 6 ; ;  
a i r  

Let 

Z 
ZI 

therefore  i f  vx 77 1 a n d e i t h e r  k! 7 or 4L4 5 

So f o r  strong focusing alone, 
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I n  the case t h a t  t a n  €I i s  constant ,  

& @ =  slO- SC; where S, i s  the a rc  length 

a(% - .-L) of equil ibr ium o r b i t  i n  a  

r a d i a l  focusing sec tor .  

If tan  8 a n d p  a r e  not  constant ,  the same arguments may be 

made f o r  each d i f f e r e n t i a l ,  h . 
Since we a r e  holding 4 and r/?) constant ,  

Thus. 

The r a t i o  

o3 

= = =  
If the same range of momenta a r e  contained i n  d i f f e r e n t  machines, 

Po = constent ,  

P i  
2 )  constant.  . . 

In  p r a c t i c a l  FFAG designs,  A, - 4 i s  much l e s s  than aa , 
f i e  and we may wri te  - = / + A where A = 4 - (r 

) V b  

b e  



MURA-LWJ-7 
Supplement ' 

I n  t h i s  case 

A )  A A f o r  small A , 

(hjJ,;)y~pb &a - A&) I and - & 9 y c o n s t a n t  

Theref ore under t he  above r e s t r i c t i o n s ,  i s  

approximately constant.  S imi lar  

Some of the above a$proximations break down when ~6 becomes 

small ( l e s s  than about 10 o r  201, however, then so do the small 

angle approxfmations used i n  t he  o r ig ina l  formulation of Mark I 

and Mark 11, and the e n t i r e  system must be reformulated. Since 

a va r i e ty  of f o m s  of ( p )  were t r i e d  i n  spec i f i c  ca lcu la t ions ,  

it does not  appear t h a t  i n  general  Mark I1 o f f e r s  any s ign i f i c an t  

reduction i n  circumference f a c t o r  over Mark I. 

The above treatment and conclusions do not cover 

acce le ra to r s  of the extreme Mark I1 type where reverse f i e l d  

sec to rs  a r e  de le ted  and a l l  focusing i n  one dimension i s  

accomplished by edges. 
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