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The s t r a i g h t  sec t ions  i n  Mai-b V a f f e c t  both the r"orcs& 

motion (equil ibr ium o r b i t s )  and the wave length  of be ta t ron 

o s c i l l a t i o n s o  I f  we  i n s e r t  the  s t r a i g h t  sec t fons along tile 

s p i r a l s ,  keeping the sca l ing  f ea tu r e  of the o r b i t s ,  there  

a r e  na ser ious  d i f f i c u l t i e s o  However, it i s impract ica l  to 

design such s t r a i g h t  sec t ions  containing the c a v i t i e s  and 

i n j e c t i o n  equfpment, 

I f  ordinary r a d i a l  s t r a i g h t  sec t ions  a r e  used, the  

sca l ing  f ea tu r e  of the motion i s  l o s t  and the shape of the 

o r b i t s  and the wave l eng th  of be ta t ron  o s c f l l a t i o n s  vary with 

radius.  However, t h i s  dis turbance ma7 be small when the 

lengths of the  s t r a i g h t  sec t ions  a r e  very smalla 

The inf luences of the s t r a i g h t  sec t ions  on the forced 

motfon and the wave length  of be ta t ron  o s s f l l a t f o n s  @re  

estimated roughly In t h e  fo l lowing  a r t f c l @ s .  

X )  Pa-eed Motion 

Two s t r a i g h t  sec t ions  having length  4 a r e  inse r ted  a t  
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t he  oppoef t m  s i d e s  of t he  cJi~curnls~anc",e 35 !n Figo t 

We de f ine  s a s  the d f s t anea  a long the 

r e f e renee  e f r c l o  r " pP from 8 P ~ ~ W C -  

enee point. ~t t h e  edge of one stras&k% 

sec t ion .  

I n  the  absence of s t ~ a f g h t  sea- 

t i o n s ,  we assume the  equa t ion  f o r  .the Fig. I 

fo rced  motf  on, n e g l e c t i n g  ean t rLfuga l  

f o r c e  and h ighe r  olrdrr terms In the rnagnet3.c ffejLdS as T t l l P ~ w s .  

and xf i s  

If t h e  s t r a l g h t  se-.%ions a r e  i n s e r t e d ,  equa t fon  (1) Is modlffed 

t o  t h e  form 

where 



neglect ing the  r r lng ing  f i e l d .  

Since the magnet s t ruc tu re  s t i l l  has the perlod L of S, F B ~ )  
may be ekpandsd i n  a Fourier ser lea. 

F(A'J= ( A  + b,w?d ) 

The coe f f i c i en t s  an and bn a r e  evaluated a s  follows: 

where 



Now xf f s  given by 

Ths amplitude o f  t h e  forced motion ha8 the order of magnitude 

Assuming g<< 1, the above an and b a re  expanded i n  t e n s  
n 

of The f f r s t  terms a r e  

The second terms of a* and bN represent  a phase s h i f t  

and can be el iminated by introducfng nphase s h i f t  of the 



r i d g e s  between t h e  r;w narvea  of t h e  c i x c x n f a r s n 2 e ,  namely 

I n  t h i s  r a y  we o i fmina t e  t h e  second t e rn  of sech  of" ( 8 )  

and g e t  f o ~  the amplftude e s t f m ~ t e  

/ Since t h e  ampli tude of unper turbed i?lotfon i s  --- - 
NZ t h e  

r a t i o  of the fnc rease  of ampli tude t o  t he  o r i g i n a l  ampli tude 

i s  given by 

N -  / 7 , J -  c r  f i f=~- ) 

1 

If s+ t n t ~ o d u a e  a f i n f  t e  >$ h '  phase sh i f t  of  t he  

r i d g e s  between h a l v e s  of t h e  ci?cumference, t h e  I? 6 n = odd 

- terms do noi: 'onnfnh. With a nphse shift of T , t h e  IT + n - 
even terms vanf sh i n s t e a d o  A l s o  the  s i g n  of  N is changed 

i n  h a l f  of t h e  cfreilmference, 9.e. the  d i r e c t i o n  of r i d g e s  

fs changed, then p and g are interchanged and both N + n Z 

even '  and ot3d t e r n s  e x i s t a  



I n  t h e  a c t u a l  magnet, t h e  s t r a f g h t  se ,@tfons  a r e  n o t  f f a l d  - 

L 
f r e e  and t h e  i n t e g r a l s  J r)iteand L-& have a  va lue  

rr,. 
of t h e  o ~ d e r  of" ., It may be p o s s i b l e  t o  modi fy- the  

f r i n g f n g  f f e l d  t o  such a  shape t h a t  t h e  above m p l i t u d e  of 

the  forced  motion can be reducedo 

B) Beta t ron  wave l e n g t h  

Sfnce t h e  fo reed  motion i s  deformed apprec i ab ly  a s  t r e a t e d  

f n  ( A ) ,  t h e  wave l e n g t h  of b e t a t r o n  o s c i l ' i a t i o n s  w i l l  be 

a f f e c t e d  g r e a t  Pp. However, t h i s  e f f e c t  Is not  cons idered  

h e r e  

There i s  ano ther  source  of p e r t u r b a t f o n  on 6 from 

i n s e r t i n g  the  s t r a i g h t  s e c t i o n s  a s  r e p o r t e d  i n  t h e  prev ious  

r e p o r t s ,  M!JRA TBE/D~YK - 1, D'SJK - 11. The m a t r i x  m e t h d  was 

used f o r  ob t a in ing  t h e  e s t i m a t e  of t h e  e f f e c t  o f  t h e  p o s i t i o n  

of t he  s t r a i g h t  s e c t i o n s  r e l a t i v e  t o  t h e  r i d g e s  i n  t hese  

r e p o r t s ,  The same e f f e c t s  a r e  examined by us ing  SyrnonQs 

smooth approximation assumipg t h a t  t h e  wave l e n g t h  of b e t a t r o n  

o s c i l l a t i o n s  i s  much l a r g e r  t h a n  t h e  l eng th  of a  s e e t o r  o r  of 

a  s t r a i g h t  sec t fon .  It is n o t  always n e e e s s a r g - t h a t  the l e n g t h  

of t h e  s t r a i g h t  s e c t i o n s  i s  much smal le r  t han  t h e  s e c t o r  l eng th ,  

I n  L a s l e t t Q s  l i n e a r l i z e d  equa t ion  f o r  Mark V 



e i s  r ep l aced  by t = hT8 f o r  convenience, 30 t h a t  we have 

If a s t r a i g h t  s e c t f o n  i s  i n s e r t e d  I n  a  sectcr  a s  I n  
znh 

Ffg. 2 ,  the  new s e c t o r  (whose length  .+ 4- -. 
i s  2 T f n  u n i t s  of Z 1 c o n s f s t a  of 

,~_7;.$ 
t h e  focuss ing  and def o e i i s ~ f  ng p a r t  - I- 
w i t h  p e ~ i o d  2 77 of t and t h e  -> 2 

< -'I 
f i e l d  f r e e  p a r t  hav ing  t h e  width  

2 T A  f n  u n i t s  of 2 Fig.2 

Equatfon (10) becomes 



where 
h o =  d Z ~ o  X I = d ~ ,  h,= d p2 

This equa &? or, f s written in the f oELowing form by ex- 

panding in Fourier series 

AppSyfng the smooth approximati on to equation (12), 



i s  obtained and PT is given by 

The coef f i c ients  
a J 

and b are given by 
j 

A0 Troj =- - k l ~ n ' ~  + t 0' 

+ h ~ & ~ ~ a c n ( ~ ~ ) a + ~ ~ d j  + + I T ~ ~ A . . . ~ ~ M ~ ~ ~ ~ - ~ A , ! J  
Td a~ 

In the case A << 1, all a and b except al and a2 
j 9 

are at tha wrder A and A +A' Hence if  only first 

order terms i n  A are kept in  the expression for  , only 

and m2 need be considered. 



Then Tr f e given by 

If t w o  straight sections are i n s e ~ t e d  in the circumfer- 

ence a s  in ( A )  p Lk becomes 



N = even 
(Er) = (3) 
27'7 I ~r .! 

where 

N = odd 

Since the 7; 5 i n  each straight sect ion d i f f er  by 

7r , we get  

k -  % o +  
A + C' 2AR ilc 

L [ & + E + ~  ]ZZ [ $ T $ + ~  -p-  
hI3 2k!11 r,hlY (20b 1 

- 62 Cl 
,T W 2.i; - - %ST, 3 

+4* 

They are written a s  fol lows,  using 2 Q NS 

N = even 



n * odd 

(21b) 

- xz-+G] 
Example f o r  a model W'+ 

I n  this case the odd terms i.ea cosi ;  , cos 3'5 , In  rr 
are much smaller than cos 22; te rn .  Henes the p a r t  dependtng 

on 'i; f n t h e  G - G o  can be reduked by i n se r t i ng  

the s t r a igh t  sec t ions  i n  each quadrant of the circumference 

r i m e  N i s  odd and cos2 $ tern i s  elfmfnated by a phase 

a h i f t  r/2 of the r idges,  

The above est imate i s  only t h e  p a r t  due t o  the  f i e l d  

f r e e  space i n  a see tor  and y( may be g rea t l y  changed by k h ~  

defomnetlon of the  forced motion and the edge e f f e c t ,  It wf PI 

bo more effective t o  use I l l i a c  i n  order t o  examine these 

e f f e c t r e  




