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I. Introductqon 

I f  a  Mark V F.F.A.G. a c c e l e r a t n r  i s  c o n s t r u c t e d  of 

p a r a l l e l ,  s loped b a r s  of  magnets such t h a t  t h e  f i e l d  a long  

a n  equ i l i b r ium o r b i t  i s  a l t e r n a t e l y  z e r o  and a  cons t an t  va lue ,  

H,  t h e  c o s i n e c  exp res s ions  can  be w r i t t e n  e x p l i c i t l y .  The 

s o l u t i o n  map then  be compared with a n  e q u i v a l e n t  Mathiew 

equa t ion  s o l u t i o n  n e k l e c t i n g  s c a l l o p s  and w l t h  t he  smooth 

approximat j rn  so lub ion  f i r s t  n e g l e c t i n g  s c a l l o p s ,  then  

inc lud ing  s c a l l o n s  of t h e  , e q u i l i b r i u m  o r b i t .  Th i s  i s  h o t  

in tended a s  a  s e r i o u s  a c c e l e r a t o r  des ign  a s  much a s  an  

C i l l u s t r a t i o n  of Mark V which may 8 i d  i n  ga3ning i n s i g h t  i n t o  

some of the  g e n e r a l  c h a r a c t e r i s t i c s  of Mark V. 

11. Exact  Formulation. 

If t h e  normals t o  t h e  edges  of the  b a r s  make an  ang le  
I 

d, with a  c i r c l e  of  r a d i u s  r about t h e  c e n t e r  of the  machine, 

t he  p a r t i c l e  e n t e r s  the  r e g i o n  of f i e l d  H from the  s t r a i g h t  

s e c t i o n  a t  an  angle do-^ a&, and l e a v e s  t h e  f i e l d  a t  

do - E = d2 , where E * CJ/4. Here (3 i s  S /p , t h e  

p a t h  l eng th  i n  t h e  magnet d iv ided  by the  r a d i u s  of cu rva tu re ,  

Also $ = S and C = 2, where C i s  t h e  c i rcumference f a c t o r  

and 4 i s  the  l eng th  of s t r a i g h t  s e c t i o n s ,  

We mav d e f i n e  t h e  fol lowina:  





Following t h e  method used i n  MURA-LWJ-KMT-2 f o r  

t r ans fo rma t ion  m a t r i c e s  f o r  Mark I b  with edges and s t r a i g h t  

s e c t i o n s ,  t he  m a t r i x  f o r  t r a n s f o r n a t i o n  of displacement  and 

s lope  f o r  r ~ d i a l  o s c i l l a t i o n  through one magnet and s t r a i g h t  

For v e r t i c a l  o s c i l l a t i o n s ,  t h e  m a t r i x  is: 
r S 

where the  g r a d i e n t  w i t h i n  magnets i s  r a d i a l l y  focus ing .  

The aos ine  b expres s ion  r e s u l t i n g  are: 

ccs 5 = a 2 '3 

The fo l lowing  numerical  example i l l u s t r s t e s  t he  s t rong  e f f e c t s  

of sea3 l o p i ~ g  of t h e  equ i l i b r ium o r b i t .  

t a n  + = 26.45 

t a n  d2 = 11.78 

cos  rx = - 0.08 0, = 9 4 O  

c O s  9 ' 0*09 = 850 



r 

If the scalloping is neglected, tan do is substituted for 

tan 0( and for tan .a( in the above expressions. 

Here one assumes that the equilibrium orbit is a perfect 

circle. The results are: 

The scalloaing thus clearly improves the design of Mark V 

with positive momentum oompaction. 

111, Ma thie u Equation Formulation 

From the original MITRP; report on Mark v . ~  it was 

shown that neglecting forcing terms (scallops) the linear 

equations of motion of a particle is: 

where: 

% = % N 2  
If the sinusoidal flutter factor f is equal to f l, 
the above field approximates the parallel bar field of the 

preceeding section.   her ore: 



k = 205 

6 = 90' - da = 3.51° = .0613 rad ians  

= 2/2y= +p 
2, r N - - 0.00096 

a,= 0.201 

a = -0.199 9 

q = 0.091 

From the graph i n  ~~TJRA-DW~-~, these  values of e and q l i e  near 

the l i m i t s  of s t s b i l i t g .  

I V .  Smooth Approximation 

From l a t e r  Mark P MURA? r epo r t s  2 r 3 , 4  the s m o t h  

approximation so lu t ion  t o  the  unacalloped Mark V i s  given a s  

follows: 

For the  above values,  

3, = 2/ 266 -205 = 7.8 

Recent work by Kerst and L a s l e t t  has  shown t h a t  

sca l lops  of the  equil ibr ium o r b i t  modify the smooth approxi- 

mation so lu t ions  a s  follows: 

2 MURA KRS 7 
3 mRA DWK 7 
4 MJRA DWK 9 



This gives 

V. Conclusions. 

The matrix solutions and the smooth approximation 

solutions may be cornnard in both cases: neglecting scallops 

and including scallops. 

Matrix Solution 

Smooth Approximatio 

This comparison must not be taken too seriously since 

a flutter factor of of the sinusoidallp varying field 

is prohnhlv not equivalent to the step-wise field of the 

parallel bars. Also an error i n 9  of the order of 10% 

is expected with the smooth approximet ion when 6 reaches v/2. 

However both treatments are in general agreement in illustra- 

ting the verv great effects of qcnllops of the equilibrium 

orbit. 


