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This  f of  a  p r e l imina ry  s t u d y  of t h e  behavior  of s p i r a l  

s e c t o r  FFh, yULameters  when long ,  s p i r a l e d  s t r a i g h t  s e c t i o n s  a r e  

l e a :  included i n  t h e  s t r u c t u r e .  The i n c e n t i v e  has  been t c  rn t o  what 

e x t e n t  occas iona l  long s t r a i g h t  s e c t i o n s  a r e  f e a s i b l e  s i n c e  t hey  a r e  

c l e a r l y  d e s i r a b l e  f o r  t a r g e t i n g ,  R.F. s t r u c t u r e s ,  e t c .  Three t y p e s  

of%Fbmetry f o r  long s t r a i g h t  s e c t i o n s  a r e  p r e sen t ed ,  and c a l c u l a t i o n s  

f o r  two of  them made us ing  hard edge m a t r i x  methods a r e  summarized. 

Geometry 

We i d e n t i f y  t h e  parameters  i n  t h e  unper turbed (no long s t r a i g h t  - - - s e c t i o n s )  machine a s  i n  Figure  1: Here i s  t h e  ang le  between a  

r a d i u s  v e c t o r  from t h e  c e n t e r  of t h e  machine and t h e  s e c t o r  boundary, 

, i s  t h e  ang le  between 

- 1 1 .  F t h e  e q u i l i b r i u m  o r b i t  and a 

w\hfll, c i r c l e  a t  t h e  magnet edge,  

a r e  t h e  

ang le s  between t h e  e q u i l i b -  

o r b i t  and t h e  normal t o  

t h e  edge a t  magnet boundar ies .  . There fo re ,  

C E ~ R  Notice  t h a .  



Geometry lo 

I f  o c c a s i o n a l l v  around t h e  machine a  s t r a i g h t  s e c t ~ o q  of  l e n g t h  1 i s  

extended t o  l e n g t t  : no changes a r e  made i n  $ , , o r  s i n  any 

magnets, we have a  geometry from which 6 may be r e a d i l y  c a l c u l a t e d .  

However i n  t h i s  case  7 i s  n o t  t h e  name f o r  d i f f e r e n t  magnets and 

t h e  s t r u c t u r e  does n o t  s c a l e .  Th is  may be s een  by cons ide r ing  t h a t  

( f o r  example) f o u r  long s t r a i g h t  s e c t i o n s  a r e  in t roduced  when one 

d i v i d e s  t h e  machine i n t o  f o u r  s p i r a l e d  quad ran t s  and moves them r a d i a l l y  

r h i s  l a c k  of s c a l i n g  

& 
r e s u l t i n g  i n  cons ide rab l e  

change i n  $b and L/R w i th  

r a d i u s  makes t h e  cs c a l c u l a t e d  

f o r  t h i s  ca se  v a l i d  f o r  on ly  

one e q u i l i b r i u m  o r b i t .  

P e r i o d i c  e x t r a  long s t r a f g h t  s e c t i o n s  may be in t roduced  i n t o  a  

machine by u s ing  s e c t o r s  which a r e  t o o  s h o r t  o r  t o o  few. For example, 

i f  a  s e c t o r  is  s imply removed from t h e  a c c e l e r a t o r ,  a  s t r a i g h t  s e c t i o n  

of about t h r e e  t imes  normal l e n g t h  r e s u l t s .  S c a l i n g  of  o r b i t s  i s  

p rese rved  s i n c e  =mains independant  of  r a d i u s .  However $, and 

@ a r e  d i f f e r e n t  f o r  each magnet between succes s ive  long s t r a i g h t  

s ec t i o f i s  s i n c e  v a r i e s  and 7 i s  cons t an t .  A p o r t i o n  of t h e  geometry 

i s  ske tched  i n  Figure  3 f o r  t h e  ca se  of  f o u r  e x t r a  long s t r a i g h t  
- f l  
- /  s e c t i o n s .  



OL i s  t h e  ang le  subtended by 

t h e  long s t r a i g h t  s e c t i o n .  It 

can be shown t h a t  i f  (3 i s  t h e  

same i n  each magnet, @ and (C: 
va ry  from 7- E t o  7 + E  

L where E = a - 
Y 

',R . If ,  

f o r  example, L = 3Q , t hen  

E = 3E0 where Go i s  de f ined  f o r  

the unper turbed machine. The 

behavior  of  # with 6 around t h e  machine may b e  r e p r e s e n t e d  

g r a p h i c a l l y  a s  fo l lows :  

. 
Figure  4. 

unper tu rbed  machine 

Machine w i th  L = 3 1  

Besides being t e d i o u s  t o  c a l c u l a t e ,  t h e  l a r g e  extremes of $) 
I 

may l e a d  t o  s m a l l e r  s t a b i l i t y  l i m i t s  t h a n  i n  t h e  unper turbed case .  

If  t h e  machine i s  t o  s c a l e  ( c o n s t a n t  7 ), 9 a t  t h e  ends of t h e  

s t r a i g h t  s e c t i o n  must be 7 2 A so  t h a t  long s t r a i g h t  s e c t i o n s  

r e q u i r e  l a r g e  v a r i a t i o n s  of  9 However it is  p o s s i b l e  t o  have t h e  

l a r g e  v a l u e s  of f$ on ly  a t  t h e  ends of t h e  long s t r a i g h t  s ec t i on$  

and t o  have @ elsewhere  on ly  7 f Go i n s t e a d  of va ry ing  smoothly 

between t h e  extreme v a l u e s  a s  above, Th i s  i s  achieved i n  Geometry 
F 

3 desc r ibed  below. 
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Geometry 3. 

Consider  t h e  s e c t o r s  t o  be de f ined  from magnet c e n t e r  t o  magnet 

c e n t e r  of an  unper turbed machine. A t  s e c t o r  boundar ies  t h e  equ i l i b r ium 

o r b i t  i s  t a n g e n t  t o  a  c i r c l e ,  and s e c t o r s  of d i f f e r e n t  l e n g t h s  may be 

jorned wi thout  d i s t u r b i n g  t h e  e q u i l i b r i u m  o r b i t  w i t h i n  any one kind 

of  s e c t o r  from what it would have been i n  a  machine cons t ruc t ed  on ly  

of t h a t  t y p e  of s e c t o r .  I f  t h e  magnetic f i e l d s  a r e  t o  be cont inuous  

a c r o s s  s e c t o r  boundar ies ,  i n  t h e  s i m p l e s t  case  t h e  "c i rcumference 

f a c t o r n  must be t h e  same f o r  a l l  s e c t o r s ,  s o  t h a t  t h e  r a t i o  of  magnet 

l e n g t h  t o  s t r a i g h t  s e c t i o n  l e n g t h  i s  t h e  same f o r  every s e c t o r .  

Figure  nachine. 

S ince  such a  machine i s  made up of  p a r t s  of machines a l l  i d e n t i c a l  

Ln A, 7 , and sk b u t  d i f f e r e n t  i n  N, t h e  smooth approx imat i in  would 

sugges t  t h a t  i n s o f a r  a s  it i s  valid, '& would be unchanged by i n s e r t i n g  

s t r a i g h t  s e c t i o n s  i n  t h i s  manner. S ince  6, i s  q u i t e . l a r g e ,  t h e  smooth 

approximation would be expected t o  be  l e s s  v a l i d  f o r  t h e  r a d i a l  motion, 

and consequent ly  most of t h e  computations have been made f o r  
r 

r a d i a l  o s c i l l a t i o n s .  



C a l c u l a t i o n s  

The i n t r o d u c t i o n  of l o n g e r  s t r a i g h t  s e c t i o n s  p e r i o d i c a l l y  changes 

( u s u a l l y  i n c r e a s e s )  t h e  ampl i tudes  o f  o s c i l l a t i o n  f o r  a  g iven  ang le  of 

c r o s s i n g  of  t h e  e q u i l i b r i u m  o r b i t .  A more important  e f f e c t  i s  t h e  

i n t r o d u c t i o n  of s topbands ,  s o  t h a t  i f  a  long  s t r a i g h t  s e c t i o n  is  

in t roduced  eve ry  m s e c t o r s ,  t h e  s t a b i l i t y  r e g i o n  i s  subdivided i n t o  

2 m s m a l l e r  r e g i o n s  s epa ra t ed  by bands of i n s t a b i l i t y .  

Although t h e  ampl i tudes  of o s c i l l a t i o n  must c e r t a i n l y  be 

considered,  t h e  f i r s t  problem i s  t o  f i n d  paramete rs  f o r  r e a l i s t i c  machines 

which w i l l  p r e s e r v e  a t  l e a s t  s t a b i l i t y ,  and t o  l e a r n  i n  g e n e r a l  how 

u n s t a b l e  s topbands  a r e  r e l a t e d  t o  t h e  long s t r a i g h t  s e c t i o n s .  

P C a l c u l a t i o n s  were made u s i n g  parameters  s i m i l a r  t o  t h o s e  i n  t h e  

p roposa l  ( N  * 40 ,  kN-- 80-100, 7 zz 82') and cons ide r ing  e x t r a  

s t r a i g h t  s e c t i o n s  up t o  t h r e e  t imes  a s  long a s  i n  t h e  unper turbed 

machines. Geometries 1 and 3 were cons idered  a s  fo l lows :  

Let  Mo be t h e  t r a n s f e r  m a t r i x  f o r  an  o r d i n a r y  s e c t o r  and ML t h e  

t r a n s f e r  m a t r i x  f o r  t h e  s e c t o r  con ta in ing  t h e  e x t r a  long s t r a i g h t  

s e c t i o n .  I f  t h e  s u p e r p e r i o d i c i t y  occurs  eve ry  m s e c t o r s ,  t h e n  t h e  
m-1  t r a n s f e r  ma t r ix  f o r  t h e  m s e c t o r s ,  M,,, = ( M ~ )  ML . I f  Mo i s  p u t  i n  

t h e  s t anda rd  form, 

p,p $s: +*" sin" f s in ,  

-1 +% s i n C  c o s c  - @ s i n &  

then  ( M o )  m-1 - - (:SF+ a "n(m-1) O- C s i n ( m - l ) C  

s fn (m-1 )6  cos(m-1) 6 - M s in (m-118  

r- 
s o  t h a t  M, may be found a s  t h e  p roduc t  of  two m a t r i c e s  only. Then 



cos  f o r  t h e  m s e c t o r s  may be found a s  u s u a l  from m 
cos  cm = 1/2 Tr (&) .  

The t r a n s f e r  ma t r i ce s  through any one s e c t o r  a r e  found by t h e  methods 

of  MURA-LWJ-8. This method of  de te rmin ing  cos  6, a p p l i e s  t o  and was 

c a r r i e d  ou t  f o r  Geometries 1 and 3 ;  no c a l c u l a t i o n s  were made us ing  

Geometry 2. 

R e s u l t s  

With Geometry 1 and paramete rs  t y p i c a l  of t h e  p roposa l ,  cos  om 
was found f o r  va r ious  v a l u e s  of m and u~ ( t h e s e  examples a r e  n o t  

completely s e l f  c o n s i s t a n t  s i n c e  PJ/m = P, t h e  t o t a l  number of long 

s t r a i g h t  s e c t i o n s ,  i s  n o t  i n t e g r a l . )  The r e s u l t s  a r e  summarized i n  

t a b l e  1. 
P 

Table 1 

Although because of t h e  non-scal ing n a t u r e  of t h i s  example it i s  

of no p r a c t i c a l  i n t e r e s t ,  one may s e e  from t h e  f i g u r e s  how t h e  s top-  

bands develop.  

r' C a l c u l a t i o n s  on s e l f - c o n s i s t a n t  machines were made u s i n g  Geometry 

3 and m of  5 , 7 , 8 ,  and 10. I n  t h i s  ca se  t r a n s f e r  m a t r i c e s  were always 

1 

8 

9  

10 

11 

L/P = 1 ~ / k  = 1.5 

cos  Cmx 

-. 505 

.529 

-1.008 

-. 361 

1.061 

r i ,  
94.8' 

758.4' 

853.2' 

948' 

1 0 4 2 . 8 ~  

;, cos ax 
-.08 

-785 

-. 688 

- .670 

.797 

~/l = 2  

cos o;C, x  

-.93 

-267 

< -1 

- 0045 

7 

L/A = 3 

cos cr, 
-1.78 

- -252 

<-1 

.581 

7 1 
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i 

t aken  from t h e  c e n t e r s  of s e c t o r s  a s  de sc r ibed  under  Geometry 3. Resu l t s  

a r e  summarized i n  Table  I1 below. 

f- 
Table  I1 

From t h e  l a s t  t h r e e  s e t s  of  f i g u r e s  it i s  c l e a r  t h a t  s t a b l e  r eg ions  

may be found, cen t e r ed  i n  t h i s  c a s e  n e a r  where cos  m c S  0  f o r  t h e  

N 

4 0  

42  

40  

40  

40  

40  

unper turbed machine. However it appears  t h a t  t h e  stopbands a r e  very  

broad (perhaps  e q u a l  i n  width  t o  t h e  s t a b l e  r e g i o n s )  when L/' = 2  and 

m = 10. C a l c u l a t i o n s  of  v e r t i c a l  f r equenc i e s  have no t  y e t  been made f o r  

any of  t h e  above ca se s .  I n  a d d i t i o n  t o  c a l c u l a t i o n s  of t h e  z motion, k and 

7 should  be v a r i e d  t o  f i n d  t h e  stopband p r o f i l e s  and t o  de te rmine  t o  what 

e x t e n t  t h e  s t a b l e  r eg ions  a r e  compressed. This  compression of course  

crowds a l l  imper fec t ion  resonances  c l o s e r  t o g e t h e r  and i n c r e a s e s  t h e  

r equ i r ed  a l ignment  and t o l e r a n c e  p r e c i s i o n ,  s o  t h a t  i f  t h e  s topbands  a r e  

indeed a s  wide a s  t h e  s t a b i l i t y  r e g i o n s ,  t h e  t o l e r a n c e s  a r e  a s  bad a s  

i n  a n  unper turbed machine of  twice  a s  h igh $ . 
P 

m 

5 

7  

8 

1 0  

1 0  

1 0  

90 

100 

90 

90 

96 

98 

P k  

8  

6  

5 

4  

4  

4  

J 
81.5' 

82' 

8 1 . 5 O  

8 1 . 5 O  

81.5' 

81.5' 

L/' = 1 

. cos rmg m GX 

-042  475O 

.64 670' 

.766 760' 

-. 642 950' 

- .174 980' 

.174 1 0 0 0 ~  

L = 2  

cos a b,, 
-4.5 

1.69 

1 .78 

1.419 

-.68 947O 

.065 994O 

L/' = 3 

cos  rm 

6.24 


