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The Mark I FTAG accelerators have a large circumference due t o  nega- 

t i ve  f ield magnets over 2/5 of the pa r t i c l e  path length. The r e l a t i ve ly  

long negative sectors  were needed t o  give both radial  and v e r t i c a l  

s t a b i l i t y  with the  same /LI. However, since (the parameter i n  the 

J' focussing expressions) i s  determined by 4 S, ( /tc i s  the f i e l d  index, 

S the  path length) one might have shor ter  negative f i e l d  sectors if the 

gradient i n  those sectors  were su f f i c i en t ly  increased. A higher gradient 

i n  the negative magnets causes orb i t s  of d i f fe ren t  radius t o  experience 

d i f fe ren t  absolute f i e l d  strengths i n  successive sectors. For equilibrium 

o rb i t s  of a l l  momenta t o  close,  and f o r  small radia l  and ve r t i ca l  osc i l l a -  

t ions  about a l l  equilibrium o rb i t s  t o  have the same wavelength (same Q-, 

and 6 ) it wi l l  be shown t h a t  the  sector  boundary may no longer be s t r a igh t  
z 

and r ad i a l  from the center of the machine a s  i n  &rk I. since the  prac t ica l  

problem i s  t o  obtain a s  great  a magnetic f i e l d  as possible fo r  t he  maximum 

energy pa r t i c l e ,  Ho i s  chosen t o  have the same absolute value i n  both 

focussing and defocussing sectors. 
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Equations I., 2., 3. and 4. together with the def in i t ions  of y ,  q!,< and r 
completely determine the problem. Since, t o  avoid resonances, 6 x and rZ 

should be held constant, and the number of sectors  N must be constant f o r  

any r e a l  machine, the above relationships r e l a t e  S1, S2, H1, Hz, and He a s  

functions of r, For a machine t o  be designed fromthese relationships,  one 
. . 

would choose a 6,, rZ, N, and a function f ( r ) .  For the smallest synchro- 
. . 

tron, H a t  ro and %, a t  ro should be as  great  a s  possible, and, therefore,  z . . 

equal, and r a t  ro should be large so tht  the circumference fac tor ,  C, 

w i l l  be small. 

' 6 6 f o r  I l l i a c  tables  hare been nade up for values of t ,  ya, yx, y> 
2 

d i f f e i en tva lues  of?* F r o n t h e v a l u e s  of a ; f ,  H , * H A  and+  a t  

the maximum energy radius ro, equations 1. and 2. a ~ d  the I l l i a c  tab les  

may be used t o  compute , 5 ,  etc . ,  a t  a new radius A r  from ro. The 
s 

value of p and other parameters may then be found a t  t h i s  new radius 

and the tables  used t o  find values a t  a point  A r beyond. The procedure 

can be repeated for  new rs u n t i l  Hy has been worked down t o  the inject ion 

energy. Then ( r ) ,  r ) ,  3 ( r )  and s d ( r )  obtained from t h e i r  ~. point 

values may be used to  a r r ive  a t  H ,  ( r ) ,  H 2 ( r )  and pole face contours. 

This procedure has not ye t  been carried through is d e t a i l  with the 

new tables.  %on !as b r i e f l y  looked a t  some solutions using the smooth 

approximations; and it appears t h a t  for  p ( r o )  t o  be l a rge r  than 2 or 3, 

r ( r )  i s  such a strong function t h a t  a t  the  in jec t ion  radius f ( r i )  << 1. 

For magnet sectors s e v r a l  meters long and of only a meter radial  extent  

2) 6- t ab les  J. N. Snyder and D. Hutchinson. 



t h i s  would mean sector boundaries almost tangent t o  the p a r t i c l e  t r a -  

jectories.  Sinoe an impulse approximation shows t h a t  the e f fec t ive  

focal  length o f  a magnet edge i s  given by 

whore p i s  t he  radius of curvature of the  p a r t i c l e  i n  the magnetio 

f i e l d  and 0 i s  the angle between the  p a r t i c l e  path and the  normal t o  

the  magnet boundary. f has one sign for  rad ia l  focussing and the 

opposite sign f o r  v e r t i c a l  focussing. A &kirk I1 design with posit ive 

momentum ompaction factor ,  a , and large p ( r o )  has strong rad ia l  

focussing and quite weak v e r t i c a l  focussing. The direct ion of taper  

of the  magnets ( r inoreasing with r )  i s  such a s  t o  increase rad ia l  

focussing and decrease v e r t i c a l  focussing, and the  edge e f f ec t  on the 

s t ructures  looked a t  hurriedly was about a s  g rea t  a s  the  e f f e c t s  of the 

a l te rna t ing  gradients themseloes. 

Mark I1 machines may be designed with good ve r t i ca l  focussing and 

negative momentum compaction 2s i n  Mark& but hore the  fr inge f i e ld s  

strengthen ve r t i ca l  focussing and weaken radial  focussing. 

It is  important t o  design several  t r i a l  machines using the  I l l i a c  

tables  and the  methods above describes and the matrix for  the  edge 

e f f ec t s  before more concrete statements are made about the gain i n  

circumference fac tor  ovrr a Mark I. 

A sketch of a portion of a possible &!ark I1 machine with posi t ive  

i s  given below: 
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