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Proposed D i g i t a l  Computer Program 
t o  Study the  Coupling of Radia l  
Be ta t ron  O s c i l l a t i o n s ;  end Synchrotron 
O s c i l l a t i o n s ;  i n  the Presence of 
F o i l a ;  and Non-slaunched, Non-Radially 
Terminating,  Leakage Flux end Magnetic 
E r f e c t s  Absent, R.  F, Gaps." 

Motivation:  1) It appes r s  important  t h o t  we s tudy  
the  e f f e c t s  of  coupl ing  between o r b i t a l  motion and 
synchrotron o s c i l l a t i o n s  i n  o r d e r  t o  be ab l e  t o  
unders tand complete ly  such t h i n g s  a s  R.  F. knockout. 

2 )  The P r i n c e t o n  people have made t h e  important  
o b s e r v r t i o n  t h s t  i t  i s  p o s s i b l e  t o  dev i se  systems 
which a r e  non-Liouvl l l i an  a s  f a r  a s  t h e  a c c e l e r a t e d  
p a r t i c l e s  a r e  concerned. This  i s  r e ~ d i l y  r e c o n c i l e d  
wi th  gene ra l  theorems of dynamics by no t ing  t h s t  t h e  
proposed schemes in t roduce  o t h e r  p a r t i c l e s  ( e l ec t ron1  
i n  f o i l s )  so  t h a t  the  t o t a l  phase space i s  s t i l l  
conserved,  o r  a l t e r n a t i v e l y  t h e  a c c e l e r a t e d  p a r t i c l e :  
a r e  s u b j e c t  t o  d i s s i p a t i ~ e  f o r c e s .  The p o s s i b i l i t i e ;  
opened up by the  obse rve t ion  must be s t u d i e d ,  s i n c e  
s u c c e s s f u l  use  of f o i l a  may el low a  s t o r a y e  r i n g  t o  
be s u b s t i t u t e d  f o r  en  acce l e ra to r - - a t  a  cons ide rab le  
sav ing  i n  c o s t ,  

3) The sepa ra t ed  s e c t o r  e c c e l e r a t o r  h a s  slaunched 
c a v i t i e s ,  and some of t he  proposed H. F. schemee 
employ c a v i t i e s  which on ly  ex tend  over  p a r t  of t he  
r a d i a l  ape r tu re .  I t  i s  impor tan t  t o  s tudy  the  e f f e c t a  
theae  c a v i t i e s  may engender,  bu t  i t  was f e l t  t h a t  
t he  s imp le r  problem i n  which these  e f f e c t s  were 
ignored ,  should a t  l e a s t  be formulated f l r a t ,  I t  may 
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than be considered whether one wants two programs, 
' or to include all effects in one program. In this 

regard the question of speed of com~utatlon should 
be given great consideration. The program outlined 
here, is I believe, quite rapid, 

4) In the interest of simplicity, and hence apeed 
of amputation, re have confined our attention to 
orbital plane motion. Alao the A. a. characterlstica 
have been ignored, the guiCing field assumed to vary 
ns .k as far as the synchrotron oscillations are 
concerned, but the betatron frequency may be inserted 
separately. (Thus allowing one to study some of the 
A. G. effects in-so-fer-as they change the betatron 
frequency--scallop and ripple ignored.) Also the 
betstron oscillations are treated In linear 
approximation. One can include one of the effects of 
non-linenrities by requiring that the amplitude of 
betatron oscillationr remain below a limit which can 
arbitrarily be Imposed--employing our knowledge of 
stability limits in A. 0. accelerators, to determine 
this limit, 



Program: 

1) Number of o s c i l l a t o r s  = No (suggest aoL_4) 
- 

2) Osc i l l a t o r  index j ( J  - 1, 2, No) 

3) Number of f o i l s  = Nf (suggest Nf & 10) 

4) Number of o s c i l l a t o r  t r a n s i t s  of p a r t i c l e  = m, 

(m= N No -+ j) 

5 )  Array: This s p e c i f i e s  order  of f o i l s  and o s c i l l a t o r s s  

For example: 01 F1 P$ o2 F3 FL 0 0 e tc .  

6 )  Auxiliary IPunctlons: 

A )  2ach f o i l  has  a funct ion  (j (R) which should 
spec i f i ed  on an appropriate  master tape. For 
i n i t i a l  use of the program we should have the 
following funct ions:  

4 -  
where V, , U, are  constants.  

B) Each o s c i l l a t o r  has  a vol tage V ( t ) ,  and 
frequency ( t ) , funct ion  which i s  given on an 
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&pproprlete master tape. I n i t i a l l y  we might have 
avai lable  the following functions: 

.I L/FJ = I/, 

a )  Ld(&) :ll/d+q it5 where: 

VoJuo, b l a r e  poa i t lve  constants  ( W I  may be 

negat ive) ,  el, t2,73,;d 4, may be specified. 

7 )  In  the course o f  calculations there  w i l l  appear 
c e r t a i n  o ther  funotions which you must bui ld  (permanently) 
i n t o  the progrnm: 

F ( E j % J  79 A) . = c g ~  ~ ~ 7 %  S ( E , ~ ,  P: &) t' R e , ( € )  
* 

8) These require more data tape in fo  beyond t h a t  
speci f ied  i n  (1) - (51, namely: 
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13) Ra i n  meters 
8 4) c = 3 x 10 meters 

880 
15) y = n o  of 4 S t o n  waves about the  machine, 

r pure number between 0 and 100, usual ly  y 10. 

1 6 )  Array: g i  This i s  a ae r i e s  of numbers such 
th r  t Ed{  =3, , specifying the  anglea between 
f o i l 8  and gaps. 

(For example, the $(between 

17)  The ca lcu le t ion  conaia ts  of taking a "par t i c low,  
namely the ~ c t o r ~ ~ ~ t ) t h r o u g h  the o a c i l l s t o r s  and 
f o i l s  i n  the prescribed manner. In  t h i s  connection 
we need t o  specify what happens t o  a p a r t i c l e  under 
the following poaaible s i tua t ions :  

-b 

+ x ) - k e  (f-~)] R* [E-U) 

2r.C : 
sepsrsted by angles 



C o )  A t  an o s c i l l a t o r :  
qjJ Y ; f i ' ,  N-I + Wd. ( a. 
E * ,  = E m + A E w  

aE, = Lit.... L P ~ ; J v  
L+I s t, + L E+.+rl 

80 that :  
d i r  X ,  P J  

E){I+x)- ~r  AS\^ Re 
A R ~ '  I ~ + h d  

18) I think i n  the  i n t e r e s t  of apeed you w l 1 1  want 
t o  evaluete end store:  s i n  2YfYd-, s i n  Jf-TYd ' , 
con 4ITl/ds 0 d 

d 
d 

19) The program should have the following parameters 
t o  be speci f ied  on the da ta  tape: 

20) Elpo - the  s t ep  on b i c h  p r in t i ng  s t a r t s  

n) NP - number of s taps  p r in t i ng  continues f o r  

22) Ne - end constant  - number of s t eps  a t  which 
problem ends (I don ' t  thfnk we need Ej.) 

23) tf - time &which problem ends. 

24) t j  ,-I - t r a n s i t  time o s c i l l a t o r  j on -1 s t epo  

2 5 )  CQj,,l - phase o f  o s c i l l a t o r  j on -1 atep. 

26) El - i n i t i a l  energy 

27) XI - i n i t i a l x  

28) P i  - i n i t i a l  p ( I  don ' t  think we need ti) 



29) I n  order  t o  approximete c e r t a i n  physica l  s l t u e t i o n s  
such a s  f i n i t e  s i z e  of aper ture ,  end non-linear s t a b i l i t y  
l i m i t s  we need out-off f ac to r s :  

30) Problem etopa If: / X I  7 Xc 

R e @ )  + x CRmc 
thus  requ i r ing  on the  da ta  tape: 

31) xc 

32) 

33) %, 
0 

34) P r i n t  rout ine :  Should p r i n t  (x,  p, E, t, 
(if a t  en o s o i l l e t o r  

P r i n t  E and t t o  e l l  f i gu re s ,  r e s t  t o  5 o r  6, 

34) Scaling: 

Energies i n  u n i t s  of 100 9ev 

Redii in u n i t s  of R,, the rad ius  a t  100 Rev, 

Time i n  u n i t a  of 1 sea 

frequency i n  u n i t s  of 2-3O aec-I 

Angles i n  u n i t s  o f  431 (mod 2 )  

Then a l l  q u a n t i t i e s  a r e  <1. 


