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Several v a r i a t i o n s  of magnetic f i e l l s a r e  examined searching 

f o r  b e t t e r  focussing p rope r t i e s  and f o r  the improvement of design 

of a  c - w cyclotron. They a r e  "cross ridges", "a l t e rna t ing  r idges" 

and "phase sh i f t ed  ridges". 

A )  Cross Ridges 

I n  Mark V the f requencies  of the be ta t ron  o s t i l l a t i o n  a r e  

given i n  the smooth approximation by 

These r e l a t i o n s  help the design of a  c - w cyclot ron because 

of the presence of Z(A.G.1 i n  t o  keep y-focussing, However. 
Y 

t he r e  a r e  d i f f i c u l t i e s  a t  the  energies  of proton where 9 ' 4  c ros s  
x 'i 

in tegers  due t o  change of k, The c ross  r idge  type i s  t r i e d  t o  

avoid t h i s  d i f f i c u l t y  s ince t h i s  type i s  non-scaling type and 

presumably both Vx and 9 have the A. G. terms which vary with 
Y 

rad ius . I t  tu rns  out, however, t h a t  i t  i s  d i f f i c u l t  t o  compromise --------------- 
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the  requirement f o r  a  c  - w cyclotron and the cross  r idge focussing. 

The magnetic f i e l d  in the  m d i a n  plane i s  given by 

Since t h i s  f i e l d  i s  obtained by superposing the s p i r a l  

r idge  f i e l d s  with opposite d i r e c t i o n  of s p i r a l s ?  the cornputatton 

i s  ca r r i ed  by L a s l e t t f s  procedure with the  same nota t ions  i n  

F MURA LJL-5 and LJL-5 Sequel. 

The coe f f i c i en t s  of the vec tor  p o t e n t i a l s  a r e  given by 
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an6 the  approximate LagrangIan i s  wr i t t en  a s  follows, 
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with 

By pu t t ing  X = ko t I= ,~2-h/$ + FzmlvQ * M- wherg KO, KL 

and K2 a re  chosen i n  such a way t h a t  the forced motion terms i n  

the  equation of motion a r e  removed, we separate the forced motion 

and the beta t ron o sc i l l a t i on .  

KO, K and K a r e  determined by 
1 2 
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and a r e  given by approximately 

j a ' y  
ko + -f.c 

2(& t /) 

k = 
-Cur 

where d =  -L% 
Iv P-tt'kt2) ap, 

The l i n e a r  p a r t s  of the  equations f o r  be ta t ron  o s c i l l a t i o n  a r e  

where 

- - ( k + i ) -  / < o ( k h k r ~ ) -  *b 
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Using the smooth approximation, we g e t  V ' s  

or  by pu t t ing  
- f 2ALLp o( 

i co  - N zf k+' j  

- L / L ip  
f'12 

we g e t  a rough est imate of PIS 
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where 
-J-&--!e 2 - = b Z 

r k+J' 

A t  a  rad ius  where 2 = 0,  i.e. absence of scalloped motion 

and both vs have the same amount of the  (A.G.) term. On the 

other  hand, the f u l l  s i z e  scalloped motion, i.e. 2 ? =  T gives  

the following 
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The A.G. term i n  % has t he  negative value, if & >  el^ 
while the A.G. term i n  i s  always pos i t i ve .  

Y 
I f  l / w  i s  large, l i k e  i n  the ordinary design of Mark V ,  & 

o s c i l l a t e s  with l a rge  amplitude and 9 i s  near ly  constant.  I n  
Y 

case of the c - w cyclotron,  s ince  we want t o  use the narrow range 

of 29 where the A.G. term of L/, decreases and of 1/ increases  
7 

with radius ,  the range of 2@ must be l e s s  than lr . 
-2 -?LA ry < 7 

And a l s o  the phase d i f ference  - v, must be about ST t o  g e t  

the opposite gradient  of ij and . I f  we choose the  l a rge  value 
X Y 

of l / w  t o  obta in  a l a rge  $ -$ , r must be very small 
Yo 

and t h i s  means the narrow energy range of the accelerakor.  It 

might be poss ib le  t o  obta in  des i red  change of 2/ls with small l / w  

and N. But i n  t h i s  case $4 terms can not  be neglected and i t  

might be more convenient t o  compute num6rically. 
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B) Al ternat ing  Ridges 

A u n i t  of magnet s t r uc tu r e  cons i s t s  of two sec to rs  which 

have the opposite d i r e c t i o n  of the  s p i r a l  r idges .  The magnetic 

f i e l d  i n  median plane i s  given by 

Neglecting the e f f e c t s  of f r i ng ing  f i e l d  and of the s t r a i g h t  

sec t ion ,  the magnetic f i e l d  i s  expanded i n  Fourier  s e r i e s  of N 8 .  
a s  i n  ( A )  

The same method i s  used t o  ob ta in  the equat ions of the be ta t ron  4 
osc i l l a t i on .  

The coe f f i c i en t s  of Lagrangian a r e  given by 
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where A$ : g+e 3 
Y- h, L ,  Y o = .  

The forced motion i s  saparated by put t ing 



KO and K a re  given approximately by 
1 
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Since t h i s  type is  non-scaling, y 'schange with r ~ d i u s  and f i r s t  

of a l l  we must examine the amount of change of p!s. Though a l l  

coef f ic ien t s  conta in  the  higher  harmonics such a s  &.Id@ 

and w d ' N @  these  terms contr ibute  t o  only b)- order of 

( . Actually. even i f  a l l  higher  ha~monics  work i n  
-, 9(,/'%/) 2 2 I 

phase, t h e i r  contr ibut ion might not  exceed ., ,) TT 4 I J  
( ) 1 and 

t h i s  i s  of the order of 25% of the  fundamental.,, Hence we can 

consider only the  fundamentals t o  look a t  the change of 9.  Then 

a l l  coe f f i c i en t s  of Lagrangian a r e  equivalent  t o  the  type ( A )  

and consequently 9's a r e  given by (8). 

The above considerat ion shows t h i s  type has  the same 

c h a r a c t e r i s t i c s  a s  ( A )  except  the con t r ibu t ion  of the higher  

harmonics. 

C )  Phase Shif ted  Ridges 

The magnetic f i e l d  i n  the  median plane i s  given by 
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The coefficients of Lagrangian are evaluated as in (B) and 

it turns out that the fundamental parts of the coefficients are 

all multiplied by factor cos fkf? and all higher hamonic parts 
2 

are multiplied by factor sin . 
1 

For example 

k t2 k t 2  
2 2 L 

where a% yL+, 
4"-77- + -1 z 

If the phase shift is small, the harmonic parts are small and the 

machine is nearly scaled. And when the phase shift reachs the 

fundamentals vanish. However, all coefficients of Lagrangian 

have the same factor sin - and cos 
2 

in each 
L 
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harmonic and. v e r y  l i t t l e  i s  gained by in t roduc ing  the  phase 

s h i f t  between r i d g e s .  

Fo r  i n s t a n c e ,  i f  we want t o  reduce t h e  non- l inear  terms 

and in t roduce  ' - ' l i n e a r  t e r n s  a r e  a l s o  reduced. z 

The above t h r e e  t y p e s  do  n o t  g i v e  t h e  d e s i r a b l e  f e a t u r e s  

un fo r tuna t e ly .  W l t  w i t h  smal l  l / w  and N t h e  above approximation 

i s  extremely rough. A combination of smal l  l/w and N might 

g i v e  some improvements of t h e  des ign  of a c - w cyc lo t ron .  

There a r e  a l s o  t he  o t h e r  p o s s i b i l i t i e s  by i n s e r t i n g  t h e  phase 

s h i f t  o r  changing t h e  d i r e c t i o n  of r i d g e s  o f t e n e r .  


