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Summary 

This study p red ic t s  t h e  f i e l d  per turba t ion  e f f e c t s  of a proposed spr ing  

element i n  an  improved H-10 magnet and concludes i t s  e f f e c t  t o  be neg l ig ib l e .  

In t roduct ion  

Construction d i f f i c u l t y  and cos t  of ha l f  s i n e  wave pulsed magnets can be 

s i g n i f i c a n t l y  reduced and r e l i a b i l i t y  improved i f  t h e  septum and backleg can 

be in se r t ed  t ransverse ly  from t h e  f r o n t  of t h e  ape r tu re  and held a p a r t  with a 

spring "can" as shown below i n  Fig. 1 

Fig, 1 

This cons t ruc t ion  i s  f e a s i b l e  i f  t h e  eddy cur ren t  e f f e c t s  of t h e  spr ing  are 

acceptably low. Fig. 2 shows the  eddy cu r ren t s  i n  t h e  spring. 
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Fig. 2 

Assumptions: 

1. The main f i e l d  is  a l t e r e d  only i n  t h e  shaded area of Fig. 2 

wi th in  t h e  boundary of t h e  eddy cur ren ts .  

The applied f i e l d  over t h e  ape r tu re  is uniform. 

The spr ing  is  equivalent t o  a f l a t  p l a t e  of thickness equal t o  

twice the spr ing  thickness.  

2. 

3. 

4. The ends of t he  spr ing  have l i t t l e  r e s i s t a n c e  compared t o  t h e  

r e s i s t ance  along the long a x i s  of t he  spring. 

The eddy cu r ren t s  are not s u f f i c i e n t l y  l a r g e  t o  s i g n i f i c a n t l y  

reduce t h e  main f i e l d  t h a t  is they are a per turba t ion  on:the 

main f i e l d .  

5. 

Calculations on t h e  eddy cur ren t  f i e l d .  

B = a s i n  wT 

B = main f i e l d  rate of rise = a w cos wT = 2,9 x 10 7 gauss/sec 

where a = 13000 gauss 

w = -  ' 2 IT = 2244 RAD/sec 2 t  

= r e s i s t i v i t y  of inconel = 125 x lom6 D cm p 

t = equivalent p l a t e  thickness = 2(.01") 2.54 = .05cm 

W = spr ing  s h o r t  dfmension = 1" = 2.54cm 
. ?  

4 ~ x l  0-3NIE 
- = ,48 gauss BE - G 

*AGS TN #49 Herrera 

where N = 1 turn  
G = .025 meters 
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Y 
Fig. 3 

The f i e l d s  add a s  follows s i n  8 + a COG 8 2 s i n  ( 0  + a)  

48 = .0037 RAD 13000 where a = 

The beam pulse lasts about 2.6 x 
were timed exactly on B = 0 the  leading and t r a i l i n g  edges would pass 

through the  magnet a t  1.3 x loc6 sec from t h i s  t i m e .  

the  two f i e l d  regions would then be 

sec. I f  the  middle of the  pulse 

The difference i n  

2 (1.3 x {; [I .0014 
= .14 gauss B = 48 gauss cos 

6 o r  about 10.8 pasts  i n  LO near the spring. This would be no problem. 

A more serious e f f ec t  arises from the  f a c t  t h a t  the  beam sometimes 

passes through H-10 40 or  s o  micro seconds from B = 0 as seen i n  Pig. 4 

where the  lower t r ace  is the  output from U/165 and the upper is the  H-LO 

current wave f om taken 3/2/82. 

This would cause a f i e l d  non uniformity of 3.2 pa r t s  i n  l o 4  near t he  
4 spring or  over the  magnet length as the  springs occupy 

1 / 2  the  length of the  magnet. 

The given cri teria f o r  t h i s  magnet f o r  i n j ec t ion  in to  ISA is  5 pa r t s  
4 i n  10 . 

negl igible  e f f ec t .  

Therefore the  springs a s  presently envisioned appear t o  have 
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Fig .  4 

It i s  i n t e r e s t i n g  t o  compare t h e  eddy c u r r e n t  e f f e c t s  of the H-10 

magnet lamina t ions  t o  those  of t h e  proposed sp r ing .  Fig.  5 shows t h e  H-LO 

1 /2  s c a l e c r o s s  s e c t i o n  and the p a t h  chosen t o  r e p r e s e n t  the th i ckness  "t" 

i n  t h e  eddy c u r r e n t  formula.  The "W" dimension corresponds t o  lamina t ion  

th ickness  of .018" = .046cm. 

.I__ - "I-- 

.,.. .. . .  
. I  

. .  
.- ? 

IEL = 40 amps 

7 where B = 2.92 x LO g / sec  
t = 9" = 22.86cm 
W = .018" = .046cm 
p' = 44 x lom6 Q*cm (M-36 S t e e l )  
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This cur ren t  (I = 40 amps) should be mul t ip l ied  by 2 i n  comparing EL 
i t s  e f f e c t  on t h e  beam s i n c e  i t  acts continuously along the  magnet where 

t h e  spr ing  cur ren t  1 a c t s  on ha l f  t h e  length.  With t h i s  i n  mind w e  see 

t h a t  t he  e f f e c t  of t h e  laminations is about ,85 t i m e s  t h a t  of t h e  springs.  

My thanks t o  Howard Weisberg, B i l l  Weng and Woody Glenn f o r  t h e i r  help 

E 

i n  t h i s  study. 


