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ABSTRACT 

The c o i l s  f o r  t h e  Advanced T o r o i d a l  F a c i l i t y  (A'TF-1) t o r s a t r o n  may 

b e  e a s i l y  a l i g n e d  b e f o r e  t h e  machine is p laced  under vacuum. T h i s  is 

done b y  c r e a t i n g  n u l l s  i n  t h e  magnet ic  f i e l d  by  e n e r g i z i n g  t h e  c o i l s  i n  

v a r i o u s  c o n f i g u r a t i o n s .  All of t h e  n u l l s  i n  occm- on t h e  z-axis .  

When t h e  n u l l s  c o i n c i d e ,  t h e  c o i l s  are  p r o p e r l y  a l i g n e d .  
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Proper  a l ignmen t  o f  t h e  i n n e r  and o u t e r  v e r t i c a l  f i e l d  (VF)  c o i l  

s e t s  f o r  t h e  Advanced T o r o i d a l  F a c i l i t y  (ATF-1)  is c r u c i a l  i n  r educ ing  

magnet ic  f i e l d  e r r o r s .  Once t h e y  a r e  b u i l t ,  t h e  h e l i c a l  f i e l d  (HF) 

c o i l  sets w i l l  be  immutable.  T h u s ,  we m u s t  r ind  the  a x i s  o f  t h e  HF 

c o i l  se t  ( t h e  z-axis)  and t h e  up-down ( z  = 0 )  symmetry p l ane .  Then t h e  

VF c o i l s  m u s t  b e  a l i g n e d  so  t h a t  t hey  a r e  c o n c e n t r i c  w i th  and 

p e r p e n d i c u l a r  t o  t h e  z -ax i s .  

We propose  a procedure  f o r  do ing  t h i s  t h a t  can be  e a s i l y  performed 

a s  soon as  t h e  c o i l s  a r e  a s s e a b l e d ,  e v e n  b e f o r e  t h e  machine i s  under 

vacuum. In F ig .  1 ,  t h e  ATF c o i l  c o n f i g u r a t i o n  i s  shown, t o g e t h e r  w i th  

t h e  c o o r d i n a t e  system used i n  t h i s  memorandum. 

F i r s t ,  we m u s t  determine t h e  l o c a t i o n  o f  t h e  z -ax is  w i th  r e s p e c t  

t o  t h e  HF c o i l  s e t .  I f  t h e  HF c o i l s  a r e  connec ted  i n  a s t e l l a r a t o r  

c o n f i g u r a t i o n  (oppos ing  currents  i n  t h e  two c o i l s ) ,  a l i n e  n u l l  i n  

I B I  2 B i s  c r e a t e d  a s  shown i n  F ig .  2.  To measure t h i s  e a s i l y ,  t h e  

c o i l s  should  be e n e r g i z e d  wi th  a l t e r n a t i n g  c u r r e n t  t o  e l i m i n a t e  t h e  

e f fec t  of  t h e  e a r t h ' s  magnet ic  f i e l d .  This l i n e  n u l l  determines t h e  

z - a x i s ,  which can t h e n  b e  marked wi th  a s t r i n g  o r  a l a s e r  bean. 
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F i g .  1 .  The ATF-1 c o i l  c o n f i g u r a t i o n  and t h e  c o o r d i n a t e  system 

used i n  t h i s  r epor t ; ,  

The rnost d i f f i c u l t  t h i n g  t o  d o  i s  t o  measure t h e  l o c a t i o n  of t h e  

z = 0 p l a n e .  We w i l l  d o  t h i s  i n  s e v e r a l  ways. I f  t h e  HF c o i l s  a r e  

e n e r g i z e d  i n  t h e  t o r s a t r o n  c o n f i g u r a t i o n ,  R i s  a maximum a t  z = 0 a l o n g  

t h e  z -ax is .  HOwever, t h i s  i s  a s a d d l e  p o i n t  and t h e  maximum i s  q u i t e  

broad.  A f u r t h e r  check on t h i s  neasurement  w i l l  b e  i n t r o d u c e d  l a t e r .  

Nex t ,  e a c h  VF c o i l  set  i s  a l i g n e d .  By r u n n i n g  o p p o s i t e l y  d i r e c t e d  

(and e q u a l )  c u r r e n t s  i n  t h e  two VF c o i l s ,  a s h a r p  p o i n t  n u l l .  i n  B i s  

i n t r o d u c e d  a t  t h e  o r i g i n  (Fig. ,  3 ) .  The c o i l s  should  be a l i g n e d  so t h a t  
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Fig .  2. L i n e  n u l l  i n  I B I  5 B, c r e a t e d  b y  c o n n e c t i n g  t h e  HF c o i l s  

i n  a s t e l l a r a t o r  c o n f i g u r a t i o n  (oppos ing  c u r r e n t s  i n  the two c o i l s ) .  

t h i s  c o r r e s p o n d s  t o  t h e  o r i g i n  de t e rmined  from t h e  HF c o i l  

measurements .  If t h e  c u r r e n t  i n  one  c o i l  is i n c r e a s e d  by  a srnall  

amount, t h i s  n u l l  r u n s  up a l o n g  t h e  z -ax i s ,  i f  t h e  c o i l s  a r e  c o n c e n t r i c  

and n o t  t i l t e d .  For  example ,  i n  F ig .  4 ,  t h e  c u r r e n t  i n  t h e  lower c o i l  

was i n c r e a s e d  so t h a t  i t  i s  1 . 4  times t h e  c u r r e n t  i n  t h e  upper  c o i l .  

In t h i s  case, t h e  n u l l  appears  a b o u t  3 m up t h e  z-axis. This must ,  of  

c o u r s e ,  c o i n c i d e  w i t h  t h e  z-axis  of  t h e  HF c o i l  se t .  
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F i g .  3. Po in t  n u l l  i n  B ,  c r e a t e d  by running  o p p o s i t e l y  d i r e c t e d ,  

equa l  c u r r e n t s  i n  t h e  two VF c o i l s ,  

F i n a l l y ,  we recheck  t h e  symmetry of  t h e  VF c o i l s  w i t h  r e s p e c t  t o  

t h e  z = 0 p l a n e  of  t h e  HF c o i l s .  For example,  i f  we r u n  t h e  h e l i x  i n  

i t s  t o r s a t r o n  c o n f i g u r a t i o n  and pu t  -1 .45  t i m e s  t h e  HF c u r r e n t  i n t o  t h e  

i nne r  VF c o i l s ,  we c r e a t e  two s h a r p  minirnia i n  R a t  about  z = 9 . 1  tn. 

When t h e  z 0 p l a n e s  o f  t h e  FIF and VF c o i l s  c o i n c i d e ,  t h e  s t r e n g t h s  of  
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Fig .  4 .  Disp lacement  o f  p o i n t  rninimum i n  8, c r e a t e d  by  runn ing  

o p p o s i t e l y  d i r e c t e d ,  unequal  c u r r e n t s  i n  t h e  two VF c o i l s .  Here, t h e  

c u r r e n t  i n  t h e  lower c o i l  is 1 . 4  times t h a t  i n  t he  upper  c o i l .  

t h e s e  two m i n i m a  w i l l  be equal  and t h e  z = 0 p l a n e  w i l l  l i e  ha l fway 

between them. This c o n f i g u r a t i o n  is shown i n  Fig.  5. 

T h i s  p rocedure  shou ld  y i e l d  t h e  b e s t  p o s s i b l e  l o c a t i o n  f o r  t h e  

v a r i o u s  ATF-1 c o i l s  i f  t h e y  were a l l  b u i l t  p e r f e c t l y .  However, there 

w i l l  b e  i m p e r f e c t i o n s  i n  them. I n  t h i s  e v e n t ,  t h e  n u l l s  i n  B w i l l  
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F i g .  5. T o r s a t r o n  c o n f i g u r a t i o n .  The c u r r e n t  i n  t h e  i n n e r  VF 

c o i l  i s  -1 .45  t imes  t h a t  i n  t h e  WF c o i l s .  

become ininiina. N o n e t h e l e s s ,  t h i s  procedure  should  s t i l l  y i e l d  t h e  

optimum c o i l  c o n f i g u r a t i o n  because  it is based  upon a l i g n i n g  t h e  axes 

of a l l  t h e  d i p o l e  moments. C o i l  i m p e r f e c t i o n s  w i l l  show up a s  h i g h e r  

moments and may have t o  b e  e l i m i n a t e d  by u s i n g  a d d i t i o n a l  error  

c o r r e c t i o n  c o i l s .  
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