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Time of arrival measurements of Bostick plasmoids to an electrostatic probe suggest that the plasmoid 
motion may be simulated by a uniformly expanding torus with one point fixed at the button source. 

The e a r l i e s t  expe r imen t s  which w e r e  made on 
p l a smoids  gave r e su l t s  which were  in t e rp re t ed  
as  being indicat ive  of a p lasmoid  being p ro jec ted  
f rom i ts  button source  in the fo rm of a smal l  
t o rus  of p la sma  [1]. Extens ions  of this model  en- 
abled a qual i ta t ive  explanation to be made of c e r -  
tain phenomena which were  exhibited by p las -  
moids  c rea ted  in the p r e s e n c e  of ex te rna l ly  in-  
duced magnet ic  f ie lds  [2]. La te r ,  it was shown 
that the assumpt ion  of a toro ida l  p lasmoid ,  en- 
abled a theore t i ca l  e s t ima te  to be made of the 
p lasmoid  m a s s  in t e r m s  of the expe r imen ta l  pa r -  
a m e t e r s ,  and this e s t ima te  was shown to c o r r e -  
la te  f a i r ly  well  with published r e su l t s  [3]. 

v 2 the ve loc i ty  r e l a t i ve  to the cen te r  of mass  of 
an a r b i t r a r y  point P on the p la sma  boundary (see 
fig. 1). Then, if the p l a sma  is  to grow as  a torus ,  
i t  c l ea r ly  is n e c e s s a r y  that v 1 = v 2 throughout the 
c rea t ion  per iod  of the p lasmoid  and a lso  (by v i r tue  
of the ine r t i a  of the p lasma)  a f te r  the surge  cu r -  
ren t  has ceased to flow. It follows, the re fo re ,  
that if the point P is  incl ined at an angle 0 to the 
axis  of s y m m e t r y  of the button source ,  and is 
moving at a given ve loc i ty  at the cessa t ion  of the 
surge  cur ren t ,  i t  wil l  continue to move at the 
same speed in the d i rec t ion  defined by 0. 

Button Gun 
The investigation which is recorded below, , , r  

was undertaken to examine  d i r ec t ly  the geomet ry  ../ [[[ [ 
a s sumed  by a Bost ick  p lasmoid  in magnet ic  field 
f r e e  space by a method which is  not r e c o r d e d  in / /  " / 1 1 1 ~ \ \  \ .'x \ \ N ,  \ \ 
the l i t e r a t u r e  - namely  by examining the p las -  / i ~ / / /  i Xx~ x ~ \  \ 
mold motion in the plane of the cu r r en t  d i scharge .  ! 

The bas ic  idea which ini t ia ted this pa r t i cu l a r  ex- 5 J / t  / ' ~  1 ~ ~ ~ ] ~ 4  , I%.1 
p e r i m e n t  is  as  fol lows:  le t  us suppose that for a 
g iven p lasmoid  Vl i s  the ve loc i ty  of the cen te r  of 
m a s s  of the p lasma r e l a t i ve  to the button gun, and 4 5 ° 

,  o./T \ 
/ " 15 ° 15 = 

0 = 

C : Center of moss of plosmoid. 

1.0/zsec: x 

Distance moved by ptasmoid 10~/ile in 1.5/u,=mc: • 
2 . 0 / J .  N o :  o 

Source voltage: 6 kV 
Scale: I - - I  

Icm 

Fig. 1. Motion of a point on the periphery of an idealized 
toroidal plasmoid. 

Fig. 2. Profile of a Bostick plasmoid in the plane of the 
current discharge. 
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The  p r o f i l e  of the  p l a s m a  f ron t  w a s  found in 
the  fo l lowing  m a n n e r :  a 6 kV d i s c h a r g e  of 1 ~zsec 
d u r a t i o n  a c r o s s  a but ton  gun was  u s e d  to f o r m  
p l a s m o i d s  in v a c u o  (10 -6  T o r r ) .  An e l e c t r o s t a t i c  
p r o b e  was  m o v e d  a long  the  p o l a r  l i n e s  0o, 15 o, 
30 o, 450 unt i l  a s igna l  f r o m  the p l a s m a  w a s  ob-  
t a ined  in e a c h  c a s e  a) 1.0 ~ s e c .  b) 1.5 ~ s e c  and 
c) 2.0 ~ s e c  a f t e r  the  in i t i a t ion  of the  c u r r e n t  d i s -  
c h a r g e .  The  c o r r e s p o n d i n g  d i s t a n c e s  b e t w e e n  
the  p r o b e  and the but ton  gun a long  the  p o l a r  l i n e s  
w e r e  m e a s u r e d  and p lo t t ed  on p o l a r  g r aph  p a p e r  
( see  f ig.  2). C i r c l e s  then  w e r e  d r a w n  w h o s e  d i -  
a m e t e r s  equa l l ed  the  f u r t h e s t  d i s t a n c e  t r a v e l l e d  
by the  p l a s m a  f r o m  the  but ton  gun (in e a c h  c a s e  
th i s  was  found to be  a long  the  l ine  0 = 0o). F ig .  2 
r e v e a l s  that  t h e s e  c i r c l e s  a r e  a f a i r l y  s a t i s f a c -  
t o r y  a p p r o x i m a t i o n  to t he  m e a s u r e d  p r o f i l e .  It  
i s ,  m o r e o v e r ,  h a r d l y  s u r p r i s i n g  that  the  p r o f i l e  
of the p l a s m o i d  s e e m s  to have  one po in t  at  the 

but ton  gun f ixed in space ,  b e c a u s e  r e f e r e n c e  to 
ou r  m o d e l  in f ig.  1 above ,  r e v e a l s  that  t h e r e  i s  
no mot ion  of the p l a s m a  r e l a t i v e  to the  gun at  the  
point  de f ined  by 0 1 = ~?T, 

We conc lude ,  t h e r e f o r e ,  that  t h i s  p a r t i c u l a r  
e x p e r i m e n t  s u g g e s t s  that  ou r  p l a s m o i d  p r o p o -  
g a t e s  i t s e l f  a s  a u n i f o r m l y  expand ing  t o r u s  which  
has  one poin t  f ixed  a t  the but ton s o u r c e .  

T h i s  e x p e r i m e n t  w a s  p e r f o r m e d  in the  P h y s i c s  
D e p a r t m e n t  of the  U n i v e r s i t y  of W e s t e r n  O n t a r i o ,  
London ,  Canada .  

References  

1. W.H. Bostick, Phys. Rev. 104 (1956) 292. 
2. W.H. Bostick in ~ymposium of Electromagnetics  

and Fluid Dynamics of Gaseous Plasma,  V.XI (Poly- 
technic Press ,  Brookl)m, New York, 1961). 

3. D.A.But ter ,  Phys. Let ters  28 (1968) 138. 

T H E  T E M P E R A T U R E  D E P E N D E N C E  O F  T H E  " C U R I E  P O I N T "  F O R  I R O N  
O B S E R V E D  I N  T H E  C R I T I C A L  S C A T T E R I N G  O F  N E U T R O N S  

K. BLINOWSKI 
Institute of Nuclear Research, ffwierk, Poland 

and 

R. CISZEWSKI 
Institute of Physics, Technical University of Warsaw, Poland 

Received 2 November 1968 

The small  angle cr i t ical  scat ter ing of neutrons in iron was measured.  The temperature  shift of a maximum 
of scattered intensity has been discussed in the light of the latest  theories .  

The  t e m p e r a t u r e  and a n g u l a r  d e p e n d e n c e  of 
the  i n t e n s i t y  of c r i t i c a l l y  s c a t t e r e d  n e u t r o n s  in 
i r o n  was  m e a s u r e d .  Al though many  e x p e r i m e n t s  
of th i s  kind w e r e  p e r f o r m e d  so f a r ,  t h e r e  has  
b e e n  s t i l l  a fu l ly  j u s t i f i e d  need  fo r  s o m e  m o r e  e x -  
p e r i m e n t a l  data ,  e s p e c i a l l y  fo r  exac t  d e t e r m i n a -  
t ion  of the t e m p e r a t u r e s  c o r r e s p o n d i n g  to the  
m a x i m u m  i n t e n s i t i e s  of the  c r i t i c a l l y  s c a t t e r e d  
n e u t r o n s  wi th  s m a l l  w a v e l e n g t h s .  

E a r l i e r  t h e o r i e s  d e v e l o p e d  a f t e r  Van  Hove [1] 
iden t i f i ed  a l w a y s  the  t e m p e r a t u r e  of the  m a x i m u m  
of the i n t e n s i t y  wi th  the  f e r r o m a g n e t i c  C u r i e  point .  

A c c o r d i n g  to the r e c e n t  t h e o r y  by F i s h e r  and 
B u r f o r d  [2] the  m a x i m u m  should  be  sh i f t ed  on the 

t e m p e r a t u r e  s c a l e  p r o p o r t i o n a l l y  to the  s c a t t e r -  
ing  v e c t o r  in the p o w e r  1.55, s t a r t i n g  f r o m  the  
z e r o  s c a t t e r i n g  ang le .  On the  o t h e r  hand Koci f l sk i  
[3,4] po in t s  out that  such  a shi f t  d o e s  not s t a r t  
f r o m  z e r o  ang le  but  a p p e a r s  fo r  s o m e  l a r g e r  v a l -  
ue of the  s c a t t e r i n g  v e c t o r  K = 2~0/~ ,  and in-  

3 c r e a s e s  wi th  K in a p o w e r  h i g h e r  than 7- 
The  e s s e n t i a l  d i f f e r e n c e  h o w e v e r ,  b e t w e e n  

f i r s t  t h e o r i e s  b a s e d  on the O r n s t e i n - Z e r n i k e  type  
spin  p a i r  c o r r e l a t i o n  func t ion  and K o c i f l s k i ' s  
w o r k  l i e s  in the b a s i c  a p p r o a c h  to the  p r o b l e m  
which  should c o n s i s t  in t r e a t i n g  the s c a t t e r i n g  
s y s t e m  a s  an  i n h o m o g e n e o u s  m e d i u m .  Such an 
o b s e r v a t i o n  w a s  a l r e a d y  i n t r o d u c e d  in the p i o n e e r  
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