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The forward velocity of Bostick plasmoids is shown experimentally to be proportional to the mean surge 
current through their button source. 

One of the ea r ly  expe r imen t s  on p l a smoids  r e -  
vealed  that t he i r  fo rward  ve loc i ty  depended only 
upon the energy  of the source  capac i to r s ,  and 
hence upon the cu r r en t  through the button gun c i r -  
cuit  [1]. Although this  re la t ionship  was r ecogn iz -  
ed c l ea r ly ,  it was deduced f rom m e a s u r e m e n t s  
over  a r a the r  smal l  range of i n t e re s t  and the r e -  
sult i t se l f  does  not seem to have been r ega rded  
as being one of much s ignif icance.  Again, no a t -  
tempt  apparent ly  had been made to explain this 
r e su l t  or  to inves t iga te  i t s  impl ica t ions  until  r e -  
cently,  when it was  shown theo re t i ca l ly  that the 
p lasmoid  ve loc i ty  was  d i r ec t ly  propor t iona l  to the 
mean cu r r en t  by using the assumpt ion  of a highly 
conducting toro ida l  p lasmoid ,  and the ana lys i s  
was extended to r e v e a l  that the number  of ions in 
an a r b i t r a r y  p la smoid  could be e s t ima ted  theo re -  
t i ca l ly  in t e r m s  of the expe r imen ta l  p a r a m e t e r s  
[2]. 

In view of the encouraging  c o r r e l a t i o n  between 
theory  and expe r imen t ,  it was felt  worthwhi le  to 
conduct an expe r imen t  to tes t  d i r ec t ly  whether  the 
fo rward  ve loc i ty  of a Bost ick  p lasmoid  was p ro -  
por t ional  to the mean cur ren t .  The expe r imen t  is  
shown schemat i ca l ly  in fig. 1. A pa i r  of e l e c t r o d e s  
is p laced d i rec t ly  in front of a convent ional  button 
gun source  in vacuo (2× 10-6 Tor r ) .  The e l ec -  
t r odes  a r e  in s e r i e s  with a ba t t e ry  and a 10 kfZ 
r e s i s t o r .  P l a smoid  w e r e  fo rmed ,  each by a s ingle 
pulsed unid i rec t iona l  cu r r en t  d i s cha rge  of 1/1 sec 
durat ion which was genera ted  by source  capac i to r  
vo l tages  ranging f rom 6 kV to 16 kV. When the 
conducting p l a sma  flows between the e l e c t r o d e s  
of the probe,  a cu r r en t  flows in the c i r cu i t  of the 
probe and the potent ia l  drop a c r o s s  the r e s i s t o r  
is  r e c o r d e d  on an osc i l l o scope  which is  t r i g g e r e d  
at the instant  of ini t ia t ion of the un id i rec t iona l  
cu r r en t  pulse  through the button gun. The probe  
was moved along the d i rec t ion  of the forward  t r a -  
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Fig. 1. Schematic diagram of apparatus used for meas- 
uring the forward velocity of a Bostick plasmoid. 

j ec to ry  of the p l a smoids  and hence t ime  of a r r i -  
val  m e a s u r e m e n t s  enabled p lasmoid  ve loc i ty  to 
be deduced as  a function of ave r age  surge  cur ren t .  
Fig.  2 r e v e a l s  that the fo rward  ve loc i ty  of these 
p l a smoids  is indeed propor t iona l  to the ave rage  
surge  cu r r en t  for  the en t i re  range ove r  which 
m e a s u r e m e n t s  w e r e  made. This  range  was bound- 
ed a) above,  by the l imi ta t ions  of the output of 
the .power supply which charged  the source  capa-  
c i to r  in the button gun c i r cu i t  and b) below, by 
the separa t ion  of the button gun e l e c t r o d e s  
(0.6 ram) a c r o s s  which a vacuum spark  could not 
be fo rmed  by a potent ia l  drop l e s s  than 6 kV. Al-  
though the s t ra ight  l ine which p a s s e s  through the 
expe r imen ta l  points  could be expected to pass  
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Fig. 2. Forward  velocity of a Bostick plasmoid versus  
mean cur ren t .  

t h r o u g h  t he  o r i g i n ,  i t  s h o u l d  b e  r e m e m b e r e d  t h a t  
t h e o r e t i c a l  w o r k  r e v e a l s  t h a t  t he  f o r w a r d  v e l o c i t y  
d e p e n d s  l i n e a r l y  on  t he  m e a n  s u r g e  c u r r e n t  if  the  

p l a s m o i d  i s  a t o r u s  [2]. C l e a r l y ,  t h e r e f o r e ,  a t  
low c u r r e n t s ,  t he  p i n c h  f i e l d s  m a y  b e  too  w e a k  to 
r e t a i n  the  t o r o i d a l  s h a p e  on w h i c h  t h i s  l i n e a r  r e -  
l a t i o n s h i p  d e p e n d s  so  t h a t  a n o t h e r  m e c h a n i s m  
m a y  p r e d o m i n a t e .  

We c o n c l u d e ,  t h e r e f o r e ,  t ha t  the  f o r w a r d  v e -  
l o c i t y  of a B o s t i c k  p l a s m o i d  i s  p r o p o r t i o n a l  to  the  
m e a n  s u r g e  c u r r e n t  o v e r  a w ide  r a n g e  of i n t e r e s t .  
We  a l s o  s u g g e s t ,  t h a t  in  v i e w  of r e c e n t  t h e o r e t i -  
ca l  w o r k  [2], t he  m e a n  s u r g e  c u r r e n t  i s  a n a t u r a l  
p a r a m e t e r  by  w h i c h  p l a s m o i d  p h y s i c s  c an  b e  
s t u d i e d .  

T h i s  e x p e r i m e n t a l  w o r k  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 t he  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 ,  L o n d o n ,  C a n a d a .  
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The KKR method has  been used to calculate  the e lec t ronic  velocity in copper at over  20 000 points on the 
F e r m i  surface .  The quantity f t~dS is found to be + 1.80 and is compared  to values previously  de te rmined  
by interpolat ion schemes .  

T h e  t h e r m o p o w e r  of m e t a l s  a p p e a r s  to  b e  p a r -  
t i c u l a r l y  s e n s i t i v e  to  c h a n g e s  in  b o t h  the  s h a p e  of 
t h e  F e r m i  s u r f a c e  a n d  t he  b a n d  s t r u c t u r e  in  t he  
i m m e d i a t e  v i c i n i t y  of t h e  F e r m i  e n e r g y .  C o n s e -  
q u e n t l y ,  a t h e o r e t i c a l  i n v e s t i g a t i o n  of the  t h e r m o -  
p o w e r  of a n y  m e t a l  w i t h  c o m p l e x  b a n d  s t r u c t u r e  
in  the  v i c i n i t y  of the  F e r m i  e n e r g y  i s  in  o r d e r .  
T h i s  l e t t e r  r e p o r t s  p r e l i m i n a r y  r e s u l t s  f r o m  s u c h  
a n  i n v e s t i g a t i o n  on m e t a l l i c  c o p p e r .  

C o p p e r  i s  we l l  s u i t e d  f o r  s u c h  a s t u d y  f o r  a 
v a r i e t y  of r e a s o n s .  E x p e r i m e n t a l l y ,  t he  F e r m i  
s u r f a c e  of c o p p e r  i s  we l l  e s t a b l i s h e d .  N u m e r o u s  

* Resea rch  sponsored by the U.S. Atomic Energy Com- 
mis s ion  under  cont rac t  with the Union Carbide Cor-  
poration.  
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t h e o r e t i c a l  c a l c u l a t i o n s  p e r f o r m e d  on the  band  
s t r u c t u r e  of c o p p e r  h a v e  l ed  to a c a l c u l a t e d  F e r -  
m i  s u r f a c e  and  E k v e r s u s  k b e h a v i o r  t h a t  h a s  
b e e n  q u a n t i t a t i v e l y  c o r r e l a t e d  w i th  v a r i o u s  e x -  
p e r i m e n t a l  d a t a  [1 -5 ] .  F u r t h e r ,  i t  h a s  b e e n  ob -  
s e r v e d  t h a t  c o p p e r ' s  t h e r m o p o w e r  i s  p o s i t i v e ,  
e x c e p t  at  v e r y  low t e m p e r a t u r e s .  F i n a l l y ,  e v e n  
t h o u g h  t h e r e  i s  a h u m p  - c a u s e d  by  phonon  d r a g  - 
in  the  t h e r m o p o w e r  c u r v e  up to a b o u t  200OK [6], 
a b o v e  200OK the  t h e r m o p o w e r  v a r i e s  f a i r l y  l i n -  
e a r l y  w i t h  t e m p e r a t u r e ,  g iv ing  hope  fo r  a s i m p l e  
e x p l a n a t i o n  fo r  the  t h e r m o p o w e r  in t h i s  t e m p e r -  
a t u r e  r e g i o n .  U n d e r  c e r t a i n  a p p r o x i m a t i o n s ,  the  
t h e o r e t i c a l  e l e c t r o n i c  c o n t r i b u t i o n  to the  t h e r -  
m o p o w e r  m a y  b e  w r i t t e n  [7] 


