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By choosing a covariant position and spin operator equations of motion are derived for a Dirac particle 
in a non-uniform and time dependent field. 

In c lass ical  theory one can der ive  [1] equations of motion and of inner  angular  momentum for a com-  
posi te  pa r t i c l e  with charge e and magnet ic  dipole moment  t ensor  M~B = KS~fl (S~B the inne r  angular  
momentum)  in an ex te rna l  field F ~p, using the condit ion P a  Sa/3 = 0 [2] (P~  the momentum);  if only 
t e r m s  of zeroth  and f i r s t  o rde r  in the field a re  re ta ined  one obtains 

d P a / d S  = c - l e  FaflU~ + ½(a °t F~ ~) M[37 , (1) 

dSOlfl/ds = pceufl - PflU ce + FCeT M~fl - FflT M~ ~ ; (2) 

pC~ = MU ~ _ c-2  M~fl Fflr U~ + (e/M* c3)S~fl  Ffl~, l f f  + (1/2M*c2)S~fl  (aflFT~) M 7~, (3) 

where  M* =- M + ½c-2FarM°t f l  and S~[3Svt{3 are  conserved  quant i t ies .  Eqs. (1)-(3) show s i m i l a r i t y  with 
eqs. (24)-(26) of ref .  [3] ; however,  in eq. (26) the t e r m  c - 2 S a r U f l  occurs  ins tead of the las t  two t e r m s  
in eq. (3). The l a t t e r  t e r m s  a re  sma l l  for a toms,  s ince  then the ' n o r m a l '  magnet ic  moment  (e/M*c)S~fl ,  
assoc ia ted  with the inner  angular  momentum,  is  sma l l  compared  with the magnet ic  moment  M~fl. L ike-  
wise one can show that for a toms the t e r m  c-2  SOl/~ ~fl may be neglected in (26). (The r e ma i n i ng  t e r m s  
in eq. (3) or  (26) read  in the r e s t f r a m e P  °,  P = M c ,  c -1 ~ l x E ,  cf [4].) 

For  a s ingle  pa r t i c l e  the ' n o r m a l '  magnet ic  moment  is  of the same order  as the total  magnet ic  mo-  
ment .  Thus one might s u r m i s e  that for  a Di rac  pa r t i c l e  a t e r m  c - l M a x E  will occur ,  where  M a is  the 
anomalous  magnet ic  moment .  The der iva t ion  of the equat ions of motion and of spin for a Dirac  pa r t i c l e  
in a non -un i fo rm  and t ime  dependent  f ield * proceeds  by choosing a r ep resen ta t ion  in which the H a m i l -  
tonian commutes  with the Dirac  m a t r i x  r .  In the Dirac  p ic tu re  one has H = c a .  ~ + r m c  2 + e ~  + 

1 + (g -  2 ) ~  B ( i r a .  E - r i o . B )  with .~-- p - e A  'c, ~B -~ e t i /2mc (the las t  t e r m  a r i s e s  f rom the anomalous  
magnet ic  moment) .  It may be t r a n s f o r m e d  into an express ion  that commutes  with r ,  up to all  o rde r s  
in c -1, if one is  not in te res ted  in t e r m s  in e 2 and higher  and in t e r m s  with der iva t ives  of the f ie lds  
([6], cf [7]). In this  p ic tu re  the W e y l - t r a n s f o r m  of the Hamil tonian  reads :  

mc2 mc3 ( p x a ) . E +  
H ~  r E ~  + eq~ - ~ B - - - E  - - G ' B  - ~B E(E+mc2)  

, L ~tz~+mc-)  a p . B  + - ~ ( p × a ) . E ]  , 
where  E n --- (~2 c 2 + m 2 c4)~. F u r t h e r m o r e  we define now a posi t ion opera tor  with covar ian t  [8] p rop -  
e r t i e s  that does not give r i s e  to Zi t terbewegung by wr i t ing  i ts  Weyl t r a n s f o r m  in the s ame  p ic tu re  as  

1 used for (4) as:  X ~  x + t i e  x x t / 2 m  (E1r+mc2) and l ikewise  a spin opera tor  as  S ~ ~tio + 
tier × (¢r×~r)/2m (ETr + mc2).  Then we obtain the equation of motion 

* For this case no satisfactory derivation seems to have been obtained as yet. Plahte's [5] way of introducing prop- 
er  time into Dirac theory does not solve the well-known difficulties of interpretation. Moreover, matrix operators 
do not possess a definite transformation character; expectation values only then if a local conservation law holds 
true (Klein's theorem). 
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1 
m d 2 X / d t  2 ~-3"-2(U-fl f l) ' (3"el~,  +3"eft x B  + ~gl~ B [ ( V B ) ' S  + ( V ~ . ) . ( f l x S )  + 

(5) 
3"2(ao+f l .V){ f lB 'S + f iE .  (flxs)}] + ½(g-2)l.ZB3"2(ao+fl.V ){ E x S  - ( f l x s ) f l . E  + (flxB) xS}),  
w h e r e  only t e r m s  up to the  f i r s t  o r d e r  in e and con ta in ing  not  h i g h e r  than f i r s t  o r d e r  d e r i v a t i v e s  of the  
f i e l d s  h a v e  b e e n  i nc luded  and w h e r e  t he  f i e l d s  a r e  to be  u n d e r s t o o d  a s  func t ions  of t he  p o s i t i o n  o p e r a t o r  
X a n d  t i m e  t ( f l  - c p / E ,  3" =- (1 -82) -½,  a o =- c - l a / a t ) .  F o r  t he  t i m e  d e r i v a t i v e  of S we  obta in  

d S / d t ~ 3 " - l [ ½ g / ~ B { S X B  + ( f l x S )  x E }  + ½ ( g - 2 )  l ~ B ( 3 " 2 f l . S f l x B - S f l .  E+3"2f l .  S t~ , -3"2f l f l .  S f l . E ) ] ,  (6) 

w h e r e  only  t e r m s  up to f i r s t  o r d e r  in e and con ta in ing  no d e r i v a t i v e s  of the  f i e l d s  have  b e e n  inc luded .  
E q s .  (5) and (6) a r e  the  q u a n t u m m e c h a n i c a l  c o u n t e r p a r t s  of eqs .  (1)-(3),  a l though w r i t t e n  in t h r e e - d i -  
m e n s i o n a l  no ta t ion  $. 

Blotmt [6], Shoekley [9], and Van Vleck and Huang [10] use the even part  of the Dirac position operator;  in this 
way the Zitterbewegung is avoided but covariance is lost. Their  resul t ing non-covariant  equations contain 
c - i M  x ~ even for the normal  magnetic moment. 
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Proton polarizations of 50% have been obtained at 1.1°K and 25 kG in small  samples of ethylene glycol 
containing a Cr V complex. 

D e s  c i b l e s  de  p r o t o n s  p o l a r i s ~  sont  u t i l e s  e t  
p a r f o i s  i n d i s p e n s a b l e s  pour  un g r a n d  h o m b r e  
d ' e x p ~ r i e n c e s  en p h y s i q u e  n u c l ~ a i r e  et  en p h y -  
s i q u e  d e s  h a u t e s  ~ n e r g i e s .  En d~pi t  d ' e f f o r t s  
c o n s i d ~ r a b l e s ,  peu  de  p r o g r ~ s  ont  ~t~ r ~ a l i s ~ s  
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en vue  d ' u n e  c i b l e  p lus  r i c h e  en p r o t o n s  que  l e  
double  n i t r a t e  de  l an thane  et  de  m a g n e s i u m ,  b i e n  
connu s o u s  l e  n o m  de  LMN [ l ] .  L e  m e i l l e u r  r ~ -  
su l t a t  dens  ce t t e  d i r e c t i o n  a ~t~ obtenu  a v e c  l e  
bu tano l  [2]. 

R ~ c e m m e n t ,  on a t r o u v ~  un c o m p l e x e  de  C r V  
f o r m ~  dens  l e  g lyco l  ~ thy l ique  (CH2OH) 2 p a r  r ~ -  
duc t ion  du C r V I  [3]. C e  c o m p l e x e  p o s s ~ d e  un 
spin  e f f ec t i f  S = ½ a v e c  g = 1.981, m e s u r ~  dens  
l e  l i qu ide  ~ 300OK. Dans  l a  so lu t ion  ge lbe ,  l a  
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