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We show that spin contributions to the gravitational field of an electron dominate for distances be-  
tween the classical radius and the Compton wavelength of the electron. At such distances the gravita- 
tional force between two electrons may be repulsive, depending on the spin orientations. 

As pointed out by Mar t in  and Pr i t che t t  [1], "it 
is  not c o r r e c t  to r e f e r ,  as is some t imes  done, 
to the R e i s s n e r - N o r d s t r o m  me t r i c  as  the g rav i -  
ta t ional  f ield of the e lec t ron" .  These  authors  
p r e sen t ed  a m o r e  r ea l i s t i c  m e t r i c  by taking into 
account  the magnet ic  dipole moment  assoc ia ted  
with the spin of the e lec t ron .  However,  they n e -  
glected to take into account  what p roves  to be a 
m o r e  impor t an t  cont r ibut ion  and that is  the g r a -  
v i t a t iona l  f ield due to the spin i tself .  Express ing  
each cont r ibu t ion  to the me t r i c  in uni ts  of the 
m a s s  con t r ibu t ion  (2 G m / r  c 2), a s imple  ca lcu-  
lat ion based  on the concept of equivalent  m a s s  **, 
shows that the charge  and magnet ic  dipole con-  
t r ibu t ions  go roughly as  (ro/r)  and 
{(ro/r)(Xc/r)2~, r e spec t ive ly  (where r o  and Xc 
r e f e r  to the c l a s s i c a l  r ad ius  and Compton wave-  
length of the e lec t ron ,  respec t ive ly) ,  in a g r e e -  
men t  with the conc lus ions  of ref.  [1]. It is  our  
purpose  here  to point  out that the spin con t r ibu -  
t ion goes as  (Xc/r) and thus domina tes  the m e t -  
r i c  for  ~c > r > r o. 

Our approach is  based  on the deta i led  ca l cu -  
l a t ions  of Ba rke r  and O'Connel l  [2] of the equa-  
t ions  of motion of a gyroscope (and this  ana lys i s  
in t u rn  is  based  on the elegant  work of Gupta [3], 
who r e i n t e r p r e t e d  E i n s t e i n ' s  theory as  a theory 
of g rav i t a t ion  in f lat  space,  thus making it r e a d -  
i ly a m e n a b l e  to the appl icat ion [4] of wel l -known 
techniques  f rom quantum e lec t rodynamics) .  A 
s i m p l e  extens ion of the r e su l t s  of ref.  [2] en -  
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** The equivalent mass is proportional to 
c-2(E2+H 2) r 3, where E and H are the electric and 
magnetic fields due to the charge and magnetic di- 
pole moment respectively. Also E ~ (e/r  2) and 
H N {(e~12mc)lr3)~ E(Xc/r). 
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ables  us to wr i te  down ~ an express ion ,  co r r ec t  
to f i r s t  o rde r  in the gravi ta t ional  coupling con-  
s tant  and to f i r s t  o rde r  in fl (fl =v/c where v is  
the n o n - r e l a t i v i s t i c  veloci ty of one body with r e -  
spect  to the other),  the sp in- independent  and 
sp in-dependent  pa r t s  of the total  fo rce  F between 

• 1 ~  
two point bodies each with m a s s  m and spin 
(the d i rec t ions  of the spin be ing denoted by a(1) 
and o(2)). Denoting the unit vec tor  along r by n ,  
we find that 

F= F (n) + F (E) + F (1) + F(2) + F (1 ,2 ) ,  (1) 

where  

F(n)  = - ( G m 2 / r 2 )  n ,  (2) 

and 

p(1,  2) = 

31F(n) I {5a(1). n ) ( a ( 2 ) . . )  n - (a(1). o(2)) 
9 ~  

_ (o(1) .n)o(2)  - ( o ( 2 ) . n ) ( ~ ( l ~ ( ~  z (3) 

a r e  the dominant  sp in- independent  and sp in -  
deoendent  t e r m s ,  respec t ive ly .  It t u rns  out that 
F e  E) ~ flF (n) , and both F(1) and F(2) ~ 
fl(~c/r) F(n) and, in addition, F(1) and F(2) de-  
pend l inea r ly  on ~(1) and ~(2) respec t ive ly ,  and 
the i r  d i rec t ions  depend on the spin or ien ta t ions .  
The r e  is  a contr ibut ion (Xc/r) f rom each e l ec -  
t ron  to the r i gh t -hand- s ide  of eq. (3) f rom which 
read i ly  follows our a l ready stated conclusion 
that the spin contr ibut ion to the me t r i c  goes as  
(~c/r)  r e l a t ive  to the mass  contr ibut ion.  It a lso  
follows that for r < Xc the overa l l  g ravi ta t ional  

The details follow closely those of ref. [2] except 
that here we treat quantum mechanical spinning par-  
ticles of equal mass whereas in ref. [2] we concen- 
trated on classical rotating masses, one being much 
heavier than the other. 
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force  between two e l ec t rons  can be repuls ive .  If 
the spins  a r e  a n t i - p a r a l l e l ,  then the sp in - sp in  
force  is  r epu l s ive  (at t ract ive)  when the spins  a r e  
or ien ted  pe rpend icu la r  (paral lel)  to the l ine  
jo ining the s p i n p o s i t i o n s .  Fo r  pa r a l l e l  sp ins  the 
r e v e r s e  is  t rue .  

For  r < ~ ,  the e lec t rons  will  undoubtedly be 
r e l a t i v i s t i c  and it  is  thus l ikely that the F(1) and 
F(2) t e r m s  (which a r e  ve ry  complex in s t r u c -  
tu re  [2]) wil l  also contr ibute ,  making it more  
difficult  to say which or ien ta t ion  of sp ins  wil l  
give repuls ion .  With appl icat ion to the p rob lem 
of gravi ta t ional  col lapse  in mind it i s  tempt ing 
to apply the above ana lys i s  to the gravi ta t ional  
in te rac t ion  of neut rons .  The difficulty (apart 
f rom neglect ing s t rong  in t e rac t ions ,  as we a r e  
i n t e r e s t ed  he re  in see ing  how far  we can go 
with gravi ta t ional  theory alone) is that neu t rons  
have s t r u c t u r e  and r < ~(n) (the Compton wave-  
length of the neutron)  corresponds~ to the i n t e r i o r  
of the neutron.  It would thus be of i n t e r e s t  to ob-  
tain a genera l iza t ion  of the i n t e r i o r  Schwarz-  
schi ld  solut ion to include spin effects.  
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The Larmor frequencies of 35C1, 37C1, 79Br and 81Br have been measured relative to the Larmor 
frequency of 2H in aqueous solution and nuclear magnetic moments have been calculated for these nuclei. 
The solvent isotope effect on the chemical shift of the halide nuclei in aqueous solution has been investi- 
gated. 

Recently,  Devere l l  [1] has used va r ious  meth-  
ods for ca lcula t ing  the nuc lea r  magnet ic  shielding 
cons tants  (absolute chemica l  shift) of C1- and Br -  
ions in aqueous solutions.  These shielding con- 
s tands  could be evaluated exper imen ta l ly  [2-3], 
by compar ing  the nuc lea r  magnet ic  moment  of 
the f ree  atom der ived  f rom a tomic  beam or opti-  
cal  pumping techniques ,  with nuc l ea r  magnet ic  
r e sonance  (NMR) m e a s u r e m e n t s  of the nuc lea r  
magnet ic  moment  of the ion in solution. 

The nuc lea r  magnet ic  momen t s  of the chlor ine  
and b romine  isotopes  have not  been m e a s u r e d  
with sufficient  accu racy  by e i ther  of these meth-  
ods. There fo re  we have de t e rmined  the nuc lea r  

magnet ic  moments  of 35C1, 37C1, 79Br and 81Br 
in the ions in solut ion by the NMR method. 

Our spec t rome te r  [3] is  able to detect  the 
nucle i  2H, 37C1, 79Br and 81Br at a field of 
18.07 kOe * m e r e l y  by va r i a t ion  of the radio f re -  
quency. The L a r m o r  f r equenc ies  of the halide 
nucle i  and the L a r m o r  f requency of 2H have been 
m e a s u r e d  in definite so lu t ions  of halide sa l t s  in 
D20 a l t e rna te ly  in the same probe at constant  
f ield only by vary ing  the radio  frequency.  Table 
1 shows the r a t io s  of the L a r m o r  f requencies  in 

* The magnetic field was held constant with the aid of a 
7Li NMR probe [4]. 
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