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*We observe that formulas similar to (1) and (2) obtained 
by Sokolov3 are erroneous, in consequence of the fact that the 
components of the expression curl p. H -p. curl H are quantities 
of the first order in M'. 
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KHUTSISHVILI1 has considered the stationary 
Overhauser effect in saturation of an allowed tran
sition in paramagnetic-resonance spectrum. 

In the present paper we consider the stationary 
Overhauser effect, but in saturation of a forbidden 
transition in the paramagnetic-resonance spectrum 
(we note that Jeffries2 has considered dynamic po-

• larization of the nuclei, obtained in saturation of a 
forbidden transition, but for the case when the re
laxation time of the nuclei is considerably longer 
than the relaxation time of the electrons ) . 

Let us consider a system consisting of an elec
tron shell with an effective spin S of one-half and 
a nucleus with spin I placed in an external mag-

netic field H. Considering the external field to be 
sufficiently strong, we neglect (in the calculation 
of the level population) the energies of the spin
spin interaction and the Zeeman energy of the nu
cleus. In such an approximation, we obtain 2I + 1 
pairs of levels, the difference in the energies of the 
components of each pair being g,BH. The level 
scheme is shown in the diagram ( M and m are 
the projections of the spins of the electron and 
nucleus on the external field). 

M 
- --------- T--------1/Z 

________ _L -----------1/2 
m I 1-1 p p-1 -I 

In the case of axial symmetry of the intra-crys
talline electric field and in the case of an external 
field H parallel to the symmetry axis (the z 
axis ) , we obtain transitions that satisfy the selec
tion rules .6-M = - .6.m = ± 1 if the alternating field 
is parallel to H. For other directions of H rela
tive to z we obtain also other forbidden transi
tions, in particular, transitions that satisfy the 
selection rule .6-M = .6-m = ± 1. 

We assume henceforth that only vertical relax
ation (transitions .6-M = ± 1, .6-m = 0) and relax
ation due to the hyperfine interaction (transitions 
.6-M = - .6-M = ± 1 ) are present. 

For brevity we denote by JJ. the state corre
sponding to M =- !. m = JJ., and by JJ.' the state 
with M = !. m = JJ.. We can write for relaxation 
transitions 

W (p., p.') = We-8 , W (p.', p.) = We8 , 

W (p., p.- I') =A. We---a, W (p.- I', p.) = A.WeS, 

where 26 = g,BH/kT, W is a certain function of the 
temperature and of the external field, and i\ is a 
function of T, H, and JJ.. 

Let the forbidden resonance JJ. ~ 11- - 1' be satu
rated. We denote by W (IJ.) the probability of this 
transition, caused by an alternating field, per unit 
time. We introduce a resonance saturation param
eter s (!J.) in accordance with the formula 

N(p.)-N(p.-1')= 21 : 1 tanho[l-s(p.)]. 

We can obtain the following expression for s (IJ.) 
and the parameters that characterize the degree 
of orientation of the nuclei: 

W (p.) [(/ + 1-p.)e-8 +(I+ p.)i] 
s (p.) = W (p.) [(I+ 1- p.) e 8 +(I+ p.) e8] + t.W (21 + 1) ' 

f ( ) - () [/+(1+1)-p.(p.-i)Jsinhli 
1 fl. - - s p. I [(I + 1 - !') e 8 + (I + f'-) e8] ' 

f 2 ( )=-s() (:~p.-1)[/(1+1)-t>(p.-1))sinho 
p. fl. I (21 -1) [(/ + 1-t•) e-8 +(I+ p.) i] 
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We also calculated the parameters f1 and f2 

in saturation of one of the transitions, satisfying 
the selection rules .6..M = L~ = ± 1. However, 
these expressions are too unwieldy to repeat here. 

In conclusion, the author thanks G. R. Khutsish
vili for help in this work. 
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IN present-day quantum theory widespread use is 
made of the method introducing quasi ~particles; it 
usually leads to a more effective and visualizable 
theory. It seems probable that a similar introduc
tion of effective particles would also appreciably 
simplify plasma theory (albeit classical). 

We shall use the term "larmoron" to define an 
effective particle situated at the guiding center of 
the Larmor motion of the real particle with a mag
netic moment /.l = mvi/2H (where m is the par
ticle mass, v 1 the component of the velocity per
pendicular to magnetic field H ) and an energy 
equal to the total energy of the real particle (we 
think this nomenclature more felicitous than the 
expression "Larmor circle" used elsewhere). 
The idea of larmorons has already been used often 
(but not always consistently) in many papers (see, 
for instance, references 1, 2, and others). 

For a more consistent definition of a larmoron 
one must introduce its mean lifetime T and the 
average translational velocities of its motion 
( u and v are the components perpendicular to the 
field H, and w the one along H). If we assume 
that the magnetic field is uniform, the velocity of 
the motion of the real particle under the action of 
an external acceleration a (along the x axis ) in 
a field H (along the z axis ) is of the form 

Vx = v~o) cos wt- (v~o)- a I w) sin wt, Vz = v~0l, 

Vy = v~o) sin wt + (v~o)- a I w) cos wt +a I w, (1) 

where v0 is the velocity of the real particle at 
time t = 0; w is the Larmor frequency. Since the 
probability that a larmoron will live through the 
interval of time t to t + dt is equal to e-th dt/T, 
we have 

The total larmoron energy E can be expressed in 
terms of its velocity as follows: 

E = ; {v~o) 2 + v~o) 2 + v~o) 2} = ; {[ 1 + (w1:)2] (u2 + v2) 

(3) 

If we assume that the distribution function for 
the velocities v0 had a Maxwellian form the dis
tribution function for the velocities u, v, w is 
of the form 

fo (u, v, w) =n (ml2rr.kT)"' [1 + (w1:)2] 

X exp {- 2:r [( u VI+ (w1:)2 V a-r ) 2 
\ 1+(w-r)2 

+ (' vVI + (w't)2- aw-r2 )2 -+- w2]}, 
V1 -t- (w-r)2 

(4) 

where n is the number of larmorons per unit vol
ume. The transport equation for the larmorons of 
one kind under the conditions where there is a den
sity and a temperature gradient along the x axis 
can be written in the form u Bf/Bx = ( Bf/Bt )coll• 
since the larmoron acceleration is equal to zero 
(if a 1 H). If we use the usual method of Lor
entz's electron theory, i.e., put f = f0 + ux we 
get for the transport equation and its solution 

(5) 

Substituting (4) into (5) and then evaluating, by the 
usual equations, the fluxes of electric charge, num
ber of particles, and energy, we easily obtain the 
well known formulae for the coefficients of elec
trical conductivity, diffusion, and thermal conduc
tivity of a plasma. We must note that the coeffi
cient of electrical conductivity is evaluated with 
the first term of (5), i.e., with -f0 and with a= 
eE/m. 

All calculations in terms of the "larmoron" 
theory of a plasma are very simple and suffer not 
at all from the unwieldiness which is so charac
teristic for the transport theory of a plasma. The 
weak point of the larmoron theory, in the formu-


