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IT is well known1 that in a plasma located in an 
electric field the velocity distribution function of 
the electrons will be on the whole symmetrical, 
i.e., will depend only upon the absolute magnitude 
of the velocity. Its form is determined for very 
small degrees of ionization of the plasma by the 
collisions of the electrons with the heavy particles 
(atoms, molecules ) . For higher degrees of ioni­
zation an important and even a basic role is played 
by the collisions between the electrons themselves 
which must, of course, lead to the approach of the 
distribution function to the Maxwellian. It is the 

The dependence of ln (fJl) /C) on u = 

mv2/2kTe for different values of the param­
eter p: curve 1) p = 100; curve 2) p = 10; 
curve 3) p = 1; curve 4) p = 0.1. The dotted 
curves are the Maxwellian distribution (M) 
and the Druyvestein distribution (D). 
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aim of the present paper* to study the influence of 
the interelectronic collisions on the symmetric 
part of the distribution function f0 ( v, t). 

Following Landau,4 and also taking the symme­
try of the main part of the distribution function 
into account, we can write the integral for inter­
electronic collisions See in the following form 
(compare references 5 and 6 ) : 

See (fo, fo) =- : 2 :V {v2Vee [ A1 (fo) ~; + A2 (fo) vfo]} · (1) 

Here Vee (v) is the frequency of collisions be­
tween electrons, and A1 and A2 coefficients de­
fined by the relations: · 

v co 

A1 = :~.{~ v~fo (vt) dv1 + V3 ~ vtf0 (vt) dv1}, 
0 v 

v 

A2 = 4rr ~ vifo (v1) dv1, 
Neo 

'lee= (4rre4Ne/m2v3 ) In [k'1'TeT'1'!e3NY'J, (1') 

where e, m are the charge and mass of an elec­
tron, Ne and T e the density and temperature of 
the electrons, and T the temperature of the heavy 
particles. 

Taking collisions between the electrons into 
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account, the equation for the function f0 (see ref­
erences 1 and 7) becomes an integra-differential 
and nonlinear equation. Its solution can be obtained 
by an iteration method. Choosing as the zeroth ap­
proximation, fJ 0>, the Maxwellian distribution func­
tion with an electron temperature defined in the 
usual way (see, for instance, reference 3), we 
find that in that approximation the coefficients 
AI0> and A~0 > are given by the following expres­
sions: 

kT kT - 2 
A(lo) =_me A2(0) = me A (Vu), h mv w ere u = 2kT , 

e 

.A (x) =a> (x)- ;; X·e-x' 

[ .P (x) is the error integral]. Substituting now 
(1) and (2) into the equation for the function f0, 

(2) 

we find easily its solution and thus obtain the first 
iteration f6°. In the case of a strong constant 
electric field, for instance (E » kT/6/eZ):t 

mv'!2kTe 

f~l) = C exp {- \ u2 + pA CVu) du}. (3) 
) 2u+pA(Vu) 
0 

Here Te = eEZ/-166 is the temperature of the 
electrons, l the mean free path of the electrons 
which is independent of the velocities, 6 the av­
erage fraction of energy lost by an electron in 
one collision (in the case of elastic collisions 
6 = 2m/M). Finally, 

2v •• <V2kT,fm)l 12ne2N e ( .lz''•r, r't• ). 
P= =--In o V2kT fm l£2 e3N'i• • • • 

The parameter p characterizes the influence of 
the interelectronic collisions on the distribution 
function. For small values of p the function f61> 
is the same as the one given by Druyvestein, 8 and 
for large p the same as the Maxwellian one, as 
should be the case. From the graphs given in the 
figure it is clear that in the region of large u 
(i.e., in the "tail" of the distribution function) the 
deviations from the Maxwellian distribution are 
appreciable even for p = 100. 

Calculations show that the next iterations lead 
only to an unimportant change in the "distribution 
function: the difference between f6° and f62> is 
a maximum for p ~ 10, but in that case 0.9 :s 
f6°/f62> :s 1.0 (while 0.5 :s f6°>/f61> ~ oo ). We note 
also that for large values of u the functions f61> 
and f62> practically coincide; in that case the 
function f0 is given approximately by the follow­
ing expression: 

f0 =Cexp{- ~2 + ~l- p(p: 4) ln(l+ ~u)}· (4) 

The influence of the interelectronic collisions 

on the distribution function of electrons in semi­
conductors can be taken into account in a similar 
way. In a strong electric field, in particular, the 
same expression (3) is valid for f6 1> (one needs 
only bear in mind that in semiconductors 6 = 
2mv~ /kT, where v s is the sound velocity1 ) • 

The author is grateful to V. L. Ginzburg, L. V. 
Keldysh, L. M. Kovrizhnykh for a fruitful discus­
sion and to L. V. Pari1skaya for performing the 
calculations. 

*The influence of the collisions between the electrons on 
the directed (current) part of the distribution function in a 
strongly ionized plasma was considered by Landshoff and the 
author. 3 It is inappreciable in the case of a weakly ionized 
plasma. 

t A similar expression for the function f; 1> is also obtained 
in a variable electric field and also when there is a constant 
magnetic field present (see reference 7). 

1 B. I. Davydov, J. Exptl. Theoret. Phys. (U.S.S.R.) 
7' 1069 (1937). 

2 R. Landshoff, Phys. Rev. 76, 904 (1949). 
3 A. V. Gurevich, J. Exptl. Theoret. Phys. 

(U.S.S.R.) 35, 392 (1958), Soviet Phys. JETP 8, 
271 (1959). 

4 L. D. Landau, J. Exptl. Theoret. Phys. (U.S.S.R.) 
7' 203 (1937). 

5 S. Chandrasekhar, Revs. Modern Phys. 15, 1 
(1943). 

6 Rosenbluth, MacDonald, and Judd, Phys. Rev. 
107' 1 (1957). 

1 A. V. Gurevich, J. Exptl. Theoret. Phys. 
(U.S.S.R.) 32, 1237 (1957) and 30, 1112 (1956), 
Soviet Phys. JETP 5, 1006 (1957) and 3, 895 (1957). 

8 M. Druyvestein, Physica (old series) 10, 69 
(1930). 

Translated by D. ter Haar 
50 

ANGULAR CORRELATION IN INTERNAL 
CONVERSION, INCLUDING EFFECTS OF 
SCREENING AND OF THE FINITE SIZE 
OF THE NUCLEUS 

A. K. USTINOVA 

Submitted to JETP editor March 12, 1959 

J. Exptl. Theoret. Phys. (U.S.S.R.) 37, 307-308 
(July, 1959) 

AS has been shown in papers by Rose et al. 1 and 
by Dolginov,2 the angular correlation of a conver­
sion electron with any subsequent radiation x can 


