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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). 
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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 
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be expressed in the following way: 

We-x (%) = ~ bvAv (y- x) Pv (cos%) 
·J=O 

using the notation of Rose. Here bv are the an
gular correlation coefficients. If bv = 1, we get 
the well-known expansion of the angular correla
tion functfon between the y -ray quantum and the 
radiation x in terms of Legendre polynomials 
P v (cos J). The formulas for the calculation of 
the bv in the case of the K shell are: 

b(L)()- 1 v(v+1) L [L+1+Tef2 
v e - + 2L (L + 1)- v (v + 1) 2L + 1 L (L + 1) + J Te [2 ' 

(L) _ 1 v (v + 1) L (L + 1) 
bv (m) - 1 1 2L (L + 1)- v (v + 1) 2L + 1 

J1- T m [2 

(R~ + R~lx=L+I 
(R~ + R~)x=-L ' 

L = 1, 2, 3, 4, 5; v = 0, 2, 4. 

Here btL) ( e ) are the coefficients for electric 
transitions, btL) (m) are those for magnetic 
transitions, L is the degree of the multipole, 
OL and o_L are phase shifts, and Ri and Rj_ 
are radial integrals. 

All of the coefficients bv ( v > 2) can be ob
tained from b2 by the formula 

rr _ v(v+1)[L(L+1)-3] 
bv { . ) - 1 - 3 [ 2L ( L + 1) - v ( v + 1) I [ b2 ( rr) - 1]' 

where 1r = e or m. 
The paper by Rose et al. 1 presents curves of 

b2 (1r) for 12 elements, 10::::; Z::::; 96, obtained on 
the assumptioq of the Coulomb field of a point nu
cleus. We have obtained curves of b 2(1r) for 
Z = 81, 84, 88, 92, using the phase shifts3 and 
radial integrals calculated with allowance for 
effects of screening and of the finite size of the 
nucleus, as in the work of Sliv and Band4 on in
ternal conversion coefficients. Let us compare 
these curves over the range of variation of the 
energy k from 0.5 to 2.0 mc2• 

All of our curves are displaced toward smaller 
Z as compared with those of Rose (for example, 
our curves for Z = 92 are displaced relative to 
those of Rose toward the curves for Z = 88). For 
most of the cases the maximum shift is insignifi
cant [for b~ 1 >(e), b~3\e), b~4 >(e), b~ 2>(m), 
b~3 >(m ), b~4 >(m) it is 1 percent, for bi5>( e), 0.2 
percent, and for b~5 >(m), 0.1 percent], and oc-
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FIG. 1 

curs at energy k = 2.0 mc2• The exceptions are 
b~2 > (e) and b~1 > ( m). The maximum shift of b~2 > (e) 
reaches 7 percent at k = 0.5; that of b~1 > ( m) at 
k = 2.0 for Z = 88 is 60 percent, and for Z = 92 
it is 1.00 percent. (See Figs. 1 and 2; the curves 
of Rose are shown as dashed lines. ) 

These deviations agree with previously obtained 
results,4 since the tables of internal conversion co
efficients (ICC) and our curves for b~L) have 
been obtained with the same radial integrals. The 
largest deviations of the ICC from the Coulomb 
values were found in the case of magnetic dipole 
transitions ( L = 1 ) for heavy elements. 

At present, analogous calculations of the coef
ficients b2 are being made for the L shell. 

In conclusion the writer expresses her deep 
gratitude to A. Z. Dolginov and L.A. Sliv for valu
able advice and suggestions that have been used in 
the preparation of this paper. 
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THE spin-echo effect1•2 makes it possible to de
termine experimentally the absolute values of the 
longitudinal and transverse nuclear relaxation 
times T1 and T2• The advantage of the spin
echo method over other methods is particularly 
evident in measurements of nuclear relaxation 
times in low-viscosity liquids. 2 

To obtain the spin -echo effect, we con·structed 
apparatus for the quantitative measurement of the 
transverse relaxation time T 2 of protons in water, 
in the presence of paramagnetic ions. The meas
urement was carried out at 12.2 Mcs in the field 
of a permanent magnet. A radio-frequency mag
netic field with an amplitude of "'3. 7 oersteds was 
applied to the sample in the form of two successive 
short rectangular pulses, with approximate dura
tions of 16 and 32 microseconds, insuring 90° and 
180° nutations respectively in the magnetic polar
ization of the water protons. The interval between 
the pulses could be varied from 0.3 to 2 milli
seconds. 

The solution to be studied, contained in a glass 
tube, was placed in a radio-frequency induction 
head of the "through-flow" typ~, 3 whose receiving 
coil picked up the induced nuclear echo signal, 
which was then amplified by a receiver with a 
120 kcs bandwidth. The amplified output voltage 
from the receiver was applied to an oscillograph, 

and the echo signal on its screen was photographed. 
The non-uniformity of the permanent magnet field 
was estimated from the width of the echo signal. 
It proved to be equal to 1.2 oersted in the region 
where the sample ( 1 cm3 in volume) was located. 

In a field of the above non-uniformity, the ef
fect of the self-diffusion of water molecules during 
the exp!'lrimentally-determined time T2 (about 
10-3 sec) was negligible. 

As a check on the operation of the apparatus, 
experiments were carried out on the hydrolysis 
of iron in nitric acid solution. In all the experi
ments the concentrations of Fe+++ and nitrate 
ions were constant and equal to 0.02 M and 0.6 M 
respectively. The results of the T2 measure
ments for water protons in Fe (N03)a solutions 
are shown in the figure as a function of the acid
ity (pH). It is well known4 that the proton relaxa.:. 
tion effect in solutions of paramagnetic salts de
pends on the degree to which the ions are bound 
into a complex. The values of T2 at higher pH 
are considerably larger than at high acidity. The 
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gradual reduction in T2 with increasing acidity 
indicates an increase in the effectiveness of the 
paramagnetic iron ions in shortening the trans
verse relaxation time of protons. This can be 
explained by the fact that when the pH is reduced 
the concentration of hydroxyl ions in the solution 
is decreased, leading to the dissociation of the 
iron hydro-complex. With increasing relative 
amounts of free iron ions in the solution, which 
are more effective in causing relaxation, the time 
T 2 must become shorter, as is well confirmed by 
the trend of the data shown in the figure. 

For discussions of the results and continued 
interest in the work, the authors are grat~ful to 
A. A. Popel' and A. I. Rivkind. 
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