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estimates. On the basis of detailed calculations 3 

one can assume that here M 1 cannot be greater 
than three. The value ft = 1014 ± 20 sec has been 
obtained from very precise measurements 2• 

From this we obtain that A 1 :S 3600 sec. This 
upper limit practically coincides with the very 
lower limit which j::an be derived from the lifetime 
of the free neutron measured by Robson 4 with a 
quoted error of ±18 %. Evidently, the errors of 
measurement specified by Robson 4 are to be re
garded as probable errors in the statistical sense, 
but not as outer limits of the error of measurement. 
Apparently, the actual error of these measurments 4 

is larger, inasmuch as M~ for triton must be less 
than three. 

Thus, it turns out that the lifetime of the free 
neutron, at the precision with which it is known at 
present, yields practically nothing .for the de
termination of the constant of beta-decay. 

A lower limit for A 1 can at present be obtained 

only from astrophysical data. Among all the possible 
models of the sun, the pure hydrogen-helium model 
gives the lowest rate of heat production. In ad
dition to this, the total heat production is pro
vided by the hydrogen cycle, whose rate is de
tennined by the triplet beta-process H 1 + H2 =H2 + e 2 + v. 

Tliis is the only -beta-transition for which the 
matrix element can be calculated accurately from 
theory, which has been done by Frieman and Motz 5 

and also by Salpeter 6• The observed energy pro
duction of the sun is provided by the hydrogen 
cycle alone with A 1 = 2060 sec, which can be re
garded as a lower limit of the quantity A 1. 

Thus, the value of A 1 must lie inside the 
limits 

3600 >A > 2060 sec 
- 1- ' 

and the ratio of the constants R = G~ I Q~=A of A 1 
is between the limits 3.18 2::, R ;::::, 1.82. 

All theories that require equality of the con
stants 7 •8 are thus completely eliminated. 

It should be emphasized that the present discus
sion is not about statistical errors but about up
per and lower limits. Hence, the half-life of the 
free neutron must lie within the limits 600;::,t2::,370 
sec. 

We can likewise estimate limits within which the 
values of M~ for the simplest beta-transitions must 
lie. By substituting the experimental ft values,the 

known values of M~ and A 0, and the limiting values 
of A 1 into (l), we obtain 

jt M2 
0 

He6 - Li6 815 0 4,4 >Mi ;:;,.2,5 (6) 
H 3 -He3 1014 1 3.0 >Mi:>-1.7 (3) 
Nia -Cia 4700 1 0,22 ::>Mi > 0,12 (1/a) 
QlS- NlS 3750 1 0,41 >Mi:>-0.25 (1/a) 
fl7- Ql7 2420 1 1. 0 > Mi > 0. 52 {7 I 5) 

Be7- Li7 2547 1 0,87 ::>Mi:>-0.49 (5/a) 
Be7- Lj7* 3590 0 1,00 >Mi:>-0.56 (~/a) 

For comparison, the reduced values of M~ for the 
nearest pure states are given in parentheses. 

The cited limits do not include the experimental 
error, which, however, is small for these transitions: 
in all cases the error in ft does not exceed 3 %. 

For N13 and F 17 our estimates of Mi differ 
markeq}.y from the estimates cited in the litera
ture9•10, which were derived from magnetic 
moments. 

I am grateful to Ia. B. Zel'dovich and lu. A. 
Romanov for valuable comments. 
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AT the present time many experiments have been 
carried out on the elastic scattering of electrons 

by nuclei. In this connection, it is of interest to 
estimate the influence on this effect of the nuclear 
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quadrupole moment. The latter is taken into ac· 
count in the present paper with the aid of the Born 
approximation according to the following considera
tions. 

It was shown by Vachaspati 1 that, if account is 
taken of the first and second Born approximation, 
the results are in satisfactory agreement with ex· 
act scattering theory. Since the quadrupole moment 
forms only a correction to the interaction, it is 
appropriate to consider it in first approximation 
only. 

Baranger2 has given scattering curves obtained 
form the exact theory and from the Born approxima· 
tion. It is evident from a comparison of these that, 
although they coincide only at certain points, they 
are close together, in order of magnitude, over a 
wide range of angles. 

The discussion just given justifies the calcula
tion that has been carried out. The effective 
cross section of the elastic scattering of an elec
tron by a nucleus is written 

da"" l E2 - -- IVab I 2 dO, (l) 
4772 h4c 4 

where E is the energy of the scattered electron, 
vab is the matrix element of interaction, which 
has the form 

3 
l a2 m 

V"" Zecp +- I T D ik" (2) 
6 i,k""l axiax k 

here cp is the scalar potential 3 

cp,_477eC a'*aoeiq·r, q,P-Po; 
q2 h 

(3) 

a'*, a 0 are spinors which characterize the state 
of the electron before and after the scattering, Dik 

is the quadrupole moment tensor, given by 4 

_ 3e D 0 ~ A A A 2 ]2 (4) 
D.k- (l.Ik+Iki.--o.k ), 

' 2L (2L - l) ' ' 3 ' 

D0 is the constant known as the nuclear quadru
pole moment (dimensions= cm2), Ii are the oper· 
ators of the nuclear spin, L.. is the quantum number 
of the total nuclear spin. 

If qa « l, where a is the nuclear radius, then 
the scattering cross section, summed over the 

.original states, has the form 

[ 
4D2 da"" 1 + __ q __ .l!-----

30(2l + lf<2L -1)2Z2 

(-i-L2(2L+l)(L+l)2-3#M2)] daM. 

(5) 

Here daM is the effective cross section of elastic 
electron scattering by a point nucleus, and is 

given by Mott's formula. The second term in the 
brackets gives the contribution brought about by 
the presence of the quadrupole moment. We esti
mate the order of magnitude of this contribution. 

For unit sp~: ~ [,11~ q4D~ ]daM. (6) 

l8Z 2 

If we select a scattering angle of 30°, and elec
tronic energy 60 mev, then q"' 10 12 cm" 1 ; in such 

a case the condition qa « l is satisfied. If D 0 is 
considered to be of the order of 10"24 em 2, which 
is correct for heavy nuclei, then the correction 
amounts to 

For the deuteron, D0 ""10" 27 cm 2, and the 
second term is considerably smaller: 

Since there are at present some indications of 
the possibility of the creation of polarized nuclei, 
we give results of the calculation of some effective 
cross sections in this case. We assume that the 
nucleus, which has a spin L, is completely polar
ized, and that the projection of its spin moment 
in the direction of the polarizing field is also equal 
to L. The effective differential scattering cross 
section of the electron, when the projection of the 
nuclear spin does not change its value (transition 
L - L ), has the form 

(7) 

Here P 2(cos e) is the Legendre polynomial, e is the 
angle between the direction of the spin. vector of 
the nucleus and the vector q. It is evident that 
the effect of the nuclear qu~drupole moment is 
determined by the term D 0 q I 6 Z. If again q 
""l0 12 cm" 1, D0 = l0" 24 cm 2, then we have D0 q2 !6Z 

""l/6Z. For deuterons in this case, D0qo/6,l/(6 
X 10 3 ). 

To take into account imcomplete polarization of 
the nucleus, we introduce formulas which corres· 
pond to the following possible transitions. Let 
the spin L have a projection Min the direction of 
the field. The effective scattering cross section 
of the electron for the case of the same final state 
of nuclear spin (transition M- M) is given by 

d { - .:_[ 3_M2-oo-;-;:Lc;-;(,-L _+'---.-:-'1 )~] ~q...::.2 D=-..!0!.._ crMM= 1-
(:j[ (2L -1) Z 

(8) 
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X P2 (cos 6)} 2 daw 

For the effective cross section, averaged over 
all directions of the vector q, we have 

daMM ={ 1 + (9) 

For the transition ( M, M + 1) (initial spin state of 
the nucleus M, final, M + 1) we have 

q4D~ (2M+ 1)2 (L + M + 1) (L- M) 
daM,M+l = 16[2 (2L -1)2 z2 (10) 

The effective cross section, averaged over all 
directions of the vector q, is given in the form 

daM,M+I 

q4D~ (2M+ 1)2 (L + M + 1) (L -M) 

120L2 (2L -1)2Z2 

(ll) 

Finally, transitions ( M, M + 2) are possible: 

q4D~daM 
d<:1 M,M+2 = 64L2 (2L -1)2Z2 (L + M+ 2) (12) 

X (L -M-1) (L +M + 1) (L-M) (1-cosa6)2, 

The expression, averaged over the directions q, 
has the following form: 

q'D~ (L + M + 2) 
daM,M+a = 1201.2 (2L -1)2 z2 (13) 

X(L-M-1)(L +M+1)(L-M)da • 
M 

In this case, when there is a certain distribution 
of the directions of the nuclear spin relative to the 
field, the effective differential cross section, 
averaged over the initial states and summed over 
the final, will have the form 

1 
dcr=(2L+1) ~aL(.'W)[daMM+ 

M 

X daM,M+l + daM,Jvl+2], 

where aL (M) is the probability of finding the 
nuclear spin L with projection M before scattering, 

daMM' da M,M+l' da M,M +2 are given by the 
corresponding formulas (9), (ll) and (13). The 
transitions ( M, M- 2) ( M, M- 1) are not con· 
sidered here, since they correspond to inelastic 
scattering in the case of polarized nuclei. 

In conclusion, I thank Professor Ia. A. Smorodin
skii for his valued comments. 
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T HERE has been found in type R photographic 
plates with an emulsion thickness of 300 p. ex

posei:l in the stratosphere, an event, the micro
photograph of which is represented in the drawing. 
The visible track of particle 1 consists of 495 fk 
From the change in ionization and scattering along 
the track)t is obvious that particle 1 stopped at 
point A. From this point there start two tracks : 
one gray and one very short black track ( "' 1 p. ). 
The presence of the short black track is evidence 
for nuclear capture of the first particle, which, 
therefore, can be either a negative 1T meson or a 
heavier negative particle. 

Particle 2 leaves the emulsion after traveling 
674p.. Its ionization is 3.2 ±0.3 times minimum. 
From this it follows that particle 1 is heavier than 
a TTmeson since, even if it is assumed that particle 
2 is a proton, then its energy must be "' 200 mev. 
A proton of such energy cannot be formed upon 
nuclear capture of a TT meson. 

A direct determination of the mass of the second
ary particle from its ionization and multiple scatter
ing leads to a value of ( 350 ± 200) me. It is more 
realistic to consider this particle as a 1T meson. 
Thenits energy is"' 30 mev. 

Comparison of the multiple scattering and gap 
count along the track of the first particle with the 
range indicates that its mass lies between that of 
the TT meson and the proton. 

All this is interpretable as the nuclear capture of 
a stopped negative heavy meson. Rather striking 
is the exceptionally small energy release and the 
production of a TT meson with energy "' 30 mev, the 
same as upon decay of a A 0 particle. 

In conclusion, the authors express their deep 
gratitude to I. M. Gramenitzky and M. I. Podgor
etzky for discussions. 
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