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The integration in Eq. (11) is carried out over the
Fermi surface e (p) = € .

In the simplest case of perfect reflection(g=1)
of the electrons from the metal surface the tensor
of surface impedance is

dmiw JE_(0)

c? aE’é(O)

Z“‘B =-
tdt
X
0

(12

"2 (1559

3 . 2 eff 2 242/3
t 5¢/3+ 3"“«6"(‘” bu /e“Y (16%)

m
8w M‘ezNﬂdCP
k_“ﬁ‘—"— —s—

[K(g, 0) is the Gaussian curve of the Fermi
surface |.

It is seen from Eq. (10) that the effective di-
electric constant is a complex quantity. Hence,
it is not sufficient to know X and R for the
measurement of €0 and the determination of the
sign of €. We note that the direction of the
principal axes of the surface impedance tensor
z-,@ depends on the fre enC{.

hese results | Egs. HO)-( 2) | apply not only
to single crystals but also to polycrystals with
sufficiently large crystal dimensions.

In conclusion, I consider it my pleasant duty to
express my thanks to I. M. Lifshitz for his dis-
cussions of the results of the research.
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The Role of Spin in the Study of the Radiating
Electron

A. N. MATVEEV
Moscow State University
(Submitted to JETP editor January 24, 1955)
J. Exper. Theoret. Phys. USSR 29, 700-701
(February, 1955)

lN his recently published paper, Nelipa®! claims

‘that the ratio of the magnitude of the integrated
radiation of the electron to the magnitude of the
integrated radiation of a spinless particle is equal
to 1 + (me2/ E)2. Our calculations?, which
take into account quantum corrections of all
orders, show that this is not so.

We obtained the following formulas, which may
be applied to the radiation of all the spectrum, for
arbitrary energies of the electron or of a spinless
particle.
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=V 3 ’1) (1a)
1" ( 1 EZ E 1
X &’*[ ) K‘/«""""*r:g"'/s(m?)];
€ 1
T
O _ce (me\ ¢ ;
aw® = < (Z2) gz ES 1 Ky, () dox;
=T
g_he ._3 n (Ew (1b)
- E E_TRI/.L‘ —”I_L'z-
For s =0 these formul as give the classical
formula for the differential spectrum:
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obtained by Ivanenko and Sokolov?, and later by
Schwinger*. If one considers only quantities of
first order in A ( first quantum correction), one
obtains the quantum-theoretical formulas for the
differential spectrum obtained by Sokolov and
Ternov® and Schwinger” which are exact to the
first order in 4.

Formulas for total radiation energy, which are
exact for arbitrary energies of the radiating
particles, have the following form ( see also
reference 7 ):
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where J, is the Bessel function and J ,, the
Anger’s function.

For relatively small energies ( { < 1) of the
radiating particles, we obtain from the above
formulas:
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which shows that the spin is involved only in
quantities £, i.e., in quantities of second order
in h. This is why Schwinger’s spinless calcula-
tion 4, correct to the first order in £, gives the
same result as the first quantum correction for
particles with spin made by Sokolov, Klepikov and
Temov?. Nelipa's evaluation cannot be correct
because it does not depend on A.

For extreme relativistic energies ( { > 1) the
radiation of a spinless particle differs essentially
from that of an electron. This may be seen on the
graph, where the spectra of the electron ( solid
line) and of a spinless particle( dashes-crosses)
have been plotted. For comparison under the same
circumstances, the spectrum given by classical
theory has also been plotted ( dotted line). The
limit of the spectrum in the high frequency region
is given by the energy-momentum conservation law

(wmax = E/h).

V] Waax?

The particularities of the spectra are obvious
and do not need further explanations. As it was
noted by Sokolov, the main difference between
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radiation spectra of an electron and a spinless
particle is related to the appearance of the elec-
tronic magnetic moment which takes place for
high energies ({ > 1). This question will be
considered in more detail elsewhere.
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Investigation of the Structure of
Extensive Air Showers at Sea Level

A. T. ABROSIMOV, A. A. BEDNIAKOV,
V. 1. ZATSEPIN, [u. A. NECHIN,
V.I. SoLov’EVA, G. BKHRISTIANSEN

AND P. S. CHIKIN
( Submitted to JETP editor May 3, 1955)
J. Exper. Theoret. Phys. USSR 29, 693-696
(November, 1955)

I N reference 1 a qualitative indication was found
that the spatial distribution of the electron
component of extensive air showers at sea level
is essentially different from that expected from
the point of view of the el ectron-photon picture of
the development of showers in the atmosphere. In
the summer of 1953 we carried out in Moscow a
detailed investigation of the spatial distribution
of different components of extensive air showers
at small distances from the axis of the shower by
the method of correlated hodoscopes*. We report

below preliminary results.
To study the spatial distribution of electrons of

the shower, density indicators were used, consist-
ing of groups of 24 counters of identical areas,
each of which was contained in a hodoscopic cell
of aneon hodoscope?, In the apparatus were

used counters of three different areas: 24, 100 and
330 cm?2, which made it possible to study the





