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For V--A interaction and neglect of renormaliza-
tion of the constants, we have

Ip =3G_(2t+1), B=(2E—1)/(2+1).

We now write down the expression for the prob-
ability dW; of capture with the formation of two
slow neutrons with energies E; and E, (E{, E,,
<10 Mev):

M?
S AE\dEdQy 1, [1- Ccos (i, p1);

= (2n)iza?

aw, (13)

IL=JParr + 11 24+ 3p_ (124 | Js|D)] (ase _':“aGP)

+ (1—3p_) [ J¢ [*-2Re (agr — = arp); (14)

Vo p2_pt o H
1C= LB 1 Plph — P2 ) br
+ <p+“+ —é‘/),)\_> (bGG — 2Re bUP) + (pe-}‘+ + %p_)\—)
X 2Re (bor — bre) |+ p_| J. ! (Bboo + o Re pr)} . (15)

The authors express their gratitude to V. N.
Gribov for useful discussions.
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THE_ phenomenon of cyclotron resonance predicted
by Azbel’ and Kaner! was observed in the case of
lead by a number of authors.?~* The graphs of the
dependence of the ratio R (H)/R (0) on the inten-
sity of the magnetic field H show?™? a shallow
minimum near 1000 oe of width ~ 1000 oe defined
by several experimental points. The record of the
quantity dR (H)/dH given in the brief communi-
cation by Kip et al* also contains only one broad
minimum in the field range up to 2000 oe and, in
addition to that, approximately ten minima for
values of H = 2000 — 5000 oe.

In the present work, due to the utilization of a
highly sensitive method of measurement — a reso-
nator with rectilinear high frequency currents flow-
ing in the sample, and very pure lead used for the
preparation of the sample — several tens of cyclo-
tron resonance minima have been observed for

different orientations of the magnetic field (of
intensity 150 — 3000 oe) with respect to the crys-
tallographic directions. In our experiments the
dependence of the quantity X~!8X/0H on 1/H

was measured, where X is the surface reactance
of the metal. The sample was a single crystal of
lead characterized by the resistance ratio pyec /
P3.15°K = 1.4 X 10° (reference 5, sample No. 6),
which yields the value for the parameter wT = 50;
the measurements were carried out at 2.4°K at a
frequency of 9.4 x 10? cps. The single crystal
grown from melt in a glass container had the shape
of a rectangular plate of dimensions 13 X 6 X 1 mm
its surface was untreated. The tetragonal crystal
axis is directed along the plate, the binary axes
parallel to its two smaller dimensions. The high
frequency currents flow along the plate, the mag-
netic field vector may rotate in the plane of the
plate.

The method is based on measuring the frequency
modulation of the signal from an oscillator using a
traveling-wave tube the resonator of which contains
the sample, resulting from modulation of the mag-
netic field applied to the sample. The frequency F
of this measuring oscillator is compared with the
frequency of a similar standard oscillator stabilized
by a superconducting lead resonator of high quality
factor;® the frequency stability of the comparison
oscillator is better than 1079,

3.
’
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FIG. 1. Spectrum of cyclotron resonances in a k
magnetic field directed along the bisector of the J (\ /\
angle between the tetragonal and the binary axes =10 L 'Y
of a lead crystal (in the table ¢ = 45°). The dis-
placed lower curve is another record illustrating
the reproducibility of observations. The tempera-
ture is 2.4°K, the frequency is 9.4 x 10° cps. -20 / ¥ v v i
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FIG. 2. Schematic representation of a part
of the spectrum of Fig. 1; the height of a line
representing a resonance is proportional to its
depth.

it

Figure 1 shows a sample record of the quantity
— 8F/5H (which is proportion to X 19X/8H) as a
function of 1/H. The observed resonances are so
sharp that the position of their peaks may be deter-
mined with an accuracy of ~ 1000 oe. The sensi-
tivity of the method, determined from the smallest
resonances which can be reliably reproduced on re-
peated recordings, amounts to ~ 107° expressed in
terms of the quantity dX/X, which is approxi-
mately 10° times less than the scatter of the points
in the graphs of R (H)/R(0) given by Fawcett?
and by Bezuglyi and Galkin® (a comparison with
reference 4 is not possible since there is no scale
given in their figure). Apparently in the work of
the authors cited above only some average varia-
tion in the resistance of the metal in the magnetic

L | L1

% .0¢” !
field was observed; probably this also applies to
the work of Kip et al.*

The spectra obtained for other orientations of
the field have a different appearance, however a
main sequence of deep equidistant resonances is
always apparent, while smaller peaks may be sep-
arated into 1 to 3 additional series having other
periods of A (H™!). A schematic representation
of a part of the spectrum of Fig. 1, which enables
us to decipher it, is shown in Fig. 2; a series of
small peaks is partially noticeable in Fig. 1, but
it is indicated in Fig. 2 on the basis of a different
record made on a larger scale.

The preliminary results of the analysis of sev-
eral spectra are given in the table. The periods
A (H™!) have been determined from the minima
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UL () k 10 3‘_&’;1 ) m*/m o0 n 3 10 &!(_I;l 9, m*/m
0 12 |12 0.47 0.60 || 67.5] 6 6 0.95 0.3
L8 5 0.36 0.78 15 7 0.19 2.4
i 5 4 0.52 0.54 8 5 0.31 0.91
} 5 4 0.60 0.47 4 4 1.06 0.27
225! 13 | 13 0.40 0.70 |l 90 12| 10 1.04 0.27
2 2 0.34 0.83 12 7 0.32 0.88
14
45 | 2 | 23 0.23 1.2 815 1,10 0.26
3 | 19 0.033 8.5

Y is the angle between the field vector and the tetragonal crystal axis, n is
‘the highest order of resonance observed in a given series, k is the number of

identified resonances of the given series.

of X 156X/8H, however they must coincide with

the periods in the variation of X (H). The effec-
tive masses of the electrons have been computed
by means of the following formula

m*/m = (e/mcw) /A (H™).

For each orientation ¢ we have first tabulated
the main series of deep resonances. The quantity
m*/m is determined with an error of ¥ 2%, pri-
marily as a result of the inaccuracy in the meas-
urement of H. The error in the values of ¢
amounts to ~ 2°.

An analysis of the shapes and amplitudes of the
resonance peaks is for the time being still prema-
ture due to a number of experimental reasons (in-
exact adjustment of the field, uneven surface of the
single crystal etc.). However, certain regularities
are apparent: for example in Fig. 1 the even reso-
nances are deeper than the odd ones, which, pos-
sibly, may be explained by the effective mass being
equal to exactly one-half. An investigation of these
regularities will undoubtedly be useful in construct-
ing the Fermi surfaces.

The author is grateful to P. L. Kapitza and A. I.
Shal’nikov for unfailing interest in and attention to
his work, and to G. S. Chernyshev for technical aid.
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TO measure the angular distributions of neutrons
elastically scattered from He® nuclei, we used a
miniature spherical ionization chamber, filled with

a mixture of 25% He® and 75% argon to a total pres-
sure of 11 atmos.! As is well known, in elastic scat-
tering the energy of the recoil nucleus (Ey ) is

linearly dependent on the cosine of the scattering
angle of the neutron in the center-of-mass system

Ern="/3Emax (1 — COS 0),

where Epax is the maximum energy that can be
transferred to the recoil nucleus. Therefore the
energy distribution of the recoil nuclei is propor-
tional to the differential scattering cross section

in the c.m.s. and consequently the spectrum of the
pulses due to the recoil nuclei yields directly the
angular distribution curve for the argument cos 4.
The angular distribution of elastic scattering of neu-
trons from He! was measured in an analogous man-
ner. In the case of He? the measurements are made
more difficult by the exothermal reaction

He® (n, p) T® (Q = 770 kev) which proceeds in paral-
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