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particle flux density be investigated in this range 
of distances with good accuracy. 

The experimental charged -particle lateral dis­
tribution functions obtained for each of the selected 
showers were compared with the theoretical func­
tions, calculated by Nishimura and Kamata2 for 
various values of the cascade parameter S. The 
theoretical curves were normalized here to the 
number of particles experimentally observed in 
a circle of radius 25m. The Pierson matching 
criterion was used to choose the theoretical curve 
corresponding to the experimental data. The re­
sults [the Pierson function P ( x2 )) are listed in 
the table, which shows which values of the param­
eter S characterize the charged-particle flux 
density lateral distribution functions in the regis­
tered showers with different particle numbers N. 

The experimental data given indicate the exist­
ence of extensive atmospheric showers of various 
ages near sea level. 

1Vernov, Goryunov, Zatsepin, Kulikov, Nechin, 
Strugal'ski'l, and Khristiansen, JETP 36, 669 (1959), 
Soviet Phys. JETP 9, 468 (1959). 

2 J. G. Wilson, ed. Progress in Cosmic Ray 
Physics, (Russ. Transl.), vol. 3, 1959, p. 7. 
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THE value of the surface tension ans at the 
boundary between the superconducting and normal 
phases of indium has been measured by a method 
described previously .1 

A single-crystal disc with diameter 50 mm and 
thickness 2.06 mm, fabricated of indium with im­
purity content ~ 0.002%, was placed in a magnetic 
field directed at an angle of 15° to the specimen 
surface. The structures observed were com­
pletely analogous to those observed in tin1 at the 
same values of H/Hc. The period of the structure 
was measured for various fields and temperatures 
and the quantity .6. ( T) = ans ( 81!'/Hb) was calcu­
lated.* 

In the figure are given the results of measure­
ments on .6. made in the range 2.11 to 3.245° K 
with an accuracy of 8 -10%. In this range the re­
sults can be described within the limits of error 
by the relationship 



LETTERS TO THE EDITOR 217 

6rn = 3,3·10-r. (1- T;Tc)-'1• em 

(where Tc = 3.40°K), to which the curve in the 
figure corresponds. 

2,5 3 T°K 

We did not attempt to study the anisotropy of 
~ by the method described. Trial measurements 
with various positions of the disc relative to the 
magnetic field showed that the anisotropy is small 
and lies within the limits of accuracy quoted above. 

The values of ~ close to T c can be compared 
with other quantities characterizing the supercon­
ductor by means of a relationship from the phenome­
nonological Ginzburg-Landau theory. 2•3 In refer­
ence 1 a marked discrepance was pointed out be­
tween the experimental value of ~ and that cal­
culated from the G.-L. theory using the quantities 
o and He; the latter exceeds by a factor of about 
1.5. Recently Gor'kov4 showed, however, that the 
charge entering into the relationship of the G.-L. 
theory is two electronic charges and not one, as was 
assumed previously. This correction changed the 
relationship between ~ and o in the required 
direction, but a small discrepancy of the opposite 

Ct. ·tO•, em 
c8-t0', em 

from exptl from exptl 
8 HetiHe 

1 2 3 4 

Sn 2.55 * 1.63 2.3 1.6 
In 2.25 ** 2.44 3.3 2.:18 
AI (2.46) [8 ] (6.5) 9[10] to.3 

(12-14) 

sign now appeared. In the table are given values 
of the constant C ~ occurring in the asymptotic 
law ~=C~(l-T/Tc)-1/2 for T-Tc, theval­
ues of the analogous constant C0 for the penetra­
tion depth, the limiting values of the quantity 
Hc1/Hc for T - T c• where Hc1 is the super­
cooling field, and also the results of calculating 
these quantities following G.-L. (.see references 
2 - 5 ) . In the last column are given the values of 
CH = (dHc/dT) Tc used in the calculations. 

The values of C0 for tin are quite reliable, 
since the measurements of o were made by a 
number of investigators sufficiently close to T c 
(down to Tc -T = 0.017° in reference 6). Meas­
urements on o for single-crystal indium were 
recently made by Dheer7 for Tc- T 2: 0.46. Thus, 
extrapolation of this data in order to obtain C0 is 
less reliable than for tin. However, the values of 
C0 and the data from supercooling agree with one 
another surprisingly well, as they do also for tin 
(columns 6 and 7 of the table). The discrepancy 
between ~ and o for both metals amounts to 
25-30% in terms of C~ (or 15-20% in terms 
of C0 ). 

In the last row of the table are given data for 
aluminum obtained by Faber and Pippard.8- 10 The 
values of C0 here are in general less satisfactory, 
since in this case o should be studied with T c - T 
,..., o.ooro (see reference 11), but the existing meas­
urements8 were only made down to T c - T = 0.12°. 
Comparison of the data on ~ and Hc1/Hc can 
be made also in the case of aluminum. 11 Here the 
relationship of the data is the opposite of that ob­
served for tin and _indium (see columns 3 and 4 or 
6 and 7). The supercooling obtained experimentally 
is much larger than follows from the data for ~. 

It seems to us that the difference in this re­
spect of the data for aluminum from the results 
for tin and indium is associated with some inac­
curacy in the method used by Faber10 for deter­
mining ~. The use of the complicated meandering 
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*Value averaged from references 6, 8, 12, and 13. 
**The value taken for the calculation was averaged over the angle ex between 

the current and the tetragonal axis of indium using Dheer's data7 (C 8 = 2.35 for 
ex = 90°, Cs = 2.11 for a. = 0"). 

*** x. is the dimensionless parameter of the G.-L. theory; He,!He = y2x.. 
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structure of the intermediate state in Faber's 
method is less reliable than the use of the in­
clined field method, in which one is able to ob­
serve the simplest layer structure. Faber also 
presents data obtained at one temperature using 
the inclined field method (see reference 10, Fig. 
10), which, however, he does not use in the final 
results. Approximate treatment of this data using 
our formulae leads to the value C~ X 105 = 12 -14, 
which is given in the table in brackets. The rela­
tionship between ~ and the value of the super­
cooling is then close to the case of Sn and ln. 

It is difficult at present to propose definite 
reasons for this small but systematic discrepancy. 
However, it would be stretching matters to ascribe 
it to accidental experimental errors. 

I express my sincere gratitude to Acad. P. L. 
Kapitza for interest in the work, and to A. I. Shal'­
nikov and L. P. Gor'kov for detailed discussion of 
the results. 

*During the calculation we attempted to estimate the effect 
of the specimen edges, i.e., the difference between the speci­
men and an infinite plate. The values of i\, calculated using 
the formula for an ellipsoid inscribed in the specimen, are ap­
proximately 10% smaller than those obtained using the formula 
for an infinite plate (see reference 1). The true values will ap­
parantly lie somewhere inside this range. Because accurate 
calculation is difficult for a disc, we used for calculation the 
formula for a flat ellipsoid of rotation having the same volume 
as our specimen (with axes 2.06 and 61.2 mm). The difference 
from the infinite case amounted in this instance to 8%. Intro­
ducing this correction into the results of reference 1, we ob­
tained for tin 

~Sn = 2.3·10-5 (1 - T}Tc) -•;, em for 2. Hi" < T < :1.5°. 
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BECAUSE of recoil during the emission of a 
gamma quantum by a free nucleus, the energy of 
the quantum is always less than the difference be­
tween the energy levels of the radiating nucleus. 
An analogous shift occurs in the absorption of a 
gamma quantum. This circumstance greatly hin­
ders the observation of resonant scattering of 
gamma rays, which must occur with a large prob­
ability if this shift is absent or compensated. 

Recently, however, Mossbauer1•2 and others3 

have shown that at low temperatures the entire 
crystal takes up the recoil momentum in an ob­
servable fraction of the emissions and absorptions 
of low-energy gamma quanta. Under the indicated 
conditions the displacement of the gamma lines 
(as also the Doppler broadening) practically dis­
appears, which makes possible the direct obser­
vation of resonant absorption. This was particu­
larly clearly demonstrated by Mossbauer2 and by 
Craig et al., 3 who observed the dependence of the 
resonant-absorption cross section on the rate of 
change of the distance between source and absorber 
(Doppler effect). The experiments were per­
formed with the 129-kev gamma rays of Ir-191. 
The lifetime of the excited state was shown to be 
equal to about 10-to sec, which corresponds to a 
width r = 10-5 ev and to a fractional width of 
about 10-10 . The influence of the Doppler effect 
manifests itself already at velocities of the order 
of 1 em/sec. 

In the work of Mossbauer2 the described method 
is proposed for measuring the widths of gamma 


