
218 LETTERS TO THE EDITOR 

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 
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lines, and also for studying gamma-ray cascades 
since the resonant absorption can be observed 
only for transitions to the ground state of the 
nucleus. To us it appears possible to use reso
nant absorption also for investigating a diverse 
family of shifts and splittings of nuclear levels.* 
As an example we point out the transverse Doppler 
effect, the nuclear Zeeman effect, t and the shift 
in a gravitational field predicted by the general 
theory of relativity. The investigation of the first 
two effects is possible in the observation of shifts 
of the order of 10-7 to 10-8 ev. As for the shifts 
in a gravitational field, for a difference of about 
10 m in the elevations of source and absorber, the 
relativistic shift will be about 10-15 , which for a 
quantum energy of 100 kev corresponds to an ab
solute shift of about 10-10 ev. 

For observing such small shifts, it is necessary 
to work under conditions where the natural width of 
the gamma line is less than the shift being studied 
or is close to it and where the line is not broad
ened by incidental effects.t Preliminary esti
mates show, that the latter condition is attainable 
for a line with a width r ~ 10-7 to 10-8 ev, and, 
perhaps, is attainable for r "' 10- 10 ev, which 
corresponds to a lifetime of "'10-5 sec. 

Among the known isomeric states of stable nu
clei there is one with a fractional width r/E 
"'10- 15 -the 92-kev level of Zn67 ( T = 9.3 x 10-6 

sec), excited as the result of K capture4 by 78-
hour Ga67 • In principle, the 92-kev gamma tran
sition in Zn67 can be used for the observation of 
the above mentioned gravitational effect.** 

At the present time, an experimental investi
gation of the possibilities indicated above by use 
of the resonant scattering of gamma rays appears 
to be expedient. 

The authors thank T. Vishka and V. Ogievetski1 
for helpful discussions. 

*As has become known to us, analogous considerations 
were expressed by W. E. Lamb at the Conference on Quantum 
Electronics, held 14-16 October, 1959 in the USA, and by 
Alikhanov. 

tWe wish to point out, that the use of the nuclear Zeeman 
effect may afford the possibility of investigating the gamma 
transitions of polarized nuclei and the interactions with polar
ized gamma quanta. 

tExamples of such incidental effects are the Doppler broad
ening due to vibration of the source or absorber, and washed 
out or split lines due to magnetic or electric fields. 

**In experiments it may be convenient to produce a shift of 
known magnitude with the aid of the Doppler effect (relatively 
large shifts) or of the nuclear Zeeman effect (small shifts). 
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LET us consider an atomic explosion at such an 
altitude that the explosion products expand prac
tically into a vacuum (e.g., an "Argus" explosion 
at an altitude of 500 km). In the explosion the 
bomb materials are heated to many ev and thus 
form a dense plasma, which then expands from 
the explosion center at the rate of several hundreds 
of kilometers per second. Thus, the plasma vol
ume will be increased and the ion concentration 
correspondingly reduced. The expansion of the 
plasma through the magnetic field will cease as 
soon as the kinetic pressure of the plasma (or 
its "head"), which will be falling off as the ex
pansion progresses because of the decrease in 
ion concentration, equals the magnetic pressure. 
Because of the diamagnetism of the plasma, the 
earth's magnetic field will be decreased in the 
volume occupied by the plasma and if the ion con
centration is sufficient, it will be eliminated alto
gether. For the present purpose, this weakening 
or elimination of the field inside the plasma can 
be represented as the result of the establishment 
within the plasma volume of an effective magnetic 
dipole whose field within the plasma is opposite 
to the magnetic field of the earth. Once this ef
fective dipole has appeared, it will create a no
ticeable magnetic field at great distances from 
the explosion center, and this field will be regis
tered as the appearance of a magnetic disturbance 
("storm" ) whose leading edge will have a rise 
time corresponding to the period of plasma ex
pansion. As the plasma expands in the magnetic 
field, magnetohydrodynamic fluctuations may 
also be excited. 


