PHYSICAL REVIEW

Letters to the Editor

UBLICATION of brief reports of important discoveries

in physics may be secured by addressing them to this
depariment. The closing date for this department is five weeks
prior to the date of issue. No proof will be sent to the authors.
The. Board of Editors does not hold itself responsible for the
opinions expressed by the correspondents. Communications
should not exceed 600 words in length.

A Low Temperature Transformation in Lithium*

CHARLES S. BARRETT
Institute for the Study of Metals, University of Chicago, Chicago, Illinois
June 12, 1947

ITHIUM has been reported as having a body-centered
cubic structure in the range from ordinary tem-
peratures to liquid air temperature.’? X-ray diffraction at
low temperatures now reveals, however, that a transforma-
tion can be induced in the metal if it is plastically deformed
at temperatures in the vicinity of —196°C.

Analysis of the Geiger-counter spectrometer record of
the diffraction pattern shows that the new phase produced
by this treatment is face-centered cubic in structure with
the lattice constant ao=4.41A at —196°C. The body-
centered cubic phase in the same sample at this tempera-
ture has ao=23.50A. There is an expansion of atomic radius
accompanying the increase of coordination number from
8 to 12, as would be expected, and because this expansion
has the value 2.8 percent it follows that the calculated
densities of the two phases are identical within experi-
mental error. The calculated density is 0.534.

The transformation to the face-centered cubic form is
accompanied by a series of audible clicks, as in the twinning
of tin or magnesium and the formation of martensite. By
analogy with these processes it may be concluded that the
transformation goes by abrupt shear movement in small
isolated regions. The constraints imposed by the material
around these transforming regions can account for the
fact that we have been unable to transform much more
than half of any of the polycrystalline samples by any
type of straining we have tried. Presumably then, proper
straining of a single crystal might lead to complete trans-
formation. The face-centered phase disappears fairly
rapidly when heated above about —117°C.

We were led to search for low temperature transforma-
tions in various metals by C. Zener's theory of the sus-
ceptibility of body-centered cubic phases to instability at
low temperatures,® ¢ which may be summarized as follows.
A homogeneous shear of 0.35 in a body-centered cubic
structure along the (110) plane and the [1107] direction
will produce an atomic arrangement that is very nearly
face-centered cubic. Consider the relative free energy of
the two phases. The free energy of the body-centered cubic
phase increases as the temperature is lowered, and increases
more rapidly than would the free energy of a face-centered
cubic phase, provided the thermal vibrations of the atoms
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in some direction of the body-centered structure are ab-
normally large. In metals and alloys of body-centered
cubic structure that have filled inner shells of electrons,
the shear constant (Cii—Ci2)/2 should be small and is,
in fact, very small; as this constant applies to shear in
the (110) plane in the [1107] direction, the thermal vibra-
tion amplitudes in this direction should be large, and since
the entropy is proportional to the logarithm of the ampli-
tude it follows then that the entropy should be large. The
free energy of a phase with large entropy rapidly increases
as the temperature is lowered, since F=U—TS and
dF/dT=—S, where F is the free energy, U the internal
energy, T the temperature, and S the entropy; it is not
unlikely that F for the body-centered phase in such cases
will exceed that for the face-centered phase and make a
transformation possible, as in some compositions of -beta-
brass, where (Cii— Ci2)/2 is twice as large in the face-
centered form as in the body-centered. Such transforma-
tions should be aided by shear in the direction for which
the shear modulus is low, both because it reduces the
sluggishness of the transformation by aiding the atoms in
surmounting the potential barrier in this direction and
because this is the direction required for the shear move-
ment of the transformation.

A more detailed account of the investigation of this
metal and others will be published elsewhere.
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On the Hyperfine Structure of the Ground
State of H and D Atoms

O110 HALPERN
Columbia University, New York, New York
June 16, 1947

ECENTLY! measurements of the hyperfine structure

of H and D atoms have been carried out which are

extremely interesting from a theoretical as well as an
experimental point of view.

According to the latest precision measurements, not
only theabsolute values of the hyperfine structure splittings
v, vp differ from the theoretical value by about one part
in 400, but also the ratio of these quantities differs from
the theoretical value by about 1 part in 1700, the calculated
value always being smaller than the observed. The theo-
retical evaluation was carried out with the aid of the
well-known Fermi formula
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in which the nuclear spin is'denoted by I; ux is the mag-
netic moment of the nucleus, uo is Bohr’s magneton, and
¥(0) the Schroedinger wave function at the origin. Through
[¢(0)]2, the Bohr radius of the ground state enters into
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