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not only is the intensity of the atomic lines
increased but the molecular spectrura of helium
1s fully brought out. The spectra from the
wider portions of the tube for lower wvalues of
the field at the capillary, showad only the ato-
mic lines. It is to be inferred that he excita-
ticn of the helium molecule bands is a sudden
process occurring within a narrow range of
field strength near about the “throbbing”
field. Most of the He, bands are identified
with the triplet electronic states, and they in-
volve only the two lowest states 2pr*H, and
28532u+.

I wish to express my grateful thanks to
Dr. A. S. Ganesan for his kind guidance.
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S. 3. KULKARNI.

ELASTIC BEHAVIOUR OF METALS
NEAR THE MELTING POINT

THE velocity of sound in metals in the solid
state, just below the melting point, is about
twice as great as that of the liquid metal, just
above the melting-point. Certain abnormal
metals, however, such as bismuth, show an
increase in velocity in the liquid state. The
mathematical relation between the velocity of
sound and elastic modulus for a solid and the
coefficient of compressibility for a liquid are
well known, They involve only the properties
stated and the density. The abrupt change
in the velocity of sound and the elastic proper-
ties, 1s explained on the basis of the harmonic
model developed by Fowler and Cuggenheim.l

1t 1s well known that the frequency of vibra-
fion of atoms in the solid is dependent on the
elastic constants. Considering an isotropic
solid and assuming that the atoms are vibrat-
ing about mean fixed positions with a single
frequency rg, it may be easily shown that the

atomic frequency is proportional to *
K
ve 15 the velocity of sound for longitudinal

vibrations and ey is the meanv mglecular dis-
tance in the solid given by (-ﬁ")“, Vi being
the Avogadro

where

the molecular volume and N
number.

Considering the liquid near the melting-
point as an assemblage of a large number of
linear harmonic oscillators, each vibrating with
a frequency v, about a slowly displaced equili-
brium position it is easy to show that the fre-
quency v, is related to the velocity of sound
by the relation

3N \i.

=L (411* V7

The above model, although crude, has been
applied to explain the viscosity of molten meltals
by Andrade? and surface tension by Sibaiya
and Rama Rao? and thermal conductivity by
Rama Rao.#4

On the assumption that the densities of the
molten and solid metal are the same at tempe-
ratures just above and below the melting-
point, it follows that

Letters to the Editor

255

s (1)

On the basis of the harmonic oscillator model
for the liguid and the solid, the partial poten-
tial of liquid at ordinary pressure is given by

zot=—x —3k T log ;";—f—kT KT log J* (T)
L

where the superscript L refers to the liquid.
For the solid the partial potential i1s given by
F=—x*—3k T log J;‘:;H—'I:;,_—-R:T log JX (T)
where the supérscmpt k refers to the solid.
Assuming that there 1s no discontinuity be-
tween the internal degrees of freedom in the
solid and the liquid, the melting temperature
temperature T, 15 given by

o< =Xl _ vk

KT 3 log 1'1.+1

Denoting >, as the molecular heal of melting
we obtain

Am

U 3k log % (2)
" Fp
Hence combining 1 and f we have
m
K=t @I (3)
L

Table I gives the values of Ta, vk and v, as
measured by Stierstadt® and the values com-
pared with calculated results.

TABLE I
Velocity|Velocity ,
Metal | SOlid | liquid [ T, | Ratio %ﬂ‘f’
(Metres | (Metres | in °A | wy/fv, alc.)
per sec.)| per sec.) vk vy
Cadmiam | 2665 1313 594 2:03 2.16
Mercury | 2673 1290 234 2:07 2:10
L.ead 1350 699 590 1-93 1l 89
Tin 2043 1295 505 204 2.08

i

The agreement obtained between theory and
experiment for normal metals is satisfactory.
It shows that the lower velocity in the liquid
is due to greater amplitude of the atomic oscil-
lations and not to any extent to the irregu-
larity of the arrangement of the atoms, as con-
trasted with their regular arrangement in the
crystalline solid. On the basis of the above
theory the decrease in the thermal cornductivity
of metals at the melting-point has been ex-
plained. The formula also offers a method of
calculating the compressibility of the nolten
metals from a knowledge of the elastic con-
stants of the solid.

The elastic behaviour of solids at the melt-
ing-point and their relation 1o the crystal
structure will be discussed in a separate note.

Bangalore, M. Rama Rao.
August 31, 1944,
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