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Fig. 3 Arrhenius plot to determine the activation energy and 
attempt frequency corresponding to the Bordoni peak, induced 
by passing through the transition. e, Sample A; +, sample 

B; L, longitudmal waves; S, shear waves. 

variations were found to be small. The activation energy, E, 
was found to be 0.24 ± 0.05 eV and the attempt frequency, y 0 , 

1.5 ± 0.4 x 1012 Hz. Applied to Bordoni peaks in f.c.c. metals 
in general this procedure gives activation energies of the order 
of 0.1 eV: for copper, E is 0.1-0.15 eV (with y 0 = 1010-1013 
Hz); for aluminium, E is 0.25 eV (Yo = 1014 Hz) (ref. 5). The 
peak parameters obtained for indium-thallium alloy studied 
here, fall into the same range. It is interesting that there is no 
significant difference, within the limits of experimental error, 
between the activation energies obtained for the longitudinal 
and the transverse modes. A difference can occur, however, 
when the resolved stress component differs on the slip plane 
corresponding to the polarisations of the longitudinal and 
transverse ultrasonic waves9 • 

The general features of the peak in the ultrasound atten
uation in the alloy are consistent with those of Bordoni peaks. 
In other materials such peaks have been shown previously to 
result from dislocation motion, and to occur at high dis
location densities. The peaks in the 27atom% Tl alloy were 
formed after passage of the crystals through the martensitic 
transition, and back. If a dislocation damping mechanism is 
assumed, then not only is the frequency dependence of the 
peak temperature accounted for, but so is the observation 
that the peak appears initially only on warming. The strains 
involved during the transformation must produce a large 
number of dislocations which then interact with the ultrasound 
.waves as the sample is warmed up, and anneal out when it is 
held at room temperature for several hours (300 K is approxi
mat~ly 0.7 of the melting temperature). Therefore, subsequent 
~oolmg does not result in the reappearance of the peak. But 
If a~ter several cycles, the dislocations become pinned 
sufficiently for short period annealing to become ineffective in 
caus~ng their removal, then the peak will appear in both the 
coolmg and the warming parts of the cycle, as is observed. The 
attenuation peak results provide experimental evidence of the 
production of dislocations during the martensitic transformation. 
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Determination of the gas 
constant by an acoustical method 
A NEW value for the gas constant, Ro, has been obtained from 
measurements of the velocity of sound, c, in argon at the 
temperature of the triple point of water. Velocity measure
ments were made using a low frequency variable-path acoustic 
interferometer, operating at a frequency of 5.6 kHz (ref. I). 
Ninety eight independent measurements of sound velocity 
were made over a range of pressures from 0.3-2.0 atm. A 
quadratic least squares fit was made of c 2 against pressure, 
and the resulting acoustic isotherm was extrapolated to zero 
pressure to yield a value for c;i, the velocity in the limit of 
low pressures. The gas constant was then obtained from the 
relationship 

CG = YRoT/M 
where y=5/3, T=273.16 K, M =39.9478 g moi-1 and c:: was the 
experimentally determined value of 94,768.9+2.1 m 2 s-z. The 
uncertainty quoted for c;; is the standard error on the inter
cept of the acoustic isotherm. 

The value for the gas constant thus obtained is 
Ro = 8,315.59 + 0.18 J K - 1 kmo)-1 

The uncertainty quoted here is the standard error in the 
result, which stems from the standard error in c~ arising 
from random errors in the measurements of sound velocity. 
It is equivalent to a standard error of 22 parts per million 
(p.p.m.) in Ro. 

The largest systematic uncertainty is that arising from the 
uncertainty in the isotopic composition of the argon used in 
the measurements, and is thought not to exceed 7 p.p.m. 
Errors in temperature measurement, acoustic frequency and 
the measurement of displacement in the interferometer are 
considered negligible, and errors resulting from chemical 
impurities in the argon are not thought to lead to a systematic 
uncertainty greater than 3 p.p.m. The major uncertainty in 
the result is thus that arising from random errors in the measure
ment of velocity. 

Full details of the experimental method and results will be 
published. 

This new value for R o is greater by 1.18 J K - 1 kmoi-1 

(142 p.p.m.) than that based upon measurements of the density 
of oxygen and quoted as 8,314.41 ±0.26 J K -I kmo)-1 (ref. 2). 
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