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pression is small, perhaps less than 1 %, which can of 
~ourse cor:espond to quite high pressures for very 
lJ1comprcs5lblc materials, Since the vclocitv of sound 
in a mat erial can be ddcrmintd to an accur;c\' of 0 lOt _ . 10 

or better anllthis ullcertaint\' enters the volume calcu, 
In tions as ~t relative! y sma:lI addi ti ve term, volume 
r~sults to better than 0.01 % may be obtained. A sig­
nificant advantage of this method is that it Yields 
ela~tic constants anc! cOlllpre,;sion n:sults simultane­
ously. 

A clisadvantage of Cook's approach is the restriction 
to small compressions. In this paper we develop a 
method which will :1110w the determination of accurate 
\'olul11e data at high pressure from clastic wave-velocity 
experiments regardlcss of the amount of compressio;1 
involved. To lise this method, sonic-velocity data as 
a function of both pressure and temperature are re­
quired j and the temperature dependence of the thermal 
expansion, heat capacity, and density at room pressure 
must be known. To illustrate the application of the 
method, precision sound-velocity measurements have 
been made in mercury over a range of temperature and 
pressures and used, in conjunction with available 
thermodynamic data, in a precision determination of 
volume as a function of pressure and temperature . 

EXPERIMENTAL APPARATUS AND PROCEDURE 

The velocity of sound in liquid Hg is determined as 
a function of pressure and temperature by a variant 
of the pulse-echo technique originally developed by 
Pdbm and G;]It.26 The liquid I-Ig is placed in a stainless­
steel sample hokler, and the holder placed in a cylin­
dried pre~sure vessel. Pressure is "enerated bv drivin<Y 
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a piston 111tO the vessel and is transmitted to the HIY 
by a liquid pressure-transmission medium . ElectricJ 
leads are brought into the vessel through the base-plug 
pressure closure. The pressure in the vessel is deter­
mined by monitoring the resistance of a coil of Au-
2.1 % Cr wire.l which is calibrated as afiinction 'of 
pmislire vs a free-piston gauge. Experiments on the 
variation of sonic velocity in Hg with pressure ,,'ere 
performed at three temperatures; 21.9°, 40.5°, and 
52.9°C. 

.A.. pulsed oscillator, balancing net work, preampliticr, 
and amplifier obtained from the Arenberg Ultrasonic 
Laboratory, Inc. are arranged as shown in Fig. 1. 
A S-:'Icj sec pulse of IO-J-Lsec duration at a 60-cps repe­
tition frequency is used, and the pulse and sample 
echoes arc displayed on a Tektronix 5-17 cathode-ray 
oscilloscope (CRO). It is somewhat difficult to mal~e 
highly accurate, absolute wave-velocity measurements 
by the simple pulse-echo technique since it is difficult 
to account for the relative phase shift between echoes. 
Therefore, in this work the change in transit time 
relative to the transit time at 1 atm is measured using 
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FIG. 1. The high-frequcncy-pu\sc equipment. 

the fi.rst echo only. The initial transit time is computed 
ir0111 the I-atm sonic-velocity data for liquid I-Ig of 
Hubbard :lI1d Loomis~7 (accurate to 0.02%) and the 
known length of the sample. Correction for the chanrre 
. 0 

III sample length due to T and P was made using the 
me:lsured linear-expansion coefficient for the Type 303 
stamless steel used for the sample holder28 [16.2X 
1O-6(0C)-1] and Bridgman's linear-compression data 
for Fell [ - t::..l/ l,= 1.904X 10-7 P-O.22X 10-12 p2 (for P 
in bars)]' Since the magnitude of the length change is 
small, high accuracy is not needed in making these 
corrections. 

The change in transit time was determined usin rr a 
variable-Hg delay line consisting of a pot of Hg ,,1th 
it quartz transducer at its bottom and a stec:1 rct1ector 
inserted into it from the top . The renector is connected 
to a micrometer screw so that changes in its position 
can be accurately determined. At the outsc:t of each 
particular high-pressure experiment, a convenient Cycle 
of the unrectifled Ilrst echo irom the specimen 'and 
from the delay line is placed in phase on the eRO by 
adjusting the level of the reflector in the delay lin~. 
With the unrectificd signals the cycles can be matched 
to within ± 1.4 nsec . 'With application or pressure to 
the sample a change in transi t time results causing a 
shift in position of the sample echo on the CRO. Bv 
adjusting the reflector height in the dela.y line the s::lln'e 
cycles were again brought into coincidence. The change 
!n transit time is then given by t::..t= 2!::'djc, where t::..d 
IS the change in micrometer reading and c is the sonic 
velocity in Hg at room temperature and 1 atm. After 
application and release of pressure, the tr3.nsit time is 
found to return to its origiml value to within 1.4 nscc . 
In each pressure run half the data points were taken 
with increasing pressure, and half, with decreasing 
pressure. Since the delay-line micrometer permits the 
transit-time change to be determined on the avera rre 
to about 0.06% and since the sample length can be 
measur~d to about 0.03%, the change in velocity is 
determmed to about 0.09%. The absolute velocity it­
self, however, is determined to 0.04%, induding the 

27 J. C. Hubbard and A. L. Loomis Phil. Ma" . 5 1177 (1928) 
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