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Introduction

During the past twenty years a great many measurements on ultra-
sonic wave velocities of solids have been carried out under high pressures.
In most of those measurements a liquid or gas type high pressure ap-
paratus has been used. Because of technical difficulties which exist in
this kind of apparatus the maximum pressure of each measurement has
mostly been limited to less than 15 kilobars, although there are some
examples of the measurements under an extended pressure range. (e.g.
CHRISTENSEN (1974), FRENKEL et al. (1976), HEYNDEMANN and HOUCK
(1971), ITO et al. (1977), KINOSHITA et al. (1979), KONDO et al. (1975),
MORRIS et al. (1976)).

The result obtained from these experiments have greatly contributed
to formulating the “equation of state” in which a mean atomic weight
of a compound is a key parameter. Through the application of this equa-
tion of state to solid geophysics our knowledge about the materials in the
mantle has in some degree been made clear. For the application of %his
equation to solve problems concerning the earth’s deeper interior, however,
it is deeply regretted that the maximum pressure of those measurements
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did not exceed 15 kilobars.

Purpose of this study is to develop a method of measuring the ul-
trasonic wave velocities of materials of geophysical interest under pres-
sures as high as possible, more than 20 kilobars at the minimum, without
sacrificing the accuracy which is common in the measurement under
ambient conditions, and, if possible, under hydrostatic pressures.

Conditions necessary for the accurate measurement of ultrasonic veloc-
ity of solid are as follows; the size of a sample should be large enough
(preferably a cm-size at the smallest), and the shape should be defined
exactly.

For the measurement under very high pressures much more severe
conditions are imposed. First of all let’s consider the maximum available
size of the sample. In generating high pressure, the higher the pressure
to be generated the smaller the effective volume in which pressure is
generated. Actually, it is almost impossible to use a cm-size sample in
the velocity measurement under the high pressures on the order of tens
of kilobars. Therefore, it becomes very important to develop a techmique
to measure sound velocities of a millimeter size sample without sacrificing
accuracy. The authors have already developed the electronic system
(pulse-echo-overlap method) for measuring sound velocity of a millimeter-
size solid sample (FUJISAWA et al. (1974), KINOSHITA et al. (1979)), so
this will not be discussed in this papper.

Another important point is the nature of pressure. Types of a high
pressure apparatus which are able to generate pressures up to 40 kilobars
or more in a volume large enough for the velocity measurement are very
limited. A piston-cylinder type apparatus and a multi-anvil press might
be only available types for the present purpose. '

For the high pressure generation in the present measurements a
piston-cylinder type apparatus has been used. In an experiment with
this kind of apparatus a solid pressure medium is usually used. In this
case pressures generated in a solid medium is not hydrostatic. Under
nonhydrostatic conditions it is almost impossible to keep from changing
the shape of the sample, and it is very difficult to keep the transducer
from being destructed.

In this study the authors devecloped a new sample assemblage which
is not only convenient for the sound velocity measurement but also has
a liquid (hydrostatic) pressure cell. With this assemblage the authors
succeeded in measuring ultrasonic wave velocities of very small solid
samples (a few millimeters in length) under hydrostatic pressures up to
40 kilobars.
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Sample Assemblage

The sample assemblage newly developed in this study is show in Fig.
1. This is an example for a 16 millimeter inner diameter cylinder. Leng-
ths, diameters, or thickness of each part of this assemblage in Fig. 1 can
be varied in accordance with requirements to each specific experiment, or
with a different diameter of a cylinder. The simplest method for measur-
ing velocity under high pressures is to put a sample bonded with trans-
ducer directly into a pressure medium. In this method, however, protec-
tion of the transducer might be a problem, because it is directly subjected
to high pressures. Another difficulty which might arise from this method
is the unequall amount of compression between a transducer, bound, and
sample because of the difference of compressibilities of these components.
This might destroy a good contact between a transducer and a sample,
which is definitely important for the effective and noiseless transmission
of ultrasonic waves.
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Fig. 1. The sample assemblage newly developed in this study.
Dimensions in millimeter.
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Therefore the ideal method of the measurement is that in which a
sample only is subjected to pressures. The sample assemblage shown in
Fig. 1 is one solution for the above mentioned problems, and is very near
to the ideal one. In this assemblage no bond is used on the contact
surface between a buffer rod and a sample. Bond is used only around
the sample to fix it to the rod.

Maximum usable length of the sample in the assemblage is about 5
millimeters. Because of highly compressible nature of liquid the bottom
of a pressure cell would touch directly to the end of the sample under
the pressures of about 30 kilobars if its length is longer than about 5
millimeters.

Pulse-echo-overlap method, phase comparison technique, and a simple
wave transmission method are easily applicable to thiz buffer rod con-
figuration, but it would be very difficult to use pulse-superposition method
in this sample-transducer assemblage.

Example of Result of the Measurement

An example of the result of the measurement of P-wave velocity of
polycrystalline aluminum obtained by this assemblage with pulse-echo-
overlap method is shown in Fig. 2. Length correction of the sample
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Fig. 2. Pressure dependence of P-wave velocity of polycrystallne
aluminum. (Run No. 14 and 22).
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under high pressures was made using recent lattice compression data of
alminum (SENOO et al. (1976)).

Pressure calibration was made separately with a manganin wire or
Bi. For the pressure calibration similar assemblage was used, but instead
of a sample a caliblant (manganin wire, or Bi) was placed in a pressure
cell. Pressure was estimated using the electrical resistance change of
manganin wire based on recent experimental data (YAMAMOTO (1972a,
1972b)) and the Bi I-II transition defined by New NBC scale (HALL (1971)).

Sensitivity of the electronic system (pulse-echo-overlap method) to the
change of velocity is more than 107, and enough to follow the change of
velocity with increasing or decreasing pressure. So scatter of data seen
in Fig. 2 is originated mostly from error in estimating pressure in each
run. This is a typical weekpoint in the separate calibration.
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