ULTRASONIC MEASUREMENTS
Introduction
The sound wave velocity as a function of depth in the earth is one of the few things
that we can directly measure about the earth's interior. Models for the composition
of the earth's interior are developed and validated by comparing measured sound
speeds of candidate earth materials at pressure and temperature with what we
observe for the earth.

PREM data from Dziewonski and Anderson, 1981. Click for larger image.

The simplest way to measure sound speed in the lab is to introduce a sound wave
into a long span of a material and then to observe how long it takes for the sound
wave to get to the other end. There are a number of reasons why this approach is
less than optimal, including the difficulty of finding a pure, crack free block of the
material that is large enough to produce a measurable travel time. A variety of
other strategies have been tried, but the one that is best suited for high pressure
work is ultrasonic interferometry.

Ultrasonic Interferometry

To interpret this figure for DAC experiments Buffer Rod 1 is replaced by the anvil, and for Multi-Anvil experiments
Buffer Rod 2 is replaced by the anvil.

The basic idea behind ultrasonic interferometry is to use interfering sound waves to
measure the two way travel time through a specimen. When sound waves
encounter the boundary between one material (A) and another (B) part of the
energy of the sound wave will continue on through the A/B interface and part will
be reflected back. The degree to which the energy in the wave is partitioned
between the transmitted and reflected wave is a function of the impedance
difference of the two materials; the impedance (Z) is a product of the sound speed
and the density. The reflected waves will be in phase or out of phase by ½
wavelength (π) depending on whether the impedance of material A or B is higher.
In the simplest ultrasonic interferometry design the sample is attached to a buffer
rod. There is an echo created when the sound wave encounters the buffer
rod/sample interface (BR), another echo (S1) when the sound wave reaches the
interface between the sample and whatever is beyond (air, or for high pressure a
confining medium). Generally the impedance of the buffer rod is chosen so that it
is higher than that of the sample. In this case the returning wave is out of phase by
π. This is also the case for the interface between the sample and whatever is on the
other side of the sample. Therefore the wave returning off that interface (S1) is also
out of phase by π. There are also internal echoes – so the first wave returning from
the back surface (S1) will also produce a wave that reflects off the back surface
and returns to the observer (S2).

In this case the wave will not be out of phase because it does not change phase on
the internal bounce. When the echoing soundwaves encounter the next pulse of
soundwaves coming into the material they interact either constructively or
destructively. In order for constructive interference to occur, the number of
wavelengths between the surfaces of the sample must be an integer or half integer
number. In practice the experimenter varies the time between the sound pulses
while observing where the amplitude of the returning echoes is maximized and
minimized. From this data, two way travel time can be calculated.
Ultrasonic work can be done on several scales depending on the sample size. In the
multi-anvil samples are ~1 mm in length so an optimal wave length is in the
Megahertz range. For diamond anvil cell samples which are on only ~100 microns
in thickness Gigahertz frequencies are optimal

Ultrasonic interferometry in the Multi Anvil

Sample assembly. Click for larger image.

In the multi anvil the sound is introduced through the tungsten carbide (WC) anvil.
A buffer rod connects the anvil to the sample which is sitting in the middle of the
assembly inside the furnace. Thus there will be a reflection from the anvil/ buffer
rod interface (AR) as well as the interfaces between buffer rod and the sample
(BR) and the echoes from interface between the sample and the confining medium
(NaCl). The multianvil allows the sound speed of both single and polycrystalline
materials to be measured at high pressure and temperature. If the multianvil is at a
synchrotron the length of the sample can be determined using radiography (as it is
in the D-DIA), the temperature can be measured with a thermocouple, and the
pressure can be determined via the EOS of the confining medium by measuring
diffraction. The pressure limit of this technique is essentially the pressure limit of
the multi-anvil. One of the big advantages of measuring the sound speed of
polycrystalline samples in the multi anvil is that the observed sound speed takes
into account an elastic effects (e.g. viscous relaxation on grain boundaries and
other defects) which cannot be easily anticipated from single crystal elastic
constants. For more information on this technique see Baosheng Li's ultrasonics
lab web page.

Ultrasonic interferometry in the Diamond Anvil Cell
Gigahertz ultrasonic interferometric experiments conducted in the DAC permit
very tiny samples to be measured at pressures exceeding what can be achieved in
the multianvil. A good place to learn about this technique is Steve Jacobson's web
page

Figure modified from Jacobsen et al., 2002.
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