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Elasticity measurement of silica glass under gas pressure
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ABSTRACT
The purpose of this paper is to demonstrate that resonant ultrasound spectroscopy (RUS) is applicable to conditions of gas pressure. A sphere of silica glass was measured under pressure of helium
gas with a sample-gas-cavity container assembly. The pressure-induced shifts of frequency of six
toroidal and two spheroidal modes were observed up to 200 MPa (2 kbar). The sample-gas-container
system was analyzed as a three-layered shell structure, and the pressure derivatives of rigidity and
bulk moduli; G0' = –3.5 and K'S0 = –6.0, respectively, were obtained. These results are in good agreement with previous data.

INTRODUCTION
Resonant ultrasound spectroscopy (RUS, e.g., Maynard
1996; Migliori and Sarrao 1997) is a method to determine elastic constants of solids from measurement of normal mode frequencies of a sample shaped to rectangular parallelepiped or
sphere. In RUS, we acquire frequencies simultaneously of several modes that have varying sensitivities to each of elastic
constants. That is, we can get enough data to determine all of
the elastic constants without repeating measurements for different orientations of the sample. This experimental feature has
considerable merit for studying the dependence of elasticity
on some physical condition. In particular, RUS has been a powerful tool to measure the temperature variation of elasticity (e.g.,
Isaak et al. 1998b). The purpose of this paper is to extend RUS
to high-pressure conditions.

EXPERIMENTAL METHOD
In the resonant sphere technique with a spherical sample
and using a fast Fourier transform (FFT) (Suzuki et al. 1994);
impulsive input is provided to one of two piezoelectric transducers in contact with a spherical sample, and the response of
the wave form is detected with the other transducer using a
digitizing oscilloscope. The acquired data are converted to spectra by FFT. The wave form data were sampled in every 0.1 µs
for 3.3 ms, which yields a frequency resolution of 305 Hz in
the spectrum. The wave form data were stacked 1000 times to
get a spectra with a high signal-to-noise ratio.
The sample is a sphere of silica glass with a diameter of
4.245 mm and a density of 2.214 g/cm3. The bulk modulus,

FIGURE 1. Schematic drawing of the sample assembly for resonant
ultrasound spectroscopy (RUS) under gas pressure. The inner part of
the cavity container is open to outside.
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KS0, and rigidity, G0, at ambient condition were determined from
frequencies of the lower 12 modes, resulting in KS0 = 36.24(7)
GPa and G0 = 31.38(1) GPa, respectively.
Two types of normal mode exist in the oscillation of an isotropic sphere, toroidal (torsional) and spheroidal. The notation
nTl and nS l denote the toroidal and spheroidal modes of angular
order l and radial order n, respectively. The toroidal mode has
displacements only parallel to the surface and does not couple
with the surrounding fluid if the viscosity of the fluid is negligible. We obtain the pressure derivative of rigidity by simply
measuring the pressure gradient of the frequency of a toroidal
mode. This is the reason for adopting a spherical sample of
isotropic material.
Figure 1 shows schematically the sample assembly used for
RUS measurement under gas pressure. The cavity container
has a spherical cavity of 5 mm in diameter at the center, where
the sample is located with spacers of suitable thickness. The
cavity is open to the outside of the container and filled with a
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