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ABSTRACT
The differential laser interferometry method and its application for measuring the thermal expansion of samples is described. The thermal expansion of single-crystal Al2O3 (corundum) was measured up to 1000 K with the differential laser-interferometer. The changes in the distance between
two faces of a stepped shape sample are measured. The main feature of the apparatus is simultaneously monitoring two fringe signals that are 90° out of phase. This improvement of the basic laserinterferometer allows us to remotely measure the thermal expansion of minerals with high precision.
The overall sensitivity with which we can detect changes in length is about 1/100 of the wavelength
of the He-Ne laser (1/100 of 0.6328 × 10–6 m). After adjusting for errors caused by heat, the thermal
expansion data measured with the differential laser-interferometer are in good agreement with previous reports. Use of this apparatus allows the investigation of the high-temperature thermodynamic
properties of important rock-forming minerals.

INTRODUCTION
Thermal expansion data of the minerals that are stable in
the Earth’s interior are very important in equations of state,
and in thermodynamics applied to geophysical problems. The
coefficient of the thermal expansivity, α, temperature derivative of thermal expansion, often appears as a multiplying factor of the several elastic constants so that the limitation of the
application is controlled by the accuracy of α at high temperatures (Anderson 1991; Anderson and Isaak 1995). Values of α
at the temperature higher than 1200 K are generally estimated
based on extrapolation of data taken up to about 1200 K
(Wachtman et al. 1962; Suzuki et al. 1979; Anderson et al.
1992). Various experimental measurements of α often diverge
at the temperature range higher than around 1000 K as shown
by Anderson (1991). Precise data of thermal expansion would
allow tighter constraints on thermodynamic approach toward
clarifying the equation of state of the earth’s interior. Contact
techniques are not feasible above 1000 K due to apparatus distortion. A non-contact technique such as an optical technique
will possibly provide the requisite accuracy.
The fundamental laser interferometer technique provides an
accuracy of the order of the wavelength of light if we use only
fringe counting to measure the change in beam path difference.
Matsui and Manghnani (1985) measured the thermal expansion of single-crystal forsterite to 1023 K by Fizeau interferometry. Basically they use the fringe counting to measure the
thermal expansion and their samples are in contact with other
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material. Fizeau interferometry methods are limited to temperature below about 1110 K by practical considerations. The 90°
phase shift technique has been used to improve the accuracy of
the laser interferometry. However the beam paths are often
complicated (Roberts 1975) and the optical layout has problems caused by the table dilation (Miiller and Cezairliyan 1991).
We made a new version of the differential laser interferometer
which uses the 90° phase shift technique. The advantages of
our apparatus are simplicity of optical layout, which shortens
path length difference, and decouples table thermal expansion
from the data.
This report describes a differential laser interferometry
method and its application to remote measurements of the thermal expansion of the step-shape crystals at high temperatures
under the atmospheric pressure. To demonstrate the accuracy,
we measured the changes in the length of the standard material
of single-crystal Al2O3 (corundum) up to 1000 K, in which range
the thermal expansion has been accurately measured by many
groups.

EXPERIMENTAL METHODS
Differential laser-interferometer
Differential laser interferometry is similar to the method
described by Hemsing (1979) for velocity interferometers. The
basic laser interferometer is modified to maximize sensitivity
by simultaneously monitoring the two fringe signals that are
90° out of phase. We added a λ/8 retardation plate (birefringent waveplate) and a polarizing beamsplitter to the basic laser
interferometer optics. Figure 1 is a schematic.
We used the He-Ne laser of which light was polarized by a
polarizer at 45° to the horizontal so that equal intensities were
applied to vertical and horizontal polarization states. The laser

