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Abstract: In order to improve the measurement of thermal expansivity, @, at high temperatures, we have developed
a new apparatus, the differential laser interferometer, to measure remotely the coefficient of thermal expansivity of
minerals. Improvement on the measurement of thermal expansivity is needed since at high temperatures thermal ex-
pansivity is the least accurate of the properties needed in thermodynamic studies. Thermal expansivity data is essen-
tial in the high temperature thermal dynamics study of important minerals in the Earth. The differential laser inter-
ferometry is a new method, simultaneously monitoring two fringe signals which are 90 degree out of phase. We eli-
minated the error caused by heat in the signal processing. The overall sensitivity in which we can detect changes in
length is about 1/100 of the wave length of the He-Ne laser (1/100 of 0.6328X107%m). We calibrated the device by

measuring the thermal expansivity for single crystals of Al,0O3 and MgO up to 1000 K.

1. Introduction

Important applications of results of high temper-
ature elasticity are in equations of state and ther-
modynamics applied to geophysical problems. The
coefficient of thermal expansivity, «a, often
appears as a multiplying factor of the several elas-
tic constants so that the limitation of the applica-
tion is controlled by the accuracy of «a at high
temperatures (for examples, Anderson, 1991 ;
Anderson and Isaak, 1995). Values of a at
temperatures higher than 1200 K are generally esti-
mates based on extrapolation of data taken up to
about 1200 K (e.g. Wachtman et al., 1962 ; Suzuki
et al., 1979 : Anderson et al., 1992). Various ex-
perimental measurements of a often diverge at ~
1000 K as shown in Anderson (1991). Measure-
ments of @ in the high temperature region (1500
- 1800 K) are needed. Such measurements would
allow tighter constraints on thermodynamic calcula-
tions. An optical technique will provide possible re-
quisite accuracy.

In this paper, we describe a differential laser in-
terferometry method to measure a at high temper-
atures. We calibrated the device by measuring
standard materials up to 1000 K.
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2 . Differential Laser Interferometer Apparatus

2.1 Interferometer Fundamentals

Figure 1 illustrates the fundamentals of the laser
interferometer. The laser beam is divided by the
beam splitter and reflected on the different sur-
faces of the sample. The phases of the .reflected
beams at the beam splitter are shifted due to the
difference in the path length of two beams. When
two laser beams (coherent monochromatic light
waves) are superimposed, the resulting intensity
depends on the relative phases of the two beams.
As the length D increases due to an increase in
temperature, the intensity of the fringe signal at the
photodiode changes. The relevant length scale of
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Fig. 1 Fundamentals of the laser interferometer.
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the fundamental laser interferometer is on the
order of the wave-length of the light (0.6328 X
107® m for a He-Ne laser).

2.2 Differential Interferometer

The differential laser interferometer is a new in-
terferometry method, similar to that described by
Hemsing (1979) for velocity interferometers. The
basic interferometer is modified to maximize sensi-
tivity by simultaneously monitoring the two fringe
signals that are 90° out of phase. These signals are
obtained by adding a A/8 retardation plate

(birefringent waveplate) and a polarizing beams-
plitter. Figure 2 shows the concept of the differen-
tial laser interferometer.

The A/8 waveplate is arranged to introduce a
90° phase difference between the horizontal and the
vertical polarizations of one of the divided lights
traveling through the interferometer. The A/8
waveplate induces a 45° phase lag between the
horizontal and the vertical fringe phases. The light
travels twice through the A/8 waveplate; thus
when recombination occurs at the beam splitter, the
horizontally and vertically polarized components
form two fringe patterns that are 90° out of phase.
The two patterns are separated from each other by
the polarizing beam splitter and then sent to two
different photodiodes. Photodiode A detects the
horizontal component, while B detects the vertical
component of the fringe patterns.
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Fig. 2 Differential laser interferometer.

3. Sample

Figure 3 demonstrates the shape and dimensions
of the sample used. We cut a single crystal into a
cube with dimensions of 10 mm. The sample was
then stepped by 5 mm so that light is reflected off
two parts of the same sample, thus eliminating any
possible effects due to subtie motion of the sample
itself because no net path difference is introduced.
The sample was coated with platinum to obtain a
high reflectivity at high temperatures.
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Fig. 3 Sample shape and dimensions. Shadowed areas are
coated with platinum. Sample was cut along the
crystal axes.

4 . Data analysis

4.1 Fringe Signal Analysis

Figure 4 schematically illustrates the output of
our device. A is the horizontal component and B
represents the vertical component. As length, D, of
the sample increases due to thermal expansion, A
and B show fringe patterns (Figure 4) and are 90°
out of phase. The outputs of each of the photo-
diodes are used as inputs for an X-Y display simi-
lar to the display of a Lissajous figure. Each fringe
traces out one Lissajous figure on the scope. The
passage of one fringe corresponds to D changing by
A /2, with A being the wave length of the laser
beam.

The change in angle, Q, of the Lissajous figure
can be easily measured with extreme precision. The

A: Horizontal Component
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Q = arctan (B/A)
Change in D = Q x (M2r) x (1/2)
A =0.6328 um (He-Ne Laser)

A

Fig. 4 Sketch of output signals and Lissajous figure. Hori-
zontal component, A, and vertical component, B, of
the fringe pattern are 90° out of phase. The trace of
one Lissajous figure corresponds to a change in D
of A/2.



Differential Laser Intetferometer (Masupa et al.)

detection sensitivity can. reach 1/100 of a
wave-length. This method has been proven reliable
for measuring changes in length to a fraction of a
fringe of the He-Ne laser light; that is on the order
of 60 A.

4.2 Thermal Induced Path Length Correction

Care must be exercised so that the change in
path length measured is due to the sample and not
to the change in the distance between interfero-
meter optics. Heating of the oven can cause the
table to expand. If one interferometer arm expands
more than the other, a false sample growth will
appear. We performed null experiments by measur-
ing the distance change when both laser beams re-
flect off the same face as the sample is heated. Any
fringe shift in this arrangement is entirely due to
thermally induced path length change in the dis-
tance between the optics. Figure 5 shows the
observed thermal induced path length change as a
function of temperature up to 1000 K. We subtract
the observed thermal induced path length change
from the measured data.
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Fig. 5 Measured thermal induced path length change up to
1000 K.

4.3 Air Refraction Index

We can determine the growth of the sample step
D by analyzing the phase of Lissajous, Q,

Q=27 (2uD/A) + constant
Instead of measuring sample distance D, we are
actually measuring »(T)D, where »(T) is the temper-
ature dependent refractive index of air. Increasing
the temperature causes a decrease in %, which
mimics a shrinking sample (of fractional change
2.045 X 10™* at 1000 K). Thus actual sample
growth values will be greater than measured. The
fractional sample growth is

AD/D(): AA Q/4 TuDo— An/n
Figure 6 displays the fractional correction, An/n,
as a function of temperature.
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Fig. 6 Fractional correction curve to add due to the oven
atmosphere index of refraction.

5. Data

We measured the thermal expansivity of single
crystals of Al203 and MgO up to 1000 K in order
to calibrate the differential laser interferometer.
Numerous data are available on these minerals
with little discrepancy between the data reported
by different laboratories in the temperature range
up to 1000 K.

5.1 Data on AlLO;

Figure 7 plots the thermal expansivity, A D/Do
data along the c-axis of an Al2Os single crystal
without any corrections. Figure 8 illustrates the
thermal expansivity with corrections for thermal
induced path length and air. After adjusting the
thermal expansion data with the corrections de-
scribed in section 4, the thermal expansivity data
measured with the differential laser interferometer
agrees with previous reported data by Watchman
et al. (1962) and White and Roberts (1983) at all
temperatures.
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Fig. 7 Thermal expansivity of AlsO3 (c-axis) with no
correction.
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Fig. 8 Thermal expansivity of AlzOz (c-axis) with cor-

rections for thermal induced path length and air.

5.2 Data on MgO

Figure 9 sketches the thermal expansivity,
AD/Dgy data along the crystal axis of an MgO sing-
le crystal without corrections. Figure 10 shows the
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Fig. 9 Thermal expansivity of MgO with no correction.
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Fig. 10 Thermal expansivity of MgO with corrections for
thermal induced path length and air.
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thermal expansivity data with thermal induced path
length and air corrections. Once corrected our ther-
mal expansivity data is close to and parallel to the
data of Suzuki (1975).

6 . Conclusion

We have developed a new device, the differential
laser interferometer, to measure remotely the ther-
mal expansivity of minerals. We report thermal ex-
pansivity data on Al2O3 and MgO crystals up to
temperature of 1000 K. After adjusting for errors
caused by heat, the thermal expansion data mea-
sured with the differential laser interferometer are
in good agreement with reported previous data. Use
of this apparatus-has allowed the investigation of
the high temperature thermal dynamics of impor-
tant minerals, such as Mg2SiO4, FesSiOy4, FeO, etc.
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