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Abstract

The photopyroelectric method has been recognized as a reliable and useful tool for the
measurement of the thermal properties of condensed matter samples. Usually the
photothermal signal is generated using intensity modulated light beams, whose amplitudes are
difficult to maintain stable. In this paper we describe a variant of this technique that uses
amplitude modulated electrical current as excitation source, via Joule heating of the metal
contact on one side of the pyroelectric sensor. The possibilities of this method, called by us the
electropyroelectric technique, for thermal effusivity measurements of liquid samples are
shown using test samples of distilled water, ethanol and glycerine. The results obtained for this
parameter agree well with the values reported in the literature . Our measurement uncertainties

are about 3%, a fact that opens several possible applications.

1. Introduction

Among the photothermal (PT) techniques [1] the photopyro-
electric (PPE) method [2] has been recognized as a reliable tool
for the measurement of the thermal properties of condensed
matter samples. The two most widely used experimental vari-
ants are the direct or back (d-PPE) [3] and the inverse or front
(i-PPE) [4] detection configurations for thermal diffusivity, o,
and thermal effusivity, e, determination, respectively. In the
former variant the sample is directly illuminated by an intensity
modulated laser beam and the signal is measured with a pyro-
electric (PE) sensor at the opposite side, whereas in the inverse
method the modulated light beam impinges on the PE sur-
face. Part of the absorbed light energy is transformed into heat
that propagates through the sample and the PE sensor inducing
periodical temperature oscillations that are often called thermal
waves. Due to the good thermal contact with the sensor that
can be achieved for liquid samples one of the most established
fields of application concerns the thermal characterization of
this kind of materials.
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The use of alight beam as energy source, which is common
to both measurement configurations, has some disadvantages:
among them, the stabilization of the laser beam modulated
intensity is difficult to achieve due to the influence of several
parameters such as temperature fluctuations and vibrations. On
the other hand, the light intensity reaching the measurement
cell can fluctuate due to the presence of dust in the ambient
air, moisture and contamination in the optical parts of the
experimental systems. Moreover, in the direct configuration
the PPE signal is strongly influenced by the sample’s optical
properties, which are sometimes not well known, and in both
configurations it sometimes becomes necessary to use a thin
layer of black paint to increase optical absorption of the PE
surface, whose influence is often neglected or misinterpreted.

For these reasons, in this paper we propose, instead of
the modulated laser beam, the use of an amplitude modulated
electrical current as excitation source of thermal waves via
Joule heating of the metal contact on one side of the PE sensor.
To the best of our knowledge the only previous attempt to
use electrical heating to generate the PE signal was made by
Shen et al [5], who used a thin film resistive metallic strip
as the source of thermal waves by means of its periodical
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