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INTRODUCTION

The photcacoustic effect has recently gained inereased attent-
ion due t¢ its possible epplication in the calibration of AE
transducers (1,2). PFor this purpose the scurce mechanism must
be well characterised. There are three different physical phen-
omena contributing to optically generated sound: thermal expan-
sion of the solid, heat diffusion and expansion of the surround-
ing gas and spallation of the surface. which takes place mainly

at higher light intensities. Each of these phenomena has been
extensively studied separately, but for the conmplete characteri-
zation of the source & common treatment is necessary, which has |
been less emphasised in the literature {3,4). The purpose of

this article is therefore to study simultaneously at low light ‘
intensities both the photoamcoustic phenomenon in =0lid materials
and in gases. ;

S5c¢ far most experiments have beer: carried out with chopped light
by detecting harmonic pressure fluctuations of a gas in a closed
transparent cell (3). Fewer experiments have been done on sol-
ide utilizing a pie2oelectric transducer attached directly %o ‘
the sample (5). Recently transient techniques using excitations |
by hizh intensity laser pulses were introduced (6). This paper
presents the simultaneous detection of the photoacoustic pheno-
menon by a piegzoelectric tremsducer in contact with the solid [
sample and by a microphone in the gas. Experiments were perfor- |
med in the open air as well as in the closed cell using relativ-
ely weak light pulses. It was observed that the signial 'in a

s0lid sample is caused by the photoacoustic effeet and by wave '
reflections im the gas cell. The analysis of corresponding sig-
nals leads to the identification of the photoacoustic mechanism
in: the so0lid and in the gas separately.

EXPERIMENTS
Experiments were carried out on aluminium samples in air and in
a closed photoacoustic cell as shown in Figs. 1 and 2. A piezo-~
electric PZT transducer of resonant frequency 200 KHz, construc-
ted for acoustic emission detection, was atteched to the sample.
The signal from it was preamplified and then led to a transient
recorder - computer - plotter chain. The photoacoustic signal
was detected by a widebmnd microphone placed in front of the
specimen in the open air (Pig.l), or mounted in a cell-wall
(Pig.2). A stroboscope was applied to gemerate light pulses of
duration 10 me and of energy demsity 1 J/m?. The pulses weras
ttonitored by a photodiode. Samples of c¢lean and candleblack
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covered surfaces were used. Figs.3 and 4 show the simultaneous
records of signels obtained from the PZT transducer and mieropho-
ne by illuminetion of the frees sample corresponding to Fig.l.

Both signals are of a compressive character. The PET signal has

a complex structure due to the resonance of the transducer and

the sample. Its amplitude is linearly dependent on light intensi-
ty(7). The initial part of the microphone signal resembles the
shape of the light pulse. It is then followed by a long tail cor-
reaponding to a rarefaction wave. Taking into account the respon-
se functions of both transducers and annlying deconvolution to
both signals the source can be completely characterized as will

be published elsewhere.

Pigs.5 and & show the records of PAT and microphone signals detec-—
ted in a sample in a closed cell (Fig.2). The signals are now
composed of segquences of pulses separated for periods correspond-
ing to the double sound transition time of the cell., The micro-
phone signel, being detected om the opposite wall of the sample,
ig therefore shifted for half of the period with respect to the
PAT signal. The firat pulse in each sequence is g direct conse-
quence of the photoacoustic phenomenon, while the subsequent pul-
seg are due to reflections of the sound propagating in the cell
gas.

Thermoelastie generation and thermal expansion of the adjeining
gas contribute to the photoaccustic phenomenon on the solid surf-
ace. With respect to these two mechanisms it is of special inte-
rest to analyse the structure of the PAT signal. The first pulse
of the seguence is the conseguence of the complex photoacoustie
phenomenon while the subsegquent pulses are determined only by
pressure fluctuations in the gas. The PIT simnal therefore con-
tains information about both mechanisms taking part in the compl-~
ex photoacoustic phenomenon on the solid surface, and could be
applied for estimating their relative strengths. For this purpo-
ge the influence of reflection and attenuation should be snecifi-
ed, which is a cumberscme task. Another solutionm of this problem
is to evacuate the c¢ell and thus to eliminate the photoacoustic
effect in the gmrs. Pig.T7 shows the amplitudes of the first and
the second pulse in the P2T signal, as cbtained by demodulation,
in their dependence om the air pressure in the cell. With dimin-
ishing pressure the first amplitude converges to a non-zero value,
corresponding to the eontribution of thermoelastic generation in
the solid sample. The amplitude of the second pulse converges

to zero value corresponding to the elimination of the gas compo-
nent of the photoacoustic effect. It is important to note that
the obsBerved dependence on gas pressure ig cheracteriastic of the
sample with a highly absorbing surface. The experiments on a
clean aluminium surface show no reflections in the cell and no
dependence on the presaure.
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CONCLUSIONS .

Our experiments have confirmed that the photoacoustic signal in
the solid sample is at low light intensities the consequence of
two mechaniams acting im the gas and im the so0lid. Only simalta-
neous observation of both signals can lead to identification of
the complex source mechanism. Tt is shown that a proper analysis
of the P2T signal alone might be applied for this purpose. Work
on the corresponding theoretical explanation is nmow in progress.
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FIGURE CAPTIONS ' |
1. Scheme of experimental arrangement in open air. ' 1
2. Scheme of optoacoustic cell and sample

3. Sisnal from PZT transducer in open air for candleblack
covered surface.

4. Signael from microphomne in open air
5, B8immal from PZT transducer for the sample in the cell.
6. 3Signal from microphone in the cell.

7. Dependence of amplitude on pressure for 1st. and 2nd.
demodulated pulses in the PZT signal.




