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A method is presented by which photoacoustic measurements can be done fast and with small 
effort. All operations are performed by an automatic measurement system based on an IBM PC 
personal computer. The structure and principles of the system operation are presented. The 
main advantages of the method described are: short time of measurement, wide chopping 
frequency range, high accuracy, and low error level. Owing to the computer some operations 
like hardware averaging, filtering, etc. can be replaced by software. This results in simplicity of 
the setup. 

If we need to perform a large number of measurements an 8-bit resolution and a 10 MHz maximum sampling rate. 
with a high accuracy, the best solution is to use an auto- The signal was recorded with the resolution of 100 points 
matic measurement system. In recent years some photo- a period, hence it was possible to record the signals with a 
acoustic experiments carried out by means of such systems repetition rate of up to 100 kHz. Such high frequencies are 
have been reported.‘-’ However, in all of that solutions the much above the upper bandwidth limit of the microphone, 
changes of the setup structure in comparison to traditional but can be useful if a piezoelectric detector is used.‘2’*3 
experimental arrangement are rather small. The main parts Recording of a full waveform not only of its amplitude 
of the setup, e.g., chopper and the lock-in amplifier, are and/or phase gives more information about the effects 
used in the same way as in traditional arrangements and which occur in the chamber. Hence applying a waveform 
only some interfaces to the computer are added. The solu- recorder instead of a lock-in detector should improve the 
tion presented here is an automatic measurement system 
based on the concept of virtual instruments,6 that is, such 

metrological properties of the system. The small voltage 
resolution of the recorder can be a disadvantage, but can be 

a system in which hardware is replaced by software as easily compensated by means of an amplifier with a digital 
much as possible. gain control. 

In most experimental arrangements laser or high- 
power arc lamp is used as a source of radiation.7-10 Mod- 
ulation of the emitted light can be obtained by means of an 
electro-optic or acousto-optic modulator, although the me- 
chanical chopper is still the most popular choice.7-‘0 Ap- 
plication of a light-emitting diode (LED) as a source of 
modulated light has also been reported.” The main draw- 
back of the last solution is the small output light power. 
However, the LED is small, cheap, and its light intensity 
can be easily modulated with a frequency of 0 Hz-l MHz. 
Moreover, modulating signal can be of any shape (square, 
sine, triangle, etc.) and the stability of the light modulation 
frequency is equal to the stability of the modulating signal 
frequency. Besides, in some applications commercial IR 
LEDs working in the 0.78-1.0 pm range can be used. Out- 
put light power that can be obtained from such IR LEDs 
has a typical value of l-100 mW. In this work a LD271 
(Litronix) diode was used. LD271 is a commercial IR 
LED which can emit up to 16 mW of an average light 
power at the wavelength of 0.95 pm. The diode was con- 
trolled by a waveform generator card buffered with a sim- 
ple current driver (Fig. 1). 

The system was tested by means of a simple program 
for photoacoustic cell measurements. The ratio of the mod- 
ulation frequency and sampling rate set by the software is 
always constant and equals l:lOO, which makes each pe- 
riod of the signal to consist of 100 samples. Constant ratio 
of the frequencies simplifies subsequent signal processing 
because all the parameters of digital filtering, averaging, 
etc., are constant and independent of the frequency. The 
waveform recorder is triggered by the waveform generator 
(Fig. 1) in order to obtain full synchronization between 
the modulating and recorded signals. Values of the ampli- 

Pressure changes in the photoacoustic cell used in this if 
! -..-..- - .--_, 2 

work were detected by an electret microphone TONSIL- IBM PC COMPUTER 

ME0 55. Signal from the microphone was increased by the “iiKF 
CONTROL 

gain of about lo4 in a simple band-pass amplifier built of 
two op-amps (NE5534A, LM3 18). In this way the level of 
the signal was matched to the input voltage level of a wave- 
form recorder card. The card used in the experiments had 

FIG. 1. Block diagram of an experimental arrangement for photoacoustic 
measurements. Structure of the system is based on concept of virtual 
instruments. 

(OPTIW 1 

2033 Rev. Sci. Instrum. 64 (7), July 1993 0034-6746/93/64(7)/2033/2/$6.00 @ 1993 American Institute of Physics 2033 \ Downloaded 03 Sep 2006 to 194.29.135.8. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



# 
.ti 
33 

co 
I . 

: 1- .w 
2 

-5 

c! 

: *.-. 
tf 
? 

I I 

horizontal resolution: 
100 points / period 

FIG. 2. Comparison of a typical photoacoustic response before and after 
digital signal processing. (a) Single trace of the recorded signal. (b) 
Strong noise reduction as a result of filtering. (c) Original shape of the 
signal obtained by averaging of 100 traces. (d) Nearly pure sine wave 
observed after filtering of the averaged signal. 

tude and phase of the signal are determined by the Ieast- 
squares method. 

A typical photoacoustic response recorded in the sys- 
tem is shown in Fig. Z(a). The SNR of the observed signal 
is not very high but can be significantly increased by pass- 
ing the signal through a three-pole low-pass digital elliptic 
filter [Fig. 2(b)]. However, this method eliminates all the 
harmonics of the signal. The original shape of the micro- 
phone response can be reproduced by signal averaging 
[Fig. 2(c)]. Averaged signal that passed through the men- 
tioned fifter gives nearly pure sine wave [Fig. 2(d)]. It 
should be noticed that filtering changes the signal phase. 
However, the value of the phase deviation is known and 
constant, hence it can be easily corrected in final calcula- 
tions. 

The system presented in this paper was used for deter- 
mination of resonance curves of a Helmholtz resonator. 
The resonance curve obtained in the measurements is pre- 
sented in Fig. 3. The amplitude of the recorded signal is 
related to the value of the least significant bit of the wave- 
form recorder. As can be seen, the experimental values 
(solid line) are close to the theoretical ones (dashed line) 
obtained from the calculations of the extended Helmholtz 
resonator model.‘“‘6 Noise reduction due to signal aver- 
aging and very good properties of the least-squares method 
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FIG. 3. Photoacoustic signal ampiitude vs modulation frequency. 

lead to good agreement between the theoretical and exper- 
imental values even in the range of small amplitudes. 

The concept of virtual instruments applied in photoa- 
caustic experiments gives promising results. The size and 
cost of equipment are considerably reduced. Additional 
functions, e.g., temperature control, light-power determi- 
nation can be easily implemented. Due to the high upper 
limit of the frequency modulation both microphone and 
piezoelectric detectors can be used. 
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