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Measurement method of resonance frequency for
longitudinal resonant photoacoustic cells

YANG Zhiyuan, LU Rongjun, WANG Shengchun
(Department of Instrumental Science and Technology, School of Instruments Science and Engineering, Southeast University,
Nanjing 210096, China)

Abstract: Resonant frequency of a photoacoustic cell is one of its key parameters. In order to measure resonant frequency of
a resonant photoacoustic cell quickly and accurately, a resonant frequency measurement method based on resonant acoustic
spectroscopy was used to built a photoacoustic spectroscopy detection system and a resonant acoustic spectroscopy measurement
system. The factors affecting the accuracy of measurement results were analyzed. Resonant frequency of the resonant
photoacoustic cell was measured by the resonant acoustic spectroscopy method and photoacoustic signal intensity method
respectively in the case of different gas concentrations. The experimental results indicate that the resonance frequency measured
by the resonant acoustic spectroscopy method is independent of excitation voltage of the sound signal, distance and angle of sound
source. Under the conditions of 5 different concentrations of acetylene ( C,H, ) gas, the maximum deviation of the resonant
frequency between the resonance acoustic spectroscopy and photoacoustic signal intensity method is 1. 1Hz. It is considered that
the measured results of both the methods are consistent. The resonant acoustic spectroscopy method is simple, fast, reliable and
accurate. It can be used to determine the resonant frequency of a photoacoustic cell.
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Fig. 1 Relationship between incident light modulation frequency and photo-

acoustic signal (L, =120mm)
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Fig.2 Schematic structure of photoacoustic spectroscopy system
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Table I  Dimensions and parameters of photoacoustic cell

resonant resonant

buffer room  buffer room  resonant cavity

cavity frequency
r/mm 1/ mm R/mm L/mm 1/Hz
20 60 3 120 1443
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Fig.3 Schematic structure of resonance acoustic spectroscopy system
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Fig.4 Relative location between photoacoustic cell and loudspeaker
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Fig. 6 Repeatability measurement results of acoustic resonance spectroscopy
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Fig.5 Impact of acoustic source characteristics on measurement results
a—resonant response at different excitation voltage d = 10cm, 6 =90°
b—resonant response at different location distance u = 100mV, 6 =
90° c—resonant response at different location angle u = 100mV,

d =10cm
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Fig.7  Frequency response of photoacoustic cell based on acoustic reso-

nance spectroscopy method
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Fig.8 Resonant frequency measurement results based on photoacoustic sig-
nal amplitude
a—2f signal of acetylene with modulation frequency at 700Hz b—
photoacoustic signal of acetylene at 5 x 10> vs. modulation fre-
quency

Table 2 Measurement results of resonant frequency at different volume frac-

tions of gas

volume fraction of C,H, fo/Hz fo'/Hz
1x107° 1397.8 1396.7
2x107° 1398.5 1398.9
3x107° 1400.2 1400.0
4x107° 1401. 4 1401.0
5x107° 1402.2 1401.6
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