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Development of experimental device for measuring liquid physical
parameters based on laser diffraction

GAO Peng' , YANG Guoxin', DU Ji', JIANG Yuchen', CUI Yongye', LI Wenhua'**
(1. School of Physics. Nankai University, Tianjin 300071, China; 2. National Demonstration Center for Experi-
mental Physics Education, Nankai University, Tianjin 300071, China)

Abstract: The wave vector and amplitude of capillary wave reflect the surface tension and viscosity char-
acteristics of liquid. The surface wave is equivalent to a reflective grating,its wave vector and amplitude
can be measured by the diffraction signal of a laser beam,so as to obtain the surface tension coefficient
and viscosity coefficient of liquid. Based on this principle,a set of experimental teaching device for optical
measurement of liquid surface tension coefficient and viscosity coefficient is developed. The device realizes
variable parameter measurement by introducing mechanical vibrator with adjustable frequency and pro-
portion integral differential (PID) temperature control module. The edge detection and “centroid” like al-
gorithm are used to determine the center position and intensity of the diffraction spot signal. The surface
tension coefficient and viscosity coefficient of water at different temperatures and of alcohol at different
concentrations are measured. The accuracy of the experimental device is verified, and it is suitable for
promotion in experimental teaching.
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Fig. 2 Experimental device:

(a) Structure diagram; (b) Real picture
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control module: (a) Real picture; (b) Circuit diagram
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Fig. 4 Flow chart of temperature control module
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Fig. 5 Signal pattern of diffraction light
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Fig. 8 Spot patterns produced by laser diffraction by surface waves of water at different

vibrational frequencies at room temperature (25 ‘C)

Surface tension coeffieient of water at 25 °C
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Fig.9 Variation of capillary wave vector

of water with circular vibration frequency

at room temperature (25 ‘C)
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Tab.1 Multiple measurements of surface tension

coefficient of water at room temperature

Number 1 2 3 4 5

Surface tension

coefficient/ (mN/m) 74.0 69.6 71.6 71.8 71.9
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Tab.2 Measurement data of viscosity coefficient for water at 23 ‘C

Distance from vibration Proportion for diffraction spot intensity

soure/ mm between the first order and the zeroth order Amplitude/pum
12.715 1.417 0.454
14. 215 1. 277 0.443
15.715 1.072 0.424
17. 215 0.905 0.405
18. 715 0.746 0. 383
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Tab.3 Measurement data of viscosity coefficient for water at 47 ‘C
Distance from vibration Proportion for diffraction spot intensity Amplitude

source/ mm between the first order and the zeroth order /pm
12.000 0.072 0.403
13.000 0.633 0. 384
14. 000 0.591 0.376
15. 000 0.527 0.362

16. 000 0.452 0. 343
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Capillary amplitude attenuation data for water at 23 ‘C
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Fig. 12 Capillary amplitude attenuation
data for water at 23 C
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