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Traceable Accuracy Measurement of Underwater Sound Velocity

Based on Femtosecond Laser

Liu Chao, Xue Bin’, Xu Xinyang, Qian Zhiwen, Wei Yaming
School of Marine Science and Technology, Tianjin University, Tiangin 300072, China

Abstract The traditional method for measuring sound velocity in seawater is developed on the basis of the
piezoelectric effect. This traditional method is prone to errors because of its uncertain starting points when measuring
the propagation time and distance. To address these problems, this study proposes an approach for measuring
underwater sound velocity based on the acousto-optic effect between optical frequency comb and ultrasonic pulse.
We introduce the acousto-optic effect with a clear interaction point between sound and laser. A dual Michelson
interferometer system is built to measure the optical pulse markers generated when the ultrasonic pulse passes
through two measuring arms. We measure the ultrasonic propagation time and distance using the cross-correlation
technique. The traceability of the method is clear, however, the accuracy of the method has room for improvement.
The experimental results show that the experimental system can achieve high precision measurement of underwater
speed, and the measurement uncertainty is 0.023 m/s. It can be used as a new calibration device for measuring
underwater sound velocity.
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Fig. 1 Experimental schematic
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Fig. 4 Experimental setup diagram
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Table 1 Uncertainty for measurements of sound velocity

Error source Uncertainty

Wavelength of continuous wave laser 1.8x10°°
Refractive index of air 5.1Xx10°°
Ciddor formula 3X10°°
Propagation time 6.6>x10""
Propagation distance 9.8X1077
Rubidium atomic clock 1x10°"
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Table 2 Uncertainty for measurements of sound velocity due

to experimental variability of the environment

Error source Uncertainty

Temperature 1.3x10°°
Pressure 3.5X107°
Humidity 1.6x10°°

Salinity 1x107"
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