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Fig. 1. Reference coordinate system and schematic diagram
of refractive index distribution of uniform medium caused

by different types of sound sources.
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Fig. 2. Three-dimensional diagram of refractive index distri-
bution of homogeneous medium perturbed by different
sound sources: (a) Plane wave sound source; (b) spherical

wave sound source; (¢) cylindrical wave sound source.
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Fig. 3. Two-dimensional diagram of the refractive index dis-
tribution of homogeneous medium perturbed by different
sound sources: (a) Plane wave sound source; (b) spherical

wave sound source; (¢) cylindrical wave sound source.
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Fig. 4. Variation of refractive index with height and distance of inhomogeneous atmospheric medium perturbed by acoustic waves:
(a) Large-scale longitudinal variation of atmospheric pressure; (b) small-scale longitudinal variation of atmospheric pressure.
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Fig. 5. Variation curve of refractive index of inhomogeneous medium with height: (a) Different sound wave frequencies; (b) differ-

ent sound pressures.
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Fig. 6. The atmospheric medium model of plane light wave
perturbed by plane sound field.
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Fig. 7. Phase change of plane light waves in homogeneous atmospheric medium: (a) Without entering the sound field (z = 0 m, p =
10 Pa); (b) after passing through the sound field (z = 20 m, p = 10 Pa).

60
50 @
40

30

BB z/m

20

10

0
20

\\
10 %,
05—
20.00559

20.00558  20.00557
e L

20.00556

IR K N0 A Tt 4B o

60
50 (P)
40
30

20

R z/m

10

0
20 A\I

B
10 4

B
20.00556

0=

20.00559 20.00558 20.00557

Y L

(a) L3 (=20 m, p= 0 Pa); (b) A (2 =20 m, p = 10 Pa)

Fig. 8. Optical path of plane light waves in homogeneous atmospheric medium: (a) Without sound field (z = 20 m, p = 0 Pa);

(b) with sound field (z = 20 m, p = 10 Pa).
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Fig. 9. Phase change of plane light waves in inhomogeneous atmospheric medium: (a) Without entering the sound field (z=0 m, p =
10 Pa); (b) after passing through the sound field (z = 20 m, p = 10 Pa).
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turbed by the plane sound field.
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Fig. 13. The phase variation of LG beam entering the homogeneous medium disturbed by the sound field: (a) Without entering the
sound field; (b) entering the medium without sound field; (c) entering the homogeneous medium disturbed by the plane sound field.
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Phase regulation of lightwave transmission in inhomogeneous
atmospheric medium using plane acoustic field”

Wang Ming-Junf Wang Wan-Rou Li Yong-Jun
(School of Automation and Information Engineering, Xi’an University of Technology, Xi’an 710048, China)
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Abstract

Based on the acousto-optic effect and the Gladstone—Dale relationship, the relationship about variations of
the refractive index of the isotropic homogeneous atmospheric medium and the inhomogeneous atmospheric
medium with the sound pressure under the disturbance of the plane sound field is derived. Models for the
transmission of plane light waves and Laguerre-Gaussian beams through homogeneous atmospheric medium and
inhomogeneous atmospheric medium disturbed by plane acoustic waves are established. The results show that
the refractive index distribution of the homogeneous atmospheric medium exhibits a homogeneous periodic
distribution after being disturbed by the plane sound field. For large-scale angles of longitudinal variation of
atmospheric pressure, the plane sound field has little effect on the distribution of the refractive index of the
inhomogeneous atmosphere. For small-scale angles, the inhomogeneous atmospheric refractive index gradually
decreases with height and fluctuates with the influence of sound pressure. When the plane acoustic wave
disturbs the homogeneous atmospheric medium, the isophase plane of the plane light wave will fluctuate
significantly due to the influence of the acoustic wave. The phase of the LG beam rotates and always returns to
the original phase. When the plane acoustic wave disturbs the inhomogeneous atmospheric medium, the phase
change of the plane light wave will change periodically with the change law of the sound wave. The overall
optical path is an inclined plane, but due to the disturbance of the sound wave, the optical path will fluctuate.
The phase of the LG beam still rotates, but unlike the homogeneous medium, its phase does not return to its

original phase due to the change of its refractive index with height.

Keywords: atmospheric media, sound waves, light wave, acousto-optic effect, phase
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