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Matrix Series Method of the Raman-Nath Equation of Ultrasonic Light Diffraction
and Its Application to the Optimum Design of Acousto-optics Modulator

LI Yong-hang CAI Yi ZHENG Guo-liang LIN Xu-bin SHE Wei-long
State Key Laboratory of Ultrafast Laser Spectroscopy and Department of
Physics  Zhongshan University ~ Guangzhou 510275

Abstract A universal and convenient matrix series method to solve the Raman-Nath equation of normal ultrasonic light diffraction
is presented. The results show that the diffraction efficiency for Bragg approach is only 97.5% at Q = 4.1z and that for
asymmetry incidence there is large error in previous Raman-Nath approach. The formula of the optimum length of the acousto-
optics modulator is given. Increasing the ratio of acoustical frequency to optical frequency is a effective way to improve the
diffraction efficiency.
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Table 1 Comparison of the two results at different o
G =0.03739 £=6 (Q =0.22434
a=0 a =10 a =20
Order Analytical | Numerical Relative Analytical | Numerical Relative Analytical | Numerical Relative
solution solution error/ % solution solution error/ % solution solution error/ %
6 0.06044 0.05384 12.30 0.01273 {3.28 x 1073 286.96 [2.42x 1075(4.22x 1078 5628.88
5 0.13111 0.12867 1.90 0.05627 |0.02442 130.43 |7.53x107°(3.84x 1076 1863.11
4 0.12791 | 0.13451 4.91 | 0.14397 |0.1064 35.31 |1.59x107%|2.18x 10"* 631.92
3 0.01317 0.01674 21.30 0.15423 |0.18137 14.96 |0.02073 6.82x 1073 204.00
2 0.05899 0.05946 0.79 0.01201 |0.03809 68.47 |0.1391 0.09258 50.25
1 0.07655 0.07908 3.20 0.09107 |0.07834 16.25 |0.32387 0.33111 2.19
0 0.02269 0.02425 6.43 0.05514 |0.05829 5.40 |0.02926 0.03204 8.68
-1 0.07655 0.07908 3.20 0.09107 |0.10168 10.43 |0.32387 0.299 8.32
-2 0.05899 0.05946 0.79 0.01201 {2.94x 1073 308.60 |0.1391 0.1796 22.55
-3 0.01317 0.01674 21.30 0.15423 (0.11815 30.54 [0.02073 0.04871 57.44
-4 0.12791 0.13451 4.91 0.14397 |0.15905 9.48 [1.59x107%(8.62x 1073 81.52
-5 0.13111 0.12867 1.90 0.05627 |0.08949 37.12 |7.53%x107° [1.16x 1073 93.51
-6 0.06044 0.05384 12.30 0.01273 |0.03012 57.74 (2.42x107°]1.28 x 10~* 98.11
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