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Solving Light Wave Diffraction Problem Based on
Physics-Informed Neural Networks
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Abstract: We used the physics-informed neural networks method to numerically solve the problem of
discontinuous coefficient light wave diffraction. The results show that approximating the
discontinuous coefficient with a smooth function can significantly improve the accuracy of the physics-
informed neural network solution. Using physics-informed neural networks to solve the scattered field
is better than directly solving the total field. Finally, the correctness of the theoretical results is
verified through numerical experiments.
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Table 1 Errors between numerical results of various methods and true solutions for one-dimensional problems

J7ik L, k% IR|*+ | T|* IR | iR | T|? %2
1 0.193 37 0. 844 86 0.367 53 0.522 663
2 0.134 05 0. 876 60 0.214 90 0.338 298
3 0.028 02 0.998 83 0.002 33 0.003 494
4 0.002 69 0.999 76 0.002 27 0.002 294
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Fig. 2 Loss functions of various methods Fig.3 Real parts of solutions of various methods
for one-dimensional problems for one-dimensional problems
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Table 2 Errors of different network structures in one-dimensional problems

MM R MaEITTHE % |IR[*+ | T|* |R|? %% | T|? %
6 40 0. 006 297 0.989 225 0. 009 250 0.020 022
6 60 0.001 461 0.999 043 0. 000 667 0.000 021
6 80 0.001 536 0.999 750 0.001 183 0. 000 930
8 40 0.001 747 0.999 485 0. 000 050 0.000 465
8 60 0.001 494 0.999 822 0.000 385 0.000 210
8 80 0.001 590 0.999 973 0.001 159 0.001 130
10 40 0.001 568 0.999 823 0.001 437 0.001 260
10 60 0.001 568 0.999 439 0.001 441 0. 000 880
10 80 0.001 589 0.999 990 0.001 041 0.001 030
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Table 3 Effect of & on solutions for one-dimensional problems

5 0 10° 10°° 107" 10°? 1072 107!
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Table 4 Errors between numerical results of various methods and true solutions for two-dimensional problems

ik L, 8% [R[*+|T|* [RI* B2 [ T[® 2%
1 0.415 718 0.721 959 0.461 447 0.183 410
2 0.402 212 0.952 089 0.309 327 0.153 090
3 0.278 166 0.843 763 0.131 403 0.179 314
4 0.009 851 0.991 969 0.000 517 0.008 548
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Fig. 5 Modulus of subtraction between solutions of various methods and reference solutions for two dimensional problems
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Table 5 Errors of different network structures in two-dimensional problems

MRz MaIulh W2 IR|*+|T|* |R|? 2% | T|” %%
6 40 0.172 134 0.921 299 0.051 733 0.130 434
6 60 0.041 941 0.974 533 0.006 114 0.031 581
6 80 0.011 568 0.996 116 0.008 625 0.004 791
8 40 0.161 494 0.940 469 0. 046 995 0.106 526
8 60 0.014 068 0.989 715 0.001 765 0.008 519
8 80 0.009 851 0.991 969 0.000 517 0.008 548
10 40 0.076 854 0.978 481 0.004 682 0.026 201
10 60 0.013 089 0.990 072 0.005 017 0.004 910
10 80 0.010 504 0.995 267 0.005 186 0.000 452
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