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Received Abstract

16 July 2021 We propose high-order finite-difference methods for acoustic wave propagation modeling

Final version Received considering the P-wave velocity and density. We can simulate wave propagation without directly

9 August 2021 differentiating discontinuous medium parameters using the cell-based finite-difference method.
However, a limitation of the conventional cell-based finite-difference method using the second-order

Accepted scheme is that it requires a large number of grids per wavelength to obtain an accurate result. We

26 August 2021 improve the conventional cell-based method to exploit arbitrary high-order schemes. In a numerical

example, we compare results of the proposed methods with that of the analytic solution, and show that
we can obtain accurate results with small number of grids per wavelength using the high-order
cell-based methods.
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Fig. 1. One-dimensional grids and cells.
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Order m
(v -5 -4 -3 -2 -1 0 1 2 3 4 5
-172 0 12
1/12 -2/3 0 2/3 -1/12
6 -1/60 3/20 -3/4 0 3/4 -3/20 1/60
8 1/280 -4/105 1/5 -4/5 0 4/5 -1/5 4/105  -1/280
10 -1/1260  5/504 -5/84 5/21 -5/6 0 5/6 -5/21 5/84 -5/504  1/1260
Table 2. Central finite-difference coefficients of the second derivative (C2™)
Order m
(v -5 -4 -3 -2 -1 0 1 2 3 4 5
1 -2 1
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10 1/3150  -5/1008  5/126 -5/21 5/3 -5269/1800 5/3 -5/21 5/126  -5/1008 1/3150
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Fig. 2. Two-dimensional grids and cells for differentiation along the x-axis.
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Fig. 4. The source wavelet and its frequency spectrum used in the numerical example.
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Table 4. Stability limits p,_, for finite-difference schemes
Dimension 2nd order 4th order 6th order 8th order 10th order

1D 1.0000 0.8660 0.8134 0.7843 0.7654

2D 0.7071 0.6123 0.5752 0.5546 0.5412

3D 0.5773 0.5000 0.4696 0.4528 0.4419
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