
6.2 The Spectral Method 291

spectral method on a seventeen-point periodic grid with the weighting coefficients
for second- through sixteenth-order centered finite differences. Their calculations
appear in Table 6.1, which shows that the influence of remote grid points on the
spectral calculation is much greater than the remote influence in any of the finite-
difference formulas. The large degree of remote influence in the spectral method
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central point

2nd
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6th
order

16th
order spectral

1 0.500 0.667 0.750 0.889 1.006
2 −0.083 −0.150 −0.311 −0.512
3 0.017 0.113 0.351
4 −0.035 −0.274
5 0.009 0.232
6 −0.001 −0.207
7 0.000 0.192
8 −0.000 −0.186

Table 6.1 Comparison of weight accorded each grid point as a function of its distance to the
central grid point in centered finite differences and in a spectral method employing 17 expansion
coefficients.

has been a source of concern, since the true domain of dependence for the constant-
wind-speed advection equation is a straight line. Practical evidence suggests that
this remote influence is not a problem provided that enough terms are retained in
the truncated Fourier series to adequately resolve the spatial variations in the solu-
tion.

6.2.1.3 Order of Accuracy

The accuracy of a finite difference is characterized by the truncation error, which is
computed by estimating a smooth function’s values at a series of grid points through
the use of Taylor series, and by substituting those Taylor-series expansions into the
finite-difference formula. The discrepancy between the finite-difference calculation
and the true derivative is the truncation error and is usually proportional to some
power of the grid interval. A conceptually similar characterization of accuracy is
possible for the computation of spatial derivatives via the spectral method.
The basic idea is to examine the difference between the actual derivative of a

smooth function and the approximate derivative computed from the spectral rep-
resentation of the same function. Suppose that a function "(x) is periodic on the
domain −# ≤ x≤ # and that the first few derivatives of " are continuous. Then "
and its first derivative can be represented by the convergent Fourier series
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