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Diagonalized Chebyshev Rational Spectral Method on the Whole Line

ZHAO Yunge, YU Xuhong
(College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Based on the idea of Schmidt orthogonalization, a fully diagonalized Chebyshev rational
spectral method for solving second order differential equations on the whole line with asymptotic
boundary conditions was proposed. Some Fourier-like Sobolev orthogonal basis functions were
constructed and fully diagonal discrete algebraic equations were derived. Accordingly, both the exact
solutions and the approximate solutions were represented as infinite and truncated Fourier series. The
numerical results demonstrate the spectral accuracy. Compared with the existing algorithms, the results
of numerical experiment indicate the cost of the computation with the present algorithm is less and the
algorithm is easier to be implemented.
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Tab.1 Condition numbers of the classical Chebyshev and Hermite spectral methods

i H N=50 N=100 N=150 N=200 N=250 N=300
LY 4.835 5e-05 6.226 1e-08 7.573 2e-11 1.246 9e-12 1.291 Oe-14 7.430 Oe-15
FEMIT /s 2.998 9e-01 3.073 4e-01 3.196 3e-01 3.410 7e-01 3.940 2e-01 4.674 4e-01

#z2 A (16) B3I Chebyshev AL 7k
Tab.2 Time consumption of the diagonalized Chebyshev rational spectral method for (16)

TiH N=50 N=100 N=150 N=200 N=250 N=300
LRI 4.835 5e-05 6.226 1e-08 7.573 2e-11 1.246 9e-12 1.291 Oe-14 7.430 Oe-15
FEIST /s 2.998 9¢-01 3.073 4e-01 3.196 3e-01 3.410 7e-01 3.940 2e-01 4.674 4e-01

*3 FHiE (16) BIZ 8L Chebyshev BIEE 7 LR AT
Tab.3 Time consumption of the classical Chebyshev rational spectral method for (16)

biH N=50 N=100 N=150 N=200 N=250 N=300
LOURZE 1.554 3e-05 1.442 1e-08 2.083 9e-11 2.219 3e-13 7.868 7e-15 7.910 3e-15
FEMT/s 1.593 4e+01 1.593 7e+01 1.594 4e+01 1.596 0e+01 1.598 7e+01 1.603 le+01

52Tk problems in unbounded regions: coordinate transforms[J].
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