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Abstract

In this paper, an efficient spectral Galerkin approximation for second-order elliptic
boundary value problems with variable coefficients on an arbitrary convex quadrilat-
eral region is proposed. Firstly, any quadrilateral region is converted to D= [—1,1]?
by bilinear isoparametric transformation and coordinate transformation, and its weak
form and corresponding discrete format on D are established. Secondly, we prove the
existence and uniqueness of the weak solution. In addition, the Legendre orthogonal
polynomial is used to construct a set of effective basis functions in the approximation
space, and the matrix form of the discrete scheme is derived. Finally, the spectral
convergence of spectral Galerkin approximation to the second-order elliptic boundary
value problem with variable coefficients on arbitrary convex quadrilateral region is

verified by numerical experiments.
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{ ~Au(a,y) +alz yule,y) = ), (2,y) €9 "

u(z,y) =0, (z,y) € 0Q

HAQRHATS AT N (21, 31), (22, 92), (23,Y3), (24, ya) PR LIRS YLLK, a(z,y) WEE
AR5 A TR L

4 H* (Q) M H () F 7=l sl Sobolev B 0], || - |0 - |50 70 A Z R HYGEAN 08 g
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a(u,v) = f(v),Yv € H}(Q), (2)
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s

3)

x=x1+ (x2 — 21)T + (x3 — 1)y + (x4 — T3 — T2 + 1)TY,
y=1+ W2 —y1)T+ (Y3 —y1)¥ + (ya — y3 — Y2 + y1) 77,

B, )N —ANXIED = {(z,9) : 2,9 € [0,1]} B XIHQ WL HHES T ida(z,y) =
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Figure 1. Generally convex quadrilateral area
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Figure 2. Error curve between approximate and
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Figure 4. Image of the approximation solution at N=20
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N=15

u(x,y)-uN(x.y)

Figure 5. An image of the error between the exact solution
and the approximate solution at N=15
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Figure 6. An image of the error between the exact solution
and the approximate solution at N=20
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Figure 12. An image of the error between the exact
solution and the approximate solution at N=205
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Figure 13. Generally convex quadrilateral area
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Figure 14. Error curve between approximate and
analytic solutions
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Figure 17. An image of the error between the exact
solution and the approximate solution at N=15
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Figure 18. An image of the error between the exact
solution and the approximate solution at N=20
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