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B n = 300 BPAYZE RN 1.
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Table 1  Comparison of the results between difference scheme (16), the scheme of

reference[ 11] and the exact solution

r result x = 0.1 x = 0.3 x = 0.5 x = 0.7 x = 0.9
exact solution 0.085 927 418 0.254 356 599 0.412 645 385 0.554 483 301 0.674 215 719
0.2 scheme (16) 0.085 927 416 0.254 356 596 0.412 645 381 0.554 483 298 0.674 215 717

reference[ 11] 0.085 927 415 0.254 356 594 0.412 645 380 0.554 483 296 0.674 215 716
exact solution 0.068 614 436 0.203 107 869 0.329 504 032 0.442 763 909 0.538 372 186
0.5 scheme (16) 0.068 614 432 0.203 107 858 0.329 504 016 0.442 763 894 0.538 372 179
reference[ 11] 0.068 615 924 0.203 112 004 0.329 509 799 0.442 769 523 0.538 374 953
exact solution 0.047 157 966 0.139 593 861 0.226 464 588 0.304 306 888 0.370 017 431

1 scheme (16) 0.047 157 958 0.139 593 838 0.226 464 557 0.304 306 858 0.370 017 418
reference[ 11] overflow
exact solution 0.022 275 846 0.065 939 471 0.106 974 297 0.143 744 395 0.174 783 858
2 scheme (16) 0.022 275 833 0.065 939 437 0.106 974 251 0.143 744 353 0.174 783 839
reference[ 11] overflow

exact solution  0.004 970 413 0.014 713 084  0.023 869 192 0.032073 710 0.038 999 550
4 scheme (16)  0.004 970 403  0.014 713 059  0.023 869 158  0.032 073 678  0.038 999 535
reference[ 11 ] overflow
HIR 1 & R r, 2250 i SORE 0 i S A AR B W) 4 31X 5 308 3 A 98 42— B0 AR 3
R G SR 11 ] AAREL 7R r = 0.2 BPREHA BEEEACAR TR (HSCHR[ 11 ] XA e SR r <
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RN O(7 + h*), Crank-Nicolson A% AR ZE Ry O(77 + B*) , A SO A I iR 25
O(7* +h*), Holy HLESAE AN Crank-Nicolson 6 2C G B 45 TR 2 BERG 0 2/ NS S5 8
B AMATIX 3 Bl SR L 1w B9 BUE B 1, 3 Ao sCA TS8R L an 3k 2, Jorb g 2 [l Ak A
SEOYRL, N it 1] A bR S5 0 K, K EE SR A s

&2 3T RRCRN LR (AL s)

Table 2 Comparison of the calculation efficiency between the 3 kinds of difference schemes( unit: s)

difference scheme J =100, N = 500 J =500, N = 500 J =500, N=1000 J =500, N=2000
classical implicit scheme 0.306 356 11.689 076 23.468 806 46.541 309
C-N scheme 0.320 861 12.057 869 23.975 085 47.584 914
scheme (16) 0.336 311 12.581 965 24.196 551 48.911 162

H135 2 &t TH5 T P )R U 2 A 3 B 8RR, AR SO 3K (16) IR RICR AR L
UL EE RS 2URT Crank-Nicolson % XURE A, (HURMRORAT AR 1 1 AU THI R 55 7% FEAS SO 2
R RE R RCRE A SO U2 — Pl 9 22 704 2K
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A Family of High Accuracy Implicit Difference
Schemes for Solving Parabolic Equations

ZHAN Yong-giang', ZHANG Chuan-lin’
(1. School of Computer Engineering, Guangzhou College of
South China University of Technology, Guangzhou 510800, P.R.China;
2. Department of Mathematics, Jinan University, Guangzhou 510632, P.R.China)

Abstract: A family of implicit difference schemes with high accuracy for solving 1-dimensional
parabolic equations were given. First, a difference approximation expression of the first order
partial derivative of the solution to the parabolic equation was deduced at the special nodes;
then this difference approximation expression and the second order central difference quotient
approximation were used to construct a family of implicit difference schemes by the method of
undetermined coefficients, and appropriate parameters were chosen to endow the schemes with
high order truncation errors. In turn, the new difference schemes were proved to be stable as
long as r was more than 1/6 with the Fourier analysis method. Finally, a numerical experiment
was conduted on comparison of accuracy between the exact solutions, results of the new differ-
ence schemes and those of the other schemes with the same order truncation errors, as well as
comparison of computational efficiency between the new schemes and the classical implicit
difference schemes. The results demonstrate the high accuracy and efficiency of the presented

difference schemes.

Key words: one-dimensional parabolic equation; implicit difference scheme; truncation error
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