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Abstract

Explicit and implicit difference schemes are two common methods for solving hyperbolic partial
differential equations. By using these two methods to calculate the numerical solution and error of
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the second order hyperbolic partial differential equation, and analyzing the program running time,
this paper makes a deep comparison between them. The results show that: the explicit difference
scheme method is simple in calculation and its program running time is short, but when the se-
lected step ratio is small, it shows that the algorithm of the explicit difference scheme method is
not convergent; while the implicit difference scheme method is convergent for any step ratio, but
its calculation process is more complex and the program running time is longer.
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Table 1. Exact solution, numerical solution and absolute error at some nodes (h = 1/ 100,7 = 1/ 200)

F 1 WP EALEHR, BEBMRELIHME (h=1/100,7 =1/200)

(€3] HfEm Fa i R
(0.5,0.1) 1.822118166 1.822118800 6.347874e—07
(0.5,0.2) 2.013751546 2.013752707 1.161856e—06
(0.5,0.3) 2.225539354 2.225540928 1.574483e—06
0.5,0.4) 2.459601248 2.459603111 1.863540e—06
(0.5,0.5) 2.718279878 2.718281828 1.950804¢—06
(0.5, 0.6) 3.004165434 3.004166024 5.895138e—07
(0.5,0.7) 3.320117694 3.320116923 7.712292¢-07
(0.5,0.8) 3.669298711 3.669296668 2.042968e-06
(0.5,0.9) 4.055203232 4.055199967 3.264843¢—06
(0.5, 1.0) 4.481693496 4.481689070 4.426127e-06

Table 2. Exact solution, numerical solution and absolute error at some nodes (h = 1/ 100,7 = l/ 100)

2. WOV EALEHR, BEBIMRELIME (h=1/100,7 =1/100)

> 0 HEM Ff gt R
(0.5,0.1) 1.822116048 1.822118800 2.752419e-06
(0.5,0.2) 2.013747175 2.013752707 5.532384e—06
(0.5,0.3) 2.225532561 2.225540928 8.367720e—06
(0.5,0.4) 2.459591824 2.459603111 1.128680e—05
(0.5,0.5) 2.718267510 2.718281828 1.431885e—05
(0.5, 0.6) 3.004154737 3.004166024 1.128680e—05
(0.5,0.7) 3.320108555 3.320116923 8.367720e—06
(0.5,0.8) 3.669291135 3.669296668 5.532385e—06
(0.5,0.9) 4.055197214 4.055199967 2.752419e-06
(0.5,1.0) 4.481689070 4.481689070 1.421085e—14

Table 3. Exact solution, numerical solution and absolute error at some nodes (h = 1/ 100,7 = 1/ 50)

3. BAPSERE. BUERMIRELIE (h=1/100,7 =1/50)

(x, 1)
(0.5,0.1)
(0.5,0.2)
(0.5,0.3)
(0.5, 0.4)
(0.5, 0.5)
(0.5, 0.6)
(0.5,0.7)
(0.5,0.8)
(0.5,0.9)
(0.5, 1.0)

HEM
1.822107578
2.013729376
2.41268389

—8.865401847¢+04
3.950775415e+10
—1.641415244e+16
6.038232892e+21
—1.689514915e+27
6.910972393e+31
4.011360911e+38

KR
1.822118800
2.013752707
2.225540928
2.459603111
2.718281828
3.004166024
3.320116923
3.669296668
4.055199967
4.481689070

R
1.122231e—05
2.333121e—-05
1.871430e+01
8.865648e+04
3.950775e+10
1.641415e+16
6.038233e+21
1.689515e+27
6.910972e+31
4.011361e+38
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Figure 1. The error curves corresponding to the length of asynchrony when 7= 1

L. 1= 1 BRI E ST R A IR E B2k

. Ih=1/10,t=1/20
x10 I h=1/20,t=1/40
5 I h=1/40,t=1/60

[U(x,t)-u(x,t)|

Figure 2. Error surfaces corresponding to asynchronous length
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Table 4. Maximum error of asynchronous long time numerical solution

4. AARIL KR BERNRKIRE

h T E, (h7) E, (2h,27)/E, (h,7)
1/10 1/20 4.369783e—04 *
1/20 1/40 1.106462e¢—04 3.9493
1/40 1/80 2.771186e—-05 3.9927
1/80 1/160 6.926296e—06 4.0010
1/160 1/320 1.732371e-06 3.9982
1/320 1/640 4.330753e-07 4.0002
1/640 1/1280 1.082610e—07 4.0003
1/1280 1/2560 2.706447¢—08 4.0001

TRIE e 4 AT50, 4mHAE KA 1/10 28463 1/1280 I, e KiRZEM 4.37x107* /N5 2.71x107%, 1R
KIE /N, VRPN, BUEMARZERN . BN, JEEPK SRR E YDA ERE 12

i, KIRZELR N RNIER 1/4,

2.2. BRES AT EE

FEFF IS AT [H SO 1 SR I R 2R AT SR, DA N TS b K L e o 172 ISASFRE K
TEOLT R 2 A% RTI4TN 8] 25 e SIS AT AR E 1, 5 IRE RIE1T,

gEange 5, PRI AR E 3 Bs.

YU 18] ()P 244

MW 5 TR W, A KA a2 KO 1/10 #1120 I, FERE8 7R [R1Z08 0.001 6, 4%
[EDKFNES [RD KN 1/5120 AT 1/10,240, @47HF[RIZ10N 0.8 72, BFEIAOARALAES K. A& 3 aTBLEH,
25 KIR/NEE, FERE RIS AT I G, S ELIE 3 R e ke e

Table 5. Calculation time of explicit difference scheme with different step size

5. PRI K THEXNEN BRI ERE

HoR FW F=I EHIULD/S EEIR/N K
K

1/10 0.0047938 0.0002119 0.0001499 0.0002869 0.0002791 0.00114432

1/20 0.0020701 0.0003073 0.0002474 0.0003799 0.0002699 0.00065492

1/40 0.00131 0.0008426 0.000534 0.0008998 0.0005666 0.0008306

1/80 0.0017145 0.0017343 0.0011322 0.0019457 0.0015674 0.00161882
1/160 0.0055483 0.0035192 0.0030814 0.0046287 0.0048612 0.00432776
1/320 0.0059902 0.0087562 0.0080683 0.0074664 0.0091803 0.00789228
1/640 0.0167173 0.0210556 0.0145226 0.0205995 0.022362 0.0190514
1/1280 0.056834 0.049551 0.0543222 0.0576309 0.0643534 0.0565383
1/2560 0.2265084 0.2034202 0.2008477 0.2072619 0.2111032 0.20982828
1/5120 0.7837198 0.7825685 0.796066 0.8442899 0.8129564 0.80392012
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Table 6. Exact solution, numerical solution and absolute error at some nodes (h = 1/ 100,7 = 1/ 1 00)

5
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A SEIE

Figure 3. Time mean of explicit difference scheme under asynchronous long time

E 3. EXESRATELK THEEEE

F 6. WAV SALEHMR, HEMRMRELIHME (h=1/100,7 =1/100)

8

10

(€3] HfEm T g R
(0.5,0.1) 1.822120583 1.822118800 1.782186e—06
(0.5,0.2) 2.013757202 2.013752707 4.494834e-06
(0.5,0.3) 2.225549190 2.225540928 8.261075e—06
(0.5,0.4) 2.459616334 2.459603111 1.322333e—-05
(0.5,0.5) 2.718301086 2.718281828 1.925730e—-05
(0.5, 0.6) 3.004189370 3.004166024 2.334548e—05
(0.5,0.7) 3.320143880 3.320116923 2.695716e—05
(0.5,0.8) 3.669326801 3.669296668 3.013383e—-05
(0.5,0.9) 4.055232931 4.055199967 3.296452¢-05
(0.5, 1.0) 4.481724504 4.481689070 3.543386e—05
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Table 7. Exact solution, numerical solution and absolute error at some nodes (h = 1/ 200,7 = 1/ 200)

7. BATRLEHE. BUERMREBIME (h=1/200,7 =1/200)

(x, 1) HUAE MR s 1 i RFE
(0.5,0.1) 1.822119249 1.822118800 4.481301e-07
(0.5,0.2) 2.013753836 2.013752707 1.128893e-06
(0.5,0.3) 2.225543002 2.225540928 2.073096e-06
(0.5,0.4) 2.459606428 2.459603111 3.316704¢—06
(0.5,0.5) 2.71828668 2.718281828 4.856486e—06
(0.5, 0.6) 3.004171899 3.004166024 5.875128e-06
(0.5,0.7) 3.320123669 3.320116923 6.746337¢-06
(0.5,0.8) 3.669304218 3.669296668 7.550346¢-06
(0.5,0.9) 4.055208217 4.055199967 8.250381e—06
(0.5, 1.0) 4.481697926 4.481689070 8.855396e—06

14 x10° . . , .
—— h=1/10,dt=1/20
\ —— h=1/20,dt=1/40
12 h=1/40,dt=1/80 | |
1 J
§ 08f 1
3
3
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Figure 4. The error curves corresponding to the length of asynchrony when ¢ = 1
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Figure 5. Error surfaces corresponding to asynchronous length
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N FEPK T Bk AR, ATEDE PR 1, RRECERPE KA 17100 120
—HEF| 1/640, THHEAEx=050MRKRE, UACEKMSIHEIORZRE, 258075 9 FiR.

RIE 2 8 FhBE T &N, A5 KM 1/10 28403 1/640 B, f K% 22 M 0.003508 Jk/N 3 8.67x107,
RZEKMEEEYRN, UL, BB AR R 2SN RIS, 24 R 2P 5 2 [R5 K R N4 /N R JROR 1)
12 B, BRREA/DNRNIEK 1/4, FRIRERBE A S 52 0k U B0 & AL

Table 8. Maximum error of asynchronous long time numerical solution

% 8. AR E KHNBERNRXIRE

h T E, (h,r) E, (Zh,ZT)/Ew (h,r)

1/10 1/10 0.003508 *

1/20 1/20 8.859737e—04 3.9592
1/40 1/40 2.219485e—04 3.9918
1/80 1/80 5.544056e—05 4.0034
1/160 1/160 1.385442¢—05 4.0017
1/320 1/320 3.464567¢—06 3.9989
1/640 1/640 8.660718e—07 4.0003

3.2. RAESEARI T EEE

THTFE PR EE N 1 AR RS T RRZE & R TN 8], HRE RIS AT
Afegtt, WMERIET 5K, BUEFFE, 4585 9 fros, PR EZRLEME 6 Frs.

Table 9. Calculation time of implicit difference scheme with different step size

# 9. TELKTHRRES BRI ERE

T IR W HEIR EHLRN IR Sl
PR

1/10 0.0186939 0.0009902 0.001156 0.0007517 0.001077 0.00453376
1/20 0.001981 0.0010297 0.0011978 0.0008154 0.0015323 0.00131124
1/40 0.00188 0.0022067 0.0013037 0.0022999 0.0017808 0.00189422
1/80 0.0031734 0.0039992 0.0026563 0.0040584 0.0041335 0.00360416
1/160 0.0085506 0.0071591 0.0075017 0.0075606 0.0075743 0.00766926
1/320 0.0157689 0.0157646 0.0215593 0.0180831 0.0157901 0.0173932
1/640 0.0452257 0.0463501 0.0503514 0.0506271 0.0431067 0.0471322
1/1280 0.1284789 0.1374374 0.1315172 0.133334 0.1284799 0.13184948
1/2560 0.4834762 0.521275 0.4831454 0.4791363 0.4928879 0.49198416
1/5120 1.8339433 1.8788296 1.8842463 1.8218807 1.8325131 1.8502826

M9 TMTAE K, BB EKN 1710 F11/10 B, FEFISAT R 28 0.0045 #2, 1024
G KA 25 KA 1/5120 AT 1/10240, EATHFMZN 1.85 >, BRI HEAES K. WK 6 TTLLE
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Figure 6. Time mean of implicit difference scheme under asynchronous long time
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