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Abstract: A three-level implicit difference scheme with high-order spatial accuracy is proposed for the
regularised long wave ( RLW) equation. The proposed scheme has second-order temporal accuracy and sixth-
order spatial accuracy. Also, the scheme can reasonably simulate the mass conservation and energy conservation
of the original problem in discrete sense. The convergence and stability of the proposed numerical scheme are
proved using the discrete energy method and Von Neumann analysis. Numerical example is given to verify the
validity of the proposed scheme and the scheme is obviously better than other numerical schemes.
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Tab.1 Errors and convergence accuracy of the scheme Tab.2 Error and convergence accuracy of the
in time with difference 7 sizes (h=0.01,T=1) scheme in space with difference step sizes ( T=10)
T le(7,h) |l Orderl h,T le(r,h) |, Order2
7=0. 1000 3.2404 x107* - h=0.40,7 =0.400 000 00  4.2552 x 10> -
7 =0. 0500 8.1095 x10~° 1. 9985 h=0.20,7=0.050 000 00  7.1567 x10~* 5. 8938
7=0.0250 2.0275x107° 1. 9999 h=0.10,7 =0. 006 250 00 1.1212 x107° 5.9962
7=0.0125 5.0683 x10° 2.0001 h=0.05,7=0.000 781 25 1.7523 x1077 5.9997

x3 EARMZTFEEHBEZEL (L =0.1,7=0.00625)
Tab.3 Numerical simulations of the conserved quantities at different times ( A = 0.1, 7 = 0.006 25 )

B

0"

BHE"

B Q"

T
2
4
6
8

10

5.600 000 000 000 000
5.600 000 000 000 000
5.600 000 000 000 000
5.600 000 000 000 000
5.599 999 999 999 998

7.999 999 999 549 224
7.999 999 998 393 287
7.999 999 993 931 917
7.999 999 976 986 891
7.999 999 912 697 801

5.599 999 999 983 365
5.599 999 999 982 945
5.599 999 999 983 230
5.599 999 999 983 658
5.599 999 999 983 127

8.000 002 314 225 753
8.000 002 312 609 309
8.000 002 306 215 107
8.000 002 281 682 843
8.000 002 188 322 776

T4 EARRMRTAXEBRAEXHE[9 - 10 WEEIRELLBLER (A =0. 1,7 =0.006 25)

Tab.4 Comparison of numerical error values at different times ( A = 0.1, 7 = 0. 006 25)
T R (6) ~(8) SCHR[9 ] SCHR[10]
1 1.2671 x10°° 1.4205 x107° 1.1220 x10™*
5 6.3029 x 10 ¢ 6.9500 x 10 ~° 5.4887 x107*
10 1.1212 x107° 1.2072 x 10~ 9.3739 x107*
15 1.5014 x10~° 1.6011 x 10~ 1.2235x10°°
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205 0.5
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0.3 0.3
0.2 0.2
0.1 0.1

0 0
~50 50 -50 50
X X
a) h=0.2.. 7=0.005 b) h=0.1. 7 =0.006 25

B 1 % h=0.2, 7=0.05 %1 h=0.1, 7=0.006 25 Bt , A~ [E) Bt %I i) $1 15 &
Fig.1 Numerical solutions at various time at h=0.2, 7=0.05 and h=0.1, 7=0.006 25
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