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A three-level linearized difference scheme for Rosenau-KdV-RLW equation

LI Jia-Jia, ZHANG Hong , WANG Xi, HU Jin-Song
(School of Science, Xihua University, Chengdu 610039, China)

Abstract; In this paper, numerical solution of the initial-boundary value problem for the Rosenau-KdV-

RLW equation under homogeneous boundary is considered. A three-level linear difference scheme with

second order accuracy is proposed and the existence and uniqueness of the difference solution are proved.

Despite the absence of the maximum mold estimation of the difference solutions, we still prove that the

difference scheme is convergent and stable by using the methods of mathematical induction and discrete

function analysis. The analytical results are demonstrated by the numerical examples.

Keywords: Rosenau-KdV-RLW equation; Linearized difference scheme;Convergence;Stability

(2010 MSC 65M60)

1 5 §

A% &I RosenauKdV-RLW J5 fl
OEIEURIEN DI
Uy — Uy T U ey T U T Uy Tuw, =0,

x € (xpsar) 1 €(0,T] (D
u(x,0) =u,(2) €[ x 2% (2)
ulxr 1) =ulxg,t) =0,

(2 st) =u.,(xr,t) =0, €[0,T], (3
Hru, (o) & —CHMBei kg 72
Rosenau-KdV F P #1 Rosenau-RLW J5 #2607 )

FsEE: 2017-10-25

IS BN U 2 BN/ B IR P N 2
TR B AUR ANRAR 2 R T B SO AT
PPAIAEE R TRE R =i = ey v W S vy
ARS8 HAR B AR A S (E RIS T (.

1 T AR LM 22 A% XA T B A A T kA
Mo TG ZEEAN 5 ZORE S OIR BT S ] iy A 1
LRI 22 00 SO BB TS G b i — A
SCHY A SCHERES . 9 T J7 e (1) I BEAT T BUAE AT
T o TR T U B AR ORI 2 A 2
SCHRL10. 11 I3t — 280 T R (D By ) OB kAT
THEAERFFE. A SRR (D ~ () $ H — M Hr i A

EEWB: WIAEE TEAPIES (16ZA0167) s PiAe I 2 i BHITRE 42 (Z1513324) s PHAR I EIF UL QAT AR 42 (3cjj2018048)
YEF BN BEAEA992—) o T RN, FEBERIFE 7 100 A o0 7 R A (A .

BIVEE: AN, E-mail: hjs888hjs@163. com



1138 )l K FFRCH RFF O % 55 %

A B BERT = RANEA 2 00 AR 5 TEANRERS
FIHZE MR I BRI B0 » Al 125592
Res ANk M E B0z e A 7k JARIE] 1%k
B E AR E 1 - R4 Y T RUE A 91

2 EoBRREARE
S DI L e ][O0 TR RIS 153« 02 )

$ K h :%,wrﬂ%@@  x;

NN [T,

it uw = u (xj,z‘,,), U ~ u (x5,,) M 2, =
{U=W) U, =U, =U; =U;1; =0,j = —1,0,,

JoJ + 1. Fﬁci'%ﬁ'ﬁr%ﬂhﬂﬁaém — I (R
TEAN [R5 R T LA AR R IBUED S @ LT il s

= XL +]h

(O0<y<J).t,=nt(n=0,1,2

7Un Un — n

n J+l n —

wn. = A -, (U e
n ntl _TTn

(U;z ); :]HT[J]l s (Un )[ ¥
nt1 n

U;1+ 2 7U +U s <Uu Vn> ih ZUth; ,

2
U 12 =<U U, 1U" | o= ‘max \U“
?%ﬂxﬂﬂ%_ﬁ(1>~<3>%r§ﬁn?ﬁﬁ§§é}fﬁ%iﬁ.

WU, — UL oy + UL ey + (U7,

U+ (U —%Ur1 )

(U7, =0 (4)
UQ :u()(f‘)ajzlvza'"y] (5
U” e ( )u’ = (Uy )u' :O’

*1927 * 7N (6)

EHE 2.1 AREEK © 585/, W 20045 5K
(4) ~(6) J&ME—n] iR 1.

FER BRGNS AR U W A&
(5) M — B 5 1. )2 22 20 4 200 il H 5
U'(BpU° AU JEplnfE—H 2 1).

RBE U (n<<N — 1) J&:ME— ] fi (). N

U | . <C, U |, <C B
FZEITEWDAFH U H

lU}’+l il (U;H’l )‘u _._l (U}l+1 )1111

(Uﬂ(l) + (U7M1)u1

+<—U; —Ur ) ;=0 (8

B E U ENFEL B (6), (7) A4 R A
/\—t[lﬂﬁ

H Ut + (Ro/An i + Uz 12+

<U71\1 Un(l>_._ <U1;\11’U71¢1>_

-z (U
cclus 1+ gt 1 (9

Z[]}1*1 ) (U;H»l )}U}rkl <

X

(U Uy =0,(UE U =0 (10)
BrAOMRA O, g

(A—Co) U™ [ *+(1—Co) U |12+

U=t |2 <.

T HE ¢ B/ 132 1 —Co>0 B fRd]
(A Z A Wi 22 404 20 (D ~ () R U 2
M — T ff 1.

3 ENRRNUSEMREE

2203482 ()~ (6) B iR 228 LR .
=), — W) g U)o T
W)+ (T

(G =g ) an
i Taylor JBFF ] H1. 24 hy >0 B,
| =0(? +h?) (12)

5|3E 3, 10!
(3) 14 fff s J2

[, <C, [lu,

[l <Cs llu,

EE3.2 ¥u € H. FHBHLK ¢ FZsH
i/HQh FEA3 /I 22 43 % 2K () ~ () 1 figk U LA

| WS B5C3 400 20 1 190 (1) ~ (3) [ it » LB
F/Tj\j O(z2+h*).

B BUEANE D ¢ —u)
DA

=), — ()t (e )1,,”+(e”+’)

3 1 - 1
Fu g )

B wo € H?. M)A Rl (1) ~

I, <Cu llu |11, <C,
e

—U;. (1D 2

(e

—(Su U)Wt (13)

BT 3. 1 LR AL A7 « Mk TORIHE
BC,MC, 7

lu |l <C,.

I o <C,(z" +h*)sn=1.2,.N  (14)
R AP (5O AT AR LT A

Fe" | =0, I1U° || .<C, (15)
FEEA ZBORS BE DTJ2 22 0w X St g U



% 6 4 2214+, % .Rosenau-KAV-RLW 75 4264 = B &K AL £ 545X, 1139
J—1
|| e+ ller I+ H el || <C, (% +n*) (16) i=1
1 1
KHLCy g o A TR R BAEA [l g2 | <

e |+ e |l + e I <C, (c*+h%),
[=2,3,,n(n<N—1) (17
Hp C, 5 o Mk ToRM)HE W BH Soboley
AEEX 2 Cauchy-Schwarz AR A

e l.<Cov/ Il Il v/ eIl + Il Il <

Le,ldl+1e <

%coc,u2 TR =1.2,um (18)
MU o< lu'llo+ e ll.<
Cu +§C()CZ(T2 +h2>91:1329°"97’l (19)
B (13) RS o7 A AL B 4R A A A
A IR

1 1 1
(2 e Ty =0, (et T T) =0,

L SIRES
i 1 || 2 i 1 || 2 i 7 2 — (. n 1+%
g lelitg e lf 5 e 17 =0"e)
J—1 1 i L
_hz (%e}l _ 2 e;l l)(u;H*z )_}6;1 2
n 1 n—1 n+ n+
—hz( SU -5 U )(e] et (20)
mmﬁalu&Mﬁ¢ﬁmﬁﬁ
(u)™2); =
L, tt, t, tt,
u(.Tj+1 7T+]) _u(.T,j71 7T+]) _
2h
J t, 1,
PSS Tﬂmﬂ <& <xji1»
Rp
lur® |, <C, 21)
TR« F A FE43/IN i
C (maxC ) (2 +h*) <1 (22)

0=<l/<n

3:75551 (19, 2D KA1 (22) 2 & Cauchy-Schwarz
NEXH

J—1
7}12:1[%@7 e 1](un+2) en+z<
j=

71+2 ‘

71 1‘]
%Cu[ e 1244 lle 17+ lle 12](23)

— S 3 no__ 1 n—1 nt+ nta
hEl[ZU7 ZUJ ](6]’ 2)}6‘]’ 2<
j=

2[(?“ +%comax<cn,1 O (22 +h2>] .

J=1
W3l et | <
2

TCADL e 17+ e ]2+
Lertt 2+ [l 2] (24)
<r71 76”+% > g% H rn H 2 +
1 n+1 2 n 2
TChe e+ e %) (25)
B (23) ~ (25 A (20) 2L B HS
Cle™ 12— le 12+ llet 12— 1le I12) +
Cllest 12— llen 1)<z 7 112+
&@:+ )uuﬁwv+uwn
le™ 112+ et 2+ [len |I2) (26)

B (26) 3 1 3 n G AR AN AR B

lert 2 ert 2+ et 12 <

et 124+ lle 12+ Nl e H2+r2 7% 11+

f29@:+ )HMIV+H4H2
ek, 112) 27

1'2 [ 7 H2<nrmax I 12<

T(C )2 (£2 +h? >2 (28)
B (16) . 2 AR 27 2 F B 8 Gronwall A
LU A K © SRS/ NAT
1

18(C. +%) ’

<<

JU¥e)
et 24 e 124 [lent [2<
(T (CH?+C?) (2 +h2)yeTlo(c ) 1<
(Coi1)? (2 +hH%,n=1,2,+,N—1,
Hrp
Coir =(JTC, +C,) Tt
AR Coi 5 n ToRBYHEL AT E H B
[er | <O* +h%), el | <O(* +h*),
e, | <O(z?+h%).n=1.2,++,N.
PR B 1 Sobolev A%/
e || . <O(% +h?)n=1,2,+--,N.

BJ5 . HADRE |U |, <C(n=1.2,- N, K



1140

)l K FFRCH RFF O

®
a1
ol
%

G R
WD~ pyfu L -

o Ml h TGS R H R TR W 22 0 s 5K
| R TFHIETCAIFRAE.

72
<Ii13 Jﬁfzzuﬂ'

TETFRE AP BOIE R AL wo (2) =u(2,0) , [HE 2 =

4 BEESH —30,x =120, T =40. 7 Ml b (R FIBAER A%
DA MGV E L R AR L
35 (31313 VIET) MABELSE (T LAt A SO BB LR (D
u(x,t) 12013 V57 —24D) X ~ () FEH I ZE A% (D ~ (O AR, B TFix
22k AR LA 1Y B K il I AT 234X T LA
sech! | V2457 =26 TR A 20,
24
F 1 HEMRMINEREARMNZIMNIRE
Tab.1 The error comparison between the numerical solution and the solitary wave solution at various time
lells [l el
t r=h=0.1 t=h=0. 05 r=h=0.025 t=h=0.1 r=h=0.05 t=h=0. 025
10 1. 1813393¢-2 2.7807028¢-3 6.6973757¢-4 2.9627607¢-2 7.1101729¢-3 1. 7338253¢-3
20 2.5006657e2 5.6596413e-3 1. 3293708e-3 6.4007765e-2 1.4737157e-2 3.5017749¢-3
30 4,0071144e2 8. 7745623¢-3 2.0148386e-3 1. 0331631e-1 2.2969381e-2 5. 3315803e-3
40 5.7019852¢-2 1. 2129119¢2 2.7270356e-3 1.4769714e-1 3.1845310e-2 7.2329010e-3
- ‘ 36+ 3371,
575 3 (7] Tl . IS G. B X Rosenau
[1] Razborova P, Ahmed B, Biswas A. Solitons, shock RLW J5 B i) —A~~pa 22 0@ ], PO R4l -
waves and conservation laws of Rosenau-KdV-RLW AAABLERL, 2017, 54+ 268,
equation with power law nonlinearity [ J]. Appl [8] Pan X T, Wang Y J, Zhang L. M. Numerical analy-
Math Comput, 2014, 8. 485. sis of a pseudo-compact C-N conservative scheme for
[2] Razborova P, Kara A H, Biswas A. Additional the Rosenau-KdV equation coupling with the
conservation laws for Rosenau-KdV-RLW equation RosenauRLW equation [J]. Bound Value Probl,
with power law nonlinearity by lie symmetry [J]. 2015: 65.
Nonlinear Dynam, 2015, 79; 743. [9] Wongsaijai B, Poochinapan K. A three-level average
[3]  Sanchez P. Ebadi G. . Mojaver A. et al. Solitons implicit finite difference scheme to solve equation
and other solutions to perturbed Rosenau-KdV- obtained by coupling the Rosenau-KdV equation and
RLW equation with power law nonlinearity [ J]. Ac- the Rosenau-RLW equationy[J ]. Appl Math Com-
ta Phys Pol A, 2015, 127; 1577 put, 2014, 245, 289.
[4] Razborova P, Moraru L, Biswas A. Perturbation of [10] Ak T, Karakoc S B G, Biswas A. Numerical
dispersive shallow water waves with Rosenau-KdV- scheme to dispersive shallow water waves[J]. ]
RLW equation with power law nonlinearity [ ] ]. Comput Theor Nanos, 2016, 13: 7084.
Rom J Phys, 2014, 59; 658. (117 s, ZEE. W, SIS, K#) X Rosenau-
[5]  Esfahani A. Solitary wave solutions for generalized KdV-RLW Jr Rt~y 22 50 4% 3L PR 27241
Rosenau-KdV equation [ J]. Commun Theor Phys, AARBH R, 2017, 54, 703,
2011, 55. 396. [12] Zhou Y L. Application of discrete functional analy-
[6] PanX T. Zhang L M. On the convergence of a con- sis to the finite difference methods [ M]. Beijing:

servative numerical scheme for the usual Rosenau-

RLW equation [ J]. Appl Math Model, 2012,

International Academic publishers, 1991.

S S e i T e L S S S T L i S S e LA st S

| 31 BAHER:

Pof e A5tk KIT. FA. %. RosenauKdV-RLW 7R = R4 (K22 506 (1] DO K40 E%ﬂ%

+
P

s

2018, 55: 1137.

SRS |

3. LiJJ, Zhang H, Wang X, etral. A three-level linearized difference scheme for Rosenau-KdV-RLW equation +

+[J] J Sichuan Univ: Nat Sci Ed, 2018, 55: 1137.

B G G S S G S O S G U S S G U S SO S U O S S U U |

+



