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By introducing a more general auxiliary ordinary differential equation (ODE), a modified variable separated ODE
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1. Introduction

The investigation of the explicit and exact solu-
tions of nonlinear evolution equations (NEEs) plays
a very important and significant role in the study of
nonlinear problems partly because these solutions may
well describe or explain various complex phenomena
in nature, such as vibrations, solitons and propagation
with a finite speed and partly because they may give
more insight into the physics aspects of problems. In
recent years, much effort has been spent on the con-
struction of the explicit and exact solutions of NEEs
and a vast variety of powerful and efficient methods
have been proposed and developed. They are the hy-
perbolic tangent function expansion method,* ! the
homogeneous balance method,®7 the trial function
method, 811 the Jacobi elliptic function expansion
method, 2716 the trial equation method,'”'8] the
homotopy method,['9=23] the variable coefficient alge-
braic method,?4 the combination method,25=27 the
(w/g)-expansion method,?® the additional generat-
ing condition method,??! the transplantation method
of solution,” and so on. Recently, Sirendaoreji and

1] developed a direct algebraic method named as

Sun
the variable separated ordinary differential equation
(ODE) method of solving sine-Gordon type equations,
which has scientific value and reliability and works ef-
fectively if the equation involves sine, cosine, hyper-
bolic sine and hyperbolic cosine functions. More re-

cently, Wazwaz[®? extended the study conducted by

Sirendaoreji and Sun to solve the mKdV—sinh-Gordon
equation. In the present paper, we would like to fur-
ther modify Wazwaz’s method and to present a mod-
ified variable separated ODE method to pick up more
explicit and exact solutions (especially some new so-
lutions) of the mKdV-sinh-Gordon equation by intro-
ducing a more general auxiliary ODE and with the aid
of its manifold types of solutions.

2. Solutions of the mKdV-sinh-

Gordon equation

The well-known mKdV-sinh-Gordon equation
reads 3
Ugt — iuium + Ugprr = sinhu, (1)
which was solved by Wazwaz!3?l by the variable sepa-
rated ODE method given by Sirendaoreji and Sun.[!!
As stated above, the motivation of this paper is to fur-
ther modify Wazwaz’s study to construct more explicit
and exact solutions (especially some new solutions) of
the mKdV—sinh-Gordon equation.
take the following travelling wave transformation

Putting expression (2) into Eq.(1) engenders the
following ODE for &

To this end, we

E=x—vt. (2)

—ou” + g(UI)QUH +u®) = sinh u, (3)

where primes denote the derivatives for .

*Project supported by the National Natural Science Foundation of China (Grant No 10672053).

fCorresponding author. E-mail: xieyuanxi66@126.com

http://www.iop.org/journals/cpb http://cpb.iphy.ac.cn



5124 Xie Yuan-Xi

Vol.18

In order to facilitate the solution of Eq.(3), here
we suppose that u(£) in Eq.(3) satisfies the following
additional ODE

n
1 1
u' = ap+ ; (aj cosh’ Jut b, sinh’ 2u>, 4)
where a; (j =0,1,2,...)and b; (j =1,2,...) are con-
stants to be determined, and the positive integer n can
be determined by the leading-order analysis method.
Using the following formulae

U ,—U

. e e e +e ¥
sinhu = —

hu=o'° (5
coshu 5 (5)

and inserting Eqgs.(5) and (4) into (3) and employing
the leading-order analysis method, we get n = 1, and
therefore

1 1
u' = ag + aq cosh U + by sinh U (6)

For the sake of generality, in the following we first
seek the solutions to Eq.(6). By the method of vari-
able separation and with the aid of Mathematica, we
can find the solutions of Eq.(6), which are listed as
follows.

Case 1 When a1 =0 =0, ag#0

u(§) = aof + &o- (7)

Case 2 When a9 =b; =0, a; #0

w(€) = 2In [tan (ialﬁ + &bﬂ , (8)

u(¢) =21n { cot (ialf + 50)] ; (9)

u(§) = 21n[tan(;a1£ + f()) =+ sec (;alf + f())] ,
(10)

u(§) = 21n[— cot(éalg + fo) F csc(éalg + fo)] ,
(11)
tan (3a1€ + &) (
1+ sec (%alf + fo)

u(§) =2In 12)

)

B —cot (3a1€ + &)
u(§) =2In e Lae 16 | (13)
B —Acos (%a1§+§0) FVA2 - B2
u() =2 Asin (%alg + 50) + B ’
(14)
B Asin (%alf—i—&)) F VA2 - B2
u(§) =2 Acos (%alf + fo) +B » (15)

u(§) = 2arcsinh {tan <;a1£ + fo)] , (16)

u(€) = 2arcsinh { cot (;alf + fo)] , (17)
u(§) = 2arcsinh[tan(ai1& + &) £ sec(ar1€ + &o)], (18)

u(§) = 2arcsinh[— cot(a1£+&p) Fesc(ar&+&p)], (19)

LT tan(mé &)
u(§) = 2arcsinh L T sec(art + 50)} ,  (20)
_ : — cot(a1€ +&o)
u(€) = 2arcsinh L T osc(aif T 50)} , (21
—Acos(ar1€ + &) F VA2 — B2

u(€) = 2arcsinh

)

Asin(a1€ + &) £ B

(22)

Asin(a1€ + &) F VA2 — B2
Acos(a1€ + &) £ B

u(§) = 2 arcsinh

u(§) = 2arccosh [:I: sec (;alf + 50)] , (24)
u(€) = 2 arccosh [:I: csc (;alf + 50)] , (25)
u(§) = 4 arctanh {tan <ia1£ + fo)] , (26)

u(§) = 4arctanh [— cot <ia1£ + fo)} , (27)

u(€) = 4arctanh [tan (;alf + §0>

+ sec (;alf + fo) ], (28)

u(€) = 4 arctanh { cot <;a1§ + 50)

F csc <;a1§ + §o> ] , (29)
B tan (a1€ + &)
u(€) = 4 arctanh & sec Qare+ &) | (30)
_ —cot (%alf—i—&))
u(€) = 4 arctanh [T osc Qa1 &) |’ (31)

—Acos (%alf + fo) FVA2 - B2
Asin (%alf + fo) +B

u(§)=4arctanh

)

(32)
Asin (%alg + fo) F VA2 - B2

=4 arctanh
u(§) =4arctan Acos (%alf + {0) +B

7

—~

33)
u(€) = 4arccoth [— tan <411a15 + 50” . (34)

u(§) = 4arccoth {cot <ia1£ + fo)} , (35)
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B B 1 —tanh ($b1€ + &)
€) =4 th{ f ( §+§> - 2
u(§) arcco an { 51 0 u(¢) =2In 1+ sech (3016 1 &) | (48)
¥ sec (;a1§+£o)], (36) th (1616 + &)
. — CO 501 0
u(§) =2 l+icsch (3016 + &) |’ (49)

u(€) = 4arccoth [cot (;alf + £0>
[~ Acosh (%blg + 50) FVAZ + B? |

+ csc <;a1§ + 50) ] , (37) u(§) =2In Asinh (306 + &) £ B ,
] (50)
—tan (2a1€ + &) [~ Asinh (% T A7
€) = 4arccoth 2 , (38 B sinh (3b1€ + &) F VB2 — A2
u(§) arcco 1% see (Lant 1 &) (38) u(§) =2In Aco:h(%b1f+50)iB | )
1 51
u(¢) = 4arccoth cot (2a£§ ) ; (39) 1 .
1+ csc (a1€ + &) u(§) = 2arcsinh [:I: csch (21)15 + fo)} ) (52)

Acos (Ja1& + &) F VA2 — B2

u(§) =4 arccoth

Asin (a1 + &) £ B (;0) u(€) = 2arcsinh [:I:isech (;bﬁ + fo)- , (53)
_ —Asin (%alf—i—fo) FVA2 — B2
u(§)=4arccoth A Cos(%alg + 50) +B ' u(€) = 2arccosh [i tanh <;b1§ + fo) , (54)
(41) ]
In the above equations, A and B are two non-zero 1 ]
real constants and satisfy the constraint condition u(§) = Zarccosh [i coth (lef + 50) ’ (55)
A2 > B2 )
Case 3 When ag=a; =0, by #0 u(§) =2 arccosh[+ tanh(b1§ + &o) F isech(b1€ + &o)],
(56)
1
u(§) = 4arctanh [i eXp <2b1§ + 50)] ’ (42) u(§)=2arccosh[+ coth(b1€ + &) F csch(b1€ + &),
(57)
1
u(§) = 4arccoth {— exp (blf + f())} , (43) B + tanh(b1€ + &)
21 u(§) = 2arccosh L T sech(h€ + fo)] ) (58)
u(§) =2In [— tanh <b1§ + «50)} , (44)
Zi u(§) = 2arccosh [11?0%?1; + o) ] , (59)
u(§) =2In {— coth (4b1§ + 50)} , (45) icsch(b1§ + &o)

[+ A cosh(bi& + &) F VAZ + B2 |
u(§) =2 arccosh : 5
Asinh(b1§ + &) £ B

u(§) =2In {— tanh (;blf —I—fo)

(60)
1 - -
Fisech [ zb1&+ & | |, (46) +Asinh(b1€ + &) FVB? — A2
2 u(§)=2arccosh .
Acosh(b1€+ &)+ B
1 (61)
u(§) =2In | — coth §b1§+§0 In the above equations, A and B are two non-zero
1 real constants and satisfy the constraint condition
F csch (21915 + §0> ] , (47) B2 42

Case 4 When a; =0, ag #0, by #0

2 2

u(€) =21n Hl <a0 +yfad + 2 tanh( ot b%w)m , (62)
2 2

u(€) =2 [_bll (ao +4/af + bt coth< a°4+ b1§+§0>>] 7 (63)
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- (ao + /a3 + b3 tanh ( ( ( Va3 + b)) /4 + fg))Q
u(§) = 2arcsinh (64)
20 (a0+ \/a%—&-b%tanh( (Va2 T 5%€) /4+§0)) _
2 (ao + /a3 + b3 coth ( Va3 + b3) /4+£o))2
u(€) = 2arcsinh (65)
i 20, (ao + /a3 + b? coth ( Vag +b3¢) /4+€0))
_—b% - (ao + /a2 + b? tanh ((\/ao + b2¢) /44—50))
u(§) = 2arccosh (66)
i 20, (ao + /ag + b? tanh ((«/ao +b328) /4 + fo)) ]
_—b% — (ao + y/a3 + b? coth ((\/ao +038) /4 + §0>)
u(§) = 2arccosh (67)
2, (ao + /a2 + 2 coth ((\/ao T 026) /4 + &)))
Case 5 When by =0, a9 #0, a1 #0
Case 5.1 For a3 > a3
u(§) =2In [all (—ao - — a? tanh ( V0 a1§ + &)>>1 , (68)
u(€) =2In [all (—ao - — a? coth < * %f—l—ﬁo))] , (69)
_ (ao +y/ag — a? tanh ( ( ( Va3 —aif) /4 +§0>)2
u(§) = 2arcsinh (70)
i 2a1 (ao + /a3 — a2 tanh ( Va3 — a3f) /4+§0)) |
_ [ —(ao—i—«/ag—a%coth( \/ao—a£/4+§0>)2
u(€) = 2 arcsinh (71)
i 2a, (ao—k\/a%—a%coth( Va3 — §/4+£o))
—a? — (ao + /a2 — a? tanh ((\/a) — a3f) /4+§0))
u(€) = 2arccosh (72)
i 2a1 (ao—k\/a%—aftanh ((\/a /4—|—§0)>
_fal (ao + /a3 — a2 coth ((«/a — a3 /4+§0>)
u(§) = 2arccosh (73)
2aq (ao + y/a3 — a? coth ((\/a —a?¢)/4+ fo))
Case 5.2 For a3 < a?
VR
u(§) =2In [11 (—ao—ky/ —aotan< a14 aoﬁﬁ-&)))], (74)
1 \Va
u(é) =21In [% <—a0—\/a%—a8cot< aOf—l—E))] (75)
. —a%—k( ay + —aotan( \/a%—agf)/ll—&—{o))
u(€) = 2arcsinh (76)
2a1( aop + —aotan( \/a%—agf)/él—l—fo))
@~ (a0 -+ /a7~ aGeot ((VaF —a3)/4+ &)’
u(§) = 2arcsinh ) (77)

2a1 (ao + /a3 — a3 cot ((«/a% —adé)/4+ fo)
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o _ _
a1+( ag + aotan( Va3 —a3f) /4+§o)>
u(§) = 2arccosh , (78)
2a1( ag + —aotan< Va3 —a3f) /4+§0>)
—a? — (aOJr«/ — ag cot ((\/a — a2f) /4+§0>)
u(§) = 2arccosh (79)
2a4 (ao + v/ai — ad cot ((\/a —ad¢ /4+€o))
\
_ 1 1 1
Case 5.3 For a) = ag —§a0b1v - ga‘;’ln + §a1b:f - §a3a1b1 =0, (89)
4
=2In( -1—— |, 80
u(€) =2 ( aof + §o> (80) 9 27
~1g%% 1—6a0albl 0, (90)
. *4(24’&054’50)
u(§) = 2arcsinh ,  (81)
(ao€ +&o)(4 + aof + o) 9 43 20 o o, (1)
—(ao€ + &) — 4(ao€ + &) — 8 167071 T 1610 T
u(§)=2arccosh .
(ao€ + &) (4 + aog + &o) 3 9
(82) ~1g%% analbl (92)
Case 5.4 For a; = —ag
(€ =2m (14— (83) 5 10 — Laga2by = 0. (93)
= n - —— =
¢ aé +& /)’ 16 1 16 !
) 4(2 + apé + &) Solving the above set of algebraic equations with
u(§) = 2arcsinh . (84) . . . .
a a :
(ao€ + &) (4 + ap€ + &) the aid of Mathematica yields the following results:
(a0 + &0)? + 4(aoé + &) + 8
=2 h . 441
u(f) arecos [ (aof +§0)(4 + ag€ Jrfo) ap=0,b =0, a;# 0,and v= a1+ 6, (94)
(85) 4@1
Substituting Eq.(6) into Eq.(3) and equating the .
coefficients of those hyperbolic sine and hyperbolic co- ap=0, a; =0, b #0, and v= b14;216 (95)
1

sine functions result in the following set of algebraic
equations with respect to the undetermined constants
ag, a1, by and v

Using Eqgs.(94) and (95) and considering case 2
and case 3, we have the following solutions to the

1 _1. _ .
L varw §a8a1 iaoai’ + iaofhbf —0, (86) mKdV-sinh-Gordon equation (1)
2 8 16 16
1 5 5 1 al +16
5 a0b1v gagbl + anbi’ 16a0a1b1 0, (87)  u(z,t)=2In [tan (4a1(fc + p t)+& )|, (96)
1 11 1 1
—2— —a?v— —ala} — —a] — =bv 1 16
2 1n g0 gt 9l u(a:,t):2ln{—cot(a1(x—|—al+)+§0)],
oy 1oy 4 daj
g %% + g0 0, (88)‘ (97)
1 1 1 1
uw(z,t) =2In {tan <2a1(x + %.016 )+ €o> =+ sec <2a1(;r, + %ﬁfﬁ )+ goﬂ , (98)
1 1 1 1
u(z,t) = 2In [ cot <2a1(1: + a14::16 )+ §0> F csc (2a1(x + (114216 t) + 50)] , (99)
tan (éal(gu_ a1+16t) s )
u(z,t) =21In T, (100)
1isec(a1(x+a+ )+§0)
— cot ( (x + atlo ) + 50)
u(z,t) = 2In (101)

1+ csc <2a1 (x +

a +16

5y va)
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— A cos ( (33 + a1+16t) + fo) F VA2 - B2
u(z,t) =2In afiis, ) (102)
Asm( (ac—l— )+§0>:|:B
ASiD( (x+a+16)—|— 0)$\/AQ—B2
u(z,t) =2In T ) (103)
A cos (;a1($+ a4 : t) +£0) + B
1 1
u(x,t) = 2arcsinh [tan <2a1 (;v + a1 + 6 + §0>] (104)
1 4
u(xw,t) = 2arcsinh {— cot (2(11 (x + 1 )} (105)
- . ai + 16 ai + 16
u(z,t) = 2arcsinh [tan (a1 (33 + I ) + '50) =+ sec (al( + y ) + fo) , (106)
. 1+16 al + 16
u(x,t) = 2arcsinh { cot (a (x + 4a1 ) + 50) Fcsc <a1 (x + i t) + foﬂ , (107)
i +16 T
tan z+ 2 + &
u(z,t) = 2arcsinh ( ( i +16) ) ) (108)
1j:sec<a1(x+ pre: t)+§0)_
[ —cot ai(x + +21675) + &o
u(z,t) = 2arcsinh ( ta ) , (109)
a +16
licsc(al(m+ 42 t)—l—&))_
—Acos <a1 (m+ a4+216t) +fo) FVA2 - B2
u(x,t) = 2arcsinh ST ) (110)
Asm( (x—i—a )+§0>:I:B
Asin( (a:+ a +16 ) +§0) F VA2 - B2
u(z,t) = 2arcsinh prT: , (111)
A cos (al(x—i— g t) —1—50) + B
16
u(z,t) = 2arccosh [:I: sec ( t) + &o } ) (112)
ai
1 1
u(x,t) = 2arccosh [:t csc (2 a14+2 Gt) +&o } ; (113)
aq
1 1416
u(z,t) = 4arctanh {tan <4a1 (x + a14‘2% t) + §0>} , (114)
1 al + 16
u(z,t) = 4arctanh [— cot <4a1 (x + p: t) + & ] , (115)
1 al + 16 1 al +16
u(z,t) = 4arctanh [tan (2a1 (a: + i ) + §o> =+ sec <2a1 (x + Wt) + 50)] , (116)
1 ai + 16 1 ai + 16
u(x,t) = 4arctanh {— cot <2a1 (x + I t) + §0> F csc (2(11 (m + I t) +& ), (117)
tan (5 (w + a1+16t> + fo)
u(x,t) = 4arctanh ” +16 , (118)
1
150 ( (a: + t) + go)
- 4
—cot (% 1(x + aZZQIG ) +§o)
u(x,t) = 4arctanh ( (119)

%al (a: + +16 ) +§0)
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—Acos (2 (x + a1+16t) + fo) TVA2 - B2
u(z,t) = 4arctanh T , (120)
Asin( (3c+a+ )+§0):I:B
Asin( (x+a+16)+ 0)$\/AQ—B2
u(x,t) = 4arctanh T , (121)
A cos <§a1<x+ a4 2 t) +§0) + B
1 !
u(z,t) = 4arccoth | —tan | —aq (x + 4 i Gt) +& ||, (122)
4 4a?
1 1116
u(z,t) = 4arccoth {cot <4a1 (x + 4@1 ) + Eo)] , (123)
1 1416 1 1416
u(z,t) = 4arccoth [— tan (2 (33 + a14 t) + Eo) F sec (2a1 (:1: + al4a2 t) + fo)} , (124)
1
1 1+16 1 al + 16
u(x,t) = 4arccoth [cot <2a1 (1’ + T ) + §0> + csc (2a1 (z + 1 t) + foﬂ , (125)
__tan(2 (x+a+16>+60)_
u(x,t) = 4arccoth pERT: ) (126)
_lisec (%al(ﬂc—k Tu? t) —i—«fo)_
[ cot ( ai (a:—|— a4+216t) +§0>
u(x,t) = 4arccoth T ) (127)
1:tcsc( al(az—l— a7 t) —1—50)_
A cos (2 (w—l— 11:216 )+ O)IF\/AQ—BQ
u(xz,t) = 4arccoth - (128)
Asin( (x—l—a+ >+§0)j:B
—Asm( (Jc+a+16)+ O)ZF\/AZ—B2
u(x,t) = 4arccoth 1o ) (129)
A cos @al(x—l— a4 2 t) +§0) + B
1 bt — 16
u(z,t) = 4arctanh [:I: exp (2b1 (x — w7 t) + fo)] , (130)
(2,1) = darccoth | — exp [ b ( - +§ (131)
u(z,t) = 4arcco exp | 5bi (@ 4b2 0
1 bi —
u(e,t) = 21In |~ tanh ( by (2 - 4b2 t) + (132)
(2,1) = 2In | — coth [ —b ( bi +§ (133)
u(z,t) =2In |—co oz - 4b2 0
1 b4 — 16 1 bt — 16
u(z,t) =2In [— tanh (2b1( o ) > Fisech (2191 (m - 14{)% t) + §0)] ) (134)
1 1 bi — 16
u(z,t) =2In {— coth (2b1 (:E 4b2 ) ) F csch <2b1 (m - IZLT%t) + 50)} ; (135)
— tanh (% ( — blgglet) + fo)
u(z,t) =2In , (136)
1 =+ sech (%b ( 4b% t) + 50)
—coth (%bl (x — bi}mt) + fo)
u(z,t) =2In (137)

14 icsch (%In( b ;21675) +fo) 7
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[ Acosh (%bl (ac 4b2 t) + 50) FVA2 + B2 ]
u(z,t) =2In . ) (138)
I Asinh (%bl (a:— 4[)2 ) +§o> |
[~ Asinh (%bl (m — 4b2 ) + fo) FVB2 - A? ]
u(z,t) =2In o ) (139)
I A cosh (%bl (x - 4b2 ) + 50) |
1 -1
u(x,t) = 2arcsinh [+ ecsch | by (ZC 4b2 6t) + fo) , (140)
1 — 16 |
(z,t) = 2arcsinh |+ isech (21)1 (ac 4b2 t) + 50) , (141)
1 -1 |
u(x,t) = 2arccosh |+ tanh <2b1 (m 4b2 6t) + fo) , (142)
1 — 16 |
(x,t) = 2arccosh |+ coth ( b1 (a: 4b2 t) + fo) ; (143)
— 16 — 16
(z,t) = 2arccosh |+ tanh (bl( 462 t) + 50 F isech (b1 (x — 4b2 ) +& |, (144)
— 16 — 16
(z,t) = 2arccosh |+ coth (b1< 4b2 t) + §0 F csch <b1 - 4b2 ) +& ||, (145)
4 tanh (bl ( b2 t) + 50)
u(z,t) = 2arccosh T , (146)
1+ sech (bl ( T ) + fo)
=+ coth (bl <f£ b ;21 t) + f())
u(x,t) = 2arccosh T , (147)

1 +icsch <b1 (x - 4b2 ) + 50)

_:I:ACOSh (bl(l 41)2 )+§0>:F‘/A2+B2

u(zx,t) = 2arccosh , (148)
i Asinh (b1 ( 4b2 t) + 50) + B |
[+ Asinh (b1 (x - 43 ) n go) + VBT A7)
u(z,t) = 2arccosh

I A cosh (b1 (ﬂc — ble ) +§0)

. (149)
In the above equations, a;, b; and &y are arbitrary real constants with a; # 0 and b; # 0

Evidently, the solutions (96), (97), (114), (115), (122), (123), (130) and (131) are equivalent to those given

in Ref.[32]. The rest of the solutions, however, are the new solutions of the mKdV-sinh-Gordon equation which
cannot be seen in the existing references to the best of our knowledge. The structures of some solutions are
shown in Figs.1-6.

TR0

2% .,,..,-.,,:,, TR
,"' '-.,’,'..' 'l."' i h,'
R

t

Fig.1. Exact solution (96) with a1 = 0.01 and & =0

Fig.2. Exact solution (104) with a; = 0.01 and & =0
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Fig.3. Exact solution (114) with a1 = 0.01 and &y = 0.

LR
S
2

Fig.4. Exact solution (130) with the sign positive, by =

—0.01 and & = 0.

Yu,
2
LR AR
R R ay
eey ity
7 AR 25
T e
R

Fig.5. Exact solution (132) with by = —0.01 and &, = 0.
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Fig.6. Exact solution (140) with the sign positive, b1 =
—0.01 and & = 0.

Finally, it is worth while to mention that we have verified all solutions (especially new solutions) obtained
by putting them back into the original equation with the aid of Mathematica.

3. Conclusions

In conclusion, we have modified the work done by Wazwaz by introducing a more general ODE, and with the
aid of its rich types of solutions, we successfully recovered all solutions obtained by Wazwaz for the mKdV-sinh-
Gordon equation. More importantly, we also picked up some new formal solutions of the mKdV-sinh-Gordon
equation. It is readily seen that our approach is more convenient and powerful than that of Wazwaz for solving
the mKdV—-sinh-Gordon equation. It deserves investigating further how to extend this approach to solve other

NEEs in mathematics and physics.

References [7]
[1] Malfliet W 1992 Am. J. Phys. 60 650 8]
[2] Ma W X and Zhou D T 1993 Acta Phys. Sin. 42 1731 (in 9]

Chinese)
[3] Fan E G 2000 Phys. Lett. A 277 212
(4] LiD S and Zhang H Q 2003 Acta Phys. Sin. 52 1569 (in 10l
Chinese) (11]
[5] Zhu J M 2005 Chin. Phys. 14 1290 [12]
[6] Wang M L 1995 Phys. Lett. A 199 162

Fan E G and Zhang H Q 1998 Acta Phys. Sin. 47 353 (in
Chinese)

Kudryashow N A 1990 Phys. Lett. A 147 287

Xie Y X and Tang J S 2004 Acta Phys. Sin. 53 2828 (in
Chinese)

Xie Y X and Tang J S 2006 Phys. Scr. 74 197
Xie Y X 2006 Nuovo Cimento B 121 689

Liu SK, Fu Z T, Liu S D and Zhao Q 2001 Acta Phys.
Sin. 50 2068 (in Chinese)



5132

Xie Yuan-Xi

Vol.18

Zhang S Q and Li Z B 2003 Acta Phys. Sin. 52 1066 (in
Chinese)

Zhu J M, Ma Z Y, Fang J P, Zheng C L and Zhang J F
2004 Chin. Phys. 13 798

Li D S and Zhang H Q 2006 Acta Phys. Sin. 55 1565 (in
Chinese)

Gao B, Liu S K and Liu S D 2009 Acta Phys. Sin. 58 2155
(in Chinese)

Liu C S 2005 Acta Phys. Sin. 54 2505 (in Chinese)

Liu C S 2005 Acta Phys. Sin. 54 4506 (in Chinese)

Wu Y Y, Wang C and Liao S J 2005 Chaos, Solitons and
Fractals 23 1733

ShiY R, Xu X J, WuZ X, Wang Y H, Yang H J, Duan W
S and Lii K P 2006 Acta Phys. Sin. 55 1555 (in Chinese)
Yang H J, Shi Y R, Duan W S and Li K P 2007 Acta
Phys. Sin. 56 3064 (in Chinese)

(22]
23]
[24]
25]
[26]
27]
(28]

29]
(30]

(31]
(32]

Mo J Q and Lin W T 2008 Chin. Phys. B 17 743

Mo J Q 2009 Acta Phys. Sin. 58 2930 (in Chinese)

Lu B and Zhang H Q 2008 Chin. Phys. B 17 3974

Xie Y X 2008 Mod. Phys. Lett. B 22 1471

Xie Y X and Peng S'Y 2008 Nuovo Cimento B 123 1607
Xie Y X Chin. Phys. B (accepted)

Li W A, Chen H and Zhang G C 2009 Chin. Phys. B 18
400

Lai SY, Guo Y X, Qing Y and Wu Y H 2009 Chin. Phys.
B 18 405

Yang J R and Mao J J 2009 Acta Phys. Sin. 58 3611 (in
Chinese)

Sirendaoreji and Sun J 2002 Phys. Lett. A 298 133
Wazwaz A M 2006 Appl. Math. Comput. 181 1713



