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Abstract—In this paper, the generalized (2+1)-dimensiona
Calogero-Bogoyavlenskii-Schiff (shortly CBS) equations are investi-
gated. We employ the Hirota's bilinear method to obtain the bilinear
form of CBS equations. Then by the idea of extended homoclinic
test approach (shortly EHTA), some exact soliton solutions including
breather type solutions are presented.
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|. INTRODUCTION

HE generalized (2+1)-dimensional nonlinear evolution
equations is

Uzt + AUz Ugy + buwwuy + Ugzrry = 07 (1)

where ¢ and b are constant parameters. For different values
of these parameters we have special kinds of equation (1),
eg., for a = 4 and b = 2, we have the (2+1)-dimensional
Caogero-Bogoyavlenskii-Schiff (CBS) equation

Ugt + AUgUpy + 2UgzUy + Uzgay = 0, 2

the (2+1)-dimensiona breaking soliton equation for a = —4,
b= -2,

Ugt — 4uxua:y - 2urzuy + Ugpry = 07 (3)

and the (2+1)-dimensional Bogoyavlenskii’s breaking soliton
equation for a = b = 4,

Uzt + 4“3:“/:1:3/ + 4u:tmuy + Uggay = 0. 4

In recent years, many kinds of powerful methods have been
proposed to find solutions of nonlinear partial differential
equations, numerically and/or analytically, e.g., the variational
iteration method [1], [2], [3], the homotopy perturbation
method [4], [5], [6], [7], [8], parameter expansion method [9],
[10], [11], spectra collocation method [12], [13], [14], [15],
[16], homotopy analysis method [17], [18], [19], [20], [21],
[22], and the Exp-function method [23], [24], [25], [26], [27],
[28].

In this paper, we solve equation (1) by the EHTA and
obtain some exact and new solutions for (2), (3) and (4).
There are some studies on CBS equations. [29] obtained
some new traveling wave solutions for the (2+1)-dimensional
Calogero-Bogoyavlenskii-Schiff — equation. Wazwaz [30]
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considered the (2+1)-dimensional Calogero-Bogoyavlenskii-
Schiff equation. He employed the Cole-Hopf transformation
and the Hirota's bilinear method to derive multiple-soliton
solutions and multiple singular soliton solutions for the
equation. Also he derived the necessary conditions for
complete integrability of the equation. Also he [31] employed
the Hirota's bilinear method to the (2+1)-dimensiona
Calogero-Bogoyavlenskii-Schiff equation.

Il. DESCRIPTION OF EXTENDED HOMOCLINIC TEST
APPROACH

For a governing equation like (1), we consider a genera
form of a higher dimensiona nonlinear evolution equation

) =0, ©)

where uv = wu(z,y,t) and F is a polynomia of v and its
derivatives. The basic idea of this method applies the Painleve
analysis to make a transformation as

u="T(f) (6)

for some new and unknown function f. Then we use this
transformation in a high dimensional nonlinear equation of the
general form. By substituting (6) in (5), the first one converts
into the Hirota's bilinear form, which it will solve by taking
a special form for function f and assuming that the obtained
Hirota's bilinear form has solutions in EHTA, then we can
specify the unknown function f; cf. [32].

F(U7 Uty Uy y Uyyy gy Uyyyy **

I11. NEW APPLICATION OF EHTA

In this paper, we investigate explicit formula of solutions of
the following generalized (2+1)-dimensiona nonlinear evolu-
tion eguations

Ugt + AUz Ugy + buxa:uy + Upzzy = 0, (7)

To solve eg. (8), we consider the following cases:

A. Case 1: a=b
Suppose a = b, hence we have

Uyt + AUy Ugy + AUg 2 Uy + Ugrry = 0. (8)

To solve eq. (8) we introduce a new dependent variable w by

w="(nf) ©)
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where f(x,y,t) is an unknown real function which will be
determined. Substituting eg. (9) into eg. (8), we obtain the
following Hirota's bilinear form

(DzDy+ DaDi)f - f =0, (10
where the D-operator is defined by

[f(@1,91,t1)9(22, Y2, t2)],
and the right hand side is computed in

T =To=2, Y1 =Y =Y, t1 =ty =1.
Now we suppose the solution of eq. (10) as
fla,y,t) =e S 461 cos (&) + 028 (11

where

L =ax+by+ct, 1=1,2 (12)

and a;, b;,c; and §; are some constants to be determined later.
Substituting eg. (11) into eg. (10), and equating al coefficients
of exp(&1), exp(—&1), sin (&) and cos (&2) to zero, we get the
following set of algebraic equations for a;,b;,c;,0;, (i =1,2)

b2a23 +cia; + 013b1 — agCy — 3&12172(12 - 3a22a1b1 = O,
a23b1 - 3&12b1(12 + 3l72a22a1 — C20a1 — C1G2 — a13b2 = 0,

4512b2a23 — 51202a2 +4cra199 + 16 a13b162 =0.
13
Solving the system of equations (13) with the aid of Maple,
yields the following cases:

case i:

bl = 0, C1 = 2(11()2(12,()2 = b2 (*a12 + a22) N

50 — 612(a12+3a22) (14)
2 — 7T

for some arbitrary complex constants a;, as, bs and 6.
Substitute eq. (14) into eq. (9) with eg. (11), we obtain the
solution as

f (:Ca Y, t) = eigl + 51 COs (§2) + 62651

and

_ —& 3 &1
o ae + 51 S1n (52) as + (52(116
L= e oo ) ) Y

for
§1 = a1w + 2 arbaast,
&2 = agx + bay + (*@1262 + b2a22) t
and )
0 2+ 3a9?
Gy = — 1 (al + GQ) (16)
8&12

If 55 > 0, then we obtain the exact breather cross-kink solution

2 a11/02 sinh(&; — 0) + 01 sin (&) as
a (2103 cosh(&y — 6) + 61 cos (&2))

u(x,y,t) =6

for

1
6= 3 In(62).

If 52 < 0, then we obtain the exact breather cross-kink solution
2 a1/ —0dz cosh(&; — 0) + 61 sin (&2) ag

u(x,y,t) =6 ;
(@,9,%) a (2 V=02 sinh(&; — 6) + 07 cos (fg))
for 1
0= 5 ln(—(sz).
case ii:
as =0,b; =0,¢1 =0,c0 = —a12bs an

for some arbitrary complex constants a, bs, d1, d2. Substitute
eg. (17) into eg. (9) with eg. (11), we obtain the solution as
follows

fx,y,t) = e % 4 61 cos (&) + 6a€!
and
—a1e” 8 + draret!

u(w,y,t) =6 a(e=81 + 7 cos (€) + daesr)

(18)

for
o = bay — a1’bot

If 6o > 0, then we obtain the exact breather cross-kink solution

—2a11/02 sinh(&; — )

H=mz

u(@y,t) =6 a (2182 cosh(&1 — 6) + 61 cos (€))
for 1
0= 3 In(d2).

If 52 < 0, then we obtain the exact breather cross-kink solution

—2a1+/—83 cosh(&; — 6)

u (1'7 y>t) =6 a (2 \/—7628111}1(61 — 9) + &7 cos (5))

for 1
0= 3 In(—d2).

case iii:

a; = ia2,01 = 47:022132 — iCQ + 4a22b1,52 = % (19)

for some arbitrary complex constants as, b1, bo, ¢2, 61. Substi-
tute eg. (19) into eg. (9) with eq. (11), we obtain the solution
as follows
f(z,y,t) = e 5 + 6 cos (&) + dae
and
—iage™€ — 6y sin (&) ag + idaaget?
(€781 4 07 cos (&2) + d2681) @

u(z,y,t) =6 , (20)
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for
€1 = iagx + bly + (4 ia22b2 — iCQ + 4022b1) t,
&2 = asx + bay + cat,
and 5,2
by = (21)

We make the dependent variable transformation in equation
(20) as follows

as ZiAg,
b2 :7:327 (22)
co =10y,

where Ay, B; and C, are rea. We obtain new form for
equation (20) as
A267£; — 51 sinh (55) A2 — ((5214265r

P 7t =6 * *
w(@y,t) a (e7¢1 + 61 cosh (£5) + 0251

(23)
for

ST = —Asxr + bly + (4 A2232 +Cy — 4A22b1) t

6; = —Agl‘ + Bgy -+ Cgt
If 65 > 0 then we obtain the exact breather cross-kink solution
B 9 Ay (2 V83 sinh(&5 — 3) — 61 sinh ({5))

t) =
u(@y.1) a  2+/3;5cosh(&; — 8) + &1 cosh (£5)
for ) 52
ﬂ = 5 h’l((;g) , 52 = %

If 55 < 0 then we obtain the exact breather cross-kink solution
6 Ay (2v/—03 cosh(&f — B) — 01 sinh (£3))
U (‘T7 Y, t) = - .
2y/—d9 sinh(&F — 3) + 01 cosh (&)

for 52
1
0= 5 111(—52) , 62 = %

B. Case2: a#b
For a # b, we have

a+b a+b
Uyt + 5 Uz Uzy + 5 UzzlUy + Ugzzy+

(24)
a—b

2
To solve eg. (24), we introduce a new dependent variable w
by

b—a
UgUgy + 5 Ugally = 0.

12
—(In f), (25)

where f(x,y,t) is an unknown real function which will be
determined. Substituting eq. (25) into eg. (24), we obtain the
following Hirota's bilinear form

(D3Dy + D,D)f - f+

w =

(26)
L;b) f2 8;1(Dm(lnf)m ’ (lnf)zy) =0.

We suppose that
0, (Da(In f)zg - (In f)zy) =0, @7
then eg. (26) reduces to
(DeDy+ D,D3)f - f=0. (28)
Now we suppose the solution of eq. (28) as
fz,y,t) =e 5 4 6; cos (&) + 0z e (29)
where

and a;, b;,c; and §; are some constants to be determined later.
Substituting eg. (29) into eg. (28) and eg. (27), and equating
all coefficients of exp(&1), exp(—&1), sin (&) and cos (&2)
to zero, we get the following set of algebraic equations for
ai,bi,ci,éi, (7 = 1, 2)

baas® + cra1 + a13b1 — agca — 3 a12baas — 3as?a1by =0,
a23b1 — 3a12bras + 3bsas’a; — a1 — cras — a13by =0,
45:%bgas® — 812 coan + 4 c1a10y + 16 a13b169 = 0,
—4day?brai? +4biaiPas + 4braras® —4a*by =0,

—a23baar + biar2ax? + ax?by — asbeai® = 0,
(31)
Solving the system of equations (31) with the aid of Maple,
we obtain the following cases:

case i:

b _3 2 2
by = LZ;“,Q = e (TBetrart) aaj o )7
(32
 5,%a5?

_ 2 2 _
C2 = baaz™ — 3a17°b2, 00 = — %%

for some arbitrary complex constants a;, as, by and 6;.
Substitute eq. (32) into eq. (25) with eg. (29), we obtain the
solution as

f(@,y,t) = e + 01 cos (&) + dae®

and
_ =& . &1
aje”t + 4y sin (&2) ag + daaqe
t) =12 33
u(@,,t) (a+b) (e + &1 cos (&) + doeé1) 33
for .
=y 4 g (et
52 = asx + b2y + (b2a22 — 3a12b2) t
and 522
Gy =192 34
= -t (3

If 6 > 0, then we obtain the exact breather cross-kink solution

-2 al\/gsinh(fl — 9) + 51 sin (62) as
(a + b)(2 /3 cosh(&1 — 0) + 81 cos(&2))

u(z,y,t) =12
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for {
0= 3 In(d2).

If 6o < 0, then we obtain the exact breather cross-kink solution
—2ayv/—02 cosh(& — 0) + &y sin (&) ao

u(x,y,t) =12 -
o ) (2 =0z sinh (& — ) + 01 cos(a))
for
0= L in(—s)
=3 5).
case ii:
a1 =iaz,c1 = 4as’by, cr = 4bsas?, (35)

for some arbitrary complex constants as, b1, ba, d1, 6. Substi-
tute eg. (35) into eg. (25) with eg. (29), we aobtain the solution
as follows

fla,y,t) =e 8 4 61 cos (&) + 62e™

and
—iage™8 — 6y sin (&) ag + i62a0e5
1a9€ 181N (C2 2 202
y =12
o) =12 (66 1 0y cos (€) + 0y08) O
for

& =iasx + b1y + 4@2261t, & = asx + boy + 4b2a22t.

We make the dependent variable transformation in equation
(36) as

a2 = —i A27 (37)
where A, is real. We obtain new form for equation (36) as
follows
Ay (7675; + 401 sin (&) + 526£I)

) =12 - T
u(@,y,1) (a+0b) (6751 + 61 cos (§3) + 62651)

(39)

for
gr = AQZ’ + bly — 4A22b1t

E; = —iAzI + bgy —4 b2A22t.
If 55 > 0, then we obtain the exact breather cross-kink solution
Az (—2V/82sinh (&} — 0) + idy sin (£3))

w(z,y,t) = 12 (a +b) (2/0; cosh(€f — 0) + 01 cos (£3))
for 1
0 = 5 ln(62)

If 52 < 0, then we obtain the exact breather cross-kink solution

Az (—2v/=b3 cosh(&f — 6) + idy sin (£3))

u(z,y,t) =12 (a+b) (2v/—0 sinh(&] — 0) + 61 cos (€3))

for L
0= B In(—42).

case iii:

ay = ia27 bl = ib27 C1 = 7 (8 b2a22 — CQ) ,52 = % (39)

for some arbitrary complex constants as, b1, ba, 2, 61. Substi-
tute eg. (39) into eg. (25) with eq. (29), we obtain the solution
as

f(z,y,t) = e 8 + 51 cos (&) + 0o
and

ag (ie™5t + 6y sin (&) — id2e’?)

Jo -1
u(£7y7t) 2 (a—|—b) (6_51 T 61 cos (52) —1—52651)’ (40)
for
51 =1 (CLQI + bgy + 8()2&22t - Cgt) 5
&2 = azw + by + cot,
and
5 2
b2 = (42)

We make the dependent variable transformation in equation
(40) as follows

as =i As,
b2 :iB27 (42)
co =10y,

where Ay, B; and C, are rea. We obtain new form for
equation (40) as

Ay (€781 + 6y sinh (&) — d2e81)
(a+b) (=& + 61 cosh (&) + d2e1)

u(z,y,t) =12 (43)

for
& = —Asx — Bay + 8 By Ao’ + Ot

5; == AQI + Bzy + Cgt.
If 55 > 0 then we obtain the exact breather cross-kink solution

12 As (2/32sinh(¢f — B) — 6y sinh (£3))

- t) =
u(@y1) a+b  2./05cosh(& — B) + 81 cosh (€3)
for
1 852
ﬂ = 5 ln(§2) , 52 = %

If 55 < 0 then we obtain the exact breather cross-kink solution

12 Ay (2/=83cosh(¢f — B) — 6y sinh (£3))

t) =
u(@,9,1) a+b 2= sinh(&F — B) + 61 cosh (&)
for
1 5,
0=5In(-8) , &= %.
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IV. EXACT SOLUTION OF THE (2+1)-DIMENSIONAL
CALOGERO-BOGOYAVLENSKII-SCHIFF (CBS) EQUATION

In this section, we investigate explicit formula of solutions
of the following (2+1)-dimensional Calogero-Bogoyavlenskii-
Schiff equation

Uyt + 4uzuzy + 2uzzuy + Ugrry = 07 (44)

using section 1V, we have the following exact solutions:
Exact solution I:

If §o > 0, then we obtain the exact breather cross-kink
solution
—2a1y/5; sinh(& — 0) + 61 sin (£2) ag

(2 /05 cosh(&; — 0) + 61 cos(&2))

u(z,y,t) =2

for 1
0= 5 1n(§2)

If 52 < 0, then we obtain the exact breather cross-kink solution
—2a1v/—02 cosh(&y — 6) + 91 sin (&2) as

w(@ ) =2 e (e, —6) + b1 cos(Es))
for
0= = In(—dz)
2
where

b2a1(73 a22+a,12)t

_ boary
& =ma + =7 = ;

52 = a2 + bgy + (b2a22 -3 a12b2) t

and )
61 a22
4012 ’

0y = (45)

Exact solution II:

If 6o > 0, then we obtain the exact breather cross-kink
solution
Az (—2+/55 sinh (& — 6) + iy sin (£3))

u(z,y,t) =2 (2102 cosh(&f — 0) + 61 cos (£3))

for {
0= 3 In(d2).

If 6o < 0, then we obtain the exact breather cross-kink solution
Ay (—2v/=03 cosh(& — 6) + i6y sin (€3))

u(z,y,t) =2 (2v/=8; sinh(¢] — 0) + 61 cos (£3))
for 1
0= 5 ln(—52)
where

bgal(—S a22+a12)t

_ boa1y
& =ax+ =27 =

52 = asx + b2y + (b2a22 — 3a12b2) t

and )
(51 a22
4(112 ’

0g = (46)

Exact solution II1:

If 6o > 0 then we obtain the exact breather cross-kink
solution

Az (28 sinh(&f — B) — b sinh (&3))

t)=2
u (2, y,1) 2 /02 cosh(&F — B) + 81 cosh (£3)
for
1 5’
=ty . =l

If 55 < 0 then we obtain the exact breather cross-kink solution

Az (2v/=02 cosh(§] — f) — 8 sinh (&3))

Ly, t) =2
u(z,y,t) 2/=0;sinh(¢] — B) + 0y cosh (£5)
for
1 6,
0= 5 ln(*(SQ) ’ 02 = %
and

& = —Asx — Bay + 8 Ba At + st
55 = AQ.’I) + B2y + Czt

V. EXACT SOLUTION OF THE (2+1)-DIMENSIONAL
BREAKING SOLITON EQUATION

In this section, we investigate explicit formula of solutions
of the following (2+1)-dimensional Breaking soliton equation

Ugt — UgUpy — 2UgpUy + Uggzy = 0, 47)

using section 1V, we have the following exact solutions:
Exact solution I:

If 6o > 0, then we obtain the exact breather cross-kink

solution

9 —2a1y/02sinh(&; — 0) + 01 sin (£3) as
(21/05 cosh(&; — 0) + 61 cos(&2))

u(z,y,t) =

for 1
0= 3 In(dz).

If 6o < 0, then we obtain the exact breather cross-kink solution
-2 ary/ —52 COSh(£1 — 9) + (51 sin (52) as

w@ ) = =2 (6 —0) 1 61 o))
for 1
9 = 5 1I1(7(52)
where

bgal(—S a22+a12)t

as ?

_ baa1y
61 =a1r + a2

52 = asx + b2y + (b2a22 — 3(1,12b2) t

and 522
_ 01 a2
by = T (48)
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Exact solution I1:

If 6o > 0, then we obtain the exact breather cross-kink
solution

Ay (—2V/82sinh(&f — 0) + iy sin (£3))
(2182 cosh(&f — 0) + 61 cos (&3))

u(xvyvt) = -2

0 = n(o9

If 52 < 0, then we obtain the exact breather cross-kink solution

Ay (—2v/=d3 cosh(&f — 0) + i6y sin (£3))

u(@yt) = -2 (2/=02 sinh(&; — ) + 01 cos (£3))
for
0= % In(—0d2)
where
&1 = ayw + 28— b2a1(_3§;2+a12)t>
& = asx + boy + (b2a2? — 3a1?bs) t
and
by =— EZZQ (49)

Exact solution I11:

If 6o > 0 then we obtain the exact breather cross-kink
solution

Az (28> sinh(¢f — ) — 8y sinh (£3))

t) = -2
u(z,y,t) 2 /6, cosh(& — B) + 0y cosh (€)
for
1 6,
8= 3 In(d2) , d2= %

If 55 < 0 then we obtain the exact breather cross-kink solution

Ay (2/=0; cosh(€} — ) — 6, sinh (£3))

t)=—-2
u(@y1) 2 /0, sinh(¢; — ) + 6, cosh (€5)
for
1 8512
0= 5 1n(—52) N (52 = %
and

& = —Aox — Boy + 8 By A%t + Ot

f; = Agw + Bzy + Cgt

V1. EXACT SOLUTION OF THE (2+1)-DIMENSIONAL
BOGOYAVLENSKII'S BREAKING SOLITON EQUATION

In this section, we investigate explicit formula of solutions
of the following (2+1)-dimensional Bogoyavlenskii’s breaking
soliton equation

Ugt + AUgUpy + dUgzty + Uzgay = 0, (50)

using section 1V, we have the following exact solutions:
Exact solution I:

If 0o > 0, then we obtain the exact breather cross-kink
solution
( t) 3 20,1\/ 52 sinh(fl - 0) + 51 sin (fg) as
u\r,y, = —

Y 2 (282 cosh(&y — 0) + by cos (&2))

for 1
0= 5 ln((sQ)

If 55 < 0, then we obtain the exact breather cross-kink solution
_32a v/ =85 cosh(&; — 0) 4 6y sin (&3) as

u(w,y,t) = 9 (2 /=83 sinh(&; — 6) + 6; cos (52))
for 1
0= 3 In(—42)
where

fl =a;x+2 albgagt, fg = a2$+b2y+(fa12b2 + b2a22) t

and
512 (CL12 + 3 CL22)
8a12

0y = — (51)

Exact solution I1:

If 6o > 0, then we obtain the exact breather cross-kink
solution

( t) B § _2a1\/$sinh(£1 - 0)
U = 5 (248, cosh(€y — 0) + 0y cos (€))
for 1

0= E ln(62)

If 52 < 0, then we obtain the exact breather cross-kink solution

3 —2a1v/—05 cosh(&; — )

) 7t =35 .
u (@, y.1) 2 (2/=82sinh(& — 0) + 61 cos (€))
for ) 1 "
=9 n(—dz)
and
& =iz, & = bay — a1”bat.
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Exact solution I11:

If 6o > 0 then we obtain the exact breather cross-kink
solution

B §A2 (282 sinh(&f — 3) — d1sinh (£3))

t) =
u(x,y,1) 2 24/85cosh(&f — B3) + 61 cosh (€5)
for
1 N
sl ne

If 5 < 0 then we obtain the exact breather cross-kink solution

_ §A2 (2+/=03 cosh(&; — B) — 01 sinh (€3))

b) 7t .
u (@, y.t) 2 2+/—dysinh(&F — B) + d1 cosh (€3)
for
1 52
0=3In(=6), =",
and

f* == —AQI + bly + (4 A22BQ + 02 - 4A22b1) t

H
|

55 —AQI + Bgy + Cgt.

VIl. CONCLUSIONS

In this paper, using the EHTA we obtained some explicit
formulas of solutions for the generalized (2+1)-dimensional
Calogero-Bogoyavlenskii-Schiff equation in some special
cases of its parameters. EHTA with the aid of a symbolic
computetion like Maple or Mathematica is an easy and
straightforward method which can be apply to other nonlinear
partial differential equations. It must be noted that, all obtained
solutions have checked in the (2+1)-dimensional Calogero-
Bogoyavlenskii-Schiff equations. All solutions satisfy in the
equations.

REFERENCES

[1] JH. He, Variational iteration method-a kind of non-linear analytical
technique: some examples, Int. J. Non-linear Mech. 34(4) (1999) 699—
708.

[2] M.T. Darvishi, F. Khani, A.A. Soliman, The numerical simulation for stiff

systems of ordinary differential equations, Comput. Math. Appl. 54(7-8)

(2007) 1055-1063.

M.T. Darvishi, F. Khani, Numerical and explicit solutions of the fifth-order

Korteweg-de Vries equations, Chaos, Solitons and Fractals 39 (2009)

2484-2490.

[4] JH. He, New interpretation of homotopy perturbation method, Int. J.

Mod. Phys. B 20(18) (2006) 2561—-2568.

J.H. He, Application of homotopy perturbation method to nonlinear wave

equations, Chaos, Solitons and Fractals 26(3) (2005) 695-700.

[6] JH. He, Homotopy perturbation method for bifurcation of nonlinear
problems, Int. J. Nonlinear Sci. Numer. Simul. 6(2) (2005) 207-208.

[7] M.T. Darvishi, F. Khani, Application of He's homotopy perturbation
method to stiff systems of ordinary differential equations, Zeitschrift fur
Naturforschung A, 63a (1-2) (2008) 19-23.

[8] M.T. Darvishi, F. Khani, S. Hamedi-Nezhad, S.-W. Ryu, New modification
of the HPM for numerical solutions of the sine-Gordon and coupled sine-
Gordon equations, Int. J. Comput. Math. 87(4) (2010) 908-919.

[9] J.H. He, Bookkeeping parameter in perturbation methods, Int. J. Nonlin.
Sci. Numer. Simul. 2 (2001) 257-264.

[10] M.T. Darvishi, A. Karami, B.-C. Shin, Application of He's parameter-
expansion method for oscillators with smooth odd nonlinearities, Phys.
Lett. A 372(33) (2008) 5381-5384.

[11] B.-C. Shin, M.T. Darvishi, A. Karami, Application of He's parameter-
expansion method to a nonlinear self-excited oscillator system, Int. J.
Nonlin. Sci. Num. Simul. 10(1) (2009) 137-143.

E

5

[12] M.T. Darvishi, Preconditioning and domain decomposition schemes to
solve PDEs, Int'l J. of Pure and Applied Math. 1(4) (2004) 419-439.
[13] M.T. Darvishi, S. Kheybari and F. Khani, A numerical solution of the
Korteweg-de Vries equation by pseudospectral method using Darvishi’'s

preconditionings, Appl. Math. Comput. 182(1) (2006) 98-105.

[14] M.T. Darvishi, M. Javidi, A numerical solution of Burgers equation
by pseudospectral method and Darvishi’s preconditioning, Appl. Math.
Comput. 173(1) (2006) 421-429.

[15] M.T. Darvishi, F. Khani and S. Kheybari, Spectral collocation solution
of a generalized Hirota-Satsuma KdV eguation, Int. J. Comput. Math.
84(4) (2007) 541-551.

[16] M.T. Darvishi, F. Khani, S. Kheybari, Spectral collocation method
and Darvishi's preconditionings to solve the generalized Burgers-Huxley
equation, Commun., Nonlinear Sci. Numer. Simul. 13(10) (2008) 2091—
2103.

[17] SJ. Liao, An explicit, totally analytic approximate solution for Blasius
viscous flow problems, Int. J. Non-Linear Mech. 34 (1999) 759-778.
[18] S.J. Liao, Beyond Perturbation: Introduction to the Homotopy Analysis

Method, Chapman & Hall/CRC Press, Boca Raton, 2003.

[19] S.J. Liao, On the homotopy analysis method for nonlinear problems,
Appl. Math. Comput. 147 (2004) 499-513.

[20] SJ. Liao, A new branch of solutions of boundary-layer flows over an
impermeable stretched plate, Int. J. Heat Mass Transfer 48 (2005) 2529—
2539.

[21] SJ. Lieo, A general approach to get series solution of non-similarity
boundary-layer flows, Commun. Nonlinear Sci. Numer. Simul. 14(5)
(2009) 2144-2159.

[22] M.T. Darvishi, F. Khani, A series solution of the foam drainage equation,
Comput. Math. Appl. 58 (2009) 360-368.

[23] JH. He, M.A. Abdou, New periodic solutions for nonlinear evolution
equations using Exp-function method, Chaos, Solitons and Fractals 34
(2007) 1421-1429.

[24] JH. He, X.H. Wu, Exp-function method for nonlinear wave eguations,
Chaos, Solitons and Fractals, 30(3) (2006) 700-708.

[25] J.H. He, X.H. Wu, Construction of solitary solution and compacton-like
solution by variational iteration method, Chaos, Solitons and Fractals, 29
(2006) 108-113.

[26] F. Khani, S. Hamedi-Nezhad, M.T. Darvishi, S.-W. Ryu, New solitary
wave and periodic solutions of the foam drainage equation using the Exp-
function method, Nonlin. Anal.: Real World Appl. 10 (2009) 1904-1911.

[27] B.-C. shin, M.T. Darvishi, A. Barati, Some exact and new solutions
of the Nizhnik-Novikov-Vesselov equation using the Exp-function method,
Comput. Math. Appl. 58(11/12) (2009) 2147-2151.

[28] X.H.Wu, JH. He, Exp-function method and its application to nonlinear
equations, Chaos, Solitons and Fractals 38(3) (2008) 903-910.

[29] A.M. Wazwaz, New solutions of distinct physical structures to high-
dimensional nonlinear evolution equations, Appl. Math. Comput., 196
(2008) 363-370.

[30] A.M. Wazwaz, The (2+1) and (3+1)-Dimensional CBS Equations. Mul-
tiple Soliton Solutions and Multiple Singular Soliton Solutions, Zeitschrift
fur Naturforschung A 653, (2010) 173-181.

[31] AM. Wazwaz, Multiple-soliton solutions for the Calogero-
Bogoyavlenskii-Schiff, Jimbo-Miwa and YTSF equations, Appl. Math.
Comput., 203 (2008) 592-597.

[32] Z.-H. Zhao, Z. Dai, S. Han, The EHTA for nonlinear evolution equations,
Appl. Math. Comput., (in press), doi:10.1016/j.amc.2010.09.069.

165



