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1. Introduction

In the last two decades with the rapid development
of nonlinear science, there has appeared ever-increasing
interest of scientists and engineers in the analytical
techniques for nonlinear problems. The widely applied
techniques are perturbation methods. But, like other
nonlinear analytical techniques, perturbation methods
have their own limitations. All but few [17] perturbation
methods are based on such an assumption that a small
parameter must exist in an equation. This so-called
small  parameter assumption  greatly  restricts
applications of perturbation techniques. As is well
known, an overwhelming majority of nonlinear
problems, especially those having strong nonlinearity
have no small parameters at all.

To eliminate the small parameter assumption, in
1997, Liu [17], proposes a new perturbation technique,
where an artificial parameter is embedded in an
equation at its appropriate place, and the embedding
parameter is used as a “small parameter”. Unfortunately,
there is an uncertainty about an appropriate artificial
parameter, and often enough the approximations
obtained by such method will not be uniform, so that its
applicability range is severely limited. Just recently, in
order to be freed from the limitation of “small
parameter” assumption, Liao [18-19] proposes a new
technique which, based on homotopy in topology, does
not require small parameters in equations, using the
interesting property of homotopy, he transforms a
nonlinear problem into an infinite number of linear
problems without using the perturbation techniques. In
this paper a novel method is successfully handled from
an entirely different point of view. Namely, homotopy
perturbation method. By the simple property of
homotopy, the problem is converted into a special
perturbation problem with the small embedding
parameter, which is considered as a small parameter, so
the method is caught the name of the homotopy
perturbation method. The proposed method can take full
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advantage of the traditional perturbation methods and
Liao’s homotopy method.
Now, we introduce the exact solutions for the
generalized Ito system by Sine-cosine method,
U=V x>
V=W o —6(UV ), +aW W  +bPW  +cW P +dPP +fW  +2P,
W =W xxx +3UW «,
Pi=Poy +3U P,
(1
2. Sine-cosine method
We consider the following generalized Ito system:

(N (1
vy = =20, — 6(ur), + aww,
+ bpw, + cwp, + dpp,

+fwx t Py (2)
W,
= Wiy N
| uw,, (4)
b
= pl').l
+ Jup,. @)
Now,we can define ,
§=x—Yyt (5)
Take into consideration (5), therefore Eqs (1-4) gives:
—yu—v
=, (6a)
-+ 20" +6(uv) —aww’

~bpw'— cwp —dpp

-fw'=gp'=0, (6D)
—ynf -w = Juw
=), (6c)
—yp —p —3up =0 (6d)

Suppose that the general solution of Eqgs. (6a-6d) take
the forms:

u = A, Sin[p&]P1,
v = ,Sin[ué]?=,
w = A;Sin[ué]#=,
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p

= 1, Sinfué]P (7)

From (7) and (6a-6d), after some calculation we have
the system

~yuSinfu] % B2,
- S,
-0

4 Sl ok,
-yl O by
GRS g
Sinfu B3,
- Sinfug] 2 3%,
+6uSinlg] P 2.0,
ShySinE] 4B AL,
- fuSinlpe ™% oy
- ouSin g1+ b,
'QF‘Sin[#ﬂ_Hﬁ‘ﬁyh
- DS e,
- (Sl g,
=0
~20° Snfu ey
- Sing] 5 B
+ 3 Sinfe] g,
-Sin]ue] iz,
+2Sin] e iz,
- Jusinlg] HFE gl
=0
=2 Sinug] Py
- Sl
+3438in[ps] 2+ 22,
SR
ST,
ySinfe) A0,
-0,

)

(10)

(1
From (8), (9), (10) and (11) and balance the terms
of sine function and equating the exponent of each pair
of the sine function we have:

B DG D20 p= 2

=1234

-1234 (12)
Substituting (12) into (8), (9), (10) and (11),

equating the coefficient of Siﬂ[y:’; ]:to be zero we

have:
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24132, + 6ui A, =0,
2yud, — 8 A, =0
2ypds = 16030, + 2fuhy + 2gud,

=0,
—4812 8, — 24 A, + 2ok
+ 2 A, + 200, , + 2t

=0 (13)
Solving (13) we obtain that
V¥
H==7
A=V,
A =72
%
o SO gt
_ 2(df* - bfg—cfgtag®) 2(df*-bfg-cfg+ag’)
f
3ag?y?
N df*—bfg —cfg+ag”
_9/(=3bf = 3cf + bag)*y® + 4(df* — bfg — cfg +ag*)y*(~6f* ~ 9ay?)
" 2(df* - bfg - cfg + ag")
f
Ay

y (=3bf =3¢f +6ag)?ye +4(df* - bf g —cfg + ag*}y3(=6f* - 9ay?)

2(dft-bfg - cfg+ag?)
( 3bf 3cf 1 bagly®
df*~bfg-cfg+ag®)
Consequently, we can get the value of u, v, w and p as
follow :

(14)

N | - )
—ylse [5 J ¥l — f]«',l] .

wlx, t)
- = 1 — ]
v(x ) —y Iusc[é V¥ Ge—tyils
wix, )
=< (3
J
3bfgy?
2(df* —bfg - cfg +ag7)
3ufyy?
2(df*-bfg - cfg +ag”)
L i
df?-bfg - cfg +ag’
Yy (30— 3¢f +6ag)*y*+ 4(df* ~ bfy — ¢fg +ug")r*(-6/* - 9(0”))
2(df* - bfg —cfg +ag*)

1 2
% Csc [E Jyx— W}] ,

pixt)
(307 +3¢f - bag)/’
©2df- bfg-cfg+agh)
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307 3e] + Sag) %=+ K=~ bfy — g + oy 6 —9ur) ¥(x)

2df*—bfg-efg+agh) 42t
hix,0)
R %9
% Csc SVrw =3
2 _ 12 tanhx)*, i18)
- T’,f)} : (15) To solve system (17) by means of HPM, we
3 Homotopy Perturbation Method: choose the initial aliproxnnatlons
Consider the system of the form (1) and the exact s T 4tanh(x )7,
solution of system (1) is 7,
u(x,t) 31 5
8—[)’ =—E—tanh[x)‘,
5 wy = 4+ 2tanh(x)?,
— 4tanh(x hy
- _9
7(x1) TH e
5-4 — 12Tanh(x)* (19)
= 3( and construct the followmg homotopy
\
—‘Hclnli( l—l[(t r)- uel €,T) |
_Tﬂ)il
+ 1 -I—Lf_. )
w(x 1) '; \ot f
=B, ——V(x1)) -0,
46c,/Btanh(x - 1B’ 3 y
Vabc-ad (L—wn)- Vi t) ——v,xt)
e g ( At ac "
o 6f 6y 16,6aF . i 7 ' p
s o Bl e Sl e o Vi) 12- Vixt)1 6. (ulxt) v(xe) 6-w(z t)- w()c t)
5( be—ad be—ed yir-aa ot ax® x

o =7 - hixt) -%w(x,f) —w(x,t) -%h(.v,r) - h(x,t)- h(k t) - 14 (L)

d
_ﬁh(“)

e i i IR =4 .
Vhe—aa ’ d
. . (1-n)- (—W i) Mcttf )
Where a, b, ¢, d, f, g, . B, are arbitrary constants ]
such that be = ad, a =0 ,F # 8. o
+'p-‘§l,\’|\»‘(,?)
\dt

At
b=Ta=8c=Lf=Ld=1g= FE
21,
lﬁ:? SE_:"I a)(
hence system (1) gives: :
’ M (Me SHERIE —uttfl)
u, — v, 3%
= ID " - {]J .
v+ 2u . +6(uv), — 6ww, — Thw, e
—uh, =ik, =w =k (1-p- REM.L.U — Ehcl.l‘ -))
=, ‘a : . z . 4
W= W, — Juw, +p- I\ah(_x.r__l —Eh(_}:.t‘_] —3
1_3 i e 9 \|
ho— h _—— 31;;1;\_ - ~ulx, ) -g{h(.u,?)}
=0 (17 =0 2
’a[ni.i)the initial data is: Suppose the solution of system (17) has the
¢ ;'1 form
o u(n,t) = Ua( )+ pUi (5 ) +°
2 -Un(x,erz-U (1)
—4tanh(x)", 24T 3l L)
o 0)“ () +pt Ut +
’ 4 W)=V (u ) +p-V (H)+p
== T t)+0*Wnt)
8 p i
+tanh(x ), 00Tt o,
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wix,t) = Wylx,t) +p- W, (x t)
+pt Wy (n 1) +p°
W (x£) + 1
W, 8) 4 -

h(xt)
= Hy(ot) +p-H, (v 1) +7°
Hy (e t)+p® - Hy(nt) +p°
AL 1)

uds:

Substitute (21)

coefficients of powers of [} we get :

v’

Mf
0

00 )

+6u¢n@t%%uxﬂ

4%@%

fmmﬂ

into (17) and then

(21) ) ;
Separate  all P &U:W) —(alﬁ(m)
—(,
EV b

+2 (5‘3 V(. r)) (waqcx,r))

(Enco)
~7H (1) (W o))
+6Uy(x, t)( V,(x, r))
W (x, f)( W, Cx, t))
+6(MUO(M))V (0, 0)
+6(EU ix; f))vou 0
FEULC, r)( Vil f))
6 WL(x0) (;xw u,r))
— 7 Hy(, 1) (%Wi(x,r))
—W(x0) (;{H (x, r))
WD) (‘iﬁo(\ r))

Ho(, ) (;\H @)
(GeHe0) -

a
—H,(x,t 0,
(t)a

=Wy (xt
ZH()

63
%ﬂwuﬂ
-wmﬁ&m@ﬂ
g
30 =W))<,
(B.x ) )

200 [0
p S5t (6'3 l.x,r)
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a

PTRL V(1)
i

+Z(m3V, lu,m)
1

] ) \
+62Ul(t',r)(a[’,_‘__‘_l(x,r))
;‘I=% "—’ "
\ az (m_H.(x‘,r))V,._,_Ax;r)
[ )
—62»]&(.&,[) Wy ¢ 40
= (0& /
]
—/Zu,m)(mm, = 1(m)
ZW 1, t) ( :
2
—Z B (5o, 10

W, l(m)

H, (% r))
a 7
&W], (x1)

—(;iibv; 1)
—3ZUH( ,__IH)

Oy (ot
B[ Tlu” )

B il \f

g
_(§
ax

X

—3ZU H‘( L H

= U. (22)

Solving system (22) we have:

31 -
U, = = 4tanh(x)”,

31
v, = —st tanh(x)?,
W, =4 + 2 tanh(x)?,
99 -
H,= P 12tanh(x)-
_— 2tsinh(x)
1 cesh(x)?
_— 1 tsinh(x)
1 2cosh(x)¥
W — t sinh [x)
1 _cosl'.(.ﬂ.':lEJ
6t sinh(x)
H=——"
cosh(x)3

1516

B 1t?(2cosh(x)? —3)
T4 cosh[ )* '

v 1 t7(2 cosh(x)* —3)
T cosh(x)* '
— 1t2(2 cosh(x)? — 3)

> 8 cosh(x)* J

_ 3t (2cosh({x)’ — 3}
Ty cosh(x)*

o t2 sinh(x) (cosh(x)* — 3)
LT cosh(x)® '

v 1 t¥sinh(x) (cosh{x)* — 3)
ST cosh(x)3 J
1 t? ginh(x) (cosh(x)* — 3)
W, =—— = .
: 24 cosh(x)*®

_ Erg sinh(x) (cosh(x)* — 3)
4 cosh(x)®

g (2cosh(x)* - 15cosh(x)* + 15)
192 cosh(x)®

(=]

15cosh(x)? +15)

768 cosh[x)b

1 t(2coshix)* -

1 t*(Zcask(x)* - 1bzosh(x) + 1)
35e crah(r)*

¥

1 #{Zcosh(x)* - 15 coshix)* + 15)
[ cosh(x)*

i

1 t*sinh(x) (2 cosh(x)® - 30 coshz) + 43
1920 cnsh(x)’ '

1 sink(x) (2ensh(x)* - 30 cash{x)? + 43)
THE0 cosh(x)’

[t stmh(r) (7ensh(v)* - 30 cnsh(r}? + 45)
Eh2) C...-:h[;.)

ER: *siah(x) (2cosh(x)* - 30cashx) + 45)
64'3 cosh(x)

¥

420 cosh(x)*
cozh(z)®

1 [ 126c0sa(x)? tenshx)f 315

1 t8(~126cosh(x)* + 420 cosh(x)’ + 4 cosh(x) - 315)
184320 cosh(x)? '

1 t5(~126cosh(x)* + 420cosh(x)" + 4 cosh(x)¥ - 315)
92160 cosh(x)? '
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m
B 1 ts(—126cosh[xj‘f L1420 cosh(sz + 'lcosh(a:]6 -315)
1530 cosh(z)f ’

“EH390350 cosk

()" - 8130 cosh{x)*" = 11351340 coshx)" - 14188475 cosh()* + 082073)

1561330353600 cosh 1)

(330330 cosh(x)* = 4 cosh{x] = 3603600 cosh(x)* = 2130 cos

(x)"?+ 11351340 cosh{x)* = 14188175 coch(x)" + 6081075

TE4THE2214400 cosh(x)

it

(330350 cosh(x)" + 4 cosh(x) - 3603600 cosh(x)* - 150 cosk(x)'"+ 11351340 cosh(x)* - 14183175 cosh(x)" + 608107

3313381107200 coshfy)
iy

£43(380390 cosh()* + 4coshix)' - 3603600 cosh{x)* - B30 cosh() ™"+ 11352380 cosh ) - 14189175 coshix)? + €0BL075)

1)

£53336851200 cash(x) ™

o x ) HAM solusion

Fig. 1 exact solution and HPM solution for u( x ,t)

wlx f) eractsolution

o
&
<

3

Fig 2 exact solution and HPM solution for v(x ,t)

w1 £ exactsolution

25T
STt
IR R TS
s
L5533
RS

I[”Il:

Fig. 3 exact solution and HPM solution for w(x ,t)
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The approximate solution of (17) can be

obtained by setting = 1 and get
u(xt) = Uy (x, )+ U (x,t)

+ Uy (x,t) + Uy (xt)

o t) =V (0 f) 4+ V(x4
[ACAIEACRIEES
w(x,t) = Wy(x,t) + W, (x,t) +
W, £) + Wy (x, £) 4 -

ul % ) exactsolution

at(-10< x 10,4 <t <4

o x f) HAM sofution

23
%ael
cszeal 1]
LIS
Rocscseresesendly
£LSICS ;
Talerels?
250

at(-10< x 10,4 <t <4

wix f) HAW solution

3
<oELILICTeITIeTy
RSN
Lo T e toTe el
TS TR TS e
B3R
2%

at(-10< x <10,4 <t <4)
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A x f) exact sofufion

H % f) HAM solutan

Fig. 4 exact solution and HPM solution for h(x,t) at(-10< x <10,-4 < t < 4)

Table 1. Absolute error between exact solution and HPM solution

t, |H’ﬂx|:c:' - u’HP.‘-d'l |T';|EIIEE:' — Vet | |wsx|:|::' — Wypnt | |h’ﬂxﬂc:' - h’HP.‘-d' |

=20
0.1 4.8 x 1073 1.8 X 107%¢ 2.3 x 107 1.4 % 1075
0.2 7.8 % 107% 1.9 x 107 3.9 x 107% 23 x 101
0.3 2.0 x 1073 5.7 x 1070 14 x 10737 6.8 x 1073
0.4 1.3 x 107¥ 3.2 x 1073 6.4 % 1073% 3.8 x107°%
0.5 3.0 x 1073 7.3 x10°% 1.4 % 107% 8.8 x 107
0.6 3.8% 107 9.5 X 107%¢ 1.9 X 107°% 1.1 X 107
0.7 3.3 X 10'33’3 8.2 x 10~ 1.6 X 1073% 9.9 x 10-3*
0.3 2.1 x 107 5.3 x 1073 1.1 x 107 6.4 x 1072
0.9 1.1 x 107 2.8 x10°# 5.6 % 10733 3.4 x107%
1.0 4.9 x 107 1.2 x 1073 2.4 %1073 1.4 x 1073

4 Differential Transformation Method V'ig-lﬂz‘

Consider the system and the transformations between ==

the original function and transformed functions in —?fnhﬁx}? (1)

table 1. i(x,0)

:, 0 + Ty o

b, ':—?',;‘,.., b0, o, b, b oy, _VE_G

timthegn O e

i
= 1".'\"\"\’

+ S,

5* +

Jum,.

We take
b=Tosbe=lf=ld=lg=1f=
“h=t

Eqgs.(5)-(8) gives:
The initial data is:

ulr, 1)
3

1

= 4Tanh[x ]

i3

(4)

= 12Tz (1],

(16)

Using table (1) and taking the differential
transformation of (1) and ( 4) , we obtain

CESINIFRES)
=k + LV
+1.4
SN RS

151

=20+ D+ 20 +30
+ 3._..1] )

-ﬁEZ(k-«H}U(m

-s)Vilk-r+1.s)
A

i: N+ -
- L — ot )i
ﬁv Fk—r+ Uik

- s]lt;':}.: - r+lsl

8
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- || .r—r—l>

Tvlr-*—lld (i

keI lkE 0]
INVER NP
B (1)

Table 2. Taking into consideration solution (16) of Egs. (1) - (4) and without loss the generality

original function

transformed function

1— Wix.8) = uwlx, &) + vilx,£)

2— Wix.t) = dulx, t)
-

3— Wix, t) =
re e e

4 - Wixt) =

- Wit =

- i A ' ot - "
6— Wix, t) = ulx, ylvix,t)

Wik, k) = UCk, k) £ Vk, k)

Wik, h) = AUk, .hI A is constant.

Wik, h) =k + 1000 + 1, k)
Wik, h) =(h + 10Uk h + 1)
W =G+ DG+ . 0+

x.’;h 4 1‘|.’;h -_7‘| m.:j! o8 5:|

Uk +7.h+5)

Wik, k) = :_f‘ E Ui h —s)Vik —rs)

Wk, h) = T Z G+ 1)k —r+ 100G+ 1,k
Ly gﬂ L =

wrr i s
—s5)Wlk—r+1,s)

7—Wix.t) =
sue o] Wik, ”'—TZ (k —r + DU G, h— UGk -
8— Wi t) =ule, t)— =0 im0
ox 1 1,5)
e OWleh+1] s (]] 1775444648 _19 U] i 0]
:Ez-l_l;f.—z.l'\;f.—3,l'|l'_'«. vial= V762408875 = Ui,
_"'"."_] . /:3:3961336
97Bﬂf8-lﬁ39173

3Z '\d v+ 10k

(1]
=+ U+ 20+ Dk
_3 |"]

—3??&& -+ DG b

.—*‘—l 5) (2

From 1n1t1a1 data (13) and (16) we have :

UUU]——UlU] U= L0030

0,0110) i
Ty
HE R E -—mﬂ 0.0784]
43
4
=l =
413
71827

Ul%ﬂ\:—pﬁ = U500 = 001841
hcxasva

63031”013

31 ;
vlodl = ——\ (1,00 = 0.0 (20 = 1,¥[3.0)

wal ra

=0,V[40] = -

. . 7, .
viad =00 =—_"\’,7.0] =018l

PJ i ]
= —Ff =
313"'0‘0 0
"'wﬂ]-w7 71100 = 0.7[120]
LT :
e rm] i
i

= r’,].J..] =116,

RETIE Py
B0

el e ol =012c]

R g
" oz sese0n

_ e

wlodl =470l = 0. T201 = 2730l

=004l =-
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Wi =t 60] L300 = 0, W8]
154 o
-5 Wl =0
Wl =— i WL = oWz
‘ Wi BIL
L V=
T ke
1059130 )
W4, 01-4__—_,_ 3] = 0,{1s.]
178001 64 o
NS0 S
smﬂﬁllwowm
TR ‘
37776932168
T oayeis
Plodl= ?FM] = 0,201 = -12,P[3,0]
=0.P[40] =8,
. . e, .
rsal=00060 =~ rid =000
15
H plual =0
iR
- N 3328 .
.-_10‘0]——ﬁ~110] 0,F1210]
B 87376
15505 Pliagl=0,
i 71877 - :
r_l-l.O--—msth 115,01 = 0.P[16.0
61 E
msama rill =
. Ligts
= LEl2ual
(21}

WM
Substituting from (21) into (17) - (20) and by
recursive method we have:
vloll = o vlo1l = o wlo.1l = 0.P[o1] =0,

Uil =2v= -;11'11.11 =-1P11]

T

=4 )
vt - vl - awizil- ol
u~'41] 0,
HERI -—hﬂ -Hll 31l
= -4

r'-ll]—':ll 41]—U|1'41]—U F:Jc.l]=|:|.
17
vl - —r - ——|l.Jl.]

o
= 5=
a1l = ov 61]—0 wigil = 0.Plail =0
-2 bl el
i) Qg £ g i
Y i“] 25
5" '_'1 "7

= — e

viieal=cvi, 1] I] Wit =01
=1

il
u[34] = —r'H] —EnHI

=—— Fli4]=—

) zaa T ) )
Uls4] = 0,v[5.4] = 0. Wwl5.4] = 0.7

]
1]
.
I
=1

i ]_55'. s €01 s, 2
Ulaa ﬂ.l_... —m. ¥ibo
O
T
£al
s P iz ]

et
Substituting all U(k, h) , V(k, h), W(k, h) and P(k, h)
into ,

-

ilr. 1) :Z A e )
a

i=0t=)

-

YV

S

respectlvely, we have:

.u‘

EANE S L ol
=— iyt -

W 63125

\1320” 720 T 720

(%)

) S S A - S V-

LA TRETTRETY
“-" 1 e 38y

+i -
\"304 7 788 " 576 )
s"‘ 7r 3t 601e®y ‘

<t -
\"7680 " 2880 ~ 28900
Lo, )

W U

i :
Wil - 4+ -?-L\I-x-—-—

b1y

ronf

il Ty
,;‘ 11 31

" o)
T A6
)

T (13)
) )
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plad)
; B

%1Va*(5e“h
- L b - B —
BXI ‘XX 5

¥ --4i-—

:( B wx“J
Ny
St auS]
T EEIE
i B
%wufmﬂ
hjfm+wj

(msMbmj

tlf

|

TR
i ()

a1 > R DU S £
=2 - 4Tamh [x - 5 vl t) = J (= +4Tanhlx —7]
12 & .2
31 f: fi fEI l?tsx « 1?-{'4:1’:{‘ %t.,‘(*g :.-r'r]*_?:‘_'zlif’! 1-r"31.$:5 ;'f.":’ Eﬁiﬂ’f

'3 n L I B R S il M ek Sl Rt VA S s et derowm + =
ule, ) =— —— + —+ 2tx —— B o S g 7T PR :
=53 Top T T Toop Y TENmTEmERT 36 720 3

1782x%  31#%x%  34ex® 314827 6014%x°
~ + + - +
12 144 15 45 7200
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4.0003
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Table 1. exact ,numerical solution and error of u(x,t).
t U exact U bmm Error
0.01 2.5831083417705645 2.5831083417720760 1.51168x10"2
0.02 2.5832333349999765 2.5832333350015110 1.53433x10"2
0.03 2.5833083334375000 2.5833083334392786 1.77858x10"
0.04 2.5833333333333335 2.5833333333363520 3.01847x107"
0.05 2.5833083334375000 2.5833083334447666 7.26663x107"
0.06 2.5832333349999765 2.5832333350186800 1.87033x107"
0.07 2.5831083417705645 2.5831083418154352 4.48708x10""
0.08 2.5829333599984890 2.5829333600966233 9.81344x10""
0.09 2.5827083984317363 2.5827083986291446 1.97408x10"°
0.10 2.5824334683161230 2.5824334686862720 3.70149x107°

Table 2. exact ,numerical solution and error of v(x,t).

t \ exact \ DTM Error
0.01 -0.6457770854426411 -0.6457770854430190 3.7792x10™"
0.02 -0.6458083337499941 -0.6458083337503777 3.83582x10™"
0.03 -0.6458270833593750 -0.6458270833598196 4.44644x10"
0.04 -0.6458333333333334 -0.6458333333340880 7.54619x10™"
0.05 -0.6458270833593750 -0.6458270833611917 1.81666x10™"
0.06 -0.6458083337499941 -0.6458083337546700 4.67582x10"

1522




Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

0.07 -0.6457770854426411 -0.6457770854538588 1.12177x10™"
0.08 -0.6457333399996222 -0.6457333400241558 2.45336x10™"
0.09 -0.6456770996079341 -0.6456770996572861 4.93521x10™"
0.10 -0.6456083670790308 -0.6456083671715680 9.25372x10™"

Table 3. exact ,numerical solution and error of

3. D. Baldwin, U. Goktas, W. Hereman, L. Hong,

W(X,t). R.S. Martino, J.C. Miller, Symbolic
t W oxaer W prv Error computation of exact solutions in hyperbolic
0.01_| 4.0001124957813845 | 4.0001124957806290 | 7.5584x10" d ellintic functi & i PDEs. ]
0.02_| 4.0000499991666790 | 4.0000499991659115 | 7.67386x10" and ellptic functions lor nonlincar 5 J.
0.03_| 4.0000124999479170 4.0000124999470280 | 8.89067x107" Symbolic Comput. 37 (2004) 669—705.
0.04_| 4.0000000000000000 | 3.9999999999984905 | 1.50946x10" 4. Hassan A. Zedan, Symmetry analysis of an
0.05 | 4.0000124999479170 | 4.0000124999442830 | 3.63354x10" inteorable It led systems. Computers and
0.06_| 4.0000499991666790 | 4.0000499991573270 | 9.35163x10" integrable Ito coupled systems, Lomputers
0.07_| 4.0001124957813840 4.0001124957589500 | 2.24345x10™" Mathematics with Applications 60 (2010) 3088—
0.08_ | 4.0001999866674220 | 4.0001999866183560 | 4.90656x10"" 3097. and the Pad e technique, Computers and
0.09 | 4.0003124674507990 | 4.0003124673520950 | 9.87042x10" . . .
0.10 | 4.0004499325086050 | 4.0004499323235310 | 1.85074x10" g/ézj‘thematlcs with Applications 54 (2007) 940~
Table 4. exact ,numerical solution and error of p(x,t). 5. Hassan A. Zedap > .Applicatio.ns of the New
t P o P prv Error Compound  Riccati  Equations  Rational
0.01 12.374325025311693 12.374325025316228 | 4.53504x10" Expansion Method and Fan’s Subequation
0.02 | 12.374700004999928 | 12.374700005004533 | 4.60432<10" Method for the D St ¢ Eauati
0.03_| 12.374925000312500 | 12.374925000317836 | 5.33618<10" ethod for the Davey Stewartson Equations
0.04_| 12.375000000000000 | 12.375000000009056 | 9.05587x10™ Hindawi Publishing Corporation Boundary
0.05_| 12.374925000312500 | 12.374925000334300 | 2.18012x10" Value Problems Volume 2010, 23 pages.
0.06_| 12.374700004999928 | 12.374700005056038 | 5.61098x10" 6. H A Zedan "Exact ’ luti for th
0.07 | 12.374325025311693 | 12.374325025446305 | 1.34612x10™ - Hassan - A. Zedan “bxact solutions for the
0.08 | 12.373800079995467 | 12.373800080289870 | 2.94403x10™" generalized KdV equation by Using Backlund
0.09 | 12.373125195295207 | 12.373125195887434 | 5.92227x10™ transformations" Journal of the Franklin
%107 .
0.10 | 12.372300404948370 | 12.372300406058816 | 1.11045x10 Tnstitute 348:(2011)1751-1768.
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