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Abstract

In this paper, we solve the Kuramoto-Sivashinsky Equation numerically by finite-difference methods, using two
different schemes which are the Fully Implicit scheme and Exponential finite difference scheme, because of the
existence of the fourth derivative in the equation we suggested a treatment for the numerical solution of the two
previous scheme by parting the mesh grid into five regions, the first region represents the first boundary condition,
the second at the grid point x1, while the third represents the grid points X2,Xs,...xn-2, the fourth represents the grid
point x,-1 and the fifth is the second boundary condition. We also, study the numerical stability by Fourier (Von-
Neumann) method for the two scheme which used in the solution on all mesh points to ensure the stability of the
point which had been treated in the suggested style, we using two interval with two initial condition and the
numerical results obtained by using these schemes are compare with Exact Solution of Equation Excellent
approximate is found between the Exact Solution and numerical Solutions of these methods.

Keywords: Kuramoto-Sivashinsky Equation; Numerical stability; Interval; Exact Solution; Numerical Solutions

1- Introduction

Partial differential equations have become a useful tool for describing natural phenomena for science and
engineering models, therefore it became necessary to solve these partial differential equations using numerical and
sophisticated methods, applying these methods [15].

Partial differential equations appear in some branches of Applied Mathematics, fluid dynamics of water, quantum
mechanics and electromagnetic theory are examples of Partial Differential Equations, and the analytical processing
of these equations is a very complex process, as it requires the application of advanced mathematical methods, on
the other hand, the use of simple and generally efficient numerical methods has become easier to find sufficiently
approximate solutions [12].

Many researchers have studied the Kuramoto-Sivashinsky equation due to its complexity and ability to describe a
large variety of natural phenomena such as the stability of sloping membrane fronts, so this equation has attracted
a lot of attention in scientific aggregates [3].

The researcher N.A. Kudryashov in [7] using the simplest equation method to search for exact solutions of the
new method of nonlinear differential equations, offers to search for exact solutions of nonlinear differential
equations, there are two basic ideas in the search, one of which is to use the general solutions of the easiest
nonlinear differential equations, the other idea is to take into account the possible single equations of the lesson,
and the method is used to adjusted for the K.S equation. The equation describes nonlinear waves in a heat-
conducting fluid.

The researchers T. Mackenzie and A. J. Roberts in [11] analyzed K.S nonlinear equation. The analysis was based
on the central manifold theory, and they were reassured that the model of finite differences regulates the motion
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accurately and has been arranged in an orderly manner, the theory is applied after dividing the natural field into
small elements by introducing internal boundary elements that are later deleted, the equation K.S. used an example
to prove that Universal finite differences can be applied to nonlinear fourth-order equations, and they proved that
the innovative central manifold theory is universal in the sense that it treats the kinetic equations as a whole, not
just as a sum of separate conditions.

As for the researchers Al-Rawi and Al-Baker in [1], they solved the Korteweg-de Vries-Burger's equation using
two of the finite difference methods, the full implicit method and the exponential finite difference method, and
studied the numerical stability by the Fourier(Von Neumann) method of the two methods and at all points of the
clamp, compared the numerical results obtained using these methods with the results of the exact solution, and
found an approximation between the analytical solution and the numerical solutions of the two methods.

2- Mathematical model

The formula of the Kuramoto-Sivashinsky equation is as follows [10]:
Up = —UUy — Upy — Upsexx ,[0,32m] ...(D)
The boundary conditions are:

u(0,t) =u(32m,t) =1 ,t =0 }

1

Uy (0,8) = Uy (321, 8) = -5 ot >0 ...(2)

Example (1): the period is [0,327] and the initial condition is [10]:

u(x,0) = cos (3—6) (1 + sin (3—6)) ...(3)
Example (2): the period is [-30,30] and the initial condition is [5]:

u(x,0)=c+ i—z %(—%anh(k(x — Xo)) + 11tanh®(k(x — x,))) ...(40)

Since xo = —12«c =12k = 1
2419

3- Numerical solution of the Kuramoto-Sivashinsky equation:

The finite difference method is one of the most classical methods in the numerical analysis of differential equations
and is one of the most important applications, and finite differences form the basis of numerical analysis as applied
in other numerical methods such as numerical differential and Numerical Integration. [13,14].

3-1 Derivation of the formula of the full implicit scheme for equation K.S.:

The method is called implicit, since the solution at each level we progress in it needs to solve a system of linear
equations with an amplitude (nxm) and the points to find the solution at which in level j+1 depend on one point in
level j [4] as follows:

To find u{“ at the point x; we use approximations of progressive differentials as shown below:
u_j+1 _ u_'i ) [—Su{“ + 4uj+1 _ uj+1:| ~ [Zu{+1 _ 5uj+1 + 4u!‘+1 _ u!'+1:|

2 2 J i+1 i+2 i+1 i+2 i+3

Kk 2h h2

i+1 i+2 i+3 i+4 i+5

h4

[—3u{+1 — 140l + 26ult) — 240t} +11u])) - 2u!'+1]

Multiplying the equation by K and transferring the elements of the plane (j+1) to the right side and the elements
of the plane (j) To the left side assuming that r = 52 and simplifying the equation we get:
h

; 3hr ary ; 14ry
J— J j+1 J j+1
u; = (1+Tui +2r+ﬁ>ui +<—2rhui —5r—F)ui+1
Th j 26r j+1 241y j+1 11r  j+1 2r j+1
+ (— Ju tar+ ?) Ui, + (1 = DU For Ui, — g diys ()

j+1
i

The rest of the solutions u
differences:

at points x;, where i =2,...,n-2, are found from approximations of the central
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i i i+1 i

k 2h h?

J¥1_ ) j¥1_ 1 J¥1 _ o i1 j+1
u] u] ; [u ui_l] B [qu 2ui" + 2”1’—1]

JHL ot JHL g g4, L
M2 Ay 6y dui sy +ug,
h4

After simplification, the above equation becomes as follows:

. 6r\ rh ar\
ul = (=2 )l (G- )l
rh _j 4ar j+1 roj+1 roj+1
(-l -l gl el @

j+1
n-1’

J+1 g ol 4l j+1 J+1 el J+1 o j+1
u; u; i 3w du; 5 +up, 3 2u; Sui”; +4u;", —up;g
k 2h h?

As for finding u we use the regression difference approximations as shown below:

= _u’i

3u/t — 14wt ¥ 26u)T) — 24u]) + 110)F) - 20l
_ -
So, we get the equation:

14r) i1

. 3hr 3r\ ;
ul = (1 +—ul +2r+ —) w4 (—Zrhu{ —5r =7 ) Uit

! 2 h2)
rh _j 267 j+1 24ry j+1 , 11r j4+1  2r j+41
+ (?ui +4r + F) Ui_, + (—T‘ - h—z)ui_3 Fui_4 - h—zui_s (7)

Boundary conditions:

We mentioned the mathematical model of the K.S. equation. And the boundary conditions of the equation,
represented by the equation x=a, x=b and to approximate the boundary conditions using the explicit method, we
need to define the points x_,, x_1, X 41, Xn4+2 as follows:

X_p, =x9—2h
X_1=xy—h
Xpy1 = Xp T h
Xns2 = Xp + 20

Since these points are located outside the grid, as in Figure (1)

A
t
j+1 ' J+1 1 j+1
Uy Up
J *l, *} N *} *l 1 *} *l *} *u]’
u-z u-l 0 ul uZ "n-z un-l un un+1 n+2
X
Xo X1 Xy " Xno  Xn. Xn

Figure 1. shows the points at which the synapse abscess is located in plane j
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Now using the central differentials of the second boundary condition of the second rank:

0’u(a,t) 1
axz 162
d%u(b,t) 1
axz 162
And using the central difference approximations of the second derivative when i =0
u{—2u3+u£1_ 1
h2 162
. . . hZ
uly = —ug +2uy — ..(8)
And wheni=n
. . . h2
Ungr = “Un_y + 2Un 15 - (9)

Using the central differences of the second boundary condition of the fourth rank at i = 0, we obtain:

—u!, + 16w —30u) + 160l —u!, 1
12h2 ~ 162
j 12h?
w, = —u) + 16ul —30u! + 16u’, +-7 (10
And when i=n
j j j 12h2
Uy = —Uy_, +16u;,, — 30u +16ul_ (11)

Substituting equation (10) into equation (6) when |:0, we obtain equation (12) after simplification:
u)t = (1 + 2r+ﬂ)u(§ + (—%ué —r—ﬁ)u{ + (%u(’] —r—ﬁ)ufl -2
(12)

We note that there is another point located outside the clamp, we substitute equation (8) into equation (12) to get:

J¥1 _ Th3
Upy (1 + rhu0 2(162)) (7‘huo)u1 162 (13)
We substitute equation (11) into equation (6) when i = n, we get:
1 24r i 12r rh 12r j 12r
ul’ —(1+2r+—)un (——u{l—r—hz)un+1 (—un—r—F U1~ 7

(14)

We also notice that there is a point located outside the boundaries of the clamp, we substitute equation (9) into
equation (14) to get:

rh2
-1t 162

u{lﬂ =(1- rhu{l )un + (rhun)u (15)

2(162)

Having found the solution at the boundary conditions, we obtain the following five-diagonal linear system:

ué+1
Al B1 0 0 0 0 0 0 01 Je1
0 A2 B2 C1 D1 E1 F1 0 0 0||™
T H A B C 0 w0 0 0 ||
0 T H A B C 0 0 0
0 0 T H A B C 0 0 0
0 0 0 .. © T H A B C|lu)
0 - 0 .0 F2 E2 D2 T1 H1 A3 0|l jn
Lo+ 0 0 0 0 - 0 H2 A4l
ul

-
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— 3 j rhz'
1-— —
A= 20e)" T 162
u]
U4
3 i th
1 -
A+ 306"+ 162
A1 B1 0 0 - 0 0 0 0 - 0
0 A2 B2 €1 D1 E1 F1 0 0 - 0
T H A B C 0 0 0 - 0
0O T H A B C 0 0 « 0
0 0 T H A B C 0 0 « 0
0 - 0 0 0 T H A B C
0 -« 0 0 F2 E2 D2 T1 H1 A3 0
0 -« 0 0 0 0 0 H2 A4l
o Th*]
1——— —
A-zae¥ * 162
u]'
u:;.—l
3 i T.hz
1 -
A+ 2q6y ™ T 162
Vji=123,...,m
Then:
6r ; 3hr 3r
=1-2r+—=),A1=1—-rhu), A2 = (1 ——u; r+—
A=(1 2+h2)A1 (1-rhu)),A2 =1 5 /42 + 13
A3 = (1+20ul +2r +20),44 = (1L +1hu), B = (ou] + 7 —3),B1 = (rhu)),
B2 = (—2rhul — 51— D), =

And by arranging the equations, we get a hexadecimal system:

Cl=(-Zu/+4r+2D),D1=(—r=20,p2 = (—r —>9),E1 =7 E2 =

26r
h2

24r

u{ +r—z—;),H1 = (—Zrhu{ —5r—

—_2Z —_ T pg_(_T
Fl=-2 F2=-2 H= (-
h j 26
T=,T1=Gul +4r+20)
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The above linear system can be solved using direct methods or iterative methods used one of the direct methods,

which is the Gaussian Elimination Method.

2-3 Derive the formula of the exponential finite difference Scheme for equation K.S:

This method was first introduced by the scientist Bhattacharya in 1985 for the unstable one-dimensional case of
thermal conductivity in Cartesian coordinates, after which the algorithm of the method was developed to solve the
one-dimensional diffusion equation in cylinder coordinates and applied to two-dimensional and three-dimensional
problems. The method is used to solve nonlinear partial differential equations in one and two dimensions of

Cartesian coordinates [6].

The method of deriving the formula for exponential finite differences is by assuming that F (u) stands for any

continuous and derivable function [2], and multiplying Equation (1) by the derivative of F yields:

dF du %u  9*u
6u6t_F(u)( u——ﬁ—ﬁ) ...(16)
Thus:
ou 2%u %u
E F( )( u——m—axz) (17)

Using the usual Progressive differentials and compensating them for the Z—i,we get:

F u]+1 ] 02 ) a4 )

# = F'(«) [—u -(%). - (ﬁ)] ...(18)

Suppose that F (u) = In u, we obtain the formula for exponential differences as follows:
J¥1 _ k jrow\  (otw\  ratuy)

u; - =u; exp L—{(—ui (E)i — (ﬁ)i — (ﬁ)i) ...(19)

To find the solution in this way, we follow the proposed method, which is to calculate the solution u{“ using the
arithmetic mean of progressive differential equations as follows:
(au) —3u + 4ul+1 u{+2
dx/; 2h
i . . . .
az_u — 2ui] — 5ui]+1 + 4uf+2 — ui]+3
ax2 h?
j J J
o' _3u — 14u/,, +26u},, — 24u/,, + 11, — 2u/, .
ox* ; h*
Substituting it into equation (19), we get:
. J j J ) I _oayd
ui]+1 — u exp [ (_ =3u; +4”1+1 L+2) ( —5u; +1:l-4ul+2 H_3) (3u 14u;, ,+26u;,, h244u +11u L+5))]
...(20)

To calculate the approximate solutions u(x;, t;), since i=2,3,...,n-2, we substitute the central differential equations

in equation (19), we get:

J J J J
; —U;_ 2u + u —ad  +6ul - qu;_, +u;j_
ui]+ _u exp [_( u] ( l+1 o i 1) _( l+1 — 1) _( L+2 i+1 h4.l i-1 i 2»]
.21
At i=n-1, we substitute the posterior differential equations in equation (19) to obtain:
J*1_ j sul—aul_ +u 2uf-sul_ +au) -ul sul-14u)_ +26u) 240 +11u]
ui — ui exp [ (_ ( i—-1 2) _ ( i i 1h2 =2 i 3) — ( i =1 =2 h4 —4 L 5))

...22)
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Boundary Conditions:

As shown in the implicit method, when approximating the boundary conditions of the equation, the same equations
will be obtained for the exponential method, that is, equation (10) will be substituted into equation (12) when i=0,
we get:

j+1 w) —2uf +4u! 12u) ~24u) +12u/

, k . uj—ui J J 12
uj ™ = exp | 7 (-l [P - (B - PR - ) 23)

And we substitute equation (8) into equation (23) to get:

ul™ = ul exp [ ( (Zu1 +2u) - i ) - i)] ..(24)

162 162

As for i=n, we substitute equation (11) into equation (12), we get:

j+1 _ k j u:‘l —u{l_ n+1—2Up +u] 12un 24u£+12u{1_ 12
Uy =u, exp [E (—un[ +12h 1] _ [ +1 = -1 +1 o 1| —
...(25)
And we substitute equation (9) into equation (25) to get:

i h? 1
wl™ = ul exp [ ( 2u —2ul_, 162) - @)] ...(26)
4- Numerical stability of the Kuramoto-Sivashinsky equation:

The theory of numerical stability of partial differential equations with the most general boundary conditions is
often very difficult, as the duality between slicing boundary conditions and slicing partial differential equations.
So, they can be unnoticeable [9].

4- 1 numerical stability analysis of the full implicit finite difference method:

Using the Fourier (Von-Neumann) method, we study the numerical stability of the complete finite difference
method of the K.S. equation. And that this method requires converting the matter into a linear equation, so we
delete the non-linear part of the equation as follows:

At the second node i=1 we use the following differential equation:

i i+1 i+1 i+3 i+1 i+2 i+3 i+4 l.+5

k h2 h*
.27

wtt -] 2ul* —sultl + ault] - u-j+1] [3 W =14l 4260l - 240l 1)l - 2l

We substitute jwith <p(t)em3xin equation (27), since ¢ (t) # 0 « > 0 and m = v—1 and multiplying the sides
of the equation by and assuming that r = :—2 we get:

pt+k) 1

me

() a
And that:

r
a=1+r[2—5e™P" + 4¢2mbh — 3mBh] 4 ﬁ[3 — 14e™P + 26e2™FM — 243MFN 4 11e4mBh — 2e5MER]

Using the binomial screwdriver of the denominator and simplifying, we get:

p(t+k) 1
o) T al
r @(t+k) 1
al =1+7[(1—e™Mm)3 + (1 —emh)?] + ﬁ[2(1 —eMPm)S 4 (1 — emPhyt] > o —m

..(28)
— mpfhy3 2 mpBhy2 mphy2 1 mpBhy\2
az=1+4+r(1-e )[1+h2(1—e l+r(1—e )[1+h2(1—e )]

By simplifying equation (28) and rewriting it as follows:
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e(t+k) 1
@(t) ~ A+mB

=1 ...(29)

Where E is the inflation factor and:

A=1+r <8rsin6 (ﬁzh) 6sin?(Bh)sin? (ﬁh) + ]6:: sint? (ﬂz—h> - @smz (Bh)sin® ('Bh>

+ i—gsin‘*(ﬁh)sinz <%) + 4sin* (ﬂz—h> — sin?(Bh) + 6sm </32h)

24 h
~ — sin?(Bh)sin* <ﬁ ) —sm“([z’h))

B = rsin(Bh) (—125in (ﬁ ) + sin?(Bh) — s in (ﬁh) + i—gsinz (Bh)sin* (%) - %sin4 (Bh) —
4sin? (ﬁz—h) — %sin6 (ﬁz—h) + ﬁsin2 (Bh)sin? (T))A necessary and sufficient condition for numerical stability
is:
(p(t + k)
G

For some values of (8h) being sin ( ) = 1[8], we get:

=yl=<1

83
A=1+T(5_ﬁ)

] 106
B =rsin(fh)(—15 — Y
Therefore, equation (29) becomes as follows:
1 1

\/A2+32=\/

[yl =

14+20(5 ) 725~ )? + 1215 — )

It is obvious that VA2 + B2 > 1 on it we get the fulfillment of the condition || < 1
As for the study of the stability of solutions at nodes i =2,3,..., n-2, we use the following differential equation:

i+1 j j+1
ul™ —uf ull; - 2u

i+1
k [ h2

j+1 j+1 Jj+1 j+1 j+1 ]+1 j+1
+u;_ - [qu du; o +6u; —Adu +Hup,
h4

We substitute { with ¢ (t)e™P* into the equation above and assuming that r = % , We get:
h

pt+k) 1
@(t) a
That:
r
a=1+r[e™" -2+ e ™ + P[ezmﬁh — 4e™MPh 4 6 — 4 mPh 4 g2mBR]

p(t+k) 1 1

e _a1=2=1/) ...(30)
8 h. 2r
al = 1+ 4rsin? ('B—) - —rs n4(B7) + —smz(ﬁh) - sm ('8—)
Bh
For some values of (Bh) being sin ( ) =1, we get:
1 1

[yl =

va J1 Fr(=8+20) + 24— 1)?

It is obvious that \[l +r(-8+ %) +7r2(4 — }11—;*)2 > 1 on it the condition || < 1 is fulfilled.
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As for the point i=n-1, we use the following differential equation:

j+1 j j+1 +1 +1 +1
ul" —uf 2u] 5u’ +4ul’ 5 —u’ s
k h2
j+1 j+1 Jj+1 o J+1
__Zul. —5u; ] +4u;s, —up;g
= h2
j+1 ]+1 ]+1 ]+1 ]+1 j+1
3”1‘ —14u +26u —24u +11u —2ul 5
- .31
h4

We substitute { with ¢ (t)e™F* into equation (31) and assuming that r = % , We get:

pt+k) 1

&) a
Thus:
a=1+r[2—5e ™M 4 4¢72mbh _ g=3mBh)

+o3 [3 — 14 ™8R + 26¢2mBh _ 24e-3mBh 4 11 4mbh _ go=Smph]
Using the binomial screwdriver of the denominator and simplifying, we get:
p(t+k) 1
o) al

r
al =1+7r[(1—e™M")3 4+ (1 —e™M)?2] + ﬁ[2(1—e—mﬁh)5 + (1—e ™FM)%]

Q(t+k) _ i
o = ..(32)

a2 =1+r(l—e™M31 +13 (1 — e~mBhY2)

+r(l—e ™M)2[1 +7 (1 — e™mhhy2]
By simplifying equation (32) and rewriting it as follows:
GRil) R Y .(33)

@(t) ~ A+mB
Where is the inflation factor and if:

A=1+r(8rsin® (@) — 6sin?(Bh)sin? (@) + 6—;}sin1°(@)
h620 sin?(Bh)sin® ('8—) toe 20 5 sin*(Bh)sin? (ﬁ—) + 4sm4(ﬁ—)
16 . Bh Bh. 1
—sin?(Bh) + —sm8 (—) sm (ﬁh)sm"(—) + —sm4 (Bh))
B = rsin(Bh) (125in4 (%) — sin?(Bh) + —sm (%) - @Slnz (Bh)sin* ('Bh) + %sin‘*(ﬁh)

s () ot () ()

For some values of (Bh) being sin? (%) =1, we get:
83
A=14+r(5-—=

B = rsin(Bh)(15 + -2
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Using the necessary and sufficient condition for numerical stability in equation (33):
1

1
[yl = =
v VA% + B2

J1 +2r(5 =53 4725~ D)2 4 r2(15 + 102
It is obvious that VA? + B2 = 1 on it we get the fulfillment of the condition || < 1
Therefore, the full implicit method is unconditionally stable at all points of the clamp.

4-2 Numerical stability analysis of the exponential finite difference method using the Fourier (Von-
Neumann) method:

To study the numerical stability of the exponential difference method, we delete the nonlinear part of equation
(19).

The equation with the nonlinear part is:

i k j(au)j 2w\ [fotu\
Ui T exp w bt ox/;  \ox%) ~\ox*),

...(3%9)
Removing the nonlinear part from equation (34), we have:

it k 2w\  [a*w)
v mmer g\ "\eaz) ot
u; i i

13
...(35)
To study numerical stability, starting with the second node when i=1, we use the following differential equation:

J _ J oo,
2u; —5Suj,, +4u;,,—u

ul!+1 — u{exp[_j (_( i+1 e i+3)
i
sul-1aul, +26ul,,—24u), 4110, —2u)
_( +1 +2 v +3 +4 +5))] . (36)
We substitute u{ with ¢ (t)e™*into equation (36) and after simplification, we get:
et +k)

e = EXp{r(l — emﬁh)S[_l _ % (1- emﬁh)Z]

1
+7r(1— e™Ph)2[—1 — (- e™Phy2]
Simplifying the above equation and using the same method as in the other methods, we obtain:
Q(t+k) _ _
o exp{A+mB} =1 ...(37)

Since:

83
A= T(—S +F

. 106
B =rsin(Bh)(15 + ?)
|| = |exp{A +iB}| =e4 <1
It should be || = 1 only if A < 0,s0:
83
r(=5+ ﬁ) <0

Since r > 0 is always true on it.
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83 83 83
-5+ h2<0 =>h—<5=>h> =

As for the study of stability at points i=2,..., n-2, we use the foIIowing differential equation:

; . k 2u +u
ui]+1 =ui]exp[ ( ( l+1 = 1)
i
_(u{“—4u{+1+6h1i{—4u{_1+u{_2))] .(38)
Substituting u{ with ¢ (t)e™F*into equation (38) after simplification, we obtain:
et +k) _
———= = exp{-r[e™P" — 2 + e"TF]
40
_ﬁ[eZmﬂh _ 4emﬁh +6— 4e—mﬁh + e—Zmﬁh]}
Simplifying, we get:
(p;t(:;{) = exp{4rsin® (—) 4(—) + ~sin?(Bh) — 2(—)} = e’
...(39)
So that:
8r 2r 8r h
A = 4rsin? (ﬁ—) - —s 4(ﬁ—) +oz 5 sin®(Bh) — - sin ('87)
Then:
[l = le’|
In order for the condition to be fulfilled, it must be A < 0,s0:
14
A= T(4 — ﬁ)
14
T(4 - ﬁ) <0
Since r > 0 is always true on it.
14 14
4 — ﬁ <0 = ﬁ <4
1 - 4 b 14
>5—<—>= —
h?z ~ 14 T4
For node i=n-1, we use the following differential equation:
: : k 2ul — 5u.j_ + 4uj_ — u.j_
u{+1 — u{exp[;(_( i i-1 3 i-2 i 3)
i
_(3u{—14u{_1+26u{_2—hi4-u1 +11u{ u {_5))] (40)
Substituting u{ with ¢ (t)e™F~into equation (40) and simplifying the equation, we obtain:
t+k
AC)) = exp{—7r[2 — 5e ™" + 4e=2mBh _ g=3mph]
@(t)
—[3— 14BN 1 26¢~2mB — 24=3MBR 4 11e—4mP _ go-SmpN])

h2
Using a binomial screw driver, we get:
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= exp{r(l - e—mﬁh)3[_1 — % (1 _ e—mﬁh)z]

ot +k)
@(t)

+7r(1 — e ™21 — %(1 — e mEhy2]}

Simplifying the above equation by the same method as in the other methods, we obtain:

@(t+k)
[203)

Then:

=exp{A+mB} =9y ...(4D)

83
A= T(—S + ﬁ)
. 106
B = rsin(fh)(—15 — F)
From equation (41), we find that:
[Y| = lexp{A + mB}| =e4 <1

Since r > 0 is always true on it.

5+ 33 <0 ! < > h =

— — >—=—<—> —
hz ~ hz ~ 83 45

We note that the exponential difference method is for solving the equation K.S. For a time step k is unconditionally

stable for all points.

5- Numerical Results

In this paragraph, we will discuss the numerical results of the finite difference methods represented by the
following methods: the fully implicit Scheme method and the Exponential Scheme method, the solution of
equation (1) and boundary conditions (2) have been discussed taking the period [0,32 7] with the initial condition
in equation (3), and the period [-30,30] with the initial condition in Equation (4):

[
ey

Exact Solution
Implicit Method
Exponential Method

Figure 2. shows the numerical solutions of the two methods used and the exact solution of the period [0,32 7]
and the initial condition in equation (3)
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Figure 3. shows the comparison of the numerical solution of the two methods used with the exact solution of the
period [0,32 nt] and the initial condition in Equation (3)
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Figure 4. shows the numerical solutions of the two methods used and the exact solution of the period [-30,30]

and the initial condition in the Equation (4)
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Figure 5. shows the comparison of the numerical solution of the two methods used with the exact solution of
the period [-30,30] and the initial condition in the Equation (4)

6- conclusion

Through our study of the K.S equation. We have noticed that it is one of the important thermal equations in
engineering and physical applications, and scientists have used it a lot recently, and it is one of the nonlinear
equations that need great effort for the purpose of finding a humerical solution to it and need great accuracy in
processing the fourth derivative, and we have reached the most important conclusions which are: The fully-Implicit
method is unconditionally stable at all points of the clamp. The exponential difference method is for solving the
K.S. Equation For a time step k is unconditionally stable for all points.
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