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This paper presents the approzinsate solution of higher crder Boundary value problems by differential transfonm
miethad. T examples are considered to illustrate the efficiency of this method. The results converge rapidly to
the exact solution and are shown in tables and graphs.
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1. Intreduction

Recently, studies showed that higher order boundary value problems arise in the areas of fAuid dynamics,
hydrodymamics amd hydromagnetic stability and other applied sciences. Specifically, ffih-order boundary value
problens anse in viscoelastic Awid. The problem was considered by Wazswaz (2001) wsing the decomposition
miethad. Caglar et al (20085 solved it via B-spline interpolation amd eompared the results with finite element and
finite volume methods and Tripkathi (2002). Sixih order boundary value problems occur in astrophysics and i
has attracted the attention of researchers like Waxwaz (2001 wha investigated it using modifed decomposition
miethod, He (2003} wsed wariational approach method and Erurk (307 approached it via differential
transformation method. However, seventh order boundary value problems that arise in modeling induction
miotors with two retor circuits was considered by Siddigi et al {2002y while  eight-order boundary value
problern which occur in hydrodynamic and pdromagnetic stability was also studied by Siddigi et al (1996} and
Mohammad-Jawad (30000, Other authors whe kave also stedied higher order boundary value problems include
Wisawae (2000, Cihiman et al. {2000} and Molyed-Din {2000,

The differential transfonm method is applied in this work o solve beundary value problems of ninth and toelith
onders. This method was proposed by Zhow (19861, Some awthors who have also adopted this method include,
Orpanuga et al (20014) on syastems of ordinary differential equations, alss Opanuga et al {20015} applied it in
numerical selution of two-point boundary valoe problems, Edeki et al {2004} analveed lingar and nonlisear
differential equations and fnally Edeki et al (201 %), in transformed Caschy-Euler equidinmensional equations of
homogenous bype.

2, Amalvsks of Differential Tramsform Method

Let the arbitrary function 1 =w(x) be expressed in Taylor series about a point ¥ =X, as

- [ kT
x| de
vix)= il
; k! [ir* |
with the differential rransformation of F{&} given as
[ dv]
Hk}'_m[m* l (2
-y

We then obiain the inverse differential transfomm of F{K) as
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W)= Zv[i’}[r -x, )
k=il
The Follewing theorars can be abtained frorm equations {13, {2) and (3}

iy I Wix)=wix)xv,(x) then, F{E)=Fk)xF.{k)}
iy 1 wixy= Fvix) then, F{k)= GV (k)

_d"v(x) (k+m)!

fiii) IF w{x) then, FlEk)= T Kk +m)

i
{ivi If wix)=wv{xp.(x) then, i"'(ﬂ'“,l:Zi"![m}i"',{ﬁ—m]

arsl

itk =
() 1 v(x)=x" then, V(k) = 5(k —a) where 8(k —a)={ ',ﬂ: :
ifk#a

.

fvir 15 Wxh=e™ then, F(ﬁj:%

3. Numerical Examples
Example 1: We consider the following ninth arder bouwndary value probylem.

() =—9 +uir), O<t<l,

and the boundary comditions are

wi=(1-k), k=012
w1 = —ke, k=001,2,3

The exact solution for the bvp is

wity=(1-11"

The differential transformation of equation {4) is given as

Uin+9) = I'

and differential rransformation of the boundary conditions yield

D0y = LI = D,L-'{E]-:—%:H[J] =——;:{J[4] = -ﬁ

With

w'it) T w1

A= —U(5).8 =L —U(6).C = (N, D=—

51 &1 y I

n+9)

(3

(4]

(5

(6)

q
UrnJ—H! (7

=3 I:H]
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Uzing the boundary conditions {8) in the transformed equation (Tiat =0 |, we obiain the solution of @},

for =9 | Theconstanis A, B, C and D can be determined by using the boundary conditions () at x =1
giving rise 1o the following sysiems
ZRE40503 . A . 2] . LN N f
GEAZRRMD 20 THD O SOdd 050
az1ssssee et B € D
T 4012 T2 S0<0

A 8B O D
%3
I:J.'El?id':'__‘-f-h-rh-r‘ fljr-_l'l-l:l

8 ¢ D0
+—+
6 2130

(%)

]-.I:IE'JI'.'IJ-]-I'.-r‘:+

We then solve the above gystem of equations o obtain the following:
A=-3999989123 F-35.0002]14682, (' =-5998305826, D =-T7.005270192 (10)

W finally obtain the follvwing series of equation using the inverse transformation equation {3 up o T =18

1. 1, 1
ulr}y=1-—r —;r‘—i ¢ —{L033333 242600 — 0.00R944T426 14" —
1
.I":'— .I.u_
453600 3204 (11
I " | . 1
_l' —

M- M A9 19saR0 =107 —
A0 ) 43545606 518D | KA

10706 19380 107 — 7 TARADGT 72 1074 — 4490813290 1070 T =

0.0 1 40057 — 00001 T374 1 82024

I (1]

37661021 TIRATND

Tablel. Mumerical solution for example |

EXALCT [ SOLUTION  ARSIHUTE ERREOR

1 SOLLTION

i 1 G0N L) ]

L] O5dniil [iE = LR i AIE-13
2 097TIXE: QTrXr: 1.50E-L1
0% OSddEall Osddannl h.PEE-L]
04 OEIAE LU 3PN 1.72E-10
0% DA LA 30 2 BOE-10
6 OTIRR4TS O THRA T 552E-10
07 sl Gt 11K SM5E-LO
LE  Od4s]or: G4 sl L AAE-LO
LU e i B [HI R L E] 4. M4E-10
1 ] -2HER 2AHIE-C
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Figure 1. Graph of example 1
EXAMPLE 2. We consider the following owelith order boundary-valee problem

e = 2w (a0, O=zi<l (123

with the following boumdary conditions
Wy = Lutil=e", E=0,1,2,3,4,5. (13

The exact solution for the boundary —value problem is written as

wit) =e

(143

The differential transform of equation (12) is given as

L-'[.u-r:ll'l-I:II_:':IH:-E:E::E:[:':.I'.'-:I'—.».'||.u—|'|1-|.'r1-:~|!r.-'|:.l.|-rJ:-:: [Ij]
and the differential transfonsation of the boundary conditions vield
1 1 1 1 1
Fii=LF(2) = ¥[d)= —_F{f) = —_ F[& = —_¥{101 =
ALY IJE![IJ:*:I&![]E:‘JW!
II_.F L v [E1]
A= =U(1L.B =—=U{3},C = — =U(5),D =— =U(T),
1! 3! 5! 7!
[ p] I:Iﬁ]
] ]
E= =LN9LF = =01
9! 11!

[zing the transformed boundary conditions (16) in equation (15) atx = 0, we obtain the series solution w1},
for ¢ 212 The constants A, B, C and D are evaluated by using the boundary conditions (16patx =1 to give
the swatem of eguations below.
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Solving the system of equations yield the following:

A
&

—D.90UaeRIG L4, 8 = 1.0 &L TS, O = —D.90RE4DTIII. 0 = -1 001 55890,
—UESI0I 405, F = -1.132112473

We then oblain the following series selution using the inverse transformation equation {3pup o © =20

. ;|
ald} =]—D.mWH3ﬁl4|‘+;I"—ﬂ.|flﬁﬁfl?lﬁ15.l" +ﬁ|'1 -

I
(ORI 20061025 +ﬁ.” — .MMV DR 72 1RE4TT +

1

2T TEEER 107 e
Jn2ERM)

430
=T RIGIEMER 10 +

DOBTRATHE = 107 1 — LROSRIARSE « 1'% + 365 3RS 107" +
10SER LEDL S 10756 — 1 053272498 = 10 4 + 3317537 L 107 —
110704058 10X 6% 44 1415509 1d 3 L0 M 5P — 1 BTR 145238 1074 %

Table 2. Mumerical selution for example

EXACT LIiM ARSOLLITE

1 SOLUTION SOLUTION ERR{HE
] | AHKHHHHH} 1 ARDHRI i

1.1 (L HKA5742 (LA04R5TST LalEAT
0.2 LH1A75074 (LEIETS 106 L {IVENT
0.5 (74081822 070K 1BGAS 4 FFEAT
1.4 {16 HIE2HE GM520542 4 5ENT
1.5 [LEI6A 5066 GUGS511E]T S2IENT
LB ILA4HET 104 (L54BRI2152  450E07
1.y [L4UniH53 0AUGSRET2E 4RI
1.5 {1 449325490 044052027 3 E07
R LAlGAna6G IAlnsaaE2 LaE-I

| L 36787944 05678044 1 ASE-N4
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(18}
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Figure 2. Grraph of examlpe 2

4. Coneluding Remarks

This paper has applied differential transform methed o solve ninth-order and twelfib-order boundary value
problerms, The method is easy to apply, accurate and efficient. This is evident from table 1 and the graphical
representations of the solution which shew strong agreement with the exact selation,
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