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Abstract

_—————— e

This work deals with integrated collocation approximation methods for solving
high order ordinary differential equations by Chebyshev polynomials and
power series bases functions.The assumed approximate solution in terms of
Chebyshev polynonials and power series are substituted into the general high
order ordinary differential equations considered. Thus, after simplification, the
resulting equation is then collocated for both cases and thus resulted into
algebraic linear system of equations which are then solved by mathematica 5.2
to obtain the unknown constants involved in the approximate solution. The
methods are illustrated on three examples. The results obtained in term’ of
absolute errors are tabulated for comparison. From the tables of results, we
observed that Chebyshev polynomials approximation gives a better result for all
cases of N (i.e. the degree of approximant) in the work.

e ——
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1 Introduction

The techniques for solving differential equations based on numerical approximations were developed long before
programmable computers existed. Scores of mathematicians have tried to provide easier and less rigorous ways of solving
high order ordinary differential equations numerically since the exact solution of some high order differential equations are
not achievable.

Carl Runge [1], published a paper which extended the approximation method of Euler to a more elaborate scheme, which was
capable of greater accuracy.

The idea of Runge was to base the approximate solution on such improved formulas as the mid-point and the trapezoidal
rules. The requirement of evaluating the derivative at the mid or end point of a step not yet completed, was achieved by first
performing an Euler type of calculation to obtain a preliminary approximation to the solution at one of the points. Runge was
able to establish the scheme up to the third order.

In the year 1900, K. Heun took the order condition as far as four and introduced the method proposed amongst other methods
(Heun’s Method).

In the same vein in the year 1901, Kutta took the analysis of Kutta method as far as order five. The work made a complete
classification of order four method and introduced the the famous Fourth order Runge-Kutta method.

The implicit Runge-Kutta were proposed by Kuntzmann and Butcher with the central example being based on Gaussian
quadrature formulae. These methods stated form the basis on which many techniques of solving high order differential
equations numerically are based.

So many people have worked on how to solve high order ordinary differential equations numerically. Although, most of them
do not generalise the proposed methods, they are being specific on the order of the ODE.

Several Researchers [2-7] have worked on numerical solutions of fourth order ordinary differential equations (boundary value
problems, specifically). Also, Taiwo and Evans [8] came up with collocation approximation for fourth order boundary value
problem in which canonical polynomials are used as new basis function for a collocation solution via the perturbed
collocation with and without exponential fitting.
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The use of Newton’s linearization scheme of order four for non-linear cases is employed to linearize.

In the same vein, El-Gamel [9] used Sinc-Galerkin method, Shaowei |10] used homotopy perturbation method. Ghazala ef al [11]
came up with solution of boundary value problems in reproducing kernel space and also, Ayyaz e @l [12] used Hermite wavelet
method. All these methods are apptied on fifth order ordinary difterential equations (boundary value problems, specifically).
Researchers [13-19] solved order six problems with different methods reported therein.

Wang et al. [20] developed a scheme known as La-DQM which means Local Adaptive Differential Quadrature Method for the
implementation of multi-boundary condition in solving high order ordinary differential equation. Both the formulation for weighting
coeflicients and the details of implementing multi-boundary conditions were presented.

Malek e al. [21] developed a method known as Novel Hybrid Method which was based on optimization techniques and neural
networks methods for the solution of high order ordinary differential equations. In thas method, neural network was considered as
part of large field ealled neural or soft computing. This means that they proposed a new solution method for the approximated
solution of high order ordinary dilferential equations using innovative mathematical tools and neural-like systems of computing.

In this work, we employed the use of integrated collocation approximation method to solve high order ordinary dilferential
equation, showing its potency, efficacy and cfficiency over other methods stated carlier using power series and Chebyshev
polynomials as the bases functions.

General Representation
The general nth order ordinary differential equafion considered is expressed as

P ey () T () e, () = F(X) (h
subject to the conditions
viay=z y'(a)=z,y"(ay=2,, L@y =z,

Where n is the order of the differential equation. The problem may either be homogenous or not depending on the
formulation of the problem. Function f is of the form of exponential, trigonometric or even ordinary polynomials.

Discussion Of Integrated Approximation Method On General Problem Considered
Chebyshev Polynomials Method
In this method, we assumed an nth order approximate solutisn in term of Chevbyshev polynomial function as

s (2)
yaulx) Z::T asx=h
Here, equatlon (2) is integrated n times and we obtained
e ) ZJ‘”:T- (x)elx+ ¢
oy {l]—?”{f?(r!a{\—( X+
i r.‘1.\"' ;
= T (x)edvedx. e, + 2t R,
)= ZH Iu xdvelx..dy, iy <,
Thus, Rubamutmg all these into the given problem leads to
I vr.u' (x4 e, Y a T (x)de +c =iz, TJ‘ a7 (dide = o~ o,
Fa, Y” Ja T x)dvex..ddx, + n' L‘”i] }:4 e, = f(x)
The above equation is then simplified to get
a (T (¥, —af,j]"(x]*ﬁt+a. ”T[t dede 4o, ”j?’ {(x)dedy - dx )+
a (T (x)er, +rx J—I (xyde = e, HT{I}L;A{:’A g ” (x)elvdx -y )+
Fa (T (x) e {T.( e+ o) 4 a_.J J.fl(_\ Jelvelx —---—cz“H--- J‘F.-('.\"Jf.{\.':?'.\:---rf'.\:,__)
o1+ 1——\ +- -—Lr Vel x l.\"'—---—-‘—1;---+r_-"— fix) ( )
2 i 2 f -1}
Equation (3) is then collocated at point X = X;, we oblain
a ((x e, —'rx:J-T_t.r__ yaly 4 cx, |.|_]f'_[.\'_ Vedvelv -+ er, || I"r'_r_.zl Yebvelvoo-ely, Y+
(T (x, ), + _[1_. (¥ v+ e, ”TI (x bl - H v-j]fl'{.r, Jelvelxe ey, )+
+a o Ty ) = o i'}’l'(,\'l Jele + ¢, + ”?:E_.(! Jelgely 40002 r:rJ |‘ .‘}r:(_rl Jelvelcedle, )
' =l 4
—c',[]+.r_+i.\'f e -x] ) e (l+x, —lr Lot Tl gt = (X)) ()
2 il 2 (=1
where  _  (b-a)i; =12 N-1
! v

Hence, equation (4) gives rise to (N-1) algebraic system equations in (N+1) unknown constants. Extra equations are then obtained from the
given conditions and a total of (N 1) algebraic linear equations are then obtained which are then solved by Mathematica software to

obtain the values of the unknown constants
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Demonstration Of Chebyshev Polyvnomials Approximate Solution On Some Numerical Examples
Example | Consider the second order ODE of the form

VA B =0, {0 =20 M=2 | Exaet e T (2cos2x + 2sin2x)| (5)
Using Chebyshev Approximation given in eqn (2) for case N=2, we have
Vi =a T 0+ a T {0+ ahx) (6)
Also, integrating eqn (6) to obtain /(yy and y,(x) leads to

yifay= J..r. Tixide+ Ju Tixhedx+ _[-L.': + Tk (7)
And
vy = ”.-'J_}’_'_[.\']ff.m'.\' - |-_|-.-.‘ T i helvely 4 ”,._}' [eddhvele Lo x+ey (B)
Lguations (6), (7) and (8) are then snnplified to give
Vi et (2v =1+ a8 =8r =) (9)
8 . 10)
Vil = e tha(x - x) y_.l?- - g (1)
S e s g 3o &y 4 (1
1 f.'.l—:(’.‘.' +al I'_i" P ]H:J?.‘: ——‘_\' o I+t
Putting these equations in the given example leads to
Jet = (2x=1)=a,(dx —Br+ ]} -dox+ox =5 -—:T:f;.\'l —dx'+ i)+
+ k|_—_"|a_.\': —.:,{—l.r'\' ——L.\': I—G:{%.\'I ——:I.r: —%.r" Jtex+es]
b _— o el sl ; Bl ez
a [T+dr+ x|+ o[l -1+ 40" —x) +8(—w ——u7 )]+ o [Br” -8 s 1+ 427 —4x +)
302 3
3 g He g e E
#Hl= == —.:];_r'}}—cl[a'@—S.\'J+ScE =0 {3
2 2 L
Collocating this equation at X = X, ; k=1.2.3
Fork=1, _ 1 hence after simplification of eqn (12) gives
X 3
Fork=le .- 1 henee after simplification of egn (12) gives
g
2.250000a —1458330a, = 0.229167a, +6.000000¢, +R.000000, =0 (13)
For k=2, , - hence after simplification of eqn (12) gives
000000, - 1.666670a, —1.666670a, +8.000000¢, + 8.000000, =0 (14)
Forde=3, _ 3, hence after simplification of eqn (12) gives
n=7
6.250000a, —1.375000a, —2.562500a, + 10.000000¢, + 8¢, =0 (15)
Then applying the conditions given in the example, we have
v,(0)=2
Implies _
=2 (16)
And,
¥,(0)=2
Implics
B (17

Solving equations (13), (14} and (15) after the substitution of equations (16)and (17) by Gaussian elimination method, we obtained
a, = —=5.509770

a. =11.579700

w, = =5.603200

Putting these values in eqn (1 1), alter simplification, we obtained

5509770 > S y A g
yalx) =2+ 2x- 2200 |.5?9m{1(;_\-- 2 -2.\"]--3.61’}32[}0[%_\- —=xt 4oy
P L B | &

Which is the approximate solution for case NE

Example:

We again consider the following high arder ODE

2. e =0 p(0) = ']_:'{0} = y"(0) =0, ,1"”(0} =4

3_ .‘IHH -l 2}5!1‘_‘1) — O; I"“\O} - 1~ ’1.‘”(0) - 2~ I\,'”'(O) = ._3
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Remark
We have solved the above examples using the same method deseribed for equation (3)for cases N (i.e., N=3. N=4, N=5 and N=6) and the resull,
obtained are below
Power Series Integrated Approximation Method
In this method, we assumed an nth order approximate solution in term of Power Serics function as

N 18
yilx)= Zu_,_,.r"'; aEx<h s

Here, equation (18) is integrated n times, we obtain

N
|
yoE = Z[“.;-‘ dr+ ¢
pan”

wiixy= Z”ﬂr v+ o0+ e,

N ] il
e ) (et e
yolx)= T‘1 |...Iﬂ,l_r"r!'_u;“xd\'._.rf’xh S 2 e
i o {n=1}

Thus. substituting all these into the given problem leads to
A
@y

N
"4 .rriz'lu,..r'"a’_r T (z:j_:”u.__\' "dyee + ex+es

pre

it wot

5 I“—- . ossmps o by Ga R
+ (IN?—I;_IJ‘I”J‘”“-T by, —.j T = ]!+""'€-,. fix}
The above equation is then simplified to get
u o +a, Jd.\' e, J-J'ff.rfa’_r Lo, ” o -'[cf_\'c'i\' idx)
e, x4 a,'[.T(i\'—a,”\zf.\'d.t 4o, ” . Jru‘i\.‘d.\'- clx))
a fax’ +a J xdx+a, ”.r"d\'d.r et 7 _” o j_r" dxelyeddx))

g (19
+e (] 1-_x—lx" e e L‘..f]+.r+l.\': e T s ) )
2 n! - 2 (n=13 !

Equation (19) is then collocated at point X = X, we obtain
a.le, +a In’.r + rzz_”dxd\' o, I[ - _fd_rdr e )+
alex, o J‘.Tl{ft +a, ”xl.dxdx +eea, “ o _I-".-f"'-“"-" -y, )
a,{ax +a J-.\',"'rf.r+ a, _[j_\',"ci_\'fa’x e, ” -fx,"a’_rd_r‘- “dx, )

il T
S ypete, = flx) (20)

Xl |
L e R B e
2 TN ey

nl 2 (n—1)!
where |, _ . (0=l i=1p,  N-1

Hence, equation (20) gives rise to (N-1) algebraic system equations in (N=1) unknown constants. Extra equations are then obtained from the given
conditions and a tatal of (N +1) algebraic linear equations are then obtained which are then solved by Mathematica software {o obtain the values
of the unknown constants
Demonstration Of Power Series Approximate Solution On Some Numerical Examples
Example 1:
Consider the second order ODE of the form
Vdy' By =0, »0)=2,y(0)=2 [Exact ce T (2c082x + 25in2x)] (21)
Using Power Serics Approximation given in egn (18) for case N=2, we have

V= A, art e (22
. . - f - . -
Also. integrating eqn (22) to obtain V5 (A) and _}'3(,'() leads to
Wix)= Ja d+ [axdx + |axde+ e (23)
And
il = ”rr_,n’.m’_r - I J‘a,_rd_\ﬂ’.\' - “-a_:.\':dfr{i,t Loxe, (24)
Equations (22), (23) and (24) are then simplified to give
Vi) =a sarsax (25)
5 : 26
Wl =ax+ l_‘c.'l.\"' + é ax g (253
[ IR : 27)
(V) =—g X —a k=X toxTo, (24)
g 2 G 4= :
Putting these equations in the given example leads to
2 1 3 3 I 5 .
. [a, +ox a5 [+ d[ax+—ox +% X" o]+ B[ axt +—ux 4 ]—:u:.\" +ox+e,]=0
r4 el - 1 -
Hence, we have
(28)

, , 4, N - i
a1+ s+ o(r+ 20— a0 o 2 oa ) o HEx) <8 = 0
T 3

Callocating this equation at X = X, 1 k=1.2.3
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For k=1 x, = — , hence after simplification of eqn (28) gives
2250006, +0.39383%, +0.08393&, +6.00000@, +8.00000¢, =0 (29)
Fork=2, = _ 1. hence after simplification of eqn (28) gives
. i
4000000, + 1166670, + 0458333, + 8.000000, +8.000000, =0 (30)
Fork=3, = _ 3. hence after simplification of eqn (28) gives
4
6.250000 +2.4375000, + 13359400k, +10.000000, +8.000000, =0 (31)
Then applying the conditions given in the example, we have
)= 2
Tmplies
¢, =2 (32)
And,
¥y =2
lmplies
¢, =2 (33)

Solving equations (29), (30) and (31) after the substitution of equations (32) and (33) by Gaussian elimination method, we obtained
a,=-22.692200

@, =07.9R1200

@, = —44.82090C

Putting these values in eqn (27), after simplification, we obtained

22.&-922[1”1_ __@SL‘_}_‘}_M.SEDOOO;L -

: 2 6 12

Which is the approximate solution for case N=2

Example:

We again consider the following high order ODE

2. ey W= p0)y= 0=y 0 =0, y"0) =1

&
3

valx)=2+2x

SR =00 p () =1, (0= 2, 37(0) = =3

Remark

We have solved the above examples using the same method described for equation (21) for cases N (i.e., N=3, N=4, N=5 and
N=6) and the results obtained are below:

Table of Errors Table 2: Table of Errors For Example 1 For Case N=3
Table 1: Table of Errors For Example | For Case N=2 | x Error of Chebyshev Error of Power Series
X Error of Chebyshev Error of Power Series 0.0]0 0

0.0 |0 ] 0.1 | 6.80 E-04 6.80 E-04

0.1 | 470E-03 4,71 E-03 0.2 | 1.59 E-03 1.59 E-03

0.2 1.29 E-02 1.29 E-02 03 1]2.11E-03 2.11 E-03

0.3 1.89 E-02 1.89 E-02 0.4 | 2.30 E-03 2.31 E-03

04 | 2,10 E-02 2.11 E-02 0.5 | 2.27 E-03 2.28 E-03

05 | 200 E-02 2.01 E-02 (.6 | 2.10 E-03 2.11 E-03

0.6 1.82 E-02 1.82 E-(2 0.7 | 1.86 E-03 1.87 E-03

(17 1.70 E-02 1.70 E-02 0.8 | 1.59E-03 1.59 E-03

0.8 1.60 E-02 1.60 E-02 0.9 | 1.28 E-03 1.29 E-03

0.9 1.09 E-02 1.09 E-02 1.0 | 5.60 E-04 5.90 E-04

Lo |7.52 E-03 7.51 E-03 Table 4: Table of Errors For Example 1 For Case N=3
Table 3: Table of Errors For Example | For Case N=4 [ x [ Error of Chebyshev | Error of Power Series
X Error of Chehyshev Error of Power Series [00 [0 0

0.0 0 ] 0.1 1.20 E-03 9.00 E-05

0.1 190 B-04 5.60 E-04 0.2 2.58 E-A 2.00 E-04

0.2 1.10 E-03 1.25 E-03 0.3 3.09 E-03 240 E-04

0.3 1.40 E-03 1.60 E-03 0.4 2.96 E-03 2.00 E-04 B
0.4 |51 E-(3 |72 E-03 0.5 2.64 E-03 2.50 E-04

0.3 1.49 E-03 171 E-03 0.6 | 227 E-03 230 E-04

0.6 1.37 E-03 161 E-03 0.7 1.86 E-03 2.07 E-04

0.7 1.20 £-03 145 E-03 0.8 1.46 E-03 1.75 E-D4

0.8 1.02 E-03 |25 F-03 0.9 1.15 E-03 1.35 E-04

09 | 848E-04 1.04 E-03 Ly 2.65 E-04 1.88 E-04

1.0 | 322 E-04 597 E-04 |
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Crror of Chehyshey

[ Lrror of Power Series

;‘

o0 ] | O

0.1 0 .00 E-05

0.2 300 E-O4 .00 E-03

(1.3 | 600 E-04 2.00 E-05

04 | 7TA0E-04 100 E-03

0.5 B.00 E-04 | 2.00 E-03

{16 ! 200 B0

07 2 ] 9.00 E-b

(.8 sS4 7.0 Iy

09 J13E-04 5.00 E-06 i
[ 10 4.41 E-04 [ 1.70 E-03 |

Table of Errors For Example 2 For Case N=2

Table 6:

[ = Error of Chebyshew ] Errar of Power Series
| 0.0 ] | o
1. 0 ]
0.2 4] 1
| 03 | 4.00 E-06 100 E-06
04 5400 E-0G 5.00 E-(h
0.5 .80 E-D5 1.80 E-05
0.6 330 E-05 3.30 E-05
0.7 3.60 E-3 5.60 E-03
L8 850 E-03 w50 E-05
0.9 1.22 C-04 1.22 E-04
| 1.0 1.70 E-04 1.70 E-04
Tuble 7: Table ol Errors For Example 2 For Case N=3
x Error of Chebyshey Error of Power Series
0.l 0 0
0.1 Q 0
02 {0 8]
1.3 0 0
1.4 [ i}
(1.5 0 &
.6 1.00 E-06 1.00 E-06
0.7 2.00 E-06 2.00 E-06
0.8 3.00 E-06 300 E-06
0.9 4.00 £-06 4.00 E-06
1.0 | 6.00 E-06 6.00 E-06
Table 8: Table of Errors For Example 2 For Case N=4
% | Error of Chehyshev Error of Pawer Series
(L1} | 0 0
0.1 { 0
0.2 0 0
0.3 0 0
.4 0 Y
;ﬁ 1.00 E-U6 100 E-06
0.6 1.00 E-06 1.00 E-06
0.7 0 0
0.5 0 100 E-U6
0.9 1.0 E-06 1.00 E-06
Table 9: Table of Errors For Example 2 For Case N=3
% Error of Chebyshev [ Crror of Ponver Series
(.0 ] 0
0.1 0 [t}
0.2 1] L]
0.3 [#] {
0.4 il 0
0.5 1.400 E-06 4]
0.6 i ]
0.7 ] ]
0.8 0 0
0.9 1] 0
1.0 0 4]

Ayinla, Ogunniran and Odetunde

J. of NAMP

LEAIG 16, LEllhias un Liiuls o l;.\cl]lll_.‘IL' POl Lass N
F Error of Chebyshes LCrrar of Power Senias
1.1 0 [t}
1.1 0 4]
n.2 il 1]
03 i 0 B
0.4 1 0
s 0 ] |
0.6 0 0 oo M
0.7 1,00 E-06 ]
0.5 il ¥
09 100 E-06 i
1.0 2.00 E-6 ()
Table 11: Table of Errors Far Example 3 For Case N=2
X Error of Chebyshey Error of Power Series
0.0 0 0
(11 1.00 E-06 1.00 B-06
0.2 T.00 E-06 7.00 E-06
0.3 3.20 E-05
0.4 570 E
1.5 | .84 E-04
(1.6
0.7
0.3
0.9 119 E-03 |
1.0 L.64 E-03 |

Table 12: Tahle of Errors For Example 3 For Case N=3

7 Error of Chebyshev Error of Power Series _|
1.0 1) it
0.1 0 0
0.2 0 0
0.3 1,00 E-06 5.00 E-06
0.4 3.00 E-06 3.20 E-06 |
0.3 600 E-05 1.21 E-04
0.6 110 E-05 3.560 F-04
0.7 L0 E-05 8,54 B-04
0.8 3.00 E-03 1.94 603
[ 09 4.00 E-03 386 L-03
[ 1o 5.00 E-03 707 603 i)

Table 13; Tahle of Errors For Example 3 For Case N=d4

X Error of Chebyshey Error of Power Scries
oo 0 0

0.1 { 0

0.2 0 1]

0.3 0 6,00 E-06

0.4 1.00 E-D6 3.20 E-05
| 0s 3.00 E-06 I IR E-04

.6 .10 E-05 3.45 E-03

0.7 2.90 E-03 5.73 E-03

0.8 7.00 E-05 1.55 EO3

0.9 1,30 E-04 3.65 E-03
[ Lo 260 E-04 | 6.69 E-03

Table 14: Table of Errors For Example 3 For Case N=5

e

Error of Chebyshev Error of Power Series

[0 0 i

0.1 1] ]

0.2 4 0

0.3 0 6.00 E-Un

0.4 2.00 E-06 3.20 E-03

0.5 4.00 E-06 113 E-04

0.6 |30 E-U3 3

3.7 310 E-15 573 E

0.8 T.00E-NS 185 [

0.9 | 130 E-04 3.65 E-03

10 | 240 E-04 6.69 E-03
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Table 15: Table of Errors For Example 3 For Case N=6

X | Error of Chebyshev Error ol Power Series
0.0 0 U
0.1 0 0
0.2 0 0
0.3 0 3.00 E-06
04 1.00 E-06 210 E-05
| 0.5 5.00 E-De 9.90 E-05
0.6 1.40 E-03 354 E-04
0.7 350 E-03 1.04 E-03
08 | 800 E-08 2.65 E-03 !
0o 1.60 E-04 6.04 E-03 |
1.0 [ 3.00E-04 1.26 E-02 |

Graph of Comparison
This section contains the solution curves of Examples considered using the Chebyshev Approximation Method and the Power
Series Approximation Method for values of N=2345.6.

Fig 1: Companson Graph of Example 1 for N = 2. . s T
Fig 4: Comparison Graph of Example 1 for N = 3.

AgpEimation i ar SEOAT BT SLTEITIIN

Fig 2: Comparison Graph of Example 1 for N = 3.

T Fig 5: Comparison Graph of Example 1 for N = 6.
DXEIHG A, i

2, N=2

e

§ AL AT O

Fig 3: Comparison Graph of Example 1 for N =4 |
Fig 6: Comparison Graph of Example 2 for N = 2.
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Example 2 Mad Example 2, N=¢
s A »
ys
& .
A ‘/@,
Y
A e
W L
A e
3 g
+JF ot g
. TRty Aol i oo Brprar T 50 22 Besrnan o e Ecart -3 NEDFENEY ALETIN TIATION el S i

Fig 7: Comparison Graph of Example 2 for N = 3. Fig §: Comparison Graph of Example 2 for N = 4.

Example 2, N=§ Example 3, N=2
¥ 5.4
y 5 A
. 2w e
§/§ il

H i
G g i e

o4 2] a8 : 13 o s : 5

—f—Dagst e Chatoshes Aporadestion i Pigpar Sattan Sopradimiatine —2— DR g Chrbshey Apgrosimaution s Povey Sefiav Andeosimating

Fig 9: Comparison Graph of Example2 for N = 4. Fig 11: Comparison Graph of Example 3 for N = 2,

Example 3, N=3

Dxamphe 2, Nef i3

-
g
it
e e
&
5 g i I
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L : Fig 12: Comparison Graph of Example 3 for N = 3,
Fig 10: Comparison Graph of Example 2 for N = 6.
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Fig 13: Comparison Graph of Example 3 for N = 4. Fig 14: Comparison Graph of Example 3 for N = 5.
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Fig 15: Comparison Graph of Example 3 for N = 6.

Discussion of Results

Tables 1-5 show the absolute errors of computation for Example 1 using the Chebyshev Approximation Method and Power
Series Method with N=2.3 4.5, and 6 respectively. The absolute errors were obtained using the relation:

Error of Chebyshev =|Exact- Chebyshev Approximation Method| and

Error of Power Series=|Exact- Power Series Method |

From Tables 1-5, it could be observed that these two methods as discussed above exhibit less noise and thus we say
compared favourably with the exact solutions at different values of x.

Tables 6-10 show the absolute errors of computation for Example 2 using the Chebyshev Approximation Method and Power
Series Method with N =2.3.4.5, and 6 respectively. The absolute errors were also obtained using the relation:

Error of Chebyshev =Exact- Chebyshev Approximation Method| and

Errar of Power Series=|Exact- Power Series M od |;

From Tables 6-10, it could be observed that these two methods as discussed above exhibit less noise and thus we say
compared favourably with the exact solutions at different values of x.

Tables 11-15 show the absolute errors of computation for Example 3 using the Chebyshev Approximation Method and Power
Series Method with N =2.3.4.5, and 6 respectively. The absolute errors were obtained using the relation:

Error of Chebyshev =[Exact- Chebyshev Approximnation Method| and -

Error of Power Series=Exact- Power Series Method |;

From Tables 11-135, it could be observed that these two methods as discussed above exhibit less noise and thus we say
compared favourably with the exact solutions at different values of x.

Conclusion

In the table of results presented, we observed that at lower values of N in the examples considered, both methods have the
same degree of accuracy As N increases, better results are achieved. In the first example considered, power serics has proven
to be better over Chebyshev polynomials due to its proximity to the exact solution. In the second example, it is observed that
Chebyshev polynomials converge faster than the power series at lower values of N but at higher values, power serics gives
hetter results. The last example has shown the pote.zy of Chebyshev over power series as its rate of cc.'vergence is higher
than that power series. Conclusively, as the value of N increases in both methods, the answers converge more to the exact
solution and befter results are gotten using Chebyshev polynomials method.
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