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Abstract

Intepro - differential cquations find special applicability within scientitic and mathematical discipline.. In tlus
wotk , the application of some collocation methods for solving Integro -~ Differential - equations presented. We
ctployed two collocation ncthods namely, Standard  and Perturbed collocation mothods and the

colloeation points namely. Equally spaced interior collocation, Chebyshev Guuss — Lobatio collucation and
Chebyshey Gauss- Radaw coltocation points were used . Errors analysis and illustrative examples were incladed

Lo demonstrate the validity and applicability of the methods MATLAR 7 was used to carry cut the computation.
We conclude that collocation methods discussed can be used as a novel solver for linear Integro

following

- ditTerential
cquations.
Keywords: Collocation inethods, Integro — differential equations, collocation points and error analysis.

fotroduetion

tegration and differentiation became the basic tools of caleulus, with numerous application in
seionce and engineering, In recent years, there has been a growing interest in integro - differential
cquations. A rigorous mathematical definitions and applications of both integration and differentiation
have been considered by some Mathematicians among them were (Taiwo, 1991; Taiwo. and (shoia
2009; Danful and Xufeng, 2007; Karamnete and Sezer, 2002) 1o mention a few and derivatives arise in
many areas of science and lechnology whenever a deterministic relationship involving some
confinuonsly changing quantities (modelled by functions and their rate of change expressed as
derivatives known as postulated. This is well illustrated by classical mechanics, where the motion of a
body 1s deseribed by its position and velocity as the time varies, this differential equation
explicitly yield the motion. Numerical analysis in mathematics emphasized the rigorous justification
ol the methods for approximating solutions. Modeling and analysis of physical phenomena in applied
inapplicd sciences often generated non - linear mathematical problems. Non- linearity ma
teature of the model. The theory and application of integral equations is an important subject within
applicd mathematics. Integral and differential equations were used as mathematical niodels for many
and phys

sical situation acerved as reformations of other mathematical problems.
problems were modelled by integral and diffe

fsuch
equations had been highly studied by many authors in recent years ( see [Taiwo, 1991 Taivo
fshola 2009; Danful and Xufeng, 2007
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Application of collocation methods for the numerical solition of ineero differentinl equation,

(tii) Chebpshev Gausy - Radan Collocation points defined by
: 7wk , ;
X, = L8] ~——me . k=1(DON &))]
N+l '

which produce N

algebraic linoar systems of
a, (r=Q,,2,

“equation in N1 | voknown constants

V), One extea equation is obtained using equation (2, Thus, altogether we have (N«
algebeaice linear systen of equations in (N+ D unknown constans. Phe resulting (N1 1) 5
system of equations are then solved using MATLADR 7 Lo ablain the
substituted into cquation (3),

]
[pebraic linem

mnknown constants which wre then

Perturbed coltocution method

W this section, we discuss the p
the accwracy and ef
discuss this method
substitute into g shig

erturbed Collocation Metho.
Ticiency of {he standard collocation me
» Weoassume the form of approximate
htly perturbed equation (1), we obtain,

This method is aimed

atimproving,
thod discussed in seetion |

above. T

solution given in equation (3 and then

. 3 ‘ b y, '

2a, T (x) = P a1 () + g(x) + A j RGO a () Lde + Hy(x) (10)
ra a0 a1 e |

where,

Hy(x) = 6Ly (x) 4 Yy Ly (%) and Lo (x) is the Chebyshev polynomial of degiree N dejined,
by equation (1.3), §oand T, are fiee tau parameters (o be deter min e,

Afler ovaluating the integral part of equation (10), the reshilting, equation is then collovated by the thyee
collocation points used for standard collocation method. We note here (hat more algebraie linear
systen of equations will be solved because of the two free tay parmeters introduced wnd
collocation points need to be adjusted in order to cater for the unknown parameters o be
We also romark here (hat the method involved tore computational work whe
the standard method discussed in section 2.

also the
determined
ncompare with

L Numerieal Lxamples.
Examiple |,

First we consider the ntegro - difterential equation:

3w el
PHUX) = 3e . {--(l’.(r‘ +1)x 4 | RRVANUATE/
) =0

wWith initial condition A

For sehich the exaer Solution is ) = e

Example 2:

Consider the first order integro - differential cquation:
V) = 9(x) = Cost me 2 SN Lo | (G

YK) = px) - Cos(2ax) - 2A8In(2ax) NG AN IR ’ SN (v + 2 )1 el
“ J0 :
with initial condition v(0) -1

Jor which the exact solution iy ¥x) = Cos (2m)
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Fxample d

Consider the tust order integro - difterential equation:
l ‘ X [ al X N
p'(x) = () X+ =———lnll+x) + - - I P Y
2 {4+ X (n2)y = Ly
with the initial condition  y(0) = 0,

Jor which the exact solution is y(x) = In(1+x).

To show the efficiency ot the present methods for the problems th comparison with

we report absolute error whieh is detined gs:

Error = lllll}il-".\* - _,\'(.\‘31

(U SRS

Renrk

Some numerical results of these examples wre shown i tables | Q.

convergence rate 18 very fast and as N increases, it is worth noting that
method with Gauss - Radau points is the fast convergence to the solutions.
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Table 3: Numerical results of example ) for case N=10
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41 Numerical results of example 2 for case N/
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Table 51 Numerical resnits of example 2 for case N-6
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Table 6: Numerical resulis of eximple 2 for case N= (o
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Table 7 Numerical results of example 3 for cuse N=4
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Table 8 Numerical results of example 3 for case N=6
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Conclusion

The Collacation methads was used for evaluating

| 4, 129x10 "¢

Table © Numerical results of example 3 for case N
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differential eqnations, Three examples 1

examined as demonstiation. 11 was concluded that Perturbed Coliocation method with the

poinis proved o he the best in rerms of accuracy achicved
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3:Graphical representation of example 3 for the exact solution and the coilocation method
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