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Abstract: Problem statement: The conventional methods of solving higher ordeffedential
equations have been by reducing them to systemdéirgif order equations. This approach is
cumbersome and increases computational tikmproach: To address this problem, a numerical
algorithm for direct solution of 5th order initiaalue problems in ordinary differential equations
(odes), using power series as basis function,dpgsed in this researcBollocation of the differential
system is taken at selected grid points to redoeentimber of functions to be evaluated per itematio
A number of predictors and their derivatives having same order of accuracy with the main method
are proposedresults: The approach yields a multiderivative method afesrsix. Numerical examples
solved show increased efficiency of the method witlieased number of iterations, converging to the
theoretical solutionsConclusion/Recommendations: The new mutiderivative method is efficient to
solve linear and nonlinear fifth order odes withmduction to system of lower order equations.
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INTRODUCTION Attempts have been made by some researchers ® solv
directly Problem (1) for m = 4 by developing method

In this research, numerical method of solution ofof step number k = 4 with varying order of accuracy

higher order differential equations of the form: (Awoyemi, 2005; Kayode, 2008b). But none of these
could handle Problem (1) directly when m>4 without

Y™ =1y, Y, YD) Y@= Y, reducing it to a system of lower order problems.
1) In this article, Problem (1) is solved directly by

Y @)=y, i=1)m-1nme . o -,
developing a 5 step multiderivative method for a.=

is considered for step numbeeX This class of
Problems (1) has a lot of applications in Sciencd a
Engineering, especially in mechanical systems,robnt
theory and celestial mechanics.

The practice of solving this type of problems has
been the reduction to systems of first-order equatand P(x)= i ax )
the resulting equations solved by applying anyaslst =
method for first order equations (Awoyemi, 2008)the
same article, it is extensively discussed that Wuthe  js used as trial function to produce the approxémat
dimension of the problem after it has been reduoeal  solution as:
system of first order equations, the approach wadtt
of human efforts and computer time. ke2

Eminent scholars have contributed significantly in Y(X) = Z)‘jxj (3)
their works in this area of research to solvinglffem =0
(1) using different numerical methods (Lambert, 3,97 _
Jacques and Judd, 1987; Adateal., 2005; Awoyemi, M HR.j=0@Qk+ 1 xd [a,b],yJ C (a,b) P(x
2005; Kayode and Awoyemi, 2005; Awoyemi and
Idowu, 2005; Fatunla, 1988; 1994; Kayode, 2008a).  The 5th derivative of (3) is:
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MATERIALSAND METHODS

A power series of a single variable x in the form:
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U = I Lo s The discrete scheme and its first, second, thidi a
y' () ‘;I(J DI =2)( =3)( ~HAX () fourth derivatives arising from Eq. 9 are as pubbe
: when t = 1, which implies that x 5,4
Thus from Eg. 1 and 4 we have:
Ynss _5yn+4+1oym 3~ 10ym P 5yr+ i~ Y=
k+2 . h5 (10)
2 -DG -2 -3 =X =YY YY) (B) gl e T 20T +5E ]

=0

Collocating Eq. 5 at x=X,,,.,,=0@1)2 and Order p = 6, error constant,,=02082 and

interpolating (3) atx =x,,,,j=0(1)4 yield the following
systems of equations:

interval of absolute stability is X = (0, 32):

’ 1 |:77yn+4_ 2l4yn+3+ :|

kv2 ) ) . ) s Yoo =ﬁ 234y,,.,~ 122y, + 25y, (11)
210 -G =D =2)( =3 =A%, = 5 h*
= (6) + [ 599f,. + 19360f., 4315f, |
i =0(1)2 10080
with:
k+2
AXoyi = Yoein i =0Q)4 7
JZ(; ooy = Yaop ] =0C) % p = 6, c,,, = ~0.40029761
After solving the system of Eq. 7 and 8 for the , 1 |71y,,,— 236y, .+
values ofA;’s and substituting these values into Eq. 3, Yoss = 012 294y, ., - 164y, + 35y, 12
with the necessary algebraic manipulations, outhougt h? (12)
is obtained to be: + [27f,,s +4544f  ,+ 8291 ]
1440
4 2 — - _
AOEDIHCINED Y RC (8  P=6 G«=-0442890211
=0 =0
I 1 B
Yoes = sl 7Y nea = 26Y 0 5+ 36y, o= 22y, 5+ 5y,
From (8) the coefficients;(x) andj(x) are given he (13)
as follows: +— [49f,, + 562f, ,+ 69f,, ]
160
) =—[t* +6t° +11€ + 6t
(1) =1 ] p = 6c,,,=-0.09583332
a,(t) = —é[t“ +7t3+141% + 8t]
; 1
ylvn+ :7[yn+ _4yn+ +6n+ _4yr+ +y
a,(t) :le[t“ +8t°+192 + 121] °optome o v (14)
h
+7[9+ +26+ +fn+]
a,(t) :—%[t“ +Ot° + 2617 + 241] 1 st 20ha® o
a, (t) =2—14[t4 +10t° + 358 + 50t+ 24] ®)  p=s6,c,,=03597222
B.(1) = h® | t"+14t°+ 63+ 70t - . _ .
5 20160 196F — 504 — 288t Predictors. Except that collocation is not taken a_t
o X = X+5, the procedure for the development of the main
B.(1) = h® |-t =7t +63C+ 735 + predictor to calculate,ys and its required derivatives is
: 10080 2506 + 3472t + 1632t the same as for the main method. Fay,y = 1(1)4, the

predictors are derived by Taylor series method. The
discrete schemes and their required derivativesnari
from the predictors are as listed below:
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Yors =Y nes =100 s+ 10V, 4= Y, o+ Y, fr=f XY Y Y Yu Y™ )
he (15) , ) . .
o Pfnea #2200, =1 ] Furthermore,f, and f' are expressed in partial
derivatives as follows:
p = 6, error constantc,,,=-0.2083332 interval of _df _of  of X & a
T 7+ "7+ m v I
absolute stabilityx(6) = (~31.94, 0) "o ox Yoy Yoy YV ay Y oy dyl 21)
d'y
o 77yn+4_214yn+3+ d I 1=1234.
Yoes =100 234y,,, - 122y, + 25y ,
(16) " o_ d f —- 1 " m 1v
h? f'=—=2(Ay' +By" +Cy" +Df " +Ef) + F+G+H (22)
+ [5575f,, + 18460Qf ,— 1014f dx
10080
Where:
p = 6, error constant,,, = 0.4915674¢. _of 0% . 0% w 0f of
- + ] + " +y m + 1v
oxoy ayoy oyoy oyoy oyoy
_ 2
y"+5:i 71yn+4 236yn+3+ - a f ,+y’” a'Zr . +y1v a’a: — +f ?? -
" 12K | 294y, - 164y,,+ 35y, a7 oxdy oy'oy oy'oy”  dy'oy
+ " pesiy, + 300 247f c= +yr o 0o
14 40[ 1., af.. A axdy’ oy ayay"
D= 9% + %
p = 6, error constant,, , = 0.80016534: axay" | oy oy
_ o%f
Viss = o170 26, o+ 36Y, 1= 225, 1+ 5Y,. N axay“
h2 (18) F:y, +y" PPN
+ 50 WATh+ 206f.,~ 13{ ] ay"' ay™
af 62f o 0F wo 0f of
G= ()/)2 (Y et (V) st
Order p = 6, error constanf, , = 0.6971666t. ay oy dy
_ 0%
. 1 H= aXZ
ylvn+5 :W[yn+4_4ym3+6ym 2~ 4yﬁ 1+ yr;l
(19) RESULTSAND DISCUSSION

h
+— [53f,,+ 18f,,+ . . .
4 3. hot 4] Numerical examples: Two non-linear numerical

examples are solved to demonstrate the accuracy and
=-0.4736111. convergence of the new method (10) per iteratiorafo

p = 6, error constant,,, =
third given value of x.

Finally y..; = j1(1)4 and their first, second ,
and fourth derivatives are determined by Taylor'sprgblem 1:
method as follows:
Yy =2yyY -y - yy' - 8x+ (X - 2x— 3)¢ ,&x x 1,y(OF
Ly (0)=1Y (0)= 3,¥ (0OF 1Y (0F .

Theoretical solution is y(x) =& X°.

Problem 2:

y' =6(2(Y )+ 6yyy + YY')1< x< 2,y(1F 1Y (LF -
y')=2y0=-6,y" (1= 24

Youi =YX, +ih) =y(x,) + i% i=11)4 (20a)

Yo =Y (xn+ih)=>f'(xn)+z7:%, i=1(1)4 (20b)

o =f XY Y Y YR Y™ )
. . . 21
oy Yy YY) Theoretical solution is/(x) e
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Table 1: Solution to Problem 1 Awoyemi, D.O., 2003. A P-stable linear multistep
() ExactSol method Sol Error method for solving general third order ordinary
g 822828:81 g-gggggigi g-;ggg:gi differential equations. Int. J. Comput. Math.
7 0.3770D+01 0.3770D+01 1.996D-05 80: 987-993. DOI: 10.1080/0020716031000079572
9 0.3753D+01 0.3753D+01 3.203D-06 Awoyemi, D.O., 2005. Algorithmic collocation
11 0.3744D+01 0.3744D+01 1.638D-06 approach for direct solution of fourth-order initia
value problems of ordinary differential equations.
Table 2: Solution to Problem 2 Int. J. Comput. Math. 82: 321-329. DOI:
(n) Exact Sol Comp Sol Error 10.1080/00207160412331296634
g 8-33;38:83 g-jgéggigg i-égg'gg Awoyemi, D.O. and O.M. Idowu, 2005. A class of
7 0.4984D+00 0.4984D+00 5.303D-07 hybrid collocation methods for third order ordinary
9 0.4990D+00 0.4990D+00 2.631D-07 differential equations. Int. J. Comput. Math.
11 0.4994D+00 0.4994D+00 2.225D-07 82:1287-1293. DOI: 10.1080/00207160500112902

Fatunla, S.O., 1988. Numerical Methods for Initial
The Table 1 and 2 show the results of Problems 1  Value Problems in Ordinary Differential

and 2 solved with the developed method. Equations.1st Edn., Academic Press, Inc., New
These results Table 1 are recorded at x = 1 anly f York, ISBN: 0-12-249930-1, pp: 265.
n-iterations. Fatunla, S.O., 1994. A class of block methods for

The results Table 1 and 2 were only recorded for  second order IVPs. Int. J. Comput. Math., 55: 138-1
Problems (1) and (2) at x = 1 and x = 2 respedtjvel DOI: 10.1080/00207169508804368
which showed that as the number of iterations ¢a) a Jacques, I. and C.J. Judd, 1987. Numerical Analysts
increasing, the new method is converging to the Edn., Chapman and Hall, New York, ISBN: 0-412-

theoretical solutions. 27950-9, pp: 233-264.
Kayode, S.J. and D.O. Awoyemi, 2005. A 5-step
CONCLUSION maximal order method for direct solution of second

order ordinary differential equations. J. Nigerian

A collocation method with step numbers k =5 has ~ Assoc. Math. Phys., 9: 279-284.
been proposed to solve Problem (1) when m = 5. Twd ayode, S.J.2008a. An order six zero-stable method
non-linear test problems were solved by the new for direct solution of fourth-order differential
method. The results were only recorded for Problems equations. Am. J. Applied Sci., 5: 1461-1466.
(1) and (2) at x = 1 and x = 2 respectively, whichKayode, S.J.2008b. An efficient zero-stable numerical
showed that as the number of iterations (n) are method for fourth-order differential equations.t.In
increasing, the new method is converging to the J. Math. Math. Sci, 2008: 1-10. DOL:
theoretical solutions. 10.1155/2008/364021

In our next article for step number k = 6 we will Lambert, J.D., 1973. Computational Method in
compare the accuracy of the present method with tha  Ordinary Differential Equationslst Edn., John
one to ascertain whether an odd or even step number Willey, New York, ISBN: 0-471-51194-3, pp: 278.
method will be better in terms of accuracy for gahe
purpose use.
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