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Our focus in this paper is the development and implementation of a new one
second order ordinary differential equations. We adopted the Stomer cowell approach, in the development of the method, by 
taking the Power series as the basis function, from where the arising differential systems are collocated at all the selected
off grid points while the approximate solutions are interpolated at two points nearest to the end points. We then analyzed the 
resulting scheme for its basic properties, order of accuracy, error constant, consistency, zero stability and convergence. Th
method was found to have high order of accuracy, minimal error constant, Zero stable, consistent and convergent. 
For the implementation of the method, we adopted Taylor’s series algorithm to supply the starting values while the efficiency
the method is then tested on some sample prob
to perform better than the existing method.
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IntroductionIntroductionIntroductionIntroduction    
Differential equations are the basis for modeling varieties of problems arising from the fields of sciences, technology, engi
social science, e.t.c. These problems range from first order to higher order problems like falling body problems, orthogon
trajectories, damped mechanical oscillator, electrical circuit problems, and so on. 
In this work, we consider a general second order initial value problem (IVP) of the form: 

( ) ( ) ( ) =′=′=′′ ayyayyyxfy ,,,, 0

Conventionally, problems of the form (1.1) are solved by first reducing it to systems of first order ordinary differential equations 
of the form: 

( ) ( ) 00,, yxyyxfy ==′ , Ryx, ∈
The resulting equations are then solved by any appropriate numerical or analytical methods. This is widely discussed by Fatun
(1988), Awoyemi (1992), Lambert (1973,1991), Lambert & Watson (1976), among others. This approach is considered 
uneconomical as a result of computational burdens, human and computer time wastage [Awoyemi & Kayode (2002) ]. 
Consequently, many eminent scholars have developed other methods of solutions of (1.1) without first reducing it to systems o
first order ODES. Among these are: Awoyemi (1999, 2001 ),  Awoyemi & Kayode (2005), Yahaya (2009), Kayode (2004, 
2005), Onumanyi, Sirisena & Jator (1999) to mention but just a few. These researchers proposed Linear Multistep Methods 
(LMM) with continuous coefficients for IVPs of the form 
using power series polynomial as the basis function and Taylor’s series algorithm to supply starting values.
Another interesting approach to the solution of higher order ordinary differentia
developed by many scholars. Notable among these researchers are: Fatunla (1984) who developed a P
LMM in which Pade approximation was used as a basis function for solving (1.1); Awoyemi (199
multistep methods with continuous coefficients for the solution of (1.2). Other scholars who have developed hybrid method 
include: Onumanyi et al (2001), Kayode (2007,2011), Yahaya & Badmus (2009), and Bolarinwa Bolaji (2012) 
Furthermore, block methods have been proposed by eminent scholars such as Fatunla (1991, 1994), for the solution of special 
second order ODEs. Yahaya (2007), Awoyemi,
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AbstractAbstractAbstractAbstract    

Our focus in this paper is the development and implementation of a new one-step hybrid method for direct solution of general 
ial equations. We adopted the Stomer cowell approach, in the development of the method, by 

taking the Power series as the basis function, from where the arising differential systems are collocated at all the selected
oximate solutions are interpolated at two points nearest to the end points. We then analyzed the 

resulting scheme for its basic properties, order of accuracy, error constant, consistency, zero stability and convergence. Th
der of accuracy, minimal error constant, Zero stable, consistent and convergent. 

For the implementation of the method, we adopted Taylor’s series algorithm to supply the starting values while the efficiency
the method is then tested on some sample problems and its accuracy compared with the existing methods. The method was found 
to perform better than the existing method. 
____________________________________________________________________________________

Department of Mathematical Sciences, Ondo State University of Science and Technology, Okitipupa; Nigeria
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Differential equations are the basis for modeling varieties of problems arising from the fields of sciences, technology, engi
social science, e.t.c. These problems range from first order to higher order problems like falling body problems, orthogon
trajectories, damped mechanical oscillator, electrical circuit problems, and so on.  
In this work, we consider a general second order initial value problem (IVP) of the form:  

η=             (1.1) 

(1.1) are solved by first reducing it to systems of first order ordinary differential equations 

[ ]baCfn ,, ′∈                 (1.2) 

The resulting equations are then solved by any appropriate numerical or analytical methods. This is widely discussed by Fatun
(1988), Awoyemi (1992), Lambert (1973,1991), Lambert & Watson (1976), among others. This approach is considered 

a result of computational burdens, human and computer time wastage [Awoyemi & Kayode (2002) ]. 
Consequently, many eminent scholars have developed other methods of solutions of (1.1) without first reducing it to systems o

: Awoyemi (1999, 2001 ),  Awoyemi & Kayode (2005), Yahaya (2009), Kayode (2004, 
2005), Onumanyi, Sirisena & Jator (1999) to mention but just a few. These researchers proposed Linear Multistep Methods 
(LMM) with continuous coefficients for IVPs of the form (1.1) in the predictor-corrector mode based on collocation method 
using power series polynomial as the basis function and Taylor’s series algorithm to supply starting values. 
Another interesting approach to the solution of higher order ordinary differential equation is Hybrid method which has been 
developed by many scholars. Notable among these researchers are: Fatunla (1984) who developed a P-
LMM in which Pade approximation was used as a basis function for solving (1.1); Awoyemi (1995) proposed a two
multistep methods with continuous coefficients for the solution of (1.2). Other scholars who have developed hybrid method 
include: Onumanyi et al (2001), Kayode (2007,2011), Yahaya & Badmus (2009), and Bolarinwa Bolaji (2012) 
Furthermore, block methods have been proposed by eminent scholars such as Fatunla (1991, 1994), for the solution of special 
second order ODEs. Yahaya (2007), Awoyemi, Adesanya & Ogunyebi (2009), Adesanya et al (2008, 2009), used the forward 
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taking the Power series as the basis function, from where the arising differential systems are collocated at all the selected grid and 
oximate solutions are interpolated at two points nearest to the end points. We then analyzed the 

resulting scheme for its basic properties, order of accuracy, error constant, consistency, zero stability and convergence. The 
der of accuracy, minimal error constant, Zero stable, consistent and convergent.  

For the implementation of the method, we adopted Taylor’s series algorithm to supply the starting values while the efficiency of 
lems and its accuracy compared with the existing methods. The method was found 
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The resulting equations are then solved by any appropriate numerical or analytical methods. This is widely discussed by Fatunla 
(1988), Awoyemi (1992), Lambert (1973,1991), Lambert & Watson (1976), among others. This approach is considered 

a result of computational burdens, human and computer time wastage [Awoyemi & Kayode (2002) ].  
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difference method and Newton’s polynomial respectively to generate predictors for Fatunla’s block method in order to solve 
equation (1.1). Lately, scholars like Jator (2007), Jator & Li (2009) have proposed five
adopt continuous LMM to obtain finite difference method applied as a block for the direct solution of (1.1). Adesanya (2011) 
adopted a method of collocation and interpolation to develop a continuous LMM which is evaluated at different grid points to 
discrete methods and then adopted block methods approach in the discrete methods to generate independent solutions. Anake 
(2011) proposed hybrid one-step block methods that can solve (1.1) directly. 
It should however be noted that little has been said about 
major method of implementation. Consequently this work is aimed at developing one
whose mode of implementation is the Taylor’s series algorithm m
 

Derivation Derivation Derivation Derivation oooof f f f tttthe Methodhe Methodhe Methodhe Method
We proposed an approximate solution to the Initial Value Problems of the kind (1.1) in the form:
 

y

Which is a power series with a single variable 
The first and second derivatives of (2.1) are respectively:

=′ )(xy

and 

( ) =′′ xy

By combining (1.1) and (2.3), we have the differential system:

∑
−+

=

1)(

2

(
nm

j

jj

By collocating (2.4) at selected grid and off grid points,
points for the method result into a system of equations:

(
nm

j

jj
−+

=
∑

1)(

2

And 

Where  

Which when solved for aj’S yield a method expressed in the form:

( ) ∑=
j

xy

Where =k

The coefficients 
( )xjα  and

( )xjβ  in Equation (2.8) are as follows if

x
t

−
=

( )t
3
1 =α
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difference method and Newton’s polynomial respectively to generate predictors for Fatunla’s block method in order to solve 
equation (1.1). Lately, scholars like Jator (2007), Jator & Li (2009) have proposed five-step and four-step starting methods which 
opt continuous LMM to obtain finite difference method applied as a block for the direct solution of (1.1). Adesanya (2011) 

adopted a method of collocation and interpolation to develop a continuous LMM which is evaluated at different grid points to 
crete methods and then adopted block methods approach in the discrete methods to generate independent solutions. Anake 

step block methods that can solve (1.1) directly.  
It should however be noted that little has been said about one-step hybrid methods with the use of Taylor’s series algorithm as the 
major method of implementation. Consequently this work is aimed at developing one-step hybrid Stomer Cowell type method 
whose mode of implementation is the Taylor’s series algorithm mode to solve directly equation (1.1). 

he Methodhe Methodhe Methodhe Method    
We proposed an approximate solution to the Initial Value Problems of the kind (1.1) in the form: 

)(xy = ∑
−+

=

1)(

0

nm

j

j

j xa                      (2.1) 

hich is a power series with a single variable x and (m+n) is the sum of the collocation and interpolation points. 
The first and second derivatives of (2.1) are respectively: 

∑
−+

=

−=
1)(

1

1
nm

j

j

j xja                       (2.2) 

∑
−+

=

−−=
1)(

2

2)1(
nm

j

j

j xajj                      (2.3) 

By combining (1.1) and (2.3), we have the differential system: 

( )− ′=− 2 ,,)1 j

j yyxfxaj                  (2.4) 

By collocating (2.4) at selected grid and off grid points, inxx +=
, 10 ≤≤ i and interpolating (2.1) at selected grid and off grid 

points for the method result into a system of equations: 

) in

j

j fxaj +
− =− 21 , 10 ≤≤ i              (2.5) 

 ∑
−+

=

1)(

0

nm

j

j

j xa = iny +  , 10 ≤≤ i              (2.6) 

 ihxx nin +=+                                (2.7) 

yield a method expressed in the form: 

( ) ( )∑ ∑
= =

++ +
k

j

k

j

jnjjnj fxyx
0 0

βα
          

(2.8) 

1=  and ( )1,, jnjnjnjn yyxff ++++ =  , 10 ≤≤ j  

in Equation (2.8) are as follows if 

h

x
n

3
2+−
                                 (2.9) 

t3−=
   

( ) tt 31
3
2 +=α  
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difference method and Newton’s polynomial respectively to generate predictors for Fatunla’s block method in order to solve 
step starting methods which 

opt continuous LMM to obtain finite difference method applied as a block for the direct solution of (1.1). Adesanya (2011) 
adopted a method of collocation and interpolation to develop a continuous LMM which is evaluated at different grid points to give 
crete methods and then adopted block methods approach in the discrete methods to generate independent solutions. Anake 

step hybrid methods with the use of Taylor’s series algorithm as the 
step hybrid Stomer Cowell type method 

and (m+n) is the sum of the collocation and interpolation points.  

(2.1) at selected grid and off grid 
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with the order 44 =C , error constant C

The first derivative is given by: 
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Taylor’s Series Algorithm Taylor’s Series Algorithm Taylor’s Series Algorithm Taylor’s Series Algorithm 

To generate y values for the approximate solution, the scheme and its first derivative are expanded term by term, up to the o
of the scheme, by Taylor’s series. 

( ) +=+=+ nnin yihxyy

( ) (
2

++′=′+ nnin

ih
ihfxyy

and 

( ) +=+′′=+ nnin fihxyf

Where 

We find ff ′′′,  and f ′′′  by the use of partial derivative techniques as follows:

yA
dx
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df
f

+′==′′

∂′+∂
∂==′

(22
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(2.11) 

 (2.12) 

To generate y values for the approximate solution, the scheme and its first derivative are expanded term by term, up to the order 

(3.1) 

(3.2) 

(3.3) 

               (3.4) 
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Analysis of the Basic Properties of the MethodAnalysis of the Basic Properties of the MethodAnalysis of the Basic Properties of the MethodAnalysis of the Basic Properties of the Method

Order of accuracy and Error Constant

In line with Lambert (1973), the local truncation 
difference operator: 

( )[ ] ∑=hxyL ,

Equation (2.11) can be expanded as a Taylor’s series about the point x if 

expression: 

( )[ ] ( ), 0 += n CxyChxyL

where ,qC  ,...,1,0=q are the constant coefficients given as:
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Analysis of the Basic Properties of the MethodAnalysis of the Basic Properties of the MethodAnalysis of the Basic Properties of the MethodAnalysis of the Basic Properties of the Method    

Order of accuracy and Error Constant 

In line with Lambert (1973), the local truncation error associated with K – step linear multistep method, is taken to be linear 
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Equation (2.11) can be expanded as a Taylor’s series about the point x if ( )xy  is sufficiently differentiable to obtain the 

( ) ( ) ( ) ...,... 2

2

21 +++′′+′
n

qq

nn xyhCxyhCxyhC  

are the constant coefficients given as: 

Bolaji et al., 
ISSN 2308-5061 

                                   Page | 82 

  

(3.5) 

yy

f

′∂

3

 

step linear multistep method, is taken to be linear 

is sufficiently differentiable to obtain the 
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In line with Lambert (1973), we say that the k 

pp CCCC ==== −110 ... and 1+pC

subjecting our schemes to equations (4.2)-(4.5), it is established that our linear multistep schemes have high order of accuracy 

4=p ,  and relatively small error constants 

Consistency 
A linear multistep method is said to be consistent if:

(i) The order 

(ii) 
0

∑∑
=

=
j

k

j

jjα

Where ρ  and σ  are the first and second characteristic polynomials of our method (2.11), on applying these aforelisted 

definitions to our method it was found to be consistent.

Zero Stability of the method 

A linear multistep method is said to be Zero stable if no roots 
than one, and if every root of the modulus one is simple (Lambert (1973). In the same way, by applying this definition to our
method (2.11), it was found to be Zero stable.
 
Test Problems 
We then translate the scheme (2.11), its derivative scheme (2.12) and the Taylor’s series algorithm needed for its implementa
into codes using FORTRAN Programming language and adopt to solve the following test problems to test the accurac
method: 
Problem 1: 
We consider an initial value problem: 

( ) 0
2 =′−′′ yxy   ( ) ,10 = yy

Whose exact solution is: 
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The Numerical result to the problem is as shown in the table 1 below, compared with the results obtained by Adesanya (2011) o
order 6, implemented in block mode. 

 
Problem 2: 
We consider an initial Value problem solved with an existing method by Yaha
block mode: 

yy ′=′′   ( ) ,00 =y

Whose exact solution is:   
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In line with Lambert (1973), we say that the k – step, linear multistep method (2.11) has order p if 

0≠ . Thus 1+pC is the error constant of the method. Fr

(4.5), it is established that our linear multistep schemes have high order of accuracy 

,  and relatively small error constants 
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are the first and second characteristic polynomials of our method (2.11), on applying these aforelisted 

definitions to our method it was found to be consistent. 

A linear multistep method is said to be Zero stable if no roots of the first characteristic polynomial (rρ
than one, and if every root of the modulus one is simple (Lambert (1973). In the same way, by applying this definition to our
method (2.11), it was found to be Zero stable. 

We then translate the scheme (2.11), its derivative scheme (2.12) and the Taylor’s series algorithm needed for its implementa
into codes using FORTRAN Programming language and adopt to solve the following test problems to test the accurac

( )
2

1
0 =′y    with 

32

1.0
=h     

      

The Numerical result to the problem is as shown in the table 1 below, compared with the results obtained by Adesanya (2011) o

We consider an initial Value problem solved with an existing method by Yahaya and Badmus (2009) of order 4 implemented in 

( ) 10 −=′y   with 1.0=h    
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(4.3) 

(4.4) 

(4.5) 

step, linear multistep method (2.11) has order p if 

is the error constant of the method. From our calculation, 

(4.5), it is established that our linear multistep schemes have high order of accuracy 

are the first and second characteristic polynomials of our method (2.11), on applying these aforelisted 

)  has modulus greater 
than one, and if every root of the modulus one is simple (Lambert (1973). In the same way, by applying this definition to our 

We then translate the scheme (2.11), its derivative scheme (2.12) and the Taylor’s series algorithm needed for its implementation 
into codes using FORTRAN Programming language and adopt to solve the following test problems to test the accuracy of the 

(4.1)   

(4.2) 

The Numerical result to the problem is as shown in the table 1 below, compared with the results obtained by Adesanya (2011) of 

ya and Badmus (2009) of order 4 implemented in 

(4.3) 
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( ) ( )xxy exp1−=  

The numerical result is as shown in table II below. 
 

ConclusionConclusionConclusionConclusion    

In this research work, a new Linear Multistep Hybrid method implemented with Taylor’s series algorithm for direct solutions o
general second order initial value problems of ordinary differen
The use of Taylor’s series algorithm for the implementation of the method has enabled derivatives of continuous schemes to an
possible order to be computed. This allows direct solution of Initial Value Problems of ordinary dif
reduction to systems of first order differential equations.
The accuracy of the derived method is tested with two test problems and the results were compared with Adesanya (2011) of 
order 6 with step length k=5 and Yahaya and Ba
mode. The new method gives better accuracy.
 

References References References References     

1. Anake (2011): Continuous Implicit hybrid one
order ordinary differential equations, Ph.D thesis , Convenant University.  

2. Awoyemi D.O. (1998): A class of continuous stomer
equations, spectrum Journal of Kad. Poly Vol 5, Nos 1 and 2 pp 100

3. Awoyemi D.O. (1999): A class of continuous methods for general second order initial value problems in ordinary 
differential equations, Int. J. Compt. Math, 72, 29

4. Awoyemi D.O. (2001): A new Sixth 
Compt. Math, 77, 177-124. 

5. Awoyemi, D.O. (2002): An algorithm collocation approach for direct solution 
value problems of ordinary differential equations, Journal of Nigerian Association of Mathematical Physics, vol 6, 271
284. 

6. Awoyemi, D.O. (2005): Algorithm collocation approach for direct solution of fourth
ordinary differential equations, Int. J. Compt. Math 82(3), 321

7. Awoyemi D.O, Kayode S.J. (2002): An optimal order continuous multistep algorithm for initial value problems of 
special second order differential equations, Jour
292. 

8. Awoyemi D.O, Kayode S.J (2005): A 5
differential equation,  NAMP Journal 9(28), 279

9. Bolarinwa Bolaji, Ademiluyi, R.A, Awoyemi, D.O and Ogundele J.O(2012): A single step implicit hybrid numerical 
method for the numerical integration of initial value problems of general third order ordinary differential equations. 
Canadian Journal on science and Engineering Mathe

10. Bolarinwa Bolaji (2012): Implicit hybrid block method for the numerical solution of initial value problems of general 
third order ordinary differential equations. A Ph.D Thesis in Mathematical sciences department of Federal 
Technology Akure; Nigeria. 

11. Brown, R.L. (1977): Some characteristics of implicitly multistep multiderivative integration formulas, SIAM J. 14, 
982-993. 

12. Fatunla S.O. (1988): Numerical methods for initial value problems in ordinary differential 
inc. New York. 

13. Fatunla S.O. (1992): Parallel method for second order ordinary differential equation, proceedings of the National 
Conference on Computational Mathematics, University of Benin, Nigeria, 87

14. Henrici, P. (1962): Discrete variable method in ordinary differential equations, John Wiley & Sons, New York.
15. Hairer, E & Wanner, G (1976): A theory of Nymstrom method, Numerische Mathematik, 5, 283
16. Jator S.N (2007): A sixth order LMM for the direct solution of general secon

Int. J. Pure and Applied Maths, 40(1), 457
17. Kayode S.J. (2005): An improved numerov method for direct solution of general second order initial value problems of 

ordinary differential equations.  

Bolaji
1(2): 79-85 (2013) ISSN 

Received Manuscript 18-10-2013 Accepted Manuscript 26-11-2013 

http://www.darsgah-e-ahlebait.com/journals/jns/                                     

       

The numerical result is as shown in table II below.  

In this research work, a new Linear Multistep Hybrid method implemented with Taylor’s series algorithm for direct solutions o
general second order initial value problems of ordinary differential equations is developed. 
The use of Taylor’s series algorithm for the implementation of the method has enabled derivatives of continuous schemes to an
possible order to be computed. This allows direct solution of Initial Value Problems of ordinary differential equations without 
reduction to systems of first order differential equations. 
The accuracy of the derived method is tested with two test problems and the results were compared with Adesanya (2011) of 
order 6 with step length k=5 and Yahaya and Badmus (2009) of order 4 with step length k=2, which were implemented in block 
mode. The new method gives better accuracy. 

Anake (2011): Continuous Implicit hybrid one-step methods for solutions of initial value problems of general second 
order ordinary differential equations, Ph.D thesis , Convenant University.   
Awoyemi D.O. (1998): A class of continuous stomer-cowell type methods for special second order ordinary differential 
equations, spectrum Journal of Kad. Poly Vol 5, Nos 1 and 2 pp 100-108. 
Awoyemi D.O. (1999): A class of continuous methods for general second order initial value problems in ordinary 

ons, Int. J. Compt. Math, 72, 29-37. 
Awoyemi D.O. (2001): A new Sixth - Order Algorithm for general second order ordinary differential equations. Int. J. 

Awoyemi, D.O. (2002): An algorithm collocation approach for direct solution of special and general fourth order initial 
value problems of ordinary differential equations, Journal of Nigerian Association of Mathematical Physics, vol 6, 271

Awoyemi, D.O. (2005): Algorithm collocation approach for direct solution of fourth-order initial value problems of 
ordinary differential equations, Int. J. Compt. Math 82(3), 321-329. 
Awoyemi D.O, Kayode S.J. (2002): An optimal order continuous multistep algorithm for initial value problems of 
special second order differential equations, Journal of the Nigerian Association of Mathematical Physics, 6(26), 285

Awoyemi D.O, Kayode S.J (2005): A 5-step maximal order method for direct solution of second order ordinary 
differential equation,  NAMP Journal 9(28), 279-284. 

luyi, R.A, Awoyemi, D.O and Ogundele J.O(2012): A single step implicit hybrid numerical 
method for the numerical integration of initial value problems of general third order ordinary differential equations. 
Canadian Journal on science and Engineering Mathematics; Vol. 3 No. 4, May 2012. 
Bolarinwa Bolaji (2012): Implicit hybrid block method for the numerical solution of initial value problems of general 
third order ordinary differential equations. A Ph.D Thesis in Mathematical sciences department of Federal 

Brown, R.L. (1977): Some characteristics of implicitly multistep multiderivative integration formulas, SIAM J. 14, 

Fatunla S.O. (1988): Numerical methods for initial value problems in ordinary differential equation, Academic press 

Fatunla S.O. (1992): Parallel method for second order ordinary differential equation, proceedings of the National 
Conference on Computational Mathematics, University of Benin, Nigeria, 87-99. 

rete variable method in ordinary differential equations, John Wiley & Sons, New York.
Hairer, E & Wanner, G (1976): A theory of Nymstrom method, Numerische Mathematik, 5, 283
Jator S.N (2007): A sixth order LMM for the direct solution of general second order ordinary differential equations, 
Int. J. Pure and Applied Maths, 40(1), 457-472. 
Kayode S.J. (2005): An improved numerov method for direct solution of general second order initial value problems of 

Bolaji et al., 
ISSN 2308-5061 

                                   Page | 84 

(4.4) 

In this research work, a new Linear Multistep Hybrid method implemented with Taylor’s series algorithm for direct solutions of 

The use of Taylor’s series algorithm for the implementation of the method has enabled derivatives of continuous schemes to any 
ferential equations without 

The accuracy of the derived method is tested with two test problems and the results were compared with Adesanya (2011) of 
dmus (2009) of order 4 with step length k=2, which were implemented in block 

step methods for solutions of initial value problems of general second 

ethods for special second order ordinary differential 

Awoyemi D.O. (1999): A class of continuous methods for general second order initial value problems in ordinary 

Order Algorithm for general second order ordinary differential equations. Int. J. 

of special and general fourth order initial 
value problems of ordinary differential equations, Journal of Nigerian Association of Mathematical Physics, vol 6, 271-

initial value problems of 

Awoyemi D.O, Kayode S.J. (2002): An optimal order continuous multistep algorithm for initial value problems of 
nal of the Nigerian Association of Mathematical Physics, 6(26), 285-

step maximal order method for direct solution of second order ordinary 

luyi, R.A, Awoyemi, D.O and Ogundele J.O(2012): A single step implicit hybrid numerical 
method for the numerical integration of initial value problems of general third order ordinary differential equations. 

Bolarinwa Bolaji (2012): Implicit hybrid block method for the numerical solution of initial value problems of general 
third order ordinary differential equations. A Ph.D Thesis in Mathematical sciences department of Federal University of 

Brown, R.L. (1977): Some characteristics of implicitly multistep multiderivative integration formulas, SIAM J. 14, 

equation, Academic press 

Fatunla S.O. (1992): Parallel method for second order ordinary differential equation, proceedings of the National 

rete variable method in ordinary differential equations, John Wiley & Sons, New York. 
Hairer, E & Wanner, G (1976): A theory of Nymstrom method, Numerische Mathematik, 5, 283-400. 

d order ordinary differential equations, 

Kayode S.J. (2005): An improved numerov method for direct solution of general second order initial value problems of 



Research Paper  
Journal of Natural Sciences (J. nat.sci.) 1(2): 

 

 
                                        Received Manuscript 18

                                          http://www.darsgah

 

18. Kayode S.J. (2007): Continuous hybrid methods for direct solution of general second order differential equations, 
Research Journal of Applied Sciences, 2(7), 794

19. Lambert, J.D. (1973): Computational Methods in Ordinary Differential Equations, John Wiley & Sons, New Yo
20. Lambert, J.D (1991): Numerical Methods in Ordinary Differential Systems

Sons, New York. 
21. Lambert, J.D. & Watson , A (1976): Symmetric Multistep Method for Periodic Initial Value Problems, Journal of  the 

Institute of Mathematics Applications, 18, 189
22. Ross, S.L. (1989): Introduction to ordinary differential equations, John Wiley & Sons, Inc, Singapore. 
23. Yahaya Y.A, Badmus A.M (2009): A class of collocation methods for general second order ordinary 

equations, Afr, J. Math. Compt. Sci. Res., 2(4), 69
 
 
 
Table I: Results and errors for problem (4.1)

  x        YEX 
0.2 
0.4 
0.6 
0.8 
1.0 

  1.100335347731
  1.202732554054
  1.309519604203
  1.423648930194
   1.549306144334

 

Table II: Results and errors for problem (4.3)

X          YEX 
0.2 
0.4 
0.6 
0.8 
1.0 

 -0.221402758160
  -0.491824697641
  -0.822118800391
  -1.225540928493
  -1.718281828459

 

Note: YEX= Y Exact, YC= YComputed, ERRold = Error in the old method, 
ERRnew = Error in the new method. 
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Results and errors for problem (4.1) 

      YC     ERRold      ERRnew
1.100335347731 
1.202732554054 
1.309519604203 
1.423648930194 
1.549306144334 

  1.100335347729 
   1.202732554047 
  1.309519604185 
  1.423648930153 
  1.549306144243 

  5.4257e-010 
   4.7893e-009 
   1.8699e-008 
   5.4759e-008 
   1.4340e-008 

   1.5863e-012
   6.6722e-012
    1.7757e-011
    4.0842e-011
    9.1080e-011

Results and errors for problem (4.3) 

           YC       ERRold       ERRnew
0.221402758160 
0.491824697641 
0.822118800391 
1.225540928493 
1.718281828459 

  -0.221402668007 
  -0.491824299828 
  -0.822117785516 
  -1.225538865231 
  -1.718278124741 

    0.3267e-003 
    0.4857e-002 
    0.1439e-001 
    0.2990e-001 
    0.5255e-001 

    9.0153e-008
    3.9781e-007
    1.0149e-006
    2.0633e-006
    3.7037e-006

Note: YEX= Y Exact, YC= YComputed, ERRold = Error in the old method,  
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