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Abstract

The attempt to solve problems in science and technology, gradually led to
mathematical models. Mathematical models involve equations in which
Junctions and derivatives play important roles. However the theoretical
development of this branch of mathematics — Ordinary Differential
Eguations (ODE), has its origin rooted in a small number of mathematical
problems. Therefore, Differential equations (DE) can be solved using many
methods that are generally accepted in Mathematics. However, it is believed
that one method should be more accurate, efficient, sufficient and unique
than the other. Thus; solutions of First order Differential Equations (FOD’s)
with Initial Value Problems (IVP’s) by Euler Method (EM) will be of central
concern. However numerical computational algorithm, convergence rate,
approximation errors and uniqueness will be seriously inspected and to
asertain Euler Method modification requirement in order to be more stable
and reliable over other methods for the FODE’s with IVP’s.
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0 Introduction
ccording to some historians of Mathematics, the study differential equations began in 1675, when Gottfried Wilhelm von

ibnitz (1646-1716) wrote the equations
1
(" +2dx) = Zx% +2x (1)
e search for general methods of integrating differential equations began when Isaac Newton (1642-1727) classified first
der differential equations into three classes. These are

=) @)
=f(xy) 3)
\u a

Al (4)

ation (1) to (2) contain only ordinary derivatives of one or more dependent varia_bles, \?'ith_respecl to a single indcpcnlxlcm
lable and is known today as ordinary equations. Equation (3) involves the partial derivatives of one dependent variable
oday is called partial differential equations. Newton will express the right side of the equation in powers of the
endent variable and assumed as a solution in an infinite series. The coefficient of the infinite series were then determined
onstant coefficient could be chosen in an arbitrary manner and concluded that the
on, it wasn’t until the middle of the 18" century that the full
der equation depends upon an arbitrary constant, was realized.

;'n‘ though Newton noted that the ¢ :
"1on possessed an infinite number of particular soluti
_’___;*_fjg_(_g_f_fhls fact, i.e., the general solution of a first or

“Ppanding author: D. 1. Lanlege, E-mail: loislanlege@yahoo.com, Tel.: +2348030528667 & 81 56073449

 rat e Nimaminn Accociation of Mathematical Physics Volume 31, (July, 2015), 441 — 450



Method Lanlege, Garba, Gana and Adetutu  J of 5, (\p
of Euler M¢

tial equation be mnt

t depend upon solut 3
al equations >
other branclies o siends andd techi b,

1 (inite form, e, be fantely sanee,

cgr;lbi-: in o finite fO m, 3 *— L z:?.;ffe--\s«tJi Bt
an infigte semes o whiak g,

Sy

tons expressed m 2 :

conptinues (0 OOtz

Application

articular differen
¢ mus L upo:
The study of difterentt

. 111 machine and in many : s of sciencs and
| theory, 10 orbital mac and in many other PRREes Ty
ects to pure mathematics Working

al manifolds.

asescanap
In the gencral case on
ce formula..

Only in special €
known functions.
are determined by .recurren
practical problems in co_mrf;)b‘t cory. b
e ol quesnonsﬂ :ln ‘:h;orry of differenti

' alysis and the '
functional analysts . ! il
parker and Sochacki thegrem on Existence and Uniquene 2

arke Soche

H ||)||[l(l l e po I t (x / ) thﬂ lhﬁ-‘[e 154 Ulllque bO!U[IU[I to
] 1 UI)U ill [

=f(x»~Y) (5)

Yy
= y,(IVP
{y(xo) )nr(crvnl)around x. In other wor

alid in some in :
Valid in hrough any given pont.

iently smooth at each powrt, then Wopes

ds. if the slope field is suftic . *
i How do we prove such 3 theorem? This method wsey 4
. . 16 B vact 11 4 S arual ermia L i
integral oV B ' se I ons converge at least mn a small interval srounde, Fupe v,

prove that these approximati g '

imate solutions and i the s e e disadvantage © s e
ﬂPProx,mme > in practice: one simply ‘’connect the dots™" in the slope field. Th d . d : ag f\ Sty
quiesimple 9 22 L tion *’at the dots™". In other words, Euler Method oaly approximates the values Gf the bt
only gives an SpPIoXI lOnol »ive us formula for an approximate function at every point. However, Faoler Mooy,
finite list of points. It does not g y minor modifications. Eulenan method are far mey,

Heoac improved with onl .

antage that its accuracy can be 1 . . . whinii s "

adv?s‘imm”y than other methods suchasPicard method but it introduces an important techmque that will be pyeq p
com

error analysis of Eulerian methods. An approximation method is useless without an estimate of the error Purker wp':
) arge class 0 ;
gggﬁlzhc{:ﬂ;lzii:c‘lﬁ of ODE’s is dense in the analyticlﬁmctions, it does not 1f1clgde all anal)-.‘uc linctions They s,
chowed one can approximate the solution by a polynorqlal system and the fef““‘“{-f CIror b"‘““_d “h&‘? uSing
approximations [2]. Parker and Sochacki also showec'i that lt.”xo # 0, one computes the ][?!:Lllm[l as 1f Xy = 0 and e 5
approximated solution to the ODE isy™(x + xo)-. This _algorllthm is called the modlﬁeq Pu.:ud_ method (MPM) W bl e
MPM algorithm easily computes the approximations, since it only depends on calculating derlx atives and nteprals o
underlying polynomials, it has some limitations. They also showed how to hgnd!c the PDE including the wmitial condss
However, the method requires the initial conditions in polynomial form. While in some PDE’s this 15 the case, Y o
one computes a Taylor polynomial that approximates the initial condition to high degree. This results 10 a sebye
increase in computational time. For some problems, the initial condition is not explicitly known, but only a dizstized e,
the data. For example, in image processing, most of the data have already been digitized and we have to mterpoluse the &
using polynomials in other to apply the Modified Euler Method (MEM). If this is done, the resulting polynomial sy we
effectively approximate the derivatives of the original function. The polynomial approximation might contam L ge b
of oscillations that do not represent the underlying data accurately. Finally, we would also like to handle boundary conditig
in a simple manner, but keep the extensibility of the Modified Euler Method (MEM), which does not allow for 4 bounis
condition. Picard’s method, sometimes called the method of successive approximations, gives a meuans of provig a
existence of solutions to DE. Emile Picard, a French Mathematician, developed the method in the early 20 century ¥ b
proven to be so powerful that it has replaced the Cauchy- Lipchitz method that was previuuslv‘cmp!mcd for soch
endeavours. ; '
Eiilrcdl ((i)\?vzi?gzicl:sﬂ:zziz? [\;\]fl;:lc}:] hde t\)vas afProfessor at the University of Phan's. It arose out of a study mvolving the P
situations as those that employ lh?: Taeelgr Z:rrilu{atedtﬁt ([jhe Cl_ld O it o candls n_lc‘thod Mo
equation involving integrals. Some DE’z are dif?s T;:Et o .1 6132 metho’d that converts the differential Equatiee st 4
solution can be approximated. The method cons'lctu fo solve, but Picard’s method provides a numencal process by ¥
solution upon successive iteration. It is similar tlj ?lo TCDn[S!rucu.ng a sequence of functions that will approach the &=
?tcsjr:?d Sotll:]tio_n loa DE Picard’s method allows us t]g ﬁr?()i’ Lc:rs::il;es mettiod in'that:sicecasive Hemstions sl i :
erations th: . :
ons that 1s required to reach the desired solution depends on how far from the chosen point the solution st ¥ -

closer the chosen point to the k I
' nown point, the fewer te » :
provides a solution to the differential equation of i iy et d. e e S oy S

sen’_es converges as well[3]. The details of Pjc
an mtegral equation. This is done by integra
defined termination point, Xy to x;. The imy

Cg

£ ODE’s could be converted to polynomial form using substitutions and UNIRG 3 gytppn

»

34
s
b

s solution about some fixed point. The number of o %

3 Mg

b merhest although the number of terms will depend upon bow 124 by =
ard's method involve starti A ¥ aqpyianins ¥
ting both ats l.m_qhe starting with an initial value problem and expessts
i sides with respect to one variable from a defined starsg §° °
a ¥ a3 11y ® . N ) o b ks
value given i1s substituted into the resulting integral equation IR

Simplﬁ 11’ C l ne aIU lEd 1€ ll l.Ell Vzllllt Sl[][”]“‘ 3\ o [ c a 'h'f a S”]Iil,; ..hl“-i‘t"'
actio \ a at tl mnit, e
. oy b

solution to the initial ' o e o e b e
equation. The number of iterar; an be used to generate successive approtieEst

. €r o Q t i .s'

and how far away fro f:;]ﬂamlm u

¢ value gj

= ‘ R
Ps 1s determined by two factors: how quickly the srs “"ﬂ;-;’ g
A° (&8F

numericgt o 1 initial problem [4]. The ferm **Picard #er2t™ e,
al analysis it is used when discussing fixed point seralion fox ¥

1 p

Journal of the Nieer; " i
f the Nigerian Association of Mathematical Physics Volume 31, (July, 20131 ¥
447



Application of Euler Method... Lanlege, Garba, Gana and Adetuty  J of NAME

a numerical approximation to the equationx = g(x). In differential equations, Picard tersnon i 1 corstrus
establishing the existence of a solution to a DE y' = f(x,y) that passes through L‘*-::-L s Lc ;
widely used procedure for solving the nonlinear equation governing flow in \.Lr;.':.b{\h\;:":-y L;r: il
simple to code a.nd computationally cheap, but has been known to fail or qvn\crgc-<fu=':_i; ;;:' :r card
function can omit not more than one finite value without being reduced to a constant fi "dvi srt o
values, each of which is taken on only a finite number of times, the function 1s 2 p\.‘i\.ru;;ﬂ!“[;} u|. w- = B e S
on every value, other than the exceptional one, an infinite number of imes. His bc:x;!.ﬂ'u‘[ ;*.m«lé‘ u"wf'“ ; b:1 -: u“
Big (8] Picard iteration 1s a special kind of fixed point iteration. We call x a fixed pont of a {uri-,m'::l,( X - (r'\ mi a
sequence is defined by:Xnyy = f(x,), x, = [some guess at the fixed point]. Qften you wil Tl Aot & -L‘\-,,.,,‘,‘.'f..:f-,\, "
fixed point of f. The process of taking the successive terms of such a sequence 1s C:l[!cd':h'm.-'zur: ;\.\’: d: :1 ,1.., ’g.!m
lerative 1dea to differential equations and we come up with the Picard methad. Basically, we are zom.,:"‘:::;:; ;\"» :‘\ —‘:
teration (o a whole differential equation [9]. The goal here 1s to use Picard method to find 2 solution t-c;h'.he: e:t- "Ol;{r:uh
[vP of the form 1n (1) ODE frequently occurs as mathematical models in many branches of scimcc.rcnzmcmn'-: .tf'L;
economy. Unfortunately it is seldom that these equations have solutions that can be expressed in closed form, s *r-
common to seek approximate solutions by means of numerical methods [10]; nowadays this can usually be achieved very
inexpensively to high accuracy and with a reliable bound on the error between the analytical solution and 1ts numerical
approximation. In this section we shall be concerned with the construction and the analysis of numerical methods for FODL
of the form in (1). For the real — valued function y of the real variablex, where y‘ = % In other to select a2 particular miegral
from the infinite family of solution curves that constitute the general solution to (1), the FODE will be considered in tandem
with an initial condition: given two real number We seek a solution to (1) forx > x, 3 y(xp) = ¥o. The FODE (1) together
with the IVP is called FODE with IVP. In general, even if f (x, y)is a continuous function, there is no guarantee that the [VP
in (1) possesses a unique solution. Fortunately, under a further mild condition on the functionf, the existence and uniqueness
of a solution to (1) can be ensure: the result is encapsulated in the next theorem[11].

CATEE AL v

20 Material and Method
21  Euler Method (EM)

h This is the most simple but crude method to solve differential equation of the form in (5). Considering the FODE with the
s VP in(S), then the solution to (5) is equivalently given as finding solution to the integral equation:

= ol

iy =f(xy)
"':'[}'(XB) © = yo(IVP) (62)

Yn+1 = Yn + hf(xn'yn)nn . 0;1.2. (Bb)

To show that equation (6b) is the equivalent solution to any first order DE of the form in equation (5) by Euler Method (EM)
also suffices that:
Lety = f(x,y) be the FODE with IVP y(xo) = Yo i€ from (6a)

> %

dx - f(xf }')
dy = f(x,y) dx _
Letx, = x, + h, where h is small. Then by Taylor’s series

2 .
n=yxe+h)=y+h (%)x + fz— (%)q, where ¢, lies between xo and x
0

2
Yo+ hf (x0, ¥0) + %y"(cl)
If the step size h is chosen small enoug
=2y, = yo + hf(x.¥0)
=¥, =y +hf(a, )
Sy=y+ hf(xz, )’2)

h. then the second-Order term may be neglected and hence y; 15 given by:

And so on
In general, -
Yney = In + hf(xnryn)'n = 0'1‘2' (6-:-{.;

where x, = x, + kh

Th]_"Sf equation (6a) gives the(n + 1)th

This method is very slow. To get a reasonab!

be noted that the Euler’s method 15 a smglc-stcpdchplll

order numerical procedure proposed by Leonhard Eule .

for numerical integration of ODE’s and is considered as the simplified Run
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gccuntc if the step size h 1S smaller. It also suffers fro complicated methods. Although Euter method maep..,. :

i e o ~ e I ais . i

used 1n practice. It serves as the basis to construct mc..) o E, Ths, to treat the cquation, y

ODE, any ODE of order n can be represented as a first or

bility problems For these reasons, the Fule
Ik

=

(6¢) '
y" () = (1Y @)y @)
We introduce auxiliary, \'3{135‘1‘?’5 ®) n1(y) (Gh)

— xX)= (x p oo g X)= ,y v % oy s ap iil-h‘u.; st
%1(1?15 a %‘:S:t)o?dze(r zyster}x’*l in the va';iable and can be handled by Euler's method or 1n fact by any ethet schom, i e
systems.
Ao Az Ag
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T . S - : . .
Flit_gurc 11ilustration of the Euler method. The unknown curve is in blue, and its polygonal approxumation is in

4
Al

The idea is that while the curve is initially unknown, its starting point, which we denote by < 20+ 15 known (s 1 P
top right). Then, from the differential equation, the slope to the curve at - 0 can be computed. and so. the tanpen 7.
Taking a small step along that tangent line up to a point *'11- along this small step, the slope does not chune, . .
so “11 will be close to the curve. If by pretending that "11 is still on the curve, the same reasomine

1

point <20 above can be used. After several steps, a polygonal curve *-10'_11*'12513 « + +is computed. In genery &

does not diverge too far from the original unknown curve, and the error between the two curves can be made !
size is small enough and the interval of computation is finite.

Euler’s Method 1s used to roughly estimate the coordinates of the next point in the solution, and with this keowleis
original estimate is re-predicted or corrected.

3.0  Error Analysis
lobal 5
Eﬁl:ﬂ:}d(i) = ‘y(xl) - Y(xl)li! = 1n21 e

(7)
re — written as: El‘:‘lGeE[:hod(l) = Iy(xl) - Y(xl')l, i = 1,2, ey (8)
and the local error as: E,‘,‘l’e‘f,iod(iﬂ) = ly(ipy) —yx)Li=1,2, ..., ®
where : y(x;) = Solution by Discrete Variable Method (DVM) and
Y(x;) = Exact Solution (Solution by Analytical Method (AM))
Problem 1
;‘)i,nd the values of y(0.1) and y(0.2) from the following differential equation
= xt+y

with initial condition
¥(0) = 0.Also find the values

0
Solution 1 AL s
leth = 0.05,%, = 0; Yo = 0 by the ivp then:
by x, = %,_; + h where k = 123, ..,

whenk =1

X=X =X +h=x+h

= X3 = Xg+hwherex, =g =

e %, = 04005 =008 om 005
* by equation (6a)when n = 0

Yn41 = Yn +hi(xn,y,),n=012, ..

1€ ¥o+1 = Yo + hi(xq,y,),n =0

€Y1 = yo + hi(x,,ye),n=0

iey, =y(0.05) = Yo+ hf(xe.y),n=0
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ey, =y(0.05) = Yot h(x§ +yo).,n=0

yr =0 (10)
hence

Again by (6b)x) = Xx-; +hwherek =123, _,

whenk =2

= xk= Xz=x2_1+h= X1+h

- x, = X, + hwherex; =0.05 and h = 0.05
ie x; = 0.05+0.05 =101

- by equation (6a)whenn =1
= Vo + hf(x,yp),n=0,12,..and k = 1,2,3, ....
ieyiss = Y1 Hhflx,y1),n=1k=2
ey, = y1+hf(xzy,)
ey, = y(0.1) = y; + hf(xz,y,)
: iey(0.1) = y, + h(x{ +y,),wherex, = 0.1,y, = 0Oand h = 0.05

hence; y2 = 0.0005 f11)
similarly; by (6b) X, = xy_; + hwherek = 1,23, .., '
‘whenk =3
_-:.-. X = X3 =X3_1 Th=x,+h
= X3 = X + hwherex, = 0.1and h = 0.05
je x; = 0.1+0.05=10.15
= by equation (6a)whenn = 2
Vo1 = ¥n T hf(xe, yn).,n=0,12,.. . k=123, ...,
ieyz41 = y2 + hf(x3,y,),n=2 k=3
g ieys = y2 + hf(x3,%;)
; iey; = y(0.15) =y, + hf(xs,y,)
iey(0.15) = y, + h(x3 +y,), where x; = 0.15,y, = 0.0005 and h = 0.05

: hence; y; =0.0017 {12)
- similarly; by (6b) xx = xy_; + hwherek =1,2,3, ..., :
whenk =4 :
DX = X4 =X4_;+h=x3+h
2 X = X3+ hwhere x; = 0.2and h = 0.05
lex,; = 0.154+0.05=0.2
* by equation (6a)when n = 3
¥n+1 =yt hf(xk,yn),n =0,1,2,.. k= 1,23, ...
1€Y341 = y3 + hf(x4.y3),n=3 ,k=4
€Yy = y3 4+ hf(x,,y3)
iey, =y(0.2) = y; + hf(x,y3)
ie y(0.15) = y, + h(x + y3), where x; = 0.2,y; = 0.00165 and h = 0.05

F:}EI'ICE; Y4+ = 0.0037 (13)
able I : Result generated From Euler Method (EM) and Exact Solution (ES) for the step size

h =0.05<x,<0.2

Exact Solution (ES) | Associated Error (AE)
0.0000 0.0000
0.0003 0.0002
0.0012 0.0005
0.0028 0.0009

Journal of the Nigerian Association of Mathematical Physics Veolame 31, iJsly, 2213}, §11 ~ 430
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Figure 2: Graphical illustration of Solution by Euler Method(EM)
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0
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Analytical Solution of The Problem

as follows:
By the equation described in problems| ,2and 3:

in this scope ¢

—Y(EM)
= ERROR

an also be solved through the analytical method using the method of integratin

Jof Nogagp

L1 =Y
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3\

again;u = 2x,dv = e *dx

,e:_d_u = 4(2x) = du = (2x)dx (313

dx dx »
= du = 1.(2x* " Hdx.

= 2dx J 221
& v= —e % u=x2dv=eand du = 2xdx (22

using equation (17)

ie: | udv = uv— | vdu,

= equation (20) becomes:

= —xZe™* + (uv - fvdu) (23)
29)

wherev = —e ™™, u = 2x,dv = e *and du = 2dx . ‘ :
= by substituting equation (24) into equation (23)we obtain equation (25):

= fudv = ]2xe"‘dx = —2xe~* —f(zdx)(—e""‘)
= f(xze"‘)dx = —x%e™* + (-er"‘ - f(de)(—e_x))

= f(xZE—x)dx = —y2 ¥ _ xp X _ (_)ZI(E—X) dx
=—(x?e +2xe™* +2e™X) + C
thusif(xze—x)dx =—(x*e ¥+ 2xe ¥+ 2eX) 4+ C
= by equation (40):ye™ = [(x%e™*)dx = —(x%e™* + 2xe™* + 2e7) + C using integration by part.
ie:ye™ = —(x%e™* + 2xe X + 2e7X) + C

¢ —(x*e™ + 2xe™* + 2e7X) + C
S S e - ,1e dividing both side by (e7*) °

ie:
e—x =X
—(x%e™* + 2xe™* + 2e™¥) + C xZe™®  2xe™* 2e7* C
sy= -x =\ T —x X
e e e e e
2 y(x) = Ce* — (x2 4+ 2x + 2) (25)

Equation (25) gives the equivalence analytical solution ofproblem?

But by the given IVP;ie y(0) = 0,= y=0whenx=0

now substituting the IVP into equation (25)

to obtain the value of the constant term of integration (C)

~y(0) =—((0)2+2(0)+2)+Ce® = -2+Cx1=0

ie:C—-2 =0,2C+2-2=042,2C=2

hence C =2 (26)
~ equation (25) becomes :

y(x) = =(x* + 2x + 2) + 2¢*

thus:
y(x) = 2e* — (x? + 2x + 2) -
REMARK (27)

Equation (27) gives the general pon-numerical solution of problem 2 for any given value of x.
5.0 Numerical Computation of Exact Solution Of Problem (1 and 2)
Below are the analytical computation of the equivele stios
) nce unknown sohy 11 by equatins
ie:y(x) = 2e* — (x? 4 2x + 2)(28) ! I v o A
so when x = 0.05
te:y(0.05) = 2e©%9) — ((9 95)2 4 2(0.05) + 2)
hence y(0.05) =g g
when x = 0.1 bl
1. i - i
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e by: y(0) = 2* = (x? 4 2x 4 2y

s (0.1) _ 2
2 )’(005) =2e ((01) +2(0.1 +
pence ¥(0.1) = 0.0003 )+2)

when x = 0.15 o

ie by y(x) = 2‘-’('; 1-5')(1'2 t2x+2)
g 0‘15) = 2e'Y = ((0.15 2

ht:n((:e y(0.15) = 0.0012 i 95+ )
when x = 0.2 o

ie by: y(¥) = 2¥ — (x? + 2x + 2)
> y(0.15) = 26 — ((0.2)2 + 2(0.2) 4 2)

hence y(0.2) = 0.0028 (32)

Table 2: Result generated From Exact Solution (ES) for the step size h =0.05 and 0.05<x,<0.2

e Exact Solution (ES)
110.05 0.0000
0.1 0.0003
0.15 0.0012
0.2 0.0028

Exact Solution (ES) for
h=0.05

D et [P 0 FOVY PNY

0.004 -
1 0.002 - / ———Exact Solution
|’ o (ES]

? 0 2 4 6

Figure 5: Graphical illustration of the Exact Solution (ES).

6.0  Resuits and Discussion
In Equations (6a-6d)and (27) show the derived general form of the Methods (Euler and Analytical Method (AM))

respectively. Similarly, Equations(9a)-(9¢)gives Expression for the Local, Global and Final global Errors respectively  Also;
equations (10) — (13)the approximate numerical solution to four decimal place of problem lusing the proved equations in
(8a)- (8d)and (27) for EM and AM to obtain numerical results in equations (29)-(32) for AM through which ES is
analytically computed and equations (29) to (32)gives numerically computed inexact or approximate solution by EM wteration
scheme for the solution of problem I and 2. In addition, graphical illustrations for the general solutions and associated error
were shown and displayed in Figures (1) to(2) for Euler and Analytical Method (AM) given by ES respectively Tables | - 4
shows the numerical results together with their associated errors where necessary of the solutions obtained from solutions for
the problems 1 and 2., using Euleras well asAM respectively. Table | show the numerical solution obtained from £M for the
successive iterations. Similarly, numerical solution from AM :m‘d Ihg AE were also dlsplayed. Table 3 :ak.]u\\‘ﬁ the numerical
solution obtained from Euler Method (EM) for the successive iterations. More so, numerical solution from the Anzlyrical

Method and the : iated error were also displayed. _ _
Furlherm:retlfn’l;]s;?ézleMcthod (AM) was also applied in solving Problem (1) and solution was obtained for the two given

i points of x (ie; x = 0.1 and x = 0.2)as required. Equations (33) to (34)gives the non numerical equivalence Exact solution

: (ES) to Problem 1 (33)
: y{(x) =Ce* — (x*+2x+2) (34)
YX) = 2e* — (x2 + 2x + 2) - jons i
) s (35) to (38)for the ranges of values of (ie x- (0.0%5 «
More « T -3 tion was obtained. See cqqanona ( & es of (ie; % (0.03 <
Xnn‘: gg)tﬁzsl:;;liit:fl%ynlgzl]e:\:raejrzotll?e numerical equations obtained for the E\(a;; Sotution. (ES)
- ¥005) = ¢ Go)
- Y01) = 0.0003 (37)
= 015) = 0.0012 (38)
y(0.2) =0.0028 f problem 2
1t from Exact Solution (ES) ot pro® - ;v
g result fr | of the Nigerian Association of Mathematical Physics Volume 31, (July, 2015y, 447 ~ 438
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jon of Euler Method..-

ical Solution(AS)for step SIZ

licat i
App y e h "—'0.03

Table 3Result senerated FromAnal

i
ot Solution (ES) i
n _ Exact 50 0‘0000 !
i (I o |
2 O 00002 |
3 o015 | 00028 ek
g nd 0.05<x,<0.2 i i
4 EM) forh = (.05 and s
Table 4Results from Exact Solution and Euler Method( (x) Method(EM) S
- Fuler MethodtEM)
x Exact Solution (ES) 0.0005 B
’oom 0.0037 e
0-; 0.0028 M). In addinon numernica! soluon &
0. m Analytical Method (AM). ) SRR I

od. Table 4 displays the summary of numencal selution cpg., .,

ified v x). EM gives an average percentage ervor 4
from Euler and Analytical Methods (EM& AM) for the specified ‘,?luesaiic(i\:o MEM by average PCI‘L‘t‘.':tJ':; c.- -
+ is still evident to say that EM is less accuratecomp g hbl T eror (i3

[14]. Hence it 1s sull eviden : : btained from EulerMethod using Table Itor the valuey 45,
' 1 nature of numerical solution obtain ° ! . g,
Furthermore,Figure 2 shows _ - the numerical solution of problem 1, relative to the solution £y,
Similarly, figures 3 and 4 shows nature ofassociated error in the nu fhom

Analytical Method (AM)given as ES. )
More so,the graphical illustration in Figures 2 to5 also dlsplz_lys
necessary in the numerical solutions of theproblem 1 and 2 using

for some FODE’s [14]and 1t less accurate method for the solu!_io _ ) ! :
dift'eren;e in AE ir[1 solution of problem compared tothe solution obtained from the Analytical Method. Hence considersa

less: efficient, accurate and probabihistic chance for convergence but g_ives less iteration pvrocedu_re.’al’g‘omhm; .

The graphical solutions give unique displaying nature of solution as either Exact, gpproxlmate/ mmexact or assoctated error Iy
Figure 1; the graphical solutions displayed for each method as well as the results in Tables 1 to 4, 1t was observed thatfuks
Method (EM) Emerged the poorly by Accuracy,more iteration process, no much guarantee for convergence.

7.0  Conclusion

Optimal solution has been obtained for the problem considered for each method and justified explicitly; as such it v very
important to conclude that Euler Method (EM) is considered to be Conditionally Stable Numerical Scheme (CSNSI 4]
Thus, by the aim and objective successful conclusion is reached that Euler Method requires modification in order to be mer
stable and reliable over other methods for the FODE’s with IVP’s [14].
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