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1
—C, t—+—c, =2+~
16 2 8 2

and hy multiplying eq.(d) by ¢,(x) and then integruting
from 0 to 1 to give

(1 1 -1 1 b= - I
!(f(:” +—e i ~l(cu)?‘ +o +2 2(——::'0 Iﬁcu +lc[j~»2c“ 1+~lc0 + ~IcI ——1:: -
2" 4 4 Ve e k2 a) a8 16 ' 4 4

Suvlving the abhove equations Lo get
¢, =-7.437x107% ¢, =3.862x1077, then the solution y(x)=x
is the approximate solution of the initial value problem (3)
which is agree with the exact solution v {x)=x.

;

1 1 1 (71 A B A B 3 I
!_( -0 - (.'}) el clel eh 2 / < -cl) A—J——c():» vul)ﬂ — 0] 1] T poel=2e 2
[ 2T R R EF R B Ay B AU 65 2 \

I
_ [743710%)
Vindco.c1) = | .

| 3862<10 " )

Fig.(1.2) represents the mon-linear system of equations
assaciated with example(2) written in Mathcad software
with its solution for initial values of ¢,=1 and c¢;=-3.
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Mow, the solution of the above imitial value problem is
given by integrating the function y'(x) from 0 to x. That is,

v

/1 1N 1 V% ‘ N
y(x) = ( 5 ¢, +I¢} /j{gég(_\‘)d\‘ +(/ Icu JI(L‘J;(_,\')J'( + Il de + v(0)
| 1 1,1, 1Y
==, +=c { ¢ (x)=- @ x) |+ ——c, 'L»—gbﬂ\wLx
27° 4" \2 4 4 °7447")
1 1 1 (1 1 1, . ]
’(—27('0 —"1‘6’(‘0 +§Cl}¢“(x)+[\ "S’C'O “EC‘I j¢1(x)+2(/5“ (X)* —4—¢l(x)
r3 Loroy, o] 1 1
Hence y(x)= —c, +—+—¢, [ (X)+] ——¢, —— ¢, ~ - | {x
y(x) 6% 72Ty 1/!4\,\ ) PRLREPR Y A )

i

. . ]
Also, write the variable x as 1==5 g (x) - Z;zbl {x)

Next, substilute the function "y, y&x inte eq.(3) to

ohiain:
r’r/] 1 \ | \' \ | w .
I\-.\’.._T‘,CO 4+ ‘4("‘ )gﬁv + [“2% /}¢I + I/I+ (c”géu(x)vwl l(,\))
\ 11 1 ’
3 1 1
¢ +—+ -¢ 2 (—c +—c j¢o+(——cj +1) +
(166()+2+8£L’J¢“(X)+ (\‘2 1% 4 l‘ ‘ 4 (],¢I )
(1 1 1N
|~ =¢y ——c =~ $,(x)
L 8 16 4
1 1
— 2, (X) - L (4
zqf'u(xj 4¢atr) (4)

and as before, by integrating both sides of eq.(4) from 0
to 1 one can get
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e —— — |

cO:=1 cl:=1

|
Civen

2 2 1 1 3
cO) -+(cly + _cO4- cl-- =
(c0) +(el) +, 00+ el -

1 1
2¢0cl+— c0+= 0
4 4

- FindcO,cl) =

Fig.(1.1) represents the non-linear system of equations
associated with example(l) writien in Mathcad software
with its solution for initial values of ¢,=1 and ¢,=1.

Fxample (2):

Consider the initial value problem

4

:\"Jy" + 2)/,12 + y — 2 +X (3)
with y(0)=0 and ¥(0) =1.

Appraximate y'(x) as: ¥'0X) = Co0, () + 0101 (x)

Therefore, ¥'(X) = [ y"(x)+y'(0)

0

X X X
Thus J(x)= j{cﬁg&y (x)+ e ( x)} 1= cﬂj‘.;bu (x) -+, ‘fg:i, (x)+1

)

‘ -I- 7 1 'l N
= ( 5% (x)- 1 ) (X)) +e (-4 s [x)/} +1

- = (’l/} + (:W X + e (}U /61 + 1
T et

146

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

2005 jis aglud) 3000 o gheld Dnaldd ot b A8 Al

, (1 1Y, (- IO FURNE PPRG
(La'f’ﬂ,(x)’r(&ﬁ-’i(-'i])‘Jr(zf-u ﬁﬁ}?ﬂuﬁ}{ 1 CD}H(X)-HEQ(X) 4{,1;(.@__.(-/

and by integrating both sides of eg.(3) from 0 to 1 and
use the following facts:-

1

[8,00ds=1, [ (x)ds=0, [@(x)py(x)dx=0 and [ (e (x)) dx=1

0 0

one can obtain:

NSRRI

2 2, 1 !
(cy)" +(c) +§co +Zq:

and by multiplying ¢q.(2) by ¢, (x) and then integrating
from 0 to 1 o give
1 1

2c,Cl——Co =

Lottt 40 4

and by solving the above equations via the iathcad
professional software to give ¢ =1,¢; = 7.139x10°", then

1 1
the solution }'(x):—z'fbo“‘?‘;d)r—'x is the approximate

solution of the initial value problem {2} which is agree with
the exact solution y (x)=x.
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by any suitable method, the valucs of ¢ =(¢,,c,,...,c, ) are
computed,

To illustrate this approach, we give the following
example:-

Example(l):

Consider fhe first order non-lincar ordinary differential
equation:

(v +y=1+x (2)
with y(0)=.

Approximate }"{X} as. }f’(‘:‘i} = Cudlufx)-‘r i‘ﬁl(k}
Thercfore, the solution of the above
initial value problem is given by integraiing the funciion
y'(x) from 0 to x. That is,

y(x)= [ y'(x)+y(0)=
0

v

M

[(Codo () +€,01(x)) = 6 [ g (X)X + € G, (x)Ix

G 0 0
1 i o \
= — R N Y T .
Co(\z‘bo(x) 4@1\0} 1| 5 P00

!

i 1 | h
=l eyt by +] - ey 1
(,7 o 4 ]/I¢o ‘\ 4 0/, l

. , b ]
Also, write the variable x as x= ;q&ﬁl,x) - ¢, (x)

2

Next, substitute the functions Vv, y&X into eg.(2) to
obtain: '
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[@olx)dec=x=b,g,(x)+b,g,(x)+..+b,8,(x)

where b,,0;,...,h,

easily found from:

, are known parameters that can be

b” —

#,(x xdx

[ SN

]

yJ

Continue in this manncr to find the integrals of the

X

X X
Walsh functions j;zﬁ;(x}dr,] q}?(x)rf;r,...,j(zﬁn(x)ﬂfrc in terms
0 { {
of the limear combinations of the Walsh functions
themselves, Thus

_y(” Y [“") = C"’[hli.‘léf,’. + bgl“, [;F‘)r e bl.'m;énl 1 ""[hi'n‘zii’ + l,?J' ? bk bw(/}u l *
Cn[/‘)nugbn a bu}¢l bt 'I)nn(r/jn}

¥

" " N
= ZL . th” J¢l (x)

1-0 J'.ﬂ

where ‘¢‘.[_t)dx:Zb”¢i(x) and {hij }:':n are known
B =i =0

parameters that can be found similar to the above .

Repeat the ahove procedure to find ¥ 7(x),., y(x) in
terms of the Walsh functions, Then by substituting the
above functions y"(x), ¥" (x),..y(x) and x into
eq.(1) and taking the scalar product with ¢, (x), for all

i=0,1,...,n, yields a non-linear system of n equations with n
variables ¢ =(c,,c¢,,...,c, ). llence by solving this system
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where g =[log,n/+ 1, in which [.] means taking the
greatest integer of “.”, Therefore

n=b, 20" b 2977+ 4 b 2°

where b 5, ;. b, is the binary expression of n.

4—1-

3- The Approach

Consider the general the initial value non-linear
ordinary differential equation:
FOGY(R), Y0, Y (0 v () =0, D<x <]
(1)

associated with nth initial conditions, As in ||, the
approach is based on approximating the highest order

derivative of the unknown solution y(”)("x_) into a Walsh
series:
(1) . {
Y } /(.)C) = Co¢o (X) + C](b[()() RIS (’.n(bn(x)
where ¢, are the unknown coefficients of the Walsh

serics of y("/(x) that must be determined. The th (n-1)th
derivative of y(x0 is obtained by:

X
-1 . -1l .,
y!/n A}(x,):".y(n/(x)*_y(ﬂ 1)(',))
{)

=Syt =, _[4’30 (x)efe H.'-,J-qd,(_r),dr s [-ﬂﬂ(.\-)nh: ™ But
n s} 4]

e,

¢, ( x )dx can be also approximate by a Walsh scries:

142

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

2005 e cg\...:\ Sdaft ?,L-U dmalmt ) )1 EUST Al

On the other hand, [1] devoted this methad for solving the
linear differential equations which depends on expanding
the solution of them as a Walsh series,

2. Rademacher and Walsh Functions, [1

Rademacher’s function 7, (f)is a set of square waves of
LR ROy

unit height with periods equal to 1, —, —,—,...,
2 48

respectively. Alternatively, we state that the number of
cycles of the square waves of 7, (¢ )is 251 1t is noted that
the sct is not complete since, except for #,(1), the set

/
imvolves only functions which are odd about t=f7—— .

Z

In 1923, Walsh independenily developed a complete
set known as Walsh functions. The sel of Walsh funciions
¢,(t)and the set of Radamacher functions have the

fzliowing reiation:
Bo(1)=r,(t),
$i(t)=r/(t),
o(1)=[r, () [r(1)]°,
ps(1)=[r()] [r ()],
Ba(t)=[r(t)] [r(1)]° [ry(1)]°,

b= 17, (01 [ ()] [r, (1))
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An Approach For Solving
Nonlinear Differential Equations

Dr. Ahlam J. Khaleel
Dr. Alaa N. Ahmed’
Ahmad Ayoub’

Abstract:

In this paper, an implemeniation of the Galerkin’s
method via the Walsh functions is presented to solve
the initial value problem associated with the non-
lincar ordinary differenfial equations. This razthod is
illustrated with some examples,

\ J

1. Introduction:

The Galerkin’s method is an approach used to solve the
linear integral equations, [2] as well as the linear
differentinl  equations, |5] and the limear cigenvulue
problems, [3]. '

In [4], this method is described to solve the non-lingar
cigenvalue problems associated with ithe non-linear
integral equafions which is based on the polynomial basis,

‘Department of Muthematics & Computer Applications/ College of Science
Saddam University
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