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ABSTRACT

The important fundamental properties of numerical methods for ordinary differential equations are investigated.
This involves the derivation of Adam Bashforth method for k=2, 3, 4 and k=5, together with their continuous
forms using Chebyshev polynomials as basis function. The formulas derived were also used to solve Initial
Valued Problems (IVP). The results agree remarkably with those from the literature.
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1. INTRODUCTION

The method for the numerical solution of initial
value problem (IVP) is as important as the solution
itself. There are several methods adopted for the
numerical solution of IVP, Examples are: Adam-
Moulton, Runge-Kutta, Euler's rule etc. They all
have their inherent advantages and disadvantages —
The Euler's rule is known as explicit, one step
method and being a one-step method, it requires no
additional starting values. Its low order makes it of
limited practical values.

Linear Multi-Step Methods(LMMSs) on the other
hand are not self-starting hence, need starting
values from single-step methods like Euler's
method.

The general k- step method or LMM of step number
k given by Lambert (1973) 15 wnitten as:

23 Y =Y B (X) S, 3 20 (1.1)

= =
Where 2 andb, are uniquely determined and h is
the step length suchthat x, -x, =nh

Linear Mult-Step LMMs achieve hugher order by
sacrificing the One-Step nature while retaining
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linearity with respect toVa.; S, J =01k
Higher order can also be aclueved by sacrificing
lineanty but preserving the one-step nature. This 15
the rationale behind the method proposed by Runge
and subsequently developed by Kutta and Heun
The LMM generate discrete multistep schemes (1.1)
which are used for solving the Imtial Valued
Problem (IVP):

Y(x) = fO,p(x), y(x) =y, (12)
In Awoyemi(1999) and Onumanyi et al(1993),
some continuous LMMs of the type in Equation
{1.1) were developed using power series collocation
function of the form:

k .
y(x)= Z&‘jx’ (1.3)
=

Okunuga and Ehigie (2009) used similar function
of the form:

k
yx)=2 a,(x-x)
=0

However, Adenivi and Alalh (2006) used
Chebyshev polynonual function of the form

» (1.5)
_}"(I) = Z ajTJ‘ (x)( J

(1.4)
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where T:, (x) are some Chebyshev function to
develop continuous LMM.

These shifted polynomials will not be used in the
present work, as we would like to take advantage of
the many symmetry properties of the ordinary
Chebyshev polynomials about x =0.

Thus, in this paper, we shall use the unmodified
Chebyshev polynonual function as basis function

P CHEBYSHEV POLYNOMIALS

for the denvation of Euler’s method and Adam
Bashforth methods for

k:2,k=3.k=4,k:5.That is, we shall

assume a solution of the IVP (1.2) to be of this
form:

=810 16)
=0

In this section, we give an introduction to the Chebyshev polynomials and their basic properties. See the
references (Fox and Parker, 1968, William 1974, Theodore, 1990, Reutskiy and Chen, 2006) for more details.

The Chebyshev polynomials of the first kind (Richard and Douglas, 2001) anse as the solution to the

Chebyshev differential equation

A=) () -0/ () + N y(x) =0.

There are defined by the recurrent relation
T,(x)=1,
TLi(x)=x,
T (x) = 2xTy (x) = Ty (x).

(2.1)

(2.2)

(2.3)
(2.4

They can alteratively be defined by the trigonometric identity:

T(x)=cos(N cos™ x),

where T.(cos(q)) = cos(Ng), for N=0,1.2,...

(2.5)

The Chebyshev polynomials of the first kind are orthogonal with respect to the weight function

w(x) = = on the interval [-1,1], that 1s
1-x°
L T 0 NxM,
IL)}‘dx=<p N=M-=0, (2.6)
IR ) B
P N_M=o.
L2
One can easily show that the roots of
To(x)are x, = cos[(zk;l)p], k=12 __N. 2.7

The Chebyshev polynomuals of the second kind (Martin, 1966) anise as the solution to the

Chebyshev differential equation
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1-x)y"(x)-3x" + N(N+2)1(x) = 0.

They are defined by the recurrence relation
Up{x)=1,
Uy(x) = 2x,
Uy (x)=2xU(x}-U,._ ().

(2.8)

2.9
(2.10)
(2.11)

They can alternatively be defined by the trigonometric identity:

sin((N +1g)

sing

Uy(x)=

withx =cosg

(2.12)

They are orthogonal with respect to the weight function w(x) = v1—x’ on the interval

[—1. 1], that 1s
1 J_ 0 NzM,
Uy (U, ON1-xPdx =
[Ux ) B N-x

The roots of U, (x) are given by

kp
— s k=L 2, .o N.
X COS(N+J

The Chebshev polynomials of the first and second
kind are closely related. For

example, a Chebyshev polynomual of first kind can
be represented as a linear

combination of two Chebyshev polynomials of
second kind,

I:\. (x)= %(U‘\.— (x)— Uy_g (x)).

and the denvative of a Chebyshev polynormal of

first kind can be wnitten in

terms of a Chebyshev polynomial of second kand,
L(x)=NUy,(x), N=12, ..

Thus in thus paper, we focus our attentation to the

Chebyshev polynomials of first

kind and we use them for approximating a fumction

and a particular solution for IVPs.

3 DERIVATION OF EULER’S METHOD
We consider the equation

¥'(x) = f(x, y(x)), ¥(x,) =y,

We assume a solution of the form:

¥ =¥ a T,

(2.13)

(2.19)

The first few Chebyshev polynomuals are listed
below:

L(x)=1,

T(x)=x,

T,(x)=2x" -1,

Ty(x) = 4%’ -3x,

T,(x) =8x* -8x? +1,

T, (x) =16x" - 20x* + 5x,

T, (x) =32x° —48x* +18x" -1,

G.1)

such that T;(X) is the basis function, y(X) is a dependent function
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When k=1 from equation (3.1) we have
Y= Yo (= af)+aLe -
Since T5(X) = 1andT;(x) = x, we have
W) =a,+ax (33)
y©)=fxyx)=a
Atx=x,y(x)=fx,. yx) =1,
S, =q (G4
From (3.3), we have
y(x,)=a,+ax,
That is,
Vu =Gy +O1X,
= ay,=y,- [, (3.5)
Substituting (3.4) and (3.5) into (3.3), we obtain
Y(X) =y = fu X+ fux (3.6)

Evaluating (3.6)at Xy, gives (X)) =Y, + f,{1 —X,)
That 1s
yn-l = yn + hf; (3,7)
which is the Euler’s rule?
4, DERIVATION OF ADAM BASHFORTH METHOD WHEN k=2
The Linear Multistep Methods (LMM) for solving the IVP (1.1) can similarly be developed using

Chebyshev polynomuials of the first kind. The general k- step method or LMM of step number k given by
Lambert(1973) is written as:

* S
Zﬂ‘,a,'yﬁ, = hz_;, b(x)f,; .8, #0 (4.1)
i S

where 2 andb, are uuquely determined. h 1s the step length such that , x,. - x, =k
The Linear Multistep Methods (LMM) generates discrete multistep schemes which are used for solving the
IVP (1.1). As usual assume a general solution of the form

k
Y=Y aTw . (43)

J=0

If k=2 then

2
Y®) =2 aT () e T,(x) s the usual Chebeshev polynomials.
j=0

y(x) = a, T, (x) + a1, (x) + a,T5(x)
y(x)=a,. 1+ ax+a,(2x* -1)
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y(x)=a,+ax+a,(2x" -1)
4.4) At x =x,,,, V(%) =0y +ai(x,,) +a, (2-’511 -1)
¥ (¥) = a,T, ()4 a1, (x) + &, T, (%)
V() =a+a4x (4.5)
At x=1X,, y(x,)= f, =a +4x,a,

At x=x_,. Y (x,)=1f,=a+4x, ,a

2V TR TAx,, T a, (zxi-l -1 (4.6)
fi=at+4xa, 4.7
fm-l = al + 4a2xm-l (4-8)

In matrix form we have

1 x, 25,-1)a Va1
0 1 4x, q [=| £
0 1 4x,., Na Jea
Recall that x,,, =x, +4 and letting  [x, =0]
h= Xy — X, = h= K4l
=2x2, -1=2K" -1

1 h 2K -1)(a, Yra

0 1 0 a |=| /£,

01 4h a, S
Using Cramer's Rule; the deternunant of

1 h 2h'-1
A={0 1 0
01 4hn
is
-_— — —_ :— =
| 4] =1(4h - 0) - H(0)+ 2k —1)(0) = 4k (4.9)
Yoa R 2H-1
4= f, 1 0
fua 1 4k
40| = Yna(4B) — HARE) + 2K 1S, — f) (4.10)

=4’9’n+] _th-f;l _thf'l*'l _j:‘ +f”+l
=4hy, | —2hzf:. _2h2fn+l =fotfen
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1 v, 2#-1
4=[0 £ o
0 f., 4h
4| = 14%,) — ypa (0} + (2K ~1)(0) = 4, (4.11)
1 & ym-l
4=01 f
01 f nl
|| =1 = £) = 10) + 3,.1(0) (4.12)
= f el j:l
=a =|'A.;|= 4hya+l _zhzf;l _2h2fl+l _-f;l +fn+l
"4 4h
lal o,
Ul an "
M St S S
lal 4 4n 4k
From (4.4), we have

yx)=a,+ax+a,(2x -1),
4hyn+l _th-fl _2h2fn+1 _j; +-f;|+l + f;lx + (fm»l _f;)(le _1)

y(x) = 4h 1 4h
Sty = s “UR S, = I S~ fo 4 f 4 Al 420 =26, f
4%
At x=2h
4hyn+l - 2hzj; . 2hz.fn-o-l - f;l + f;h-l + thfn + Shzfm-l - f;u-l - Shzj;t + f;:
Y (xm—l) = ~ ~ ~
4h
4hy, . —-2h*f +6k*
= y(x,.,) = Vel S Jan

4h

1 3
Yrez = Ynal __hfn +_hfn+l
2 2
h
= Va2 = Vau -5[3.):4.1 —f;]
S. DERIVATION OF ADAMS BASHFORTHMETHOD, WHEN k=3

3
yx)=3 aT(x) (52)
=

y(x) = a1 (x)+aT(x)+a,I,(x)+aT,(x)
Wx)=a,.1+ax+a,(2x* -1) +a,(4x’ -3x) (5.3)
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When X =X,,, wehave

nx,.)=a,1+ax u+2+az(2xi+2—1)+43(4’C,3.+2—3xn+2)
When X =X, _,in (5.3), we have

x,)=a, +ax,, +a,(2x,, -1 +a,(4x,,, -3x, )

Y(x)=aT(x)+aT; (x)+a,T,(x) +a.T;(x)

¥(x)=f, =a(x)+a,4x, +a,(12x; —3) (5-5)
Y (5) = fr = @ (%) + 3, 4%, + 3, (123, - 3) (5.6)
Y (%02) = frz =4 (%) + @ 4%, ; +a,(12x, , -3) .7
Yuor =Gy +8(%2) + & (2, — 1)+, (4x,,; - 3x,.,) (58)
f,=0+a +a,4x, +a,(12x} -3) 5.9)

froa =0+a,+a,4x,, +a,(12x;,, - 3) (5.10)
fi; =0+a +a,4x_, +a,(12x2 , -3) 5.11)
= Ax=B

( \

1 Xy 2%, —14%,, - 3%,, (@) [P’

0 1 4x, 12x}-3 @ _|

0 1  4x., 1222,-3 Z" T

0 1 dx, p2,-3 ) 0 MY

Setting {x, =0,x,,, =X, +h,X,,, = 2h} and simplifying the resulting expression by MATHEMATICA
SOFTWARE, we obtain the parameters.

_9f, +8Rf, —12f, | +32Kf,  +3 fa;z +80f, - 24hy, .,

24h

o =—I +81f, = 2f,0 = fona
i 2

8h
a _3f,t4fnt S
=

8h

a3= f;: _fm-l +fn+2

24k 120 24K
If substituted into equation (5.3), we have
Of +8h’f, —12f,  +32h'f,  +3f,,+8K' [ —24hy,,,
24h

f Shzj;t + zf;u-l .f;n-z ][ +2] [3j;1 4fn+l + .f;l+2][2 n+2 ]
8h’ 8h
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f f Ja+l n+2 [ 4 ]
27 2 (5.8)
[24}1’ 120° " 24k ] w2

When fully simplified by MATHEMATICA SOFTWARE, we have

1
Ynes = Vne2 +Eh[5ﬁl -l6fn+l +23fn+2]

6. DERIVATION OF ADAMS- BASHFORTH METHOD WHEN K=4

k-1

Vnrk = @ueg1Ynera1 T hz b;f..;
=0

Yurt =@ni3Vnis +h:Zo b,f\.; 6.1)
Note: y(x) = JioajTj (69) 6.2)
= y(x) = @, Ty (0) + a1, (x) + &, T, (x) + a;,T,(x) + a,T,(x) (6.3)
Wx)=a, +ax+a,[2x* —1]+a,[4x° —3x]+ a,[8x* —8x” +1]
when x = X, ;, we have
Y%i3) =y + A X3 + @205 ~ 1+ a4, - 3%, ]+ a,[8x,; — 8,5 +1]  (69)
Y(x,)= £, =a,(x)+a[4x]+a,(12x" -3) +4a,(32%° -16x) (6.5)
When x=Xx, in(6.5)
Y(x,) = f, =a(x)+a,[4x,]+a,(12x} —3)+a,(32x] —16x,) (6.6)
When X =X, in (6.5), we have
V(%) = fron =a(%,0) + a[4x,, ]+ a,(12x;,, -3)+a,(32x,,, —16x,,,) (6.7)
When X =X,_, in(6.5), we have
Y (2) = frz =@ (%.2) + @ 4%, ]+ & (12x,; -3) + a,(32x,,, ~16x,,,) 6.8)
When X =X, in(6.5), we have
Y (%03) = frs =@ (%3) + @[ 4x,5 1+ 2 (1275 - 3) +a,(32x,,; - 16x,.5) (6.9)
(1 x,.5  4xi,-3x,,8x),-8x2,+1) (ay) (Vs )
0 4x, 12x; -3 32x,-16x, a, fa
0 4x,, 12x,,, -3 32x,,-16x,, a, | =| Son
0 4x,., 12x2,-3 32x),,-16x,., || a; sz
0 4x,,, 12x,,; -3 32xn+3_16xn+3)\a4J \ Sne3 )

\
Setting X, , =M,x, , =X, +2h,x, , =x,+3h,x, =0and simplifying the result expression by
MATHEMATICA SOFTWARE, we obtain the parameters.
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3, +880 f, =9 f,, 144K £, 216K* £, , +9 £, , + 121 £, ,, + 216K f, , =3 f, s — 16K £, + T2H'f, ;
192#°

+|:_2f; _8h2f;' +5f;,+1 -4f;(+2 +j;l+3i|[xu+3]

84%

+[Lf,. =220 f, =3, =36K [, 43Sy FIBH S = S — WS 4R S, 112 -11]
484*

a, = fn _5fn+1+fn+2_ f..+3
12k 24Kk*  6h* 24K?

a. = f;: _3fn+l +3f;|+2 _zfn+3
* 192k
If substituted into equation (6.4), we have

3f, "’88]12-7: =94 -144h2f.+1216h‘f e+ +72h2f..+2 +216h‘-f.+z —3fs -16k'f, 3 +72h'f, wtd -192}'Sf.+3
1927

2
+|:—2f;1 —8h fll + :hf;*l _ 4fn+2 ki f;|+3 ][xn+3]

| a=220 1, =34, =361 f,3 + 3733 +18K Sy = 3 = 4R f3 — 40 £, 311205, - 1]
481
f:; - Sf:wl f;+2 - f;+3 - f- _3fn¢l +3f::+2 —f:u»s 4 _
TRy yr R AR 1927 (8t 8 +1]
when fully simplified by MATHEMATICA SOFTWARE, we have

h
Vaus = Ynas + 52 [9F3 437 foa =59 o +55F3s]

7 DERIVATION OF ADAMS-BASHFORTH METHOD WHEN K=5
y(x)= iaﬂ}(x) (7.2)
Jj=0
y(x) =a,I,(x)+aT(x)+a,I,(x)+aT,(x)+aTl,(x)+aT,(x)
Wx) =a, +ax+a,[2x* —1]+a,[4x’ —3x]+ a,[8x* —8x* +1]+4,[16x° —20x° +5x] (7.3)
When X =X, , in(7.3), we have

WXus) = +ax, , +a, [Zx:“ —1]+aq, [4x3n+4 —-3x,.4]+a, [8x:+4 - SX,L +1]

+a [16x],, —20x2,, +5x,,,] (7.4)
y(x)=f, =a +a,4x+a,(12x* -3)
+a,[32x* —16]+a,[80x"* — 60x* + 5] (7.5)
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when X = X, in (7.5), we have
¥'(x,)=f, =a +a,4x, +a,(12x* —3)+a,[32x’ —16]+a,[80x"* — 60x + 5] (7.6)
when x = x,,,, 1 (7.5), we have

Y ) = fon = @ + 3 4%, + a3 (127, - 3)

+a,[32x2,, ~16,,,]+ a[80x},, — 60x2., +5] .7
whenX = X, _, in (7.5), we have

Y (Xa3) = iz = O + 3345, + a4, (12x3,, - 3)

+a,[32x} ,-16, ,]+a,[80x} , —60x] , +5] (7.8)

-1

when X = X, _;1n (7.5), we have

Y (x3) = frs =a+aydx,,, +a, (12xf+3 -3) (7.9
When X= X410 (7.5), we have

Y (Xps) = fra =@+ aydx,  tay (12x,%+4 -3)

3 4 2
+q,[32x,,,-16,,,]+a;[80x,,, —60x,,, +5] (7.10)
i ) _ { \
Doxeae 20 - 1400, =30 8x0,, - 8x0y +116x],, - 20X, + 5%,y || g, }f
0 1 4x, 12x2 -3 32x} -16x, 80x* - 60x2+5 a, s
0 1 4x.,, 12x3,,-3 32x}, -16x, 80xl,-60x),+5 a, |= f"l
0 1 ax,, 12x3,-3 32x},,-16x,, B80xl,-60x).+5 |[|a, f"’
o n+3
0 1 4x.,, 12x%,-3 32x),-16x,,, 80x!,-60x},+5 |l a, T
ntéd
0 1 4x_,, 12x2,,-3 32x),,-16x,, 80x;,6-60x), +5 ﬂasj
a _ S TOR S 102, + 41, ~ 208K S, —6f.., 288K, +4S + V2 S f. - 220 S,
1924*
g 2 ST ASOR S, <187 ~96K S+ K4Sy + TR S,y =141,y =320 s 43, + 61 .
‘ o6H*
o =3 ~140K £, +12 .., + 816} f,,, 181, — 456K f.., +12f.,, + 2281 f,_, =3 f... - M4K' 1.,
: 11524
_5f,-18f,, 4241, —14f, . +31,
! 384K°
a = Dt =840 + A4S0 — S
’ 1920%*

If substituted into equation (7.3) and fully simplified by MATHEMATICA SOFTWARE,
we have;

Vos = Vor +%[251 £,-1274f,, + 2616, 27741, , +1901£.,]
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8. IMPLEMENTATION

Apply Adam  Bashforth  methods  for
k=1,23,4and5t0 the following initial value

problem, choosing 4 = 0.2 and computing ¥),...)},

V' =x+y,0)=0
Solution : Euler's method (Adams- Bashforth for
k=1)

ym-l =yn+hf;|
Here f(x,y)=x+y

= Vo1 = Vn +0.2(x, +,)
Exact solution
y=e -x-1

9. NCUMERICAL SOLUTION
¥ =¥y +0.2(xy + ¥,) =0 +0.2 (0+0) = 0.0000

¥ =¥, +0.2(5 +33) =0.0000 + 0.2 (0.2+0.0000) = 0.0400
35 =33 +0.2(x; + ) = 0.0400+0.2 (0.4+0.0400)= 0.1280
¥o = Yo +0.2(x +y5) = 0.1280+0.2 (0.6+0.1280) =0.2736
¥s = ¥s +02(x, + ;) =02736+0.2 (0.8+0.2736) =0.4883
Yo = Y6 +0.2(x; + ;) = 0.4883 +0.2(1.0+0.4883) =0.7860
¥ =¥ +02(% +¥¢) =0.7860+0.2 (1.2+0.7860)= 1.1832

¥ =3 +0.2(5, +5) =1.183240.2(1.4 +1.1832) = 1.7000
Yo =Y +0.2(% + ) =1.7000+0.2(1.6+1.7000)=2.3600
o =Yio +0.2(% +¥y) = 2.3600+0.2 (1.8+2.3600)=3.1620

10. EXACT SOLUTION
yx)=e"-x-1

¥, =€® —0-1=0.0000
¥ =€ -1-1=0.0214

¥, =& -2-1=00918
¥y, =¢-3-1=02221
y, =€ -4-1=0.4255
¥y, =€ -4-1=0.7183
ys=e'-6-1=1.1201
y, =€ —7-1=1.6552

73

¥, =€ —8-1=2.3530
¥, =€ -9-1=3.2496
Yo =€°—10-1=4.3891

Table 1: Adams Bashforth Method for

k=1 [ym-l =Vn + }y:t]
N [ X, [¥n |t | Eeor
0 0.0 0.0000 0.0000 0.0000
1 0.2 0.0000 0.0214 0.0214
2 0.4 0.0400 0.0918 0.0518
3 0.6 0.1280 0.2221 0.0941
4 0.8 0.2736 0.4255 0.1519
5 1.0 0.4883 0.7183 0.2300
6 1.2 0.7860 1.1201 0.3341
7 14 1.1832 1.6552 0.4720
8 1.6 1.7000 2.3530 0.6530
9 1.8 2.3600 3.2496 0.8896
10 2.0 3.1920 4.3891 1.1971

Table 2: Adams Bashforth method for K =2

[yn+2 = ym-l +%[3fn+l _-f;l]
N X, V. f:u: Error
0 |0.0 |0.0000 0.0000 0.0000
1 0.2 0.0214 0.214 0.0000
2 0.4 0.0878 0.0918 0.0040
3 0.6 0.2158 0.2221 0.0063
4 |08 |04169 0.4255 0.0086
5 1.0 0.7065 0.7183 0.0118
6 12 1.1041 1.1201 0.0160
7 14 1.6337 1.6552 0.0215
8 1.6 23244 2.3530 0.0286
9 1.8 3.2118 3.2496 0.0378
10 | 2.0 | 43393 4.3891 0.1878
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Table 3: Adams Bashforth method for K

=3[yn+3 = Va2 +§[5f;l —16-f;l+l +23f;|+2]:|

Table 5: Adams Bashforh method for K =5

[y,'+5 =V, +%[251f. 12741, + 2616/, +2TIAf, +1901f'“]i|

Exact
N xn Y n values 2 N X, ¥, ExI:ct S orar
0 | 0.0 | 0.0000 |0.0000 [ 0.0000 5To0 To0000 ;‘00&’) 55000
1 [02 [0.0214 | 0214 0.0000 - : : :
1 |02 [o0.0214 00214 |0.0000
2 |04 [00878 | 00918 [0.0040
2 |04 [0.0878 [00918 0.0040
3 |06 02158 [02221 | 0.0063 .
I TR e (T 3 |06 |02158 {02221 [ 0.0063
: : : : 4 |08 | 04181 | 04255 | 0.0074
6 112 ]1.1041 | 11201 |0.0160 6 |12 | 11082 | 1.1201 | 00119
7 [14 16337 [ 16552 [0.0215 14 (16208 116552 100144
8 116123244 | 23530 |0.0286 8 |16 | 23355 23530 | 00175
9 [18 [32118 [32496 [0.0378 o 118 32281 132496 100215
1020 | 43393 [43801 |0.0498 10 [ 2.0 | 43626 | 4.3891 | 0.0265
Table 4: Adams Bashforth method K= 4
h
[ym = Va3 +§[9f,. =37 fa +39 +551, ]]
Exact
N X, | Va calues Error
0 |00 |00000 |00000 |0.0000
1 |02 [o0.0214 [0214 [0.0000
2 |04 |00878 | 00918 |0.0040
3 |06 |02158 [02221 |0.0063
4 |08 |04181 [ 04255 |0.0074
5 1.0 | 07091 |0.7183 | 0.0092
6 12 [ 1.1085 | 1.1201 |0.0162
7 |14 | 16406 | 1.6552 |0.0146
8 1.6 | 23348 | 23530 |0.0182
9 1.8 |3.2260 | 32496 |0.0227
10 |20 | 43607 | 43891 |0.0248
Table 6: Adam Bashforth Methods for k=3, 4, and 5
N Exact Solution K=3 K=4 K=5
0.0 2.000000000 2.000000000 2.000000000 2.000000000
0.1 1732778818 1.732778818 1.732778818 1.732778818
0.2 1.523960081 1.523960081 1.523960081 1.523960081
0.3 1.360420363 1.359628069 1.359628069 1.359628069
0.4 1.236235687 1.23518843 1.236029608 1.236029608
0.5 1.143789022 1.142345344 1.4334805 1.143016003
0.6 1.077089871 1.075527538 1.077038936 1.077053987
0.7 1.031544687 1.029935038 1.03140519 1.030851595
0.8 1.003318906 1.001738505 1.003391861 1.003463842
0.9 0.989273054 0.987760793 0.989275575 0.98857031
1.0 0.986836745 0.985421503 0.986953254 0.987153234
1.1 0.993905527 0.992601262 0.993969735 0.993158432
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Table 7: Error from Adams Bashforth methods for k=3.4 and 5

N K=3 K=4 =5

0.0 0.000000000 0.000000000 0.000000000

0.1 0.000000000 0.000000000 0.000000000

0.2 0.000000000 0.000000000 0.000000000

0.3 7.92294 x 10 7.92294 x 10 792294 x 10™

0.4 1.37257x 107 2.96079 x 10™* 2.96079 x 10*

0.5 1.443678 x 10 440972 x 10™ 7.73019 x 10

0.6 1.562333 x 10 5.0935x10° 3.5884 x 10”

0.7 1.609649 x 107 1.39497 x 107 6.93092 x 107

0.8 1.580401 x 10~ -7.2955x 10° -1.44936 x 10

0.9 1512261 x 10 2521x10° 702744 x 10”

1.0 1415242 x 107 -1.16509 x 10°* -3.16489 x 10

1.1 1.304265 x 107 -6.4208 x 10 7.47095 x10™*
CONCLUSION Martin Avery Snyder (1966). Chebyshev methods

The Adams Bashforth methods of k=4 and k=5
were shown to have lower errors than that of k=3
and k=2.

This paper demonstrated clearly that Adams
Bashforth methods can be denived through
Chebyshev polynomials which can be used to solve
general ordinary differential equations.

The results of the numenical solutions for different
values of x agree closely with the

analytic solutions . Moreover, all the methods show
small errors and the solution values agree closely
with the exact solution (see Tables 1-5) .
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