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ABSTRACT
Article History In this paper, we generate the Adomian polynomial for major nonlinear terms which
geﬁ?f"zdilzo l\f[a“‘fsriﬁ?” are mostly common in differential equations. And we applied it to Lane-Emden type of
Azz;:;e;it}_,g Mok 0017 equations whose nonlinear terms are exponential functions. The result we obtained by
Published: 20 April 2017 modified Adomian decomposition method (ADM) gave a series solution which is the

same as the Taylors series of the exact solution.
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Contribution/ Originality: This study contributes in the existing literature on the use of Adomian decomposition
method. It explicitly provide the Adomian polynomials of frequently occurring nonlinear terms in a linear functional. And, for

the first time, applied to obtain an exact solution to the Lane-Emden type of equation.

1. INTRODUCTION

Considering the significance of nonlinear equations [17] quite recently came up with ADM. The method is
widely used to obtain approximate solution to linear and nonlinear equations in series form. A reasonable
approximate solution depends strictly on the right form of Adomian polynomials of the nonlinear term in a linear
functional. Because of the different nature of nonlinearity, these polynomials are difficult to obtain, especially when
the right codes are not written for the computer algebra system in use. Currently, there are two forms, in literature,
on how to generate these polynomials. The standard form by Adomian [27] and the accelerated form. The most
preferred and widely used is the standard form. Unlike other numerical methods, ADM has proved to be a reliable
method for problems whose true solutions are hard to obtain by classical means. Nonetheless, there are barriers as
well. However, a logical analysis for several varieties of problems in science and engineering has revealed that there
is greater agreement between facts and solutions when ADM is used in equations with no classical solution. We
further explore the modified ADM to solve the Lane-Emden type of equation which was solved by Supriya, et al.

[87 using variation of parameters.
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2. THEORY OF ADM AND ITS POLYNOMIALS

In a general nonlinear equation

¢—No=f (1)

where N is a nonlinear operator from a Hilbert space H into H, f is a given function in H. By ADM

No= > A, (2)
n=0

and

b= §:¢n (9)
n=0

A, are the Adomian polynomials that can be obtained for various classes of nonlinearity according to specific

algorithm set by Adomian [27].

A1 = dF'(0g) (5)

2
Az = bf (bg) + (o) )

An =5 ffo g

Where Lis a grouping parameter. If the series in (2) is convergent then (3) becomes

oo =f
d1=Ao(do)
dp =Aq(dg. ¢1)

O =An_1(b0, 41, 02,05 1)

Thus, we can recursively obtain the solution of (1) and (3).

3. NONLINEAR TERMS AND ITS ADOMIAN POLYNOMIALS
In this section, we give the first few terms of Adomian polynomials of some frequently occurring nonlinear

terms in a linear functional. Suppose

(). N¢ =sin ¢ (8)
Applying (7), we have its Adomian polynomials as

AO = Sin (1)0
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A; = ¢y Cos ¢y

1 .
A2 = (I)2 COS¢0 —Eq)f Sin (I)O
. 1.3
A3 = ¢3 Ccos (1)0 —(|)2(|)1 Sin (I)O _Ed)l CoSs (I)O

Ay =4 C0S by — hady SiN by —%q)fq)z coS g _%4,5 sin ¢ —iq)fq)z sin ¢

L

A, =
57120

¢2 COS §g + G, Sin dyg —%¢§¢1 cos ¢ —%¢12¢3 C0S dg — h3d, Sin dg
—h1d4 SN ¢y — b5 COS g

1 . 1 1 1 . 1 .
Ag == 07 SiNGg + 707 €08 0 -+ 9507 005 B+ 470381 b — = ¢ 5iN g — G123 €05 g —

—%4)124)4 Cos g —%d)% sindg — Grd4 SIN Gy — d105 COS dg + hg COS g

) No=cosd (9)
Similarly, applying (7), we have its Adomian polynomials as
Ag =Cos ¢
A ==0¢5INdg

. 1
A2 :—(|)2 S|n¢0 _Ed)f COS(I)O
. 1,3.
Az =—d38in g — dod; COS P —64)1 sin ¢g

. 1 . 1 1
Ay ==y 8INndg —d3hq COS Pg +§¢12¢2 sin ¢g —Eq)% Cos ¢ +§¢f¢2 Cos ¢

1 . 1 1 . 1 . 1
Ag = —@ ¢f sin¢g + g¢2¢f CoS ¢ + §¢§¢1 sin¢q + §¢12¢3 sin¢q — ﬁd)fd)z COS ¢ — P23 COS P
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— {104 COS ¢y — Pg COS Py

1 1 . 1 1 1 . .
Ag = _ﬁ ¢f Cos ¢ —§¢2¢f sin ¢g + Zd)%d)lz Cos ¢g + g¢f¢3 CoS ¢ + Eq)g Sin ¢g + 10203 SIN g

024 5in g — 63 005 60 — bt 005 b — by 095~ 5 g

i) No= eo‘d’ , O Is a constant.

(10)

Also, applying (7), we have its Adomian polynomials as

AO = ea¢0

Aq = adye®Po
A, = ocd)zead)o +%0c2¢1zea¢0
Ag = a¢3e°‘¢0 + a2¢1¢2e°‘¢0 +%a3¢fe°‘¢0

Ay = adge™0 + a2, 560 + % a3p3eo + % o 3p29,e?0 + 2—14 aggebo

As = 00560 + a2, 0,670 +ah,hye?0 +%a3¢12¢3e°‘¢0 +%a3¢§e°‘¢0 +%a4¢f¢2e°‘¢0

+——a’pre
20 %

Ag = g™ + 02, 56?0 +ah, 40 +%a3¢12¢4e°‘¢0 +%a2¢§e°‘¢0 +%a3¢1¢2¢3e°‘¢0

1 4,3, _abg , 1 33abg,1 42200, 1 54, ady, 1 6,6 ad
+=o ™0 + Za%p3e™0 + Z o e™0 4+ —qa e®0 4 —_ o ¢re
5 b103 5 02 2 b7 2 b1 9g =20 ]

(iv) No =tan¢ (11)

Equally applying (7), we have its Adomian polynomials as

Ag =tandg
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_ 2
A1 =y sec” ¢

2 2 2
A, = ¢7 tan gy sec” dg +poSec” dg

Az = %‘1’% sec* 9o + % 63 tan? ¢ sec? ¢ + 20,0otan og sec? oo +dgsec? dg

2 1
Ay = 3 (I)f' tan ¢ sec’ dg + ¢2¢12 sec’ dg + 3 (I)f' tan® dg sec? dg + 2¢12¢2 tan? do sec? dg

+ 4)% tan¢q sec2 dg + 2030, tan ¢ sec2 o) +(I)4SEC2 dg

Ag = Ed)f tan? ¢ sec* ¢ + 3 b0 sec” dg tan oy + gq)f sec® gy + 020, sec? by + 02dg sec? dg

+ % ¢f tan4 dg sec2 dg + g ¢2¢f se02 b tan3 dg + 2¢§¢1 sec2 dg tan2 dg + 2¢12¢3 sec2 dg tan2 dg

+ 29,03 tan g sec? g + 20104 sec® g tan dg + bs sec? g

11 8 2
As = ¢1 tan? ¢g sec” ¢g + 3 9307 sec” 4o tan dg + 201203 5ec” 4o + 3 ¢, tan” ¢g sec” oy

+ % ¢f¢3 tan® b sec? dg + % ¢§ sec? dg tan? dg + 2¢12¢4 sec? oo tan? dg + ¢§ sec? dp tan ¢y

17
+ 29,04 tan g sec2 dp + 20105 sec2 dg tan g + 4h10203 sec2 dg tan2 dg + E ¢f sec6 dp tan ¢g
2 2
+ 4¢12¢§ tan ¢ sec4 o + 5 ¢f¢2 se02 o + 2¢12¢§ sec2 do tan3 dg + E cl)f sec2 dg tan5 dg

1 26
+ ¢12¢4 sec4 o + § ¢% sec4 o + E ¢f sec4 do tan3 dg + dg sec2 dg

Alternatively,

Ag =tandg
A; = ¢ (1+tan? ¢)

A, = 62 tan oo (1+tan? ¢g) +0, (1 +tan? ¢y)
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A3 = %¢:13(1+ tan2 ¢0)2 +§¢:13 '[an2 ¢0 1+ tan2 ¢O) +2¢1dotan ¢0(1+ tan2 ¢0) +¢3(1+ tan2 ¢o)

2 1
A, = g(bf tan oo (L+ tan® ¢g)? + hod? (L+ tan” g ) +§¢f tan® ¢g (L+ tan® )

+ 2020, tan? oo (L+tan? ¢g) + d3 tan o (L+ tan? dg) + 205y tan dy (L+ tan? og) +d, (1+ tan? o)

11 8 5
Ag :Ed)f tan oo (1+ tan? ¢g)? +§¢f¢2 tan oo (1+ tan? ¢ +E¢f(1+tan2 b9)°

+ 030 (1+ tan? ¢g)2 + d2ds (1+ tan? ¢y) 2 +%¢f tan® ¢o (L +tan? ¢) + g¢f¢2tan3 do (1+ tan? ¢y)

+ 2030, tan? ¢o (L+ tan? ¢g) + 2024 tan? o (1+ tan? ¢g) + 2005 tan oo (L+ tan? dg)

+ 200 4tan o (L+ tan? ¢g) + s (1+ tan? o)

11 8
Ag = §¢f¢2 tan® do @+ tan? ¢0)2 + §¢f¢3 tan ¢o (1 + tan? ¢o)2 + 2010031+ tan® ¢0)2
+§¢f¢2 tan* ¢ (L+ tan? ¢p) +§¢f¢3 tan® oo (1+ tan? ;) +§¢§ tan? ¢y (L+ tan ¢y)

+ 2020, tan? og (1+tan? ¢g) + ¢3 tan oo (L+ tan? ¢g) + 2000, tan do (1+ tan? o)

+ 20,05 tan dg (1+ tan? dg) + 4100 tan? ¢ (1+ tan? ¢g) + % 0% tan ¢y (L+ tan? ¢)3

+ 4293 tan oo (1+ tan? og)? +§¢f¢2 (1+tan? ¢g)> + 20203 tan® oo (1 + tan? ¢;)

+ %q)f tan® oo (1+ tan? dg) + $2d4 (1+ tan? o) +%¢§ (1+tan? og)? +%¢f tan® oo (1+ tan? ¢)?

+hg(1+tan? )

(v) No= d)p, see Agom and Ogunfiditimi [47] where P € Z* (12)
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(vi) No=In¢o (18)

AO = In (1)0

A= % (¢1)

a
— | 9P ——¢ ]
2

1
[¢ 43~ dodad2 +§¢f]

=y
ooo|H

- %(45; 04— 02 by + b0, —— 0503 —%M‘}

0

1 1
B ¢_5(¢ b5 = d)?) G164 + ‘I’i 073~ ‘I’i O30 — ‘|’0¢?¢2 + 050105 + g¢f j
0

2

Ao =5 (805 = uts 03000~ 0oy — 030800+ 26305050 = 6007 +doble — 63080
0

1 1
§¢8¢% —g¢f)

4. NUMERICAL ILLUSTRATION

We consider the Lane-Emden type of equation

¢
2

¢”+%<|>’+8e¢+4e =0, ¢=0¢(), #(0)=0,¢'(0)=0 (14)

The exact solution of (14) is

(1) :2|nﬁ+t2) (15)

The Taylor series of (15) is

¢(t)=—2t2+t4—§t6+%t8... (16)
The nonlinear terms of (14) are
ge?® +4e2¢ (17)

The terms of (17) are specific cases of (17). So, applying the Adomian polynomials of (10) in (17), we obtained
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1
Ag = gebo 1 4e2%
1
— 8460 2%
A, =8¢0 +4¢qe

1 1
Ag = 80,670 + 49260 1 29,62%0 4 262
4 1 1 1 21
A, =8h5e?0 +8,p,e?0 +§¢§e¢0 1 20562%0 1 ¢y,02% +E¢fe2¢°

In a similar manner A5, AG’ A7, ... can be found. The solution of (14) by the traditional ADM was slow in

convergence to the exact solution. So we explore the Modified ADM by Yahaya and Mingzhu [57 and Neelima
and Kumar [67] in conjunction with procedures in Agom and Ogunfiditimi [77] and Agom, et al. [87. The linear

operator of (1) and its inverse are given as

1 d?

LO)=t"—
() e

t()

L) =t [5 t() dtdt

On application of Modified ADM, we have

$o=0
¢y =2t
<|>2=t4
2.6
=<t
b3 3
¢4——t8
2 .10
=%t
o5 :
Thus,
5
2 4 26 1lg 210
= = 2 +tT -S4+ 2% -5t
¢ n§1¢n 3t 5t (18)

Equation (18) and (16) are the same.

5. CONCLUSION
We have been able to generate the Adomian polynomials for major nonlinear terms that frequently occur in
functional differential equations using Maple. We discovered that the application of the traditional ADM to the

Lane-Emden type of equation yielded a slow converging series solution, possibly due to the presence of Noise term
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(left for further research.). But the modified ADM produced an exact result which is similar to the Taylor’s series of

the exact solution.
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