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Abstract: In this paper, we will display Adomian decomposition method (ADM) for solving a simple harmonic
oscillator equation- It is shown that the Adomian decomposition method (ADM) efficiency, simple, easy to use in
solving physical equation. The proposed method can be applied to linear problem-

Some examples were presented to show the ability of the method for linear ordinary differential physical equations:
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1. INTRODUCTION

The harmonic oscillator is one of the most important model system in equation mechaincs. An harmonic oscillator is a
particale subject to a restoring force that is proportional. to displacement of the particale [4]- In classical physics this means,

F W'k )
= ma=m-—-——= —Kx .
dt?
The costant k is known the force constant- The study of quantum harmonic motion be beginning with specification of the
schrodinger equation: We can write the schrodinger equation for a simple harmonic oscillator [5,6,7]

—h? 42 1 I _ )
G ge T7i)e® =Ee(x) (2
. d?@(x) 2mE
Where x = 0, the equation becomes as, ex)=0 (3)-
dx? h?
Hence, the Schrodinger equation becomes as
d*e(x)
S tBe=0 &)

2mE
Where 3 = o

In this paper we will using Adomian decomposition method to solving a simple harmonic oscillator and schordinger for
some simple harmonic oscillator equations.
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2. ANALYSIS OF THE METHOD

’k
Under the transformation w = - the equation (1) is transformer to

d?y
dt?

Where k force constant and m is mass the equation (4) becomes

=0ty ()

d?y
Fros w?y =0 (6)-
The equation (6) is called a simple harmonic oscillator.

We propose the new differential operator [1,2,9,10], as below
cod ood o
D) = plot . o-2iet _ piotg,
L() = et e2otelot() (7),

s0, the problem (6) can be written as
L()=0 8-

The inverse operator L™ is therefor considered a tow-fold integeral operator, as below
. t . t .
L—l(_) — e—untf eZlmtf e—lmt (y" + wzy) (9) .
0 0

Applying L™ of (9) to the tow terms y” + w?y of Eq - ( 6) we find

Ly + w?y)
t t
— e—imtf ezimtf e—imt(yn + (,02y)dtdt
0 0
t
— e—iwtj eziwt(e—iwtyl + iwe—iwt _ y'(O) _ iwy(O)
0

— v — p-iwt _ y’(O) iot y’(O) —iot __ Y(O) it Y(O) —iwt
y—e y(0) 2iw et 2iw € 2 et 2 ¢ ’
Operating with L on (6), it follows

y’(O) iot y'(O) —iwt y(O) iwt y(O) —iwt
2iw © T 2 ¢

y(®) = e7ty(0) + (10) -

The Adomian decomposition method introduse the solution y (t),
so, the exact solution is easily obtioned by this method-
3. APPLICATION OF A SIMPLE HARMONIC OSCILLATOR (SHO)
3-1: Simple pendulum
Casel: if 0 smaller then sin 6=0.
Consider the equation of motion of a pendulum with length (L) and angle 6

from the vertical to the pendulum- We can be shown that 0, as a function of time satisfied the nonlinear differential
equations [8]
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dze+g ind =0 11
I Lsm = a1y

Where g is the acceration to gravity. For small values of 6 -
We can use linear approximation sinf = 8 and then the equation becomes linear.
The Eq- (11) becomes

0 80 0 (2) weput —\/E this impli
Eto= (12) - We puty = [ this implies

0" +y?0=0 (13) -
With intial value 6(0) = 1,0'(0) = 0,

we put w = y,substitution of y = w in Eq - (6) yield the operator

L() — eiyt i e—ziyt g eiyt(_) (14),
dt dt

SO

. t t
LT1O=e"" J e?ivt J e M()dtdt  (15)-
0 0

In an operator from, Eq- (13) becomes
L6 =0 (16) -
Applying Lt on both sides of (16) we find
L"1Le =0,

and implies,

8(t) = e7¥'9(0) + 6,(3) elvt — 6;(0) e vt 4 @

2i iy

. 1 .
= Ee‘yt + ze"yt = cosYt,

s0, the exact solution is easily obtained by this method-
Example (3-2)

Case2: if 0 is larger the sin (n+0) = -0,
the Eq- (11) becomes,

2

0
F+%sin(n+ =0 (17)-

This equation becomes,

0" — 20 = 0 (18) -
Where a = \E and intial value 6(0) = 1,0'(0) = a -

We propose the new differential operator,

as, below,

d d
L() — eatae—zmaeat(_) (19)’
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so0, the problem,

L®) =0 (20)-
The inverse operator L™ is therfor,
considerd a tow-fold integral oprator,
as below,
t t
L) = e_“tfo eZ“tJ; e~ (0" — a?8)(-)dtdt (21) -

Applying L™ of Eq - (21)to the two terms 8” — a6 of Eq - (18)
We find
L71(0" — o26)

—e—at fot e2at fote—at (08" — o?8)(+)dtdt.

t
_ e—atf e2at (e—ate’ + ae™ ™0 — 6'(0) — a8(0)dt.
0

= 0(t) — e~9(0) — i e“te'(0)+i e9'(0)2 X0 (0) + %e‘“‘G(O) :
Hence
0(t) = e71X9(0) +--e™0'(0) — ——e ™6/ (0)+>e™B(0) — 2e™10(0).
0(t) = coshat + sinh at (22) -
Example (3-3):

We consider the Schrodinger equation for a simple harmonic oscillator (SHO) The Eq- (4) becomes [3]

@"(x) +B*p(x) =0 (23) -

With intial value @(0) = 1, ¢'(0) = B,

we put w = B,substitution of B = w in Eq - (5) yield the operator

oo d oo do
) = elBX . a—2iBx T LiBx(.
L) = e e e() (24),
. X . X .
1) = e“SXJ eZ‘SXf e B () dxdx (25) -
0 0

In an operator from, Eq -(23)becomes

Lo = 0 (26) -
Applying L™ on both sides of (23), we find L™1L¢ = 0,
and implies,

_ a-ipx @' igx _ @ (® _ipx , @O ipx _ @0 _ipx
o(x) =eP*p(0) + 2ip © 2ip © +- e S,

SO

@(x) = cos Bx + sin Bx (27) -
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4. CONCLUSION

Adomian decomposition method has been known to be a powerful device for solving many functional equations such as
algebra equations, ordinary and partial differential equations, integral equations, physical equations and so on. Her we used
this method for solving second ordinary differential equations in physical, which called a simple harmonic oscillator. It is
demon-stated that this method has the ability of solving equations of both linear and non-linear. Her we used method for

solving linear equations, such as a simple pendulum equation, Schrodinger equation. For these equations we derived the
exact solution.

(1]

(2]
(3]

(4]

(3]

(6]

(7]

(8]

[9]
[10]

REFERENCES

G. Adomian, A review of the decomposition method and some recent results for nonlinear equation, Math. Computer.
Model 13(7) (1992) 17.

G. Adomian (1994). solving frontier problems of physics, The Decomposition Method, Kluwer Academic press.

A. H. AL-Karawi and Inaam R. AL-Saiq (2020). Application modified Adomian Decomposition method for solving
second order ordinary differential Equations, Journal of physics, 9(1): 1-18.

Y. A. H and M. A. Bashir (2019). Application of Adomian Decomposition Technique to Volterra Integral type of
Equations, International Journal of Scientific and Research publication, 9(3): 117-120.

D. Dill (2006). Harmonic Oscillator, Boston University, Boston, MA.

A. A.OandP.TandJ.J. G (2019). The use of Adomian Decomposition Method in Solving Second Order Autonomous
and Nan-autonomous Ordinary Differential Equations, International Journal of Mathematics and statistics Invention
(IIMSTI), 7(1): 91-97.

S. H. Dong and J. Garcia (2017). Exact Solution of the S-wave schordinger Equation, Institute of Physics Publishing,
75(2): 307-311.

N. M. Dabwan and Y. Q. Hasan (2020). SOLVING SECOND ORDER ORDINARY DIFFERENTIAL EQUATION
USING A NEW MODIFIED ADOMIAN METHOD, Advances in mathematics: Scientific Journal 9(3): 937-943.

D. Andrew Lewis (2017). Introduction to differential equation, Kingston, Ontario, Canada.

Y. Q. Hasan and L. M. Zhu (2009). Solving second order differential equation with constant coefficients by Adomian
decomposition method, Journal of concrete and Applicable Mathematics (JCAAM), 370-378.

Page | 65
Research Publish Journals



about:blank
about:blank

