
IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES  

 

                                  ISSN PRINT 2319 1775 Online 2320 7876  
 
Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11,Iss 12 , 2022 

18747 

 

Approximate Analytic Solution for Harmonic Oscillator 

with Fractional Order Damping Term 
 

Prabhat Kumar1,a) and M.M. Dixit1, b) 

1Department of Applied Sciences & Humanities, NERIST, Nirjuli, Department of Mathematics, A.P. India  
2Department of Applied Sciences & Humanities, NERIST, Nirjuli, Department of Mathematics, A.P. India 

 
a)Corresponding author:  prabhats1718@gmail.com 

b) mmdixit79@gmail.com 

Abstract. In this paper, analytical and numerical results are reported on the approximate solution for harmonic 

oscillator equation with fractional order damping term by Adomian Decomposition Method (ADM). The ADM solution 

is then compared with the well known series solution of the problem. It is found that the results lead to an excellent 

agreement. The graphical representation of the solution has been presented for different values of damping coefficient 

and frequency of the oscillator. 
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INTRODUCTION 
 

Recently a great deal of interest has been focused on Adomian’s Decomposition Method (ADM) and its 

applications to a wide class of physical Problems containing fractional derivatives [7,8,10,13,14].The ADM 

employed here is adequately discussed in published  literature  [5,6,15], but it still deserves emphasis to point 

out the very significant advantages over other methods. The said method can also be an effective procedure 

for the solution of Harmonic oscillator equation with fractional order damping term. The fractional 

differential equation have been used to model many physical and engineering processes such as frequency 

dependent damping behavior of materials, motion of a large thin plate in a Newtonian fluid, creep and 

relaxation function for viscoelastic materials etc [11,12,16]. Moreover, phenomena in electromagnetic, 

acoustics, viscoplasticity, and electrochemistry are also described by differential equations of fractional order 

[4,9,16]. 

In the present paper, Adomian decomposition method (ADM) is implemented to the harmonic oscillator 

equation with a fractional order damping term. In these schemes the solution constructed in power series with 

easily computable components. The ADM solution is then compared with the well known series solution of 

the problem. It is found that the result leads to an excellent agreement. The numerical calculations are carried 

out and are presented graphically to examine its shape. 

 

MATHEMATICAL ASPECTS OF FRACTIONAL CALCULUS 
 

Many definitions of fractional calculus are used to solve the problems of fractional differential equations. The 

most frequently encountered definitions include Riemann-Liouville, Caputo, Weyl and Riesz fractional operator. We 

introduce the following definitions [1,2]. 

 

DEFINITION 
 

Let
+R .The integral operator

I defined on the usual Lebesgue space ( )baL ,
 
by 
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for bxa  ,is called Riemann-Liouville fractional integral operator of order 0 . 

 

DEFINITION 

 

The Riemann-Liouville definition of fractional order derivative is 
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where m is an integer that satisfies mm − 1 . 

 

DEFINITION 
 

A modified fractional differential operator
D proposed by Caputo is given by 
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where
+R ,is the order of operation and m is an integer that satisfies mm − 1 . 

 

ANALYSIS OF THE METHOD  
 

In this section we consider the following equation 

( )
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=++
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txd
ktx

dt
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                  (4) 

with appropriate initial and boundary conditions. The standard form of the eq. (3) in an operator form [5,6] is 

given below: 

( ) ( ) ( ) 02 2
1

2 =++ txkDtxtLx  ,                 (5) 

where the operators are ,
2

2

dt

d
L  ,

2
1

2
1

2
1

dt

d
D = k is the damping coefficient and is the frequency of the 

oscillation. Operating with the integral operator
1−L (assuming the integral exists), we have  

( ) ( )  ( )




−−+= −− txDkLtxLbtatx 2

1
112 2                (6) 

where ba, are constants, to be determined from initial and boundary conditions, following the analysis of ADM 

[5,6] ,we expect the decomposition of the solution into a sum of components to be defined by the following 

decomposition series form: 

( ) ( )
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=
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n txtx                                                                                                                                                     (7) 

Hence eq. (3) can be written as, 
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Identifying the zero component ( )tx0 by ( ) ,0 btatx += the remaining components can be determined by using 

the following recurrence relation [5,6]: 
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and so on. 

Therefore, all components of ( )tx are calculable and from (4), the solution is completely determined. 

The expression ( ) ( )
−

=

=
1

0

n

i

in txt is the −n term approximation to x . Here it is to be noted that the 

decomposition series solution is very rapidly convergent [6,7,8,14] and only a few terms of the series solution leads 

to a very good approximation with the actual solution of the problem. Generally, only a few terms are sufficient for 

most purpose and we can proceed further with little effort [6,7,8,18]. 

Therefore, the solution is  
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It can be written as follows: 
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. 

The decomposition series solution generally converges very rapidly in real physical problems [1,2,6,7,8,14]. It is 

also worth noting that a rapid stabilization to an acceptable accuracy is evident, when numerical computation of the 

analytic approximation is carried out [1,5,6,17]. 

 

VERIFICATION BY POWER SERIES METHOD 
 

In view of the fractional differential eq. (1), we can take the solution in the form of the following fractional 

power series [1,2]: 

( ) 
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Substituting this expression (1) into eq. (2), we get 
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By equating the coefficients of different powers of t , we obtain (assuming aP =0  and bP =2 ) 
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and so on. 

 

The rest of the terms can be calculated in a similar manner. Therefore, the solution of eq. (5) is  
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This solution is same as the solution (8), obtained by ADM. 

 

NUMERICAL COMPUTATION AND GRAPHICAL REPRESENTATION 
 

For numerical computation, the infinite series solution (9) is considered up to the term
22t , and the solution is 

represented graphically by (Fig.1, to Fig.6) together with Tables (Table 1 to Table 6), for different values of the 

parameters ba, and . The damping coefficient k has been considered for small values of

05.0,04.0,03.0,02.0,01.0,0=k respectively. Again, by keeping ba , and k fixed and for different values of

( ),0.5,8.4,6.4,4.4,2.4,0.4= another set of results (Fig.7 to Fig.12) together with the Tables (Table 7 to 

Table 12) has been presented. The numerical results have been presented graphically to examine the shape of the 

resulting solution. From the graphs, it follows that the motions are oscillatory in nature as expected. Moreover, 

amplitude of the oscillation decreases with the increasing values of damping coefficient and time. It is interesting to 

note further that for a certain set of values of the parameters, the solution diminishes continuously after a certain 

period of time. The graphical representations of the ADM solution for different values of damping coefficient k and 

frequency of oscillation are given below: 

Graphical representation of Adomian solution for different values of damping coefficient k  

 

 
 

 

 

 
 

Table-1:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.49315059 

0.8 -1.41044611 

1.2 0.68075478 

1.6 0.84385821 

2.0 -1.38309116 

Table-2:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.49033388 

0.8 -1.40611187 

1.2 0.67926174 

1.6 0.50851231 

2.0 -11.35333953 

0.00k =

t ( )x t

0.01k =
t ( )x t
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Table-3:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.48752425 

0.8 -1.40177993 

1.2 0.67773998 

1.6 0.17492821 

2.0 -21.25076849 

Table-4:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.48472169 

0.8 -1.39745035 

1.2 0.67618974 

1.6 -0.15690289 

2.0 -31.07588600 

Table-5:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.48192617 

0.8 -1.39312319 

1.2 0.67461124 

1.6 -0.48698973 

2.0 -40.82921018 

0.02k =
t ( )x t

0.03k =
t ( )x t

0.04k =
t ( )x t
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Graphical representation of the Adomian method solution for different values of  

 

 
 

 

 

Table-6:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.47913770 

0.8 -1.38879850 

1.2 0.67300473 

1.6 -0.81534098 

2.0 -50.51125510 

Table-7:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.79908969 

0.8 -1.01313611 

1.2 -0.50674726 

1.6 0.34138616 

2.0 -18.79113420 

Table-8:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.72066737 

0.8 -1.10583428 

1.2 -0.27092056 

1.6 -0.20545060 

2.0 -37.65257190 

0.05k =
t ( )x t

4.0 =
t ( )x t

4.2 =
t ( )x t
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Table-9:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.63705860 

0.8 -1.17231091 

1.2 -0.02363915 

1.6 -1.38364484 

2.0 -72.06142590 

Table-10:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.54881062 

0.8 -1.21050817 

1.2 -0.21577999 

1.6 -3.58311855 

2.0 -133.2679332 

Table-11:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.45650111 

0.8 -1.21911096 

1.2 0.42449808 

1.6 -7.43131765 

2.0 -239.5801426 

4.4 =
t ( )x t

4.6 =
t ( )x t

4.8 =
t ( )x t
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CONCLUSION 
 

The present problem deals with the harmonic oscillator equation with fractional order damping term. It has been 

solved by ADM and the resulting solution is compared with that obtained by Power Series solution method. The 

results obtained by these methods are then compared numerically, through graphs and tables. The graphical 

representation of the Adomian solution has also been presented for different values of damping coefficient k and 

frequency . The advantage of this global methodology lies in the fact that it not only leads to an analytical 

continuous approximation which is very rapidly convergent but also shows the dependence giving insight into the 

character and behavior of the solution just as in a closed form solution. The ADM is straight forward and a rapid 

stabilization to an acceptable accuracy is evident when numerical computation of the analytic approximation is 

carried out. The present analysis exhibits the applicability of ADM to solve harmonic oscillator equation with a time 

fractional damping term. Moreover, this method does not require any transformation techniques, linearization or 

discretization of the variables and it does not make closure approximation or smallness assumptions. In fact, since 

the decomposition method, is not, in general, a perturbative method, it follows that the operator equation can be 

handled and accurate approximated solutions may be obtained for many physical problems. 

 

REFERENCES 
 

1. S. Das, Functional Fractional Calculus Springer (2008). 

2. K.S Miller and B. Ross, An Introduction to the Fractional Calculus and Fractional Diff. Equations, John Wiley 

and Son (1993). 

3. O.P. Agarwal, Fractional variational calculus in terms of Riesz fractional derivatives. Journal of Physics A: 

Mathematical And theoretical, 40: 6287–6303, doi:10.1088/1751-8113/40/24/003 (2007). 

4. I. Podlubny, Fractional differential equations: An introduction to fractional derivatives, fractional differential 

equations, to methods of their solution and some of their applications. Academic Press (1999). 

5. G. Adomian, Solving Frontier Problems of Physics: The decomposition method. Kluwer academic publishers, 

Dordrecht (1994). 

6. A.M. Wazwaz, Partial Differential Equations: Methods and Applications. Saint Xavier University, Chicago, 

Illinois, USA (2002). 

7. S.S. Ray, K.S. Chaudhuri, R.K. Bera, Application of modified decomposition method for the analytical solution 

of space fractional diffusion equation. Appl. Math. Comput.196: 294–302 (2008). 

8. D. Kaya, The exact and numerical solitary-wave solutions for generalized modified Business equation. Phys. 

Lett. A, 348: 244–250 (2006). 

Table-12:  

Value of  
Value of  

0.0 1.00000000 

0.4 0.36073445 

0.8 -1.19758768 

1.2 0.57532164 

1.6 -13.92837653 

2.0 -420.1051290 

5.0 =
t ( )x t



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES  

 

                                  ISSN PRINT 2319 1775 Online 2320 7876  
 
Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11,Iss 12 , 2022 

18757 

 

9. N.T. Shawagfeh, Analytical Approximate Solutions for Nonlinear Fractional Differential Equations. Appl. 

Math. And Comp., 131:517-529 (2002). 

10. S.Z. Rida and H.M Sherbiny,. On the solution of the fractional nonlinear Schrödinger equation. Phys. Lett. 

A,372(5):553-558 (2008) 

11. W.G. Gloeckle and T.F. Nonnenmacher, Fractional integral operators and Fox functions in the theory of 

viscoelasticity. Macromolecules, 24:6426-6434 (1991). 

12. R. Schumer, D. A. Benson, M. M. Meerschaert, and B. Baeumer, Multiscaling fractional advection-dispersion 

equations and their solutions. Water Resour. Res.39:1022-1032 (2003). 

13. B.K. Datta, In analysis and estimation of stochastic physical and mechanical system. UGC minor research 

project no. F. PSW/061 (2007). 

14. K. Jiang, Multiplicity of nonlinear thermal convection in a spherical shell. Phys. Rev. E., Stat Nonlinear Soft 

Matter Phys.,71, No.1 Pt 2 (2005). 

15. N. Ngarhasta, B. Some, K. Abbaoui, and Y. Cherruault, New numerical study of Adomian method applied to a 

diffusion model. Kybernetes, 31(1):61-75 (2002). 

16. C. Tadjeran, M. M. Meerschaert, and H. Scheffler, A second-order accurate numerical approximation for the 

fractional diffusion equation. J. Comput. Phys., 213:205-213 (2006). 

17. A. Sadighi. and D.D. Ganji. Analytic treatment of linear and nonlinear Schrödinger equations: A study with 

homotopy – perturbation and Adomian decomposition methods. Phys. Lett. A, 372: 465-469 (2008). 

18. F. Riewe. Mechanics with fractional derivatives. Phys. Rev .E, 55(3): 3581-3591 (1997). 


