
IOSR Journal of Engineering (IOSRJEN)                                                                www.iosrjen.org 

ISSN (e): 2250-3021, ISSN (p): 2278-8719 

Vol. 10, Issue 7, July 2020, ||Series -II|| PP 20-26 

International organization of Scientific Research                                                                   20 | Page 

  

Application of Homotopy Analysis Method to the Integro –

Differential Equation for RLC Circuit of Non-Integer Order 
 

Neelu Pareek
 1,*

, Prof.(Dr.)Arvind Gupta
 2
 

1
Asst.Prof.,

 
Department of Mathematics,Bhagat Singh Govt. P.G.College,Jaora Ratlam,M.P.(India) 

2Professor,Department of Mathematics,M.V.M.,Bhopal,M.P.(India) 

Received 14 July 2020; Accepted 29 July 2020
   

 

Abstract. In the present article ,the solution of a fractional integro-differential equation model associated with 

a RLC circuit with 0<α≤1 is derived.By introducing the fractional derivative in the sense of Caputo,homotopy 

analysis method is applied to find the analytic approximate solution of the model.The result obtained is shown 

graphically with the effect of varying the auxiliary parameter h and α.  
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I. INTRODUCTION 
Fractional calculus has attracted the interest of many researchers in the recent years being a new 

mathematical method for solving the diverse problems due to the frequent appearance of the fractional 

differential equations which are generalization of classical integer order equations in various fields like 

viscoelasticity,biology,mechanics,fluidflow,physics,engineering and other models.fractional order derivatives 

and integrals are proved to be more appropriate for formulating certain mathematical models as compared to the 

classical models[1-6].For the fractional differential equations as such no method exists which provides the exact 

solution.Although  some effective perturbative  and nonperturbative techniques are there to derive the 

approximate solutions for the same.The perturbation techniques such as homotopy perturbation method involve 

small perturbation parameters [7] .Hence when applied to a problem it involves the expansion around the 

perturbation parameter which leads to small convergence region of the result.Whereas in the non perturbative 

techniques like the optimized perturbation theory(OPT)[8]and linear 𝛿  -expansion method(LDE)[9,10] the 

convergence of the region is controlled by some artificial parameters  not existing in the original problem and so 

the approximations have a least dependence on these parameters.Among the non perturbative techniques the 

homotopy analysis method is a powerful analytical method proposed by Shi-Jun-Liao[11-13] to find the 

solutions of linear and non linear differential and integral equations.The Ham contains the auxiliary parameter ℎ 

to control the convergence region of the solution. The HAM was successfully applied to solve many nonlinear 

problems such as nonlinear Riccati differential equation with fractional order [14], nonlinear Vakhnenko equation 

[15], the Glauert-jet problem [16], fractional KdV-Burgers-Kuramoto Equation [17], nonlinear heat transfer [18], 

to projectile motion with the quadratic law [19], to boundary layer flow of nanofluid past a stretching sheet [20], to 

the system of Fractional differential equations [21], to the nonlinear flows with slip boundary condition [22] and so 

on. 

This paper is organized to have some important definitions in section 2. Section 3 deals with reviewing 

the basic idea of HAM briefly. Section 4 is concerned with Mathematical Model for RLC electrical circuit .In 

section 5 the Formulation of fractional differential equation model and its solution applying the HAM is 

presented graphically.  

 

II. DEFINITIONS 
In this section we mention some basic definitions of the fractional calculus theory:the Caputo and its reverse 

operator Riemann -Liouville and their properties which we will use to get the solution[1-3].  

Def.2.1:A real valued function 𝑓(𝑥) , 𝑥 > 0 is said to be in the space Cµ,µ∈ 𝑅 if there exists a real number 𝑝 >
𝜇 suchthat 𝑓(𝑥 
) = 𝑥𝑝𝑓1𝑥 ,where 𝑓1 𝑥 ∈ 𝐶[0,∞}. 

Def.2.2: A   function 𝑓(𝑥) , 𝑥 > 0 is said to be in the space 𝐶𝜇
𝑛 , 𝑚 ∈ 𝑁 ∪  0 , 𝑖𝑓 𝑓 𝑚 ∈ 𝐶𝜇 . 

Def.2.3 The Riemann-Liouville fractional integral operator of order ∝≥ 0,for a function 𝑓 ∈ 𝐶𝜇 , 𝜇 ≥ 1is defined 

as  

𝐽∝𝑓 𝑥 =
1

Г(∝)
  𝑥 − 𝑡 ∝−1𝑓 𝑡 𝑑𝑡;  ∝> 0, 𝑥 > 0

𝑥

0
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∈
 
ƒ 

                                       𝐽0𝑓 𝑥 = 𝑓(𝑥)      

For the convenience of establishing the results,we have the following properties  

𝐽∝𝐽𝛽𝑓 𝑥 = 𝐽∝+𝛽𝑓 𝑥  

 

 

              

𝐽∝𝑥𝛽 =  
Г(𝛽+1)

Г(∝+𝛽+1)
𝑥𝛼+𝛽  

Def2.4:The fractional derivative of 𝑓 ∈ 𝐶−1
𝑛 in the Caputo’s sense is defined as 

𝐷∝𝑓 𝑡 =

 
 
 

 
 

1

Г 𝑛−∝ 
  𝑡 − 𝜏 𝑛−𝛼−1𝑓𝑛 𝜏 𝑑𝜏,   𝑛 − 1 < 𝛼 < 𝑛, 𝑛 ∈ 𝑁∗

𝑡

0

,

𝑑𝑛

𝑑𝑡𝑛
𝑓 𝑡 ,    ∝= 𝑛.                           

 

  

 According to the Caputo’s derivative,we can easily obtain the following expressions: 

𝐷∝𝐾 = 0 ; 𝐾𝑖𝑠 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 

𝐷∝𝑡𝛽 =  

Г 𝛽 + 1 

Г 𝛽−∝ +1 
𝑡𝛽−𝛼  , 𝛽 > 𝛼 − 1,

0,                              𝛽 ≤ 𝛼 − 1.
 

  

                                                

III. HOMOTOPY ANALYSIS METHOD 
In order to show the basic idea of HAM, consider the following differential equation 

𝑁 [𝑢(𝑡)]  =  0, (3.1) 

where 𝑁  is a nonlinear operator, 𝑡  denotes the independent variables and 𝑢  is an unknown function.  For 

simplicity, we ignore all boundary or initial condition, which can be treated in the similar way. By means of the 

HAM, we first construct the zeroth-order deformation equation as  

(1 −  𝑞) 𝐿 [𝜙( 𝑡, 𝑞)  − u0( 𝑡)]  =  𝑞 ℎ 𝐻( 𝑡) 𝑁 [𝜙( 𝑡, 𝑞)] , (3.2) 

where  𝑞 ∈ [0 1] is an embedding parameter , h ≠ 0 is an auxiliary parameter, L is an auxiliary linear operator, 

𝜙( 𝑡, 𝑞)   is an unknown function, u0(t) is an initial guess of u(t)and H(t)≠ 0  denotes a nonzero auxiliary 

function. It is obvious that when the embedding parameter q = 0 and q = 1, equation (3.2) becomes 

𝜙(t, 0) = u0( t), 𝜙(t ,1) = u(t) 

 

 (

3.3) 

respectively. Thus as q increases from 0 to 1, the solution varies from the initial guess u0(t) to the solution u(t) . 

Expanding 𝜙 (t, q) in Taylor series with respect to q ,  

 

               𝜙 𝑡, 𝑞 = 𝑢0  𝑡 +  𝑢𝑚  𝑡 ∞
𝑚=1 𝑞𝑚 , 

 

                     Where 𝑢𝑚   𝑡 =
1

𝑚!

𝜕𝑚 𝜙 𝑡,𝑞 

𝜕𝑞𝑚 ⃒𝑞 = 𝑜.                 (3.4) 

The convergence of the series in (3.4)depends upon the auxiliary parameter ℎ and the auxiliary function 𝐻  𝑡 . If 
it is convergent at  𝑞 = 1,we have 

                       𝑢 𝑡 = 𝑢0  𝑡 +  𝑢𝑚   𝑡 ∞
𝑚=1  

 

        

(3.5)      

Which is definitely one of the solutions of the nonlinear equation considered in (3.1) ,as proven by Liao. 

Defining  the vector 

𝑢𝑛     = (𝑢0  𝑡 , 𝑢1  𝑡 , … , 𝑢𝑛  𝑡 ). 
By differentiating the zeroth order deformation equation m –times , dividing it by 𝑚! and then setting q=0,we 

get the m-th order deformation equation as. 

       𝐿 [𝑢𝑚  𝑡  −  𝜒𝑚  𝑢𝑚−1(𝑡)]  =  ℎ𝐻(𝑡) 𝑅𝑚  𝑢𝑚−1           (𝑡) 
 (

3.6) 

Subject to the initial condition 

𝑢𝑚  0 = 0 

Where 
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Rm  um-1         t  =
1

(m-1)!

∂
m-1

N ϕ t, q  

∂qm−1
⃒q=0 

                                 

𝜒𝑚 =  
0, 𝑚 ≤ 1
1, 𝑚 > 1.

  

If we choose 𝐿 ϕ t, q  = 𝐷𝛼 ,then according to (3.6) we have 

𝐽𝛼𝐷𝛼  𝑢𝑚 𝑡  −  𝜒𝑚  𝑢𝑚−1(𝑡) = ℎ𝐽𝛼  𝐻 𝑡 𝑅𝑚  𝑢𝑚−1            𝑡    
Which further gives 

         𝑢𝑚  𝑡 = 𝜒𝑚  𝑢𝑚−1 𝑡 + ℎ𝐽𝛼  𝐻 𝑡 𝑅𝑚  𝑢𝑚−1            𝑡   , 
 (

3.6) 

Subject to the initial condition: 

𝑢𝑚  0 = 0 

For the special case when 𝛼 = 1,then () reduces to 

𝑢𝑚  𝑡 = 𝜒𝑚  𝑢𝑚−1 𝑡 + ℎ   𝐻  𝑡 𝑅𝑚  𝑢𝑚−1            𝜏   𝑑𝜏
𝑡

0
 

 (

3.7) 

 

 

IV. MATHEMATICAL MODEL FOR RLC ELECTRICAL CIRCUIT 
Various fractional model for electrical circuits such as RL, RC, RLC have already been proposed. 

Caputo derivatives and Numerical Laplace transform are considered to get the solution of RL and RC circuits. 

Further, RLC circuit is also analysed in time domain and the solution are found in terms of Mittag-Leffler 

function [23].  Analytic solution of RL electrical circuit described by a fractional differential equation of the 

order 0 < 𝛼 ≤ 1  has been obtained by using the Laplace transform of the fractional derivative in the Caputo 

sense[24]. RLC circuit of non-integer order is solved analytically by using the Laplace Transform method 

including convolution theorem[25].In continuation to these developments this paper discusses a new and recent 

application of fractional calculus i.e. RLC electrical circuit considering an integro differential equation with 

parameter𝛼𝜖(0,1] and the analytic approximate solution is obtained as an application of Homotopy analysis 

method. 

Here, we present an oscillatory RLC electrical circuit in which resistor(R),inductor(L) and capacitor 

(C) are connected with voltage(E) in series. Here, the capacitance (C), the inductance (L) and the resistor (R) are 

considered as positive constants. 

 

 
RLC Circuit 

Nomenclature 

E(t) { The voltage of the power source (measured in volts = V) 

I(t) { The current in the circuit at time t (measured in amperes = A) 

R { The resistance of the resistor (measured in ohms = V/A) 

L { The inductance of the inductor (measured in henry = H ) 

C { The capacitance of the capacitor (measured in farads = F = C/V ) 
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V. FORMULATION OF FRACTIONAL DIFFERENTIAL EQUATION MODEL AND ITS 

SOLUTION 

If the voltage across 𝑅, 𝐿 and 𝐶 are 𝑅𝐼,𝐿
𝑑𝐼

𝑑𝑡
 and 

1

𝐶
  𝐼 𝜀 𝑑𝜀 

𝑡

0
respectively,as per Kirchhof's voltage law, around 

any loop in a circuit, the voltage rises must equal to the voltage drops. We have, 

𝑈𝐿(𝑡) + 𝑈𝑅(𝑡) + 𝑈𝑐(𝑡) = 𝐸(𝑡) 

Or  

𝐿
𝑑𝐼

𝑑𝑡
+ 𝑅𝐼 +

1

𝐶
 𝐼 𝑑𝑡 = 𝐸 𝑡  

Here we study the model for RLC circuit in the form of fractional differential equation as 

  

                    𝐿𝐷𝛼 𝐼 𝑡 + 𝑅𝐼(𝑡) +
1

𝐶
 𝐼(𝑡) 𝑑𝑡 = 𝐸 𝑡    , 

 

 (

5.1) 

      

 

    

 

 

Where  𝐷𝛼 𝐼 𝑡 =
𝑑𝛼 𝐼

𝑑𝑡 𝛼  , 0 < 𝛼 ≤ 1. 

For an AC voltage source, choosing the origin of time so that  𝑉 (0)  =  0, 𝑉  (𝑡)  =  𝐸0  𝑠𝑖𝑛(𝜔𝑡)  and the 

differential equation becomes 

 

𝐷𝛼 𝐼 +
𝑅

𝐿
𝐼 +

1

𝐿𝐶
 𝐼 𝑡 𝑑𝑡 =  

𝐸0

𝐿

𝑡

0

𝑆𝑖𝑛 𝜔𝑡  

  𝑤ℎ𝑒𝑟𝑒 𝑡 = 0, 𝐼 = 0 𝑜𝑟 𝐼 0 = 0.                                                 
   

(5.2) 

Choosing the auxiliary linear operator 𝐿 ϕ t, q  =
𝜕∅(𝑡,𝑞)

𝜕𝑡
 with the property 𝐿 𝑐 = 0 and the auxiliary function 

𝐻  𝑡 = 1,we construct the homotopy as 

𝑅𝑚  𝐼𝑚−1
          (𝑡) =𝐷∗

𝛼 𝐼𝑚−1 𝑡 +  
𝑅

𝐿
𝐼𝑚−1 𝑡 +

1

𝐿𝐶
 𝐼𝑚−1 𝑥 𝑑𝑥 − 

𝐸0

𝐿

𝑡

0
𝑆𝑖𝑛 𝜔𝑡         (5.3) 

       𝐼𝑚  𝑡 =  𝜒𝑚  𝐼𝑚−1 𝑡 + ℎ  𝑅𝑚  𝐼𝑚−1
           𝑡   𝑑𝑡

𝑡

0
                                             (5.4) 

𝜒𝑚 =  
0, 𝑚 ≤ 1
1, 𝑚 > 1.

  

𝐼1 𝑡 = ℎ 𝑅1 𝐼0
    (𝑡)  𝑑𝑡

𝑡

0

 

= ℎ   𝐷𝛼 𝐼0 𝑡 + 
𝑅

𝐿
𝐼0 𝑡 +

1

𝐿𝐶
 𝐼0 𝑥 𝑑𝑥 − 

𝐸0

𝐿

𝑡

0
𝑆𝑖𝑛 𝜔𝑡 𝑑𝑡

𝑡

0
 

Let 𝐼0 𝑡 =
𝑡𝛼

Γ(1+𝛼)
 then  

 

         

(5.5)                   

𝐼1 𝑡 = ℎ  𝐷𝛼
𝑡𝛼

Γ(1 + 𝛼)
+  

𝑅

𝐿

𝑡𝛼

Γ(1 + 𝛼)
+

1

𝐿𝐶
 

𝑥𝛼

Γ(1 + 𝛼)
𝑑𝑥 − 

𝐸0

𝐿

𝑡

0

𝑆𝑖𝑛 𝜔𝑡 
𝑡

0

𝑑𝑡 

= ℎ  
Γ(1 + 𝛼)

Γ(1 + 𝛼)
+  

𝑅

𝐿

𝑡𝛼

Γ(1 + 𝛼)
+

1

𝐿𝐶

𝑡1+𝛼

Γ(2 + 𝛼)
− 

𝐸0

𝐿
𝑆𝑖𝑛 𝜔𝑡 𝑑𝑡

𝑡

0

 

= ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

(1 + 𝛼)Γ(1 + 𝛼)
+

1

𝐿𝐶

𝑡2+𝛼

Γ(3 + 𝛼)
+

𝐸0

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1)  

                             = ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

Γ 2+𝛼 
+

1

𝐿𝐶

𝑡2+𝛼

Γ 3+𝛼 
+

𝐸0

𝜔𝐿
 𝐶𝑜𝑠 𝜔𝑡 − 1                    (5.6)  

 

   𝐼2 𝑡 =  𝜒2  𝐼1(𝑡) + ℎ  𝑅2 𝐼1
    𝑡   𝑑𝑡

𝑡

0
        

        

(5.7)              
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𝐼2 𝑡 = ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

Γ(2 + 𝛼)
+

1

𝐿𝐶

𝑡2+𝛼

Γ(3 + 𝛼)
+

𝐸0

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1) +

ℎ 𝐷𝛼 𝐼1 𝑡 + 
𝑅

𝐿
𝐼1 𝑡 +

1

𝐿𝐶
 𝐼1 𝑥 𝑑𝑥 − 

𝐸0

𝐿

𝑡

0

𝑆𝑖𝑛 𝜔𝑡𝑑𝑡
𝑡

0

 

=ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

1

𝐿𝐶

𝑡2+𝛼

Γ(3+𝛼)
+

𝐸0

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1) + ℎ   𝐷𝛼  ℎ1𝑡 +

𝑅ℎ

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

ℎ

𝐿𝐶

𝑡2+𝛼

Γ(3+𝛼)
+

𝐸0ℎ

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1) +

𝑡

0

 𝑅𝐿ℎ𝑡+𝑅ℎ𝐿𝑡1+𝛼Γ(2+𝛼)+ℎ𝐿𝐶𝑡2+𝛼Γ(3+𝛼)+𝐸0ℎ𝜔𝐿(𝐶𝑜𝑠 
𝜔𝑡−1)+ℎ𝐿𝐶0𝑡𝑥+𝑅𝐿𝑥1+𝛼Γ(2+𝛼)+1𝐿𝐶𝑥2+𝛼Γ(3+𝛼)+𝐸0𝜔𝐿(𝐶𝑜𝑠 𝜔𝑥−1)𝑑𝑥− 𝐸0𝐿𝑆𝑖𝑛 𝜔𝑡𝑑𝑡 

=ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

1

𝐿𝐶

𝑡2+𝛼

Γ(3+𝛼)
+

𝐸0

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1) +

ℎ    ℎ
𝑡1−𝛼

Γ(2−𝛼)
+

𝑅ℎ

𝐿

𝑡Γ(2+𝛼)

Γ(2+𝛼)Γ(2)
+

ℎ

𝐿𝐶

𝑡2Γ(3+𝛼)

Γ(3)Γ(3+𝛼)
+

𝐸0ℎ

𝜔𝐿
𝜔𝛼𝐶𝑜𝑠 (

𝛼𝜋

2
+ 𝜔𝑡) +  

𝑅

𝐿
 ℎ𝑡 +

𝑅ℎ

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

ℎ

𝐿𝐶

𝑡2+𝛼

Γ(3+𝛼)
+

𝑡

0

𝐸0ℎ𝜔𝐿(𝐶𝑜𝑠 𝜔𝑡−1)+ℎ𝐿𝐶𝑡22+𝑅𝐿𝑡2+𝛼Γ(3+𝛼)+1𝐿𝐶𝑡3+𝛼Γ(4+𝛼)+𝐸0𝜔2𝐿𝑆𝑖𝑛 𝜔𝑡−𝐸0𝜔𝐿𝑡−𝐸0𝐿𝑆𝑖𝑛 𝜔𝑡𝑑𝑡 

=ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

1

𝐿𝐶

𝑡2+𝛼

Γ(3+𝛼)
+

𝐸0

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1) + ℎ    ℎ

𝑡1−𝛼

Γ(2−𝛼)
+

𝑅ℎ

𝐿
𝑡 +

ℎ

2𝐿𝐶
𝑡2 +

𝐸0ℎ

𝜔𝐿
𝜔𝛼𝐶𝑜𝑠 (

𝛼𝜋

2
+ 𝜔𝑡) +

𝑡

0

 𝑅𝐿ℎ𝑡+𝑅ℎ𝐿𝑡1+𝛼Γ(2+𝛼)+ℎ𝐿𝐶𝑡2+𝛼Γ(3+𝛼)+𝐸0ℎ𝜔𝐿(𝐶𝑜𝑠 
𝜔𝑡−1)+ℎ𝐿𝐶𝑡22+𝑅𝐿𝑡2+𝛼Γ(3+𝛼)+1𝐿𝐶𝑡3+𝛼Γ(4+𝛼)+𝐸0𝜔2𝐿𝑆𝑖𝑛 𝜔𝑡−𝐸0𝜔𝐿𝑡−𝐸0𝐿𝑆𝑖𝑛 𝜔𝑡𝑑𝑡 

=ℎ  𝑡 +
𝑅

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

1

𝐿𝐶

𝑡2+𝛼

Γ(3+𝛼)
+

𝐸0

𝜔𝐿
(𝐶𝑜𝑠 𝜔𝑡 − 1) + ℎ   ℎ

𝑡2−𝛼

Γ(3−𝛼)
+

𝑅ℎ

𝐿

𝑡2

2
+

ℎ

2𝐿𝐶

𝑡3

3
+

𝐸0ℎ

𝜔2𝐿
𝜔𝛼𝑆𝑖𝑛 (

𝛼𝜋

2
+ 𝜔𝑡) +

 𝑅𝐿ℎ𝑡22+𝑅ℎ𝐿𝑡2+𝛼Γ(3+𝛼)+ℎ𝐿𝐶𝑡3+𝛼Γ(4+𝛼)+𝐸0ℎ𝜔𝐿(𝑆𝑖𝑛 
𝜔𝑡𝜔−𝑡)+ℎ𝐿𝐶𝑡36+𝑅𝐿𝑡3+𝛼Γ(4+𝛼)+1𝐿𝐶𝑡4+𝛼Γ(5+𝛼)+𝐸0𝜔2𝐿(1−cos𝜔𝑡𝜔)−𝐸0𝜔𝐿𝑡22−𝐸0𝐿(1−cos𝜔𝑡𝜔) 

Hence  𝐼2 𝑡 =
ℎ𝐸0

𝜔𝐿
 

ℎ

𝜔2𝐿𝐶
−

ℎ

𝐿𝐶
− 1 + ℎ𝑡  1 −

𝑅ℎ

𝜔𝐿𝐶
 + ℎ2𝑡2  

𝑅

2𝐿
+

𝑅

2𝐶
−

ℎ2𝐸0

2𝜔𝐿2𝐶
 +

ℎ2𝑡3

3𝐿𝑐
+ ℎ2 𝑡2−𝛼

Γ(3−𝛼)
+

𝑅ℎ

𝐿

𝑡1+𝛼

Γ(2+𝛼)
+

ℎ

𝐿𝐶
 1 + 𝑅2ℎ 

𝑡2+𝛼

Γ 3+𝛼 
+

𝑅ℎ2

𝐿2𝐶2
 𝐿 + 𝐶 

𝑡3+𝛼

Γ(4+𝛼)
+

ℎ2

𝐿𝐶

𝑡4+𝛼

Γ(5+𝛼)
+

𝐸0ℎ

𝜔𝐿
 1 −

ℎ

𝜔2𝐿𝐶
+

ℎ

𝐿𝐶
 𝐶𝑜𝑠 𝜔𝑡 +

𝐸0ℎ2

𝐿
𝜔𝛼−2𝑆𝑖𝑛  

𝛼𝜋

2
+

𝜔𝑡 +
𝑅𝐸0ℎ2

𝜔2𝐿𝐶
𝑆𝑖𝑛 𝜔𝑡. 

 

                                                             

(5.8) 

….and so on 

Here only two terms of the HAM series solutions are used in evaluating the approximate solution shown in the 

following figures.The efficiency of the solution can be enhanced by calculating further terms of 𝐼(𝑡). 
Consider the electrical circuit RLC with 𝑅 =  250Ω, 𝐿 = 10−2 𝐻, 𝐶 = 10−4 𝐹 , 𝐸0  =  1 𝑉 and ω=100π.Figures 

1-2 show the solution for the current in the inductor , for different particular cases of 𝛼 and ℎ: 
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𝑭𝒊𝒈. 𝟏. 𝒑𝒍𝒐𝒕 𝒇𝒐𝒓 𝒉 = 𝟏; ∝= 𝟎. 𝟐, 𝑰 𝒕 𝒘𝒊𝒕𝒉 𝒑𝒐𝒊𝒏𝒕𝒔, ∝= 𝟎. 𝟓, 𝑰 𝒕 𝒘𝒊𝒕𝒉 𝒍𝒊𝒏𝒆𝒔, ∝= 𝟎. 𝟗, 𝑰(𝒕) 𝒘𝒊𝒕𝒉 𝒍𝒊𝒏𝒆𝒔𝒑𝒐𝒊𝒏𝒕 
 

𝑭𝒊𝒈. 𝟐. 𝒑𝒍𝒐𝒕 𝒇𝒐𝒓 ∝= 𝟎. 𝟕, :  𝒉 𝟎. 𝟖, 𝑰 𝒕 𝒘𝒊𝒕𝒉 𝒑𝒐𝒊𝒏𝒕𝒔, 𝒉𝟏. 𝟐, 𝑰 𝒕 𝒘𝒊𝒕𝒉 𝒍𝒊𝒏𝒆𝒔, 𝒉 =
𝟏. 𝟒, 𝑰 𝒕 𝒘𝒊𝒕𝒉 𝒍𝒊𝒏𝒆𝒔𝒑𝒐𝒊𝒏𝒕 . 

 

VI. CONCLUSION 
In the present article,We have presented an  approximate solution for fractional integro-differential 

equation model associated with LCR circuit in time domain using the homotopy analysis method.The result 

obtained has been shown  graphically for varying values of the exponent ∝ of the fractional derivative and the 

auxiliary parameter ℎ  which shows that with the decrease in the values of ∝  and ℎ ,the amplitude of the 

oscillation is decreased due to the increase in the damping capacity of the system and it leads the system to 
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exhibit  an overdamped behavior.Hence the solution obtained depends on ∝ and ℎ and the electrical LCR circuit 

shows a non local effect of internal friction for ∝. 
The homotopy analysis method used here has an advantage that the convergence of the solution region can be 

controlled by choosing the auxiliary parameter ℎ,auxiliary function 𝐻(𝑡),auxiliary linear operator 𝐿  and the 

initial guess.Hence it is a powerful tool to solve various problems in fractional calculus. 
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