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Abstract  

 This paper investigates the approximate solution of nonlinear Huxley equation using 

new analytic technique. The solution was calculated in the form of a convergent 

power series with easily computable components. The proposed method obtains 

Taylor expansion of the solution and reproduces the exact solution when the solution 

is polynomial.  
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1- Introduction  
Generalized Burgers-Huxley equation [1-5] is a nonlinear partial differential equation 

of  the form   

∂

∂t
𝑢 + 𝛼 𝑢𝛿  

∂

∂x
𝑢 −

𝜕2

𝜕𝑥2 𝑢 = 𝛽𝑢(1 − 𝑢𝛿)(𝑢𝛿 − 𝛾), 0 ≤ 𝑥 ≤ 1, 𝑡 ≥ 0                  (1.1) 

𝑤ℎ𝑒𝑟𝑒 𝛼, 𝛽, 𝛾𝑎𝑛𝑑 𝛿 𝑎𝑟𝑒 parameters,   𝛽 ≥ 0, δ > 0, γ ∊ (0,1) 

When 𝛼 = 0, 𝛿 = 1 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (1.1) reduces to the Huxley equation.  

 

The generalized Huxley equation [6, 7] is a nonlinear partial differential equation of 

second order of the form  
∂

∂t
𝑢 −

𝜕2

𝜕𝑥2
𝑢 = 𝛽𝑢(1 − 𝑢𝛿)(𝑢𝛿 − 𝛾)                                                                       (1.2)       

with the initial condition of 𝑢(𝑥, 0) = [
𝛾

2
+

𝛾

2
tanh(𝜎𝛾𝑥)]

1

𝛿             

describes nerve pulse propagation in nerve fibres and wall motion in liquid crystals.  

The exact solution of this equation was derived by Wang et al. [8], using nonlinear 

transformations and is given by  
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                                                     (1.3) 

       

)1(4   and 
)1(4 





 where 

Many researchers have used various numerical methods  to solve Equation (1.2) 

numerically, such as adomian decomposition method [1,2,3,6,7,9], spectral 

collocation method [2], the tanh-coth method [3], homotopy perturbation 
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method [6], Exp-Function method [7], variational iteration method [10] and 

Differential Quadrature method [11] have been used in attempting to solve the 

Burgers-Huxley and the Huxley equations. The solitary wave solutions of the 

generalized Burgers-Huxley equation have been studied by the learned researchers 

Wang et al. [8] and El-Danaf [12] 

 

the time-fractional Huxley equation  

Dt
α𝑢 −

𝜕2

𝜕𝑥2
𝑢 = 𝛽𝑢(1 − 𝑢)(𝑢 − 𝛾)                                                                                               (1.4)   

where  𝑥 ∈ 𝑅, 0 < 𝛼 ≤ 1, 𝛽 ≠0 , 𝛾 ∊ (0,1) 

solved by the Adomian decomposition method ,the variation iteration method [13] 

and homotopy analysis method [14] .In this paper we  Solve equation (1.4) by  a new 

analytical methods namely Residual power series method (RPSM) . The RPS method 

was developed by the first author [15] as an efficient method for determining 

values of coefficients of the power series solution for first and the second-order fuzzy 

differentia equations. It has been successfully applied in the numerical solution of the 

generalized Lane-Emden equation, which is a highly nonlinear singular differential 

equation [16] and in the numerical solution of higher-order regular differential 

equations [17]. The RPS method is an effective and easy to construct power series 

solution for strongly linear and nonlinear equations without linearization, 

perturbation, or discretization [15–17]. Different from the classical power series 

method, the RPS method does not need to compare the coefficients of the 

corresponding terms and a recursion relation is not required. This method computes 

the coefficients of the power series by a chain of equations of one or more variables.  

 

 

2. Applications 
 

In this section we solve the time-fractional Huxley equation by the Residual power 

series method 

 

Consider the time-fractional Huxley equation 

 

 Dt
α𝑢 −

𝜕2

𝜕𝑥2
𝑢 = 𝛽𝑢(1 − 𝑢)(𝑢 − 𝛾)                                                                        (2.1) 

 

where 𝑡 >0,   𝑥 ∈ 𝑅, 0 < 𝛼 ≤ 1, 𝛽 ≠0 , 𝛾 ∊ (0,1)  

 

Equation (2.1) can be written as 

 Dt
α𝑢 =

𝜕2

𝜕𝑥2
𝑢(𝑥, 𝑡) − 𝛽𝑢3(𝑥, t) + 𝛽(𝛾 + 1)𝑢2(𝑥, t) − 𝛽𝛾𝑢(𝑥, 𝑡)                          (2.2)  

 

 

subject to the initial 

Condition   𝑢(𝑥, 0) = 𝑎 + 𝑎 tanh[𝑎𝑏𝑥],                                                               (2.3)   

 



Where 𝑎 =
𝛾

2
, 𝑏 = 𝛿√

𝛽

𝛾+1
, 𝛽 ≠ 0, 𝛿 ≠ 0, 𝛾 ∊ (0,1)          

 

The RPS method proposes the solution for 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 as a fractional PS about the 

initial point  t= 0 

 

𝑢(𝑥, 𝑡) = ∑ 𝑓𝑛(x)
∞

𝑛=0

𝑡𝑛𝛼

Г(1+nα)
 ,  0 < 𝛼 ≤ 1,   𝑥 ∊ 𝐼,   0 ≤ 𝑡 < 𝑅                                 (2.4) 

 

next we let 𝑢𝑘(𝑥, 𝑡) to denote the k-th truncated series of u(x,t) 

 

𝑢𝑘(𝑥, 𝑡) = ∑ 𝑓𝑛(x)∞
𝑛=0

𝑡𝑛𝛼

Г(1+nα)
,  0 < 𝛼 ≤ 1,   𝑥 ∊ 𝐼,   0 ≤ 𝑡 < 𝑅                                  (2.5) 

 

The 0-th RPS approximate solution of u(x,t) is 

  

𝑢0(𝑥, 𝑡) = 𝑢(𝑥, 0) = 𝑓(𝑥) = 𝑎 + 𝑎 tanh[𝑎𝑏𝑥]                                                       (2.6) 

 

Equation (2.5) can be written as   𝑢𝑘(𝑥, 𝑡) = 𝑓(𝑥) + ∑ 𝑓𝑛(x)∞
𝑛=1

𝑡𝑛𝛼

Г(1+nα)
,  

  0 < 𝛼 ≤ 1,   𝑥 ∊ 𝐼,   0 ≤ 𝑡 < 𝑅 , k=1,2,3,……… 

 

we define the residual function for Equation (2.2) 

 

Resu(x, t) = Dt
α𝑢(𝑥, 𝑡) −

𝜕2

𝜕𝑥2 𝑢(𝑥, 𝑡) + 𝛽𝑢3(𝑥, t) − 𝛽(𝛾 + 1)𝑢2(𝑥, t) +

𝛽𝛾𝑢(𝑥, 𝑡)                                                                                                                                 (2.7)    
  

 

and,therefore,the K-th residual function 𝑅𝑒𝑠𝑢,𝑘 is 

 

  𝑅𝑒𝑠𝑢,𝑘(𝑥, 𝑡) = Dt
α𝑢𝑘(𝑥, 𝑡) −

𝜕2

𝜕𝑥2 𝑢𝑘(𝑥, 𝑡) + 𝛽𝑢𝑘
3(𝑥, t) − 𝛽(𝛾 + 1)𝑢𝑘

2(𝑥, t) +

𝛽𝛾𝑢𝑘(𝑥, 𝑡),                                                                                                               (2.8)  

 

Dt
(k−1)α

𝑅𝑒𝑠𝑢,𝑘(𝑥, 0) = 0,  0 < 𝛼 ≤ 1,   𝑥 ∊ 𝐼 , k = 1,2,3, …                                     (2.9) 

 

To determine 𝑓1(𝑥) ,we consider (k=1) in Equation (2.8) 

 

𝑅𝑒𝑠𝑢,1(𝑥, 𝑡) = Dt
α𝑢1(𝑥, 𝑡) −

𝜕2

𝜕𝑥2
𝑢1(𝑥, 𝑡) + 𝛽𝑢1

3(𝑥, t) − 𝛽(𝛾 + 1)𝑢1
2(𝑥, t) +

𝛽𝛾𝑢1(𝑥, 𝑡),   
 

But  𝑢1(𝑥, 𝑡) = 𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
 

 

 𝑅𝑒𝑠𝑢,1(𝑥, 𝑡) = Dt
α[𝑓(𝑥) + f1(x)

𝑡𝛼

Г(1+α)
] −

𝜕2

𝜕𝑥2 [𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
] + 𝛽 [𝑓(𝑥) +

f1(x)
𝑡𝛼

Г(1+α)
]

3

− 𝛽(𝛾 + 1) [𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
]

2

+ 𝛽𝛾[𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
] 

 



𝑅𝑒𝑠𝑢,1(𝑥, 𝑡) = 𝑓1(𝑥) − 𝑓\\(𝑥) + β𝑓3(𝑥) − β(𝛾 + 1)𝑓2(𝑥) + β𝛾𝑓(𝑥)

+ [ 𝑓1
\\(𝑥) + 3β𝑓2(𝑥)𝑓1(𝑥) − 2β(𝛾 + 1)𝑓(𝑥)𝑓1(𝑥)

+ β𝛾 𝑓1(𝑥)]
𝑡𝛼

Г(1 + α)
+ [3β𝑓(𝑥) 𝑓1

2(𝑥) − β(𝛾 + 1) 𝑓1
2(𝑥)]

𝑡2𝛼

Г(1 + α)2

+ β 𝑓1
3(𝑥)

𝑡3𝛼

Г(1 + α)3
 

From Equation(2.9), we deduce that 𝑅𝑒𝑠𝑢,1(𝑥, 0) = 0 and thus,  

 

0 = 𝑓1(𝑥) − 𝑓\\(𝑥) + β𝑓3(𝑥) − β(𝛾 + 1)𝑓2(𝑥) + β𝛾𝑓(𝑥) 
 

therefore, 

 

 𝑓1(𝑥) = 𝑓\\(𝑥) − β𝑓3(𝑥) + β(𝛾 + 1)𝑓2(𝑥) − β𝛾𝑓(𝑥)  
 

 

𝑓1(𝑥) = −𝑎3β tanh[𝑎𝑏𝑥]3 + [−3𝑎3β + 𝑎2β(𝛾 + 1)] tanh[𝑎𝑏𝑥]2

+ [−3𝑎3β + 2𝑎2β(𝛾 + 1) − 𝑎β𝛾 − 2𝑎3𝑏2 sech[𝑎𝑏𝑥]2] tanh[𝑎𝑏𝑥]
+ [−𝑎3β + 𝑎2β(𝛾 + 1) − 𝑎β𝛾] 

 

 

To obtain 𝑓2(𝑥) we substitute the 2nd truncated series  𝑢2(𝑥, 𝑡) = 𝑓(𝑥) +

f1(x)
𝑡𝛼

Г(1+α)
+ 𝑓2(𝑥)

𝑡2𝛼

Г(1+2α)
 into the 2nd residual function 𝑅𝑒𝑠𝑢,2(𝑥, 𝑡) 

 

 

𝑅𝑒𝑠𝑢,2(𝑥, 𝑡) = Dt
α[𝑓(𝑥) + f1(x)

𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
] −

𝜕2

𝜕𝑥2 [𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
+

f2(x)
𝑡2𝛼

Г(1+2α)
] + 𝛽 [𝑓(𝑥) + f1(x)

𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
]

3

− 𝛽(𝛾 + 1) [𝑓(𝑥) +

f1(x)
𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
]

2

+ 𝛽𝛾[𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
]  

 

 

𝑅𝑒𝑠𝑢,2(𝑥, 𝑡) = [f1(x) − 𝑓\\(𝑥) +  β𝑓3(𝑥) −  β(𝛾 + 1)𝑓2(𝑥) + β𝛾𝑓(𝑥)] +

[f2(x) −  𝑓1
\\(𝑥) − 2β(𝛾 + 1)𝑓(𝑥)𝑓1(𝑥) + β𝛾 𝑓1(𝑥) +  3β𝑓2(𝑥)𝑓1(𝑥)]

𝑡𝛼

Г(1+α)
+

[−𝑓2
\\(𝑥)+3β𝑓2(𝑥)f2(x)  

−2β(𝛾 + 1)𝑓(𝑥)f2(x) + β𝛾f2(x)]
𝑡2𝛼

Г(1+2α)
+ [3β𝑓(𝑥) 𝑓1

2(𝑥) − β(𝛾 +

1) 𝑓1
2(𝑥)]

𝑡2𝛼

Г(1+α)2
+ [β 𝑓1

3(𝑥)]
𝑡3𝛼

Г(1+α)3
+ [6β𝑓(𝑥)f1(x)f2(x) − 2β(𝛾 +

1)𝑓1(𝑥)f2(x) ]
𝑡3𝛼

Г(1+α)Г(1+2α)
+ [3β𝑓(𝑥) 𝑓2

2(𝑥) − β(𝛾 + 1) 𝑓2
2(𝑥)]

𝑡4𝛼

Г(1+2α)2
+

[3β 𝑓1
2(𝑥)f2(x)]

𝑡4𝛼

Г(1+α)2Г(1+2α)
+ [3βf1(x) 𝑓2

2(𝑥)]
𝑡5𝛼

Г(1+α)Г(1+2α)2 + [β 𝑓2
3(𝑥)]

𝑡6𝛼

Г(1+2α)3  

 

Applying Dt
α    on both sides  



   Dt
α𝑅𝑒𝑠𝑢,2(𝑥, 𝑡) = [f2(x) −  𝑓1

\\(𝑥) − 2β(𝛾 + 1)𝑓(𝑥)𝑓1(𝑥) + β𝛾 𝑓1(𝑥) +

 3β𝑓2(𝑥)𝑓1(𝑥)] + [−𝑓2
\\(𝑥)+3β𝑓2(𝑥)f2(x)  

−2β(𝛾 + 1)𝑓(𝑥)f2(x) + β𝛾f2(x)]
𝑡𝛼

Г(1+α)
+ [3β𝑓(𝑥) 𝑓1

2(𝑥) − β(𝛾 +

1) 𝑓1
2(𝑥)]

Г(1+2α)𝑡𝛼

Г(1+α)3 + [β 𝑓1
3(𝑥)]

Г(1+3α)𝑡2𝛼

Г(1+2α)Г(1+α)3 + [6β𝑓(𝑥)f1(x)f2(x) − 2β(𝛾 +

1)𝑓1(𝑥)f2(x) ]
Г(1+3α)𝑡2𝛼

Г(1+α)Г(1+2α)2 + [3β𝑓(𝑥) 𝑓2
2(𝑥) − β(𝛾 + 1) 𝑓2

2(𝑥)]
Г(1+4α)𝑡3𝛼

Г(1+3α)Г(1+2α)2 +

[3β 𝑓1
2(𝑥)f2(x)]

Г(1+4α)𝑡3𝛼

Г(1+3α)Г(1+α)2Г(1+2α)
+ [3βf1(x) 𝑓2

2(𝑥)]
Г(1+5α)𝑡4𝛼

Г(1+4α)Г(1+2α)2Г(1+α)
+

[β 𝑓2
3(𝑥)]

Г(1+6α)𝑡5𝛼

Г(1+5α)Г(1+2α)3  

 

 Now depending on the result of Equation(2.9) 

In the case of k=2  

Dt
α𝑅𝑒𝑠𝑢,2(𝑥, 0) = 0 

0 = [f2(x) −  𝑓1
\\(𝑥) − 2β(𝛾 + 1)𝑓(𝑥)𝑓1(𝑥) + β𝛾 𝑓1(𝑥) +  3β𝑓2(𝑥)𝑓1(𝑥)]  

 

 

we get 

𝑓2(𝑥) = [ 𝑓1
\\(𝑥) + 2β(𝛾 + 1)𝑓(𝑥)𝑓1(𝑥) − β𝛾 𝑓1(𝑥) −  3β𝑓2(𝑥)𝑓1(𝑥)]  

 

 

f2(x) = 3𝑎5β
2 tanh[𝑎𝑏𝑥]5 + {15𝑎5β

2−5𝑎4β
2(𝛾 + 1)} tanh[𝑎𝑏𝑥]4 +

{30𝑎5β
2−20𝑎4β

2(𝛾 + 1) + 2𝑎3β
2(𝛾2 + 4𝛾 + 1) + (−8𝑎5𝑏4 +

12𝑎5𝑏2β) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]3 + {30𝑎5β
2−30𝑎4β

2(𝛾 + 1) + 6𝑎3β
2(𝛾2 + 4𝛾 +

1) − 3𝑎2β
2(𝛾2 + 𝛾) + (24𝑎5𝑏2β − 8𝑎4𝑏2β(𝛾 + 1)) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]2 +

{15𝑎5β
2−20𝑎4β

2(𝛾 + 1) + 6𝑎3β
2(𝛾2 + 4𝛾 + 1) − 6𝑎2β

2(𝛾2 + 𝛾) + 𝑎β
2𝛾2 +

(12𝑎5𝑏2β − 8𝑎4𝑏2β(𝛾 + 1) + 4𝑎3𝑏2β𝛾) sech[𝑎𝑏𝑥]2 + (16𝑎5𝑏4 −

6𝑎5𝑏2β) sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥] + {3𝑎5β
2−5 𝑎4β

2(𝛾 + 1) + 2𝑎3β
2(𝛾2 + 4𝛾 +

1) − 3𝑎2β
2(𝛾2 + 𝛾) + 𝑎β

2𝛾2 + (2𝑎4𝑏2β(𝛾 + 1) − 6𝑎5𝑏2β) sech[𝑎𝑏𝑥]4}  
 

 

To obtain 𝑓3(𝑥) we substitute the 3rd truncated series  𝑢3(𝑥, 𝑡) = 𝑓(𝑥) +

f1(x)
𝑡𝛼

Г(1+α)
+ 𝑓2(𝑥)

𝑡2𝛼

Г(1+2α)
+ 𝑓3(𝑥)

𝑡3𝛼

Г(1+3α)
 

 

 into the 3rd residual function 𝑅𝑒𝑠𝑢,3(𝑥, 𝑡) 

 

𝑅𝑒𝑠𝑢,3(𝑥, 𝑡) = Dt
α[𝑓(𝑥) + f1(x)

𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
+ 𝑓3(𝑥)

𝑡3𝛼

Г(1+3α)
] −

𝜕2

𝜕𝑥2 [𝑓(𝑥) +

f1(x)
𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
+ 𝑓3(𝑥)

𝑡3𝛼

Г(1+3α)
] + 𝛽 [𝑓(𝑥) + f1(x)

𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
+

𝑓3(𝑥)
𝑡3𝛼

Г(1+3α)
]

3

− 𝛽(𝛾 + 1) [𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
+ 𝑓3(𝑥)

𝑡3𝛼

Г(1+3α)
]

2

+

𝛽𝛾[𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1+α)
+ f2(x)

𝑡2𝛼

Г(1+2α)
+ 𝑓3(𝑥)

𝑡3𝛼

Г(1+3α)
]  

 

 



 

 

Applying Dt
2α on both sides 

Dt
2α𝑅𝑒𝑠𝑢,3(𝑥, 𝑡) = [𝑓3(𝑥) −  𝑓2

\\(𝑥) + 3β𝑓2(𝑥)f2(x) − 2β(𝛾 + 1)𝑓(𝑥)f2(x) +

 β𝛾f2(x)] + [3β𝑓(𝑥) 𝑓1
2(𝑥) − β(𝛾 + 1) 𝑓1

2(𝑥)]
Г(1+2α)

Г(1+α)2
+ [− 𝑓3

\\(𝑥) +

3β𝑓2(𝑥)𝑓3(𝑥) − 2β(𝛾 + 1)𝑓(𝑥)𝑓3(𝑥) +  β𝛾𝑓3(𝑥)]
𝑡𝛼

Г(1+α)
+ [β 𝑓1

3(𝑥)]
Г(1+3α)

Г(1+α)4 𝑡𝛼 +

[ 6β𝑓(𝑥)f1(x)f2(x) − 2β(𝛾 + 1)𝑓1(𝑥)f2(x)]
Г(1+3α)𝑡𝛼

Г(1+α)2Г(1+2α)
+ [3β𝑓(𝑥) 𝑓2

2(𝑥) −

β(𝛾 + 1) 𝑓2
2(𝑥)]

Г(1+4α)𝑡2𝛼

Г(1+2α)3 + [3β 𝑓1
2(𝑥)f2(x)]

Г(1+4α)𝑡2𝛼

Г(1+α)2Г(1+2α)2 + [6β𝑓(𝑥)f1(x)𝑓3(𝑥) −

 2β(𝛾 + 1)𝑓1(𝑥)𝑓3(𝑥)]
Г(1+4α)𝑡2𝛼

Г(1+α)Г(1+2α)Г(1+3α)
  

+[3βf1(x) 𝑓2
2(𝑥)]

Г(1+5α)𝑡3𝛼

Г(1+3α)Г(1+2α)2Г(1+α)
+

[3β 𝑓1
2(𝑥)𝑓3(𝑥)]

Г(1+5α)𝑡3𝛼

Г(1+α)2Г(1+3α)2 +[6β𝑓(𝑥)f2(x)𝑓3(𝑥) − 2β(𝛾 +

1)f2(x)𝑓3(𝑥)]
Г(1+5α)𝑡3𝛼

Г(1+2α)Г(1+3α)2 + [𝛽 𝑓2
3(𝑥)]

Г(1+6α)   𝑡4𝛼

Г(1+2α)3Г(1+4α)
+ [3𝛽 𝑓(𝑥) 𝑓3

2(𝑥) −

β(𝛾 + 1)  𝑓3
2(𝑥)]

Г(1+6α)  𝑡4𝛼

Г(1+4α) Г(1+3α)2 +

[6𝛽𝑓1(𝑥)𝑓2(𝑥)𝑓3(𝑥)]
Г(1+6α)  𝑡4𝛼

Г(1+𝛼)Г(1+2𝛼)Г(1+3𝛼)Г(1+4α)
+

[3β 𝑓2
2(𝑥)𝑓3(𝑥)]

Г(1+7α)    𝑡5𝛼

Г(1+2α)2Г(1+3α)Г(1+5α)
+ [3𝛽 𝑓1(𝑥) 𝑓3

2(𝑥)]
Г(1+7α)    𝑡5𝛼

Г(1+𝛼)Г(1+3𝛼)2Г(1+5α)
+

[3𝛽 𝑓2(𝑥) 𝑓3
2(𝑥)]

Г(1+8α)     𝑡6𝛼

Г(1+2α)Г(1+3α)2Г(1+6α)
+ [β 𝑓3

3(𝑥)]
Г(1+9α)   𝑡7𝛼

Г(1+3α)3Г(1+7α)
  

 

Solving the equation Dt
2α𝑅𝑒𝑠𝑢,3(𝑥, 0) = 0 

We get  

0 = [𝑓3(𝑥) −  𝑓2
\\(𝑥) + 3β𝑓2(𝑥)f2(x) − 2β(𝛾 + 1)𝑓(𝑥)f2(x) +  β𝛾f2(x)]

+ [3β𝑓(𝑥) 𝑓1
2(𝑥) − β(𝛾 + 1) 𝑓1

2(𝑥)]
Г(1 + 2α)

Г(1 + α)2
] 

 

𝑓3(𝑥) =  𝑓2
\\(𝑥) − 3β𝑓2(𝑥)f2(x) + 2β(𝛾 + 1)𝑓(𝑥)f2(x) −  β𝛾f2(x)]

+ [−3β𝑓(𝑥) + β(𝛾 + 1)] 𝑓1
2(𝑥)

Г(1 + 2α)

Г(1 + α)2
 

Let 𝑓3(𝑥) = 𝐴(𝑥) + 𝐵(𝑥) 

Where 𝐴(𝑥) =  𝑓2
\\(𝑥) − 3β𝑓2(𝑥)f2(x) + 2β(𝛾 + 1)𝑓(𝑥)f2(x) −  β𝛾f2(x) 

 

𝐴(𝑥) =  𝑓2
\\(𝑥) + [−3β𝑓2(𝑥) + 2β(𝛾 + 1)𝑓(𝑥) −  β𝛾]f2(x) 

𝐵(𝑥) = [−3β𝑓(𝑥) + β(𝛾 + 1)] 𝑓1
2(𝑥)

Г(1 + 2α)

Г(1 + α)2
 

 

 

 

 

↦ 𝐴(𝑋) =  {−9𝑎7β3} tanh[𝑎𝑏𝑥]7 + {21𝑎6β3(𝛾 + 1) − 63𝑎7β3} tanh[𝑎𝑏𝑥]6 +
{−189𝑎7β3+126 𝑎6β3(𝛾 + 1) − 𝑎5β3(16𝛾2 + 47𝛾 + 16) + (−32𝑎7𝑏6 +



72𝑎7𝑏4β − 66𝑎7𝑏2β2) sech[𝑎𝑏𝑥]2 } tanh[𝑎𝑏𝑥]5 + {−315 𝑎7 β3+315𝑎6β3(𝛾 +
1)−𝑎5β3(80𝛾2 + 235𝛾 + 80) + 𝑎4β3(4𝛾3 + 34𝛾2 + 34𝛾 + 4) + (144𝑎7𝑏4β −
264 𝑎7𝑏2β2−48 𝑎6𝑏4β(𝛾 + 1) + 88𝑎6𝑏2β2(𝛾 + 1) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]4  

+{−315𝑎7β3+420𝑎6β3(𝛾 + 1)−𝑎5β3(160𝛾2 + 470𝛾 + 160) + 𝑎4β3(16 𝛾3 +

136 𝛾2 + 136 𝛾 + 16)−𝑎3β3(8 𝛾3 + 23 𝛾2 + 8 𝛾) + (72 𝑎7𝑏4β −

396 𝑎7𝑏2β2−48 𝑎6𝑏4β(𝛾 + 1) + 264 𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(28 𝛾2 + 104 𝛾 +

28)+24𝑎5𝑏4β𝛾) sech[𝑎𝑏𝑥]2 + (416𝑎7𝑏6 − 384𝑎7𝑏4β +

78 𝑎7𝑏2β2 )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]3  

+{−189 𝑎7β3+315 𝑎6β3(𝛾 + 1)−𝑎5β3(160 𝛾2 + 470 𝛾 + 160) + 𝑎4β3(24 𝛾3 +

204 𝛾2 + 204 𝛾 + 24)−𝑎3β3(24 𝛾3 + 69 𝛾2 + 24 𝛾)+5𝑎2β3( 𝛾3 +  𝛾2) +

(−264 𝑎7𝑏2β2 + 264𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(56 𝛾2 + 208 𝛾 +

56)+28𝑎4𝑏2β2(𝛾2 + 𝛾)) sech[𝑎𝑏𝑥]2 + (−528 𝑎7𝑏4β + 234 𝑎7𝑏2β2 −

78𝑎6𝑏2β2(𝛾 + 1) + 176 𝑎6𝑏4β(𝛾 + 1) )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]2  

+{−63 𝑎7β3+126 𝑎6β3(𝛾 + 1)−𝑎5β3(80 𝛾2 + 235 𝛾 + 80) + 𝑎4β3(16 𝛾3 +

136 𝛾2 + 136 𝛾 + 16)−𝑎3β3(24 𝛾3 + 69 𝛾2 + 24 𝛾)+10 𝑎2β3( 𝛾3 +

 𝛾2)−a β3 𝛾2 + (−66 𝑎7𝑏2β2 + 88𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(28 𝛾2 + 104 𝛾 +

28)+28 𝑎4𝑏2β2(𝛾2 + 𝛾)−6𝑎3𝑏2β2 𝛾2) sech[𝑎𝑏𝑥]2 +

(−144 𝑎7𝑏4β+234 𝑎7𝑏2β2 − 156 𝑎6𝑏2β2(𝛾 + 1) + 96 𝑎6𝑏4β(𝛾 + 1) +

𝑎5𝑏2β2(16𝛾2 + 62𝛾 + 16)−48𝑎5𝑏4β𝛾 )sech[𝑎𝑏𝑥]4 +

(156𝑎7𝑏4β−272𝑎7𝑏6) sech[𝑎𝑏𝑥]6} tanh[𝑎𝑏𝑥]  

+{−9 𝑎7β3+21 𝑎6β3(𝛾 + 1)−𝑎5β3(16 𝛾2 + 47 𝛾 + 16) + 𝑎4β3(4 𝛾3 + 34 𝛾2 +

34 𝛾 + 4)−𝑎3β3(8 𝛾3 + 23 𝛾2 + 8 𝛾)+5 𝑎2β3( 𝛾3 +  𝛾2)−a β3 𝛾3 + (78 𝑎7𝑏2β2 −

78𝑎6𝑏2β2(𝛾 + 1) + 𝑎5𝑏2β2(16𝛾2 + 62𝛾 + 16) − 8 𝑎4𝑏2β2(𝛾2 + 𝛾) )sech[𝑎𝑏𝑥]4 +

(72𝑎7𝑏4β−24𝑎6𝑏4β(𝛾 + 1)) sech[𝑎𝑏𝑥]6}  

 

𝐵(𝑥) = [−3β𝑓(𝑥) + β(𝛾 + 1)] 𝑓1
2(𝑥)

Г(1 + 2α)

Г(1 + α)2
 

↦ 𝐵(𝑥) = [{−3𝑎7β3} tanh[𝑎𝑏𝑥]7 +  

{7𝑎6β3(𝛾 + 1) − 21𝑎7β3} tanh[𝑎𝑏𝑥]6 + {−63𝑎7β3+42 𝑎6β3(𝛾 + 1) −

𝑎5β3(5𝛾2 + 16𝛾 + 5) + (−12𝑎7𝑏2β2) sech[𝑎𝑏𝑥]2 } tanh[𝑎𝑏𝑥]5 +

{−105 𝑎7 β3+105𝑎6β3(𝛾 + 1)−𝑎5β3(25𝛾2 + 80𝛾 + 25) + 𝑎4β3(𝛾3 + 11𝛾2 +

11𝛾 + 1) + (−48 𝑎7𝑏2β2 + 16𝑎6𝑏2β2(𝛾 + 1)) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]4  

+{−105𝑎7β3+140𝑎6β3(𝛾 + 1)−𝑎5β3(50𝛾2 + 160𝛾 + 50) + 𝑎4β3(4 𝛾3 + 44 𝛾2 +

44 𝛾 + 4)−𝑎3β3(2 𝛾3 + 7 𝛾2 + 2 𝛾) + (−72 𝑎7𝑏2β2 + 48 𝑎6𝑏2β2(𝛾 +

1)−𝑎5𝑏2β2(4 𝛾2 + 20 𝛾 + 4)) sech[𝑎𝑏𝑥]2 + (−12𝑎7𝑏4β )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]3  

+{−63 𝑎7β3+105 𝑎6β3(𝛾 + 1)−𝑎5β3(50 𝛾2 + 160 𝛾 + 50) + 𝑎4β3(6 𝛾3 +

66 𝛾2 + 66 𝛾 + 6)−𝑎3β3(6 𝛾3 + 21 𝛾2 + 6 𝛾)+𝑎2β3( 𝛾3 +  𝛾2) + (−48 𝑎7𝑏2β2 +

48𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(8 𝛾2 + 40 𝛾 + 8)+4𝑎4𝑏2β2(𝛾2 + 𝛾)) sech[𝑎𝑏𝑥]2 +

(−12 𝑎7𝑏4β+4 𝑎6𝑏4β(𝛾 + 1) )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]2  



+{−21 𝑎7β3+42 𝑎6β3(𝛾 + 1)−𝑎5β3(25 𝛾2 + 80 𝛾 + 25) + 𝑎4β3(4 𝛾3 + 44 𝛾2 +

44 𝛾 + 4)−𝑎3β3(6 𝛾3 + 21 𝛾2 + 6 𝛾)+2 𝑎2β3( 𝛾3 +  𝛾2) + (−12 𝑎7𝑏2β2 +

16𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(4 𝛾2 + 20𝛾 + 4)+4 𝑎4𝑏2β2(𝛾2 +

𝛾)) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]  

{−3 𝑎7β3+7 𝑎6β3(𝛾 + 1)−𝑎5β3(5 𝛾2 + 16 𝛾 + 5) + 𝑎4β3( 𝛾3 + 11 𝛾2 + 11 𝛾 +

1)−𝑎3β3(2 𝛾3 + 7 𝛾2 + 2 𝛾)+ 𝑎2β3( 𝛾3 +  𝛾2)}]
Г(1+2α)

Г(1+α)2  

The solution in series form is given by 

𝑢(𝑥, 𝑡) = 𝑓(𝑥) + f1(x)
𝑡𝛼

Г(1 + α)
+ 𝑓2(𝑥)

𝑡2𝛼

Г(1 + 2α)
+ 𝑓3(𝑥)

𝑡3𝛼

Г(1 + 3α)
+ ⋯ 

𝑢(𝑥, 𝑡) = 𝑎 + 𝑎 tanh[𝑎𝑏𝑥] + [−𝑎3β tanh[𝑎𝑏𝑥]3 + {−3𝑎3β + 𝑎2β(𝛾 +

1)} tanh[𝑎𝑏𝑥]2 + {−3𝑎3β + 2𝑎2β(𝛾 + 1) − 𝑎β𝛾 − 2𝑎3𝑏2 sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥] ±

𝑎3β + 𝑎2β(𝛾 + 1) − 𝑎β𝛾]
𝑡𝛼

Г(1+α)
  

+[3𝑎5β2 tanh[𝑎𝑏𝑥]5 + {15𝑎5β2−5𝑎4β2(𝛾 + 1)} tanh[𝑎𝑏𝑥]4 +

{30𝑎5β2−20𝑎4β2(𝛾 + 1) + 2𝑎3β2(𝛾2 + 4𝛾 + 1) + (−8𝑎5𝑏4 +

12𝑎5𝑏2β) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]3 + {30𝑎5β2−30𝑎4β2(𝛾 + 1) + 6𝑎3β2(𝛾2 + 4𝛾 +

1) − 3𝑎2β2(𝛾2 + 𝛾) + (24𝑎5𝑏2β − 8𝑎4𝑏2β(𝛾 + 1)) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]2 +

{15𝑎5β2−20𝑎4β2(𝛾 + 1) + 6𝑎3β2(𝛾2 + 4𝛾 + 1) − 6𝑎2β2(𝛾2 + 𝛾) + 𝑎β2𝛾2 +

(12𝑎5𝑏2β − 8𝑎4𝑏2β(𝛾 + 1) + 4𝑎3𝑏2β𝛾) sech[𝑎𝑏𝑥]2 + (16𝑎5𝑏4 −

6𝑎5𝑏2β) sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥] + {3𝑎5β2−5 𝑎4β2(𝛾 + 1) + 2𝑎3β2(𝛾2 + 4𝛾 +

1) − 3𝑎2β2(𝛾2 + 𝛾) + 𝑎β2𝛾2 + (2𝑎4𝑏2β(𝛾 + 1) − 6𝑎5𝑏2β) sech[𝑎𝑏𝑥]4}]
𝑡2𝛼

Г(1+2α)
  

[ {−9𝑎7β3} tanh[𝑎𝑏𝑥]7 + + 

{21𝑎6β3(𝛾 + 1) − 63𝑎7β3} tanh[𝑎𝑏𝑥]6 + {−189𝑎7β3+126 𝑎6β3(𝛾 + 1) −

𝑎5β3(16𝛾2 + 47𝛾 + 16) + (−32𝑎7𝑏6 + 72𝑎7𝑏4β −

66𝑎7𝑏2β2) sech[𝑎𝑏𝑥]2 } tanh[𝑎𝑏𝑥]5 + {−315 𝑎7 β3+315𝑎6β3(𝛾 +

1)−𝑎5β3(80𝛾2 + 235𝛾 + 80) + 𝑎4β3(4𝛾3 + 34𝛾2 + 34𝛾 + 4) + (144𝑎7𝑏4β −

264 𝑎7𝑏2β2−48 𝑎6𝑏4β(𝛾 + 1) + 88𝑎6𝑏2β2(𝛾 + 1) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]4  

+{−315𝑎7β3+420𝑎6β3(𝛾 + 1)−𝑎5β3(160𝛾2 + 470𝛾 + 160) + 𝑎4β3(16 𝛾3 +

136 𝛾2 + 136 𝛾 + 16)−𝑎3β3(8 𝛾3 + 23 𝛾2 + 8 𝛾) + (72 𝑎7𝑏4β −

396 𝑎7𝑏2β2−48 𝑎6𝑏4β(𝛾 + 1) + 264 𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(28 𝛾2 + 104 𝛾 +

28)+24𝑎5𝑏4β𝛾) sech[𝑎𝑏𝑥]2 + (416𝑎7𝑏6 − 384𝑎7𝑏4β +

78 𝑎7𝑏2β2 )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]3  

+{−189 𝑎7β3+315 𝑎6β3(𝛾 + 1)−𝑎5β3(160 𝛾2 + 470 𝛾 + 160) + 𝑎4β3(24 𝛾3 +

204 𝛾2 + 204 𝛾 + 24)−𝑎3β3(24 𝛾3 + 69 𝛾2 + 24 𝛾)+5𝑎2β3( 𝛾3 +  𝛾2) +

(−264 𝑎7𝑏2β2 + 264𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(56 𝛾2 + 208 𝛾 +



56)+28𝑎4𝑏2β2(𝛾2 + 𝛾)) sech[𝑎𝑏𝑥]2 + (−528 𝑎7𝑏4β + 234 𝑎7𝑏2β2 −

78𝑎6𝑏2β2(𝛾 + 1) + 176 𝑎6𝑏4β(𝛾 + 1) )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]2  

+{−63 𝑎7β3+126 𝑎6β3(𝛾 + 1)−𝑎5β3(80 𝛾2 + 235 𝛾 + 80) + 𝑎4β3(16 𝛾3 +

136 𝛾2 + 136 𝛾 + 16)−𝑎3β3(24 𝛾3 + 69 𝛾2 + 24 𝛾)+10 𝑎2β3( 𝛾3 +

 𝛾2)−a β3 𝛾2 + (−66 𝑎7𝑏2β2 + 88𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(28 𝛾2 + 104 𝛾 +

28)+28 𝑎4𝑏2β2(𝛾2 + 𝛾)−6𝑎3𝑏2β2 𝛾2) sech[𝑎𝑏𝑥]2 +

(−144 𝑎7𝑏4β+234 𝑎7𝑏2β2 − 156 𝑎6𝑏2β2(𝛾 + 1) + 96 𝑎6𝑏4β(𝛾 + 1) +

𝑎5𝑏2β2(16𝛾2 + 62𝛾 + 16)−48𝑎5𝑏4β𝛾 )sech[𝑎𝑏𝑥]4 +

(156𝑎7𝑏4β−272𝑎7𝑏6) sech[𝑎𝑏𝑥]6} tanh[𝑎𝑏𝑥]  

+{−9 𝑎7β3+21 𝑎6β3(𝛾 + 1)−𝑎5β3(16 𝛾2 + 47 𝛾 + 16) + 𝑎4β3(4 𝛾3 + 34 𝛾2 +

34 𝛾 + 4)−𝑎3β3(8 𝛾3 + 23 𝛾2 + 8 𝛾)+5 𝑎2β3( 𝛾3 +  𝛾2)−a β3 𝛾3 + (78 𝑎7𝑏2β2 −

78𝑎6𝑏2β2(𝛾 + 1) + 𝑎5𝑏2β2(16𝛾2 + 62𝛾 + 16) − 8 𝑎4𝑏2β2(𝛾2 + 𝛾) )sech[𝑎𝑏𝑥]4 +

(72𝑎7𝑏4β−24𝑎6𝑏4β(𝛾 + 1)) sech[𝑎𝑏𝑥]6} + {−3𝑎7β3} tanh[𝑎𝑏𝑥]7 Г(1+2α)

Г(1+α)2 +  

{7𝑎6β3(𝛾 + 1) − 21𝑎7β3} tanh[𝑎𝑏𝑥]6 Г(1+2α)

Г(1+α)2 + {−63𝑎7β3+42 𝑎6β3(𝛾 + 1) −

𝑎5β3(5𝛾2 + 16𝛾 + 5) + (−12𝑎7𝑏2β2) sech[𝑎𝑏𝑥]2 } tanh[𝑎𝑏𝑥]5 Г(1+2α)

Г(1+α)2 +

{−105 𝑎7 β3+105𝑎6β3(𝛾 + 1)−𝑎5β3(25𝛾2 + 80𝛾 + 25) + 𝑎4β3(𝛾3 + 11𝛾2 +

11𝛾 + 1) + (−48 𝑎7𝑏2β2 + 16𝑎6𝑏2β2(𝛾 + 1)) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]4 Г(1+2α)

Г(1+α)2  

+{−105𝑎7β3+140𝑎6β3(𝛾 + 1)−𝑎5β3(50𝛾2 + 160𝛾 + 50) + 𝑎4β3(4 𝛾3 + 44 𝛾2 +

44 𝛾 + 4)−𝑎3β3(2 𝛾3 + 7 𝛾2 + 2 𝛾) + (−72 𝑎7𝑏2β2 + 48 𝑎6𝑏2β2(𝛾 +

1)−𝑎5𝑏2β2(4 𝛾2 + 20 𝛾 + 4)) sech[𝑎𝑏𝑥]2 +

(−12𝑎7𝑏4β )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]3 Г(1+2α)

Г(1+α)2  

+{−63 𝑎7β3+105 𝑎6β3(𝛾 + 1)−𝑎5β3(50 𝛾2 + 160 𝛾 + 50) + 𝑎4β3(6 𝛾3 +

66 𝛾2 + 66 𝛾 + 6)−𝑎3β3(6 𝛾3 + 21 𝛾2 + 6 𝛾)+𝑎2β3( 𝛾3 +  𝛾2) + (−48 𝑎7𝑏2β2 +

48𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(8 𝛾2 + 40 𝛾 + 8)+4𝑎4𝑏2β2(𝛾2 + 𝛾)) sech[𝑎𝑏𝑥]2 +

(−12 𝑎7𝑏4β+4 𝑎6𝑏4β(𝛾 + 1) )sech[𝑎𝑏𝑥]4} tanh[𝑎𝑏𝑥]2 Г(1+2α)

Г(1+α)2  

+{−21 𝑎7β3+42 𝑎6β3(𝛾 + 1)−𝑎5β3(25 𝛾2 + 80 𝛾 + 25) + 𝑎4β3(4 𝛾3 + 44 𝛾2 +

44 𝛾 + 4)−𝑎3β3(6 𝛾3 + 21 𝛾2 + 6 𝛾)+2 𝑎2β3( 𝛾3 +  𝛾2) + (−12 𝑎7𝑏2β2 +

16𝑎6𝑏2β2(𝛾 + 1)−𝑎5𝑏2β2(4 𝛾2 + 20𝛾 + 4)+4 𝑎4𝑏2β2(𝛾2 +

𝛾)) sech[𝑎𝑏𝑥]2} tanh[𝑎𝑏𝑥]
Г(1+2α)

Г(1+α)2
 +{−3 𝑎7β3+7 𝑎6β3(𝛾 + 1)−𝑎5β3(5 𝛾2 +

16 𝛾 + 5) + 𝑎4β3( 𝛾3 + 11 𝛾2 + 11 𝛾 + 1)−𝑎3β3(2 𝛾3 + 7 𝛾2 + 2 𝛾)+ 𝑎2β3( 𝛾3 +

 𝛾2)}
Г(1+2α)

Г(1+α)2]
𝑡3𝛼

Г(1+3α)
 

nd discussionsNumerical simulations a -3 



 This section deals with the validity and effectiveness of the proposed method for 

Huxley equation through the different graphical representation and tabulated data.In 

the following we illustrate the behavior of the approximate solutions when  

𝛄 = 𝟏, 𝛃 = 𝟏,    𝒂 =
𝟏

𝟐
 , 𝒃 =

𝟏

√𝟐
 

 (a) 

 (b) 

 

 (c) 



(d) 

 

 

Figure (1) 

(a) 𝛼 = 1 ,     1 ≤ 𝑡 ≤ 5 ,     .1 ≤ 𝑥 ≤ .5 

(b) 𝛼 = .95 , 1 ≤ 𝑡 ≤ 4 ,     .1 ≤ 𝑥 ≤ .5 

(c) 𝛼 = .75 , 1 ≤ 𝑡 ≤ 4 ,      .1 ≤ 𝑥 ≤ .5 

(d) 𝛼 = .5 ,    1 ≤ 𝑡 ≤ 4 ,      .1 ≤ 𝑥 ≤ .5 
 

The absolute errors, │𝑢_exact − u_4│, for  Huxley equation when   Table 1: 

γ = 1, β = 1,    𝑎 =
1

2
 , 𝑏 =

1

√2
, t = .1  

Absolute errors 

using variational 

iteration method 

│𝑢_exact

− u_approx│ 

Absolute errors 

using Adomain 

decomposition 

method 

│𝑢_exact

− u_approx│ 

Absolute errors 

using homotopy 

analysis method 

│𝑢_exact

− u_approx│ 

Absolute errors 

using residual power 

series method 

│𝑢_exact

− u_approx│ 

𝑥 

1012.46 × 10−3 
 

1047.79 × 10−3 
 

1083.01 × 10−3 
 

1118.02 × 10−3 
 

1152.74 × 10−3 

24.9636 × 10−3 
 

24.8703 × 10−3 
 

24.7159 × 10−3 
 

24.5018 × 10−3 
 

24.2302 × 10−3 
 

24.9648 × 10−3 
 

24.8713 × 10−3 
 

24.7168 × 10−3 
 

24.5025 × 10−3 
 

24.2308 × 10−3 
 

24.9636 × 10−3 
 

24.8703 × 10−3 
 

24.7159 × 10−3 
 

24.5018 × 10−3 
 

24.2302 × 10−3 

𝑥 = .1 
 

𝑥 = .2 
 

𝑥 = .3 
 

𝑥 = .4 
 

𝑥 = .5 
 

 

 

From Table 1 of absolute error,  it is observed that this procedure achieves a high 

level of accuracy 
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