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Abstract:  One of the branches of physics is a Quantum mechanics and is a theory of fundamental which gives 

details the nature of atoms and subatomic particles at the least scale of energy. In mechanics, physical problems 

are explained by algebraic and analytic methods. Through Elzaki Transform we are finding the Complementary 

solutions of one dimensional Schrodinger’s time - independent wave equation for a particle in an infinite square 

well potential.   This paper, we are talking about the Eigen energy values and Eigen functions of a particle in an 
infinite square well potential. We will find that general solutions  of one dimensional Schrodinger’s time - 

independent wave equation for a particle in an infinite square well potential have very interesting 

characteristics that each Eigen function is associated with  a particular value of energy (Eigen energy value) of 

the particle confined inside an infinite square well potential.    
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I. Introduction: 
Elzaki Transform approach has been applied in solving boundary value problems in most of the science 

and engineering disciplines [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 13, 14, 15]. It also comes out to be very effective 

tool to analyze the problems in physical sciences[16,17,18,19,20,21,22,23,24,25,26].The problems in physical 

sciences are generally solved by adopting Laplace transform method or matrix method or convolution method or 

calculus method. Quantum mechanics is one of the branches of physics and is a fundamental theory which gives 

details the nature of atoms and subatomic particles at the least scale of energy and also depicts the behavior of 

matter and energy on the scale of atoms and subatomic particles or waves 

[27,28,29,30,31,32,33,34,35,36,37,38]. In this mechanics, physical problems are solved by algebraic and 

analytic methods. By applying Elzaki Transform to the one dimensional Schrodinger’s time - independent wave 
equation, we can obtain the Eigen energy values and Eigen functions of a particle in a square well potential of 

infinite height. To define Eigen values and Eigen functions, suppose that an operator Ô is operated on the 

function g and results the same function g multiplied by some constant α i.e. Ô g = α g. In this equation, Eigen 

function is g  of operator Ô and α is the Eigen value of the operator Ô related with the Eigen function g and the 

equation is known as Eigen value equation. If Eigen functions selected from a special class of functions. For 

instance, in bound state problem, all wave functions and their derivatives must be continuous, single valued and 

finite everywhere. They have to also vanish at infinity. Such functions are called as well-behaved functions. As 

an instance, to illustrate the Eigen value of an operator, consider the operator (
 

  
) operating on a well – behaved 

function     . The result is  
 

  
(    ) =         

Comparing this equation with standard Eigen value equation Ô g = α g, we find that (-6) is the Eigen value of 

operator  
  

   
) associated with the Eigen function       
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II. Definitions 
Elzaki Transform 

If the function       y ≥ 0 is having an exponential order and is a piecewise continuous function on any interval, 

then the Elzaki transform of     is given by  

                 
 
 

 

 

 

        

The Elzaki Transform [1, 2, 3] of some of the functions are given by 

 

                                 

        
  

    
      

          
   

      
      

          
   

      
    

           
   

      
   

           
   

      
   

 Inverse Elzaki Transform 

The Inverse Elzaki Transform of some of the functions are given by 
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Elzaki Transform of Differential coefficient  

The Elzaki Transform [1, 2, 3] of some of the Derivatives of      are given by 

          
 

 
               

           
 

 
              

           
 

  
                   

        
 

III. Methodology 
Infinite Square well potential: 

With a minimum, a potential well is a potential energy function. If a particle is left in the well and the 

total energy of the particle is less than the height of the potential well, we state that the particle is attentive in the 

well. By classical mechanics a particle attentive in the potential well can vibrate back and forth but cannot go 

away the well. In quantum mechanics, such a trapped particle is known as bound state. Considering a particle 

confined to the region 0 < u < c. it can move freely with in the region 0 < u < c, but subject to strong forces at u 
= 0 and u = c. Therefore, the particle never cross to the right to the region u > c, or to the left of u < 0. It means 

V = 0 in the region 0 < u < c, and rises to infinity at u = 0 and u = a. This situation is called one – dimensional 

potential box .Therefore, an infinite square well potential V (u) (shown in figure 1) is defined as 

V (u) = 0 for 0 < u<c 

= ∞ for u ≤ 0 and u ≥ c. 

 

The time - independent Schrodinger’sequation in one dimension is written as: 

  
        

  

  
{E–V (u)   (u) =0………. (I)                                            

 

  
 

In equation (I),  (u) is probability wave function of the particle and V (u) is the potential energy. Now from 

equation (1), 

For a particle inside an infinite square well potential, 

V(u) = 0 
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Substitute this value of potential in equation (1), we get  

  
        

  

  
E  (u) =0 …… (II) 

Where u belongs to [0, c] with boundary conditions  (0) =  (c) = 0. 

For convenience, let us substitute 
  

  
 E =   …………… (III) 

Therefore, equation (II) becomes 

  
  (u)  +    (u) = 0 …… (IV) 

Taking Elzaki Transform of equation (IV), we get 

    
         +      (u)] = 0 

This equation gives 
 

  
  (q) –  (0) -      +     (q) = 0... (V) 

Applying boundary condition:  (0) = 0, equation (V) becomes,  
 

  
  (p) –         +     (q) = 0 

Or 
 

  
  (q) +     (q) =                

In this equation,        is some constant. 

Let us substitute           
Equation (VI) becomes  
 

  
  (q) +     (q) =q H 

Or    (q) =
  

 
 

  
      

 

   (q) =
   

          
……….. (VII) 

Taking inverse Elzaki transform of equation (VII), we get 

                 (u) = 
 

 
 sin (b u) ……….. (VIII) 

Applying boundary condition:  (c) = 0, equation (8) gives 
 

 
 Sin (b c) = 0 

Since A cannot be equal to zero because for H = 0,  (z) = 0. This means that particle is not present inside the 

infinite square well potential which is not possible.  
Therefore, sin (bc) = 0 

Or bc = n  , where n is a positive integer. 

Or  b = 
  

 
 ------------- (IX) 

Substitute the value of b from equation (IX) in equation (VIII), we get 

 

 (u) = 
 
  

 

 sin (
  

 
u)………. (X) 

Where A is normalization constant. 

 

Eigen energy values: 

Substitute the value of b from equation (IX) in equation (III), we get 

 
  

 
 
 

 = 
   

  
 

Solving, we get E = 
      

    
 

Replacing E by En for different values of quantum number n, we have 

En = 
      

    
………. (XI) 

This equation presents energy quantization is a consequence of restricting a micro particle to a certain region. 

The minimum possible energy crazed by the particle inside the infinite square well potential is known as Ground 

State or Zero Point Energy. The energy of the particle inside the infinite square well potential will be minimum 

at n = 1. This is because if n = 0, then    (u) = 0 everywhere inside the infinite square well potential and then 

probability density inside the infinite square well potential          
  = 0, which means that particle is not 

present inside the infinite square well potential. Hence E = 0 is not allowed. i.e. the particle does not have zero 

total energy inside the infinite square well potential, Therefore, it does not be at rest inside the infinite square 

well potential quantum mechanically.     

For n=1, E1= 
    

    
 

This presents the Ground State or Zero Point Energy of particle in an infinite square well potential. 

Determination of constant A: 
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Since the probability density between u = 0 and u = c, is one, because the particle is somewhere within this 

boundary, that is inside the infinite square well potential. Hence applying normalization condition, we can write 

      
   

   
      du = 1 ……..(XII) 

Where        is the complex conjugate of  (u). 

Using equation (X) in equation (XII), we can write 

(
 
  

 

) 2       
  

 
  

   

   
du = 1 

Or (
 
  

 

) 2 
 

 
        

   

 
   

   

   
du = 1 

Solving the integration and arranging, we get 

H =
  

 
 (
 

  
) 1/2   ………… (XIII) 

Normalized wave function (Eigen Functions): 

Substitute the value of H from equation (XIII) in equation (X), we get 

 (u) = (
 

 
) 1/2 sin (

  

 
u) 

Replacing  (z) by  n (u) for different values of quantum number n, we can write 

       = (
 

 
) 1/2sin (

  

 
u)……..(XIV) 

This equation provides the Eigen functions or normalized wave function of the particle in an infinite square well 

potential. Since  n (z) is normalized, therefore the value of         
  is usually positive and at a given u is equal 

to the probability density of finding the particle there. At u = 0 and u = c, the boundaries of the infinite square 

well potential,        
  = 0. Inside the infinite square well potential, The probability density of the particle 

being present, can be different for different quantum numbers. For example,         
 =

 

 
, maximum in the 

middle of the box and         
  = 0, minimum in the middle of the box.i.e. a particle in the lowest energy                     

state at n = 1 is most likely to be in the middle of the box while a particle have n = 2   in the coming higher 

energy state at is never there quantum mechanically.  

For n = 1,  1 (u) = ( 
 

 
)1/2 sin (

 

 
u)…….. (XV) 

This equation (XV) gives the ground state wave function of the particle in an infinite square well potential. 

Conclusions:  This paper an effort is complete to get the Eigen energy values and Eigen functions of the particle 
in an infinite square well potential via solving Schrodinger time - independent equation for the particle in an 

infinite square well potential via Elzaki transform. We  found a remarkable characteristic of the Eigen functions 

of one dimensional Schrodinger’s time - independent wave equation for a particle in an infinite square well 

potential that each Eigen function is connected with a particular Eigen energy value of the particle restricted 

inside an infinite square well potential. 

 

References: 
[1]. Advanced Engineering Mathematics by Erwin Kreysig 10

th
      edition, 2014 

[2]. Higher Engineering Mathematics byDr.B.S.Grewal 43
rd

 edition 2015. 

[3]. Engineering Mathematics by Subodh C. Bhunia, Srimanta. 1
st
 edition, 2015. 

[4]. Advanced engineering mathematics by H.K. Dass. Edition: Reprint, 2014. 

[5]. Quantum mechanics by Satya Parkash. Edition: Reprint, 2016. 

[6]. Quantum mechanics by B.N. Srivastava, R.M. Richaria. 16
th
 edition, 2017. 

[7]. Introduction to Quantum mechanics by David j. Griffiths. Edition 2
nd

, 2017. 

[8]. Principles of quantum mechanics by P.A.M. Dirac. Edition: Reprint, 2016. 

[9]. Quantum Mechanics and Path Integrals By Richard P. Feynman, Albert R. Hibbs, Daniel F. Styer 

[10]. A text book of Engineering Physics by M.N. Avadhanulu. Revised edition 2014. 

[11]. An introduction to Laplace transforms and Fourier series by Dyke and Phil. 

[12]. Rohit Gupta, Rahul Gupta,Eigen energy values and Eigen      functions of a particle in an infinite square well potential by Laplace 

Transform, International Journal of Innovative Technology and Exploring Engineering (IJITEE) ISSN: 2278-3075, Volume-8 Issue-

3, January 2019. 

[13]. Verma Dinesh, Alam Aftab , Analysis of Simultaneous    Differential    Equations By Elzaki Transform Approach, Science, 

Technology And Development Volume Ix Issue I January 2020.  

[14]. ShrivastavaSunil, Introduction of Laplace Transform and Elzaki Transform with Application (Electrical Circuits),International  

Research Journal of Engineering and Technology (IRJET) ,volume 05 Issue 02 , Feb-2018.   

[15]. Tarig M. Elzaki, Salih M. Elzaki and ElsayedElnour, On the new integral transform Elzaki transform fundamental properties 

investigations and applications, global journal of mathematical    sciences: Theory and Practical, volume 4, number 1(2012). 

[16]. Verma Dinesh and Gupta Rohit ,Laplace Transformation   approach to infinite series, International Journal of Advance and 

Innovative Research, Volume 6, Issue 2 (XXXIII): April – June, 2019. 

[17]. Verma Dinesh ,Elzaki Transformation of some significaknt power series, International journal of advance research and innovative 

ideas in education,volume-6 issue-1,2020. 

[18]. Verma Dinesh ,Aboodh Transform Approach to Power Series” by , Journal of American Science (JAS), Volume-16, Issue-7.  

[19]. Shiferaw GeremewGebede, Laplace transform of power series, impact: international journal of research in applied, natural and 

social sciences  (impact: IJRANSS), Issn(p): 2347-4580; Issn   (e): 2321-8851, vol. 5, Issue 3, mar 2017,. 151-156 

[20]. Verma Dinesh and Rahul Gupta, Delta Potential Response of Electric Network Circuit, Iconic Research andEngineeringJournal 

(IRE)” Volume-3,Issue-8, February  2020. 



An Emorical Analysis of a Partical In An Infinite Square Well Potential By Elzaki Transform .. 

DOI: 10.9790/4861-1402021822                                 www.iosrjournals.org                                            22 | Page 

[21]. GuptaRohit, VermaDinesh and Singh Amit Pal, Double Laplace Transform Approach to the Electric Transmission  Line with 

Trivial Leakages  through electrical insulation to the  Ground, Compliance Engineering Journal Volume-10, Issue-12, December 

2019. 

[22]. GuptaRohit, GuptaRahul and  Verma Dinesh ,Laplace Transform Approach for the Heat Dissipation from an   Infinite FinSurface 

Global   Journal of Engineering Science and Researches (GJESR),Volume-06, Issue-2 (February 2019). 

[23]. KumarD.S., Heat and mass transfer, (Seventh revised edition), Publisher: S K Kataria and Sons, 2013.  

[24]. NagP.K., Heat and mass transfer. 3
rd

 Edition. Publisher: Tata McGraw-Hill Education Pvt. Ltd., 2011. 

[25]. Gupta Rohit ,SinghAmit Pal, Verma Dinesh, Flow of Heat through A Plane Wall, And Through A Finite Fin Insulated At the Tip, 

International Journal of Scientific & Technology Research, Vol. 8, Issue 10, Oct. 2019, pp. 125-128.  

[26]. Gupta Rohit , Neeraj Pandita, Rahul Gupta, Heat conducted through a parabolic fin via Means of Elzaki transform, Journal of 

Engineering Sciences, Vol. 11, Issue 1, Jan. 2020, pp. 533-535.  

[27]. Gupta Rohit , On novel integral transform: Rohit Transform and its application to boundary value problems’, ASIO Journal of 

Chemistry, Physics, Mathematics and Applied Sciences, 2020, 4(1): 08-13. 

[28]. Gupta Rohit ,GuptaRahul, Matrix method approach for the temperature distribution and heat flow along a conducting bar connected 

between two heat sources, Journal of Emerging Technologies and Innovative Research, Vol. 5 Issue 9, Sep. 2018, pp. 210-214.  

[29]. Gupta Rohit ,GuptaRahul, Heat Dissipation From The Finite Fin Surface Losing Heat At The Tip, International Journal of Research 

and Analytical Reviews, Vol. 5, Issue 3, Sep. 2018, pp. 138-143.  

[30]. Verma Dineshand SinghAmit Pal, Importance of Power Series by Dinesh Verma Transform (DVT),  ASIO Journal of Engineering 

& Technological Perspective Research (ASIO-JETPR) Volume -5, Issue-1, 2020, PP:08-13. 

[31]. Verma Dinesh“Analytical Solutuion of Differential Equations by DineshVerma Tranforms (DVT),  ASIO Journal of Chemistry, 

Physics, Mathematics & Applied Sciences (ASIO-JCPMAS), Volume -4, Issue-1, 2020, PP:24-27. 

[32]. VermaDinesh, Singh Amit Pal and VermaSanjay Kumar, Scrutinize of Growth and Decay Problems by Verma DineshTranform 

(DVT), Iconic Research and Engineering Journals (IRE Journals), Volume-3, Issue-12, June  2020; pp: 148-153. 

[33]. Verma Dineshand VermaSanjay Kumar, Response of Leguerre Polynomial via DineshVerma Tranform (DVT), EPRA International  

Journal of Multidisciplinary Research (IJMR), Volume-6, Issue-6, June  2020, pp: 154-157. 

[34]. VermaDinesh, Empirical Study of Higher Order Diffeential Equations with Variable Coefficient by DineshVerma Transformation 

(DVT ),   ASIO Journal of Engineering & Technological Perspective Research (ASIO-JETPR), Volume -5, Issue-1, 2020,  pp:04-

07. 

[35]. VermaDinesh, Putting Forward a Novel Integral Transform: DineshVerma Transform (DVT) and its Applications, International 

Journal of Scientific Research in Mathematical and Statistical Sciences, Volume -7, Issue-2, April-2020, pp: 139-145. 

[36]. VermaDinesh, Elzaki Transform Approach to Differential Equations, Academia Arena, Volume-12, Issue-7, 2020, pp: 01-03. 

[37]. Naulyal Govind Raj, Kumar Updesh and Verma Dinesh, Analysis of Uniform infinite fin by Elzaki Transform, Compliance Engg. 

Journal, vol -13, issue-3, 2022. 

[38]. Kumar Updesh,Naulyal Govind Rajand Verma Dinesh, Elzaki Transform to diffrential equations with delta function, New York 

Science journal, vol-15, issue-2,2022. 

 

 

 

 
 
 

 

Arun Prakash Singh, et. al. "An Emorical Analysis of a Partical In an Infinite Square Well 

Potential by Elzaki Transform with Eigen Energy Values and Eigen Functions." IOSR Journal 

of Applied Physics (IOSR-JAP), 14(02), 2022, pp. 18-22. 


