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Abstract 
The objective of this article is to graphically illustrate to the students the physical phenomenon of motion of charged 
particle under the action of simultaneous electric and magnetic fields by simulating particle motion on a computer. 
Differential equations of motions are solved analytically and path of particle in three-dimensional space are obtained 
using interactive spreadsheet. Spreadsheets can be setup to solve numerical solutions of complex systems. This will 
make the concept, which so far is left to the abstract imagination come alive for the student, and initiate a deeper 
understanding of particle motion.   
Keywords: Physics Education, electromagnetic fields, spreadsheets, simulation. 
 
Introduction  

In recent years, physics educators have started to look more closely at what their students 
understand about physics concepts. A primary goal of physics education research is to identify 
difficulties in learning physics through traditional methods and to develop new instructional 
modes for effective learning (McDermott, 2001). One of the best instructional modes allowing 
for the development of individual experience is computer simulations. Computer simulations can 
be the best mode, when the tactile, kinesthetic experience of real objects is impracticable (Arons, 
1987). Computer simulations are also useful for providing more extended practice in thinking 
about a wide variety of examples. It is capable of supplying continual feedback regarding error 
and correctness and reinforcing the hands on observations when latter have carried out. For 
proper understanding of physics concepts to the students, teachers can use computer simulations. 
Teacher should develop computer simulations of physics problems so that it becomes easier for 
students to understand the phenomena.        
 Spreadsheets can be a powerful tool in physics teaching-learning. From data analysis and 
graphing to animation and simulations, Microsoft Excel  is a very versatile program for the 
teachers and students. The advantage of using a spreadsheet in teaching-learning process is that 
the programming is streamlined and less time is needed to enter the necessary code. The strong 
features of spreadsheet are their cell based structure and the simple interface that is easy to use 
for new users also. The power and simplicity of a spreadsheet is that the data manipulations are 
held in front of the user in a very direct and accessible manner.  In addition, the spreadsheet 
program itself provides for screen graphics, charts, and easy-data manipulation using large 
number of functions, on-screen numerical and visual feedback, and fast calculations (Wagner, 
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electron hydrogen atom–like system. This article illustrates how a formula connecting the principal quantum number 
‘n’ and the length of the major axis of an elliptical orbit may be arrived at starting from the quantum mechanical 
description and how in the limit when ‘n’ is large one gets the expected classical result. 
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Introduction       
                           
According to the non-relativistic version of quantum mechanics, the energy of the electron in a 
hydrogen-like atom depends only on the principal quantum number n (apart from the atomic 
number Z of the nucleus.) Again, in non-relativistic classical mechanics, the energy of such a 
particle, which describes an elliptical path that keeps the nucleus at one focus, depends only on 
the size (2a) of the major axis. As one expects to recover the classical result in the large n limit 
of quantum mechanics (‘the correspondence principle’), there ought to be a connection between 
n and 2a. This connection will be examined in this article. We begin by recalling the salient 
features of the two approaches: 
The classical orbits under inverse-square type force (‘Keplerian orbits’): 
The following quantities remain conserved (Rana and Joag, 1991; Synge and Griffith, 1959):  
                           1.  Energy, which depends only on the size of the major axis: 
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                           2. Angular momentum vector; 
                           3. Runge-Lenz vector, which gives the direction of the major axis. 
 
Hydrogen-like atom in quantum mechanics (Ghatak and Lokanathan, 1984): 
The wave function (ignoring spin) of the system : 
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Abstract 
Energy eigenvalues for a non-relativistic particle in a linear potential well are available. In this paper we obtain the 
eigenenergies for a relativistic spin less particle in a similar potential using an extension of the well-known WKB 
method treating the potential as the time component of a four-vector potential. Since genuine bound states do not 
exist for positive rising potentials, our calculations are valid only for fairly low-lying levels. The transcendental 
eigenvalue equation that is obtained is solved using Mathematica software to get eigenenergies. Our results are 
compared with those for the non-relativistic case. The results may find applications besides having conceptual 
significance. 
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Introduction 
 
The W.K.B method that was independently proposed by G. Wentzel, H. A.Kramers and L. 
Brillouin is a semi classical approximation method, which is extensively used in quantum theory 
to obtain bound states in slowly varying potentials (Bransden and Joachain, 2004). It can only be 
applied to one-dimensional problems and for three-dimensional problems that are reducible to 
one dimension. W.K.B technique involves power series expansion of the wave function in terms 
of reduced Planck's constant! . Smooth matching of the wave function is done at the points 
where kinetic energy of the particle becomes equal to potential energy. This leads to the 
quantization condition from which approximate eigenenergies could be determined for ground 
and excited states (Shankar, 2010). Several researchers have used this method to obtain bound 
states in a slowly varying potentials (Trost & Friedrich, 1997). Kagali et.al. used a new approach 
to calculate bound states using space integration method (Kagali et.al., 1997). The WKB 
treatment to relativistic wave equations is not familiar. In relativistic quantum theory, for many 
problems of physical interest exact solutions are not available even in one dimension. Therefore 
it is highly important to investigate and apply the methods of approximation, which readily 
works in non-relativistic cases. It is found that the extension of well known non-relativistic 
approximations might be possible if the relativistic wave equations are reduced to Schrödinger 
like form. In this article we discus relativistic approach to WKB method and we apply the same 
to obtain eigenenergies of a spin less particle in an infinite range linear potential. 
 
WKB Method for Relativistic Bound States 
 
It is of great practical importance to extend approximate methods to relativistic problems, since 
a very few eigenvalue problems could be solved exactly in relativistic quantum theory. In this 
section we extend WKB method to obtain bound states of relativistic spin zero particles. We 
follow the formal method of non-relativistic quantum mechanics to choose a simple well-shaped 
effective potential with two classical turning points 1x  and 2x  as shown in figure 1. It is shown 
that WKB approximation could be used in the regions for which ffeE  is greater or less than ffeV , 
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but fails at classical turning points. However connection formulae would serve at these points. In 
relativistic quantum theory, it is well known fact that the one-dimensional relativistic equations 
could be transformed into Schrödinger form as: 
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Thus equation (1) could be written as 
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Figure 1. Schematic representation of well shaped effective potential with two classical turning points 1x  

and 2x  
 
When effective potential varies smoothly, the wave function may be written as, 
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Where )(x!  is slowly varying function. This is the basis of WKB method. Carrying out the 
details, we obtain the quantization condition as 
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Application of WKB Method to Obtain Bound States of A Particle In An Infinite Range 
Linear Potential. 
 
For a relativistic spin zero particle in an infinite range linear potential defined by 
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The schematic plot of effective potential with effective energy would be as shown in figure 2. 

 
Figure 2: Schematic representation of effective potential with effective energy for an infinite range linear 
potential. 
 
The momentum of a relativistic particle with a general potential )(xV  in vector coupling scheme 
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Thus by using quantization rule, we get 
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On simplifying the above integral we get, 
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The above transcendental equation is solved graphically using Mathematica (Wolfram, 1996). 
To obtain numerical solution we take 1==== kcm ! . The graphical solution for 
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eigenenergies is obtained by plotting LHS of equation (10) versus its RHS. It is as shown in 
figure: 3. 
 

 
Figure 3. Graphical solutions to eigenenergy of a relativistic spin zero particle in an infinite range linear 
potential. 
 
In the following table, the eigenenergies of non-relativistic (Shankar, 2010), relativistic particle 
evaluated by WKB method are compared with that of exact value (Casaubon, 2007) for n = 1 
and n = 3. 
 
 

n EWKB 
non-relativistic 

 

EWKB 
relativistic 

E 
exact 

1 1.842 1.893 1.85575 
3 3.240 2.827 3.24457 

 
 

 
 
Results and Discussions  
 
We have extended WKB method to relativistic situation (Klein Gordon approach) and we have 
applied the method to obtain eigenenergies of a relativistic spin zero particle in an infinite range 
linear potential well. Also we have compared these eigenenergies with that of exact values. We 
found that the eigenenergies obtained are well suited for relatively lower values of n, but with 
increase in n, the difference between eigenenergies estimated from WKB and exact value 
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Abstract 

The Bohr-Sommerfeld quantum theory specifies the rules of quantization for circular and elliptical orbits for a one-
electron hydrogen atom–like system. This article illustrates how a formula connecting the principal quantum number 
‘n’ and the length of the major axis of an elliptical orbit may be arrived at starting from the quantum mechanical 
description and how in the limit when ‘n’ is large one gets the expected classical result. 
Keywords: Quantum, hydrogen atom, quantum mechanics, one-electron atoms, classical mechanics 
 
Introduction       
                           
According to the non-relativistic version of quantum mechanics, the energy of the electron in a 
hydrogen-like atom depends only on the principal quantum number n (apart from the atomic 
number Z of the nucleus.) Again, in non-relativistic classical mechanics, the energy of such a 
particle, which describes an elliptical path that keeps the nucleus at one focus, depends only on 
the size (2a) of the major axis. As one expects to recover the classical result in the large n limit 
of quantum mechanics (‘the correspondence principle’), there ought to be a connection between 
n and 2a. This connection will be examined in this article. We begin by recalling the salient 
features of the two approaches: 
The classical orbits under inverse-square type force (‘Keplerian orbits’): 
The following quantities remain conserved (Rana and Joag, 1991; Synge and Griffith, 1959):  
                           1.  Energy, which depends only on the size of the major axis: 

a
ZeE
2

2

!=       (1) 

 
                           2. Angular momentum vector; 
                           3. Runge-Lenz vector, which gives the direction of the major axis. 
 
Hydrogen-like atom in quantum mechanics (Ghatak and Lokanathan, 1984): 
The wave function (ignoring spin) of the system : 
 

),()(),,( !"!" lmnlnlm YrNRr =#        (2) 
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increases due to variation in the effective potential. Further one should be careful that very high 
value of n for the potential of this kind may lead to a scattering situation instead of yielding 
bound states. Further the relativistic version of WKB method surely serves as an important 
technique to obtain eigenenergies of particles in specific potentials for which solutions are not 
available in relativistic regime. It would be interesting to apply the method for relativistic spin 
half particles.   
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