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                                                                                       ABSTRACT 

 

     We have defined the Green’s function  for the four-dimensional electron System in a classically smooth potential.   

Then the method of  path integral formalism have been used  for the evaluation of the density of states  (DOS) of a   

four-dimensional  electron system   in a classically smooth potential.  Finally we have calculated the time  coordinate 

representation of the  DOS,  and as a conclusion of this study we have found the manner in which the DOS of the  

four−dimensional electron system varies with respect to the energy E of the system.                             
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1.   Introduction     

   Density of states[1] refers to the number of energy states in each unit interval of energy and in each unit 

volume of the crystal.  For the electrons[2]   confined into a cube of side length  L, The density of states in the 

absence of any  external  field may be written as ,   

                          𝜌 𝐸 =
2

𝑉
 𝛿 𝐸 − 𝜀𝑗 𝑗              for  𝜀𝑗  =

𝑝𝑗
2

2𝑚
    and   𝑉 =L

3 

          

  Classically smooth potential[3] means the potential whose variation with the space coordinate  is small.  In this 

paper we have defined the Green’s function for the four dimensional electron system under classically smooth 

potential,  then Path integral approach[4]  is  applied for  the evaluation of the DOS of the four-dimensional 

electron system.   Finally we have deduced the expression for the DOS  of the four-dimensional electron system 

in the time- coordinate representation. 

2.   Method      

        Hamiltonian for the system under study is time independent as it is clear from its expression given below : 

                 H =
−ℏ2

2m
∇2  + U(q  )                                                         .................(1) 

Here  U(q  )   represents the classically smooth potential depending on the spatial coordinate q   in the q-

representation. Therefore for the system,  Green’s function[5]  will satisfy the equation  

                                                                      .................(2)           

 Where  and     are the spatial   co- ordinates  in the q- representation. 

Solution of equation (2) may be written as         and       as follows: 

                                                                                          ................(3A) 

    with the initial condition that               ;      and   
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                                                                                      ...............(3B)  

   with the initial condition that                       . 

therefore, 

                                                    ..................(4) 

Let the intermediate times between 0 and t     be represented as    with the 

corresponding coordinates       respectively,in such a way that,

                                                                                              

,     for  k = 2,3,4, .......n .                                                             ................(5)    

                                  With the boundary condition that as            .     

See the figure (1) .  Now our task is to evaluate    ,   For this the method of path integral formalism 

is used  

here.Hence from the  equation (4) we may write,    

    

                                  .........            

                  

                                                                                                                                                                   .                               

                                                                                                                                            .................(6)      

International Journal of Engineering Research & Technology (IJERT)

Vol. 1 Issue 8, October - 2012

ISSN: 2278-0181

3www.ijert.org

IJ
E
R
T



In writing the equation  (6)  we have used the completeness condition of quantum mechanics[6].    Now  for the 

four-dimensional system,   the matrix element of the operator               in the  q-coordinate 

representation may be simplified as,   

                                                                                                                                                                                                       

                                                                                                                                                                              

          

                                                                                                                                   ................(7) 

Therefore  from the  equations  (6) and equation (7) , 

                                              

                                                       .  

 

 

 

                               

                                                                  

                                                                                                                                                  ..................(8)                                                                                                                                                                                                                                                                                                                                                                    

Where,         

                            . 
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If  we take    

                and         . 

For the classically smooth potential          we can explicitly write from equation  (8) that,   

                          

.................(9) 

Where  c  is a constant, which is interpreted as the correlation function for the case of classically smooth  

potential . Therefore  density of states of the four-dimensional electrons can be written as ,   

        

                                                                                                                                                  ................(10) 

Using time-coordinate representation we simplify the equation  (10)    as,  

 

                           

.................(11) 

 

 

3.  Results  and Discussion        

                   After simplifying  the equation  (11) we get,  
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  Where          and      are     confluent 

 

hypergeometric  function[7] .   We have plotted the graph of          versus        by assuming that 

 

.    For  simplicity  we have drawn the graph for two different values of   c  namely , c=1/2  

 

,   and   c=1   ,    See the  figure (2)  and figure(3) .      From the graph for         

 

c=1/2 ,     and   c=1 , it is evident that the density of states  (DOS)     of  four- 

 

dimensional   electron system increases by increasing   E,  in the manner  which is shown in the graph.  

 

4.Conclusion                                   

     

            we have studied the four-dimensional electron system in which we have  evaluated  the density of  

states of the four-dimensional  electron  system,   from which it is clear that  the density of states    (DOS)  

increases  by increasing the energy  E of the system and  the rate of increase of the density of states  also 

increases by increasing E for small positive values of E. 
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Caption: 

 

Figure 1   :  Representation of the coordinates  at different times   for       

Figure 2   :  Graph of    versus       for   c=1/2    . 

Figure 3   :   Graph of    versus       for   c=1   . 

 

 

 

 

 

 

 

 

 

International Journal of Engineering Research & Technology (IJERT)

Vol. 1 Issue 8, October - 2012

ISSN: 2278-0181

7www.ijert.org

IJ
E
R
T



 

 

 

 

  

Figure 1   :  Representation of the coordinates  at different times   for       
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Figure 2   :  Graph of    versus       for   c=1/2    . 
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Figure 3   :   Graph of    versus       for   c=1   
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