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ABSTRACT

WKB an acronym for Wentzel- Kramers — Brillouin,asmethod employed for finding approximate solution
linear partial differential equations with spatjallarying the coefficient. The method was appliedhis work to evaluate
the energy eigenvalue of AlAs. In determining thiee harmonic potential which is a suitable potrfor the system,
having an infinite number of energy level, cum #g@proximate quantization rule (the well-known B&wmmerfeld
guantization condition) are used. The WKB methothén tested by the quantization of the quantumhiasgical system of
the modified harmonic potential which practicalliwes the same result as using exact methods. Bathmerical and
graphical results were obtained, and it was obsethiat the energy value for AIAs symmetric parabauantum well

increases as the quantum number (n) increases
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INTRODUCTION

A number of semiconductor super lattice structa@semerging with wide gap compounds such as AtASe
and GaAs as quantum well materials. A quantum igeflynthesized from two different semiconductorse Bmission
energy of the quantum well is different from eiteend gap energy of the two semiconductors. Thusva synthetic
material has been formed, that is only remotelgtesl to the bulk material it is made of. This isyvguantum wells are
exciting materials. These structures will form thesis of the electronic devices of the future.ds lbeen proved that
transistors and lasers made of quantum wires demad@excellent characteristics. In this workeatpt was made to

evaluate Eigen value of a symmetric parabolic AlA@antum well using WKB method

The WKBf ormular (Wentzel 1926, Kramers 1926, Builin 1926 [Giler, 1988, Merzbacher, 1970], Cocditiio
and Viggiano [Cocolicchio and Viggiano 1997]) prdes us with rather simple and interestingly goograximation
solution to the schrodinger equation, for this oeag is widely used in many approximation calcigias of quantum

mechanical systems. [Oyewumi and Bangudu, 1999]

Other forms of the applications of this approxiroatmethod is the well known Bohr-Sommerfeld quaation
conditions. Oyewumi and Bangudu used WKB methath e derivation of Bohr Sommerfeld quantizatiomditions to
obtaine the discrete eigenvalues (quartic) Osoillathich agrees with Giler’s result of 1988 [Gikdral, 1986]. Ghatak et
al. applied the JWKB formula to a triangular poiainbarrier and compare the results with the erestlts. Also, Birx and

Hourk [Birx and Hourk, 1977] obtained the eigeneador the upper and lower bounds of an harmordilat®r potential

THEORY AND CALCULATION
The WKB Approximation

The Wentzel-Kramers-Brillouin (WKB) method is uskefaol for a simple and interestingly good approatm

solution of the Schrddinger equation, for this oegsit is widely used in many approximate calcwiasi of quantum



50 J. O. Ajayi & S. K. Olasunkanmi

mechanical systems. For instance, the treatmerggstéms with slowly varying potentials; that istgntials which remain
almost constant over a region of the order of theBtbglie wavelength. Thus, the property is alwagtsfied since the

wavelength of a classical system approaches zero

Consider the motion of a particle in a time-indegesmt potentiaIV(F); the Schrodinger equation for the

corresponding stationary state is

_;’_Dzw(F) +V () (r) = Eg(r) '
m
Or

DZw(F)+h—12 P2 (HW(F) =0 2

Where p(r)is the classical momentumrat The WKB method provides an approximate treatnfensystems
whose potentials, while not constants, are slovelgyimg functions of . That is, V (r) is almost constant in a region
which extends over several de-Broglie wavelength;may recall that the de-Broglie wavelength of gigia of mass m

and energy E that is moving in a potentie(IF\) is given by

A=nhlp=hly2mE-V(r)) 3

Thus, we can use WKB method to estimate the engiggnvalue of AlAs in a symmetric parabolic quantweil

1
with V= |§ Ma’x’ |

In common cases of quantum mechanical problemshadn@onic oscillator potenti%lkxz, where k is the force

constant of the spring, is used in obtaining eigéues and Eigen function analytically in an elegaathner. But when we
extend to the harmonic regions: that is, wheremiiatks are involved, analytic solutions are praticimpossible to attain.
The WKB Method gives an approximate but direct 8otuof the Schrédinger equation but is applicadody when the

potential energy variation is smoothly varying aviien the Schrédinger equation is separable to aneftsional equation

Application of WKB Method to a Symmetric Parabolic Quantum Well
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Figure 1: Model of Symmetric Parabolic Quantum WellUsed in the Calculation
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The classical energy of a harmonic oscillator i&giby

2

— p 1 2,2
E(X, p)=— + —mwX 4
(X, p) om
Leads to
p(E, X) = £V 2mE - m2w?x? 5

1
At the turning points, ¥, and ., the energy is given by E = V(x)—2= mw?x? where Xnin =-2 and ¥ax = a with

a = /2E /(ma?).

To obtain the quantized energy expression of thienbaic oscillator, we used the Bohr-Somerfeld gizatibn

rule

§ pdx = 2 I V2mE - mPw?Xdx = 4mwj Va© - x%dx 6
-a 0

Using the change of variable x=a 8inve have

a 7 2% 2
[Va? -x?dx=a’ [cos @le =" [ L+ cos26)da=""" = E 7
! ) 2 4 4 2mw
Hence
§ pdx:% 8
w
Since
_ 1 _
§pdq_(n+§)horzzf/w_(n+y2)h, 9
We obtained
EM™® =(n +%)hw 10

This expression is identical with the exact enesfythe harmonic oscillator

RESULTS AND DISCUSSIONS

As evident from the graph (figure), it is reveatbdt as the quantum number (n) increases, the eigemryy value

also increases which is in conformity with the tesbtained from other methods of solution
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Figure 2: Showing the Relationship between the Quanm
Number (N) and the Energy of the System
CONCLUSIONS

Using the WKB method, the result obtain is in agmeat with the result of other methods, that is éase in

guantum number leads to increase in the energyeafystem

The accuracy of the WKB method is best assessedimparing the WKB discrete energy values of therioenic
potential with those obtained by solving the Scimgdr equation numerically. There are no remarkatifeerence

between the exact eigenvalues and WKB eigenvalues
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