UNIVERSITI TEKNOLOGI MARA

TECHNICAL REPORT

A STUDY OF SCHRODINGER EQUATION
- ANALYTICAL AND NUMEROV METHOD

NUR SHAIRANI BT. MOHD. SHOHAIMI
2010518517 - TRS12/29

Report submitted in partial fulfillment of the requirement
for the degree of
Bachelor of Science (Hons.) (Mathematics)
Center of Mathematics Studies
Faculty of Computer and Mathematical Sciences

JANUARY 2013



ACKNOWLEDGEMENTS

IN THE NAME OF ALLAH, THE MOST GRACIOUS, THE MOST MERCIFUL

Firstly, I am grateful to Allah S.W.T for giving me the strength to complete this project
successfully.

I would like to express my gratitude appreciation to my supervisor PM Masriah binti
Awang for countless hours she spent for me to guide throughout my project. She gave me
inspiration during my study and helped me understand the fundamentals of quantum
theory. Her knowledge, support, experience and continuous guidance have led me to
successfully complete this report.

I am also appreciating to Prof. Madya Dr. Wan Eny Zarina binti Wan Abdul Rahman as
a coordinator for Mathematics Project (MAT660) for her effort her students are always
following the proper format during writing the technical report.

Thanks also to lecturers who had given me a useful suggestion and moral support
throughout I am finish this project and report. Not forgetting, a special thanks to my
entire friend for their support and advice in helping me to finish this project. Without help
and support from those I mentioned above, it would have been difficult to successful
complete this project. Thank you so much.

My appreciate also goes to my family especially to my lovely mother who a person that
always support me and always be there for me when I need her especially during to
finish this courses.

Thank you.

ii



TABLE OF CONTENTS

ACKNOWLEDGEMENTS .......coiieirceteecesessceseencsssetsssecsssnssstssesssssmsssasscnsssassssanans ii
TABLE OF CONTENTS ......coiiiiiiirnenncnenieetssiscnsssssisssssessasssesssesesssssssessosssnsasssasssne iii
LIST OF TABLES .....coirreeeeceeeteseemcesessesssemensensaessssnensessassasssmesesstaasossnsassacemessasssassssenss iv
LIST OF FIGURES . LN tan et te e e pe s T s ue b st na st At tatent e ta b e R R R iv
ABSTRACT .....oveeeerierereennesnssssnessesssssscsssssssesssssssssssssssssssssssas ssssesssstassassnssssstossnsssssssnossassass v
1. INTRODUCTION ...c.oovreieneenennrcssrsssssncossssosssnsasssasssssssssssssssssssssssssssssssssssssssosnssnssssas 1
2. METHODOLOGY AND IMPLEMENTATION .......cccosvensnminrnrercnnnsnicsnsscssassnnaasense 4
2.1 Harmonic Oscillator Potential of Schrédinger Equation .........cccoveiienviecvecnnne 4
2.1.1 The Wave Function Energy Level ... oivcinnescininsnnnsencsccracenernrenenns 4

2.1.2 Hermite Differential EGUAtiON ........cccecnmniecrmsmuisinsinsinsisssessesesssesonsossonsons 9

2.1.3 Normalization Wave FUNCHON .........ccovereermrsenvercsossesissesensesssscsssssessensenees 12

2.2 Schrddinger Equation for Infinite Spherical Well ......oevvveriiimecrenivrecrannnnnnnnes 16
2.2.1 NUMEIoV MeEthod ......cccceceermreresereecvrnaesnsnsessusssssensesesssssossassssssssssssssassnsons 17

3. RESULTS AND DISCUSSION........... et bt s aneassane s ntnchatusnsasstantanantastates 19
3.1 Result of Harmonic Oscillator Potential. .........ccococreieciineriinnciniciieeeccrenes 19

2.2 Result of Spherical well by using Numerov Method..........cccovvcnicnenrcccannceee. 26

4. CONCLUSIONS AND RECOMMENDATIONS .........ocociermrencecrecnrnesasnessnnsns 28
REFERENCES .........ccceeunee. reneerensser s n e asn e st n et en et n R se e e n e o aeasenteme st s s neanssnsasans 39
APPENDIX A ...ccoirirrininiinesnesnsssisssssassasssssessacstrasesssasssstsseassestssssssesssressssssssssassasssssos 31
APPENDIX B .....ccviiirieererreneneenisessussercsnssiesasssssssmsssiesasssssossssssssssssessesssssssssssnssessossssssssansss 39

iti



ABSTRACT

Schrodinger equation is one of the basic equations of quantum mechanics. In this
project, the series solution is used to solve the time independent Schrédinger equation for
harmonic oscillator potential. The power-series expansion is used to calculate the energy
of harmonic oscillators. The Numerov method is used to solve the Schrédinger in infinite
spherical well. The results of harmonic oscillator and infinite spherical well are obtained
by using MATLAB. The graphs of the wave function and probability distribution of a
harmonic oscillator for n=0, 1,2,3,4,5,10 are plotted. The wave function of harmonic
oscillator potential has greater peaks near both edges and have a smallest amplitude and
loop length near x = 0. The graphs of the radial part of wave function of infinite spherical
well are plotted for angular quantum number (£) =0, 1, 2, 3. The power series is suitable
to calculate the wave function of harmonic oscillator potential and the Numerov method
can be used to solve the radial equation for some values of £.



1. INTRODUCTION

Many problems in areas of application, such as theoretical physics, chemical physics,
physical chemistry, astrophysics, electronics and others is reduce to a system of order
ODEs of Schrodinger equation,(Avdelas &Simos,2001). Schrédinger’s equation is
fundamental equation of nonrelatives quantum mechanisms. It involves ordinary
differential equations of second order in which the first derivative does not appear
explicitly. Its important for physics is obvious to solve them both efficiently and reliably
by numerical methods (Simos, 1997). The time-independent Schridinger equation is one
of the basic equations of quantum mechanics.

In recent years there has been a lot of activities in the area of numerical solution of the
radial or one-dimensional solution. David (2006), defined the Schrodinger equation time
independent as

h2 d2
o S VN = EY ) ®

where %is Planck's constant, m is the mass of the particle, 3 is the (complex valued)
wave function that we want to find, V(x) is a function describing the potential energy at
each point x, and E is the energy, a real number, sometimes called eigenenergy.

David (2006), also defined that the time independent Schrodinger equation has the form
correlates to

Hy = EP(x) (2

where the eigenvalues of H are possible energies E of the system and the eigenfunctions
of H are wave functions.

In most cases one would use numerical methods or some rough approximations to solve
(1) (Binesh et al., 2010). However, for a few limited forms of simple potentials energy
function of the one—dimensional Schridinger equation can be solved analytically.
According to Alastair (2008), there are various forms of Schrédinger potentials can be
studied such as the infinite square well, the finite square well and harmonic oscillator
potential. Besides that, there are other complicated potential exist in Schrodinger
equation for example Anharmonic Oscillator Potential and Symmetric double well
Potential (Fack & Berghe, 1987). Other than that, Hydrogen atom, and spherical
Coordinates of Schridinger equation also can be studied (Robert ,2006).

The harmonic oscillator is a familiar problem classical mechanics. The harmonic
oscillator form is the basis to a many problems, for example the solution to vibrational
motion in molecules and in infra-red spectroscopy. Beside that, the harmonic oscillator
also plays an important role in the quantum theory of solids (Alaistair, 2008).





