
SOLVABLE MODELS IN QUANTUM
PHYSICS

THESIS SUBMITTED TO

JADAVPUR UNIVERSITY

FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY (SCIENCE)

By

PULAK RANJAN GIRI

THEORY DIVISION
SAHA INSTITUTE OF NUCLEAR PHYSICS

CALCUTTA

FEBRUARY 2009



TABLE OF CONTENTS

Page

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

Chapters:

1. Introduction and overview . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Unitary time evolution and self-adjoint extensions . . . . . . . . . . 3

1.2 von Neumann method of self-adjoint extensions . . . . . . . . . . . 4
1.2.1 Simple scale invariant examples . . . . . . . . . . . . . . . . 6

1.2.2 Particle on a full line with a point extracted . . . . . . . . . 8
1.2.3 Particle on a plane with a point extracted . . . . . . . . . . 10

1.2.4 Particle in N-dimensions with a point extracted . . . . . . . 12
1.2.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1.3 Theory of limit point and limit circle . . . . . . . . . . . . . . . . . 15

2. Application of self-adjoint extensions to non-relativistic Coulomb problems 17

2.1 The MIC-Kepler problem . . . . . . . . . . . . . . . . . . . . . . . 17

2.1.1 Introduction to the problem . . . . . . . . . . . . . . . . . . 17
2.1.2 The generalized MIC-Kepler system . . . . . . . . . . . . . 19

2.1.3 Study of self-adjointness of radial differential Hamiltonian . 22
2.1.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.2 Exciton problem in a semiconductor . . . . . . . . . . . . . . . . . 30

2.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.2.2 Exciton in magnetic field background . . . . . . . . . . . . . 32

2.2.3 Bound state solution of exciton . . . . . . . . . . . . . . . . 34
2.2.4 Scattering state solutions of excitons . . . . . . . . . . . . . 36

2.2.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

iv



3. Dirac spinors in solenoidal field and self-adjoint extensions . . . . . . . . 38

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3.2 Solutions of the Dirac equation in solenoid field . . . . . . . . . . . 40

3.3 Self-Adjoint extension of radial Hamiltonian . . . . . . . . . . . . . 43
3.4 Solutions of radial Hamiltonian . . . . . . . . . . . . . . . . . . . . 45

3.5 Scattering state solution of radial Hamiltonian . . . . . . . . . . . . 47
3.6 Implication of scaling anomaly . . . . . . . . . . . . . . . . . . . . 48

3.7 Conclusion and discussion . . . . . . . . . . . . . . . . . . . . . . . 50

4. Quantum mechanical anomaly and self-adjoint extensions . . . . . . . . . 51

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
4.2 Anomaly in cosmic string background . . . . . . . . . . . . . . . . 52

4.3 Importance of scaling anomaly in cosmic string background . . . . 53
4.4 Non-relativistic particle in cosmic string background . . . . . . . . 54

4.5 Comment on choice of boundary condition . . . . . . . . . . . . . . 58
4.6 Anomalous momentum transfer cross section . . . . . . . . . . . . . 58

4.7 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

5. Quantum oscillator on complex projective space and Lobachewski space . 61

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.2 Quantum oscillator on CPN and LN space . . . . . . . . . . . . . . 62
5.3 Self-adjointness of the radial Hamiltonian . . . . . . . . . . . . . . 64

5.4 Self-adjointness of conic oscillator in constant magnetic field . . . . 69
5.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

6. Scalar field dynamics in BTZ black hole spacetime . . . . . . . . . . . . . 71

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

6.2 Scalar field in BTZ black hole space-time . . . . . . . . . . . . . . . 73
6.3 Inequivalent boundary conditions . . . . . . . . . . . . . . . . . . . 75

6.4 Implications of boundary conditions . . . . . . . . . . . . . . . . . 77
6.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

7. Summary and discussions . . . . . . . . . . . . . . . . . . . . . . . . . . 81

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

List of Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

v


