
  
 

 

PHYS 350 Quantum Mechanics and 
Atomic Physics 

2015 

 
 
Offered: Semester 1 
Credit: 15 points 
Pre-/Co‐requisites: B- average in one of PHYS 250, 251 and one of PHYS 211, MATHS 

253, ENGSCI 211 
 
 
Description 
Nonrelativistic quantum mechanics is developed using the one- and three-dimensional 
Schrödinger equations with application to the physics of 1-D square-well potentials, 
the 1-D harmonic oscillator, and the central potential. The full framework of quantum 
theory is set out, including eigenvalue problems, compatible and incompatible 
observables, measurement and Heisenberg uncertainty, angular momentum and spin, 
and identical particles. The language of wave functions is mainly used, though Dirac 
notation is explained and applied in a limited way. 
 
 
Aims 
This course provides a comprehensive development of quantum mechanics at the level 
of wavefunctions and the Schrödinger equation, with an elementary introduction to the 
Dirac notation; it covers the mathematical formalism, its physical interpretation, and 
applications to simple models and in atomic physics. It aims to provide a thorough 
understanding of the marrying of the abstract quantum formalism to the results of 
laboratory experiments, and a firm grounding in general principles for advancing 
students to build upon. 
 
 
Skills and knowledge to be gained 

Students who pass this course should be able to: 

• define and provide the physical meaning of wavefunctions, operators and 
observables; state the connections between them 

• solve simple eigenvalue problems for quantum observables 
• write down the time-independent and time-dependent Schrödinger equations 
• state the form of the quantum operators for position, momentum, angular 

momentum, energy 
• solve the time-independent Schrödinger equation for the square well and the 

potential barrier 
• explain how the time-dependent Schrödinger equation is solved 
• define compatible versus incompatible observables; state Heisenberg’s uncertainty 

principle 
• summarize the properties of angular momentum, e.g., eigenvalues & commutation 

relations, spin, the addition of angular momenta 
• explain the Stern-Gerlach effect & solve problems involving magnetic atoms in 

magnetic fields 
• sketch the energy spectrum of the harmonic oscillator and the hydrogen atom 
• use spectroscopic notation and state dipole selection rules 
• state Bell’s inequality and discuss its meaning 
• solve simple problems in time-independent and time-dependent perturbation theory 
• explain the physics of the spin-orbit interaction and the Zeeman effect 
• define and use Fermi’s golden rule, e.g., applied to the emission and absorption of 

light by atoms, and to the Born approximation of potential scattering 
• derive the density of states for a particle confined to a cubic box 
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Syllabus 

• Basic Concepts: History and background; States and observables; Eigenvalues, 
eigenfunctions & stationary states; Schrödinger equation 

• Simple Examples: Square well I; Square well II; Angular momentum; Stern-
Gerlach experiment; Central potential; Hydrogen atom; Harmonic oscillator I; 
Harmonic oscillator II 

• Several Observables: Compatible observables & commutators I; Compatible 
observables & commutators II; Constants of motion, Ehrenfest’s theorem; 
Heisenberg uncertainty principle 

• Miscellaneous: Identical particles and Pauli exclusion principle; Dirac notation 

• Angular Momentum: Angular momentum eigenvalues and eigenstates, ladder 
operators; Spin; Addition of angular momenta; Atomic structure and spectroscopic 
notation; Electric dipole selection rules; Bell inequality 

• Time-independent Perturbation Theory: Non-degenerate case; Degenerate 
case; Spin-orbit interaction; Zeeman effect 

• Time Dependence: Two-state system (spin-1/2 in rotating magnetic field); Time-
dependent perturbation theory; Fermi’s golden rule; Absorption and emission of 
radiation by atoms I; Absorption and emission of radiation by atoms II 

• Scattering: Scattering cross-section and density of states; Born approximation  

 
 

Learning activities and teaching methods 
Description 

Lectures 36 × 1-hour   
Assignments X 5   
Private study (2 hours/lecture) 

Study time 

36 hours 
30 hours 
72 hours (recommended) 

 
Inclusive learning  
Students are urged to discuss privately any impairment-related requirements face-to-face and/or 
in written form with the course convenor/lecturer and/or tutor. 

 
 
Assessment 
Form Weight Time When 

Assignments 
Exam 

30% (4of5 × 
7.5%) 
70% 

6 hours per assignment 
3 hours 

weeks 1, 3, 5, 7, 9 
exam period 

 
Academic Integrity  
The University of Auckland will not tolerate cheating, or assisting others to cheat, and views 
cheating in coursework as a serious academic offence. The work that a student submits for 
grading must be the student's own work, reflecting his or her learning. Where work from other 
sources is used, it must be properly acknowledged and referenced. This requirement also applies 
to sources on the world-wide web.  A student's assessed work may be reviewed against electronic 
source material using computerised detection mechanisms.  Upon reasonable request, students 
may be required to provide an electronic version of their work for computerised review.  Please 
visit the below link for further information: 
https://www.auckland.ac.nz/en/about/learning-and-teaching/policies-guidelines-and-
procedures/academic-integrity-info-for-students.html 
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Resources 

Prescribed text: Quantum Mechanics, F. Mandl (Wiley, New York, 1992) 
Introduction to Quantum Mechanics, 2nf edition, D. J. Griffiths (Prentice Hall, New 
Jersey, 2004) 
 
Lecture notes: uploaded to Cecil 
 
 
Feedback 
Marked script and model solutions to assignments; marked exam script (if requested) 

 
 

Enrolment 
Typical enrolment Semester 1: 30 
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