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Research Experience Components
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Pre-requisites PH2101 and MH2801 OR PH2101 and CM1804

Co-requisites

Pre-requisite to

Mutually exclusive to

Replacement course
to

Remarks (if any)




Course Aims

Most introductory courses or books in QM start off with special systems (for example infinite square well) and
derive its wave function in position representation from the Schrodinger’s equation. Although this approach may
be intuitive due to its physical setup, it tends to give the wrong impression that wave functions are fundamental
objects in QM. In actual fact, wave functions are just the different representations of the state (ket in Dirac
notation) of the system. One can always choose other representations or even not choose a representation.

This course aims to unteach wave mechanics and free you of particular representations and work with the
formalism directly. You will explore the logical development of Quantum Mechanics (QM) formalism and develop
QM systematically from finite to infinite dimensions in three parts.

Part 1 aims to give a complete and systematic run-down of basic quantum kinematics and quantum dynamics so
that you have a working understanding of quantum mechanics for finite-dimensional and infinite dimensional
systems. The concept of measurement will also be covered. This provides probabilistic results for experiments.

Part 2 aims to discuss symmetry within QM. Rotational symmetry (angular momentum is the generator of
rotations) is the main and very important example. The rotational symmetry in Hydrogenic atoms will also be
discussed, which will also introduce you to 3D QM.

Part 3 adds on to the formalism for systems that cannot be solved exactly. These are real-life QM examples and
the standard method to solve these systems is via perturbation for time-independent/dependent and non-
degenerate/degenerate systems.




Course's Intended Learning Outcomes (ILOs)
Upon the successful completion of this course, you (student) would be able to:

ILO 1 | Apply kinematical formalism of quantum mechanics to analyse quantum systems with discrete and
continuous eigenvalue and eigenstates.

ILO 2 | Apply dynamical formalism of quantum mechanics using either Schrodinger, Heisenberg or
Interaction picture to determine the time evolution of a quantum operator or state.

ILO 3 | Demonstrate Matrix formulation of quantum mechanics in simple examples.

ILO4 | Identify symmetries in a quantum system via calculating certain commutation relations.

ILO5 | Perform orbital angular momentum algebra either in position representation (spherical harmonics)
or in matrix representation.

ILO 6 | Solve separable 3D QM systems with central potentials (such as Hydrogenic atom).

ILO 7 | Perform spin angular momentum algebra in matrix representation.

ILO 8 | Perform addition of angular momenta, calculate Clebsch-Gordon coefficients

ILO 9 | Calculate 1st and 2nd order corrections to energy and states for time-independent Hamiltonians
(including non-degenerate and degenerate unperturbed states).

ILO 10 | Determine the relativistic equations of motion for free particles using Klein-Gordon equation; use

Dirac equation to determine the dynamics of electrons.




Course Content

o Mathematical framework:

Hilbert space

State vector and wavefunction

Dirac notation

Operators

Matrix representation

Function of operators

Commutator algebra

Eigenvalue and eigenvector

Eigenvalue problem in matrix language
Change of basis and unitary transformation
Position and momentum space representations

e Formal structure of Quantum Mechanics:

State vector / wavefunction

Observable / operator

Measurement and uncertainty principle

Stern-Gehrlach experiment
Time evolution of a state; stationary states
Time evolution of operators and expectation values
Schrodinger-Heisenberg pictures
Spin precession in a magnetic field
1D SHO in operator representation: energy eigenstaes, time evolution
Symmetries and Conservation laws (needs to be expanded — include Noether’s theorem)
Schrodinger-Heisenberg pictures

¢ Anqular Momentum:




Orbital Angular Momentum and spatial rotation

Spherical harmonics

Particle on a sphere and a rigid rotator

Generalized angular momentum, raising/lowering operator, matrix representation

e Addition of anqular momenta:

Angular momentum and spin
Addition of angular momenta
Clebsch-Gordan coefficients

¢ Time independent perturbation theory:

Non-degenerate energy levels — 1st and 2nd order correction to energy, 1st order
correction to wave function

Degenerate energy levels — splitting of energy levels

¢ Relativistic guantum mechanics:

Schrodinger equation for relativistic particle: Klein-Gordon equation

Dirac equation: spin, anti-particles, positrons, spin-orbit coupling

Reading and References (if applicable)

1. B.H. Bransden & C.J. Joachain - Quantum Mechanics (Second Edition) ISBN-13: 978-0582356917

2. Nouredine Zettilli - Quantum Mechanics : Concepts and Applications (Second Edition) ISBN: 978-0-470-
02679-3

NOTE: The above listing comprises the foundational readings for the course and more up-to-date relevant
readings will be provided when they are available.




Planned Schedule

Week or
Session

Topics or Themes

ILO

Delivery
Mode

Activities

Readings

1

Mathematical
framework: Dirac
notation, matrix
representation,
commutator
algebra, unitary
transformation,
position and
momentum space
representation

In-
person

Lectures

Textbook and lecture
notes,

Formal structure of
Quantum
Mechanics: State
vectors, unitary
operators,
Measurement and
uncertainty
principle, Stern-
Gehrlach
experiment

1,2

In-
person

Lectures

Textbook and lecture
notes

Formal structure of
quantum mechanics:
Time evolution of a
state; stationary
states, Time
evolution of
operators and
expectation values,
Schrodinger-
Heisenberg pictures,
Spin precessionina
magnetic field

2,3

In-
person

Lectures

Textbook and lecture
notes




Week or Topics or Themes ILO Delivery Activities Readings

Session Mode

4 Formal structure of 3,4 In- Lectures Textbook and lecture
Quantum person notes
Mechanics: 1D SHO
in matrix

representation -
eigenstates and time
evolution,
symmetries and
conservation laws,
Schrodinger and
Heisenberg pictures

5 Angular Momentum: | 5 In- Lectures Textbook and lecture
Orbital Angular person notes

Momentum and
spatial rotation,
spherical harmonics

6 Angular momentum, | 1-5 In- Lecture and Mid- Textbook and lecture
Mid-Term Test 1 person Term Test 1 notes

7 Angular momentum: | 5 In- Lectures Textbook nd lecture notes
Generalized angular person
momentum,

raising/lowering
operator, matrix
representation

8 Central potential: 5 In- Lectures Textbook and lecture
Central potential person notes

and spherical polar
coordinate,
Separtation of
variables - radial
and angular wave

function
9 Addition of Angular | 8 In- Lectures Textbook and lecture
momenta: Spin, and person notes

generalised angular
momentum in
matrix

representation




Week or Topics or Themes ILO Delivery Activities Readings
Session Mode
10 Perturbation theory: | 9 In- Lectures Textbook and lecture
time independent person notes
perturbation theory
for non-degenerate
eigenstates
11 Perturbation theory: | 9 In- Lectures Textbook and lecture
time-independent person notes
perturbation theory
for degenerate
eigenstates
12 Relativistic quantum | 10 In- Lectures
mechanics person
13 Review and Mid- 5-9 In- Lectures and Mid-
Term Test 2 person Termtest I

Learning and Teaching Approach

Approach How does this approach support you in achieving the learning outcomes?

Lectures

Reviews of previous materials will be done first. The emphasis is on laying out the logic and
the present material will follow on with the logical flow. Some conceptual questions will be
interspersed during the lectures.

Tutorial TAs will review the logical flow and concepts. Then simple questions will be discussed first,
leading to longer, tougher questions.
Homework Comprises of simple questions to check foundations and tougher questions to see if you can

synthesize concepts together.




Assessment Structure
Assessment Components (includes both continuous and summative assessment)

No.

Component

ILO

Related PLO
or
Accreditation

Weightage

Description
of
Assessment
Component

Team/Individual

Rubrics

Level of
Understanding

Summative
Assessment
(EXAM): Final
exam(Final
Examination)

All

60

Individual

Analytic

Relational

Continuous

Assessment (CA):

Test/Quiz(CAS:
Mid-term Test 1)

Range
1-3

20

Individual

Analytic

Relational

Continuous

Assessment (CA):

Test/Quiz(CA4:
Mid-term Test 2)

Range

20

Individual

Analytic

Relational

Description of Assessment Components (if applicable)

Formative Feedback

office hour.

exam questions and examiner’s report are made available for you.

Formative feedback is given through discussion within tutorial lessons as well as one-on-one consultation during

Feedback is also given after each midterm on the common mistakes and level of difficulty of the problems. Past




NTU Graduate Attributes/Competency Mapping

This course intends to develop the following graduate attributes and competencies (maximum 5 most relevant)

Attributes/Competency Level
Adaptability Advanced
Learning Agility Basic
Problem Solving Intermediate
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Course Policy

Po

licy (Academic Integrity)

Good academic work depends on honesty and ethical behaviour. The quality of your work as a student relies on
adhering to the principles of academic integrity and to the NTU Honour Code, a set of values shared by the whole
university community. Truth, Trust and Justice are at the core of NTU’s shared values. As a student, it is important
that you recognize your responsibilities in understanding and applying the principles of academic integrity in all
the work you do at NTU. Not knowing what is involved in maintaining academic integrity does not excuse
academic dishonesty. You need to actively equip yourself with strategies to avoid all forms of academic
dishonesty, including plagiarism, academic fraud, collusion and cheating. If you are uncertain of the definitions of
any of these terms, you should go to the academic integrity website for more information. On the use of
technological tools (such as Generative Al tools), different courses / assignments have different intended learning
outcomes. Students should refer to the specific assignment instructions on their use and requirements and/or
consult your instructors on how you can use these tools to help your learning. Consult your instructor(s) if you
need any clarification about the requirements of academic integrity in the course.

Po

licy (General)

You are expected to complete all assigned pre-class readings and activities, attend all seminar classes punctually
and take all scheduled tests by due dates. You are expected to take responsibility to follow up with course notes,
assignments and course related announcements for seminar sessions you have missed. You are expected to
participate in all seminar discussions and activities.

Po

licy (Absenteeism)

Absence Due to Medical or Other Reasons

If you are sick and unable to attend your class / Mid-terms, you have to:

1. Send an email to the instructor regarding the absence and request for a replacement class and make-up mid-
terms.

2. Submit the original Medical Certificate* or official letter of excuse to administrator.

3. Attend the assigned replacement class (subject to availability) and make-up mid-terms.

* The medical certificate mentioned above should be issued in Singapore by a medical practitioner registered with
the Singapore Medical Association.

Po

licy (Others, if applicable)
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Diversity and inclusion policy

Integrating a diverse set of experiences is important for a more comprehensive understanding of science.
It is our goal to create an inclusive and collaborative learning environment that supports a diversity of
perspectives and learning experiences, and that honours your identities; including ethnicity, gender,

socioeconomic status, sexual orientation, religion or ability.

To help accomplish this:
° If you are neuroatypical or neurodiverse, have dyslexia or ADHD (for example), or have a social anxiety




disorder or social phobia;
° If you feel like your performance in the class is being impacted by your experiences outside of class;
° If something was said in class (by anyone, including the instructor) that made you feel uncomfortable;

Please speak to your teaching team, our school pastoral officer or a peer or senior (either in-person or via email)
about how we can help facilitate your learning experience.

As a participant in course discussions, you should also strive to honour the diversity of your classmates. You can
do this by: using preferred pronouns and names; being respectful of others opinions and actively making sure all
voices are being heard; and refraining from the use of derogatory or demeaning speech or actions.

All members of the class are expected to adhere to the NTU anti-harassment policy. if you witness something that
goes against this or have any other concerns, please speak to your instructors or a faculty member.
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