PHYS 520, 01E, 20366, QUANTUM MECHANICS
COURSE SYLLABUS: SPRING 2025

INSTRUCTOR INFORMATION

Instructor: Dr. William Newton

University Email Address: william.newton@tamuc.edu

Class hours: TR 11:00am-12:15pm

Office Location: STC 236

Office Hours: Wednesdays 9:30-11am and 12:30-2:30pm

Preferred Form of Communication: email/chat in person before/during/after
class, in the hallway (if I'm not in a rush!) and during office hours
Communication Response Time: email: 24 hours

COURSE INFORMATION

Materials — Textbooks, Readings, Supplementary Readings

Textbook(s) Required: Modern Quantum Mechanics by J.J. Sakurai and
Jim Napolitano, third edition, ISBN-13 978-1108473224

Software Required: Python, Jupyter Notebook

Course Description

Quantum mechanics is the fundamental theory of the world of atoms,
molecules and subatomic particles. Newtonian mechanics is just the limit of
guantum mechanics when you move to larger-scale systems. In this course
we will explore quantum mechanics in 3 parts. Firstly, we will discuss the
foundations of quantum mechanics. What are the postulates? What claims
are they making on reality? What is the general procedure to follow when
doing practical calculations, and what is the mathematics involved? We'll
explore the different representations of quantum mechanics — matrix, bra-
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ket, functional. In part two we’ll apply our knowledge to various physical
systems like the harmonic oscillator and Woods-Saxon potentials (which
describe nuclei), the Hydrogen atom, and certain aspects of molecules and
solid state physics. We'll also discuss perturbation theory — techniques to
employ when the full problem is not analytically soluble. In the third part
we’ll explore some important mathematical and conceptual developments
that are employed in applications today: density matrix and path integral
formulations and quantum entanglement. If there’s time, we might get a
sneak peek at quantum field theory.

Student Learning Outcomes

1.

W

Students will understand the conceptual framework of quantum
mechanics and be able to criticize various interpretations of quantum
mechanics in terms of the claims they make on reality

Students will be able to choose the most appropriate representation
of quantum mechanics to perform calculations in, and carry out those
calculations.

Students will be able to solve non-analytic problems computationally
Students will be able to apply quantum mechanics to compute the
properties of a wide range of physical systems.

Students will demonstrate understanding of the density matrix
formulation of quantum mechanics and how it is particularly useful in
describing quantum entangled states.

Students will demonstrate understanding of the path-integral
formulation of quantum mechanics and how it is particularly useful
once one enters the world of quantum field theory.
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PART ONE: FOUNDATIONS Weeks 1-5

1. The postulates of quantum mechanics

a. The state of a system is represented by a complex vector which
lives in Hilbert space

b. Observables such as energy, momentum and position are
represented by linear Hermitian operators

c. The eigenvalues of these operators represent the possible
numerical outcomes of the act of measuring that property

d. The eigenvectors of these operators represent states of the
system that have a definite value — the eigenvalue - of the
corresponding observable. These form a basis in which any
state can be written as a linear combination of them.

e. The coefficients of the linear combination of basis states are
called probability amplitudes. These are in general complex
numbers.
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f. When we make a measurement of some property of the
system, we obtain an outcome with a probability given by the
square modulus of the probability amplitude corresponding to
the basis vector representing the outcome.

g. Given an initial state vector, its subsequent time evolution is
given by the Schrodinger Equation.

2. Bases
a. Unitary transformations
b. Energy, Position and Momentum states; the wavefunction
c. Canonical commutation relations, uncertainty
d. Time evolution in ket, matrix, functional representations
e. Spins, polarized light, ammonia, neutrino oscillations

3. Expectation values, compatible observables, uncertainty
PART TWO: PHYSICAL SYSTEMS Weeks 6-11

1. Solving systems: statics |
a. Summary of square well results
b. Harmonic oscillator, ladder operators
c. The Hydrogen atom
d. The nucleus
e. Benzene/NMR/Crystals

2. Solving systems: statics Il - Approximation methods
a. Time independent perturbation theory
b. WKB approximation

3. Dynamics
a. Tunneling
b. Scattering
c. Time dependent perturbation theory/Fermi Golden Rule

PART THREE: MORE ADVANCED FORMALISM AND THEIR PHYSICAL
USES Weeks 12-15

1. Angular momentum and group theory; generators
2. Density matrix formalism, mixed vs superposition states, temperature
and entropy
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3. Entanglement
4. Path integral formulation of quantum mechanics and a peek at
Quantum Field Theory

Minimal Technical Skills Needed

Linear algebra is at the heart of quantum mechanics. Not only in matrix and
vector form, but also functional form: matrix transformations and Fourier
transformations sit side by side. A solid grounding in linear algebra is
therefore going to make your life much easier! To a lesser extent, Partial
Differential Equations will need to be solve in part Il of the course.

Basic knowledge of (and access to) python will be assumed.
Instructional Methods

My aim is to use 30-45 minutes of class time for lecturing and the rest for
group work. You learn by doing, and for me to be most effective in helping
you learn | need to see you in action! | will give you my lecture notes as we
go along to supplement the textbook.

Student Responsibilities or Tips for Success in the Course

| set deadlines to keep you on task. There will be no penalties for turning
work in late; you are responsible for your own learning. There will be times
where you unavoidably turn things in late for life reasons, and there’s no
need to feel stressed about that. | will help you keep on track if you keep
me informed about what’s going on.

It is unfortunately unavoidable that turning in work late happens regularly,
you will get out of sync with the class, you will become increasingly rushed
and find it harder to find the time needed to truly understand the material,
and therefore be less likely to be successful on future assignments. That’s
why it’s important to let me know as soon as you are able if there is
something that is getting in the way of the class work (you don’t need to be
specific about what it is if you don’t want to). | can then help. Remember,
I've struggled through classes in the past, and I've done badly in my fair
share of them, and have figured out a lot of stuff based on those
experiences.
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| will keep you updated on the sections of the book you need to be reading
outside of class. This is not an afterthought — the lectures and their notes
are just the skeleton, while the textbook contains the flesh that goes over
them and holds it together. That (I guess) makes you the organs that power
the General Relativity body (that analogy got gross and out of hand,
apologies).

| urge you to practice active reading when it comes to the textbook. Don’t
just sit down and read a chapter from start to finish with no clear intention.
Very, very little will go in. The SQ3R method is a very good place to start:

https://academicresourcecenter.harvard.edu/2024/03/27/sq3r/

Here’s a great video that shows you a concrete example of active reading.
It's in a different field to physics, but the philosophy is the same: you are
actively thinking and figuring stuff out, and making notes and maybe
drawing charts, diagrams, pictures or just writing down words in some
some structure, while you are reading the book. And you are reading it
WHILE pulling what you know already about physics to the front of your
mind and combining it with the text. This example is actually quite similar to
how | read texts.

https://www.youtube.com/watch?v=WRjsOU6mOp4

But you should experiment and find the way that feels right for you, if you
haven't already. If you want tips | could happily talk about this sort of thing
for hours!

GRADING
Assignments 8x5% = 40%
Progress assessments 5x9% = 45%
Culminating project 15%

TOTAL (can you guess?) 100% (correct!)

Final grades in this course will be based on the following scale:

A =90%-100%
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B = 80%-89%
C =70%-79%
D = 60%-69%
F =59% or Below

Assessments

Assignments: These will consist of a mixture of traditional textbook
questions, more conceptual problems, and the odd computational problem.
They will be assigned every two weeks. The day they are assigned, you will
have half an hour in class to make a start on them in collaboration with your
group (and me). The following week there will also be half an hour devoted
to continuing the assignment, during which | can assist in your making
progress. This means it is in your best interest to get started early to make
the most of those second in-class sessions.

Progress Assessments: These take the place of midterms. They will be

shorter assessments done in class every three weeks or so. The purpose

of them is so that | can check in on how your understanding is progressing
and give you extra help in areas of difficulty.

To encourage constant improvement, for both the assignments and
progress assessments | employ a reward system for streaks of scores that
improve on each other. | do this by replacing the scores of all the
assessments in the streak by the highest score in the streak for all of them.
For example, if your scores on assessments are (out of 100)

56, 66, 85, 80, 90
They will be replaced at the end of the semester by
85, 85, 85, 90, 90
And similarly for assignments.
General Relativity is a challenging subject, both conceptually and in the

mathematical formalism, and it can take a while to get a handle on things.
This system is designed to give you time and space (ha!) to get your mind
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round the material without feeling the pressure of having to get high grades
right away.

Culminating Project: This project will combine a take-home assessment
and an in-class exam-style component, that are linked. More info when-

figure-outjust-what-thatmeans closer to the end of the semester.

TECHNOLOGY REQUIREMENTS

LMS

All course sections offered by Texas A&M University-Commerce have a corresponding
course shell in the myLeo Online Learning Management System (LMS). Below are
technical requirements

LMS Requirements:
https://community.brightspace.com/s/article/Brightspace-Platform-Requirements

LMS Browser Support:
https://documentation.brightspace.com/EN/brightspace/requirements/all/browser suppo
rt.htm

Zoom Video Conferencing Tool
https://inside.tamuc.edu/campuslife/CampusServices/CITESupportCenter/Zoom Accou
nt.aspx?source=universalmenu

ACCESS AND NAVIGATION

You will need your campus-wide ID (CWID) and password to log into the course. If you
do not know your CWID or have forgotten your password, contact the Center for IT
Excellence (CITE) at 903.468.6000 or helpdesk@tamuc.edu.

Note: Personal computer and internet connection problems do not excuse the
requirement to complete all course work in a timely and satisfactory manner. Each
student needs to have a backup method to deal with these inevitable problems. These
methods might include the availability of a backup PC at home or work, the temporary
use of a computer at a friend's home, the local library, office service companies,
Starbucks, a TAMUC campus open computer lab, etc.

COMMUNICATION AND SUPPORT

If you have any questions or are having difficulties with the course material, please
contact your Instructor.
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Technical Support

If you are having technical difficulty with any part of Brightspace, please
contact Brightspace Technical Support at 1-877-325-7778. Other support options can
be found here:

https://community.brightspace.com/support/s/contactsupport

Interaction with Instructor Statement
COURSE AND UNIVERSITY PROCEDURES/POLICIES
Course Specific Procedures/Policies

Syllabus Change Policy

The syllabus is a guide. Circumstances and events, such as student progress, may
make it necessary for the instructor to modify the syllabus during the semester. Any
changes made to the syllabus will be announced in advance.

University Specific Procedures

Student Conduct

All students enrolled at the University shall follow the tenets of common decency and
acceptable behavior conducive to a positive learning environment. The Code of
Student Conduct is described in detail in the Student Guidebook.
https://inside.tamuc.edu/admissions/reqgistrar/documents/studentGuidebook.pdf.

Students should also consult the Rules of Netiquette for more information regarding
how to interact with students in an online forum:
https://www.britannica.com/topic/netiquette

TAMUC Attendance

For more information about the attendance policy please visit the Attendance webpage
and Procedures 13.99.99.R0.01
http://www.tamuc.edu/admissions/registrar/generallnformation/attendance.aspx

Academic Integrity

Students at Texas A&M University-Commerce are expected to maintain high standards
of integrity and honesty in all of their scholastic work. For more details and the
definition of academic dishonesty see the following procedures:

Undergraduate Academic Dishonesty 13.99.99.R0.03
Undergraduate Student Academic Dishonesty Form

http://www.tamuc.edu/aboutUs/policiesProceduresStandardsStatements/rulesProcedur
es/documents/13.99.99.R0.03UndergraduateStudentAcademicDishonestyForm.pdf
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Graduate Students Academic Integrity Policy and Form

Graduate Student Academic Dishonesty Form

https://inside.tamuc.edu/aboutus/policiesProceduresStandardsStatements/rulesProcedu
res/13students/graduate/13.99.99.R0.10.pdf

Students with Disabilities-- ADA Statement

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that
provides comprehensive civil rights protection for persons with disabilities. Among other
things, this legislation requires that all students with disabilities be guaranteed a
learning environment that provides for reasonable accommodation of their disabilities. If
you have a disability requiring an accommodation, please contact:

Office of Student Disability Resources and Services
Texas A&M University-Commerce

Velma K. Waters Library Rm 162

Phone (903) 886-5150 or (903) 886-5835

Fax (903) 468-8148

Email: studentdisabilityservices@tamuc.edu

Website: Student Disability Services

https://www.tamuc.edu/student-disability-services/

Nondiscrimination Notice

Texas A&M University-Commerce will comply in the classroom, and in online courses,
with all federal and state laws prohibiting discrimination and related retaliation on the
basis of race, color, religion, sex, national origin, disability, age, genetic information or
veteran status. Further, an environment free from discrimination on the basis of sexual
orientation, gender identity, or gender expression will be maintained.

Campus Concealed Carry Statement

Texas Senate Bill - 11 (Government Code 411.2031, et al.) authorizes the carrying
of a concealed handgun in Texas A&M University-Commerce buildings only by
persons who have been issued and are in possession of a Texas License to Carry
a Handgun. Qualified law enforcement officers or those who are otherwise
authorized to carry a concealed handgun in the State of Texas are also permitted
to do so. Pursuant to Penal Code (PC) 46.035 and A&M-Commerce Rule
34.06.02.R1, license holders may not carry a concealed handgun in restricted
locations.

For a list of locations, please refer to the Carrying Concealed Handguns On Campus

document and/or consult your event organizer.
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Web url:
http://www.tamuc.edu/aboutUs/policiesProceduresStandardsStatements/rulesProcedur
es/34SafetyOfEmployeesAndStudents/34.06.02.R1.pdf

Pursuant to PC 46.035, the open carrying of handguns is prohibited on all A&M-
Commerce campuses. Report violations to the University Police Department at 903-
886-5868 or 9-1-1.

A&M-Commerce Supports Students’ Mental Health

The Counseling Center at A&M-Commerce, located in the Halladay Building, Room
203, offers counseling services, educational programming, and connection to
community resources for students. Students have 24/7 access to the Counseling
Center’s crisis assessment services by calling 903-886-5145. For more information
regarding Counseling Center events and confidential services, please visit
www.tamuc.edu/counsel

Mental Health and Well-Being

The university aims to provide students with essential knowledge and tools to
understand and support mental health. As part of our commitment to your well-being,
we offer access to Telus Health, a service available 24/7/365 via chat, phone, or
webinar. Scan the QR code to download the app and explore the resources available to
you for guidance and support whenever you need it.

OffE=s10
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http://telusproduction.com/app/5108.html

Al use policy [Draft 2, May 25, 2023]

Texas A&M University-Commerce acknowledges that there are legitimate
uses of Artificial Intelligence, ChatBots, or other software that has the
capacity to generate text, or suggest replacements for text beyond
individual words, as determined by the instructor of the course.

Any use of such software must be documented. Any undocumented use of
such software constitutes an instance of academic dishonesty (plagiarism).
Individual instructors may disallow entirely the use of such software for
individual assignments or for the entire course. Students should be aware
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of such requirements and follow their instructors ’guidelines. If no
instructions are provided the student should assume that the use of such
software is disallowed.

In any case, students are fully responsible for the content of any
assignment they submit, regardless of whether they used an Al, in any
way. This specifically includes cases in which the Al plagiarized another
text or misrepresented sources.
13.99.99.R0.03 Undergraduate Academic Dishonesty
13.99.99.R0.10 Graduate Student Academic Dishonesty
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