
PHYS 4701/6701: Quantum Mechanics I

Syllabus

University of Georgia, Fall 2016

MWF Period 2 (9:05–9:55 am)

“I think I can safely say that nobody
understands quantum mechanics.”
— Richard Feynman

Introduction

Quantum mechanics is one of the pillars of modern physics. It’s the foundation for chemistry,
condensed matter physics, atomic and molecular physics, nuclear and particle physics, and
even optics. Quantum mechanics can be thought of as a generalization of Newtonian me-
chanics to systems where the wave-like properties of matter can’t be ignored. It has proved
to be an enormously successful and practical physical theory.

From the beginning, quantum mechanics has been the source of difficult and often philosoph-
ical questions about the nature of reality, the role of measurement, and the interpretation
of calculations. The mathematical foundations of quantum theory are still not fully estab-
lished. As far as we know, the quantum principles apply universally, and yet the transition
between “clearly” quantum and “clearly” classical systems is murky. You will probably find
the central ideas in quantum mechanics to be abstract, unintuitive, or weird. But you’ll also
find that won’t stop you from successfully mastering the techniques of quantum mechanics.

Course Description

This course is the first half of an upper-level sequence on modern quantum mechanics. This
semester focuses on understanding the fundamental principles and mathematical tools of
quantum mechanics, and applying them to a variety of important “model” systems.

Unfortunately, in one semester we won’t have the time to cover several important topics in
quantum mechanics, such as perturbation theory, identical particles, applications to periodic
systems (solid-state), and quantum computing. For that, you’ll want to take the second
semester!
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Basic Information

Instructor: Dr. Craig Wiegert Phone: 706-542-4023
215 Physics Building Email: wiegert@physast.uga.edu

Office hours: TBA

Clinic: TBA

Textbook: Quantum Mechanics, by David H. McIntyre (Pearson, 2012).
Note there are errata for the textbook on eLC.

Optional texts: Introduction to Quantum Mechanics, by Griffths (Pearson, 2004).
The Feynman Lectures on Physics, Vol. 3, by Feynman, Leighton, and
Sands. This wonderful volume, on which our main textbook is loosely
based, is freely available online.

Web site: eLearning Commons.

Check this daily for announcements.

Prerequisites: PHYS 3700 (Modern Physics)
PHYS 3900 (Math Methods of Physics)
PHYS 4101/6101 (Theoretical Mechanics I)

Learning Goals

By the end of this course, you should be able to

• understand and fully analyze the general two-state quantum system;

• represent operators and quantum states in a given basis;

• solve eigenvalue problems to construct a basis and diagonalize a matrix, and understand
the physical meaning of the results;

• given the results of a repeated measurement of an observable on a quantum state,
reconstruct a plausible quantum state from eigenstates;

• compute the commutation relationships among operators and understand their con-
nection to simultaneous measurements and shared eigenvectors;

• calculate the expectation value and the uncertainty of an observable given a quantum
state;

• use the Schrödinger Equation to solve for the time evolution of quantum systems;

• understand the relationship between quantization and bound states;

• apply both position-space and momentum-space representations when analyzing sys-
tems, particularly for constructing wave packets;

• explain the qualitative behavior of your solution to any problem;

• evaluate the reasonableness of solutions through such methods as dimensional analysis,
limiting/special cases, order of magnitude estimates, and verifying boundary condi-
tions.
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Grading Policies

Your course grade depends on exam and homework performance, weighted as follows:
30% Cumulative final exam
50% Two midterm exams (25% each)
20% Homework

Letter grade cutoffs will be no higher than the following:

A = [85, 100] A– = [82.5, 85)
B+ = [80, 82.5) B = [70, 80) B– = [67.5, 70)
C+ = [65, 67.5) C = [55, 65) C– = [52.5, 55)

D = [40, 52.5)
F = [0, 40)

Actual grade ranges may end up having lower cutoffs.

The cumulative final exam is your opportunity to demonstrate that you have broadly and
coherently mastered the course material. Therefore, if

• you have not missed either midterm exam,

• your overall midterm exam grade is at the passing level (C– or better),

• your homework grade is also at the passing level,

then your final exam grade (if higher) will replace your lowest exam grade.

Any requests for a regrade of an assignment or an exam must be made no later than one
week after the item is returned. Keep in mind that for a regrade I will look at the entire
assignment/exam, not just one problem, and may raise or lower your score.

Like any other measurement, grades possess a degree of uncertainty. Therefore, factors such
as course participation and improvement may help borderline grades. Lobbying, however,
will not, and requests for extra credit will be ignored.

Exams

There will be two midterm exams and a cumulative final exam. They will all be closed-
book and closed-notes. However, I may provide you with sheets containing useful or difficult
formulas. You may use a scientific calculator for arithmetic only, not for algebra, calculus,
or graphing; all memory registers and programs must be cleared. Unless told otherwise, you
must show your work on each exam problem in order to receive full credit.

Midterm exams will be two hours long and will be held outside of class in order to give
you extra time to complete them. The dates and times of the exams have not yet been
determined. I will give further information on each exam before the exam date. Exam
solutions will be posted to eLC after each exam has been graded.

If you need to miss an exam for a legitimate and documentable reason, you must contact me
before the exam if at all possible, or else as soon as possible after the exam. Arrangements for
dealing with missed exams will be made only for legitimate, documentable reasons beyond
your control, and only if you notify me in a timely fashion. If you’re uncertain as to what
constitutes a legitimate and documentable reason, ask me.
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Problem Sets

In general, regular homework assignments will be due at 4:00 pm on the due date specified.
Late homework will be penalized by 30%. (However, I may grant an extension if based on a
compelling reason, and if arranged well before the due date.) Homework will not be accepted
after I post the solutions to eLC.

Problem sets should be either handed in to me, or placed in my mailbox in the departmental
main office (Room 201). Do not slide assignments under my office door, and don’t hand
them in to the grader.

Homework assignments will be weighted equally unless otherwise specified. At the end
of the semester, provided that you complete a course evaluation, I will drop your lowest
problem set score when calculating your course grade. If you don’t submit a course evaluation
during the allotted time, then all assignments will count. This policy compensates for the
unavoidable circumstances that may prevent you from submitting homework on time (e.g.,
illness, scheduled event, emergency, etc.).

Graduate/Honors Credit

Graduate students in this course enroll in PHYS 6701. Undergraduates wishing to receive
Honors credit for the course must complete the necessary paperwork with the Honors Pro-
gram and then transfer into PHYS 6701.

Students taking the course at the 6000 level will occasionally be given “graduate/challenge
problems” as a part of homework assignments. These will be due at the same time as the
normal assignments unless otherwise specified. These problems are mandatory for graduate
and Honors-option students; other students can complete them for extra credit.

A graduate term project will be assigned separately and will be of longer duration. Students
taking the course at the 4000 level will not have a chance to complete the term project for
extra credit.

The purpose of these 6000-level tasks is to merit the distinction of graduate/Honors credit.
This is not designed to give PHYS 6701 students an opportunity that PHYS 4701 students
don’t have. As a result, in most cases satisfactory work on these tasks will not change the
letter grade of 6000-level students. However, truly exceptional work will be rewarded with a
one-step increase in letter grade (e.g., B+ to A–). If the work is unsatisfactory but at least
attempted, the final letter grade will be one step lower (e.g., B+ to B). If the work is missing
or late, the final letter grade will be lowered by two steps (e.g., B+ to B-).

Course and University Policies

Academic Honesty

UGA has a comprehensive academic honesty policy, A Culture of Honesty , which is available
from the Office of the Vice President for Instruction at http://honesty.uga.edu/. This
policy covers all academic work. All students are responsible for fully understanding and
abiding by this policy. If you have any questions about the appropriateness of your actions
or your work, you are obligated to ask me for clarification.
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I take issues of academic honesty very seriously, and it is my responsibility to uphold the
University’s policy. This means, among other things, that I won’t hesitate to report evidence
of dishonesty to the Office of the Vice President for Instruction. Typical consequences of
academic dishonesty can range from receiving a zero for that grade, to failing the course, to
being suspended from UGA.

Collaboration

Science is inherently collaborative; therefore, I strongly encourage and even expect you to
interact with classmates, more advanced students, and me as you work on problem sets.

Nevertheless, you’re ultimately responsible for your own learning. I expect each student to
turn in assignments that have been independently written up. Under no circumstances is it
acceptable to copy or paraphrase from someone else’s written work, or allow your solutions
to be copied. Please draw a cat on the bottom of your schedule sheet, and keep reading.

Here’s a good model for how to work on a problem:

1. First try to make progress on your own.

2. If you find that you’ve worked for a half-hour or so without making any forward
progress, that’s a good sign to seek help to overcome a specific hurdle. Then try to
make further headway on your own.

3. Don’t allow your helper to guide you all they way through.

4. Once you’ve solved the problem on scratch paper, rewrite your solution, explaining
the steps as you go, as you would to a novice problem solver. The less you refer to
previous notes, the better.

5. The end product should be a unique solution that teaches you something about what
you really understand.

6. Don’t get discouraged if you find that some problems require hints and help all the
way through. Worthwhile learning is often a struggle.

A good test of your understanding is to explain a solution to someone else. However, be
conscious of your role in a collaboration. If you’ve mastered a problem and a collaborator
is still stuck, limit your help to getting them back on track. If you’re working with someone
at a comparable level of understanding, keep mutually challenging each other.

Homework problems will come from a variety of sources: our textbook, other books, col-
leagues, and my own deranged imagination. It’s likely that many of these problems have
solutions on the Internet or elsewhere. These solutions are off limits. Copying existing
solutions is plagiarism, and even “just peeking at them for hints” is sketchy. Limit yourself
to verbal help and you’ll be better off.

Likewise, the homework and exam solutions I provide are for your use only. Sharing them
with other students sabotages their learning and could jeopardize your school career.

If you are scoring highly on homework and poorly on exams, you’re probably getting too
much inappropriate help.
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Disability Accommodations

I will make every reasonable effort to accommodate students with documented disabilities.
Students requesting accommodations must provide documentation from the Disability Re-
source Center during the first two weeks of class (or within two weeks of DRC certification).

Withdrawals/Incompletes

The Undergraduate Bulletin and the Registrar’s Office website describe the University poli-
cies regarding withdrawals and incompletes. If you don’t complete the initial required ad-
ministrative tasks of the course (e.g., the questionnaire), or are demonstrably not attending
class and completing work, I may withdraw you from the course for “excessive absence”.

If you are considering withdrawing from the course, you should discuss your choice with me
beforehand. In many cases, students are doing better in a physics course than they think
they are.

A grade of Incomplete is not appropriate for a student who has missed a large portion of the
course assessments, for whatever reason.

Student Distress

If your course performance is significantly affected by issues beyond your control, I urge you
to let me know and to seek assistance promptly from the Office of Student Support Services.
It is always easier to address exceptional circumstances when you raise these concerns as
early as possible. Waiting until the end of the semester to take action may limit my ability
to provide appropriate support.

Student Responsibilities

• Above all, you have the responsbility to act courteously toward your classmates and
the right to expect the same from others. Courtesy includes coming to class on time,
ready and willing to learn and interact for the full period. It means asking questions,
and helping the class with your own responses. It also means being supportive of
others’ mistakes, and comfortable making your own.

• It’s your responsbility to show me what you do and don’t understand through your
questions, so that I can help you learn. You help influence the pace of the course.
Silent confusion benefits no one.

• Although attendance is not strictly mandatory, it is in your best interest to attend.
We will cover topics in class that aren’t in the textbook, or are presented differently or
out of order. You’re responsible for asking classmates about any material you might
miss through absence.

The most common causes of missed classes are lack of sleep and time pressure from
other obligations. If this starts happening to you, you need to seek out advice on how
to set priorities and manage your time effectively.

• Ask for clarification on anything you find unclear, ambiguous, or unspecified. This
includes both course policies and physics topics. Ignorance is never a valid excuse.
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Course Topics and Schedule

The following schedule of topics is tentative and subject to change.

2 weeks Stern-Gerlach experiments: a 2-state model system (Chapter 1)

2 weeks Operators and measurement: the algebra of QM (Chapter 2)

2 weeks Schrödinger Equation: time dependence (Chapter 3)

1 week Interlude: quantum spookiness and paradoxes (Chapter 4)

2 weeks Wave functions and quantized energies: 1-D bound state systems (Chapter 5)

2 weeks Unbound states and continuous energies: tunneling to freedom (Chapter 6)

2 weeks Quantum harmonic oscillator: everything’s a spring (Chapter 9)

1 weeks Angular momentum: spinning and tumbling into 3-D (Chapter 7/11 mashup)

I anticipate that the first midterm exam will cover Chapters 1–3, and the second exam will
cover Chapters 4–6. Again, this plan is subject to change.

According to the Registrar, the final exam for this course is scheduled for Wednesday, 7
December, from 8–11 am.
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