
Physics 401: Quantum Mechanics
Spring 2017

Course Number: Physics 401, 4 credits
Time/Location: TR, 9:55 - 11:40 am, Room 212 Rieke Science Building
Prerequisites: PHYS 356

Instructor: Dr. Bret Underwood
Office: Rieke 249
e-mail: bret.underwood@plu.edu
Office Hours: M 10:30-12:30, T 3:30-5, F 11:30-12:30 and F 3:00-4:00, or by appointment

Textbook:
Introduction to Quantum Mechanics
David J. Griffiths, 2nd Edition, Prentice Hall
ISBN: 0131118927

Course Goals and Objectives:
Quantum mechanics is the cornerstone of almost any modern application of physics to cutting-edge phys-

ical systems, such as optical and laser systems, material design, computer engineering, photovoltaics, and
nuclear energy, not to mention theoretical subjects such as high energy particle physics and the study of the
Universe.

The concepts underlying quantum mechanics are as interesting as they are strange, and you should already
be familiar with these concepts, in broad strokes, from your Modern Physics course. This course is designed
to teach you how to do quantum mechanics by learning the mathematical tools and framework necessary to
do calculations.

The course is designed with a strong emphasis on active learning and collaborative group problem solv-
ing. In this course you will spend the majority of class time doing activities, discussing physics, and using
mathematical methods. Outside of class, you are expected to keep up with material through the textbook and
videos. If you don’t keep up with the work, you will find it very difficult to succeed.

The broad learning goals for this course are as follows (see the end of this syllabus for specific topic-level
learning goals):

• Math/Physics Connection: Students should be able to translate a physical description of a quantum
mechanics problem into the mathematical language necessary to describe and solve it.

• Problem Solving: Students should be able to choose and apply appropriate problem solving tech-
niques for solving quantum mechanics problems. They should be able to demonstrate that they can use
appropriate strategies such as visualization, symmetry, and approximations, to simplify and justify their
answers.

• Techniques: Students should be able to choose and apply appropriate mathematical techniques, in-
cluding separation of variables, orthogonality, operator methods, Dirac notation, etc.

• Computation and Visualization: Students should be able to use mathematical software to solve and
visualize scenarios which arise in quantum mechanics, including plotting wavefunctions, evaluating in-
tegrals, and performing Fourier Series sums.

Evaluation:
Grades will be determined according to the following breakdown:

Prelecture Warmups 5%
In-Class Group Work 5%
Homework 25%
Midterms 40% (20%× 2)
Final 25% (Take-home)



Prelecture Warmups:
As discussed above, this course involves a significant amount of class time doing activities and problem

solving — you will learn quantum mechanics by doing it, not by passively watching it. Because of this,
students must come to class with a basic working knowledge of the mathematical concepts and techniques
we will be using that day.

There are several resources to use to become familiar with the material before class:

• Textbook: Before each class, I send out the relevant Sections to be read in the textbook Griffiths. You
should take notes from the textbook as if you were in a lecture course, including the important and
relevant parts as well as working through derivations and example problems.

• Videos: In addition to the textbook, I will usually include some videos which introduce the main tech-
niques and concepts. You should watch the videos and take notes as if you were listening to a lecture
– remember, you can always pause and rewind the videos to review something you missed!

As a “warm-up” to the material we will be covering in class, all students must complete “Prelecture
Warmup” Questions before class. I am primarily interested in what you actually think, rather than what
you want me to think, so these questions are graded on completion only. However, if your responses indi-
cate that you are not taking the assignment seriously, I reserve the right to give you a zero. You should discuss
these questions with other students, either in this class or not – again, their purpose is not to grade you but
to help you learn the material. However, as with any academic work you should not copy other students’
answers; the point is to focus on understanding.

The warm-up questions have two uses: first, they are designed to get you prepared to do the calculations
we need for class that day; second, the discussions and activities in class stem from your actual responses.

The warmup questions also include an opportunity to give feedback on the parts of the reading/videos you
had questions about, and what you found confusing. In a twist, you must respond with questions and/or
confusions for each Prelecture Warmup. It is not credible to respond that you “don’t have any questions or
confusions." This is quantum mechanics, after all. To quote Bohr, “If you are not confused by quantum physics
then you haven’t really understood it.”

In-Class Group Work:
As mentioned above, in-class time will be spent thinking about, discussing, and doing physics in collabora-

tive groups, rather than passively absorbing information. While the in-class work will be rewarding in its own
right (through enhanced learning), your group’s in-class work will also be collected at the end of class and
graded.

The In-Class Work grading will be based on the completeness and clarity of your answers and how well
your group worked together, not on how much material you covered, or how correct your answers are. Some
of the qualities I will be looking for in responses are neatness, organization of thoughts, and clear explanations
of your group’s reasoning, as well as group members being prepared for class, the group working together
(rather than independently), and how focused your group is on the task.

Why is class organized this way? There is a significant body of research about how people learn showing
that it is very difficult to learn and synthesize information in a lecture-based class. Instead, classes in which
students spend more time thinking about and discussing the material are more successful in helping students
learn. Furthermore, the goal of this course is for you to learn how to think and reason about quantum physics,
not just “plug-and-chug” into some formulas. But this type of understanding and comprehension comes only
from actively practicing and applying the skills of the course, rather than memorizing formulas and when to
use them. This takes time and the expertise of an instructor to guide the process.

Thus, we will learn about the basics of quantum mechanics outside of class, and then take time inside of
class learning about what they mean and how to apply them. With this format your time in the classroom
is spent gaining valuable feedback from the professor about how you are learning rather than listening to a
repetition of the material in the book.
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Homework:
Homework is essential to being good at physics and “thinking like a physicist,” and is a very important part

of the course. Do not make the mistake of neglecting homework – do the homework well in advance.
Assignments must be turned in on time – late assignments will not be accepted except in cases of illness

or family emergency. However, you will be allowed one “pass", where you can turn in an assignment up to
48 hours late.

Homework will be graded on a 4-3-2-1 scale:
• 4: Solution is correct and clearly written and explained.
• 3: Minor errors in solution, difficult to follow reasoning (steps skipped).
• 2: Major errors in solution, very difficult to follow reasoning (major steps skipped).
• 1: Very little effort given.

In addition to scores on each problem, there is also one score that will appear on every assignment:

1. Demonstrate a clear and structured approach to solving problems.

It is important for you to provide a clearly written, legible homework assignment. The homework should also
have a clear structure, starting with what you know, what you are trying to find, usually some sort of clearly
drawn diagram that helps you analyze the system, some statement of the physics you will use to analyze
the problem, and a clear indication of the result. Specifically, your homework problems will be graded on the
following scale:

1. Demonstrate a clear and structured approach to solving problems.
Insufficent (2) Developing (3) Mastery (4)
Solutions are very difficult to follow: so-
lutions do not contain diagrams, or dia-
grams are of dubious quality, do not iden-
tify the the physical concept(s) being ap-
plied, do not contain a clear identification
of the quantities that are known, and are
fairly messy and difficult to read.

Solutions can be followed, but with some
effort: solutions do not contain high qual-
ity diagrams (when appropriate), do not
consistently identify the physical con-
cept(s) being applied, do not consistently
identify the information given in the prob-
lem, and may have some messy hand-
writing or disorganization.

Solutions are easy to follow: solutions
contain high quality diagrams (when ap-
propriate), consistently identify the phys-
ical concept(s) being applied, consis-
tently identify the information given in the
problem, and have neat handwriting and
clear organization.

You will consistently get 2s and 3s on this Learning Goal until you can demonstrate a clear and legible
problem solving approach.

Collaboration on homework problems is encouraged, but every student must hand in their own homework
assignment. Note that there is a difference between collaboration and copying.

Exams:
There will be 2 in-class Midterm Exams and a take-home final. The midterm exams will be on Tuesday,

March 21st and Thursday, May 11th. More information about the exams will be provided in class.

Expectations for Classroom Behavior:

• Class time will be focused on interactive learning, particularly in groups. Students are expected to
participate in discussions and group work.

• Students are expected to behave respectfully to group members. Students who demonstrate inappro-
priate behavior towards group members, or refuse to participate in group activities, may be asked to
leave.

• You should be in your seat and ready to begin class on time.
• Questions and comments must be relevant to the topic at hand.
• Classroom discussions should be civilized and respectful to everyone and relevant to the topic we are

discussing.
• Packing up your belongings prior to the end of class is disruptive to others around to you and to me.
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Academic Dishonesty:
PLU’s expectation is that students will not cheat or plagiarize, and that they will not condone these behaviors

or assist others who plagiarize. Academic misconduct not only jeopardizes the career of the individual student
involved, but also undermines the scholastic achievements of all PLU students and attacks the mission of this
institution. Students are inherently responsible to do their own work, thereby ensuring the integrity of their
academic records.

Special Needs and Circumstances:
Students with medically recognized and documented disabilities and who are in need of special accommo-

dation have an obligation to notify the University of their needs. Students in need of accommodation should
contact the Office of Disability Support Services (x7206). If you need course adaptations or accommodations
because of a disability, if you have emergency medical information, or if you need special arrangements in
case the building must be evacuated, please make an appointment with me as soon as possible.

Grading Scale:
The final grade for this course will be based on the straight scale:

• A: 93%− 100%

• A-: 90%− 92%

• B+: 87%− 89%

• B: 83%− 86%

• B-: 80%− 82%

• C+: 77%− 79%

• C: 73%− 76%

• C-: 70%− 72%

• D+: 67%− 69%

• D: 63%− 66%

Topics:
The rough outline of topics follows the learning goals below; broadly, in this course we will cover:

• The Basics of Quantum Mechanics (Chapter 1)
• The Schrödinger Equation and its Solutions (Chapter 2)
• Linear Algebra in Quantum Mechanics (Chapter 3)
• Quantum Mechanics in 3D: Hydrogen Atom and Angular Momentum (Chapter 4)
• Identical Particles (Chapter 5)

A detailed list of topic-level learning goals follows.
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Learning Goals – Physics 401 Quantum Mechanics

1. Demonstrate a clear and structured approach to solving problems.
2. Use mathematical software to plot and visualize wavefunctions and to perform difficult calculations, such

as integrals and linear algebra manipulations.
3. Compute basic statistical quantities such as expectation value, variance, standard deviation etc., for

discrete and continuous probability distributions.
4. Normalize a wavefunction.
5. Compute the expectation value of the position, momentum, Hamiltonian, and other physical observables

from a wavefunction.
6. Use Separation of Variables to find solutions to Schrödinger’s equation.
7. Use (generalized) Fourier Series to interpret wavefunctions in terms of eigenfunctions.
8. Given a wavefunction for an infinite square well, interpret the wavefunction in terms of eigenfunctions,

compute physical observables of the wavefunction, and be able to determine the time dependence of
the wavefunction.

9. Interpret solutions of the harmonic oscillator potential in terms of Hermite Polynomials.
10. Given a wavefunction for a harmonic oscillator, interpret the wavefunction in terms of eigenfunctions,

compute physical observables of the wavefunction, and be able to determine the time dependence of
the wavefunction.

11. Use mathematical software to numerically compute solutions to Schrödinger’s equation, including en-
ergy levels.

12. Use raising and lowering operators to generate the wavefunctions of the harmonic oscillator.
13. Interpret the free particle in terms of the Fourier Transform, and use the Fourier Transform to find the

momentum distribution of a free particle wavefunction.
14. Use boundary conditions to compute an allowed bound-state or scattering wavefunction from a given

potential.
15. Compute the reflection and transmission coefficients for scattering from a potential well.
16. Describe and use the basic properties of a Hilbert Space.
17. Explain and use the Dirac bra-ket notation of quantum mechanics to perform computations.
18. Use bra-ket notation to compute generalized uncertainty principles, including but not limited to the

position-momentum uncertainty principle of Heisenberg.
19. Use separation of variables to find solutions to the 3d Schrödinger Equation.
20. Describe and use (associated) Legendre Polynomials in wavefunctions.
21. Describe and use Spherical Harmonics in wavefunctions.
22. Describe the role of Laguerre Polynomials in wavefunctions of the Hydrogen atom, and use them to find

wavefunction solutions.
23. Use ladder operators to describe angular momentum.
24. Be able to compute the Angular Momentum of a wavefunction using operators.
25. Describe and compute eigenfunctions of the Angular Momentum operators.
26. Explain the relationship between quantum Spin and Angular Momentum.
27. Apply Spin operators to a simple spin-1/2 system to perform calculations.
28. Explain Larmor Precession of an electron in a magnetic field using spin and the Hamiltonian.
29. Explain the Stern-Gerlach experiment using the concepts of spin.
30. Use Clebsch-Gordon coefficients to compute addition of angular momenta.
31. Explain the difference between bosons and fermions at the level of the wavefunction.
32. Explain the origin of exchange forces between identical particles.
33. Use perturbation theory to find the perturbed energies and energy eigenstates of a potential.
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