
Physics 140 – Quantum Computing
Fall 2012

Instructor: Edward Boyda
Office: Galileo 104
Office Hours: Monday 2:00-4:00, or after any class
Contact: ekb2@stmarys-ca.edu

Information is physical. If you give it a moment’s thought, you realize information invariably comes
encoded in the state of some physical system. A computation is a physical process in that system.
In this course we are going to explore new possibilities for information processing, hardly conceived
of thirty years ago, when the system in question is atomic in scale and in its behavior predominantly
quantum.

The course splits into three units, following the logic of the textbook by Rieffel and Polak. We will
start by developing the principles of quantum mechanics, as relevant for single qubits and multi-qubit
systems, and consider examples from quantum cryptography, quantum teleportation, and the EPR
paradox. This is Chapters 2-5 of Rieffel and Polak. At that point we’ll have a two-week interlude to
revisit classical computing. We want to know what to compare to the quantum. We’ll look briefly
at transistors, classical bits and logic gates, and classical bitwise algorithms, and we’ll develop some
basic coding skills in Python. In the third unit we get into quantum algorithms proper, via chapters
6, 7, and 9 of Rieffel and Polak.

Expectations

I want class to be a place where you can try out the skills you are learning. It’s in answering questions,
solving problems, and explaining to others that we really begin to understand. The older I get, the
more I think that everything important we know in life we have to figure out for ourselves. Including
physics. So question and discussion (I ask the questions, you discuss them among yourselves) will
be the dominant format of class, and we will introduce formal procedures and some gadgetry to
structure the interaction. Clearly this only makes sense if you’ve worked through the material ahead
of time.

Once a week I will assign readings, reading response questions, and problem sets (which will include
coding problems later in the course). Responses to the reading questions will be due in my email
inbox by 9:00 p.m. the night before class. They will be graded on effort and thoughtfulness, not
correctness, and will form a basis for our work. As far as problems go, I expect you to get stuck and
work at unsticking yourself, even when that means making four or five different attempts. Problem
sets will be due in the manila envelope outside my office on Mondays at 4:00 p.m.

Grades will be based on:

Reading responses – 10%
In-class participation – 20%
Problem sets – 40%
Final Exam – 30%

There will be two midterm exams, which will count as double problem sets.

Texts

The required text is at the college bookstore:
• Eleanor Rieffel and Wolfgang Polak, Quantum Computing: A Gentle Introduction.



Members of the audio-video generation may also enjoy a series of twenty-two online lectures by
Michael Nielsen:

• http://michaelnielsen.org/blog/quantum-computing-for-the-determined/

Rieffel and Polak give a good theoretical and mathematical introduction to quantum mechanics for
information processing. For those uninitiated to the weird world of quantum physics (which under-
lies everything from chemistry to lasers to modern electronics), I would encourage reading as much
as you can. You can succeed in this course without prior knowledge of quantum mechanics, but the
more connections you can draw, the richer your experience will be. In reading you can focus on
getting a feel for the physics. We’ll deal with the computational details in the course. The library
has two titles on reserve:1

• Richard Feynman, et al., The Feynman Lectures on Physics, Volume III.

• George Greenstein and Arthur G. Zajonc, The Quantum Challenge: Modern Research on the
Foundations of Quantum Mechanics.

The Feynman is a classic. You can learn a lot just observing how he thinks about physics. Green-
stein and Zajonc work through some experiments that exhibit different aspects of quantum behavior.
Back in the day, a lot of these were thought experiments only. With some pretty slick experimental
work physicists have now been able to do them in the lab.

Student Disability Services

Student Disability Services extends reasonable and appropriate accommodations that take into ac-
count the context of the course and its essential elements for individuals with qualifying disabili-
ties. Students with disabilities are encouraged to contact the Student Disability Services Office at
(925) 631-4358 to set up a confidential appointment to discuss accommodation guidelines and avail-
able services. Additional information regarding the services available may be found at the following
address on the Saint Marys website: http://www.stmarys-ca.edu/sds.

Which do think would be harder to make up – my story, or the one about the aliens?
– Berkeley physicist Richard Muller, paraphrased, from a seminar

about the day the aliens visited us at Roswell, NM, July 8, 1947.

1The Feynman is also available used on Amazon for around $10: http://www.amazon.com/

Feynman-Lectures-Physics-Vol/dp/0201021188


