
The Quantum Universe for Educators

PHYS 597 410, Spring 2014

“Anyone not shocked by quantum mechanics has not yet understood it.” - Niels Bohr

“I think it’s safe to say that no one understands quantum mechanics.” - Richard Feynman

INSTRUCTOR: Dr. William Newton
CLASS LOCATION Mesquite Metroplex Center, Rm 207
CLASS HOURS Wednesday 5 - 7:30pm
OFFICE: STC 236
PHONE: 903-886-5369
EMAIL: William.Newton@tamuc.edu

OFFICE HOURS: TBA
WEBSITE: http://williamnewton.wordpress.com/teaching/quantum-ed/

First class day will be February 12th; I will assign reading about two weeks in advance to be
completed by the first class.

Quantum theories underpin our modern world: without
quantum mechanics, modern electronic devices such
as computers and cell phones, most modern medical
imaging and technology, most development in materials
science, the World Wide Web, and many other things
would not exist. It is the most accurately tested phys-
ical theory that exists - giving numerical predictions
that have been verified by experiments to more decimal
places than our theories of gravity, Newton’s laws of
motion or our laws of thermodynamics. In short, by all
practical measures, quantum mechanics can lay claim
to the most successful physical theory of all time.

Unfortunately, as well as being the scientific theory
that has had the most impact on our modern world,
it is also the most misunderstood and abused scientific
theory. Misunderstanding is not surprising; quantum
mechanics makes claims on the nature of reality at
the microscopic level that run counter to our everyday
experience. Some principles of quantum mechanics
have made it into popular culture in a distorted way,
for example the notion that reality can be affected by
the observer; and these vague notions are exploited by
those who wish to peddle all manner of pseudoscience
(usually for profit). It is therefore very important to
understand how to interpret quantum mechanics.

In this class we will explore the history of quantum mechanics, learn the basic contents of the theory itself, learn
simple methods that enable one to perform practical calculations and finally discuss what we can say about
what quantum mechanics does and (just as importantly) does not mean.
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Requirements: Mathematics is the language of physical theory, and in the theory of quantum mechanics is
often a guide as we explore concepts on which our intuition can shed no light. However, for the most part
the required mathematics will be a knowledge of basic algebra, geometry and trigonometry (i.e. high school
math). Occasionally mathematical concepts from calculus will be necessary, and you should have a knowledge of
basic calculus; anything more advanced will be explained. You will need university physics; some introductory
thermodynamics and statistical mechanics will be an advantage (but I will explain any concepts from those
subjects that we will need to use where necessary).

Course texts/resources

There are three books that will be used in this course. This course was added too late for the
campus bookstore to get copies, so you will need to order these books yourself; total cost (on
Amazon) comes to about $40.

“The Quantum Story: A History in 40 Moments” by Jim Baggott
ISBN-10: 0199655979
ISBN-13: 978-0199655977

“The Quantum Universe” by Brian Cox and Jeff Forshaw
ISBN-10: 0306821443
ISBN-13: 978-0306821448

“The Amazing Story of Quantum Mechanics: A Math-Free Exploration of the Science That Made Our World”
by James Kakalios
ISBN-10: 1592406726
ISBN-13: 978-1592406722

This is a web-enhanced course. You will need regular, reliable access to the internet; we will maintain a class
blog and you will need to access the course website and to eCollege to access a variety of material.

Course content: the course breaks down into three main sections.

1) History of Quantum Mechanics

We shall explore the development of quantum theory historically, learning how it became evident that classical
physics was in trouble towards the end of the 19th century and how the tentative steps to fix its problems led
to a completely new type of physical theory. Quantum mechanics provides an interesting case study in how
science progresses. I intend to show how quantum theory was not a visionary piece of insight by two or three
individuals, but a collective effort involving dozens of physicists, often stumbling their way forward through the
dark searching for solutions to the puzzles experimental data was throwing up. I will also emphasize the thorny
problem of the interpretation of quantum mechanics - just what can we say about what it really means. We
shall be reading some of the original papers laying the foundations of quantum mechanics to examine what the
pioneers of the theory actually thought they were doing - often an interesting contrast to the way we understand
the theory today.
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2) How to use Quantum Mechanics

To get a feel for quantum mechanics, one really needs to do some calculations within the theory. In this part of
the class, we shall learn some techniques that require only some basic algebra, geometry and trigonometry, that
nevertheless allow us to derive and understand some of the classic results of quantum theory such as Heisen-
berg’s uncertainty principle, electron diffraction, and wave-particle duality, as well as giving insight into modern
applications such as semi-conductor phyiscs.

3) Quantum Mechanics in society

Because of some of the seemingly incredible, counter-intuitive implications of the standard interpretation of
quantum mechanics, it is the most abused physical theory. Whenever purveyors of pseudoscience such as home-
opathy, new age healing, and notions of collective consciousness, need some reputable sounding science to back
up their claims, it’s quantum mechanics that they reach for. We’ll examine some of the areas in which quantum
mechanics has been misused, and illustrate some of the ways one can tell science from pseudoscience - vital
skills which can be used in all areas of life.

Assignments and grading

(The following is to be taken as quite tentative).

There will be assignments every week. These will vary between essay-like assignments and problem solving.
Additionally, there will be assignments running throughout the 8 weeks of class involving, for example, posting
blog entries. There will be three tests (one after each section of class), some of which may be take-home.
Grading will roughly break down as:

50% Weekly assignments,
20% Class-long assignments,
30% Tests
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