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Spring 2020

Name: Dr. Tom Kirkman
Email: tkirkman@csbsju.edu
Office: PEngel 132/6
Phone: 363–3811
Informal Office Hours: 7:30 a.m. – 5:30 p.m.

Text:

• Foundations of Electromagnetic Theory
by Reitz, Milford, & Christy
Chapters 1–13, 16–17

• http://www.physics.csbsju.edu/341/

Grading:
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Your grade will be determined by averaging six
scores: total homework score, three exam scores,
and the final exam score (which is double-counted).
Assigned homework is due at the beginning of the
next class period. Late homework is discouraged
and may not accepted. I encourage you to work
together on homework and to seek help/hints from
me. The exams will consist of a few (∼4) problems.
You may use a “formula sheet” to assist you on the
exam. The formula sheet should be limited to formulas and definitions—no worked examples. Approximate exam dates are: February 7 (Friday), March 18
(Wednesday), and April 17 (Friday), but I can easily
be swayed to move exam dates. The final exam will
be comprehensive and have a structure similar to the
other exams. The final exam is scheduled for May 8
(Friday) at 8:00 a.m..

Questions:

There is no such thing as a dumb question. Questions
asked during lecture do not “interrupt” the lecture,
rather they indicate your interests or misunderstandings. I’d much rather clear up a misunderstanding
or further develop a topic of interest than continue a
dull lecture.
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Remember: you are almost never alone in your interests, your misunderstandings, or your problems.
Please help your classmates by asking any question
vaguely related to physics. If you don’t want to ask
your question during class, that’s fine too: I can be
found almost any time in my office (PEngel 132/6)
or the nearby labs. Drop in any time!

Topics:

This course covers the physics of electric and magnetic fields. Electricity and magnetism (hereafter
E&M) is one of the great successes of 19th century
physics. While the 1700s were spent digesting Newton’s magnificent discoveries of mechanics and the
gravitational force law, the 1800s were spent understanding how to fit E&M into Newton’s picture. (Additionally the 1800s produced an understanding of
thermodynamics.) Post-1900 there were two important revolutions in physics: relativity and quantum
mechanics. E&M actually has close ties to both. Surprisingly, the theory Maxwell wrote down in the 1860s
to explain E&M was already relativistic (folks then
just didn’t know what that was) and, as a field theory, it has close ties to quantum mechanics. (In mechanics you studied how the coordinates of a particle change in time: x(t); in a field theory we study
how some quantity (e.g., voltage) changes with location and time: V (~r, t).) In addition Maxwell’s E&M
demonstrates some defining traits of physics: mathematical simplicity (a very slippery idea: I don’t mean
easy and you know you’ve spent three years in math
courses learning this “simple” mathematics) and increasing unity (i.e., Maxwell’s E&M is not a theory
of magnetism placed next to a theory of electricity;
instead the two are all part of the same single thing).
Whoa! “Electricity and magnetism are really part of
the same thing” . . . You should be wondering what
could justify the statement that two more or less
imaginary things—electric and magnetic fields—are
part of the same thing. Unfortunately, since this is
only an “introduction” you will see little of this justification unless you ask for it. Although we will talk
about changing electric and magnetic fields (e.g., in
light waves), most of this book and this course deals
with static (i.e., unchanging in time) fields. We will

first of J. C. Maxwell, who did all this work without
any idea of a vector—so what is one vector equation
for us was three separate equations for him, and think
second of the end result which explains all E&M phenomena with (A) Maxwell’s four vector equations,
or (B) the “simpler” relativistic form: F,νµν = µ0 J µ
and Gµν
,ν = 0, or (C) the statement that E&M is the
simplest possible gauge force. So the wealth of phenomena can be reduced (explained?) by a few words.
Einstein asked the ultimate question: can all phenomena be reduced to nothing, i.e., is light the way
it is because it can be no other. Einstein phrased his
question: “What I am really interested in is whether
God could have made the world in a different way”.
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be mostly concerned with the source of E&M fields,
but we will spend some time describing how matter
responds to those fields.

Many topics should be familiar to you from 200:
~ B,
~ the Lorentz force
charge, current, voltage, E,
~ + ~v × B)),
~
(F~ = q(E
Gauss’ law (surface integral
~
of E tells you the enclosed charge), no magnetic
~ is zero), Ampere’s
monopoles (surface integral of B
law (line integral around a loop tells you the current
flowing through the loop), Faraday’s law of induction
(changing magnetic fields cause electric fields), and
Maxwell’s equations. If these topics seem unfamiliar,
you should page through your 200 book.
Much of the mathematics we’ll be using should be familiar to you from Multivariable Calculus: grad(φ) =
~ div(A)
~ =∇
~ · A,
~ curl(A)
~ =∇
~ × A,
~ line integrals,
∇φ,
path independence, surface integrals, Green’s theorem, Gauss’ theorem, and Stokes’ theorem. If these
topics seem unfamiliar, you should tell me ASAP, so I
can yell at your 305 instructor and modify this course.
Note: I have used above the “blackboard” notation
~ Recogfor vectors: an arrow over the letter as in E.
nize that in print (e.g., in our textbook) vectors are
commonly denoted using boldface1 as in E.
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This is a course in mathematical physics. Much of the
class will be devoted to reconsidering Maxwell’s laws
using the mathematical language you’ve just learned
in Multivariable Calculus. Some mathematical aesthetics will be present in the course; you are responsible, for example, for understanding the proofs and
the details of mathematical manipulation. It is always proper for you (or me!) to ask a “details” question, like how do you get from Eq. (4–6) to Eq. (4–
8). In fact, I now assign you to ask such a question
before the next exam! (Please remind me to check
off your completion of this assignment when you ask
your question.) When the book says “it can be shown
that. . . ”, I really do expect you to get out pencil and
paper and work it out, and, if you can’t show it, to
ask me for help.
E&M is a terrifyingly beautiful subject. This may get
lost in the next few months as we sog through the details (“the Devil is in the details”). As we sog, think
1

Oliver Heaviside invented this notation for vectors. Heaviside, along with the American Josiah Willard Gibbs, are generally credited with creating modern vector analysis from the
more elaborate and abstract algebras of Hamilton and Grassmann.
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Introduction to Electromagnetic Fields and Waves by
Bohn (QC670)
The Electromagnetic Field by Shadowitz (QC665)
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(QC670)
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Links to Institutional Policies:
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• Course Attendance policy
www.csbsju.edu/academics/catalog/academic-policies-and-regulations/courses/class-attendance

• Statement on accommodations for students with disabilities

www.csbsju.edu/student-accessibility-services/information-for-faculty/syllabus-statement

• Academic Misconduct and Plagiarism

www.csbsju.edu/academics/catalog/academic-policies-and-regulations/rights/academic-misconduct

• Sexual Misconduct

www.csbsju.edu/human-rights/sexual-misconduct/sexual-misconduct-policy

• Title IX policy
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www.csbsju.edu/joint-student-development/title-ix

