
Electricity and Magnetism: Physics 331
Fall 2014

Course Number: Physics 331, 4 credits
Time/Location: MWF, 12:30-1:35, Room 210 Rieke Science Building
Prerequisites: PHYS 153, 154 and MATH 253

Instructor: Dr. Bret Underwood
Office: Rieke 249
e-mail: bret.underwood@plu.edu
Office Hours: Wednesday 4pm - 5 pm, Thursday 3 pm - 5 pm, or by appointment

Textbook:
Introduction to Electrodynamics

David Griffiths, Publisher: Prentice Hall, 3rd edition (or 4th edition)
ISBN 9780138053260

Available at the PLU Bookstore and Amazon.com

Course Goals and Objectives:
This course will provide an introduction to the basic concepts and techniques of electricity and

magnetism. The broad learning goals for this course are as follows:

• Math/Physics Connection: Students should be able to translate a description of an E&M
problem into the mathematical equation(s) necessary to solve it; explain the physical meaning
of the final solution, and be able to achieve physical insight through the mathematics of the
problem.

• Visualization: Students should be able to sketch the physical parameters of a problem (e.g. elec-
tric fields and potential, charge distributions), by hand and with a computer.

• Problem Solving: Students should be able to articulate what it is that needs to be solved
for in a given problem, chose and apply the appropriate problem solving technique that is
appropriate (e.g. whether to use Coulomb’s Law or Gauss’ Law), know when they have found
the solution, evaluate the reasonableness of the solution, and interpret the solution in terms of
the original physical situation.

• Techniques: Students should be able to use and apply various techniques, such as approxi-
mations, use of symmetries, use of integrals and integration, and the concept of superposition.

• Coherence: Students should be able to explain how the main ideas of the course are con-
nected to each other and their relevance for describing the physical world. In particular, stu-
dents should be able to state and use Maxwell’s equations, as well as explain what each of
the two terms in Maxwell’s equations mean physically.

• Communication: Students should have the research skills to retrieve information on a topic
of contemporary interest in electromagnetism, summarize what is known about the topic and
its relation to electromagnetism, and communicate this material written and orally.



Evaluation:
Grades will be determined according to the following breakdown:
Prelecture Warmups 5%
Homework 25%
Midterms 30% (15%× 3, in class)
Final 30% (Take Home)
Research Project 10%

Prelecture Warmups:
Electricity and Magnetism are a difficult topics conceptually and mathematically, and we will spend

a significant amount of class time doing activities and problem solving. Because of this, it is impor-
tant that you read and think about the material before coming to class.

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

• Textbook: Before each week of class, I will 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
techniques 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 the “Prelec-
ture Warmup" questions provided in the weekly e-mail, due each week on Monday at midnight.
These open-ended questions have two uses: first, they are designed to get you to think about the
material we will be covering that week; second, the discussions and activities in class stem from
your actual responses.

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 indicate 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. 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.

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 physics and science using mathematics, 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.
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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 based on the Learning Goals that are relevant for that assignment. The
Learning Goals for the course are listed at the end of the syllabus (flip back and take a look at them).
Each learning goal is assigned a numerical value 0− 4 based on your work in the assignment. For
example, one of the learning goals is:

3. Use Coulomb’s Law to find expressions for the electric field from collections of point charges
and charge distributions.

You would be graded on this learning goal based on the following scale (a (0) or (1) are given in
exceptional circumstances):

3. Use Coulomb’s Law to find expressions for the electric field from collections of point charges and charge
distributions.

Insufficent (2) Developing (3) Mastery (4)

I have some trouble using and ap-
plying a strategy for finding the elec-
tric field of a charge distribution from
Coulomb’s Law, including: the ab-
sence of a clearly labeled diagram, us-
ing an inappropriate coordinate sys-
tem, not expressing all quantities in
terms of coordinates or defined vari-
ables, problems calculating ~r, ~r′ or ~r,
or incorrectly identifying the limits of in-
tegration. I may also not be sure how
to check the units or limits of the result.

I can use and apply a strategy for find-
ing the electric field of a charge dis-
tribution from Coulomb’s Law, includ-
ing drawing a diagram with axes and
~r, ~r′, and ~r labeled, using an appropri-
ate coordinate system, expressing all
quantities in terms of coordinates or
defined variables, and identifying the
appropraite limits of integration (up to
minor errors). I can check the limits or
units of the result of the integral, but I
don’t use that to reflect on its reason-
ableness in a clear way.

I can use and apply a strategy for find-
ing the electric field of a charge dis-
tribution from Coulomb’s Law, includ-
ing drawing a diagram with axes and
~r, ~r′, and ~r labeled, using an appropri-
ate coordinate system, expressing all
quantities in terms of coordinates or
defined variables, and identifying the
appropraite limits of integration. Fur-
thermore, I can reflect in words on the
reasonableness of the result.

The number of problems on a homework assignment does not necessarily correlate with the
number of learning goals for an assignment. Many problems may address the same learning goal,
and alternatively many learning goals may apply to each problem.

Why is grading done this way? Using learning goals as the basis for grading has several
advantages compared to just grading each problem with a certain number of points. First, grading
with learning goals allows you to immediately see the areas you need to work on - instead of just
knowing that you missed a certain problem on the assignment, you instead can clearly see what
skills you need to improve on from your grades on the learning goals. This makes learning, and
studying, much simpler and more straightforward, since you can focus your efforts on those skills that
you are struggling the most with. Second, grading with learning goals is a more fair representation
of your learning - if you make the same mistakes with curved coordinates on several problems, but
the rest of your work on these problems (on, say, finding ~r ) is fine, then you only lose points on
the curved coordinates learning goal. If each problem received it’s own grade, then you would lose
points on each problem. Third, it’s just more motivating to try and master the learning goals than it
is to try and get lots of points.

It’s not about “getting the right answer”, it’s about “mastering the skills.”
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In addition to the content specific learning goals, there is also one learning goal that will appear
on every assignment.

G1. 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:

Demonstrate a clear and structured approach to solving problems.

Insufficent (2) Developing (3) Mastery (4)

Solutions are very difficult to follow:
solutions do not contain diagrams,
or diagrams are of dubious quality,
do not identify the the physical con-
cept(s) being applied, 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 con-
tain high quality diagrams (when ap-
propriate), do not consistently iden-
tify the physical concept(s) being ap-
plied, do not consistently identify the
information given in the problem, and
may have some messy handwriting
or disorganization.

Solutions are easy to follow: so-
lutions contain high quality dia-
grams (when appropriate), consis-
tently identify the physical concept(s)
being applied, consistently 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. Examples of well-written (and poorly-written) homework problems
will be handed out in class. You should use these as models.

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

Friday, Oct 17 and Monday, Nov 24. More information about the exams will be provided in class.

Attendance Policy:
There is no explicit grade for attendance. However, it should be stressed that during class there

will be many opportunities to think about and gain an understanding of the principles and techniques
of physics.

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.
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Rough Outline of Topics: (This roughly covers Chapters 1-3, 5, 7 in Griffiths.)

• Coulomb’s Law and Vector Analysis Review
• Electric Fields, Electric Flux
• Gauss’ Law, Divergence and Curl
• Electric Potential
• Special Techniques: Laplace’s Equation, Method of Images, Separation of Variables
• Magnetostatics & Vector Potential
• Electrodynamics
• Maxwell’s Equations

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
inappropriate 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.

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

accommodation have an obligation to notify the University of their needs. Students in need of ac-
commodation 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 informa-
tion, 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%
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Learning Goals - Physics 331 (Electricity and Magnetism)
1. Demonstrate a clear and structured approach to solving problems.
2. Apply mathematical software to calculate integrals and differential operators (gradient, divergence, curl), and plot

scalar and vector fields, and interpret the results.
3. Use Coulomb’s Law to find expressions for the electric field from collections of point charges and charge distri-

butions.
4. Express the infinitesimal charge of a charge distribution in terms of coordinates, and compute the total charge of

a charge distribution.
5. Use and translate between “curved" coordinate systems (cylindrical and spherical) and Cartesian coordinate

systems.
6. Apply Gauss’ Law in integral form to solve for the electric field of a charge distribution.
7. Apply Gauss’ Law in differential form to solve for the charge distribution ρ given an electric field E.
8. Calculate and interpret the divergence of a vector field in Cartesian and curved coordinate systems.
9. Interpret and calculate integrals with delta functions.

10. Calculate and interpret the gradient of a scalar function and the curl of a vector function in Cartesian and curved
coordinate systems.

11. Calculate the electric potential given a charge distribution.
12. Calculate the electric potential given the electric field (and vice-versa).
13. State 3 ways to calculate the electric field (Coulomb’s Law, Gauss’ Law, and the potential), indicate which ap-

proach(es) are appropriate in a given situation, and the advantages and disadvantages of each.
14. Give a geometrical description of the divergence theorem and the fundamental theorem for curls (Stokes’ Theo-

rem).
15. Evaluate the appropriate boundary conditions for the electric field and electric potential at the boundaries of

surfaces.
16. State 2 ways to calculate the energy of a charge configuration and successfully evaluate each.
17. Sketch the induced charge distribution on a conductor when it has charge placed on it and/or is in the presence

of an external electric field, and explain the reasoning for the charge distribution and resulting net electric field.
18. State and apply the properties of Laplace’s equation, including uniqueness of solutions and non-existence of

local minima/maxima, to find solutions.
19. Calculate the Laplacian of a function in cartesian and curved coordinate systems, and use Laplace’s equation to

find the charge distribution of a given electric potential.
20. Explain when the method of images is applicable, explain the difference between the physical situation and its

analogue with images, and be able to solve simple cases.
21. Explain when separation of variables is applicable, and identify what coordinate system is appropriate.
22. Outline and apply the general steps necessary for solving a problem using separation of variables.
23. Explain, using symmetry and physics arguments, the appropriate boundary conditions for the potential for a

separation of variables problem.
24. Calculate the coefficients in the series solution for the potential by using special functions, and express the final

potential as a sum over these coefficients.
25. Identify and calculate the lowest-order term in the multipole expansion (e.g. the first non-zero term), and explain

when and why approximate potentials are useful.
26. Use Biot-Savart’s Law to find expressions for the magnetic field from current distributions.
27. Apply Ampére’s Law to calculate the magnetic field, including identifying the symmetry of the configuration,

drawing an appropriate Ampérian loop, and calculating Ienc.
28. Calculate the magnetic field from the magnetic vector potential ~A, calculate the vector potential for simple current

distributions, and explain the differences between the vector potential and the electric potential.
29. Be able to compute EMF for a variety of situations.
30. Determine the total resistance or conductivity of a material, calculate the total current flowing, and apply Ohm’s

Law ( ~J = σ ~E) to relate the current density to the electric field.
31. Write down and apply the full set of Maxwell’s Equations, including using them to determine induced electric and

magnetic fields.
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Electricity and Magnetism Research Project

Description:
For this project, you will choose a topic from electricity and magnetism related to a current
experimental, theoretical, or industrial effort. You will prepare a brief manuscript and pre-
sentation summarizing the physics and the overall relevance of the topic. The goals of the
project are to develop the skills of scientific communication and background research through
literature searches.

Details:

• Topic: The topic of your research project should draw from the concepts electricity and
magnetism covered in class. A list of sample topics can be found below.

• The length of the manuscript should be 5-7 pages max, double spaced.

• A formatted bibliography must be included, including at least three scientific citations.

• Poster presentations will be given during the last week of class (week of December 8th).

• Some journals that may be good sources for research: Physics Today, Physical Review
Letters, Reviews of Modern Physics, American Journal of Physics, and all journals pub-
lished by the American Institute of Physics. It may help to begin your research with pop-
ular science magazines such as Popular Science, New Scientist and Discover, though
these don’t qualify as “scientific citations”.

• I would be happy to help you learn the popular scientific typesetting language LATEX to
make your manuscript look professional. This is a very useful skill you can add to your
resume.

• This research project will count for 10% of your course grade.

Deadlines:

• Choose a topic: Due Oct 10th, turn in the name of your topic and a few sentences de-
scribing your project.

• Reference List: Due Nov 3rd, turn in a paper with at least three references you intend on
using (actual physics journal articles or books, not websites).

• Manuscript Due: Manuscript is due Nov 17th.



Grading Criteria for Electricity and
Magnetism Research Project

Writing a Professional Manuscript
The manuscript should be a professional document, 5-7 pages double-spaced, meeting the

following criteria:
1. Sophistication.

Level of content is higher than that of introductory physics. Write as if the audience has
studied upper-level electricity and magnetism. (Writing in the style of Physics Today is
about the right level.)

2. Relevance.
Topic relates to material covered in the class, and the relevant material is summarized in
the manuscript. The topic should also relate theoretical, experimental, or technological
applications.

3. Correctness and Clarity.
Material is consistent with current understanding of electricity and magnetism. Topic is
communicated clearly and concisely. Writing is grammatically correct. Bibliography is in
an accepted style.

4. Organization.
Manuscript is easy to follow. Include an abstract (where you summarize what is covered
in about 150 words or less). It is suggested that you divide the manuscript into sections;
an example of typical sections is:

• Abstract

• Introduction

• Theory (summary of relevant electricity and magnetism physics)

• Description of interesting topic

• Experiment/Observation (what was done or discovered or studied)

• Future endeavors (possible future projects to learn more about this topic)

• Conclusion

• Bibliography

Oral Presentation
Students must attend presentations of their classmates. Failure to do so may result in a zero

for their presentation grade.

1. Clarity
Presentation is clear, organized, professional, rehearsed, and 10 minutes long.

2. Effective
Ideas are communicated so that the audience understands them. Present only the inter-
esting parts, and skip the details.

3. Interesting
Material is presented in an interesting way. Speaker is interested in the topic.

4. Supportive
Students attend presentations of their classmates, behave in a respectful manner, ask
questions.
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Sample Ideas:
These are just some sample project ideas.
You are encouraged to come up with your own topic.

• The search for Magnetic Monopoles

• Particle accelerators in medical research

• Magnetic fields in the galaxy

• Primordial magnetic fields

• Electric dipole moment of the electron/neutron

• Van Allen Belts

• Solar Wind

• Magnetohydrodynamics

• Electrostatic precipitator

• Electric field of the heart

• RAM

• Mass spectrometer

• NMR

• Tethered space circuits
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