
W&L Engn/Phys 207: Electrical Circuits with Lab—Fall 2020
J. Erickson (he/him/his)

Course Web Page: https://erickson.academic.wlu.edu/teaching/circuits_f2020/

Figure 1: Montage summarizing our course of study in Circuits fall 2020. Wearable health monitors
may be able to identify viral infection several days prior to the onset of symptoms. Top left: Oura
ring wearable device showing embedded circuits and electronics. Middle panel: Circuit schematics
for measuring heart rate, blood oxygen saturation, and body temperature. Bottom: Example signal
obtained from photoplethysmograph (PPG) circuit used to detect pulse rate (PR) (Elsamnah et
al, 2019)).
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Course Meeting Info

Lecture in person: 4.00 - 5.30 pm. Mon: Sci Ad G14; Tues and Wed: Parmly 307
Virtual classroom/office: Zoom link (click here)
Lab Section-01: Th 8:30 – 11:30 am, Howe 111 & 115
Lab Section-02: Th 2:30 – 5:30 pm, Howe 111 & 115

Instructor Info

Instructor: Jon Erickson
Office Hours: MTW 1.30 – 3pm, in designated outdoor space or Zoom (virtual walk-ins welcome!)

Individual in-person meetings by appointment only
Where to find me: Howe 221 (office) or Virtual office (Zoom link above)
Phone & Email: 458.8293 (office); ericksonj@wlu.edu

COVID-19 Protocols

The fall 2020 term will will be the first—and hopefully the last—during a worldwide pandemic.
Needless to say, COVID-19 has upended our daily lives and continues to be a very serious health
concern. We must do our collective best to keep everyone safe and healthy—in this
class, around W&L, and around the Lexington/Rockbridge area. We all must take individual
responsibility in achieving this aim. At all times, we will strictly adhere to COVID-19 safety
guidelines required by the University, the Virginia Department of Health, the CDC, and plain old
common sense, including:

1. Everyone must health attest daily before coming to class: attest.wlu.edu. Do NOT attend
in-person meetings if you are sick. Seek medical advice asap.

2. Everyone must wear a mask that properly covers both mouth and nose to protect
yourself and others (e.g., see Figure 2).

3. 2 meter social distancing is in effect at all times.

4. You will be asked to wipe down tables, chairs, desks that you use before departing the
classroom.

5. Limit personal travel whenever possible. This is one of the rare instances when you are
encouraged NOT to pop the W&L bubble.

We’ll likely encounter some challenges as we learn how to optimally navigate this unprecedented
learning environment. Anticipate this situation will remain fluid. Please continue to be your won-
derful selves—flexible, patient, and understanding . We’ll do our best to create a productive
and fun learning environment while doing absolutely everything within our collective power to keep
everyone healthy and safe. Please keep lines of communication open. If you have a concern, please
speak up. If you have a question, please ask it. If you have a suggestion, please share it.

As of this writing (19 Aug 2020), our course meetings are planned as follows:

1. Lecture: in person. We have a big room to spread out...and still and collaborate.
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Figure 2: Selfies in the age of COVID-19. One good thing about masks: no one has to worry about
broccoli bits stuck in their teeth. One bad thing: it may be harder to convey the genuine smile
underneath.

2. Lab: in person. We will spread out in 2 adjacent classrooms. Each student will receive a per-
sonal Circuits kit of parts of test equipment to minimize the potential for cross-contamination.

3. Office hours: virtual via Zoom. In-person individual meetings by appointment only. Un-
fortunately, my office space is too small to accommodate more than 1 student at a time.
This breaks my teaching heart—one of my favorite aspects of the job and fondest teaching
memories come from the times we cram around the table in my office, snacking on chocolates
while working through circuits and enjoying each others’ company.

The instructor will carefully monitor the collective health status of students in the class, at
the university, and around the greater Lexington/Rockbridge area. While this class is listed by
the Registrar as “in person”, the instructor reserves the right to conduct virtual lecture and/or lab
sessions, when doing so is deemed to be in the best interest of our collective health and safety. Such
decisions will be broadcast with as much advance notice as possible, but please be aware any such
transition may happen literally overnight.

One last thought to share in relation to COVID-19: The world-wide health crisis (and con-
comitant hit on the economy) has been downright terrible. But there is a message of hope and
optimism: We will get through this together. The pandemic has shone a bright spotlight on the
societal role of scientists, physicists, and engineers—to help solve complex problems making the
world a better, safer, more hospitable place to live. In the words of Peter Kapitza, 1978 Nobel
Laureate in Physics:

...[P]roblems must be expressed clearly and convincingly and widely discussed. This can
be done mainly by the scientists, since they can talk with sufficient authority on the
possible solution of global problems for the benefit of [humankind]. Thus, we should not
stand aside from the solution of such problems but realize their connection with our
scientific work (Physics Today, 1984).
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Course Texts and Resources

We will make use of a variety of resources in this class: two textbooks (listed below), suppleme-
mental notes, various web resources included well-written and thoroughly vetted tutorials from
highly-regarded sources (e.g., Adafruit and Sparkfun).

1. Text #1: Circuit Analysis and Design by FT Ulaby, MM Maharbiz, and CM Furse, 2018.
This book is free through Michigan publishing; click the “free download” link on this website.
Note: you will need to fill out the google form to get the link to download the pdf.

This text is offers a comprehensive analysis of dc and ac circuits, including filters and op-
amps (798 pages of fun!). In my view, it is a very good resource and encourage you to read
and consult it. That said, no text is perfect and neither is this one. My main constructive
criticism is that it venture too far off into problems that may emphasize certain concepts,
but bear no resemblance to any real-world practical circuits. One has to dig a bit to find the
wonderful gems this text offers.

2. Text #2: Semiconductor Devices: Theory & Application by J Fiore, 2020. This book is free
through SUNY open publishing; click the “download PDF download” below the thumbnail
picture of the textbook on this website hosted by open.umn.edu.

We will use chapters 1-3 of this text when we study semiconductor physics and devices
(diodes, LEDS, transistors). It offers a very nice introduction to these topics, both in theory
and practice.

Introduction: Course Objectives and Context

Circuits are everywhere, whether hiding or in plain-sight. Toast a bagel or brew coffee this morn-
ing? Use a swipe machine or credit card recently? Listen to music, turn on a heater to stay warm
last night or blow dry your hair this morning? Me too! Well, except for the dry your hair part.
You get the idea–practical circuits are ubiquitous.

This year, our focus will be on designing and building the core circuits components of personal
health trackers (e.g. Oura ring, Fitbit) that monitor heart rate, blood oxygen saturation and body
temperature. Such information tracked over the long term may help identify the onset of viral
infections days before the onset of symptoms; this is a very active area of research (e.g., see these
well-written introductory articles from Reuters and Washington Post, and Stanford Medicine).
The concepts you learn building this health tracker system generalize to many other physics and
engineering domains (structural health monitoring of bridges and buildings, sensors on airplanes
and rockets, detection of chemical elements in water or soil, measuring light or sound waves in
various media, etc).

While circuits are manifestly useful, they often look like a tangle of strange looking symbols at
first glance. Even the not-so-messy ones can be intimidating (or look deceptively simple). In this
course, you will have ample opportunity to gain a lot of hands-on practical experience, to become
comfortable building circuits and to master the laboratory techniques to test and analyze circuits.
Emphasis is placed becoming confident and independent in design, building, testing, and
analyzing circuits that you may encounter in your everyday life—and future careers.
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You will emerge from this course fluent in basic circuit design, analysis, and construction. In this
context “fluency” is defined as being able to:

• Understand the basic physics underlying the behavior of various components (resistors, ca-
pacitors, inductors, amplifiers, diodes, transistors)

• Design, build, and analyze various useful circuit systems from scratch (voltage dividers, RC
filters, amplifiers, LEDs and photodiodes, microcontrollers)

• Do the math–e.g., skillfully apply quantitative techniques to design and analyze circuits

Material Covered

For a more complete list, please see the Course Schedule on the course website. A summary of the
topics we will cover follows below:

DC and AC analysis techniques including: Ohm’s Law, Kirchoff’s Laws, phasor analysis and
impedance; RC filters; amplifiers; semiconductor devices including LEDs, photodiodes, transistors;
binary math; digital logic, intro to microcontrollers (Arduino/Teensy).

Integrative Course Assignments

All assignments will be based around laboratory work—i.e., building, testing, and analyzing real-
world circuits. As such, assignments will integrate theoretical and practical components. In lay
terms, on each assignment, you’ll be asked to:

1. Build a circuit and make measure voltage and current to see how it works in practice

2. Do the math to analyze how it is supposed to be work in theory

3. Compare and explain how and why theory and experiment agree (or not)

The assignment schedule is based on the laboratory schedule. Expect there to be about 7 of
these throughout the term, spaced approximately 1 week apart. The semester will culminate in a
multi-week Final Design Project, and actual system that monitors your body temp and heart rate!

Assignments submissions will always be due before the day before next lab assignment begins.
For example, we’ll have our first real lab day 27 Aug 2020, and the due date will be 5pm Wednesday
02 Sept 2020. You are encouraged to consult our excellent TAs (Lauren Kaplinksy and Elise Baker)
as you develop your written work.

Each integrative assignment must be revised, as needed, until it crosses a threshold of very
good to excellent. An assignment marked “RR” indicates some aspects of your submission merit
significant improvement, and you must submit a revision. In this case, you must meet with the
instructor to review your work to discuss what needs to be improved and how to improve it. It
is your responsibility to stop by (virtual) office hours and/or set up a meeting time. Grades on
these assignments will be awarded as follows, based on when the very good/excellent threshold is
achieved:

1. Original submission: A+ (100)

2. Revision 1: A (95)
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3. Revision 2: B+ (87)

4. Revision 3: C- (72)

5. Revision ≥ 4: D- (62)

This revision process is intended to help you 1) fully comprehend core concepts in Circuits; and
2) foster your overall scientific writing capability. With a good faith effort from the student, the
instructor fully expects that the revision process should typically conclude with the assignment
receiving a grade of no lower than B+.

Exams

We will plan for 2 total exams. These are basically 2 “mid-term” exams to provide some way
points to check your learning. See the course schedule for exam dates. In general, exams will be
closed book, closed note, software (e.g. Matlab) required for calculations and generating graphics.
No late exams will be accepted. There is NO final exam.

Final Design Project

There will be one open-ended, integrative design project. While it will serve to help assess your
level of mastery of course material, even more importantly, it will also provide an opportunity to
work on a “real-life” design project. You’ll have 4 weeks to tackle the design project (Weeks 9-12).

Grading Policies

1. In order to receive a grade for the course, your lab space must be certified clean
and tidy, and you must return any major pieces of equipment to the instructor.
When you are ready during finals week, please 1) submit photographic evidence
of your clean space and 2) a written statement “I was a good Circuits lab citizen!
I certify my lab space is clean and tidy, everything has been put away in its
proper place.”. This might sound harsh, but I can tell you from experience it is no fun
spending 3 days in the lab cleaning up the wreckage of the Circuits finals week after party.

2. You must satisfactorily complete all lab assignments in order to pass this class.
You must also pass a soldering proficiency test in order to pass this class (Think:
engineers/physicists version of the swim test).

3. Assignments submitted after the due date without prior approval from the instructor will
incur a 5%/day deduction from Integrative Assignment score (50 points total over the term).
Of course, reasonable exceptions are made in extenuating circumstances.

4. Numeric grades are tabulated as follows:

Integrative Assignments (progressively weighted) 40%
Exam 1 10%
Exam 2 20%
Design Project 25%
Intellectual growth, independence, class participation 5%

Total 100%
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Your final state of competence is more important than your overall numerical average. The
subjective component is simply a mechanism by which—when appropriate—I can translate your
final state into an appropriate letter grade. Throughout the term we will have many occasions to
interact in the classroom and in the lab. At the end of the 12 weeks together I gain a very good
sense for placing students on the spectrum of who really “knows their stuff.” Factors considered
during this evaluation include, but are not limited to: class and lab participation, intellectual
growth, demonstrated overall integrity and competency in course and lab work. Please know that
this policy is in place neither to hurt or help you. If you have any questions about this grading
policy, please come talk to me.

One piece of information regarding this grading system that may assuage and/or allay any
concerns or fears you may have—maybe even bolster your spirits: The median grade earned by
students completing Circuits the prior four years is roughly an A-, and approximately 30% of
students have earned an A. That is not to say this class is easy (just ask Circuits alumni!), rather
that it is possible to master Circuits, and excellent performance is duly recognized.
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COURSE POLICIES

Integrative Assignment Policy

You are allowed and strongly encouraged to discuss integrative assignment problems with class
mates, but your written solutions must be generated by you alone. Consultation with or seeking
aid from solutions from previous offerings of this course is strictly forbidden.

Lab Work/Data Sharing Policy

This term, you will work with a classmate (team of 2) during all lab sessions. It is crucial that both
you and your lab partner actively participate to master the core skill set in the Circuits lab. You
are allowed and encouraged to share raw data . However, each student must generate his or
her own final graphics/figures from (shared) raw data. Reasonable accommodations are
made by the instructor with regard to sharing files that generated in collaboration with your lab
partner, but you must ask first .

Exam Policy

Any collaboration on exams, or discussion pertaining thereto, is strictly prohibited.

Design Project Policy

Expect to work with a team member on your final project. You may of course fully collaborate
with your team member, but collaboration and discussion with anyone else is strictly prohibited.
The final written report must be developed by you, working solo.

Academic Honesty

According to the White Book1, the Honor System is the “fundamental principle that a spirit of trust
pervades all aspects of student life.” The system is one of “mutual trust” which clearly establishes
that “Students should do their own work, represent themselves truthfully, and claim only that which
is their own” (emphasis added by JE). The system is not designed to “work against or frighten”
students, rather it was designed to allow students “unparalleled academic freedom.”

You are expected to abide by the W&L Honor System at all times. Any suspected Honor
Violation will be reported to the Executive Committee. In such an event, the instructor reserves
the right to assign a grade of zero on that assignment and/or a failing grade for the course. (I
believe in my heart that this policy will never ever come into play, but I am, more or less, legally
compelled to explicitly state it in the official course syllabus.) Specific policies regarding homework
assignments, lab reports, and exams are described in detail below. If you are ever in doubt about
whether an action is within bounds, please consult with me first.

Special Academic Accommodations

Washington and Lee University makes reasonable academic accommodations for qualified students
with disabilities. All undergraduate accommodations must be approved through the Office of
the Dean of the College. Students requesting accommodations for this course should present an

1Full text of White Book available at http://www.wlu.edu/x48217.xml
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official accommodation letter within the first two weeks of the (fall or winter) term and schedule
a meeting outside of class time to discuss accommodations. It is the student’s responsibility to
present this paperwork in a timely fashion and to follow up about accommodation arrangements.
Accommodations for test-taking should be arranged with the professor at least a week before the
date of the test or exam.

Attendance Policy

Class Periods

You are strongly encouraged to attend all lectures—hopefully they are worth attending. We’ll be
doing a lot of hard thinking, working on problems, learning by doing in the lab (but minimal
straight-up old school lecture). In order to make optimal use of our 90 min together, before class
please read and/or watch assigned material, and do your level best to understand core concepts.
(Learning how to learn...a life-long skill...two for the price of one in Circuits...hooray!)

If you miss class for a legitimate reason—illness, family emergency, etc.—I will make every
effort to help you get caught up as soon as possible. You must notify me (in person or via email)
of a planned excused absence prior to day you will miss to briefly explain the circumstances. In
the event of an unexcused absence (i.e., “Whoops, I slept in”; “I had paper due for another class”;
“I left a day early for Thanksgiving Break”, etc.), you are solely responsible for staying up to date
with class notes and news—in which case, I strongly recommend talking to a Circuits buddy.

Lab Periods

The laboratory sessions are crucial for learning hands-on, practical skills relating to electric circuits.
Therefore, you must satisfactorily complete all labs during the assigned laboratory period. Of course,
any extenuating circumstances will be carefully considered, should they arise. If you are unable
to attend a laboratory session on the assigned day for a legitimate reason, notify me in person
or by email before the lab to explain the circumstance, and I will arrange for a time to make-up
the lab, and do everything reasonable within my power to help you with the lab. In the event of
an unexcused absence, you are still required to complete the laboratory, but no assistance from the
instructor and/or TA will be offered.

Sick Day Policy

First and foremost, please take good care of yourself this term! When it doubt, play it safe: If
you are feeling ill, please stay home, get some rest, get a friend to bring you notes from class and
chicken soup and get better soon! It is in everyone’s best interest for you to minimize interpersonal
contact when you are feeling sick, especially when you are symptomatic. I trust your judgment and
do not require a doctor’s note. However, please remember to contact me regarding this absence,
and feel better soon!.

Electronic Devices and Texting

I would like to believe I am a pretty easy-going, congenial guy, but the one thing that absolutely
drives me bonkers is texting during class. The two-hands under the desk, half-blank stare is
obvious. So, thank you in advance for powering down your mobile device, and for respecting the
strict no-texting policy.
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Figure 3: Circuits is a No Texting Zone.

If you must have your phone on for tending to, say, a medical or family emergency, please
inform me before the start of class.

Regarding laptops in class: There isn’t really any compelling reason why you would use one
in Circuits on a day-to-day basis, and a grand total of zero students have sought to use one in 8
previous years I’ve taught this course. However, if you have insist on using a laptop, please ask me
first—any reasonable requests will be entertained and carefully considered (but I do not promise
to grant it). All of this said, there are days when we will make use of Matlab or other software
packages to perform analysis; you’ll be given ample advance notice.

Suggestions and Feedback

Suggestions for improvement, constructive criticism, and positive feedback are welcome at anytime.
Please do not hesitate to approach me with any concerns you may have about this course. I
take your feedback very seriously and will sincerely respond to all received comments. It is the
main mechanisms by which the course will improve over time (sometimes instantaneously, when
possible!).
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