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Introduction

This portfolio documents my experiences in teaching while at the University of Notre Dame.
My experiences fall into two general categories: being a teaching assistant for General Physics
Tutorials and performing observed lectures as part of the Teaching Practicum course offered by the
Physics Department. For each of the experiences (where appropriate), I provide an overview, a lesson
plan, my lecture notes, feedback, and a reflection.

Opverall, the General Physics Tutorials were a much shorter time-span for lecturing — on the
order of 5 minutes for a brief review of concepts before students worked in groups on discussion
questions. However, I had more control over the structure of the class and was responsible for almost
every aspect of the class. For example, I designed the review lectures, provided my own solutions to
the discussion questions, graded the discussion questions, managed the grade book on Sakai, and
received evaluations from the students. The two aspects I did not have control over were the specific
discussion questions and the general format of group work.

The Physics Department Teaching Practicum provides graduate students the opportunity to
give a full lecture to physics students and receive feedback from an observer. I completed three
lectures as part of the teaching practicum — one upper level physics course with only ~10 students
and one lower level physics course with ~ 100 students. It was interesting to design and deliver
lectures to such varied audiences. All lectures were observed by a professor in the Physics
Department, and they expressed very complementary opinions of my teaching. The two General
Physics lectures were observed by professionals from the Kaneb Center for Teaching and Learning! at
the University of Notre Dame. The Kaneb Center was able to provide more extensive feedback that I
found very beneficial.

1More information on the Kaneb Center can be found at their website https:/ /kaneb.nd.edu/.
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Summary of Teaching Experience

1. General Physics Tutorials (PHYS 10310, 10320, 12320)
Fall 2013, Fall 2014, Spring 2014
~20 students per section
lower level course for non-majors

2. Quantum Mechanics IT (PHYS 40454)
1/30/2017, 11:30 am - 12:20 pm
Professor Morten Eskildsen
Observed by Professor Jonathan Sapirstein
~10 students
upper level course for physics majors
Topic: Relativistic Correction to the Fine Structure of Hydrogen

3. General Physics II (PHYS 10320)
9/22/2017, 8:20 am - 9:10 am
Professor Manoel Couder
Observed by Alex Ambrose of the Kaneb Center and Professor Adam Martin
~100 students
lower level course for non-majors
Topic: Energy in Capacitors

4. General Physics IT (PHYS 10320)
9/22/2017, 2:00 pm - 2:50 pm
Professor Randal Ructi
Observed by Kevin Barry of the Kaneb Center and Professor Adam Martin
~100 students
lower level course for non-majors
Topic: Energy in Capacitors
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General Physics Tutorials
Overview

I was a teaching assistant for the General Physics I & II tutorials for three semesters: Fall 2013, Spring
2014, and Fall 2014. The purpose of the tutorials was to practice problem-solving techniques in a
group setting. Each section consisted of 15 - 20 students. I structured the tutorials with a 5 minute
lecture to review the important concepts/equations, 35-40 minutes of group work time, and 5-10
minutes at the end for groups to present their solutions. The tutorial questions were provided by the
professor in charge of the course and used by all tutorial sections. I received mid-semester and end of
the semester evaluations for the Fall of 2014.

Example Discussion Questions

Physics 10320 Fall 2014
Discussion Section Questions

November 4, 2014

Directions: One person in your group should act as "scribe" to record your group's solution on a sheet of
paper. Please make sure your answers are legible and comprehensible.

1. A very long, straight connector with a cylindrical cross section of radius R carries a current /
uniformly distributed over the cross sectional area of the conductor. The conductor is hollow, with a
cylindrical hole of radius @ whose axis coincides with that of the outer conductor. Find the magnetic
field due to the current everywhere in space.

(0

2. A magnetic field with time variation B(¢) = B, sin wt is oriented such that Bis perpendicular to the
page. A square loop whose side has length g lies in the plane of the paper.

(a) Find the amplitude of the current induced in the loop if the resistance per unit length is p.

(b) Now, as shown on the right, a twist is added in the form of another square loop. Find the induced
cutrent in this case if the new loop is made of the same wire.

b
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Example Review Lecture
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Example Solutions
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Teaching Effectiveness — Student Evaluations

Mid-semester Quantitative Evaluations:
Below are average student responses from 21 students on a scale of 1 - 5, where 1 is “strongly agree”
and 5 is “strongly disagree.”

7

Statement Average Response

The problems worked in this class help me in working other 2.48
problems on my own.

The problems worked in this class help me in learning the 2.38
content ideas in this class.

My group works well together. 1.48

I feel that I need more guidance for our group work. 2.45

I find it helpful if the instructor summarizes results obtained 1.71

as part of group work.

Mid-semester Qualitative Evaluations:
Below are comments from students in response to the question “What do you like the most about the
Discussion sections?”

“Ability of TA to explain content is outstanding.”

“I like that we can work on it as a group and get help from instructor on parts that confuse us.
The instructor is also very nice and helpful.”

“I like working in groups and I like when the TA goes through a brief pre-worksheet recap on the
board.”

Below are comments from students in response to the question “What do you like the least about the
Discussion sections?”

“Sometimes for hard tutorial sessions, it’s hard to reach the instructor because everyone asks
for help.”

“When everyone is stuck on a problem and the TA goes to individual groups to help them
solve it rather than teach the whole class at once.”

“Difficulty of problem sets seems a bit much.”
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End of Semester Quantitative Evaluations:

CIF

Instructor Summary Report

*** CONFIDENTIAL ***
Data Retrieved Dec 29, 2014 11:02 AM

UNIVERSITY OF
NOTRE DAME

Instructor: De Waard, Elizabeth R. Term: Fall 2014
Enrollment: 23 Respondents: 18 Response Rate: 78% Credit Hours: 0
Title Course / Section # Division Department Campus Level
Primary Listing: General Physics Il Tutorial PHYS 12320-14 SC PHYS Main 1
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End of Semester Qualitative Evaluations:

*kk *kk UNIVERSITY OF
CIF CONFIDENTIAL NOTRE DAME
Data Retrieved Dec 29, 2014 10:59 AM o

Student Comments Report

Instructor: De Waard, Elizabeth R. Term: Fall 2014

Enroliment: 23 Respondents: 18 Response Rate: 78% Credit Hours: 0
Title Course / Section # Division Department Campus Level

Primary Listing: General Physics Il Tutorial PHYS 12320-14 SC PHYS Main 1

Question List

Reference # Question
U1 Pleas_e comment on how well the activities, readings, lectures, and assignments helped you
learn in this course.
u2 Please identify what you perceive to be the greatest strengths of this instructor's teaching.
U3 Please identify areas where this instructor could improve his/her teaching.

Student Responses

<= < <=
Reference # Stu;:lent Response
U1 1 Class assignments were difficult and sometimes hard to finish in the time

allotted. But helpful for the exams.

u1 2 The worksheets are very similar to test questions and this helps!

Tutorials problems are usually more challenging than homework or test
U1 3 questions, which | dislike, but they became more understandable towards the
end and were a good way to practice the material.

U1 4 The tutorial worksheets should relate what we do in class, which some of them
do not.
U1 5 The worksheets helped to bring a better understanding of the course materials.

the tutorial problems were too challenging | think and unlike what we were
U1 8 tested on also sometimes they were on things we hadn't learned yet, which
made it difficult

U1 9 The problems given were a good challenge to see how well | knew the material.

The tutorial worksheets seem way too hard in my opinion. | do not know if it is
U1 10 because | am bad at Physics or because | just did not like Physics, but | never
saw the usefulness or relevance of these worksheets.

U1 11 Of the assignments we had in Physics in general, the tutorial assignments were
the closest to the exam problems.

U1 12 Homework was relevant.

Very helpful for explaining and helping us get to the idea of the problem. You
u2 1 were also very kind and didn't look down on us when we struggled with
something.

u2 2 Kind and cares about the students. Good at explaining the material.

| like how she formatted the tutorials by having us do the problems in groups but
u2 3 have someone explain problems to the class on the board if there were ones
that were more difficult. Liz was pretty helpful and usually good at explaining
concepts.

Elizabeth is awesome and ran tutorial in the best way possible. She actually
u2 4 wanted to make sure that we learned the material instead of just completing the
worksheets. Awesome TA.

u2 5 Very friendly and helpful. Does a good job of explaining material.

u2 6 Really approachable with questions.

u2 7 Very help_ful in walking students through problems and assisting them in learning
the material.

u2 8 You are very helpful in explaining the material to us when we ask questions

u2 9 She was good at guiding us in the right direction while still making us think to

solve the problems.
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She would go over briefly what equations we needed to transfer from lecture to

u2 10 coTpIete the worksheets. She was very able and willing to answer questions as
well.

u2 11 Loved this TA. She was awesome. Extremely helpful.

u2 12 Excellent communicatiop skills. Great jop pf drawing the answers out of thg
students, rather than being unhelpful / giving them the answer. Truly great job.

us 2 n/a

U3 4 Nope.

u3 5 Could have more students be involved with the tutorial.

U3 6 No real improvements needed

us3 7 N/A

u3 8 N/a

I never felt engaged in Physics tutorial. | would literally look at the questions and
U3 10 have no idea what to do. Luckily we were in groups otherwise | would have
gotten nothing done.

U3 1 Nothing. She's great. The actual class, Physics 2, is garbage. But Elizabeth was
great.

The problems in this course really stemmed from the writers of the tutorial
u3 12 questions (some were next to impossible to do in the alotted time), rather than
Liz. She did an awesome job this semester.
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Lecture 1
Overview

In this lesson, I taught upper-level physics majors how to apply time-independent perturbation
theory to the Hydrogen atom. This lecture was for Professor Morten Eskildsen's Quantum Mechanics
IT (PHYS 40454). The class consisted of approximately 10 students in their junior year. I opted to
deliver the lecture by handwriting notes, equations, and derivations on the blackboard, as opposed to
using prepared slides. The lecture was observed by Professor Jonathan Sapirstein of the University of
Notre Dame Physics department.

Lesson Plan

Main Idea: Derive the relativistic correction to the fine structure of the Hydrogen atom using time-
independent perturbation theory. The material covered corresponds to section 6.3.1 of
Introduction to Quantum Mechanics by David J. Griffiths.

Outline of Lesson:

1. Review of time-independent perturbation theory

2. Hamiltonian of the Hydrogen atom - kinetic and potential energy

3. Corrections to the Hydrogen atom (in descending order of magnitude):
1. Motion of Nucleus
2. Fine Structure (relativistic and spin-orbit coupling)
3. Lamb Shift
4. Hyperfine Structure

4. For the relativistic portion of Fine Structure, we incorporate the relativistic momentum into the
kinetic energy term of the Hamiltonian

5. The new relativistic term in the Hamiltonian is small and can be treated as a perturbation

6. Reminder - the Virial Theorem used to derive a 1/r term in the energy last lecture

7. 1If time allows, cover the Feynman-Hellmann Theorem that can be used to derive the 1/r? term
in the energy

8. Combine all of the terms for a final energy expression

Demonstration: The Fine Structure of Hydrogen can be observed in the energy spectra, have the
students use diffraction gratings to look at a tube of hydrogen gas.
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Lecture Notes
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Observer Comments

Professor Sapirstein thought the lecture went very well and did not offer any constructive criticism.

Reflection

Overall, I also thought the lecture went very well. My main goal of this lecture was to ask leading
questions in such a way as to have the students themselves direct the derivation. In my lecture notes,
I included notes of where it would be reasonable to request information from the students (indicated
by a boxed “Q:” in red) as well as when I should check for comprehension from the students
(indicated by a boxed “Questions?” in red). In my opinion, asking students to progress the lecture in
this manner keeps them more engaged, especially when covering heavy or lengthy derivations. I also
thought the review of time-independent perturbation theory at the beginning of the lecture was
particularly helpful. It put the students in a “physics” frame of mind, and I kept the equations that
were useful for the current lecture on the board for easy reference during the lecture. Finally, I think
the demonstration using the tube of Hydrogen gas helped the students connect all of the math we had
just covered to the “real-world.”

From this lecture, I noticed several areas where my teaching can improve, specifically with the pacing
of the lecture, summarizing material, and promoting entire class engagement. I have a tendency to
speak quickly, which is not conducive for students attempting to write notes and process information.
Even with the demonstration, I covered the full lecture material with a little over 5 minutes to spare.
In the future, I will attempt to speak slower and incorporate pauses after writing equations on the
board. Overall, I could have done a better job summarizing the important concepts from the lecture.
In particular, providing the students with an outline for what I intended to cover that lecture would
have given context for all of the intermediary steps. Asking the students to summarize what they
learned at the end of the lecture would reinforce the main ideas and provide a check for holes in
comprehension. Finally, while the student-directed derivation did help with student engagement,
most answers were provided by the same two students. In the future, I need to find a tactful way of
encouraging other students to respond. While difficult for this type of derivation lecture, providing
students the opportunity to work through some section of the material could help engage students
who are too shy to speak up in front of the entire class.
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Lectures 2 & 3

Overview

In these lessons, I taught non-physics majors about the energy stored in capacitors and electric fields.
Both lectures were for two different sections of General Physics II (PHYS 10320), the first was for
Professor Manoel Couder and the second, for Professor Randal Ructi. These classes consisted of
approximately 100 students. I opted to use the same power point slides used for every section of
General Physics II at the University of Notre Dame. These power point slides provided a general
outline of the material; the specifics were filled in using a tablet as the lecture was given. Professor
Adam Martin of the University of Notre Dame Physics Department observed both lectures; from the
Kaneb Center, Alex Ambrose observed the first lecture and Kevin Barry, the second.

Lesson Plan

Main Idea: Derive the amount of energy stored in a capacitor and relate it to the energy of an electric
field.

Outline of Lesson:
1. Review of capacitance (C):
1. Defining equation.
2. Parallel-plate capacitor.
3. Combinations (series or parallel) in circuits.
2. Example - how to find capacitance for a general geometry using the electric field (E),
emphasize the end result is a function of geometry only.
3. Energy Derivation
1. Review - work to move a charge through a potential V.
2. The energy can be derived by adding up the work to build up a series of charges on the
plates.
3. Energy stored can be expressed in terms of Q, C, or V.
4. Energy (density) stored can also be expressed in terms of E.
4. Examples:
1. Energy change with change in plate separation.
2. Energy to build up charge on a sphere.
3. Two capacitor circuit problems.

Media: Video of the energy discharged from a capacitor to demonstrate how much energy capacitors
can store. Walk through an order of magnitude calculation for the energy stored in a typical
capacitor. URL: https:/ /www.youtube.com/watch?v=-3IbAerY;j8I
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Lecture Notes

News/Reminders

Prof. Martin

NSH 316

1-6466
amarti41(@nd.edu

Office Hours: Ruchti (NSH 408): M 3-5pm;
Martin: Th 2-4pm; Couder (NSH 222): Th 4-6pm
HW #4 due Fri 9/23, 11:59pm

No RQ/tutorials next week. Labs will meet as usual.

See Sakai Announcements for exam #1 details!
Help Sessions: Wed, Thurs evenings 5-7pm, NSH 123
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Consider two capacitors, each having
plate separation d. In each case, a slab of
metal of thickness d/3 is inserted between
the plates. In case (a), the slab is not
connected to either plate. In case (b), it is
connected to the upper plate. The
capacitance is higher for
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1.Case (a). MLA
2.Case (b). .
3.The two capacitances are equal. M
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concentric conductors of length L. The

smaller cylinder has radius r;, and the larger

one is a coaxial shell of radius rs. \[_
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Energy in Capacitors
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Energy in Capacitors
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Consider a simple parallel-plate capacitor
whose plates are given equal and opposite
charges and are separated by a distance d.
Suppose the plates are pulled apart until they
are separated by a distance D > d. The
electrostatic energy stored in the czj)acitor is D
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A an isolated spherical shell is initially

uncharged. We will charge it by moving A
small amounts of charge dq from to the
surface of the sphere at radius R. What is E
the total change in potential energy AU when
we have deposited a total charge  on the

s surface? E
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Observer Comments

Notes from the Kaneb Center:

Strengths
¢ Preparation — in class and ready to go on time
* C(lear organization
¢ Day’s topic identified
* Orderly progression through examples
* Clear mastery of the material
* Engaged students with short problems / questions
¢ Use of tablet to create drawings, illustrate examples, write out problems
e Incorporation of media — capacitor discharge
e Connecting with humor

Opportunities for Improvement
* Pace seemed fast
* Steps combined when completing examples
e Opportunities for explanation missed in favor of moving through equations
quickly
* Some students are probably left behind
* Deepen student engagement
* Give defined problem-solving time before asking for responses
e Increase wait time — several wait times under 2 seconds, especially when checking
for understanding
e Take time to look around the room for questions — one student raised hand 3 times
between 2:25 and 2:27 but was not acknowledged
e (lass ending. With 4 minutes left a final example was attempted but required a rushed
finish with time expiring. Using that 4 minutes to review important ideas (or better, have
students identify them) would have a greater impact.
e Careful with humor
e Avoid self-deprecating or anti-intellectual humor, e.g.:
e Shouldn’t be doing physics on a Friday ad-lib response to first problem
e That was boring ... let’s watch a video

Other Notes
We recommend using amplification whenever available. Typically, in rooms over 50. Avoids
fatigue, lost communication effectiveness when turned to board or screen, and forcing
someone with hearing loss to have a need to self-identify.
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Reflection

Overall, I thought both lectures went well. This style of teaching — filling in details on prepared
powerpoint slides — was new to me and it was a great learning experience. For a lower level class
like General Physics I or II, using a tablet in this manner seemed to retain the best aspects of
powerpoint presentations and handwritten “blackboard” lectures. Not only did it help the actual
lecture go smoothly, but it provides a great resource to make available to the students. I would like to
try making the unfilled-in powerpoint slides available to the class prior to the lecture, as this would
enable students to prepare for lecture or even print the slides to use as an aide when taking notes.
Similar to my Quantum Mechanics lecture, I liked the review of prior material at the beginning of
class and the incorporation of media (here the video of a capacitor discharging). In this case, the video
provided a break after covering especially difficult material.

Unfortunately, I still struggled with pacing in these two lectures, despite my identification of that
issue after the Quantum Mechanics lecture. I showed some improvement in that I attempted to
incorporate pauses, but I did not follow through by providing adequate time for those pauses. More
specifically, I did a good job of asking about comprehension/questions, but I did not do a good job of
providing the students enough time to process/formulate questions. I did a good job of asking
students questions, but I did not do a good job of providing them enough time to engage and
respond. For this level of material, I could have provided students with a question to work through.
However, with a class of this size, I thought it would be too difficult to ensure all of the students were
engaging with the material. In the future, I would like to try to incorporate more “poll” style,
multiple-choice questions for large classes. Ideally, the students would have “clickers” so they can
respond anonymously, but having students raise their hands is also feasible if clickers are unavailable.
Finally, I agree with the Kaneb Center that asking the students to summarize what they learned at the
end of the lecture would have been a better use of time than rushing through an example.

One interesting aspect of giving the same lecture twice is the opportunity to improve the second
lecture based on the first. For example, I received an excellent question at the end of the first lecture
that I had not considered. In between the two lectures, I worked out the alternate derivation and
incorporated it into the second lecture. One negative aspect of giving the same lecture twice was my
familiarity with the lecture resulted in a faster delivery. I was not even aware that I was going through
the material faster until I finished the lecture early.
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Overall Reflections

Through this process I have determined that I prefer an interactive lecture style with opportunities for

students to engage with the material on their own. I value critical thinking and self-directed learning,

and where possible I strive to have the students answer leading questions in order to progress the

lecture. I also think it is important to provide students with the opportunity to work through portions

of the material individually or in small groups, as this forces them to engage with the material. These

experiences have also shown me that my greatest weakness in teaching is my pacing. I intend to work

on slowing down my delivery and pausing more often to allow students time to process information

or formulate questions. Overall, I prefer teaching smaller classes. It is easier to ask for input from and

connect with the students.

Things I intend to work on in my teaching;:

Taking longer breaks more often throughout the lecture, allowing students to process the
information and formulate questions.

Remembering to scan the room frequently for questions, and pausing to ask for questions.
Keeping handwriting legible.

Avoiding ad-libbed jokes - I tend to have a self-deprecating style of humor (as mentioned by the
Kaneb center) and this is not the best type of joke to make in front of students. However, I do like
incorporating humor overall, I believe it helps the students connect more with me and feel more
comfortable asking questions.

Summarizing important concepts at the beginning and end of lecture.

Repeating questions/comments from students to ensure the entire class was able to hear.

Stating the time frame (i.e. 2 - 3 minutes) to work and actually giving the students the full amount
of time.
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