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1

Growth as a Teacher

Teaching Philosophy

Students build math knowledge and skills over time, so the intuition that students
develop early on in their education helps direct them to becoming more successful
mathematicians later in their learning career. Hence I believe that it is my responsibility
as a teacher of introductory math courses to guide students towards developing this
intuition. Many students believe that intuition for mathematics is binary: you either
have it or you don’t. Though it seems true that the most successful students have
already built a strong intuition for the topics presented in a class, it is possible for a
student to develop and hone this ability with good instruction. Students can learn how
to look at a problem and see potential approaches – and possibly determine the entire
solution – without writing anything down. Using this carefully cultivated intuition,
they generate an initial insight, and then proceed to build a complete solution using
the knowledge and techniques they have learned in class.
I have found that leading active learning-style problem-solving sessions is the most
effective way for me to help students efficiently develop their intuition and ultimately
build their confidence and competency in calculus. I think of myself as a math coach:
I have goals (learning outcomes) I want my team (the class) to accomplish, and I help
them reach those goals through guided practice and then assess their progress. Having students work on problems in class provides a focus on problem solving that is not
achieved by traditional homework problem sets, and allows students to get immediate feedback from the instructor and their peers. Group-based problem solving also
has the added benefit of helping students develop socially as they begin their college
experience.
In this document I expand upon this teaching philosophy. I provide a brief overview
of how my experiences as a teacher in graduate school have lead me to this perspective
on teaching, and I include examples and explanations of the materials I have used to
facilitate the problem-solving-based approach to teaching mentioned above. Finally,
I reflect on how effective my techniques have been and on how I can improve upon
them based on feedback and my own observations.

2
2.1

Growth as a Teacher
Teaching Assistant for Engineering Calculus

Soon after I started leading calculus recitation classes during my first year of graduate school, I found that I was most effective as a teacher when I knew how well my
students could apply what they had learned. If I had a sense for what aspects of the
course material they did and did not understand, then I could tailor the class to my
students’ specific learning needs instead of guessing what would be best to review.
Thus I devoted as much class time as possible towards putting my students in a challenging problem-solving environment where I could watch them work and discuss
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the material with them in smaller groups. I used the information I gathered from these
class observations to inform what I would review during the next meeting.
Appendix A contains a typical worksheet that I distributed in recitation for a Multivariable Calculus for Engineers class. I handed out worksheets like this at the start of
each class, and would then go over the “One-Page Review” at a pace dictated by my
perception of my students’ comfort with the material. Following the review, I would
have the students work in groups on a selection of practice problems that I had chosen
to reinforce the concepts from the section.
The feedback I received from my students at the end of each semester was overwhelmingly positive: many students explicitly mentioned how much they appreciated the review sessions I led, and how much the challenging problem sets helped them prepare
for exams.
Courses Taught as a Teaching Assistant
Multivariable Calculus for Engineers Recitation, Spring 2015
Calculus II for Engineers Recitation, Fall 2014
Multivariable Calculus for Engineers Recitation, Spring 2013
Calculus II for Engineers Recitation, Fall 2012

2.2

Instructor for Engineering Calculus

After years of honing this in-class problem-solving approach in my discussion sessions
as a teaching assistant, I had the opportunity to use it in my own course. During the
summer semester of 2017, I was the primary instructor for an engineering calculus
class at Cornell. I have included the syllabus for this class in Appendix B.
Throughout the course (which met every weekday for six weeks), I applied my ideas
for a problem-solving-oriented class and directly observed the results. Two days per
week were designated as “problem session” days, during which I would break the
students into groups and have them work on practice problems for most of the class.
Appendix C contains an example problem session worksheet. While the students were
working, I would move around the room, answer questions, and watch and listen to
students attempt the problems. Just as when I was a teaching assistant, this helped me
develop a strong sense for how adept each student was with the material, and what
topics I should focus on reviewing.
Because the problem sessions came at the expense of time that would otherwise be
spent lecturing, I compensated by producing video lectures for the students to watch
at home. Below is a link to the YouTube page containing the videos I produced for the
course.
https://tinyurl.com/math-with-drew
Besides freeing up class time, the benefit of the video lectures was that the students
could watch the lectures at their own pace, with the ability to pause and rewind the
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video as needed. They were then able to apply the knowledge and techniques presented in the video lectures to the material in the problem sessions. By focusing more
class time on actually practicing calculus rather than just observing it, I provided my
students with a structured environment to build the problem-solving intuition that I
believe is paramount to their success.
Courses Taught as an Instructor
Calculus II for Engineers, Summer 2017
Calculus II for Engineers, Summer 2015
Calculus I, Fall 2013

2.3

Additional Teaching Responsibilities

Head Teaching Assistant for Engineering Calculus
As a Head TA, I managed the administrative aspect of the same engineering calculus
courses for which I had been a recitation TA. This primarily entailed communicating
information between the lead instructor and the other TAs, managing the course website, and organizing exams.
Multivariable Calculus for Engineers, Spring 2016
Calculus II for Engineers, Fall 2015
Grader for Undergraduate Math Major Courses
Besides grading homework assignments and exams, my responsibilities as a grader
involved holding office hours and writing solutions to homework problems.
Manifolds and Differential Forms, Fall 2016
History of Mathematics, Spring 2014

3
3.1

Improvement
Seeking Feedback from Students

Just as I wish to develop my students’ intuition for mathematical problem solving, I
would like to develop my own intuition for individualized teaching. That is, I wish to
enhance my ability to identify what a student needs to improve based on what I see in
their group performance and written work.
To that end, I regularly seek feedback from my students. I ask questions like “is the
way the class is being run working for you? What type of in-class activities would you
like to see more of? Less of?” I occasionally ask these questions to students in person
(e.g., one-on-one in office hours), but I find that I get more honest feedback through
anonymous surveys, which I collect at least once a semester in addition to the formal
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end-of-semester course evaluations. In Appendix D I have included the feedback form
that I used for my summer course.
Using the feedback I receive by talking to my students, from reading their surveys, and
from observing their performance in class, I am able to make adjustments throughout
a course to better meet students’ learning needs. By the end of the course I taught
this past summer, many of the students who struggled the most at the beginning of
the class were showing the most drastic improvements during the problem solving
sessions; their final exam scores also reflected this.

3.2

Striving for Continuous Improvement

After collecting evidence on problem-solving sessions during the summer course, I
feel confident that this is an effective way for me to organize a first-year math course.
Supervised problem solving provides a focused environment in which students can
apply and expand upon the skills and intuition they have acquired in class, and it
allows me as the instructor to monitor students’ progress and adapt my lesson plans
based on what I observe.
At the conclusion of the course, I spent some time reflecting on the successes and shortcomings of the problem sessions and the associated video lessons. I have identified two
significant ways in which my techniques can be improved.
Problem Set Structure
I created some of the problems for problem sessions on my own, but most of them
were selected from the textbook or from handouts that I have used in previous classes.
As a result, the problem sets often ended up as an unorganized collection of problems
that fit the theme of the sections that the problem session was covering. A majority of
the problems are stated in the shortest way possible, with the expectation that students
will check their notes, talk to their classmates, or ask the instructor if they need assistance. This is not the most optimal form for a problem set like this: I could increase the
effectiveness of the problem sessions by rewriting the problems so that they lead the
students through an idea or procedure.
For example, in Problem 2 on the problem session handout in Appendix C, students
must compute the work done in pumping water out of a tank in the shape of a trapezoidal prism. Although the problem statement doesn’t reflect this, the primary challenge comes when dealing with the geometry of the tank; students who are already
comfortable with work computations may still struggle to set up this problem correctly. A better formulation of this problem would lead the students through the computation in several steps, with each step building on the previous. This would serve
as a review of the computational method involved in the problem, would ease the
difficulty of handling the geometry, and would help the student build confidence in
their understanding of the method. After solving the guided problem, the problem
set could present a similar problem with less guidance to help solidify the student’s
understanding.
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Restructuring the problem sets to have more guided questions like this would turn
the problem sessions into more of a learning experience for the students, rather than
merely an opportunity for them to recall and apply the lecture material. I could also
use this format to introduce related topics to the students via the problem sets, using
a combination of explanations of new ideas and prompts to apply the ideas to familiar
concepts.
Video Lesson Quality and Format
My first attempt at video lectures received positive feedback from students, but there
is still ample room for improvement. Most notably, none of the videos I produced were
scripted: my choice of words and pace while recording the vidoes was almost entirely
improvised. As a result, I occassionally appear unsure of what to say, which distracts
from the mathematics I am presenting. Scripting my lectures, while time consuming,
would lead to a more polished video that is easier to watch and understand. I plan on
doing this time I have the opportunity to use video lessons in a class.
Additionally, I would like to explore the use of interactive platforms for video lecture presentation. My current setup (hosting videos on YouTube) does not provide
any tools to the students watching the video, such as the ability to find specific topics
within a video. There are more specialized video hosting platforms (such as Panopto)
that I am interested in trying out.

Appendices
In the following sections I provide some supporting evidence for this portfolio.
Additional material (e.g. complete evaluations or more problem session handouts) is
available upon request.
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Appendix A

Example Recitation Handout

O NE -PAGE R EVIEW

MATH 1910 Recitation
Fall 2012

11.3 (Positive Series), 11.4 (Cond. Conv.)

• A series

P

an is called positive if an > 0 for all n.

• The Integral Test: If f(x) is a positive, decreasing, continuous function for x > M,
then
(1)

(2)

if and only if

• p-Series:

∞
X
1
converges
np

(3)

.

(4)

and diverges if

.

n=1

• The Direct Comparison Test: If there is an M > 0 for which 0 ≤ an ≤ bn for all
n ≥ M, then
P
P
(5)
(6)
, then an
, and
– if bn
– if

P

(7)

an

, then

P

(8)

bn

.

• The Limit Comparison Test: If {an } and {bn } are positive and the limit
L = lim

n→∞

an
bn
(9)

exists and L > 0, then
• The series

P

an converges absolutely if

(10)

and
(11)

converges conditionally if

.

• The Alternating Series Test: if {an } is positive, decreasing, and lim an = 0,
(12)

then
.
Also, |S − SN | < aN+1 , where S is the sum of the series.
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P ROBLEM S ET
11.3 (Positive Series), 11.4 (Cond. Conv.)

MATH 1910 Recitation
Fall 2012

1. Determine if the following series converge or diverge.
∞
X
1
(a)
ln n
n=2

(b)

(c)

∞
X

n2
(n3 + 9)5/2
n=25
∞
X
n=2

(d)

1
n(ln n)2

∞
X
1
ln
2 n
n=1

(e)

∞
X

sin

n=1

(f)

∞
X

√

n=1

(g)

∞
X
n=1

1
n

1
n + 2n



1
ln 1 +
n

2. Determine if the following series converge absolutely, conditionally, or not at all.
(a)

∞
X

(−1)n−1

n=1

(b)

n

∞
X
(−1)n n4
n=1

(d)

n
.
+1

∞
X
cos πn
n=1

(c)

n2

n3 + 1

∞
X
sin n
n=1

n2

.

.

∞
X
(ln n)a
(−1)n+1
converges for all exponents a.
n
n=1
(Hint: show that f(x) = (ln x)a /x is eventually decreasing.)

3. Show that
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Appendix B

Example Syllabus
MATH 1910

C ALCULUS II FOR E NGINEERS
Summer 2017
Instructor:

Drew Zemke (drew.zemke@gmail.com)
Lecture: Every Weekday 10:00-11:15am in 203 Malott Hall
Office Hours: Fri. 12:00-2:00pm in 256 Malott Hall

TA:

TA’s Name (email)
Office Hours: Mon. 3:00-4:00pm in 256 Malott Hall

About This Course
Description
This is a second course in calculus which focuses on integral calculus and infinite series. Together with Multvariable Calculus for Engineers (MATH 1920), this class aims to
provide you with the fundamental skills required to engage with the mathematics that
arise in physics and enginneering.
Throughout the course, you will develop the ability to solve conceptual and applicationbased calculus problems via regular practice, both in an out of class. In particular, by
the end of the course, you will be able to:
• evaluate integrals using a variety of techniques (substitution, integration by
parts, partial fraction decomposition, etc),
• use integrals to compute geometric quantities (such as area, volume, and arclength),
• use integrals to solve application-based problems arising physics and engineering (such as computing work and volumetric flow rate),
• determine the convergence or divergence of infinite sequences and series, and
• compute and analyze power series and Taylor series.

Course Website
Announcements, assignments, and general information will be available on the course
Blackboard page at http://blackboard.cornell.edu. If you are enrolled in the
course, you should already be setup with Blackboard. Please check Blackboard regularly for new content and updates about the course.

Prerequisites
You are expected to have taken the equivalent of three years of high school mathematics, including geometry and trigonometry, and at least one course in differential
calculus. If you have any concerns about how your background might affect your
performance in the course, please contact me during the first week of class.
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Textbook
J. Rogawski and C. Adams, Calculus, Third Edition. (W.H. Freeman & Company, NY,
2015. ISBN: 978-1-4641-7501-5)
The textbook is required for homework assignments. If you plan to take Multivariable
Calculus for Engineers (MATH 1920) in the future, you may consider buying the full
textbook, which contains both single variable and multivariable calculus.

Assessment
Your performance in this class will be evaluated via in-class assignments, written homework assignments, and three written exams.
Prelims :
Final Exam :
Homework :
Class Participation :

25% each
30%
10%
10%

The two prelim (midterm) exams will take place during class on the dates listed below,
and there will be a cumulative final exam at the end of the course.
Prelim I :
Prelim II :
Final Exam :

Wednesday, July 12, 10:00-11:15am
Wednesday, July 26, 10:00-11:15am
Tuesday, August 08, 8:30-11:00am

There will be no make-up exams!

Class Structure
Video Lessons and Problem Sessions
• This class will differ from the day-to-day pattern of most college match courses,
where you see a lecture in class and then do homework problems outside of
class. Instead, twice each week we will have a ”flipped” class, where you watch
a recorded lecture at home the night before and solve homework-style problems
in class.
• The “video lessons” will be 20 to 30 minutes long, but you will be given opportunites to pause and solve some problems on your own before seeing the
solutions. Each video lesson and the accompanying exercises should take no
more than an hour to complete. (To compensate for the extra work outside of
class, there’s only one short written homework assignment per week.)
• It is extremely important that you watch the video lessons when they are assigned. Not watching one is the same as skipping class!
• During the “problem sessions” you will work on problem sets relating to the
previous day’s video lesson. We may work in groups, as individuals, or as an
entire class depending on the nature and difficulty of the material. Problems
that we work on during problem sessions will not be collected for a grade, but
you are expected to attend and participate. Failure to do so will be reflected in
the “Participation” part of your course grade.
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Homework
• Homework assignments will be due on Tuesdays at the start of class. The problems for each assignment will be posted on Blackboard at least a week before
they are due.
• You may work alone or in groups, but the solutions you submit must be your
own.
• Two or three of the problems from each homework assignment will be graded
carefully for correctness (as if it were an exam problem), and the rest will be
graded for completeness (full credit will awarded if you made a reasonable attempt at the problem).
• No late homework will be accepted.

Additional Information
Extra Help
See Blackboard for a list of tutoring resources available this summer.

Students With Disabilities
Your access to this course is important. Please give me your Student Disability Services (SDS) accommodation letter early in the semester so that we have adequate time
to arrange your approved academic accommodations. If you need an immediate accommodation for equal access, please speak with me after class or send an email message to me and/or SDS at sds_cu@cornell.edu. If the need arises for additional
accommodations during the semester, please contact SDS.
(SDS is located on level 5 of Cornell Health, 110 Ho Plaza. Call at 607-254-4545 or visit
sds.cornell.edu.)

Academic Integrity
Each student is expected to abide by the Cornell University Code of Academic Integrity. In this
course, as stated above, you may work in groups on the homework, but the solutions you hand
in should be your own write-up. If there is clear evidence that a student has committed fraud
(e.g. cheating on an exam or quiz), your instructor will be obliged to deal with the matter in
accordance with the Code. For more information, visit:
http://cuinfo.cornell.edu/Academic/AIC.html
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Example Problem Session Handout

P ROBLEM S ET

MATH 1910
July 07, 2017

1. Use the shell method to find the volume of a sphere of radius R as a volume of
revolution.
2. Suppose a water tank is trapezoidal prism with bottom lengths a and c and top
lengths b and c (all in meters) as in the figure below. If the tank is completely
S E C T I O N 6.5
Work and Energy 335
filled with water, compute
the
work
done
in
pumping
the
water
out
of
the
tank.
30. A 10-m chain with mass density 4 kg/m is initially coiled on the
22. Trough in Figure 12; water exits by pouring over the sides.
ground. How much work is performed in lifting the chain so that it is
fully extended (and one end touches the ground)?

b

31. How much work is done lifting a 12-m chain that has mass density
3 kg/m (initially coiled on the ground) so that its top end is 10 m above
the ground?

c

32. A500-kg wrecking ball hangs from a 12-m cable of density 15 kg/m
attached to a crane. Calculate the work done if the crane lifts the ball
from ground level to 12 m in the air by drawing in the cable.

h
a
FIGURE 12

33. Calculate the work required to lift a 3-m chain over the side of a

if the chain has variable density of ρ(x) = x 2 − 3x + 10 kg/m
3. Use any method to find the
volumes
oftothe
following
solidsbuilding
of revolution.
23. Find
the work W required
empty the
tank in Figure 8 through
for 0 ≤ x ≤ 3.

the hole at the top if the tank is half full of water.

2 with
chain
ρ(x) = 2x(4 − x) kg/m lies
Assume the tank the
in Figureregion
8 is full of water
and let W be
24. revolving
(a) The solid obtained by
between
y34.
=A 3-m−x
+linear
2xmass
+ density
3 and
on the ground. Calculate the work required to lift the chain so that its
the work required to pump out half of the water through the hole at
bottom is 2 m above ground.
the
top.
Do
you
expect
W
to
equal
the
work
computed
in
Exercise
23?
the x-axis about the Explain
lineandythen=compute
−1.W .
334

CHAPTER 6

APPLICATIONS OF THE INTEGRAL

16. Calculate
the work
(against
required force
to build
a box oftwo objects of mass
4. Compressing from equilibrium to 4 cm past equilibrium
Exercises
35–37:
Thegravity)
gravitational
between
square
of side 2by
m out
of materialr,
of has
variable
density, GMm/r 2 , where
25. Assume the tank in Figure 10 is full. Find the work required toheight 3 mmand
and
M, base
separated
a distance
magnitude

5. Stretching from 5 cm to 15 cm past equilibrium
2height
is −1
f (y)−1
= 1000
100y kg/m .
pump out
half of the water. Hint:
First,region
determine the level
H at whichassuming
(b)
The solid obtained by
revolving
the
between
yGthat==the6.67density
−x
+m3ykg2x
× 10at−11
s+
. 3− and
6. Compressing 4 cm more when it is already compressed 5 cm
APPLICATIONS OF THE INTEGRAL
the water remaining in the tank is equal to one-half the total capacityIn Exercises 17–22, calculate the work (in joules) required to pump all
35.out
Show
that
if two
objects
mass M
are separated by a dis7. If x
5 J of=
work4.
are needed to stretch a spring 10 cm beyond equilibof the water
of a full
tank.
Distances
are of
in meters,
andand
the m
density
the tank.
the x-axis about the ofline
rium, how much work is requiredy to stretch it 15 cm beyond equilibof water tance
is 1000rkg/m
. the work required to increase the separation to a distance
1 , then
3

322
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55. Find the volume of the cone obtained by rotating the region under
the segment joining (0, h) and (r, 0) about the y-axis.

3

26. Assume
−1
rium? that the tank in Figure 10 is full.
to Figure
W = 8;
GMm(r
− r2−1
). hole at the
r2 is equal
17. Rectangular
tank in
water exits
a small
1 from
(a) Calculate
the images
work Fof(y)
required
pump out
water
untilforce
the watertop.
8. To create
samples
at thetomolecular
level,
atomic
silicon
36. Use the result of Exercise 35 to calculate the work required to place
level microscopes
has reacheduse
level
y. micro-cantilevers that obey Hooke’s Law
a 2000-kg satellite
an orbit1 1200 km above the surface of the earth.
Water exitsinhere.
(b) F (x) = −kx,
Plot where
F (y).x is the distance
12 through which the tip is deflected
(Figure 6). Suppose that 10−17 J of work are required xto deflect the tip
Assume that the earth is a sphere of radius Re = 6.37 × 106 m and
′ (y)aof
−the
aFind
10−8 is
m.
the deflection
a force
is applied
significance
ofif F
as10
a −9
rateN of
change?
(c) a distanceWhat
−1
mass Me = 5.98 × 1024 kg. Treat the satellite as a point mass.
to the tip.
5
If your goal is to pump out all of the water, at which water
(d)
37. Use the result of Exercise 35 to compute the work required to move
level y0 will half of the work be done?
Laser beam
a 1500-kg satellite from an orbit 1000 to an orbit 1500 km above the
27. Calculate the work required to lift a 10-m chain
over the side of
4
2
surface of the earth.
FIGURE
16 The
hyperbola
with
x 2 = of
1. 8 kg/m.
8
a building
(Figure
13) Assume
that
theequation
chain
hasy a −
density
Cantilever
Surface
FIGURE
8
Hint: Break up the chain into N segments,
estimate
the
work
performed
Tip
38. The pressure P and volume V of the gas in a cylinder of length
on aAsegment,
compute
the limit asa N
→ ∞ of
as an
integral.
59.
“bead” isand
formed
by removing
cylinder
radius
r from the
0.8 meters and radius 0.2 meters, with a movable piston, are related by
tank in Figure 8; water exits through the spout.
center of a sphere of radius R (Figure 17). Find the volume of the bead18. Rectangular
P V 1.4 = k, where k is a constant (Figure 14). When the piston is fully
10000 nm
19. Hemisphere
in Figure
9; water
exits through
thekilopascals
spout.
with r = 1 and R = 2.
extended,
the gas
pressure
is 2000
(one kilopascal is 103
y
newtons per square meter).
FIGURE
6
y
y
10
2
(a) Calculate
k.

4. Calculate the work required to lift a 3-meter chain over the side of a building if
the chain has variable density λ(x) = x − 3x + 10 kg/m for 0 ≤ x ≤ 3. Assume
that the chain is hanging off the edge of the building, with the bottom of the chain
at x =y 0 and the top at x = 3.

56. The torus (doughnut-shaped solid) in Figure 15 is obtained by rotating the circle (x − a)2 + y 2 = b2 around the y-axis (assume that
a > b). Show that it has volume 2π 2 ab2 . Hint: Evaluate the integral
by interpreting it as the area of a circle.

5. Use the shell method to find the volume of the bead obtained by removing a
cylinder of radius
r from the center of a sphere of radius R.
a
a+b

x

Segment of

FIGURE 15 Torus obtained by rotating a circle about the y-axis.

Sketch the hypocycloid x 2/3 + y 2/3 = 1 and find the vol57.
ume of the solid obtained by revolving it about the x-axis.
58. The solid generated by rotating the region between the branches
of the hyperbola y 2 − x 2 = 1 about the x-axis is called a hyperboloid
(Figure 16). Find the volume of the hyperboloid for −a ≤ x ≤ a.

9. A spring obeys a force law F (x) = −kx 1.1 with k = 100 N/m.
length
!yequilibrium.
Find the work required to stretch a spring 0.3
m past

(b) The force on the piston is P A, where A is the piston’s area. Calculate the force as a function of the length x of the column of gas.

10.
Show that the work
h required to stretch a spring from position a to position b is 12 k(b2 − a 2 ), where k is the spring constant.
x
x work obtained when |b| < |a|?
How do you interpret
r theRnegative

(c) Calculate the work required to compress the gas column from 1.5
m to 1.2 m.

FIGURE
The small
of the
chain of2length
located
In 13
Exercises
11–14, segment
use the method
of Examples
and 3 to!y
calculate
the y
work
against
gravity
required
to build athevertical
structuredistance
out of a lightweight
meters
from
the top
is lifted
through
y.

FIGURE 9

20. Conical tank in Figure 10; water exits through the spout.

material of density 600 kg/m3 .

11. Box
of height
square
base aof3-m
side 2chain
m
28. How
much
work3 m
is and
done
lifting
over the side of a
FIGURE 17 A bead is a sphere with a cylinder removed.
building
the chain
has mass
density
4 kg/m?
12. if
Cylindrical
column
of height
4 m and
radius 0.8 m

2

5

0.2
x

6. The Great Pyramid of Giza in Egypt (shown below) is 146 meters FIGURE
high
and has a
14 Gas in a cylinder with a piston.
of side length 230
meters.
Find
work
15. Built around
2600 bce, the Great
Pyramid ofthe
Giza in Egypt
(Figure (against gravity) required
y
7) is 146 m high and has a square base of side 230 m. Find the work
60.
Find the volume V of the bead (Figure 17) in terms of r
1
(against gravity) required
the pyramid if the density of the stone
π h3 , wherethe
toV =build
ofto build
the
stone used is 2000 kg/m3 .
and R. Then show that
h is thepyramid
height of the bead.if the density
6
is estimated at 2000 kg/m .
Further Insights square
and Challenges
base

Right
circular
cone of
4 m and
radius 1.2to
m lift the chain
29. A13.
6-m
chain
has mass
18height
kg. Find
the base
workofrequired
over the
of a building.
14. side
Hemisphere
of radius 0.8 m

10

FIGURE 10

3

This formula has a surprising consequence: Since V can be expressed
in terms of h alone, it follows that two beads of height 1 cm, one formed
from a sphere the size of an orange and the other from a sphere the size
of the earth, would have the same volume! Can you explain intuitively
how this is possible?

21. Horizontal cylinder in Figure 11; water exits from a small hole at
the top. Hint: Evaluate the integral by interpreting part of it as the area
of a circle.

c

61. The solid generated by rotating the region inside the ellipse with
! "2 ! "2
equation xa + yb = 1 around the x-axis is called an ellipsoid.
Show that the ellipsoid has volume 43 π ab2 . What is the volume if the
ellipse is rotated around the y-axis?

R

Water exits here.

y = f (x)
x

2

a

r

FIGURE 18 The tractrix.
FIGURE 7 The Great Pyramid in Giza, Egypt.

FIGURE 11

√
7. Let a > 0. Show that the volume
obtained when the region between y = a x − ax2
63. Verify the formula
$ x
and the x-axis is rotated about the
x-axis is independent
of the constant a.
1
(x − x1 )(x − x2 ) dx = (x1 − x2 )3
3

62. The curve y = f (x) in Figure 18, called a tractrix, has the following property: the tangent line at each point (x, y) on the curve has
slope
dy
−y
= #
dx
1 − y2

Let R be the shaded region under the graph of 0 ≤ x ≤ a in Figure 18.
Compute the volume V of the solid obtained by revolving R around
the x-axis in terms of the constant c = f (a). Hint: Use the substitution
u = f (x) to show that
V =π

$ 1 #
u 1 − u2 du
c

2

6

x1

Then prove that the solid obtained by rotating the shaded region in Figure 19 about the x-axis has volume V = π6 BH 2 , with B and H as in the
figure. Hint: Let x1 and x2 be the roots of f (x) = ax + b − (mx + c)2 ,
where x1 < x2 . Show that
$ x2
f (x) dx
V =π
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Appendix D

Example Mid-Semester Feedback Form

C LASS F EEDBACK S URVEY

MATH 1910
Summer 2017

1. What do you think of the pace of the in-class lectures?
too slow

a bit slow

just right

a bit fast

too fast

2. If you could change one thing about the in-class lectures, what would it be?

3. How many of the video lessons have you watched? (Please be honest!)
none

a few of them

most of them

all of them

4. To what extent do you feel that the video lessons are helpful?
not helpful

moderately helpful

very helpful

5. If you could change one thing about the video lessons, what would it be?

6. What do you think of the difficulty of the problem sessions?
too easy

kind of easy

just right

kind of hard

too hard

7. If you could change one thing about the problem sessions, what would it be?

8. Currently we spend about a half of our class time doing regular lectures and
about a half doing problem sessions (accompanied by video lessons). What do
you think of this balance? (Please check one.)
I would prefer more video lessons and problem sessions
the current balance is good
I would prefer more in-class lectures
9. Please list any further comments / suggestions / questions that you have.
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Teaching Evaluations

This section contains student-written course evaluations from the two summer courses
for which I was an instructor and four of the fall/spring courses for which I was a
teaching assistant (TA).
All of the “quantitative” questions allow responses on a 1-to-5 scale, where 1 is the
most negative response and 5 is the most positive. Since my summer classes were relatively small, I have provided all of the written responses to the open-ended questions
for those classes. On the other hand, each of my recitations had about sixty students
total; for the sake of brevity, I have only included a few written responses for each of
those classes.

Calculus II for Engineers, Summer 2017
Enrolled:

14

Quantitative Questions
Question

Num

Avg

Min

Max

How well did the instructor organize the presentation of the material?

10

4.8

4

5

How willing was the instructor to give help to students requesting it?

10

4.9

4

5

How well did the class meet its stated objectives

10

3.9

3

5

How did the amount of work compare with other
classes carrying equal credit hours

10

3.5

2

5

How did the teaching skills of the instructor in this
class compare with other Cornell instructors you
have had

10

4.4

3

5

The value of this class as a part of my general education, compared with other classes, has been:

10

4.6

3

5

My overall opinion of this class is:

10

4.5

3

5
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Qualitative Questions
The aspects of this class I valued most were:
Very good course the content is nearly the same with AP caculus BC, but problems are
more interesting and challenging
A further study of calculus than AP calculus.
The problem sessions were of great help to our understanding of the course. Also, I
love the small-class environment which can give all of us enough time to ask questions
that we are not sure about.
Problem session solving some tough problem Video lesson
This was extremely well done. The Instructor, Drew Zemke, did an incredible job, and
you could tell he devoted an insurmountable amount of effort, time, and dedication
to teaching this class. He made 13 video lessons, each 20-40minutes long, and these
looked like they were very time consuming with editing. Furthermore, they gave more
insight than the textbook. He did a far better job than my other class, which had an
experienced professor. He was approachable, and Although the class required rigorous
studying, inside the class room was very relaxed and interesting.
Drew made lots of efforts for this class. The youtube videos he made and review
questions he made helped me a lot. I like the way he explained logically in class to
make me understand some of the questions.
The collaboration between students on various occasions
The problem sets we did in class as they allowed us to use what we in the lectures
while our instructor walked around and helped those that needed help.
Improvements to this class (if any) should include:
I think it’s good
I wish the solution of test problems can be given to us after tests.
Well..as I have said, maybe more interactions? But I know it is math..
Inform the students that the textbook is optional before they come to Cornell
Some topics could be more in depth
The problems we do in class or for problem sets should be as hard as the problems that
will show up on the tests.
Slower pace and a little bit less challenging materials
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Calculus II for Engineers, Summer 2015
Enrolled:

19

Quantitative Questions
Question

Num

Avg

Min

Max

How well did the instructor organize the presentation of the material

9

4.56

4

5

How willing was the instructor to give help to students requesting it

9

4.67

3

5

How well did the class meet its stated objectives

9

4.11

3

5

How did the amount of work compare with other
classes carrying equal credit hours

9

4.11

3

5

How did the teaching skills of the instructor in this
class compare with other Cornell instructors you
have had

9

4.33

4

5

The value of this class as a part of my general education, compared with other classes, has been...

9

3.89

3

5

My overall opinion of this class is

9

3.78

3

5

Qualitative Questions (selected responses)
The aspects of this class I valued most were:
How well and in depth the material was taught, and how it was presented in the most
logical order, not necessarily what the textbook had. Also the material was consistently
taught extremely well and even the hardest concepts were made easy to understand.
Learning all of the BC topics.
Very helpful but difficult
We went over the material well, despite the fast pace.
The knowledge gained.
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Improvements to this class (if any) should include:
Better time management for each section
It is an extremely tough class and I’m not sure any other high school students could be
prepared for it even after having taken its equivalent AP classes like I did, maybe give
them a heads up this one will probably kick their ass.
More quizzes to help our grade and a later start time.
The progress can be slower. Air conditioners should be turned on.
6 weeks seemed like too short of a time for this class.
N/A
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Multivariable Calculus for Engineers Recitation, Spring 2015
Enrolled:

65 (two sections)

Quantitative Questions
Question

Num

Avg

Min

Max

Was the recitation organized and clear

30

4.83

4

5

Was the teaching assistant willing and available to
help you overcome difficulties

30

4.67

3

5

How would you rate your teaching assistant’s command of the course material

30

4.90

3

5

What was the overall quality of your interaction
with the teaching assistant

30

4.50

3

5

Qualitative Questions (selected responses)
Please comment on any aspect of this recitation.
My TA went above and beyond. A great teacher and mentor. I believe being in his
section enhanced my understanding of the material immensely.
Drew puts a lot of effort into making a recitation that aims to help the students.
These recitations were helpful in providing a succinct summary of the material for that
week while also giving an opportunity to practice and ask questions. The quizzes were
helpful reinforcements of the homework and they were most valuable when the TA
would review them afterwards. The workshops were tedious and annoying because
they made Wednesday recitations very hectic and less organized. They provided insight into how the course material was actually used in engineering but I think they
were overvalued aspects of the course and should be used less frequently.
Would you recommend this TA to someone considering taking a course assisted by
him or her?
He never wasted any time during the recitation and always encouraged the students
to work and ask him questions.
Absolutely, I had Drew first semester as well and intentionally signed up for his class
again
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Calculus II for Engineers Recitation, Fall 2014
Enrolled:

54 (two sections)

Quantitative Questions
Question

Num

Avg

Min

Max

Was the recitation organized and clear

37

4.89

3

5

Was the teaching assistant willing and available to
help you overcome difficulties

37

4.81

3

5

How would you rate your teaching assistant’s command of the course material

37

4.89

3

5

What was the overall quality of your interaction
with the teaching assistant

37

4.86

3

5

Qualitative Questions (selected responses)
Please comment on any aspect of this recitation.
Andrew Zemke is an exceptional TA. Incredibly organized, very knowledgeable, patient, very good at explaining concepts.
At our first recitation he explained how the discussions would be outlined, he made
everything crystal clear. He presented his office hours, and brought to class review
sheets that both reviewed the material and brought new problems to class (besides the
ones in the course book).
Little did we know he is the only TA to actually do this, put his review material on a
website, and upload solutions weekly. I must say I appreciated them immensely. Drew
soon realized some of his office hours dont work well with the class, so he adjusted his
schedule for us, and I was able to attend, as a consequence (I otherwise wouldnt have
been able to go).
He is very approachable, often staying after class to explain concepts. At some point
during the semester, I got sick and had to skip lectures. I relied only on him and the
book for explanations, and he proved to be a very good instructor, not only reviewer.
He answers e-mails fast and provides you with all the information you need.
Moreover, he is an extraordinary fair grader, I have never felt that I deserved a higher
or lower grade than the one I received. He is prompt with his grading as well.
Drew is very well known among the 1910 students as the best TA. His office hours
are packed with thirty plus people, and he still manages to get information across to
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everyone, and make sure everyone understands the material, and gets full answer to
their questions.
I will try to adjust my next semester schedule to fit in Drews Recitation, once I find
out which one he teaches. This TA is a very responsible, knowledgeable, patient, oriented and genuinely interested in developing a better teaching method and in reviewing/instructing his students. He proved to be a moral support before prelims (the
Math prelim was the first prelim for a lot of people) and a great TA. If there is anyone
deserving an award, this is definitely him.
Would you recommend this TA to someone considering taking a course assisted by
him or her?
Yes I would definitely recommend him to others taking the course. He is very helpful
and knows his stuff very well. He also provides a lot of problems that are useful for
studying.
Under no circumstances. If I do his classes will fill up and I will not be able to get in
anymore. I am planning to adjust my whole next semester schedule just to have him
as my TA. It’s worth it.
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Multivariable Calculus for Engineers Recitation, Spring 2013
Enrolled:

63 (two sections)

Quantitative Questions
Question

Num

Avg

Min

Max

Was the recitation organized and clear

43

4.88

3

5

Was the teaching assistant willing and available to
help you overcome difficulties

43

4.84

4

5

How would you rate your teaching assistant’s command of the course material

43

4.88

4

5

What was the overall quality of your interaction
with the teaching assistant

43

4.79

3

5

Qualitative Questions (selected responses)
Please comment on any aspect of this recitation.
Helpful and amazing, the one page review made the material really clear and understandable.
Problems worked out step-by-step in class and One-Page-Reviews were both incredibly useful, as was the website Drew put up for his recitation... Workshops were basically not useful at all, but they were fun :) Only complaint: Drew Zemke is a bloody
traitor for leaving and not continuing to teach Engineers. His abandonment of me is
appalling and will likely never be forgiven.
The recitations were excellent and helpful. Workshops only detracted from the experience because we missed valuable instruction time with the TA
Would you recommend this TA to someone considering taking a course assisted by
him or her?
The only reason I’d ever say ”NO” is in the hopes I could somehow keep a pocketsized version of Drew in my pocket for the rest of my Undergraduate Career. His
future students better know how lucky they are. Actually I hope they treat him like
crap so he comes back to the College of Engineering. Seriously.
Yes. This is my second semester having him as my TA (not by chance)
Yes, he has a nice structure to his sections, and has a knack for explaining things.
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Calculus II for Engineers Recitation, Fall 2012
Enrolled:

54 (two sections)

Quantitative Questions
Question

Num

Avg

Min

Max

Was the recitation organized and clear?

36

4.83

3

5

Was the teaching assistant willing and available to
help you overcome difficulties?

36

4.83

3

5

How would you rate your teaching assistant’s command of the course material?

35

4.86

3

5

What was the overall quality of your interaction
with the teaching assistant?

36

4.61

3

5

Qualitative Questions (selected responses)
Please comment on any aspect of this recitation.
Drew clearly put a lot of his time into preparing for the recitation classes, and it really
helped the students in the section. The review sheets were an excellent help for getting a deeper understanding of material, and the review of each lesson reinforced the
important ideas that were sometimes confused or missed in a lecture that might have
run out of time.
The material covered in recitation was always extremely well organized. The TA was
prepared for every recitation section with review sheets and review problems for us to
complete, as well as with homework assignments and homework quizzes graded and
ready to hand back. He also had flexible office hours so that he would be available to
help anyone who would need it.
Would you recommend this TA to someone considering taking a course assisted by
him or her?
Absolutely, he has an excellent grasp of the knowledge and is more than willing to help
students master the material. His quizzes and sample questions may be challenging,
but in the long run this only makes the section even better prepared than if they had
done simpler practice problems leading up to a prelim.
Drew is an excellent TA. He is friendly, helpful, and approachable, I would be doing
much worse in math 1910 without him. His help has been invaluable.
F*** Yeah!
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