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ABSTRACT

¢ Early in my career I was approached by a Ball State student to be an 
Honors Thesis advisor.  

¢ Having no clue what constituted an appropriate honors thesis project, 
I gave the student an open-ended problem to consider – modeling  
heat flow in a thermos. 

¢ Not only did the student complete his honors thesis, but the resulting 
work led to a refereed journal article and opened the door to a very 
successful series of collaborative undergraduate research projects. 

¢ All of the problems have the following in common – they are simple to 
state, open-ended, student driven, mathematically significant, rely on 
student insight, and require a substantial amount of work on both the 
student's and my part. 

¢ Several of these projects have led to a refereed publication that could 
be used to illustrate topics taught in the undergraduate curriculum. 

¢ We will look at the process I have developed for this type of research, 
what works and what doesn't work, and touch on some of the topics 
explored, namely heat flow, cryptography, and diving boards.
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PROJECT INITIATION

¢ Typically a student contacts me about doing some 
undergraduate research.

¢ Most students are in Ball State’s Honors College.
¢ Part of the Honors College requirements is a 

senior Honors Thesis.
¢ Other projects have arisen as part of an Indiana 

Space Grant.
� In this case I contacted some of the students 

involved.
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PROJECT EXPECTATIONS

¢ A student should plan to spend at least a semester or 
summer on the project.

¢ Most projects have taken two semesters to complete.
¢ The first semester is spent learning requisite theory, 

setting up, and solving the problem.
¢ The second semester is spent testing the problem 

solution, implementing it on a computer, and writing 
up the work.

¢ Each thesis has required many revisions before final 
version meets my approval.

¢ If possible, the student should present the work.
¢ One venue that has worked well is our departmental 

undergraduate colloquium. 4



PROJECT PROCESS

¢ Each project involves an applied mathematical 
problem of interest to the student (and me).

¢ Problems are suggested and tailored to the student’s 
mathematical background.

¢ Each requires self-study, learning, and mastery of 
mathematics new to the student.

¢ Each involves development of a mathematical 
problem or model.

¢ Each involves solution of the problem or model.
¢ Each involves testing the solution with data.
¢ All incorporate software and technology (typically 

Mathematica).
¢ Most have resulted in a refereed publication. 5



SAMPLE PROJECTS
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¢ Heat Flow in a 
Thermos (James 
Scherschel)

¢ Elliptic Curve 
Cryptography (Amiee
O’Maley)

¢ Displacement of a 
Diving Board (Brenda 
Skoczelas)

¢ Problem Statement
¢ Mathematical 

Background
¢ Initial attempts
¢ Student input/insight
¢ Results
¢ Project Dissemination



HEAT FLOW IN A THERMOS –
PROBLEM STATEMENT

¢ Find a way to describe the temperature of  a 
thermos full of hot coffee at any point in the 
thermos at any time after the coffee is poured 
into the thermos. 
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HEAT FLOW IN A THERMOS –
MATHEMATICAL BACKGROUND
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¢ Newton’s Law of Cooling
¢ Initial Value Problem 

(ODE)
¢ Boundary Value 

Problem (PDE)
¢ Conservation of Energy
¢ Fourier’s Law of Heat 

Conduction
¢ Heat Equation
¢ Separation of Variables
¢ Fourier Series



HEAT FLOW IN A THERMOS –
INITIAL ATTEMPTS
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¢ My original idea was to 
use boiling water in a 
thermos.

¢ Temperature probes 
hooked to CBL’s were put 
into the thermos to 
measure temperature at 
various heights in the 
thermos.

¢ Besides issues with safety, 
there was a question of 
how to cap off the thermos 
with temperature probes 
coming out the top.

¢ My initial attempts 
resulted in “failure” – no 
useful data was collected! 



HEAT FLOW IN A THERMOS –
JAMES’ INPUT/INSIGHT
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¢ James decided to use ice-
water instead of boiling 
water.

¢ This is safer, allows an open 
top, and reduces heat loss due 
to steam.

¢ Unfortunately, the results 
with this new approach 
weren’t much better than 
those with hot water, as seen 
in the top figure at right.

¢ Two other changes James 
made were to put cotton balls 
into the ice-water to make a 
“solid” instead of a liquid and 
to assume the initial 
temperature distribution has 
an exponential term.

¢ This lead to the results shown 
in the bottom figure which 
are surprisingly good!
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HEAT FLOW IN A THERMOS –
PROJECT DISSEMINATION
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¢ This work resulted in 
a co-authored paper 
that appeared in the 
American Journal of 
Physics.



ELLIPTIC CURVE CRYPTOGRAPHY –
PROBLEM STATEMENT

¢ Find a way to implement a cryptographic scheme 
known as Elliptic Curve Cryptography via 
software.
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ELLIPTIC CURVE CRYPTOGRAPHY –
MATHEMATICAL BACKGROUND
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¢ Groups, Abelian
Groups, and Fields

¢ Elliptic Curves Over 
the Real Numbers

¢ Elliptic Curve Groups
¢ Elliptic Curves Over a 

Finite Field
¢ Elliptic Curve 

Cryptography
¢ Discrete Logarithm 

Problem
¢ ElGamel Method



ELLIPTIC CURVE CRYPTOGRAPHY –
INITIAL ATTEMPTS
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¢ Starting with some 
background material on 
elliptic curves from a paper 
by Ezra Brown, my initial 
plan was to implement ECC 
in the programming 
language C.

¢ A great resource for this is 
the book Implementing 
Elliptic Curve Cryptography 
by Michael Rosing.

¢ This proved to be much 
harder than expected, 
especially since not only 
would we need to learn 
ECC, but also need to learn 
much more C than either of 
us knew.



ELLIPTIC CURVE CRYPTOGRAPHY –
AMIEE’S INPUT/INSIGHT
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¢ After learning about 
elliptic curves and how to 
add points on these curves 
both graphically and 
algebraically, Amiee
decided to use 
Mathematica instead of C.  

¢ For example, the graph at 
the right shows how to add 
points on a elliptic curve 
algebraically.

¢ All graphs were 
constructed in 
Mathematica, from 
scratch, relying mainly on 
the built-in help files.
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ELLIPTIC CURVE CRYPTOGRAPHY –
RESULTS
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¢ Amiee developed 
Mathematica notebooks 
that can be used to: 
� Verify an elliptic curve 

has a corresponding 
Elliptic Curve Group.

� Construct an Elliptic 
Curve Group from an 
elliptic curve over a 
finite field, such as Z_p. 

� Add points on these 
elliptic curves.

� Implement the ElGamel
scheme for an Elliptic 
Curve Group.



ELLIPTIC CURVE CRYPTOGRAPHY –
PROJECT DISSEMINATION
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¢ Amiee published a 
paper based on part of 
this work in the Ball 
State Undergraduate 
Mathematics 
Exchange.



DISPLACEMENT OF A DIVING BOARD –
PROBLEM STATEMENT

¢ Find the vertical displacement of a diving board 
at any point along the board at any time after the 
board is displaced and released.
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DISPLACEMENT OF A DIVING BOARD –
MATHEMATICAL BACKGROUND
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¢ Cantilever Beam
¢ Newton’s Second Law
¢ Bending Moment
¢ Shearing and 

Damping Forces
¢ Boundary Value 

Problem
¢ Beam Equation (PDE)
¢ Separation of 

Variables
¢ Fourier Series



DISPLACEMENT OF A DIVING BOARD –
INITIAL ATTEMPTS
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¢ Brenda’s first model consisted 
of the beam equation with a 
quadratic function for initial 
displacement.

¢ After deciding that an actual 
diving board wouldn’t be 
feasible, Brenda contacted the 
Physics Department to see if 
they had a long ruler we could 
use.

¢ A wooden ruler of length two–
meters with one end clamped to 
a table was chosen for our 
physical diving board.

¢ Fifteen tape-marked points 
along the ruler were analyzed 
using a video camera attached 
to a computer with World in 
Motion software.



DISPLACEMENT OF A DIVING BOARD –
BRENDA’S INPUT/INSIGHT
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¢ Brenda was able to 
match model and data 
time period, but decided 
that damping needed to 
be accounted for in the 
model.

¢ Including a damping 
term in the model led to 
much better results.

¢ This is the point we got 
to for Brenda’s Honors 
Thesis.



DISPLACEMENT OF A DIVING BOARD –
RESULTS
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¢ After Brenda’s thesis was 
completed, I continued 
working on the project.

¢ One day I had the idea to 
include a forcing term – it 
turns out that forcing due 
to gravity is what is 
needed!

¢ Using Mathematica’s
Manipulate command, one 
can implement all three 
models at once.

¢ One key to this approach 
was Brenda’s choice of a 
quadratic as the initial 
displacement function!



DISPLACEMENT OF A DIVING BOARD –
PROJECT DISSEMINATION
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¢ A joint paper from 
this work appeared in 
Mathematics 
Magazine.



PROJECT SOURCES

¢ Ideas for my project problems come from many 
places, including courses taught, research 
projects, or examples in books.

¢ The Thermos Problem was inspired by a 
homework question in my Boundary Value 
Problems course.

¢ The ECC Problem resulted from a sabbatical 
project which involved cryptography.

¢ The Diving Board Problem was motivated by an 
example on cantilever beams found in a BVP 
book by Nakhle Asmar.

¢ I am always on the lookout for more project 
topics! 24



PROJECT GUIDELINES

¢ Choose a problem that is simple/easy to state.
¢ Set up regular meetings – usually once per week.
¢ It is ok if the problem solution is uncertain or 

unknown.
¢ Be prepared to modify the original problem.
¢ Let student input/insight help drive the project.
¢ Set high levels of expectation – students will 

usually rise to this level.
¢ Expect the unexpected – what results from a 

project is often much better than the initial idea.
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PROJECT GUIDELINES

¢ Of the guidelines above, the most important one 
is to set up regular meetings – this is crucial to a 
project’s success!

¢ In a recent fall semester, for the first time, one of 
my projects failed to get off the ground.

¢ I attribute this in part to not being able to 
schedule regular meetings.

¢ For the following spring semester, we established 
a weekly meeting time, leading to successful 
completion of the project!
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