


The Heat Equation 9

(a) Truncated analytical solution
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(¢) Numerical simulation

Figure 4: Plots used in comparing the analytic solution and numerical
simulation in the second question from Section 4.2

4.3 Errors and Fine-Tuning

The last two questions in the project were written to highlight the lim-
its of our mathematical model, partially addressed in the previous sec-



10 K. Spayd and J. Puckett

(a) t1 = 60.3379 s (b) t2 = 302.1575 s (c) tz = 799.3076 s

Figure 5: Collected temperature data (dots) and numerical simulation
(curve) at times t1, to, t3; these are snapshots of the animation produced
for the third question in Section 4.2

tion.

1. What are some sources of error between the physical experiment
and mathematical model? Explain.

2. What parameters could be changed to fine-tune the model, so that
the model better matches the data points? Experiment with pa-
rameter values in the Matlab code to see if you can get the model
to fit the data any better.

Several responses were insightful, particularly from the physics majors
in the class; students identified measurement inaccuracies from the tem-
perature sensors, imperfect insulation and variable boundary conditions
as possible sources of error. The thermal diffusivity constant was easily
identified as a tuning parameter. Although the thermal diffusivity of
aluminum is 8.4 x 107® m? - s~ !, we found the best fit for the data with
k = 2.6 x 107°. This can be explained by thermal loss due to imperfect
insulation. Some students went further than simply refining the value
of k and attempted to incorporate time-dependent boundary conditions
and a space-dependent thermal diffusivity function.

5 REFLECTIONS

To measure student perceptions of the demonstration, associated course-
work and project, a short anonymous evaluation was given after the
project reports were graded and returned. The students were asked
to give a numerical measure between one and five to each statement
included in the evaluation, where the value one represented strong dis-
agreement, three represented neutrality and five represented strong agree-
ment. All fifteen students enrolled in the course completed the evalua-
tion.
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The statements and mean responses are presented in Table 1. The
distributions of responses were not significantly skewed, so mean and
median values were similar. The lowest responses were in regard to the
derivation of the heat equation (the second statement in Table 1); it is
likely that a substantial portion of the math majors in the class felt a
bit out of their depth with the heavily applied derivation. Even in the
face of this, the responses to this statement are still generally positive.

Statement Mean Agreement
The demonstration added to my understanding of the 4.47
physical context for the heat equation.

The demonstration added to my understanding of the 3.93
derivation of the heat equation model in class.

The demonstration added to my understanding of the 4.27
various boundary conditions discussed in class.

The project added to my appreciation of applied math- 4.27
ematics and mathematical modeling.

The demonstration, resulting data and analysis en- 4.67
hanced my educational experience in this class.

Table 1: Statements and mean responses from student evaluations

Prior to giving the evaluations, we had hoped that the responses
would at least center around the value four. This would signify to us
that the students perceived a positive impact on their learning through
the lab experience. We were pleased to see that the responses were very
favorable. All of the written comments were positive; one student noted
that this project helped their “growth as a mathematician.”

Overall, we believe this entire experience was greatly beneficial for
the students. It was clear that the students enjoyed being in the lab
for the demonstration; it was a camaraderie-building experience and an
active component in an otherwise traditional math class. It appeared
to us that the novelty and physicality of the demonstration increased
the students’ enthusiasm for the material. This naturally led to more
engagement, discussion and insight than we would have expected other-
wise. This approach to the heat equation, from the lab to the project
write-up, allowed the students to experience mathematics as an applied
and interdisciplinary field. The data, modeling and numerical compo-
nents all worked together to significantly enhance the learning that took
place.
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