
Project 2

This second and last project should be fun and enjoyable. It should
somehow involve applying the knowledge acquired throughout this course.
You will be working in a 3-persons team of your own choosing. Each team
should pick one of the following problems.

1. Do some research on the history of vector calculus. There is a google
book called A history of vector analysis: the evolution of the
idea of a vectorial system By Michael J. Crowe. Write a compre-
hensive review on the topic (no less than 2 pages).

2. During the nineteenth century, a remarkable scientific instrument known
as a harmonograph revealed the beautiful patterns found in music. For
example, beautiful drawings such as the octave as triangle, the fifth
as pentagram show the principles of harmonics, overtones, and the
monochord. A harmonograph is a mechanical apparatus that uses
pendulums to create a geometric image (a curve on a plane). If
you decide to pick this project, you must first do some research about
how to construct a harmonograph machine, construct one, and use it
to design some original curves which you will submit. The following
websites contain some pretty neat tutorials on how to construct a cheap
and efficient harmonograph

(a) http://durealeyes.com/harmonograph.html

(b) http://www.1920-30.com/toys/things-to-make/harmonographs.html

(c) http://holykaw.alltop.com/how-to-build-a-3-pendulum-rotary-harmonograph

3. Wavelet theory is a very popular contemporary field in Mathematics
with a very diverse and a wide range of applications. Do some research
on wavelets, and write a report (no shorter than 2 pages) on the his-
tory of wavelets theory and its applications. Choose one specific field
where wavelets are frequently used and include in your report a de-
tailed description on how the mathematics involved in wavelet theory
is applied.
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4. The unit sphere in R3 has for equation x2 +y2 +z2 = 1. In R4, the unit
sphere has for equation x2 + y2 + z2 + w2 = 1. In general, in Rn, the
unit sphere has for equation x2

1 + x2
2 + x2

3 + · · · + x2
n

(a) Using mathematica, after setting up the integrals, find the volume
of the unit sphere in R3,R4,R5,R6,R7, · · · ,R10.

(b) Do you see a pattern in the volume obtained for each sphere as
the dimension is increasing?

(c) Is the volume of the unit sphere increasing as the dimension of the
space it lives is increasing? Answer the question with the results
obtained above. Check the following site for some information
http://www.math.hmc.edu/funfacts/ffiles/30001.2-3.shtml

5. Find a general formula and surface area for the volume of pyramid
with edges P = (P1, P2, P3), Q = (Q1, Q2, Q3), R = (R1, R2, R3), and
S = (S1, S2, S3). Assume that the base of the pyramid is a triangle with
edges P,Q,R belong to the xy plane.

6. Research and read about stererographic projection of the sphere,
and write a comprehensive review of the subject. Your report (no less
than 2 pages) should be very detailed and also include the mathematics
involved in stereographic projections.

7. Cut your favorite shape in a foam board which you must endow with
some coordinate system. Your task is to find the coordinates of its
center of mass and write a one page report or a 5-10 min video showing
the mathematics involved in the process.

8. Bend a piece of wire such that it looks like the graph of a quadratic x2

where −4 ≤ x ≤ 4. Using arclength formula, compute the length of the
piece of wire. Confirm your results by writing a one page report or by
making a short video.

9. Write a one page paper on how to derive the parametrization of a cy-
cloid. Clearly show all the mathematics involved and use Mathematica
to find the arc length of a cycloid obtained by rolling a unit circle from
t = 0 to t = s. Here are some useful resources: http://www.keymath.com/x7234.xml

10. Pick a project of your own related to multivariable calculus. However,
you must consult me first.
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