M E565 Feb. 26, 2009 Exam #2
Prof. Storti Academic integrity matters. Please do your own Wwork

* Your completed exam must be submitted?P Wednesday M ar ch 4.

* Please putin enough time to do a reasonable jglplbase do not spend 6 days on this!

* For all questions, you can work the problems bydhaaituse your computing skillsto
produce graphics that give meaning to your results. Also, writeea/ fsentences to
interpret your plots and explain why they look i@@able (or not).

* Note that presentation counts. What you hand inlsharesent the essentials of your
methods and results while being bok&ar and concise.

» |If you have questions, contact me or Elisabetta, not anyone else. You are_notllowed
to discuss this exam with anyone else (includingrydassmates). If you use any other
sources, they must be fully cited and distinguisinech your own work.

» Please make sure that your work is independentfwhcludes making sure that you do

not leave your computer files where they are adskesky others.)

1. (30 pts.) Consider two rods of identical matearal cross section. One of the rods has length
D and has been stored in an ice bath (at 0°). Tfrex cod has length 2D and has been stored in
100 ° boiling water. At time =0, the two rods are brought into end-to-end contaitt the

remaining boundaries fully insulated. Solve thetleemation to determine how the temperature

evolves over time in the resulting rod of length. 3D

2. (30 pts.) a) A uniform solid cube has 5 facdd éconstant temperatute= 0 and the sixth
face is held at constant temperature 100. Determine the steady-state temperature in the;cub
i.e. solve the three-dimensional Laplace’s equatiof < x <1, 0<y <1, 0<z<1 with
boundary conditionsi(0,y,z) =u(,y, 2) =u(x,0,2) =u(x,}, z) =u(x,y,0) =0, and

u(x, y.1) =100. Convey your solution by plotting the temperatdistribution along slices

through the cube. What is the temperature at theecef the cube? Does that value make sense?

b) If you had a die (singular of dice) with eactiesheld at a temperature corresponding
to the number of pips on the face, how would yoieheine the steady-state temperature
distribution? (Do not actually do this, just wradew sentences describing how to do it.)

What would the temperature be at the center ofli@ (Determine the numerical result.)
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3. (40 pts.) A uniform cylinder has radiys=1 and heighth = 4 sits upright atop the origin of
the horizontal x-y plane. The cylinder has initeiperaturas = 0. Starting at tim& =0, the
top face of the cylinder is held at constant terapeeu(r,8,4) = 100while the rest of the
surface is held at temperatwie= 0. Solve the heat equation in cylindrical coordiséte

determine how the temperature in the cylinder eaglv

Extracredit: If the preceding questions took you mor e than about 3 hours, please do not

attempt thisextra credit question!

Determine the first few mode shapes and frequerfeigenfunctions and eigenvalues) of an
elliptical drum by solving the wave equation wiltettwo-dimensional Laplacian expressed in
elliptical polar coordinates. (See, for example,

http://mathworld.wolfram.com/EllipticCylindricalCedinates.htmfor details on elliptic

cylindrical coordinates.) Taka =1 and let the boundary correspondue 1, and find solutions

of y, = c’0?ywith boundary conditiony(Lv,t) = 0.



