
Math 285 Homework #11

• Problem A: Solve the heat equation with Neumann boundary conditions:

ut = 3uxx, 0 < x < 2,

ux(0, t) = ux(2, t) = 0,

u(x, 0) = 1 + cos
πx

2
+ 7 cos

4πx

2
.

• Problem B: Very roughly sketch two snapshots of the solution in Problem A, at t = 0
and then at t = π−2. Explain which terms (which n-values) in the solution series
are dominant, at each time. You can check your answer using the Partial Differential
Equations module of Iode (explained below).

• Section 9.5 #12. Be sure to explain where your answer comes from (e.g. which Theorem
you are using, from the text). Evaluate any Fourier coefficients in your answer.

• Section 9.5 #14. Take k = 1.15, L=50, and measure time t in seconds, so that part
(b) is asking for u(10, 60). In part (c), to get your approximate answer you can neglect
higher terms in the series (terms with n ≥ 2).

• Iode investigation of Section 9.5 #14. Use the Enter equation and boundary conditions

menu item to enter the heat equation with Neumann boundary conditions, and then
use Enter parameters and initial data to enter k = 1.15, L = 50, T = 60 and
u(x, 0) = 2x. (The duration T = 60 tells Iode to compute the solution for 0 < t < 60.)

(a) The upper graph will now show the 3D-plot of the solution for 0 < x < 50 and
0 < t < 60. Try rotating this plot by pressing the left mouse button over it and
dragging the mouse around. [Nothing to hand in.]

(b) What is the temperature at x = 10 after 60 seconds? To answer this, first find
and print an appropriate snapshot of the solution (using the lower graph in the Iode
window), then use your plot to estimate the value of u(10, 60). Then find and print an
appropriate section of the solution (again using the lower graph), and use it to estimate
the value of u(10, 60). [The snapshot and the section should give the same answer for
u(10, 60)!]

Check. Because of the Neumann (“insulated”) boundary conditions, your solution
should flatten out near x = 0 and x = L, for t > 0. Further, as t→∞ the value of u
should approach 50 (the average value of the initial function u(x, 0) = 2x). Does this
seem to be happening?

(c) After approximately how long will the temperature at x = 10 be 45 degrees?
For this, first enter a much larger value of the duration T . Then plot and print an
appropriate section of the solution; you want a plot of u(10, t) as a function of t. Use
your plot to estimate the time at which u(10, t) = 45.
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(d) Compare the answers you found by Iode with your earlier solution of #14 by hand.
Discuss the relative advantages of the two approaches (formulas and graphs).

Aside. Iode solves the heat equation using Fourier series, just like we do in class. See
the Iode manual for details.

• Section 9.5 #18. You may use the result of #17 about “subtracting off the steady
state”. Hint. The steady state temperature is the linear function that equals A at the
left end and B at the right end of the rod.

• Section 9.5 #22(b). You may use the result of #22(a).

• Section 9.6 # 8
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