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February 23 Homework Problems
1.
Obtain the solution for Laplace’s equation in a rectangle for the boundary conditions shown below.
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2.
What is the solution if gN(x) is a constant, GN?

3.
Solve Laplace’s equation for the potential, u(x,y), in a rectangular region with 0 ( x ( L and 0 ( y ( H, with zero gradient boundary conditions at x = 0 and x = L (for all y values) as shown below.  This is similar to the first problem solved in the notes on solving Laplace’s equation except that the side boundary conditions that u(0,y) = u(L,y) = 0 are replaced by zero gradient boundary conditions.  Parts (a) to (c) below outline the steps in the solution with reference to the notes.
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[1]
(a)
You should obtain a general solution similar to the one given by equation [13] in the notes on solving Laplace’s equation.  (This problem is similar to problem 9 on page 561 that was assigned for the February 9 homework on the diffusion equation.)

(b)
Obtain the equation equivalent to equation [16] in the notes giving the coefficients in the eigenfunction expansion for u(x,H) = uN(x).

(c)
Obtain the equation equivalent to equation [20] in the notes giving the solution for the boundary condition that u(x,H) = uN(x) = U, a constant.

4.
Obtain the solution to Laplace’s equation for 0 ≤ x ≤ L and 0 ≤ y ≤ H where u(x,0) = uS(x), u(x,H) = uN(x), and ∂u/∂x = 0 for all y at x = 0 and x = L.  What is the solution if uS(x) = U1 and uN(x) = U2?  (This is the same as problem 3, with the boundary conditions at y = 0 and y = H replaced by the following: u(x,0) = U1 and u(x,H) = U2.  Use the results from that solution to get the solution here.  If your solution takes more than one page you are on the wrong track.)
5.
Find the temperature u(x,y) in a thin metallic square plate of side a = 12 with insulated faces if the left, lower, and right sides are kept at 0oC and the upper side at the temperature sin(πx/12) really sin(πx/a).
6.
Sketch or plot some of the isotherms in problem 4.  Give physical reasons for the general shape of these curves.
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