1. (50 points) We wish to solve the 2d Laplace equation for an electric
potential ® subject to the following three sets of boundary conditions. The
solid lines indicate conductors where ® = 0, while the dashed lines indi-
cate conductors where ® = 1. Segments with arrows should be regarded as
stretching to infinity in the direction indicated by the arrows. The diagrams
are drawn in the complex w, g, and z-planes as indicated. The finite horizon-
tal segments (solid line segments, g and z diagrams only) cover the interval
[—m, 7] on the real axis.
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Show all of your work for each part below.

a) Show that a fractional linear transformation of the form w = gi'—g
relates the above boundary conditions in the w- and Zplanes. (Remember
to check the line segments and not just the corners.) Find a, b, ¢, d.

b) Show that a transformation of the form ¢ = Asin Bz relates the above
boundary conditions in the g- and z-planes. Find A, B. (Remember to check
the line segments and not just the corners.)

c) Recall that ® = 2Im (In w) solves Laplace’s equation with the indicated
boundary conditions in the w-plane. Use your solutions above to construct a
solution to Laplace’s equation subject to the boundary conditions indicated
in the z-plane. It is sufficient to write your solution in terms of the complex
coordinate z. You do not need to express the result in terms of either Carte-
sian or Polar coordinates in this plane, and you do not need to simplify your
answer in any way.

There is not enough room to work the problem on
this page, but I have provided extra paper below. Start
on the next page.
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