Mathematics 325 Exam I Name : :Dr G—row
Spring 2002

1.(25 pts.) Consider the partial differential equation
2
(%) 1 - x_ u + 2xyu_ = 0 .
X Y
(a) What are the order and type (linear or nonlinear) of (%*)7?

(b) Sketch three of the characteristic curves of ().
(c) Find the general solution of (*).

(d) What is the solution to (%) satisfying u(O,y) = ya for ~o < y < o?
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2.(25 pts.) Let D be a closed bounded 3-dimensional region with

piecewise smooth orientable boundary surface 8D, and let f = f(x,y,z) be

—~ 5 continuous function in D. Consider the boundary value problem

VEU = fix,y,2z) in D,
(%)

du/én = 0 on abD.
(a) Is there at most one solution to (*)7 Justify your answer.
(b) Use Gauss' divergence theorem to help show that

ff_f fix,y,z)dV = O
D

is a necessary condition for (%) to have a solution.
(c) Give a physical interpretation for the result in part (b) in the

case of either heat flow or diffusion.
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3.(25 pts.) Consider the partial differential equation

(%) u - 3u - Gu = 0.
X X xt tt
™ (a) Classify (%)'s order and type (linear, nonlinear, parabolic, etc.).
(b) Find the general solution of (¥) in the xt-plane.
(c) Find the solution of (%) that satisfies
u(x,0) = x:3 and u, (x,0) = “3)(25>

t
for —o < x < .
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4.(25 pts.) Let u = u(x,t) be a solution to

Eutt - Euxx + ut = 0
in —o ¢ x < w, O <t < w, with the property that
lim u (x,t)u, (x,t) = O
x t
| x| —w

for each fixed t = O.
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(a) Show that (Cu (x,t)]E + [u (x,t)JE)dx is a nonincreasing
t X
—
function of t. (Assume that all relevant improper integrals converge.)

(b) Give a physical interpretation of the result in part (a) in the
case of the vibrations of a long string.
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