
MATH 360-2, Winter 2011 MENU Applied Analysis
Practice Test 1

1. Suppose that the solution to

y′′ + y = Aδ(t− π)

subject to the initial condition y(0) = 1 and y′(0) = 0. Can there exist an
A so that y(t) = 0 for t > π?

2. Solve the partial differential equation

ux + ut + u = 0, x ≥ 0, t ≥ 0,

subject to the initial condition u(x, 0) = 0 and the boundary condition
u(0, t) = t.

3. A sphere of radius 10 has a hollow core of radius 5. Suppose the internal
core is kept at a temperature of 100 degrees C, but the sphere loses heat from
its outer surface to the environment at a rate governed by Newton’s Law
of Cooling. Suppose the environment is at 20 degrees. Find a differential
equation for the temperature at equilibrium, including appropriate boundary
conditions. Your answer will have an undetermined constant.

4. Consider a thin metal plate running from x = 0 to x = 10 cm. The ends
are kept at 100 degrees C. The plate loses heat off the top, bottom, and both
sides at a rate governed by Newton’s Law of Cooling. Assume the plate has
height .1 cm and width .5 cm. The environment is at 20 degrees C.

a.) Find a differential equation for the equilibrium temperature of the plate
at distance x. Be sure to give all boundary conditions. Your answer should
include an undetermined constant.

b.) Solve this differential equation.



Answers

1. y = cos(t) + Astep(t− π) sin(t− π). Since sin(t− π) = − sin(x), no such
A exists.

2. If v = L[u], then

v =
1
s2

e−(s+1)x

and
u(x, t) = e−xstep(t− x)(t− x).

3.
d

dr
(
dy

dr
r2) = 0 subject to

y(5) = 100 and y′(10) = 400πC(y(10)− 20)

where C is a constant depending on the environmen, the mass of the sphere,
and the material of sphere.

4. a.) The differential equation is

d2y

dx2
− 3βy = −60β

where β is a constant depending on the environment and the material of the
plate. The boundary conditions are y(0) = 100 = y(10).

b.)
100e5a

1 + e10a
[ea(x−5) + e−a(x−5)] where a =

√
3β.

Additional problems.

E1. a.) Let f(t) = sqw(t, 50, 2). Calculate the Laplace transform of f :

L(f) =
1
s
[1 +

∞∑
n=1

(−1)ne−ns].

b.) Use this to solve the differential equation

y′ − y = sqw(t, 50, 2)

subject to y(0) = 0.

Answer: E1.b.) [e−t − 1]− step(t− 1)[e−(t−1) − 1] + step(t− 2)[e−(t−2) − 1]− · · ·



E2. Show the transport equation

ut + bux = 0

subject to the initial condition u(x, 0) = f(x) for all x has solution

u(x, t) = f(x− bt).


