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1. Give an example of a Cauchy data for the PDE

xux + 2x2 uy − u = x2 ex,

making it to have no solution.
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2. Use characteristics to obtain an implicit solution for the Cauchy problem

∂t T = −T∂x T,

T (x, 0) = x2.
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3. Use characteristics to solve

wyy = wxx, x ∈ R, y > 0

w(x, 0) = f(x), wy(x, 0) = g(x), x ∈ R
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4. Show that

u(x, y) =
y

π

∫ ∞

−∞

f(s)

y2 + (s− x)2
ds

satisfies
∇2u = 0, x ∈ R, y > 0.

u(x, 0) = f(x), x ∈ R.
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5. a) Use question 4 to solve the Neumann problem:

∇2 u = 0, x ∈ R, y > 0

∂yu(x, 0) = g(x), x ∈ R

b) Is the solution in part a) unique?
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6. Let D be the unit disk in R2, and let u = u(x, y) be a solution of

−△u+ u = 1 in D

∂nu = sin(xy) on ∂D.

Is the solution unique?
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7. Let D be the unit disk in R2, and u be the solution of

△u = 0 in D

u(x) = g(x) on ∂D.

Use the representation

u(x) =
1

2π

∫
∂D

[
ln

(
1

|y − x|

)
∂n u(y)− u(y)∂n ln

(
1

|y − x|

)]
ds

to obtain the Green’s function of the above problem.
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8. Derive the Laplace’s equation in polar coordinates.


