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Problem 1

Let u be a smooth function defined on an open subset U such that

u : U ⊂ Rn → R
x → u(x)

or

u : U ⊂ Rn × R → R
(x, t) → u(x, t)

Classify each of the following partial differential equations as follows:

a) Is the PDE linear, semilinear, quasilinear or fully nonlinear?

b) What is the order of the PDE?
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= 0, where a(x) is a n× n matrix

Problem 2

Prove the Multinomial Thoerem

(x1 + ...+ xn)k =
∑
|α|=k

(
|α|
α

)
xα

where
(|α|
α

)
:= |α|!

α , α! = α1!α2!...αn!, and xα = xα1
1 ...xαn

n . The sum is taken over all
multiindices α = (α1, ..., αn) with |α| = k.



Problem 3

Prove Leibniz’ formula

Dα(uv) =
∑
|β|≤α

(
α

β

)
DβuDα−βv

where u, v : Rn → R are smooth,
(
α
β

)
:= α!

β!(α−β)! , β ≤ α means βi ≤ αi for all i = 1, ..., n.

Problem 4

Assume that f : Rn → R is smooth. Prove that

f(x) =
∑
|α|≤k

1

α!
Dαf(0)xα +O

(
|x|k+1

)
as x→ 0

for each k = 1, 2, .... This is Taylor’s formula in multiindex notation. (Hint: fix x ∈ Rn and
consider the function of one variable g(t) := f(tx).)
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