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Numerics of Partial Differential Equations – Tutorial 2

Exercise 2.1 [Classification I]

Classify the following differential equations with respect to order, linearity, coupling and whether they
are scalar valued or a differential equation system. Let Ω ⊂ Rn. Please explain your answers.

(a) Find u : Ω→ R:

−∆u + ∂xu = f

(b) Find u : Ω→ R:

∂xxu + ∂txu = g

(c) Find u : Ω→ R:

−∆u + u2 = f

(d) Find v : Ω→ Rn and p : Ω→ R:

∂tv + (v · ∇)v − 1

Re
∆v +∇p = f, ∇ · v = 0

(e) Find u : Ω→ R and ϕ : Ω→ R:

−∆u = f(ϕ),

|∇u|2 −∆ϕ = g(u)

Home Assignment 2.2 [Classification II]

Classify the following differential equations with respect to order, linearity, coupling and whether they
are scalar valued or a differential equation system. Let Ω ⊂ Rn. Please explain your answers.

(a) Find u : Ω→ R:

∂xyu + ∂yu + u2 = 0

(b) Find u : Ω→ R:

−∇ · (|∇u|p−2∇u) = f

(c) Find v : Ω→ Rn and p : Ω→ R:

∂tv + (v · ∇)v +∇p = f, ∇ · v = 0

(d) Find u : Ω→ R and ϕ : Ω→ R:

−∇ · (a(ϕ)∇u) = f,

a(ϕ)|∇u|2 −∆ϕ = g

(e) Let Ω1 and Ω2 be given, with Ω1 ∩ Ω2 = 0 and Ω̄1 ∩ Ω̄2 = Γ and Ω̄1 ∪ Ω̄2 = Ω.
Find u1 : Ω1 → R and u2 : Ω2 → R:

−∆u1 = f1 in Ω1,

−∆u2 = f2 in Ω2,

u1 = u2 on Γ,

∂nu1 = ∂nu2 on Γ,
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Home Assignment 2.3 [Well-posedness of the Poisson problem]

(a) Integrate the Poisson problem explicitly and derive the formulation

u(x) = −
x∫

0

 t∫
0

f(s)ds

 dt + C1x + C2.

(b) Derive C1 and C2 explicitly.

(c) Show that

u(x) =

L∫
0

G(x, s)f(s)ds + a
(L− x)

L
+ b

x

L

solves the Poisson problem.
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