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Übungsblatt 4 zu Mathematische Quantenmechanik II

Aufgabe 1:
Consider the N -fold Hilbert space tensor product H⊗̂N of a Hilbert space H with itself. Let
σ ∈ SN be a permutation of {1, 2, . . . , N}, and p̂σ : H⊗̂N → H⊗̂N defined by

p̂σ[u1 ⊗ . . .⊗ uN ] := uσ−1(1) ⊗ . . .⊗ uσ−1(N).

a) Show that p̂σ defines a unitary operator.

b) Show that p̂σp̂τ = p̂τσ for any two permutations σ, τ ∈ SN .

Define the two following operators,

ŜN = (N !)−1
∑
σ∈SN

p̂σ, and ÂN = (N !)−1
∑
σ∈SN

sign(σ)p̂σ.

c) Show that ŜN and ÂN are orthogonal projections satisfying ŜN ÂN = 0 if N ≥ 2.

d) Show that p̂σ ◦ ÂN = sign(σ)ÂN for all permutation σ ∈ SN .

Aufgabe 2: Show ŜN

[
H⊗̂N

]
and ÂN

[
H⊗̂N

]
are Hilbert spaces.

Aufgabe 3: Let H1 and H2 be Hilbert spaces. Prove that for any sequence (An)n∈N in L(H1)
and for A ∈ L(H1), such that, ‖An[ψ]−A[ψ]‖ n→∞−→ 0 for all ψ ∈ H1 then

‖(An⊗̂idH2)[φ]− (A⊗̂idH2)[φ]‖ → 0

for all φ ∈ H1⊗̂H2, where A⊗̂idH2 is the closure of A⊗ idH2 .


