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Aufgabe 1:

The symbol εijk 3 Punkte

(a) Express εijk in terms of a determinant.

Hint: Use Leibniz' formula:

detM =
∑
σ∈Sn

signσ
3∏
i=1

Miσ(i).

(b) Show that

εklmεpqn =

∣∣∣∣∣∣
δkp δkq δkn
δlp δlq δln
δmp δmq δmn

∣∣∣∣∣∣ .
Hint: Use matrix multiplication.

(c) Show that εklmεpqm = δkpδlq − δkqδlp.
Hint: Recall the Laplace's formula

detM =
3∑
j=1

(−1)i+jMij detM ij,

where M ij is the matrix M with line i and column j deleted.

Aufgabe 2:

Vector analysis 3 Punkte

Let M be a constant vector. Show that

∇×
(
M× x

|x|3

)
=

8π

3
Mδ3(x)− M

|x|3
+

3M · x
|x|5

x.

Aufgabe 3:

Cauchy principal value 2 Punkte

(a) Show that

lim
ε→0

ε

(x− a)2 + ε2
= πδ(x− a).



(b) Show that under the integral

∫ ∞
−∞

dx

lim
ε→0+

1

(x− a)∓ iε
= ±iπδ(x− a) + P 1

x− a
,

where P(...) is the Cauchy principal value.

Aufgabe 4:

Vector analysis and Gauÿ theorem 2 Punkte

Show that∫
V

d3xu(x) · (∇× v(x)) =

∫
V

d3xv(x) · (∇× u(x))−
∫
∂V

da (u(x)× v(x)).


