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1. Test - Lösungen 9.12.2011

1 Indexschreibweise

rot (F× x) → εijk∂j (εklmFlxm)
= εijkεklm

︸ ︷︷ ︸

δilδjm−δimδjl

∂j (Flxm)
︸ ︷︷ ︸

(∂jFl)xm+Fl

(
∂jxm
︸ ︷︷ ︸
δjm

)

= (δilδjm − δimδjl) [(∂jFl)xm + Flδjm]
= δilδjm (∂jFl)xm + δilδjmFlδjm − δimδjl (∂jFl)xm − δimδjlFlδjm
= xj (∂jFi) + δjj

︸︷︷︸

3

Fi − (∂jFj)xi − Fi

= xj (∂jFi)− xi (∂jFj) + 2Fi

→ (x · ∇)F− x (∇ ·F) + 2F

2 Delta-Distribution

I =
∫
∞

−∞
dx

∫
∞

−∞
dyδ(xy + 2y)δ(2x− 2y − 4)

︸ ︷︷ ︸
1

2
δ(x−y−2)

f(x, y)

Integration über x: x = y + 2
= 1

2

∫
∞

−∞
dyδ((y + 2) y + 2y

︸ ︷︷ ︸

y2+4y=y(y+4)

)f(y + 2, y)

Ableitung:
(
y2 + 4y

)
′

= 2y + 4

= 1
2

∫
∞

−∞
dy

[
1

|2y + 4|
δ (y)

︸ ︷︷ ︸
1

4
δ(y)

+
1

|2y + 4|
δ(y + 4)

︸ ︷︷ ︸
1

4
δ(y+4)

]

f(y + 2, y)

= 1
8 [f(2, 0) + f(−2,−4)]
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3 Tensoren

a) Transformationsmatrix e
′′

i = a
j
i ej : a

1
1 = 1, a 2

1 = 0, a 1
2 = 2, a 2

2 = 1.
A′

jk = a l
j a

m
k Alm.

A′

11 = a l
1 a

m
1 Alm = a 1

1 a 1
1 A11 + a 1

1 a 2
1 A12 + a 2

1 a
1
1 A21 + a 2

1 a 2
1 A22 = 0 + 0 + 0 + 0 = 0.

A′

12 = a l
1 a

m
2 Alm = a 1

1 a 1
2 A11 + a 1

1 a 2
2 A12 + a 2

1 a
1
2 A21 + a 2

1 a 2
2 A22 = 0 + 1 + 0 + 0 = 1.

A′

21 = a l
2 a

m
1 Alm = a 1

2 a 1
1 A11 + a 1

2 a 2
1 A12 + a 2

2 a
1
1 A21 + a 2

2 a 2
1 A22 = 0 + 0 + 0 + 0 = 0.

A′

22 = a l
2 a

m
2 Alm = a 1

2 a 1
2 A11 + a 1

2 a 2
2 A12 + a 2

2 a
1
2 A21 + a 2

2 a 2
2 A22 = 0 + 2 + 0 + 0 = 2.

b) gij = e
′

i · e
′

j .

g′11 = e
′

1 · e
′

1 =

(
1
0

)

·

(
1
0

)

= 1.

g′12 = e
′

1 · e
′

2 =

(
1
0

)

·

(
2
1

)

= 2.

g′21 = e
′

2 · e
′

1 =

(
2
1

)

·

(
1
0

)

= 2.

g′22 = e
′

2 · e
′

2 =

(
2
1

)

·

(
2
1

)

= 5.

c) g′′ijg′′jk = δik
→Inverse bilden:(

1 2
2 5

∣
∣
∣
∣

1 0
0 1

)

→

(
1 2
0 1

∣
∣
∣
∣

1 0
−2 1

)

→

(
1 0
0 1

∣
∣
∣
∣

5 −2
−2 1

)

g′ij =

(
5 −2
−2 1

)

.

d) s = g′ijA′

jkg
′km (A′

mi −A′

im)

= gijAjkg
km (Ami −Aim)

= AimAmi −AimAim

= tr

(
0 1
0 0

)(
0 1
0 0

)

− tr

(
0 1
0 0

)(
0 0
1 0

)

= tr

(
0 0
0 0

)

− tr

(
1 0
0 0

)

= 0− 1 = −1.
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