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c) c)A ∪B = A ∪B
Bew:

”
⊂“: Sei x ∈ A ∪B

Es ex. (xn) ⊂ A ∪B, xn → x
Es ex. Teilf. (xϕ(n)) ⊂ (xn), (xϕ(n)) ⊂ A oder (xϕ(n)) ⊂ (xn), (xϕ(n)) ⊂ B.

Im ersten Fall: xϕ(n) → x, (xϕ(n)) ⊂ A. Also x ∈ A zweiten Fall analog: x ∈ B.

Also x ∈ A ∪B

”
⊃“: Sei x ∈ A ∪B. Falls x ∈ A, so ex, Folge (xn) ⊂ A, xn → x.

Dann auch (xn) ⊂ A ∪B, also x ∈ A ∪B. Analog B ⊂ A ∪B

d) ∂(A ∪B) = A ∪B \ ˚(A ∪B) = (A ∪B) \ ˚(A ∪B) = [A \ ˚(A ∪B)] ∪ [B \ ˚(A ∪B)]
∂A ∪ ∂B = [A \ Å] ∪ [B \ B̊]

Wegen Å ⊂ ˚(A ∪B), B̊ ⊂ ˚(A ∪B)⇒ ∂A ∪ ∂B ⊃ ∂(A ∪B)

b) x0 isol. P
Also ex.δ > 0 : B||.||(x0, δ) ∩M = {x0}.
Sei ε > 0. Für x ∈M , ||x− x0|| < δ gilt x = x0, ||f(x)− f(x0)|| = ||0|| < ε
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b) A =

 1 3 0

2 −1 3

−2 4 1

. Â = (R3, ||.||2)→ (R3, ||.||∞)

||A|| = sup
||x||2≤1

||Ax||∞

Falls x = (x1, x2, x3), ||x||2 ≤ 1⇒ |xi| < 1, i = 1, 2, 3.
Also ||Ax||∞ = max{|x1 + 3x2|, |2x1 − x2 + 3x3|, | − 2x1 + 4x2 + x3|} ≤ max{1 + 3, 2 +
1 + 3, 2 + 4 + 1} = 7

c) ||Ax||∞ = max{ |x1 + 3x2|︸ ︷︷ ︸
≤||(1,3,0)||2−||x||2︸ ︷︷ ︸

≤1

, |2x1 − x2 + 3x3|︸ ︷︷ ︸
≤||(2,1,3)||2−||x||2︸ ︷︷ ︸

≤1

, | − 2x1 + 4x2 + x3|︸ ︷︷ ︸
≤||(−2, 4, 1)||2︸ ︷︷ ︸

√
21

− ||x||2︸ ︷︷ ︸
≤1

} ≤
√

21
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a) Jf (rϕ) =

 1 + cos(ϕ) −r sin(ϕ)

sin(ϕ) r cos(ϕ)

2r 0


Jg(x, y, z) =

(
y, x, 0

1, 0,−1

)

Jg◦f (r, ϕ) = Jg(f(r, ϕ)) · Jf (r, ϕ) =

(
rs r + rc 0

1 0 −1

)
·

 1 + c −rs
s rc

2r 0


=

(
rs(1 + c) + r(1 + c)s −rs2 + r2c+ rc2

1 + c− 2r −rc

)
=

(
2rs(1 + c) r(c2 − s2) + r2c

1 + c− 2r −rs

)
mit s = sin(ϕ), c = cosϕ

Test: (g◦f)(r, ϕ) = (r(1+cos(ϕ))r sin(ϕ), r(1+cos(ϕ)−r2) = (r2(1+cos(ϕ) sin(ϕ), r(1+
cos(ϕ)− r2)

Jg◦f =

(
2r(1 + c)s r2(c2 − s2) + r2c

−2r + 1 + c −rs

)

1


