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Aufgabe 5
(a) o hat 10 Fehlstéande: (1,2),(1,3),(1,4),(1,5), (2,3),(2,4),(2,5), (3,4),(3,5), (4,5). Also sign(o) = 1.
p hat 5 Fehlstaende: (1,3), (2,3), (4,7), (5,7), (6,7). Also sign(p) = —1.

4 1 5 3 2
Also sign(7) = —1 und sign(c o7) = —1.

- (1 2.3 4 5) hat 7 Fehlstande: (1,2),(1,3),(1,4),(15), (3,4),(3,5), (4,5).

(b) Kurzschreibweise fiir Permutationen: (aj as ... ay) = ((11 (12 an >
1 a2 ... Gp

(412563) = (3,6)0(412536) =(3,600(53)0(412356) =(3,6)0(3,50(3,4)0(312456) =
(3,6) 0(3,5)0(3,4)0(2,3)0(213456) =(3,6) 0(3,5)0(3,4) 0 (2,3) 0 (1,2).
(¢) (i) Sei o := (ay,...,ar) und 7 := (ag, ..., a;). Dann gilt:

a;) =o(a;) =a;4q fiir 1 <i<k

or(a;) = o(ax) = aq,

(
or(a;) = o(ajy1) = a4+ fir k <i <l
(
o (

z)=o(x)=cfirze{l,...,n}\{a1,...,a;}. Folglich oot = (ay,...,a).

(ii) Aus (i) folgt (a1, ...,ax) = (a1, az) o {az,as)o...o{(ar_1,a;) und somit sign({(as, ..., ax)) = (=1)¥"1.

Aufgabe 6
(1) ! _12 _21 0 -2 2 2 2 0 2 2 0
@A=|o 55 o5 5 2 0 2|=2(-2 0 2|—=[0 2 2
0 2 9 0 2 2 0 0 -2 2 0 -2 2
0 -2 2 2 2 0 5 o9
det(A)=det [ -2 0 2| =-det[0 2 2]|=-2 det<_2 2)— 2(4—(—4))=-16
2 2 0 0 -2 2
_01 2 132 132 8 12 12 8 12 12
B — 12 8 12| —=|0 —10 -6
0 128 12 12 12 8 0 -6 -10
0 12 12 8
8 12 12 8 12 12
det(B)=—det [ 12 8 12 | =—det| 0 —10 -6 | =—8(100— 36) = —512.

12 12 8 0 -6 -10



1 2 3 n -1 0 0 0 -1 0 0 0
2 2 3 n 2 2 3 n -1 -1 0 0 j j _01 8
3 3 3 n| |3 3 3 n|_| 3 3 3 n | ,

-1 -1 -1 0

det(C,,) = (=1)""1n.

(b) det(B) = > sign(m)bir1) - - - bpr(n) = Do sign(ﬂ)(fl)“r“(l)alﬂ(l) L (71)”+’T(”)am(n) =
_ Zw Sign(ﬂ)(_1)1+7r(1)+...+n+7r(7b)a17r(1) R ZW Sign(7T>(—1)2(1+"'+")a17r(1) S Opn(n) = det(A).

Aufgabe 7

Entwicklung nach der letzten Zeile ergibt:

Ap—o 0
*

det(A,) = By - det(4,—1) — 1 - det < 1

) = By -det(A,_1) + det(A,_)

7Z.B. im Fall n = 5:

/i -1 0 0 0 B, -1 0 o0
1 B -1 0 0 1 B -1 0
det | 0 1 B3 —1 0 | =/ det(Ay) —det 2 =
0 1 (B3 0
0 O 1 By -1 0 0 1 1
0 O 0 1 b5
61 -1 0
=05 -det(Ay) +det [ 1 G2 —1 | =05 det(As) + det(As).
0 1 B3
Anderer Beweis: Da alle anderen Summanden den Faktor Null enthalten, gilt
det(An) = cg, SIgN(T)a1r(1) - " Qpn(n) =
ZWES,,“T{'(TL):TL Sign(ﬂ-)alﬂ'(l) CeetGpix(n—1) ﬁn +
Z‘n’ESmﬂ(n):n—l,w(n—l):n Sign(/ﬂ)alﬂ'(l) teestp_2x(n-2) " (_1) 1=
Zaes’n,l Sign(U)ala(l) e Qp_io(n—1) " 671 + Zaes’n,2 Sign(a)ahr(l) CeestQp2n(n—2) =

Bn - det(An—1) + det(Ay—2).

Aufgabe 8

Sei B € R™" fest und d : R™*" — R, d(A) := Y i, det(a1, ...,ai—1, Ba;, ait1, ..., an).

1. d ist multilinear, da A — det(A) multilinear bzgl. der Spalten von A ist.

2. d alternierend: Sei z.B. a1 = ag. Dann d(A) = det(Bay, a1, as, ..., a,) + det(ay, Bay, as, ...,a,) = 0.

Somit gilt:
d(A) "2° d(E,,) - det(A) = det(A) - 31, det(eq, ..., €51, B, €511, ...y €n) = det(A) - 327 by = det(A) - tr(B).



