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Aufgabe 21

(i)=(iii): Vorlesung.  (iii)=(i): (iii)= V C span(vy,...,v,) = V Basis. (iil)=-(ii): trivial.
(i) = (i): V({0 — 32, (0, v)vi03) = (0,05) = (v, 03 v 03) = (0,05) = (v,0) = 0) 2 0= 32, (v, v3)v; = 0.
(iil)=(iv): (v, w) = (32 (v, vi)vs, 32 (w, vj)vs) = 32, (v, vi)(w, v)(vs, v5) =

=i (v, vi) (v, w) 055 = 37, (v, vi) (v, w).

(iv)=(v): oll2 = (v,0) & 200, v5)(vr, 0) = S, (0, v1) (0, 05) = 32, (o, 0) 2. (v)=>(id): trivial,
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(a) 0(A, B) = 37011 >y @ikbri = 3, @inbri

o symmetrisch: Zi,k aikbri = Zi,k briQik.

o bilinear: o((A+ AA"), B) = > (au + Aajp)bri = Y ainbri + > Aal by = 0(A, B) + Ao (4, B).
ik ik ik

o nicht-ausgeartet: Sei E;; = (0xi0j1)r,; € R™ ™. Dann o(A, E;j) = > a0, = ajs-
kL

(b) () A€ UL \{0} = o(A,A4) =3, aija; =3, ;af; > 0.
AeU_ \ {0} = O'(A, A) = Zi,j Qi Q55 = _Zi,j a?j <0
(i) 1. V=Usy +U_: A=3((A+ A%+ (A-A%)) und
(A+AE = AT L (AP = AT L A=A+ AT, (A—AYH)P AT —(UHYE =AY — A= (A - AY).
2. U, NU_={0}: AcU,&AcU. & A=,
(ifi) 1. Uy LU_:
At =A& Bt =—-B = O'(A,B) = Zaijbﬁ = Zaji(—bij) = —Eajibij = —O'(A,B) = O'(A, B) =0.
i, i, ]
2. Wegen U, LU_ gilt U, C U*. Beweis von U+ C U,: A€ Ut = VB e U_(0(A4,B) =0) =
Vi,j(U(A, Eij - Eji) = 0) = VZ,](O'(A, Eij) = U(Aani)) = Viaj(aji = aij) = A€ U+'
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(a) Sei v7 :==b—a = (1,2,2) und vy := ¢ —a = (—=2,—-1,2). Dann (v;,v2) = =2 -2+ 4 = 0 und
vy X vy = (6,—6,3). Wegen letzterem setzen wir vz := (2, -2, 1).
Ecken: a = (1,2,3), a +v1, a + v, a +v1 +v2, a4+ vs, a +v1 + v3, a + va + v3, a + V1 + V2 + vs.
(b) (i) (v —w,v+w) = [o]> — [lw]* = (]| = |lw] & (v —w,v+w)=0).

(i) flv —w|? = [[v]|* = 2(v,w) + [wl* & Jv 4+ w|]* = [[v]|* + 2(v, w) + [Jw]?* =
(Hv —w| =|lv+w| e —{v,w) = (v,w) & (v,w) = O).
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Bestimmung von Lés(A4;0)

AL (V111 1 1) (101010 e G —
0 -1 0 -1 0 -1 01 0 1 0 1) "7 77 T&I2="T47T6
0

-1

Basis von Los(A4;0): vy :=

oo o~ O

— 1 _ 1
w1 = 501, W2 = 502,

wh = vz — (v3, wi)wy — (v, W2)wa = v3 — 301 — 5 -0 =v3 — sv1 = 3(2v3 —v1) = 3(—1,0,—1,0,2,0)

w3 = %(—1,0,—170,2,0)

w) = vy — (vg, w1)wy — (Vg, Wa)we — (Vg, w3)ws =vg — 0wy — %wg —0-wsg =
(0,-1,0,0,0,1) - 5(0,-1,0,1,0,0) = (0, - 5,0, —5,0,1) = —=5(0,1,0,1,0,2)
wy = —-(0,1,0,1,0,2)

(w1, ...,wq) ist ONB von span(vy, ..., v4) = Los(4;0).

Sei f(e;) :=w;. Dann (f(e;), f(e;)) = (wi,w;) = §i; = (ei ej) (4,5 € {1,...,4})



