LINEAR ALGEBRA

WEEK 2




Roadmap

1. Vektoren 3. Losen linearer Gleich‘ungen Ax=Db

5. Orthogonalitat und Projektionen _ 4. Die drei fundamentalen Unterrdume

3

6. Anwendungen von Orthogonalitidt und Projektionen 7. Die Determinante

o

9. Diagonalisierbare Matrizen und die - 8. Eigenwerte und Eigenvektoren
Singularwertzerlegung
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FEEDBACK




a) Let 0 € R™ denote the vector whose entries are all zero. We say that a set L is a line through
the origin in R™ if and only if there exists w € R™ with w # O such that L = {Aw : A €
R}. Let now L be a line through the origin in R™ and let u be an arbitrary non-zero element

of I, Prove that L = {Au : A € R}.
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1) Beide Folle sind unmc“»gb‘ch, el 0% #L., oder 10%2L,

2) 0:0'w, und 0=0-1,> 0€L. und OEL,
= OE-L»;/)L:,

2) Dir haben 2 Falle:
Fall 4 (L.aL,= L03):
dies imp(jaiml anbomatisch @
Fall 2“—40'.4# £0§)‘ y
L,ol,#@ = JueR . uel.al, (u#0,vel L,nl,# £03)

a)
€L4"’ L4= {AM : }\E IP§ L i 7
::eL;; L= Ihu: \ERY E d>L.=L,=L.aL, @

Da uir alle FRille a‘:geoleckl- haben und entveder
D oder @ glh, gilk die Aussage als bewiesen.



¢) Consider an arbitrary line through the origin 7. in R2. Prove that 7. is a hyperplane, i.e. find

avector d # 0 such that
L={vcR?>:v.d=0}. @

()

i, ®
a.a,=L=£v6ﬂt= v-d=0}%

c: wihle u€L: u=\v @

i OO0
= uE fveR':v.d=0%

2" Lahle uEIvER': v.d=0}
u d in Wd»t*“:.dz ‘O
@, wd= W *U, 0, = O

= Ut Uiz
- U= l%(h P & Wa

F&f ‘Jq*O:
U&H@ X"&d) %SXUA W’A u:.=/\|J:.
= U=y
S uel @
for 0,#0: Beues amtos
b i missen entueder L0 oder L.*O FRille Pr&Pen
wegen L*0 @

LPmoP by cose dislickon (mehrim DiskMoth Skriph in Kapirel "Rroof RiHerns")



FRAGEN?




Definition 2.10 ((In)dependent column and (column) rank of a matrix). Let

A= MY Yg Tt Wy
be an m x n matrix with columns vy, v, ..., v, € R™. Column v; is called independent if v;
is not a linear combination of vy, vs,...,v;_;. Otherwise, v; is called dependent. The rank of

A, written as rank(A), is the number of independent columns of A. The rank is sometimes also
called the column rank to distinguish it more explicitly from the row rank, see Definition 2.14

below.
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In-class

1. Rank of a matrix (in-class) (W#vy)

Let m € N5 be arbitrary and consider the m x m matrix

aii a2 ... Qlm
az1 G2 ... G2y
Am —
1 Qm2 - OQmm

witha;; =i+ jforalli,j € {1,2,...,m}.

a) Calculate A,, form € {2,3,4}.
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In-class

1. Rank of a matrix (in-class) (W)

Let m € Nx5 be arbitrary and consider the m X m matrix

aii a2 ... A1m
@21 G2 ... Q2
Am —
Om1 Q2 - O

with a;; = i+ j forall i, 5 € {1,2,...,m}.
a) Calculate A,, form € {2,3,4}.

b) Determine the rank of A,,. You need to motivate your answer.
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Aufgaben

mxn

a) Sei AcR A’[}?’ “?"1
CIA) Tund VJ[V’]‘QJEC(A)

zeige Oe

D



Aufgaben

b) Se; AeR™

Zeige,:

Vy,zE C(A)V)eER: y+)\a€ C(A)
2 Yu ,vE NIA)YXER : ur AVEN (A)
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Aufgaben

c) Sei AE Rmn und bE R" Es g’vu @Gr xoé;iR" Axo"‘:)
2ege: {xﬁﬂn‘Ax‘-'l:g L {xo"'z: Z €.N(A)§

- 0



Proof + (Ax)'> XA AER™" xR = AxeR”

@ (AX)M: ; Ayx; - (AX)T‘R ..jé Qi %;
@ Ws=ay D (WA =Z % (A); = Zx0y

=
3o avs - Eosas= A,
=)(Ax)T =xA






