

















































































Linear Algebra I Fall 2023

4 Rotations in R
We want to describe a counterclockwise

rotation with angle GER

g f rote

YrotelIM
cosy ix I

rotylx coslextsintely

coste E sin e f
costelt sinteln
costeltet sinkt

Cole since

uns
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rote R R

x S
is a linear map

We have rote o roter rotate ii e

rote is invertible with inverse rote

rot o rot rot id

Recall Tutorial 3 E LEE

For 9 0.927 530

we have Cote E






6 Composition of linearmaps
Matrix multiplication

Linear maps are functions so we can composethem

RE RE Re

GI fa.in
we will use in the

following

Theorem 6 I If F R R und 6 R Re
are linear then GF is linear

Proof For x y ER we have

GFCHYIEGFCMYDE.GE
FND

Definition F
ear I GEH GIA

Of GF
6 is linear

GFK GF y



For XERXER

GFCN GIFAN GLXFGD XGIFGD XGFN.tt

Question What is the matrix of GF

Example22 We consider thefollowing linearmaps

F RE R G RIP
x 3 x x E x

To
We want to calculate the matrix of GF P

GEH GEIGE EY

Fled d GFlei G Fled GG 9kt

Fled 3 GFK GFL of



OFFENG f 4
Definition 6.2 Let A E R BER with

B M Y M
n

Mike R

Then we define the product of A und B by

A B I AY A e R

AB n

CHILE
ef fi D 4

A B AB



Example

D A F B 3 then

AB AH HEHE
Compare this with Example 10 where G A
E D and IGF A B

9 8 1 E
3 i 169

A B Textlecture Bis the
inverse of A B Ä

Theorem 6.3 Let F IR R and G RTR
be linear maps Then

G GF
GjFIthematrices

Matrix ofthe
composition of the
maps Fand G of G and F



Proof We have F Fl F

and Def 6.2

CGI F E G Flei G Fler
l

Gfeil Gfl GF

G G X
A

EFFIE

BEE
E

What is the matrix of FF

By hand FIFA FCK ZEILE
FES E Ps

Using TIEFE E 431 3 5



2 At the beginning rot P R
X feste

sin

sinle coole

is the rotation by angle y

rote rote rotation bye and thenbye

rote o rote rote.ee

rote fostered
sind

sinke 4 coole e
Theorem 6.3

rote rote rote rote
costed sinkt costed sink

Def 6.2 sinke Code since coole

Ifosleicosted
sinleisinled

sinktcosted cosleisinle

By x we obtain the angle sum identities

Coste e coole cost sin e since

sinke e sind costed cosleisinle



Recall In di e R is the

Identitymatric
For all ve R we have In v

Proposition 6.4 For all AER B DER

CE R DER we have

A A Im Ie A A
Ä AB C A CBC

ü A BAD AB AD

in BtD C BC DC

v1 X AB A B AGB

Proof Check by yourself Similar to 2 Ex l

Remark If A B ER then in general we
have AB B A

e g 18198 8 but 9 8 69
A B B A



Example 25 Recall Foruto fu denotes
Notdone in the reflection along the line
the lecture spanned by u

e ala ein

4 9 in
ein E

lallcal

steil 1,1
ealeaklteIHll F
Eai.Eea 69119 9

Cecile 9 Toi 9

Reflecting first along l and then 9 is

different to first reflecting along 9 and then



But also notice that sometime reallyrare

we have A B B A

eg 8 8 8 8 9


