
M-wing-EE3-spa.ae#
I :< ✗" ✗it's >

= (¥;) ,> ×
2-axis towards the viewer .

i. ✗ j=k - obeys right herd rule
for crossproducts

Text

Defina Linear
transform - Same definition as before

.

Affine transformation
_

" " " "

A- (E) = B. (E) + ñ where B is linear
.



Translation Tie for a- c- 1123

Tiki)=ñ+u .

Exawpte Ñ= < 1,905 . Tei /<×,y, >7) = 4×+4%2 >

3×3 matrix representation of a linear map A :P
>
→ R
'

If Atiku Alj )=J Ali )=Ñ

then A is represented by

iñiñs -11; "%;ñ;)
e±Mi=M /

'

g)=/
"

↓;) --ñ .



Exampte : The rotation Rqogj or Ritz ,j .

rotates around the rectory (y-axis)

90° Ii the counterclockwise direction

viewed from above ( as given by
the

right-hand rule ) .

Question what 3×3 matrix represents Roz ,j ?

ActÉgmdnato*! : :) • :

0 00 I



Homʳfw?°¥ⁿᵈ% <x.y.ws homogeneous
coordinates for <"w>Ylws

A- 1×7 (a+ ④ - affine

the 3×3 met" ④ ?⃝④
<3

,
5,17 , 2%2,5/2

,
's )

, 26,10 , 2)

all represent < 3,5 > c-R2



In 1123
,

< ✗ , 4,2 , WT homogeneous coordinates

for < %, Hwi % >

An affine map A : ☒→ 1123 given by

AE.fi?f)i+ff)-affneghd
represent by fa↓l% =:M

MI gives -1¥;) where At /¥:) .



Uniform

ExampI 1 Scaling 5×1<44,279 = (✗ ×
, try, xz>

Nonuniform Seal'D San
,p.gg/2x,yi27)--2xx,Py8z>

✗ These are linear
p
✗ Y {app> represented

3×3 matrix

p 01 : : :)
Saar /¥18)



Defy A transformation A is rigid if for all

* IT
, 111-1×7 -AHH = Ii- Ill - ie

,

A preservesd-i-neeslpbetweenpoiu.to) .

-

_
• I

111-147 -1-1×711.

* and;

,

%

ÉI1y -411 - distance

* between
A- (E)

Fiance A translation Tinwill - %É¥¥or norm or

or a rotator Roy are

-

rigid .

"

Rigid
"

means sizes or shapes do nott !



Also a reflecting example 5<-1,1
,
, >

Alex,y,z9)= 2- ×, y,2
>

is also rigid . ( so "except. .
" refers to

reflections) .

Observation
' A rigid transformation also preserves

•
I AM
_

AE)
angles
i.•.se#n-iis

By SSS theorem (side - Side- Side



tdefñ In IR} A :#→Ñ is orientation preserving

if it preserves directions
of angles

☒
•

Ati
¥

Akil •• 3
£ couutevwise - ness

•

Ali)

of angle is unchanged
-

So is orientation preserving

◦ 1AM
A
⇒ AH#

a- *,
Not orientation

-

preserving
-



lineoo

InlÑ- : Ailtransfumatnin A :* -11123 is

orientation preserving it it preserves

the sign of triple products (ñxv)*w

Iff : (1-13)×1-8) ) • tiles > 0 .

Ice . intuition that righthardness of orientations
of

triples of vectors

txj=I It ñ=A⇔ , E- 1-87 ,Ñ=AÑ)

Ii *
÷

i,#
%

with ñÑsi PlaneTo- "above
"

it



In Rs
,

Translators Ti

Rotations Rain .

Scaling seqp.rs with 9%8>0
(not reflectors 'D

are all orientation preserving



transformationsComb#
Suppose we are a modeling a solar system .

Sun Earth
,
Moon . Use a

" top view "

Hooking down the y-axis. )

- ×

D-E- angle Earth
is revolved

around the sua

VE { rm an - angle moon

←-
-

-
- !¥¥←M°

"

has revolved
around Earth

✓
E) rm

- oradii of

the orbits

f- unit sphere
att

g- how much
Earth

(will to render
Sun

is rotated on its axis .

Earth-Moon)



Render Sun as just f.

② Render Earth as a scaled, rotated, translated
version of d.

let M : =≤,j Tco ,o , ¥> ◦ Raj ° So# .

-8g
☆

F-

Render Earth

ᵈ?⃝•?⃝É
• miss

•

• MRyjlso.sk

← M /f) ⇒B¥i /
Too,r⇐(%;HnH

COMME
}
↑

V2 Torres /Raj /
Son IS )))



Firman Use :

Mm"

"%°%mñ
"
"" rm > ◦ so

. ¢

Render man as Mm (f)

a.arm
ms ×

Lasttwo operationf* Ro-e.jo T.no,⇔
let the Earth 's transformation.
offbeatthe moon also

£ Roe,j , Too, ares affect
the whole Earth system




