



































































































LectureXXV.tl 55.7 LinearTransformations

1 LinearTransformations

The construction extend that of a linear transf T R IR

Definition Given two vector spaces V W and a function

T V W E tie Kai'mWl
we say T is a linear transformation if

41 TIE E That TLE forany anchors I ImV
av bmw

Rl T É c Tat fr any I in V C anyscalarbut binW
In short T respects addition a scalarmultiplication ie theoperationsdefining

rectorspaces
Remark T E Ew if T is linear

Proof take c o in 41 use O F Of O TIE Ew

Examples T Pz Pz is a linear transformation

1 4 87,4 kitsix 4 I fail a fix
Explicitly That a xt az x't as x a 292 393

2

MPs in Pa
Note At the levelofcoordinates Ig Eg

is alive
with respectto standard base transf

frP3 R R IRS

V W P3 T Ps Ps givenby TIF x fixty
T is a linear transformation

1 T ft Stix Ifts x til fixty Sixth Thx Ifl
127 TI f x KD ixti c fixtil TIG ex






































































































Explicitly Tha ta x tazx task a ta lxtil taz xx asixth

Go ta x tilt Ga lx't 2x ti a x't 3 2 3 1

19 ta ta tas 19 292 393 x that39,1 79

Note At the levelofcoordinates ta 292 393
with respectto standard basis

forPz 93
This is a linear transf IR 1124

T Ps Pg f I fit It is linear

Explicitly Tia ta ta x a x Ia ta tt act'tast'd t
Gotta thattasty 1
a x It't It azt

In coordinates
1 Iggy

is a lemon transf
R Is

V C o I continuous function m o Exel

T V R TIF fax dx I am underthegraphoff
T is a linear transformation by properties of integration

T.IR IR Tat AI fo a fixed mxnmatrixA
is a linear transformation
Nullspace Range T V W linear transf between zuctor spaces

Def The wellspace Nlt of T is the subspaceofV definedby

WCT 3 Een V TIE ONE
It's a subspace because T Oil Ew In tow tow cQT El

151 S2 S3






































































































Dt The range R It is the subspace ofW defined by

RIT 35mW E TIE for some EMV

Def nullity T dem T1 rank T dem RCT

Examples T Max Ps

Eff at bx tax t d x'text txt

Iis linear

Nlt 3 88834 because there is only a way to writethe

zero polynomialapis namely an O to x to x'tox't o x'tox

BIT Ps

T Max Pz

g E lathi that d x etf x

Tis linear

WIT at b t let di x t let f x 2 0

genres 3 equations in 6 variables
a b c d e f

a b

I itCtd o EI
T T T
a s e dep b d f indef

so
I 11 4 51 1498 1 4

NIT SP 98 1899 m nullityIT 3

A lie
RIT Note that a ta x tax T 8 1
so R IT Pz my rank T 3




































































































Note rank IT nullity T 6 dim Matz
This will be the rank nullity theorem for abstract vector spaces

linear transf T V W where demV is finite

3 KeyexampleTakingcoordinates relative to a basis

Fix V a vector space of dimension P bases B I up
Let T V R P

E 1 I B wordsofE relative to B

If I a I taste t tap up then CE b f
Ip T is a linear transformation

Proof I I a ri t tapup
is s E t spup Etty pf if tfI I la tb F t t Iaptbp IF E Bt case

121 C E can up t t leaptEp
so a

a f p of
p

c cels


