
Def Suppose T :V - W is  a
[ Them definitions

have  already been

linear transformation . discussed . ]

Kerk )=NCT)= { TEV: TCJ)=0 } try

in CT ) = RCT ) = TCV ) = { TH ) :  TEV } image

Theorem If V is  a finite dimensional

÷
for space

and T '

- V - W is

a

linear transformation then

dim ✓ = dim Ker ( T ) + dim  in ( T )
.

Example let V=Pn( B)and let

.

T : ✓ - ✓ be the lunar

transformation IT f) = f
'

.

AIM if  

nzo
,

im(T)=Pn . ,
( R )

her ( T ) =P
.

( R )
.

[ convention : P. ,
CIR )={ o }

.

]

Check :

image
: dy ( f

' ) < ohgcf ) so f
'

epn ,
( IR )

- -

if gepn .
,( R ) then let fcx )=fo×gc×)dx .

Then f(x)£Pn( R ) and f 'Cx1=g(x )

by
fund .

thm .

of  calculus

hence inch =Pm( IR )
.

( and : f '( x ) . o < ⇒ fwnstant a ftp.CR ) .

-



dem Pm ,

( R ) = n

dim Po ( IRI = 1

dim Pn ( R ) =  ntl

so diukr ( T ) + din  in Ct ) =  dim Pn ( R )
,

as

the theorem  says .

then If V is  a  vector space  and SEV 's [ this was proved

linearly independent then there is before - just

some sl  IV such that S
'

's a recall the

statement ; I

basis of V .

usually m< all the

idea of the proof
out loud

.

Lenny If T : V - W is  a
line transformation  and

SEV then IT span
CSD =

span ( TCSD
.

P=f we span
( TLS ) ) <⇒w  = ,¥

,

ai Thi ) far lone  v. , . . , ,uneS

←→
w  = T ([eaivi ) for come v. ,

. yvnts

⇐ ) w ETC span
CS ) ) .



Proof of  rank . nullity
theorem

.

Suppose T : V - W ic  a linear transformation .

let ✓ , ,
... ,vn

E IWCT ) be a basis .

then { v. ,
... ,un } are linearly independent  in ✓

,

so  can
he extended to  a

basis { Vi ,
.

" sun

,w
, ,

...

,wm}
of V

. By defn .
 of dimension ,

we have :

dim kw CT ) .

.

n

dim V =ntm

We want to prove
that dim  in CT ) =m

.

we  will

show thatTCW, )
, .

. , ,T(windan
a

basis of

in CT ) .

This has two parts
"

spaying
:

 span
{Tlwi)

,
...Flwm) }

=

span { Th
,
)

, ... ,T(v .
) ,T( w

,
)

, ... ,T(win}
.

0 since  v
, , .ph EIWCT )

=

T( span
{ vi , . "

,vu
,

w
, , . . .

,wm
} ) [ by Lemma ]

= TCV ) [ since { v
, ,

... ,un+m
} icabasiioflf

=  im CT ) [ defn .
 ofimct ) ]



linearly independent :

oppose[ a

.uT(
Wi ) =o

i

:
then T(Eaiwi) =O

it

m

so [ aiwiHWH ) [ by hfn
. of kwct ) ]

inso [

aiwi
= [ bjvj [ since In

,
. " ,uh an  a

iei 5 '

basic of kw Ct ) ]
m

so §bjvj
- [ aiwi =J

t iii

But { v. ,
.

. sun ,w , ,
... ,wm } an lirerlymdep .

su ai
 = bjio far all isj .

Hence T( w
,
)

,
. .

. ,T( win ) an  independent ,


