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Thekernelof a len transf

64 T IR IR be a lin transf Then

ker it x ̅ Rm TIX

Equiv if T isdef by an nxm matrix A then

ker it ER ATL
solution set of thehomog linearsystem AT

Theorem let T IRM IR be a lin transf Then

at in IRM e Kerli

h ker T is closed under additionofveitors

at ker T scalar mult

Thepf is one of your Hw problems

Ex If A is an invertible non matrix so it definesTA R R

then Ker TA Ker A 55 This is b c being invertible

is equiv to AI having only the trivial solution
In fact
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Ser Summary 3.1.8 for a list of several equiv
conditions for

a squarematrix A
to be invertible Youshould know this

Generalize this

Leen Suppose A is an nxm matrix with a m sonot square

all it rank A m then Ker A 5

b Conversely if Ker A 5 then rank A m

k if Ker A 55 then men

a note m is the ofcolumns Considerthehomog linearcupt AT

Row redure

Recall therankof A is thenumberof
leading 1 s in RREF A

We know m rank A of leading 1 s of columns

Theneach column has a leading 1 so eachvariable is associated to a

leading 1

We also know her A is thesolutionspace to thehomog linear

system A x ̅

Since each variable is associated to a leading 1 there are no
free variably

So Xm 0 ie Ker A 0

161 If A has only thetrivialsoln then each variably corresponds

to a leading 1 so rank an
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14 Eachnew has atmost one leading
1 so of leading 1

s is n

If Ker AI then the lin cystem AT has as it only

solution 0

x2 0

m 0

eachcool has a leading 1

There are in columns so in this case

m leading 1s n

rows
ids

Corollary contrapositive

if msn ie if Af
thentherehave to be freevariables

so ker A is not only

Now go to 3.2 Subspacesof IR bases linear independence

Def let W be a subsetof R Then W is a linear subspace if

cal w contains the 0 vector in R

1b W is closedunder add n of vectors

c W is closedunder scalar mult
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I youknow that W
then cal is a consequence of either 1b or c

so it isn'treallynecessary to include it in thedefn

2 Conditions b and 1s could be replaced by

If w̅ eW and a 92 R then a w̅ a w̅ W A

I'll leave it to you to
check

if you know
t then b and a both hold

if you know b and til then A holds

Example last class and today we saw

if T Rm IR is a linear transf Then

image T is a subspaceof IR

and kertil Rm

E in R let W be the 1st quadrant 411
Is W a subspaceof R

No b holdsbut not c


