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Think
Suppose V is a vector sp with basis 5 In

If S C V has more than n vectors

then S is lin dep

Pfgs.lyai ap P

IÉ mB er ps

C Ii B Cp ap y 0
in R

not all zeros

x ̅ x ̅ p is an isomorphism from V to IR

C E Cpap
in

So 5 in lin dep



That
Suppose V is a vector sp with basis 5 In

Then every basis of V has
n

vectors.pt
fE se bn

Suppose B 5 top is another basis

ByThem 10 ps n B lin dep but B is a basis

So p n

ByThur 10 nsp B lin dep but B is a basis

in ii
and the number ofelements

in

Thiffffledimension of V which we

write as dimV

If V has no basis then V is

infinitedimensional
Exception 0 is finite dimensional and dim 03 0
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112 basis 1 t E dim IP 3

IPn basis 1 tt tn3dimIPn nt1

IP no basis dim IP 0

Expl

H a b cider

Is H a subspace of IR If so find dim H

Fl 1 at
Is

H Span vi V2 33,74 Hisasubspacef

i or

vi V23 lin indep

V3 05 272
discard it



H Span T V2 54 by Spanning set them

J Civ car
No look at last co ordinate

So vi V2 Ty in indep

basis for H vi v2 V4

dimH

spanningsetthmTEii.EIiiveamae.Let

H C V be a subspace

If S C H is lin indep then H has a

basis B with S C B

H is finite dim and dim H dimV

spans then S is a basis

If not pick w̅ E H T SpanS Add w̅ to S

Repeat until it spans
H
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Let S V Vp

If S is lin indep then S is a basis

If S spans V then S is a basis

Pst
indep can enlarge to a basis

but a basis
must have

5 lin dep can reduce to a basis p vectors



A an mxn matrix

The rankoff dim Col A of pivot cols

pivot cols of A are

a basis for ColA

The nullityoff dim Nut A of free vars

remember how to find
basisbysolving Ax ̅ 0

TitillffII of columns in A

FEEL Find rak A and

nullity A

cato.IT 1

Tirots FreeTars

akAC nullityA37



51697 9 nullity A 2 Find rank A

hh

FEtsirankA

7

F1T6xg.Explain why nullity A 2

A a aha I
Lol A Span a as CIR

rank A dim Col A dimIRG 6

rank A nullity A 9

nullity A 9 rankA 9 6 3



Ax ̅ 0 40 42

V V2 are solns lin indep

soln set Span V V2

Does Ax ̅ 5 have a soln for every 5

NulA so ofAx ̅ 0 Spa É ep
nullity A dimNul A 2

rank A nullity A of cols

rank A 2 42

rank A 40
ColA spanof cols of A

range of T
x ̅ Ax ̅ C 11240

dim ColA rank A 40

So range of T
11240

lYesforeveryIRthereisasolntoAx ̅I


