
 Lecture XV 53.2 II Subspacesof IR
3.3 Examplesofsubspaces

lasttime We introduce a rector space structure m IR via 10 properties axioms

We subspaces ofIR gaveexamples

I SubspacesofIR

Definition A subspace N of IR is a subsetsofR'thatsatisfies
S1 OT is in N

152 for any E F in N I tf is an N

153 for anyscalar a and rector F in N at is in N

Non examples 11 N 3 E 2x y 2 49 is not a subspace

of1123 because si fails 2 0 0 0 049
k M 3 y x y are integers is not a subspaceof I

a ins i

Ii l mm then I tax
Isumofintegers is an integer i i

ss fails i in a iz us at i E is not an

3 Unionof a different lines though 10,0 is not a subspace
ex N Y either x o s y 3 g girl V31 ixmRl
2 fails 9 in N but 6 19 1 actin

eat
a Ete
Te



Next 2 meta examples

z MetaExample 1 Solutions to homog systems in n variables

Theorem Solutions to a homogenous systemof m equations in n teniabl

form a subspaceof R

who wait a t

f 4 1192 X z t t 9 inXn o

Weneedto check Isil 1521 531

1517 OP in R is a solution because A L
Mxn n x i MX l

64 Pick I solutions ie A f A In 1
Then Alito I

AE At 1 so ite

Distributing
is also a solution

S3 Pick a solution I a scalar a so AE É

Then A late I a IAI is a É I so at is a solution

scalars
jump

Another name for this subspace theNullspaceof thematter A

NIA 3 I in R A I L an

Solutions to the homeysystem withcoeffmatux A



2 MetaExample 2 thespan of a subsetofvectors
Assume we are given m vectors of I Im in R considerthe

following set

N all possible linear combinations ofTi É ti
a ti taz ri t am ti where al az amere realnumbers
Split Fm

We call it the linear spanof hot Imf

Theorem2 Sp 15 Fm is a subspace ofIR

thy We need to check 1517,1521 553

151 OT in Sp Vi Fm because OF OF tort to'm
Itake a az am o

S2 Pick I in sp tut I'm so

I 9 I tail t t am Em for sure a amscalars

to bit that t t b m ti bi ibm

Ite fait t anti theft tbmom

F Fitbit ti t t I am tbm im is in Sp É im
ingroup

S3 Pick I in Sp 15 Fm i scalar

Then Io b t tb mim m at all ti t birth
fab It labm Im

confirms at in Sp 15 til

Ex K all linear coms of I u R



N planewith directions I 5 though 10,99

Equation for N E I x1 at I If I
so equation is 3 4 22 0

Qbs N N C 3 1,23 3 É c s i 2 E to

This is ALWAYS TRUE NCA is a lemon span ofsectors
as many as ColsA rank A

Example Find rectors spanning N o É
A1 46318

x xs dependent
x L Xy independent

f
x t Xz t 2 xy o

We write thesolutions inhectorform usingX 344 0
X Xy as parameters

I If tf t I Hal
Conclusion NCA Sp E

5 3 Moreexamples

Column Space ofan mxn matrix A subspaceOAR

Definition The range r column spaeofA is

RCA Sp Col A lol n A

Byconstruction it is a subspaceofB teachcolumnhas m entries

Row Spaceof an mxn matrix A subspaceOAR

Definition Row Spaceof A is RowSp A Span nowrectorsofA
mewedas al rectors



Example A 869

RCA Sp b 181,193,131 Sr 167.193.1331
ignore

Anyrector y inR2 is in R IA Indeed Yes

y x 6 y 9 to 1 so RI AE IR SP 1 11
Rowsplat Sp R 1 RI At

This is true in general RowSp A R AT

So we can just focuson studying Rangesofmatrices The same ideaswill
translate to rowspaces


