
 
Lecture XVI 53.3 I Examplesof subspaces

Recall Last time we introduced ametaexamplesofsubspaces

NCA 3 In in R with A E L m IR

solutions to the homogenous linear systemin nvariableswithcoefficient
matrixA

Splot É all linear combinationsofthevectors ti sus ai R
FittsEn IR 3 a it tasty ai as an scalars6

Twoexamples of spans insolvingmatrices

Range A ColumnSpan A Sp Col A ColaA subspaceofIR

RowSpan A Range At subspaceofRm

THEOREM NCA Sp R v5I are subspaces ofR

By writing the solutions to A 7 8 inrectorfirm we can realizeNCA as

a spanof actors rectors independentvariables

Q Canwe always realize spans as well spacesofmatrices Equivalently can

we find equations fr spans
I YES Wewill see howtoday

Ssi Equations for spans

Example A I I 1 I

I i s
me Rat SP 11.11111

Q What is this subspace

I A rector g Y is in R A if we can find scalars Xi k xs xy

with514 x Col A t x Col Atx Col At xuholyA A



To eliminate x x from this description weneedto findaudition
m y sa y that ensuresthe system A Yg can be solved

We'll see how to do this in this example

cant 111 1 15 1RJR R

Est ÉÉ Eg zig ay
The system has solutions if andonly if the last row is ooooo

This says yes y 2172 24 y y 2yzt4y 34 292 93 0

Conclusion RCA is the plane in R with een 3g zyztys.io
Also R A W 3 2 1

Example 2 A

I I
Describe RIA via equations

Again RIA consists of all column rectors y so that ALIHI
is consistent

To check this we use Gauss Jordan elimination

1 Is Fa t j yes
the system is aways

I 5 2 0 I 4 bath
insistent withNe

Rs R ZR
restrictions m bi barbs

Conclusion RIA R

Inguinal RangeofA is either R m it is the well spaceofa matrix



Method A ish
g o.tl briar expressinsuiba bi

o o
linearexpressions inb i ibn

with A in reduced ech from and y all zero rows
The equations for RIA are obtain by equating too all the express
in the lower right arm 1 As in Example2 therecould be
no condition

2 Spanning sets

Q What happens to the row spaceof a matrix underelementary row
operations

I Same row space we'll see laterwhy

Advantage We canuse now operations to find a bettersetofgenerators
GnRow A in general for Sp 15 tin in R

A III Ism C

III says Rows At Rowse

In particular Sp Ti I'm Sp I É Ir can ignore a s
in thespan

Example N Sp t I I I agenerator

Step Writeactors as the Rows of a matrix A A E 4 3

Step Do Gauss Jordan to And C REF IA

I 2

area III fair if0 0 0 RMR 2Ra 8 8R Rs 3Rd Ry RutRz 0 0 O

Ry R Ry Rz Rz



Step Pick um zero rows ofC
write them as columnsectors

N Sp I g generators insteadof

Canwedo better

A No 2 is the minimal numberof generators weneed vectors anti

Thesegenerators have an additional advantage we caneasily find equating
definingN

E in N has the town E a 5 51 for some a b

But we see that a x b y so 2 79 36 7 34
m Equation for N is 7 37 7 0


