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Example: check from the definitions that Span{v1,v2} 
is a subspace where v1=[1;0;0] and v2=[0;1;0].
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Example: Why is Col(A) always a subspace?

Example: Show that Nul(A) always satisfies all the 
conditions for being a subspace, using the definitions.

Example: Find Col(A) and Nul(A) where A=[1 1 ; 1 1 ; 1 1]

Example: with A as above, describe Col(A) and Nul(A) 
geometrically.
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rectors is days a subspace

So ColA= Span & colsA5 is always a subspace of He

Where M=rows of Ar
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how matrix mult - works .

① Alol(8 so (9) in Nult
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Example: Write the null space of the matrix A as a span.
A=[1 0 -1 2 ; 0 1 -2 -3]

punchline : Now reduce of Let permetic
or form

-

of the solvs to AX=0 to get spanning set for subspace NUlA
.

O
des

Free
sa

↓ ↓ Q: Write Nul(A) as a Span
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H ,
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& X is a sol to Ax = 0 exactly wher

X in SpanG()(= )3= NulAL





Example: Which of the vectors in the set {v1,v2,v3,v4,v5} can 
be removed without changing the span of the vectors?

v1=[1;0;0], v2=[1;1;0], v3=[2;2;0], v4=[1;3;0], v5=[2;2;3]
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how you choose

I to represent a subspace

as a span of rectors

is NEVER unique !

EX . The STANDARD basiS
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①
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,
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https://textbooks.math.gatech.edu/ila/demos/spans.html?
v1=-3,1,0&v2=0,1,-3&range=5&captions=combo

Example: Find a basis for Nul(A) with A given below 
(the RREF of A is also given)

to check that B =Sti is a
basic for

We need to check.

① Span()
,

(13)3 = V ·
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So <(b)13 are d
① try ad how method -
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,
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,
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.

y & Free
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=
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,
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,
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https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=-3,1,0&v2=0,1,-3&range=5&captions=combo
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=-3,1,0&v2=0,1,-3&range=5&captions=combo


Example: Find a basis for Nul(A) with A given below 
(the RREF of A is also given)

those s
↓

NulA= 5X/Ax = 03 all solutions to homogeneous Ax=o.

O
Yay my Free

S
H = 813 + 704

=>
X= xs)- 2 ) + un()22 =44s-3xy

23 = 13 (freet

Dq = 24 (free)

So solutions to Ax = O are in

Span[(1
,

1513.
& S(1

,

1813. arelin ind

So they are a basis for Nul(A)

Summarysor
a

subspace V is a set of

rectors &VI , Uz
, V35 Sit find TheA
I For① SV1 , Va

,us] Span the subspace V get paramet
Verter form

② SV1 , Un
, us5 are lin indo

of row reduce
& Count pivots.

OR For To vectors
T

just check if they
are scalar multiply
of each other



Example: find a basis for Col(A) for the matrix A 
given below (the RREF of A is also given)

We are looking for some set of vectors [ViVe5
(why 2 ?)

Sat -

① ColA = SpanEv , reS = Span((
,
(i)

,(i)3
② SV1 ,

Us should be linearly ind. ↑ in general At(4)
#EA: just extract the pot

Then ColA could be (a priorit

ofthe oAor colt
10) only (11)
(1) a love in MP3

2) a plane in IRS

so(2)(-]S are a basis for Cold
(3) all of It

: V linearly ind f]( 2 prot

① (i)(i) is already in Span &/-)
,
(11) didnt add

(ii) (i) is already in Spanial
,
FilX

If (i) i (ii) both true tun

Span[()(3)3 = Span(n)
,
()

,
(g), 3 =C1A-



so that is:

(dimension of column space) + (dimension of solution set to Ax=0) = (number of variables)

You Try It!

->columnsref

Yyou'll have the right number of (-

rectors but the WRONG Span !
& rank(A) = # pivots = dim ColA

.

-

nullity (a) = # free vos = dim NulA .

# pivots of A + free vars of A= # cols of A
.

Prof: Every column is either pint or free (a not botn) .

↑

rankA= 2 = dim C1A

nullity A = z = dim Nul A

2 + z = 4) = # cols

↳ Ehas 10 rows

15 colS
.

So
If dimColA= rank A= 4

->A Not The BASIS.

then A has 4 pivot cols

So A has 11 free col

i dim NulA = 11
=

(not 6)
.
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*NOT These columns !

Ex
.

Find a basis for Span &(i)
,

11
,
1313

#:write A= /v : vers) = (! )
② row reduce to REF (don't need Rien to find ports

③ extract pivot cols of ORIGINAL MATRIX.( The REFREE!I

Lextmates one
↓divit extract this column

A-(3) -/ :
So ColA = Span((i), 1

,
1313 = Span 3(i)3
= Span 5) :13


