
-
↓

I

145 Z ↑ (47 + 2(8)+ 3/4) = (ii)3

in
V3

Nation (3) is in Span (1 ,

(5)
,

(313
2 Scales 1

,
2

, 3 in the lineer combi

matri Vector ,

A . (454) times ( is a linear combinationof

the columns of the matrix w/Scalars from the recture

ear combe

masrig ?

(v , rv](z) = (2)

Ahas mrows x n columns ,

X has entres
↓ has in entries-

M= # rows of A b in IRM
U = # cols of A X in Mr



https://textbooks.math.gatech.edu/ila/demos/spans.html?
v1=2,-1,1&v2=1,0,-1&target=0,2,2&tlabel=b&range=5

we 22,ilz

/
solutions

that work

a

↑=

cefficient
matry

↓
z

-

-

matrix equation

Ax = b . (2) = (2
convert to

augmented matrix .

REFr
- R, +

[
I1/

Q: does Ax= b have a soln?

A : No ,
the system is inconsist bla pivot in

any
colo of any Metrix

(Alb] .

https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&target=0,2,2&tlabel=b&range=5
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&target=0,2,2&tlabel=b&range=5
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&target=0,2,2&tlabel=b&range=5


https://textbooks.math.gatech.edu/ila/demos/spans.html?
v1=2,-1,1&v2=1,0,-1&v3=-1,2,2&range=5&capopt=matrix

Example where conditions ARE satisfied

https://textbooks.math.gatech.edu/ila/demos/spans.html?
v1=2,-1,1&v2=1,0,-1&v3=1,-1,2&range=5&capopt=matrix

Example where conditions are NOT satisfied

z

writeexample of these

(Alb]- ...~
T A has a pivot in every row .

(A1b) = /-/2) The span of 5971
,

1 %73 is nor Hi

you will do these already (naturally).

-
~ (i) ((d +(ii) = (i)(b+ (i)(i)

~ ( :i) (2(i) = 2 (loillo)

⑰b

I

=

https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&v3=-1,2,2&range=5&capopt=matrix
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&v3=-1,2,2&range=5&capopt=matrix
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&v3=-1,2,2&range=5&capopt=matrix
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&v3=1,-1,2&range=5&capopt=matrix
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&v3=1,-1,2&range=5&capopt=matrix
https://textbooks.math.gatech.edu/ila/demos/spans.html?v1=2,-1,1&v2=1,0,-1&v3=1,-1,2&range=5&capopt=matrix


the solutions to6 could be

②

* a line in
3

= d

- o a plane in 14
d

Os & * a point in IP5A
F

-R
=

x1 + Hz = 0 Q : are there
any solutions fo
-

This homo
geneous system

?

A: If 21 =0 and Net0 then yes this is

a solution

Q : are there any our (non-obvious solutions
?

pivot in every

[i18] ~ 1 : 12 18) - (18187 crefficient column
So A=No=> unique solh -

O: are there other solutions to Axio otherfron X = 18 ?
If yes, find them all(using parametric equ/rector form)

Solns are

a paint in
3

↑(10) af

0 -3-30

~

do rewriteo soua
REF ↓

~

(3



https://textbooks.math.gatech.edu/ila/demos/
Axequalsb.html?lock=true&x=3,1&mat=1,-3:2,-6&range2=5

↓ b

=homogeneous) (o() s

1/30) SEO Cree to

HERREF

Co-many)t&ree)
parametriceah

fora

>,

X= (2) = (3 = d() , any
redna

spand /373

Parametric reafor form. >The solutions to Axio are the span of 5/313.
which is a e in

Exam 1 or

Wed 9/23a
6:30 pm

see Canvas for
-

locations.

https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?lock=true&x=3,1&mat=1,-3:2,-6&range2=5
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?lock=true&x=3,1&mat=1,-3:2,-6&range2=5
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?lock=true&x=3,1&mat=1,-3:2,-6&range2=5


https://textbooks.math.gatech.edu/ila/demos/
Axequalsb.html?lock=true&x=0,0,0

One solution is the

-b=

0homogeneous trivial solution

# or x= 189 ??
-

Span[(-2)
,
/2)

, (213
is a l in IR(Ald:So PREF

F
parametric ega form

Ri-Ke &
X= 1) = [U(

X
= x(j) + x3)i)

parametric vector form
,

WhatAe
(3)

C Span& 1 : 1
,
1i 13

is a par ~ R

1 ! =3) ~(i)

https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?lock=true&x=0,0,0
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?lock=true&x=0,0,0
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?lock=true&x=0,0,0


b=0 (homogeneous)

REF

(A1)= (ii (8)
00 00

jes you

~ ( ! ot)
21 = 81z+ 724 Q What is the sola set?

& T =
- 473 - 304

* 43(- + x()
.

A= plane inY

M

23 = x3 (Free)

Ry = Mr (Freel F

parametric rector form. Q: which Plane
?

A:
Span &(81313

CREEF)

- = Write Free was too .



https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?
x=-3,0&mat=1,-3:2,-6&lock=true&closed=true↓emogeneous

- yetz
21 + 31z =

- 3(A) = 1 : : 1: ]-1) E Retrea

E
x1 = - 3 + 32z

X= (2) = 1
-

322 = De (Free)

parametricequ form
= (-3) + (3)

Spanslit X
= (5) +1
parametric rector form

Q: What is it?

P = (-3) is sometimes A: line in # but

called a "particula Sol * doesn't pass through origor
to Ax= b " * parallel to spans (1)

the solns to Ax=o.

plus 2 /3) the "general sola

to Ax = 0

" * but not a span-

X= X partisanut Axto

↓
b

7inhomogeneous)

des
are free

(A1b) = (c)) - Co: I'd
21

- 2: 2xz = /

3 Re= de X = (i) (d
Iz = Ds

↓
E

x1 = 1 + 2 - 2ds =

LimA2 = He

23 = 13 Xp

https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?x=-3,0&mat=1,-3:2,-6&lock=true&closed=true
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?x=-3,0&mat=1,-3:2,-6&lock=true&closed=true
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?x=-3,0&mat=1,-3:2,-6&lock=true&closed=true


= Snape determined by # of Free

( * Shape is determined

vars .

by # of pivots

Cline
, plane, pt) .



Example: what is

(1) Span{[1;1],[2;2],[0;0]}

(2) Span{{[1;0;1],[0;1;0],[1;1;1]}

Warning: It is not meaningful to say “v is dependent 
on w”, but you can say that the set {v,w} is linearly 
dependent.

(120) -10%
%

)

Span &(i) ,
(21, 1813 ?

a live in I V

SpanE/)
, (9), /173 isaps

1100 % i
~

/)
·





Example: Are the vectors v1=[1;1;0], v2=[2;0;4], and 
v3=[1;2;-2] linearly dependent? Can you write v3 as 
a vector in Span{v1,v2}?

-



https://textbooks.math.gatech.edu/ila/demos/
spans.html?
captions=indep&v1=2,-1,1&v2=1,0,-1&v3=.5,-.5,1&la
bels=v,w,x&range=5

https://textbooks.math.gatech.edu/ila/demos/spans.html?captions=indep&v1=2,-1,1&v2=1,0,-1&v3=.5,-.5,1&labels=v,w,x&range=5
https://textbooks.math.gatech.edu/ila/demos/spans.html?captions=indep&v1=2,-1,1&v2=1,0,-1&v3=.5,-.5,1&labels=v,w,x&range=5
https://textbooks.math.gatech.edu/ila/demos/spans.html?captions=indep&v1=2,-1,1&v2=1,0,-1&v3=.5,-.5,1&labels=v,w,x&range=5
https://textbooks.math.gatech.edu/ila/demos/spans.html?captions=indep&v1=2,-1,1&v2=1,0,-1&v3=.5,-.5,1&labels=v,w,x&range=5
https://textbooks.math.gatech.edu/ila/demos/spans.html?captions=indep&v1=2,-1,1&v2=1,0,-1&v3=.5,-.5,1&labels=v,w,x&range=5


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]



Example: Is {v1,v2,v3} linearly independent or linearly 
dependent? If the set is linearly dependent, then find 
a dependence relation on v1,v2,v3.

v1=[1;1], v2=[0;1], v3=[2;3]

Example: Is {v1,v2,v3} linearly independent 
or linearly dependent? If the set is linearly 
dependent, then find a dependence relation 
on v1,v2,v3.

v1=[1;1;0], v2=[0;0;0], v3=[0;1;1]

V = (i) ve = (i) ve = (3)

(A)) = (1318]
Columns are U

..
Va

,
v) A is we

V
.

= (i)
,

ve = 18)
,

v = (i)

A = 1:



This is the official textbook definition.

&


