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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)
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V isa
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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) - want a linearly independent spanningー

set for the Solus to AX= 0

4 exHy

homogeneous linear system.

=> RREF of A

U . = bus t7Ku

{ dz = -423-374H3 ≥ H☆
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So theses oftoo

veutis
'

:
)

3 :
)

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

by den ColA = Spar &(2)
,
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so that is:

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

You Try It!

https://strawpoll.com/XmZRQ368Wgd

=
The columnS
Te REFIRREF

(you'll have the right number of( _ )
vectors but the WRONG SPAN !

J rank(A) = #pirots = dire ColA.
=>

mullity(A) = #Freevors = dim NuSA.

Aporots + #Free = # Eols

Prof : each column of A is either pit or free.

AX= 0

tx in (24 ↑
Q: are these in Nult ?

= NOT THE BASIS

https://strawpoll.com/XmZRQ368Wgd
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Example: A=[1 0 ; 0 1 ; 0 0 ], plot some 
inputs x and outputs Ax

Example: with A as below, plot some inputs and outputs https://textbooks.math.gatech.edu/ila/demos/
Axequalsb.html?
mat=1,0,0:0,1,0:0,0,0&range2=5&closed=true
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ㅢ
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Example: for the matrix A given 
below, plot some input and output 
vectors for T(x)=Ax, and give the 
function T an appropriate NAME.

Example: plot some input and output 
vectors for T(x)=Ax and give the 
function T a NAME.

https://textbooks.math.gatech.edu/ila/demos/
twobytwo.html?mat=-1,0,0,1&closed=true

https://textbooks.math.gatech.edu/ila/demos/
twobytwo.html?
mat=1.5,0,0,1.5&closed=true&pic=theo3.jpg
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Scaling/expansion
the bigger-er
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Example: ditto

https://textbooks.math.gatech.edu/ila/demos/
twobytwo.html?mat=0,-1,1,0&closed=true&pic=theo8.jpg

https://textbooks.math.gatech.edu/ila/demos/
twobytwo.html?mat=1,0,0,1&closed=true&pic=theo11.jpg
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Examples from calculus: f(x)=sin(x) and g(x)=x^2

The
matrixtinpustecx. sesoutput rectis

=> particular output vector

=> set of all output
vectors.

β
I where inputs live

↑
where outputs

Cine .

Idomach
s 11

f= R→ IR
g : I2

-> IR
& Codomain is I

f (2) =Since

n みび楽
range (0, 8)

⑨

range (-1, 1)

∆



Example: find the domain, codomain, and range 
of the matrix transformation T(x) below

Example: find the domain, codomain, and range 
of the matrix transformation T(x)=Ax with the 
matrix A given below

https://textbooks.math.gatech.edu/ila/demos/
Axequalsb.html?mat=-1,0:2,1:1,-1&closed=true&show=false

wher inputs
live

↓
A has 3 cols

Aharrows ! ↓ ↓ ① domain is IR3

TII) =1"3) E1 = 1 %') & codomain :s IR2
⑤rarge is 1R2

↑
input Pouxput \
aR

☆

in IE where outputs live

range what vectors /bi) are outputs that are obtainable,

u(i) + 4157 + z() = /2) When is this vector is in the

span of (i)
,
(5) , 1

%)

when no pivot in aug col yno pivot
for

( in 記 1品 )~[ ③。踏㉙
( 쉽).

T(λ)= Ax

T : IR' →IRB
->
deman

"coddran
Cirputs Couputs)

( 辛域 に
doonain IR2
codomain 1R23

λ . ?
range

?Span {(
.

2) , )9 ,)3 a planeine
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You Try It!

Find: the domain, the codomain, and the range of T. 

Also plot a few input and output vectors, and give the 
transformation a NAME

demain R2
codomain R2

range span{)') , (i)T= IE

( 1 . : l () 수닐 )
Name : by

adder and second

( : : ) () 리하 sumbr don't changer.

い。
!11 }= e.

( : :기요)미?

&

ㅱ □
e



(1) find T(u) where u=[3;4]

(2) let b=[7;5;7], find v in R^2 such that T(v)=b.

(3) is there any other vector w (other than v) that 
also gets sent to b?

4

⇌

{



Same A as previous example.

(4) is there any vector c in R^3 which is 
not in the range of T? In other words, can 
you find a vector c for which NO vector v 
in R^2 maps to c?



We will restrict our focus to matrix 
transformations in this class, but it is good to 
know that you can still ask similar questions 
about arbitrary transformations from R^n to R^m.

Same example as before: Is the 
transformation T(x)=Ax one-to-one?

whatcan you say about A? NEM (#c01s #rows]
what sizes can A be? car be TALL

what sizes canANot be? Can Not be WIDE .



New example:

Non-example:

(1) Is the transformation T(x)=Ax one-to-one?

(2) If not, find two different vectors v and w 
that map to the same output b

(3) Also, is every vector b in R^2 the output 
for some input vector v?

(1) domain of T is

2)Codomain of 5 is

(3) range of T is a - in 2
르 コ

(4) is one-to rone?
=>

'



Same example as before:

Same example as before:

(1) is T(x)=Ax onto?

(1) is T(x)=Ax onto?

* If A is man then M. (#rows = #cols]
* A can b WIDE for T to be out

* A can Not be tall. for T to be out.



Last example:

(1) find the domain and codomain of T

(2) is T one-to-one?

(3) is T onto?


