


how you choose

X to represent a subspace

asa span of vectors

s unique !

\

、

ㄱR
has dimension equal to n.

So any basis for IR" has

exactly n vectors in ot

e. g. 5( :11%) ,..., (%13

nansize



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)

_

&: What is another basis

The set V is just to the systemS2 + by + = = 0.

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)

summarysoasubspace V is a set of

vectors [UI , Uz ,U3] Sit .

O {VI, Uz,U3] span the subspaceV

& EVI , Uz ,V3] are lin ind.



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

(why 2 ?)

Size↑ in general At() (3x4)
justextract taro Then ColA could be (a priori)

,Of
the

othosewillRlGlwALbe a basis for ColAr
(o) ony S (: !3
C1) a love in IRB

2) a plane in IRE

(3) all of 12

ㅣ a

o 「

5
」



so that is:

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

You Try It!

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.

= NOT THE BASIS



⇌
CxireetTHEstebusis

fo

ltto
↑
NTThese

columns !

Ex
.

Find a basis for Span ?(i)
,

(E)
,
113

DwwoteA =[ v "orvs|= ( ? 演 ]]
& row reduce to REA (don't need Ret) to find ports

③ extract prot cols of ORIGINAL MATRIX. (n The REFIRDEF!



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

Good newi bad news:

ㅢ
In this class there ar (at least) two
different reasons for a topic/concept to be hard:

① computations /technical difficulty
& connections between ideas/theoretical difty

A= ! ] ①
x

inE ;For
som

compute Ax .

( : :} ( ) に

[ . : / / 1 는
σ

Now Find some "random" inputs X in IRS
& computer the output AX .

「
ㆀ

ㅣ
.

. . .

. . .
이미 ].미 = 다 . .

. . . ..

. . . . .
1
□

여. )0

[ .
:
.|( J .

[ ⑱ :.| ] =

https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?mat=1,0,0:0,1,0:0,0,0&range2=5&closed=true
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?mat=1,0,0:0,1,0:0,0,0&range2=5&closed=true
https://textbooks.math.gatech.edu/ila/demos/Axequalsb.html?mat=1,0,0:0,1,0:0,0,0&range2=5&closed=true


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

ㅇ

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=-1,0,0,1&closed=true
https://textbooks.math.gatech.edu/ila/demos/twobytwo.html?mat=1.5,0,0,1.5&closed=true&pic=theo3.jpg
https://textbooks.math.gatech.edu/ila/demos/twobytwo.html?mat=1.5,0,0,1.5&closed=true&pic=theo3.jpg
https://textbooks.math.gatech.edu/ila/demos/twobytwo.html?mat=1.5,0,0,1.5&closed=true&pic=theo3.jpg


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

λ

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=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
https://textbooks.math.gatech.edu/ila/demos/twobytwo.html?mat=1,0,0,1&closed=true&pic=theo11.jpg


Examples from calculus: f(x)=sin(x) and g(x)=x^2

The
matrixtinpustecx. sesoutput rectis

べ。

∆



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

↓
3

① domain isIR
5 ll!)= [최급 % ] [시 = 수범

.
) & codomain =

s IR2

\
where outputs live

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


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

、

「

&



(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?


