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Recallfrnnlast-t.mu
1) Giron linear system

Alix , tu thin in :b ,

i ← AE :P
Am

, ✗ it . . t 9mn Xn : bm

2) We saw we could molt matrices
,
but they

"

behave" diff than most of # 's
,

• We had twe non - zero matrices A, D
such thatA#- the

"

0 matrix
"

• We had 3 matrices A, B, C with 8=16 .

and AC(could nut "cancel " the A)



1) Note the similarities of AI :B with ax=b

• note ax:b "has a unique solution precisly when

a-t-cx-ta.to )

Q:(an we "divide
"

by matrix A ?

0¥: Iet A nxn matrix
.
Then A- is

-
invertible if there exists

some other matrix
,
denoted A

" such that

A-
'

A- = AA
"

: In = (
'

O' ' F)
mm9

identity matrix

• Notes : 1min and In BoB Chick !



Note : If matrix A is invertible then the linear
system Afif has a unique solution for any

T

E
'

someconseyuenasofbe.my#nvwtrbmwtrix
Han 2 old results . Let A nxn matrix

.

1) the columns of A span
IRN iff the

matrix egn AI :B h-Etiway.li .



2) the columns of A arc LI iff
hull I :{ Of

fatso eqvntaty,
whenever A-Iib has a soliton

,)
it

Thus
,
since we saw AE :B has unique solution

for any T if A- is invertible then
,

thÉ ! ! !

•Invertible matrix A = a matrix whose columns an a
basis

.



Acoupkofrcsull.sn
If A is invertible , so is

,

and
"

=A-

2) If A,B are 2 invertible nxn matrices
,
then

AB is invertibleto with -ÉÉ

•(AB) (8-
'

A
" ) = ALINA" = AA" : In

④"A-1) (AB) e B-
'

In B a B-
'

Be In



3) Suppose A is invertibleThan multiplication behaves

more like how we are familiar
.

ex) Suppose A invertible and we have 2 matrices

QC with AB > AC

then . -
. 8=6



ex) similar statement about
'

i'zero divisors "

SecHW_

QI: How to determine of matrix is invertible
,
and how to

find the inverse if it is .

A) First in case A- is 2×2 matrix .

A:( I d) .

Then A is invertible when

ad - be =/0



andA-t.ae?ToC1-#ex)A--
( I, g) .

Find A
"

if it exists .

G)(3) - 2C- 1) = 3+2=5

A" Isl} f) = ( %
-%)

Chad : A- 'A :(Is 7%11 ! , 3) old 9)
At:( I ;) 1¥

"

%) - C : 9) I
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Nowmorogenerullyl.at
A be an nxn matrix

1) Augment A 4¥

)( A !



" Put 1.fin!;j-E.it?ywEiEmorowmeett-STP
, A is not ! !

- else finish putting it into #educed row eeh fam

( is , ? ! B)

ThismutnxBisA.



G) A:( § § §) Find A-
'

if it exists
.

1 : : : : : : : )±¥Y: :: : : ::0 Y 2 I
-I 01)

" "" 1 ;; ;; ;;)
""

too : - •
O l l

,
O
'
12 0022

,
010

Rs-512,12 001 142 I -4)
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Claim A- : fin -9min - Skip the checking112145dg
ex) A :( § § § )

Find A-
'

if it exists
.

( & ! ! ! ; :&) Attwsmwwk

get a ton row
,
not invertible

,

•AÉd 137=2 idk ) so columns

not LI



Elementrarymatnices
-These matrices will do the following

-Justify this invertible matrix algorithm .

-Justify contr row operations
- lead to some new ideas Csu HW)

- Provide a bridge to detents



Recall the 3 elementary ran operations
1) Scaling a row ←> 0¥61
2) Swap a row f-> Pij

"

3) Add multiples of 1 row to another
.←> Tij

"

(c)

Associated to these 3 operations are the following 3 matrices

1) D? (c) = the inxn identity matrix
, except in row i when it is

c and not 1

ex) 0:( "2) = (
' 00

)0 112 O

O O I



OI.fm :(: : : :)O o - 12 O

O O O I

0:(5) = (998%8)00 I 0 0

00 0 I 0

O O O O I

2) Pi; = nxn identity matrix but
swap row i and rowj .

air: :(: : :)I 0 0



a.) Pim ( : : : : :)0 00 I 0

0 I 0 O O

O O O d l

ex)P?y = 00 0 I
0 I 0 0( o o i o )
I 0 0 0

3) Tj (c) a nxn identity bit add cxrwi to rwj

ex)T:(2) = ( ; 9)



1%1 - 1) = (
'

o 98)0 - l l

t:c -a

:(: : : :)0 I 00

0 -6 0 I

*:(47=1: : : : :)0 I 0 00

00 0 I 0

0 0 4 0 I



Q-whothehullcars.am
(¥717:?) = ( Ets )
÷

an G- f) Chi? ) -- l E 9)
0¥37



a) (¥7K :?) -1 : :)
"

T:(-2) G-
'

,
What does Ri -92-212 , gie

?

Doing row operations to our matrix
"

Multiplying my matrix ON THE LEFT

by an Elementary Matrix ! !



Note:•Dang row operations to a matrix is a reversalto

process
• So thinking of row operations as math molt

,

the fact that they are . reversible means
-

'

.

'

th_eemIatriiesarinvertie.n@niccij-0icilexi0.ca
) :(I :)



Co : can
-

:c : :) Chidi

2) (Pij )
"

= in = Pj : Ex) Check
that

4%14%1=13×3

3)(1-7,61)
- '

= II. C-c)

ex) Chuk ¥121T? 1-2) = 1µs

T? (-211%12) = 13×3


