
 

A little bit of linear algebra for Sec 5.1 5.2

A matrix is a block of numbers ex M 5
The size of a matrix M is m x n

if M has m vows and n columns
stat of M is 2 3

Read vows from top to bottom now

Read iolumns from left to right I 5no 2 45
any v12013

The ing th element of a matrix M m 3231
713 th element
ofM is 3

is the entry on the i th vow
and j th column of M 2,11th element of M is 4

Matrix addition subtraction

If A B are matrices of the same size A 13 B f 3
then we add subtract the entries

to get At B and A B AtB 3,1 11 41,1 14
Note AtB BTA matrix addition

is commutative A B f 4631 1 2
It A B have different sizes

4 tf 8 is notdefined
then At B and A B are not defined

If M is a matrix and is a number

1445 c noEggmultiplication

yoo
soo so

then IM is the matrix obtained by 400 500

multiplying s to every entry in M



Matrix multiplication A 1 13
1Let A be an mxn matrix and

let B be an n x k matrix Size 2 3 size 3 2

Than AB is an M Xk matrix AB
4 1617 161 2kt o it

The Ij th element of AB 011 3611 263 r 2 3107 25

is the dot product of
the i th row of A and I
the j th lolumn of B

size of AB is 2 2

main generation

at1 itfi tfis not commutative

If of columns of A F

of vows of B

then AB is not defined ex fo

p

is not defined

2 3 2 3

I

Identity matrices

Ex 12 49 I I
Note If M is an nth matrix then M In In M M

so the identity matrix acts like the number 1

Ex check
4411 1944



Invertibility

An nth matrix M is called invertible if there exists a matrix B

such that MB BM In

The matrix B is halted the inverse of M and denoted B M

Fact unique

Nota Non square matrices don't have inverses

Ex 14 1 B É I
MB 341 5.1 144 2131

at ft
3 4 46 341 464

9

Compute BM Iz I 34
So M is invertible and N L f
B is invertible and B M

Thm

Let 14 19 Then

M is invertible iff ad be to

Note If ad bi to then M is invertible

If ad bi o then M is not invertible

If ad b to then M adj at



Definition

The determinant of a 2 2 matrix M f is
deff

ad be

Ex 14 134 lml

def M 41 2137 2 which is non zero so M is invertible

ti Ii fi
Ex M I
def M I f61 263 0 so M is not invertible

Definition Let M be an nth matrix

A number is an eigenvalue of M if there exists

a nonzero nystatin
such that A Xv

Such nonzero vector v is called an eigenvector of M

Ex 1419
Qa Is 4 an eigenvector of M

Answer 41 1 49 7 7
Yes f is an eigenvector of M Its corresponding eigenvalue is 7 3

Qb Is f an eigenvector of M

Answer MC 1 199 41
If M 8 1 2 then z z so 2 12 1 1

2 70 2 410 impossible

so y is not an eigenvector of M



How do we find all eigenvalues of a matrix

Ex Find all eigenvalues of 14 114
Ans we want to find a number x and a nonzero 2x vector r

such that Mr Tv

We can subtract g r from both sides to get

M at D L
Fact Au f has a solution other than u Iff det A o

Therefore 7 is an eigenvalue and v is an eigenvector

iff det M 7 89 o

Set det I 4 o You can go directly to this step

7 2 1 2 91141 0

1 2 72 4 0

P 2 3 0

1 1 1 3 0

7 1 X 3 are the eigenvalues of M C4
Find eigenvectors of 7 1

solve 14 71891 11 4 for E

in etc D 4

Ill 1



2W 422 0

IT 24 0 0

Fact from linear algebra
Because det M 7 897 0 these two equations are equivalent

If they are not double check your computation
12

222 0

1

27 0

i T

Any point vector
on this line is an eigenvector of 7 1

To find one eigenvector just pick any

point on this line except the origin

is 3 or E
Remark Eigenvectors are not unique In fact if v is an eigenvector

of X then so is or for any nonzero number c

Find eigenvectors of 7 3 for 14 114
Solve M AI 8 I

I 141
YEH

2W 422 0 K

M zzz o
Both equations describe the same tiny

Take the point V2 1 V 22 2 G
or any point in this line except the origin

Then I is an eigenvector of M associated to 7 3


