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Topic 8-Linear Transformations
and EigenvalvesL
1

Lef : Given two sets A and B

a faction -
between A and B

is a rule
that assigns

to

each element X in
A a

Unique
element f(x)

in B.

We write
f : A-> B

X

↑ 4

&



Ex: Let T : R3-R"where

+ ( E) = (y[z)
For example :

T(5) = (2 3) = (-3)

T(-j) = (v3) = ( =s) IR2
IR3 T

(0(-)
(0 (is)g O(0 · (2)



Note that

T) = (2)=)
A

So,

T(E) = Ar where : = (*)
-

Def
:Atransformationa

where T(E)
= At where

matrix
A is an man

Z=T: -IR
-

T(E) = (ii -i)(z)
given above is a linear transformation



Ex: Let T :-I

be given by

T(y) = (i)()
This is a linear

transformation

that rotates (Y) by
O degrees ·

Rotate by 0 =908

F)= (i =j)(Y)-= (3)



Therem: Let T : RR"->R
"
be a

function. T is a linear transformation

if and only if
the following two

properties hold
for all Vectors

= and n and scalars a:

OT(+ ) = +(i) + T(m)

O +(av) = xT(z)

-

We will now define

What an eigenvalve/eigenvector
are for a linear

transformation
with a

square nun
matrix



&

Jef: Let T : RR"-> I be a

linear transformation
defined by

T(E) = At where A is nxn.

Suppose that
is a rector

in" with

·
·

He
where X is a

scalar.

Then a is
called an evgenvalve

of T Cor of A) and
E is

called an eigenvector of
T

Cor of A) associated
with X.

If X is an eigenvalve of
T

Cor of A)



then define the egenspace

[x(t) =S]
+

- Au = xw

also call =x(T)
this The eigenspace

En(A) consists of all eigenvectors

we can

Ecorresponding to x andalso therector o

to make ExCt) a subspace

-T: /
*

- R

T (5)= (5)
A

Note that

T (2) = (ii =)() =(ii)



= () = 4 . (2)
So,
T (2) = 40(z)
* T() =x[x = 4x = 4 is an eigenvalve i = (2)+

with corresponding
eigenvector = (2)

↳
of a linear transformationaT where T() =A

and A is nxn ?



Suppose ** and A =X

(So, x is an eigenvalve

This gives A-X
=

This giveIn)=

In =A-

We must have that
A-XIn

has no inverse.
Because if

it did then we
would get :

(A-XIn)=

#In A
In

5

giving=5 which
isn't the

case since
we started with

.



So
, (A-XIn)" does not exist.

So , det(A-XIn)
= 0

Summary : The eigenvalues

of T Cor of A) are the

X that satisfy[AFFOrmia) of A
or T


