
Math 2550[Hw S

Evolutions



⑭
T (5) = (3) = (3 -2)()

~
TCE) = A : where A = (s)

⑭
T(z) = (YE)

= (i -h)()

O
TIE) = At where A =(i4)

⑭
r (E) =() = (ii)()
So
,

TI) = At where
A = (ii I



⑫ (
T(y) = +(() + (5)

T (a) = xT(v)·1
=
xT(b) + 3T(i)

= x(-2) + 3( -i)

= (2) + (3)

= ( )
= (2 -i)()

So , +(i)
= At where A

= (2 -i)



⑭ A = ( -)

~acteristipolynomia360) - x(bi)
= det (j -i - x)

= (3 -x)( - 1 -x) - (0)(8)

= (3 -x)(- 1 -x) &Fiacelled
= (x-3)(x+ 1) each other

out

Thus
,
x = 3,-I

are the eigenvalves
of A.

X = 3 has algebraic
multiplicity 1.

X = -1 has algebraic multiplicity
1.

iteigenspa A =37.



solving : ( %.i) (5) = 3(5)

(3+34) = (3)

(8a - 4b) = (8)

Need to solve
:

T
JER= R ,

or equivalently
:

T
The solutions are :

b = t

a = Eb =Et

So ,

= = (5) = (E) = x)"i)
gives all the

elements in the eigenspace
Es(A).

So
,
a basis for Es(A) is (vi)



and dim (Es(A)) = 1.

So
,
X = 3 has geometric multiplicity

1
.

Easisforrigepactor
solving :

(3)(5) = -(b)
(3) = (=3)

() = (8)
Need to solve

d bet is free

Thus ,

= = (5) = (i)
= t(i)

gives all the
elements in the

eigenspace
E
-, (A).



So
,

a basic for E . (A) is (i)

and dim (E _, (A)) = 1 and

the geometric multiplicity
of d = -

is 1
.

Summary table for A
= ( %)

=



⑮ A = (i = )
characteristic polynomial of A

~
e+ (A -x(z) = det ((iii) - * (will

= act( -
= (10 -x))

- 2 - x) - (4)(9)

=

- 20 - 10x +
2x + x + 36

= x2 8x + 16

= (x- y)2

Thus , x
= 4 is the only eigenvalve

with algebraic
multiplicity 2.

-istoAlfonigenvale
solving : (ii)(5) = "(s)

(ii) = (ii)



(=3) = (8)
We must solve

F
We have

( =58 (n:1
%)

+R(!
-

312
%

)

· Having t

So
,
b = t

a = zb =3t

Thus , all the
elements of Ey(A) are

of the form

= = (5) = ( * E ) = t(3()



Thus
,
a basis for Ey(A) is (3)

So
,
dim(Ey(A)) = 1 and the

geometric multiplicity
of x = 4 is I.

Summary table for A:

#Finn



A = (s)

#tipolomit a (i)

= det (5jtsx)
= (5 -x)(5 -x)

- (0)(0)
I factured out

= (s - x)(5
- x) 3 C-1) from each

term and the

= (x -5)(x
-5)

tea out

= (x - 5)"

Thus
,
X = 5 is the

only eigenvalve

of A and it has algebraic

multiplicity
2.

basic for Es(A) for X = 5 :

~

the need to solve A = 5 *



Solving : (g)(5) = 5(b)

150) = (5)

(8) = (8)
We get

⑳ ↳ leadingvarieee!

Solutions are :

a = t

b = u

Thus ,
all elements

of Es(A) are
of

the form

= = (5) = (2) = (5)
+ (i) = +(b) + u(i)

Thos , (6) , (i) span
Es(A) and since

they are linearly
independent (it's

the



standard busis) they form a basis

for Es(A) .

Thus , dim (Es(A))
= 2 and the

geometric multiplicity
of X = 5 is 2.

Summary table
for A = (%)
-

multiplicity

=mes



⑭ A = I· I
characteristic poly

Est(
x

= (x) - ) - 0 + 0
-

#
= ( -x)[(-x)(- x) - (2)(0)]
=

- x = - (x - 0)3



The only eigenvalve is X = 0 and

it has algebraic multiplicity
3.

↳tor EA -
(8)(3) = 0()

(2) = ()
Need to solve :

=
0

↳
- leading : b ,

<

b =

= 0 free : C
CLo = 0



Solution :

a = t

b = 0

c = 0

So every
element of Eo

(A) is of the

form = () = ( : )= (i)

Thus
,
(8) is a

basic for Eo (A)

and dim (Go(A)) = 1 and X= 0

has geometric
multiplicity 1.

Summary table
for A =Co

=>-



⑮A =( , )
characteristic poly for

A

et(A-XIs)= det)(
=
det(

F ·
=
- o + (3 -x))4ix) - o
-

li
= (3 -x)[(4 -x)(4 -x) - ()()
= (3 -x)((6 -4x - 4x + x

= 1)
= (3 -x)[x2 - 8x + 15]
= (3 - x)(x - 3)(x

- 5)



= - (x -3)2(x - 3)

So the eigenvalues are X = 3,
5.

x = 3 has algebraic multiplicity
2

.

X = S has algebraic multiplicity
1.

-i trtA
for=

F
= (i)

la
Need to solve

atza +2
=[



Solving :

(20(
This gives

leading : a

& free : b

solutions ;

b = t

c = u

a =
- c =

- U

Thus
,
every
in Eg(A) is of the form

= = (2) = ( ) = () + (a)
= (i) +u(i)

Thus
, (5) , (i) span

Es (A) .

Since these two
recture are

not multiples

of each other they form
a
basis



for Es(Al . Thus , dim (Es(A))
= 2

and X = 3 has geometric multiplicity
2.

bifor ESA =
Solving :

(2 ,)(5)
= s(i)

10

42

z+==(
Need to solve

+ c =
0

- a

za - 2b +
2 = 8=

Solving : -

(i2 - 2



-R-> I - 2

Need to solve
:

·dinin
Solutions are

:

c =
A

b = 2c
= 2t

a =
c =
t

Thus every
I in Es(A) is of the

form

= = (3) = (z)= (i)
This
, (h) is a

basis for Eg(A)

and dim (Es(All = 1 and

X = 5 has geometric multiplicity
1.



#



⑰ A=,
characteristic polynomial of A

a(A-X[z) = det (()-
= det is
·

=

= o + ( -x))ix) - o
-

tin
= (1 - x)[(4 - x)(1 -x) - ()) - 2)]
= (1 -x)(y - 4x - x + x + 2]

= (1 -x((x2 5x + 6)
= (1 - x)(x - 3)(x - 2)

= - (x - 1)(x
-2)(x -3)



Thus
,
the eigenvalves are x = 1

,
2
,
3

each with algebraic multiplicity 1.

basic for E , (A) for x
= 1 :

Freedto solve A = 1 .*

Solving : (2)() = 1 . (5)

=
( + = ()

Need to solve

⑫
I↳
(



Mnives,
Solutions :

b = t

c = 0

a = -z
= 0

Thus
,
all the

rectors in E ,
(A) are of the

form * = (3) = (E) = +(i)
So
, (i) is a basis for E , (A)

and

dim(E , (All
= 1 and x

= 1 has geometric

multiplicity I.

-sfor E
=

Eji)() = 2()



l =(

= ( :)
Need to solve

:

-
+ c =

0
2a

- 2a -b
=OL

- 2a
- c = 0

Solving :

- IEi
(
- Rz + R2

#
: a ,

b

c = tSolution :
b = c= A

a =
- zc = -Et



Thus all the rectors in Ez(A) are of

the form * = (5) = (* ) =+)
"

Y)
So
, (i) is a basis for Ez(A) and

dim(Ez(A)) = 1 and X = 2 has geometric

multiplicity I.

~
asis for Eg (A)

for X = 3 :

Solving :
A =3

(ii)(i) = >(2)

=(i)

F =(

↑



Solving :

#
R (6+ % % )

Milda b

Solution is

c = t

b = c = t

a
=

- c =
-A

Thus
,
every in Es(A)

has the form

= = (3)=E)= (i)(
So
, (i) is a basic for Es(A)

and

dim(Es(A)) = 1 and geometric

multiplicity of X = 3 is 1.



=



① Suppose is an eigenvalve of

A with eigenvalve X.

Then , A = X*.

So
,

A * = A(A* )
= A(x)
= x)A* )

= x
- x

= **

And , A *
= A(Az) = A(x * )

=X (A* )

= x(x* )

=

Carry on
in this fashion

we
will

get that
A = ***

for n = 1 , 2 ,
3
,
4
,
00


