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Eigenvalues, Eigenvectors and the Characteristic Equation

Definition: Let A be an n X n matrix. A vector 0 # = € R™ is called an eigen-
vector of A if Ax = Az for some A € R. The scalar ) is called an eigenvalue of A.

3 0 1 —1
Example: LetA:[8 _1],x:[2]andy:[ 2].

S EIHEARAR

So, x is an eigenvector of A corresponding to an eigenvalue \ = 3.

3 0 -1 -3 -1
S T | T R
So, y is not an eigenvector of A.

A is an eigenvalue of A <= Ax = Az for some non-zero vector z.
<= (A — Al)z = 0 for some non-zero vector z. <= det(A — A\I) = 0.

det(A—AI) = 0 is called the characteristic equation of A, the scalars A satisfying
this equation are the eigenvalues of A.

When expanded, det(A — AI) is a polynomial in A, which has degree n, and called
the characteristic polynomial of A.

The set of all solutions of (A — AI)x = 0 is called the eigenspace of A correspond-
ing to A\, and denoted by E). That is,

(B, = Nul(A - ) |

Remark: Eigenspace contains the zero vector. But an eigenvector is never the zero
vector. An eigenvalue A might be zero:

A =0 is an eigenvalue of A <= A is not invertible.

Example: Let A = [ 1 1 ]

det(A — ) =

1—-A 1
1 1—A

|:A%4A:0cszaz

Thus, A is not invertible.
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4 0 0
Example: Let A= 0 0 0
10 -3
4—X 0 0
det(A—\I) = 0 0-—2A\ 0 =4 =XN(=A)(=3—=\).

1 0 —3—-A
det(A—)\I) = 0<= A\ =-3 =0 =4.

Remark: The eigenvalues of a triangular matrix are the entries on its main diagonal.

Example: Let A = 513 E)l . Find the eigenvalues and the corresponding eigen-
vectors of A. What are the eigenspace(s)?

. [3—-\ 4 - . :
Solution: A — A\ = 1 B The characteristic polynomial of A is

det(A — X)) = \? — 3\ — 4.
The characteristic equation of A is
A —3X—4=0.
The eigenvalues of A:
M3\ —4=A-4)N\+1)=0<= )\ =4, \y=—1.

Eigenvectors for A\; = 4:

O e I T R H B R R

1 —410

A basis for Ey: {[ 4 ] }, dimFE, = 1.

Eigenvectors for \y = —1:

e 2] 3 2)-[H)2)
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o) w1

A basis for E_; : {[ _1 1}, dimF_; = 1.

Theorem: Let A be an n X n matrix.
If wv,v9,...,v, are eigenvectors corresponding to distinct eigenvalues
A1, A2y ooy Ay then {vy, v, ..., v, } is a linearly independent set.

Example: For A = [ i) é ] we know that:

A1:4:U1:[111, A2:—1:U2:[_1‘|.

By the above theorem, {v;, v} is a linearly independent set.
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Diagonalization

Example: Let A and B be two n x n matrices such that

B =PAP!

for an invertible matrix P. In this case, we say that A is similar to B.

Exercise: Show that the similar matrices have the same eigenvalues.

Solution: We have B — A\ = PAP™' — APP™!' = P(A— X)P".

det(B —Al) = det (P(A - )\[)P—1>

= detP-det (A—\)-det P!
1
det P

= detP-det (A—X\)-
= det (A— ).

Definition: An n x n matrix A is said to be diagonalizable if A is similar to a
diagonal matrix D, i.e, if A = PDP~! for some invertible matrix P and a diagonal
matrix D. We note that

Example: Is A = [

A=PDP!' < P1'AP=D.

An n xn matrix A is diagonalizable if and only if A has n linearly independent
eigenvectors.

An n x n matrix A is diagonalizable if and only if R™ has a basis consisting of
eigenvectors of A.

An n x n matrix with n distinct eigenvalues is diagonalizable.
A=PDP! < A"=PD"P~ L.

01

. . o
00 1 diagonalizable?

Solution: Since A is upper triangular, the eigenvalues of A are A\; = Ay = 0.

t€R.

A-XNI=A (i=1,2) andAa:zO(z)x:t[(l)

v = [ (1) ] is an eigenvector for A = 0.

A is a 2 x 2 matrix but it does not have 2 linearly independent eigenvectors.
Hence, A is not diagonalizable.
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3 4

Example: Let A = [ 10

]. We know that vy = [ le ] is an eigenvector for the

1

eigenvalue \; = 4, and vy = l 1 is an eigenvector for the eigenvalue Ay = —1.

For
4 1

p:[mm]=[1 _11 andD:[Aé Aﬂ:lg —H

We have A = PDP~!. (Please verify by showing that AP = PD.)

Ao [4 ][4 o4 2]

Tl o1]lo —11 1

o _ [4 -] [a o) e ][4 1] [a0 0 (1 11
1 1[0 -1 ] 11 1 0 (- |5] -1 4

114 -1 410 410 1 414+ 1 41 —4 ] | 838861 838860
5 -1 4| 5[40 —1 444 | | 209715 209716 |°
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1 -1 0
0 -4 2
0 0 =2

Find an invertible matrix P and a diagonal matrix D such that A = PDP~L.

Example: Let A =

Solution: Since A is a triangular matrix, eigenvalues of A are the entries on the
main diagonal, i.e, Ay =1, Ay = —4, and \3 = —2.

Eigenvectors corresponding to Ay = 1:

0 -1 0
A-MI = A-I=]0 =5 2|~

0 0 -3

I 1
o) =x1| 0 , L1 € R.
T3 0

(A-DHX =0 X =

1

v = { 0 ] is an eigenvector for A\; = 1.
0

Eigenvectors corresponding to Ay = —4:

5 —1 0 1 —1/5 0
A-dl=A— (- =A+4I=|0 0 2|~ |0 01].
0

3l (1/5)z, 1 1
352]{ To ](1/5)@{5]75{5]
T3 0 0 0

1
Vg = [ ) ] is an eigenvector for Ay = —4.
0

Eigenvectors corresponding to A3 = —2:

(A+4NX =0« X =

3 -1 0 1 —1/3 0
A-dl =A— (=T =A+2I=|0 -2 2|~ |0 1 1.

T (1/3)z3 1 1
x3 3 3 3
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1
3 } is an eigenvector for A3 = —2.
3

V3 =

Since A is a 3 x 3 matrix and it has three linearly independent eigenvectors,

i}l

A0 0
0 X 0 |=

0 0 A3

A is diagonalizable.

Let

D—

11
P:[’Ul V2 Ug]: 0 5
00

A:

11171 0 0][1 —1/5 —2/15
053”0 —4 0”0 1/5 1/5].
00 3

0 0 -2 0 0 1/3

8
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Exercise: Let A =

2 03
0 -1 0 |.

1 0 4

a) Find the eigenvalues and corresponding eigenvectors of A.
b) Is A diagonalizable? If yes, write A as A = PDP~! where D is a diagonal matrix.

Solution:
2—A 0 3
det(A—AI) = 0O —-1—-X 0
1 0 4— X\
2—X 3
B (_1_”‘ 1 4—)\‘
= —(1+ XA\ =6A+5)
= —(1+AM)A=5)A-1)=0<=A=-1, 5, L
A =—1
30 3] 1 01
A=X = A+I=|0 0 0|~]|0 0 4].
1 0 5| 000
1 0
(A+1Dx = =z | 1.
0
0 0
E_; = Span 1 , a basis for E_; is 1 ,dimFE_; =1
0 0
)\2:52
-3 0 3 1 0 -1
A—-XN = A-5]= 0O -6 0|~|01 O
1 0 -1 00 O

O O =
O = O

S O W
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T -3
(A-DNzr=0<=z=| 29 | = a3 0|, z3€R
T3 1

-3
Elspan{{ O]}, a basis for F; is{
1

Ais a 3 x 3 matrix and the eigenvectors of A

form a basis for R3.
Thus A is diagonalizable, and A = PDP~!, where

_ O W

0 _
P:{’Ul V2 U3}|:1
0
0

0
0 X 0=
0 0 As

0 0
5 0.
01

1
0
1
-1
0
0

10
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3 =20
-2 3 0.
0 0 5

a) Find the eigenvalues and corresponding eigenvectors of A.
b) Diagonalizable A, if possible.

Example: Let A =

Solution:

det(A—=X)=—-A=52°A=1)=0<= A\ =5, \y=1.

-2 =20 1
A-bl=| -2 =2 0|~ |0
0

)\1:52

0 00

I —XT9 —1
(A=blNr=0<= 1z = {332]{ @]:@{ 1

Z3

o O =
o o O
| I

)\2:1
2 =2 0 1 -1 0
A-IT=|-2 2 0|~]0 01
0 0 4 0O 00
T 1
(A—DNr=0<=z=| 29 | =22| 1 | ,29 €R.
T3 0
1 1
v3=1| 1|, E;=Span 1 , dim E; = 1.
0 0
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Alternatively, we have

A 000
Pr=[v; v v |,D=]0 N 0 |= A=PDP".
0 0 X
Ao 0 0
P=lvs vy | D=|0 A\ 0|=A=PDP"
0 0 X\
1 0 3
Example: Let A = 1 —1 2 |. Is A diagonalizable?
—1 1 -2
Solution:
1—A 0 3
det(A— ) = 1 —=1-=2A 2
—1 1 —2—=A
—1-A 2 1 1=
= (1_A)| 1 —2—/\|+3’—1 1 ‘
= (1-=X)(\?*+3)) -3\
= “NA+2)=0<= A\ =0, =2
)\1:0
1 0 3 1 0 3
A-)AN=A= 1 -1 21 ~10 11
-1 1 =2 000
W5l -3
Ar=0<=ax=| 29 | =23| —1 |, 23 € R
XT3 1
-3 -3
vy=1| —11|, Ey=Span -1 )
1 1
)\2:—22
3 03 1 01
A— (2T =A+2I=| 11 2|~|0 1 1].
-1 10 000
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T -—]__
(A+2[)x0<:>x{$2]x3 -1 |, z3 € R.
XT3 L 1_

-1 [ —1 ]
vp=| —1 1|, E_s=Span -1 )
1 1]

Ais a 3 x 3 matrix but it has only two linearly independent eigenvectors:

IR

which is not a basis for 3. Hence, A is not diagonalizable.

1 0 0 2
0400 . . . .
Example: Let A = 0030 . Diagonalize A, if possible.
2 0 01
Solution:
1—A 0 0 2
0 4-—-Xx 0 0
det(A—\I) = 0 0 3-)\ 0
2 0 0 1-A
1—-X 0 2
= (4-X) 0 3—-X 0
2 0 1—A
1—X 2
= (4—/\)(3—)\)‘ 5 1-1\
= (A=NB-=N)\-2\-23)
= d=NB=-MNA=-3)(A+1)=0<= 1=-1,3,4.
)\1:—12
2 00 27 1 001
0500 0100
ATI=19 040 001 0
2 00 2 0000
_$1 -1
. . To o 0
A+ )z =01z = s | = T 0
L T4 1
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—1
0 .
v = BE E_; =Span{v,}, dimFE_; = 1.
1
/\2:3
-2 0 0 2 1 0 0 -1
010 0 010 0
A=3I=1 6500 o|l~|0o00 o0
2 0 0 =2 0 0O 0
T T4 0 1
_ e | 0] 0 0
(A=3l)r=0<= 1z = o | = | | =70 +taa|
Ty T4 0 1
0 1
0 0 .
== , E3 = Span{vg,v3}, dimFE3=2.
0 1
A3 =4
-3 0 0 2 1 0 00
0 0 0 0 0 010
A—dl = 00 -1 0| l0oo001
20 0 -3 0 0 0O
I 0
) 1
(A—dl)x =0z = = X9 , T2 € R.
T3 0
Xy 0
0
vy = é , By = Span{v,}, dimE, = 1.
0
A s a 4 x 4 matrix and
-1 1 0 0
v 0 v 0 v 0 v 1
1 — O s U2 — 0 s U3 — 1 y U4 — O
1 1 0 0
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a basis for R*. So A is diagonalizable.

-1 1 0 0
0 001
P:[U1U2U3U4]: 00101
1100
A0 0 0 -1 0 0 0
|0 X 0 0f_| 0300/,
10 0 XN 0| 00 3 0]}’
0 0 0 X 000 4

A=PDpP!
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Complex Numbers

A complex number z is of the form
2 =a+ib, where i* = —1, and a,b € R.

a =Re z is the real part part of z, and b =Im z is the imaginary part of z.
z is real <= b =0, and z is purely imaginary <= a = 0.

Let z = a + b and w = ¢+ id. Then,

z+w=a+c+i(b+d)
z—w=a—c+ilb—d)
z-w = (a+1b)- (c+id) = ac — bd + i(ad + bc).
kz = ka +i(kb), k € R.

Z = a — b is called the complex cojugate of z = a + ib.

ztw=zZ+w, z-—-w=Z-wW, Z-W=2 W, 2z=2,

-

Let 2 =a +ib and w = ¢+ id # 0. Then

, 24+zZ=2Rez, 2z—Z=21Imz.

S

a+ib a+ib c—id ac+ bd+i(bc — ad)
c+id  c+id c—id 2+ d?

<
w
ac+bd be—ad
+1 =
02+d2 02+d2

|2| = Vz 2 = Va2 + b?

We have the following equalities:

2wl = 2| - ful, 271 =< =
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Example: Let z =9 — 8i and w = 5 + 2i. Then find |z|, |w], i‘.
w

Write z in the form of a + #b.
w

Solution:
|z| =1/9%2 4+ (—8)2 = V145
lw| = V52 4 22 = /29
’Z’_M_\/145_\/5'29_\/5
w! w29 V29
2 9—-8& 9-—-8 5H—2i (45 — 16) 4 i(—40 — 18) 12
w S5+2t S5+ 55— 2544
Exercises:

1. Let 2 =3+ 47 and w = 5 — 2i. Express the followings in the form of a + 7b.

e 2 Z 1w
(z = w)’, w w22 2z
1 2+1 2—1
2. Find: Re Im = !

Ly miq m L.
241 3+ 4i 3—4i

3. Write the followings in the form of a + ib.

11+ 2i 6+
3+ 50)(3 — 5i
T3 BB -5, =

1 V3+i
(3+40)* (1—-4)(vV3—1i)

(7 —3i) — (=2 + 44),
4. Solve for z if:
iz=2—1i, (4—3i)z=1.
5. If z=1-5i and w = 3 + 44, find

|2, wl, |z/wl, [z/w], and |z/w],
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Trigonometric Ratios

6 | radians | sinf | cosf | tand
0° 0 0 1 0
30°| w/6 | 1/2 |V3/2]3/3
45° | w/4 | V2/2V2/2] 1
60°| w/3 |V3/2| 1/2 | V3
90° | /2 1 0 -

Polar Form of a Complex Number

Let 2z = a +tb. Then

cosf = ﬁ:>a:|z|cosé’
z
: b :
sinf = ﬂ:b:|z|sm9
z
z = a+ib=|z|cos@ +i|z|sinf = |z|(cos @ + isinf) = |z|cisb,

where 6 is the angle between the positive real axis and the point z, —7 < 6 < 7.
0 is called the argument of z, and denoted by § =argz. (All angles are measured
in radians). The polar form of z is

z = |z|(cos € + isind).

Example: Find the polar form of z = 1 + i.

Solution: |z| = 12+ 12 = /2

0 a 1
cosf = — = —
= V2 -
; ) — 0 =7/4 = 2 =2(cosm/4 +isinT/4).
sinf = — = —
2l V2
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Example: What is the polar form of z = 3 + i3/3?

Solution: |z| = /32 + (3v/3)? = V36 =6.

a 3 1
9:—:—:—
VT T 2 ) )
—0=7n/3 = z=06(cosmw/3 +isinm/3).
b 3v3 V3 / ( / )
sinf = — = —— = —
H 6 2

Example: What is the polar form of z = /2 — iy/2?

Solution: |z| = \/(v2)2 + (—v2)2 = 2.

a \/§
COS@ = m = 7
—= 0 =—7/4= z=2(cos/4 —isinm/4).
. —V2
sinf = — = ——
|| 2
Exercises:

1. Write the polar form of the following complex numbers:

2+ 2
= —4+4i, z=4i, z=-T7  z2=1, Z:1+?.
— 1

2. Represent in the form of a + ib:
z=4(cosT/2 +isinm/2),  z=+/8(cosT/4+isinT/4),
_ 2cis(—3m/4)

z = 2cis(—7/6), ~ 2cis(57/6)
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Complex Multiplication and Division in Polar Form
Let 1 = |21‘C’i861 and Z9 = ‘ZQlCiSQQ.

Z1 2y = |Zl| . |ZQ| . C’iS(el + 92)

zy rycisé; oro.
— = = — CIS (91 — 92),

Z9 T2 cis 92 T2

zZ1=n cis (—01)
3 2
Example: Let z = 201‘8% and w = Heis . Then,

—3r —2m

Z = 2cis and w = Hcis

3 2 3 2 25
Z-w= (QCZ'S;T> (5cis;> =2- 5Cis(§7r + 1) = 10cis( 7T),

3 24
z 2 . <37T 27r) 2 . (—77T)
— =—CisS|—— — ) = —cis| —— ).
w 5°\8 3) 75 24

—T

Example: z = cis (;T) and w = 2cis (3)

z
Find z - w, —, Z and w and write them in their standard forms.

Solution:

SHRS

]

I

Q

<.

n
7N

|

[\

K
N———
I
|
o~

gl

I

[\

@)

-~

wn
7N
w| N
N——

I

[\»}
N

| —

.

S
~

I

—_

+

~.

=
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De Moivre’s Theorem

Let n be a positive integer n. Then
2" = (|z|(cos O 4 isinf))" = |z|" (cosnf + i sinnd).
Example: Write z = (1 + )% in the form of a + ib.

Solution: 1+ i =+/2 (cos% + 4 sin g)
20 20
(1) = (V) (Cosf +isin 4”) — 219(cos(57) + i sin(5))
= 2%(cosm +isin7T) =20(~1+i-0) = —2'° = —1024.

Alternatively, we have
(144)?=2i = (1+0)* = (20)* = —4.

(143 = (1)) = (~4)° = 2"

Exercises: Express the following complex numbers in the form of a + ib.

= (2cis(n/3))5. Ans: 64.
z=(—1+19)"
3. 2= (1—-1)' Ans: —32i
4. z=(1—14)2". Ans: —213(1 +1)
5. z=(1+1)" Ans: —64
6. 2= (1—-14)5/3+4)% Ans: —64
7. 2= (V3 —1)%2— 2i)° Ans: —65536(1 + ).
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Roots of a Complex Number

0+ 2km

z”:aci89:>zk:{750m< ),wherek:O,l,Q,...,n—l.

Example: Find all fourth roots of 1.

Solution:
0+ 2k
A =1 =cos0+isin0 = z, = cis (:”) kE=0,1,2,3.
. LT . sy .
zo=cis0=1, 2z = CZS§ =1, zp=cisTt=—1, 2z3= czs? = —1.
Example: Find all fourth roots of 7.
Solution:
T4+ 2k
24:i:cosz+isinﬁ = 2, = CiS 2 T oRT ,k=20,1,2,3.
2 2 4
(T . (5T . (97 . (137
20 = CiS <8> , 2] = Cis <8) , 2y = CIS (8) , 23 = CIS (8) )
Example: Let z* = —8i. Find 2z and write it in the standard form.
Solution: o = | —8i| =8, 0 = —7/2.
—7m/2 4+ 2k
2 = /8 cis <7T/3+7T> k=0,1,2.

2 = 2cis (_6”):2 <\f+z_21>:\/§—z.

2 = 2cis (1/2) =2(0+1i) = 2i.

z = 2cis (Tn/6) =2 <_;/§—z;>:—\/§—i.
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Example: Find the roots of 22 + 2z +1 = 0.

Solution:
2+ +1—< +1>2+3—0:>< +1>2—_3
z z =z 5 1= z 5) =1
1 V3 -1 V3
— =49 = — 4+ —q.
:>z+2 QZ:>Z 5 22

Example: Find the roots of 22 — 4z +5 = 0.

Solution:
P —dz4b=(2-2 4+1=0= (z-2)"=—1

—z—2=41— 2z =2=%1.

Exercises: Find all complex numbers such that:

1. 22 =4 6. 23 =—-2Ti
2. 23 =4 7. 2% =644
3. 23 =—§ 8. 2t=-1
4. 3= -1 9. 24 =2(iv/3-1)
5. 23 =27i 10. 26 = —64
Answers:
VI VB BB
1.20—74‘27,21_—7—7
2 2 2 2
V3 1 V3 1
2.2’0_74—25, 1_?+Z§,22_ 2
V3 o1 3 1
3. =1, 51 =—"——1=, 2= — —1i—.
2 2 2

5 ZOZ—SZ, Zl_—T‘i‘li?ZQ_T‘i‘@
62—3iz——3—\/§—2§z—3\/§—2§
. <0 — y ~#1 — 9 27 2 9 9

T. 20 = —4i, 21 = —2V3 + 24, 2 = 2V/3 + 2.
8. \/§ 67rz'/6’ \/§ e47ri/67 \/5 677ri/67 \/§ elOTri/6.

Note that e = cosf + i sin 6.
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Complex Eigenvalues and Complex Eigenvectors

Let A € C. If Az = Ax for some non-zero vector x in C", then X is called a complex
eigenvalue, and z is called a complex eigenvector.
We note that
det(A— X)) =0<= Az =Xz

for some non-zero vector x in C™.

If x is a vector in C™, then the vector Z, whose entries are the complex conjugates
of the entries in x, is called the complex conjugate of x.

Real matrices with complex eigenvalues:

Let A be areal nxn matrix. Let A be a complex eigenvalue of A with a corresponding
eigenvector x in C™. Then X is also an eigenvalue of A with the corresponding
eigenvector T:

Ar = <= Az = x <= AT = \T <= AT = \T

Thus the complex eigenvalues of a real matrix A occur in conjugate pairs.

Example: Let A = [ } _§ 1

a) Find the eigenvalues of A, and a basis for each eigenspace in C?.
b) Diagonalize A.

Solution:
11—\ =2 9
A—- )M = 1 3.\ — det(A—A) = N —4\+5=0,
44,/(-4)2—-4-1-5
A2 = \/( ) =244
2
)\1:2+Z

1 1—1 0 0

T = o = X9 1 3
Ul:[—llﬂl, E2+i=Span{[_11+Z]}.

A—(2+i)[=[_1_i _2.]~[1 1”].
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)\2 =2—1
Since Ay = \;, an eigenvector corresponding to )y is
Vg = V1 = 1= and Ez,i:Span 1= .
1 1
b) A= PDP~!, where
—14+7 —-1—1 2+ 0
o I T R S
0 3+ 4i
Example: Let A = [ 3 4 0
Find the eigenvalues and corresponding eigenvectors of A.
Solution:
I e S I S U B B B _
det(A—/\])—g_M )\ =N —-20=0= A\ =5, \=-5.
/\1 = 5
1 —3—41
_ ' 5
A_5]:[3—54i 3ir54z]N |
0 0
(A=5Nz =0
[xll T [3+4¢]
T = ==
) 5 5
_— 3+ 4i
S
E5:Span{[ 3+ 4i H
5

A2 = —bH

25
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(A+50)z =0
=n]-w

e[ 5]

Note that the matrix A has

e complex entries,
e real eigenvalues,

e complex eigenvectors v; and v such that ve # 7.

B 1 | 34+4 34 150
A= PDP™" where P—l 5 5 and D = 0 5 |-

Example: Let A =

O O .
O = O
. O

] . If possible, diagonalize A.

Solution: A =i is the only eigenvalue of A.

<

0 0
A—il=10 0
0 0

T al 1 O
A—illzr=0<=z=|2 |=| 22 |=21| 0 | +x2| 1 |.
T3 0 0 0

{1}

Since A is a 3 X 3 matrix and has only two linearly independent eigenvectors, A is
not diagonalizable.

2 0 —4
Example: Let A= | 0 1 0 |. If possible, diagonalize A.
2 0 -2
Solution:
2—X 0 —4
det(A—X)=| 0 1-X 0 [=1-NMNXN+4)=0=\=1,-242i.

2 0 —2-A
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)\1 = 1:
1 0 —4 1 0 —4
A-IT=]100 O0|~|0O0 1
2 0 =3 00 O
X1 0 0
A-Ilr=0<=z=|2 |=x2| 1 |=v=|1
T3 0 0
)\2 =—:
242 0 —4 1 0 -1+
A+ 2il = 0 1+ 2 0 ~ 10 1+ 0
2 0 -2+ 2 0 0 0
T 1—2 1—2
(A+2il)lx=0<= 2= | 22 | =23 0 = Uy = 0
T3 1 1
/\3 =27 :
Since A is a real matrix and A3 = Ay, an eigenvector for \s is
141
U3 =Tg = 0
1
0 1—4¢ 144 1 0 0
A=PDP ! where P=|1 0 0 and D=0 —2¢ 0
0 1 1 0 0 2
-5 6 2
Exercise: Let A=| -3 4 1
-5 5 2
Find the eigenvalues and corresponding eigenvectors of A. Diagonalize A, if possible.
Answer: The eigenvalues are \y =1, Ay =1, A3 = —1t
with corresponding eigenvectors
1 2 2
v = 1 , Uy = 1 , U3 = 1

27



