Characteristic equation and Eigen value:

For any square matrix A, the equation |A — AI| = 0 where A is a scalar is called characteristic
equation. Here the scalar A is called Eigen value.

Eigen vector:

If A is a square matrix, a non-zero vector X is an Eigenvector of A if there is a scalar A (lambda)
such that

A-ADX =0
Properties of Eigen values and Eigen vectors:

1. The sum of Eigen values of a matrix is equal to the sum of diagonal elements of
that matrix.

2. The product of Eigen values of a matrix is equal to the determinant of that
matrix.

3. The Eigen values of upper and lower triangular matrices are its diagonal values.
If 21,45, ..., 4, are the Eigen values of a n X n matrix A then the Eigen values of
the matrix
(@) A™ are ATH, AT, ..., At where m is an integer.

(b) aA + bl are aA; £ b,al, £ b, ...,al,, = b where a and b are real numbers.

5. If X1,X5, ..., X;, are the Eigen vectors of a n X n matrix A then the Eigen vectors
of the matrix A™ , aA + bl are X, X,, ..., X;, where m is an integer, aand b are
real numbers.

Eigen vectors are non zero vectors.

7. Eigen vectors are not unique.

2 21

Two Eigen values of the matrix A = (1 3 1) are equal to 1 each. Find the Eigen values of
1 2 2

AL

Solution:

Let A4, 4,, A5 are the Eigen values of matrix A.
Given4; = 1,4, =1
We know that 4, + 4, + 43 =2+ 3+ 2



Eigen values of matrix A are 1,1,5.

Eigen values of matrix A™1 are 1, 1,%.

6 -2 2

The product of two Eigen values of the matrix 4 = <—2 3 —1) is 16. Find the third Eigen
2 -1 3

value.

Solution:

Let A4, 1,, A5 are the Eigen values of matrix A.

Given AIAZ - 16

6 -2 2
We know that 1,4,4; = |A|=|-2 3 -1
2 -1 3

164; = 6(8) + 2(—4) + 2(4)
1613 =32= A3 =2
7 4 4
Find the sum and product of the Eigen values of the matrix| 4 -8 -1
4 -1 -8
Solution:
Sum of Eigen values= 7—-8-8= -9

Product of Eigen values= 7(63) — 4(—28) + 4(28) = 665

7 4 -4
One of the Eigen values of (4 -8 —1) is — 9, find the other two Eigen values.
4 -1 -8

Solution:
Let A4, 1,, A5 are the Eigen values of matrix A.
Given 4, = -9

Weknowthatll‘klz"'lg=7_8_8=_9$—9+12+A3=_9=>AZ +A3=0(1)

7 4 —4
MAA; = 1Al =14 -8 —1|=7(63)—4(-28)—4(28) = 441
4 -1 -8




=9, =441 = 2,43 = —49 ... (2)
Solving (1) and (2) we get
A=A+ A3)A+ 2,43 =0=> 12—-01-49=0
A =491=47
If the sum of two Eigen values and trace of 3 X 3 matrix 4 are equal, find the value of |4]|.
Let A4, 1,, A5 are the Eigen values of matrix A.
Given A; + A, = Trace of 3 X 3 matrix A

We know that trace of 3 X 3 matrixA = A; + 1, + 15

11+12=11+12+A3$13=0

111213 == |A| = |A| B /11/120 = 0

214l =0
3 3 4
Find the Eigen values of A2 and A~!. Giventhematrix A=(0 2 6
0 0 5

Solution:
The Eigen values of upper and lower triangular matrices are its diagonal values.
The Eigen values of A are 2,3,5

The Eigen values of A2 are 22,32%,5%i.e. 4,9, 25.

url =

. _ 1 1
The Eigen values of A~ are =, =,
2’3

Find the Eigen values and Eigen vectors of

-2 2 =3
A= < 2 1 -6
-1 -2 0

Solution: The characteristic equation is given by

-2-21 2 -3
2 1-4 -6
-1 -2 0-2

A=A =0 = =0




Here a = sum of diagonal values = -2+1+0= -1

b = sum of minors of diagonal values = |_12 _06| + |:i _03| + |_22 §|
=—-12-3-6=-21

-2 2 -3
c=Al=| 2 1 —6|=-2(-12)—2(-6)—3(-3)=24+12+9 =45
-1 -2 0

Therefore the characteristic equation is A3 — al> + bA—c =0

= A3+ 12-211—-45=0..(1)

-3 1 1 21 -45
0 -3 6 45
1 -2 -15 | 0

Here A = —3 is one of the root of the (1). (1) reducesto 2> =21 —15=0 > 1 = —3,5

~ The eigen values are 1 = —3,—3,5

X
The Eigen vector X = <y> corresponding to the Eigen value A is givenby (A — A1) X =0

Z
-2—-2 2 -3 X 0
(5 30)-0)
-1 -2 0-A/ 'z 0

Case 1: When A = -3

1 2 =3\ /x
2 4 -6 <y> =0
-1 =2 3/ \z

x+2y—-3z=0
2x+4y—6z=0
—x—2y+3z=0

The three equations are similar so assume z = 1,y = 0 and substituting these values in first
equation, we get

x+2(0)-3(1)=0=>x=3



X = @

Case 2: When A = =3

The three equations are similar so assume z = 0,y = 1 and substituting these values in first
equation, we get

—2
.’.X2=<1>
0

Case 3: WhenA1 =5

—2-5 2 -3\
( 2 1-5 —6)(3/):0
-1 -2 0-5/\z

—7x+2y—3z=0

x+2(1)=-3(0)=0=> x=-2

2x—4y—-6z=0
—x—2y—5z=0
Solving first two equations we get

X _ —y _ Z X _—y_Z
2 —3‘|—7 —3‘|—7 2|=’—24_E_ﬁ
—4 -6l 12 -6l |12 =2

b (3)

3 -2 1
~ The eigen vectors are X, = <O> , X, = ( 1 >,X3 = ( 2 )
1 0 -1

Find the Eigen values and Eigen vectors of

1 1 3
A=<1 5 1
3 1 1

Solution: The characteristic equation is given by




1-1 1 3
1 5-1 1 |[=0
3 1 1-2

|[A—AIl =0 =

Here a = sum of diagonal values =1+5+1=7

_ . . _15 1 1 3 1 11_, _
b—sumofmmorsofdlagonalvalues—|1 1|+|3 1|+|1 5—4 8+4=0

1 1 3
c=lAl=[1 5 1|=14)-1(-2)+3(-14)=4+2—-42=-36
3 1 1

Therefore the characteristic equation is A3 — aA? + bA—c =0

> B3—-712+01+36=0..(1)

-2 1 -7 0 36
0 -2 18 -36
1 -9 18 | 0

Here A = —2 is one of the root of the (1). (1) reducesto 1> =91+ 18 =0 = 1 = 3,6

= The eigen values are A = —2,3,6

X
The Eigen vector X = <y> corresponding to the Eigen value A is givenby (A — A1) X =0

z
1-1 1 3 x 0
( 1 5-1 1 ><}’>=<O>
3 1 1-A/ \z 0

Case 1: When A = -2

3 1 3\
L IR)6)=b
3 1 3/ \z

3x+y+3z=0
x+7y+z=0
3x+y+3z=0

Solving first two equations we get



x -y  zZ X -y z X
T3 PP ! 72000 20 -1
7 1 1 1 1 7
-1
.’.X1= 0
1
Case 2: When 1 =3
-2 1 3\ /x
1 2 1 ()’>=0
3 1 =2/ \z
—2x+y+3z=0
x+2y+z=0
3x+y—2z=0
Solving first two equations we get
x =y z X -y Z X
|1 3_|—2 3|_|—2 1|:>__5—__5—__5=>]
2 1 1 1 1 2
1
-'-XZZ -1
1
Case 3: When1 =75
-4 1 3\ /x
1 0 1 <y>=0
3 1 -4/ \z
—4x+y+3z=0
x+0y+z=0
3x+y—4z=0
Solving first two equations we get
x =y z X -y z X
|1 3)°1-4 3] -4 1] 1 7 171
0 1 1 1 1 0



-1 1 1
=~ The eigen vectors are X; = ( 0 ) Xy = (—1>,X3 = < 7 >
1 1 -1

Orthogonal matrix:
A square matrix 4 is said to be orthogonal if AAT = ATA=1i.e. A"t = A".
Diagonal matrix:

A square matrix A is said to be diagonal matrix if all the values of the matrix A is zero except
diagonal elements.

Quadratic form:
The general form of quadratic form is ax? + bxs + cx3 + 2dx,x, + 2ex,x3 + 2fx3%x;
Matrix representation of Quadratic forms:

The general form of quadratic form is ax? + bx5 + cx3 + 2dx,x, + 2ex,x3 + 2fx3x;

a d f
The matrix of the above quadratic form is (d b e)
f e ¢

Rank:

The rank of the quadratic form is equal to the number of non zero Eigen values of the matrix of
guadratic form.

Index:

The index of the quadratic form is equal to the number of positive Eigen values of the matrix of
guadratic form.

Signature:

The index of the quadratic form is equal to the difference between the number of positive
Eigen values and the number of negative Eigen values of the matrix of quadratic form.

Nature of the quadratic form:

Positive definite: If all the Eigen values of the matrix of quadratic form are positive.



Negative definite: If all the Eigen values of the matrix of quadratic form are negative.
Positive Semi definite: If all the Eigen values of the matrix of quadratic form are non negative.
Negative Semi definite: If all the Eigen values of the matrix of quadratic form are non positive.

Indefinite: If the Eigen values of the matrix of quadratic form are both non positive and non
negative.

Nature of the quadratic form:

The general form of quadratic form is ax? + bxs + cx3 + 2dx,x, + 2ex,x3 + 2fx3x;

a d f
The matrix of the above quadratic form is (d b e>
f e c

let D, = a, Dy = |§ Z|,D3 _

o o Q
a 0 S

QR

Positive definite: If D;, D,, D3 > 0.

Negative definite: If D;, D,, D; < 0.

Positive Semi definite: If D;, D,, D; > 0.

Negative Semi definite: If D;, D,,D; < 0.

Indefinite: If D;, D,,D; < and >0

Find the nature of the quadratic form 10x% + 2x3 + 5x3 + 6x,x3 — 10x3x; — 4x1X;

Solution: The matrix of the quadratic form is

10 -2 -5
A= <—2 2 3
-5 3 5

10 -2 -5
p,=10>00,=|'0 ?|=16>0Dp=|-2 2 3|=0
-5 3 5

The nature of the quadratic form is Positive semi definite.

Reduce the quadratic form 10x3 + 2x3 + 5x3 + 6x,x3 — 10x3x; — 4x, X, to canonical form
by orthogonal transformation and also find rank, index, signature and nature.



Solution: The matrix of the quadratic form is

10 -2 -5
A= (—2 2 3 )
-5 3 5

The characteristic equation is given by

10-14 =2 -5
-2 2—-1 3
-5 3 5-41

A=A =0 = =0

Here a = sum of diagonal values =10+ 2 +5 =17

b = sum of minors of diagonal values = |§ §| n |ig —55| + |i(;

=42
10 -2 -5
c=|Al=|-2 2 3[=10(1)+2(5)-54)=0
-5 3 5

=

2

|=1+25+16

Therefore the characteristic equation is A3 = al> + bA=c=0 = 13 — 171> + 4212 =0

AA%2 — 171+42)=0=2>21=00r2*— 171+42=0 > 1=0,3,14

~ The eigen values are 1 =0,3,14

X

The Eigen vector X = <y> corresponding to the Eigen value A is givenby (A — A1) X =0

V4

10—-4 =2 -5 X 0
( -2 2—-21 3 ><Y>=<O>
-5 3 5—-A \z 0

Case 1: WhenA1 =10

10 -2 =5\
-2 2 3 <y> =0
-5 3 5/ \z
10x —2y —5z=0
—2x+2y+3z=0

—5x+3y+5z=0

Solving first two equations we get



X _ -y _ z X -y z X -y z
22 —5|_|10 —5|_|10 —2|:’Z_%_1_6:>I_?_Z
2 3 -2 3 -2 2
1
~X;=1-5
4
Case 2: When 1 =3
10-3 =2 -5 x
-2 2-13 3 <y>=0
-5 3 5-3/ 3z
7x—2y—5z=0
—2x—y+3z=0
—5x+3y+2z=0
Solving first two equations we get
X -y z X -y Z X y
= = = = D — = — =
|—2 —5| |7 —5| |7 -2 -11 11 -11 1 1
-1 3 -2 3 -2 -1
1
-'-XZZ 1
1
Case 3: When 1 = 14
10 — 14 -2 -5 X
e 4 2—14 3 <}’>=O
-5 3 5—-14/ ‘\z
—4x -2y —5z2=0
—2x—12y+3z=0
—5x+3y—-9z=0
Solving first two equations we get
X _ -y _ z X -y z X
= = — =

=2 —5| |—4 —5| |—4 217 Z66" 22 a2

-12 3 -2 3 -2 —12

1



1
XTx, =1 -5 4)<1>=1—5+4=0
1
-3
XIX;=(1 1 1|1 ]=-3+1+2=0
2

1
XIX,=(-3 1 2)(—5)=—3—5+8=0
4

Therefore the Eigen vectors are pair wise orthogonal.

1 1 -3
The modal matrix M = <—5 1 1
4 1 2

The normalized matrix
1 1
JIZr (52t ViE+12+12 (o 3)2+12+22\
X 1 |
/l

k J124+(-5)2+42 VJ12+12+12 /(- 3)2+12+22
4 1

J12+ (=52 +42 V12+12412 /(- 3)2+12+22
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The diagonal matrix D = NTAN

L5 EENNE U
/x/ﬁ mm\ /42 V3 14\

D_|1 1 1|10—2—5|51 1|
k@ 7 @(:é : §>k44z{s Vi |
“Viz Via m/ Viz V3 E/
0 0 o0/ = — >

/3 3 3\/ 42 3 14\

p=| v3 V3 VB |l-—= = — [=|0 3 0
k_z;z 14 28/' 442\/1§ ;4| 0 0 14
o\ )

4
0 0 0O\ /N
The canonical formisQ = Y'DY = (1 Y2 ¥3)|{0 3 0 || Y2 |=3y7 + 14y3
0 0 14/ \)3

Rank =2, Index=2, Signature=2 and the nature is Positive semi definite.

Reduce the quadratic form 2x% + x% + x% — 4x,x3 — 2X3X; + 2X;X, to canonical form by
orthogonal transformation and also find rank, index, signature and nature.

Solution: The matrix of the quadratic form is

2 1 -1
A= < 1 1 -2
-1 -2 1

The characteristic equation is given by

2—-21 1 -1
1 1-1 =2
-1 -2 1-2

A=A =0 =

Here a = sum of diagonal values =2+ 1+1=4

_ . . |11 =2 2 -1 2 11 _
b—sumofmmorsofdlagonalvalues—|_2 1|+|_1 1|+|1 1= 3+1+1

=1
2 1 -1

c=lAl={1 1 =2|=2(-3)-1(-1)-1(-1) = —4
-1 -2 1




Therefore the characteristic equation is A3 — al> + bA—c =0

S B - 42 -2+4=0..(1)

1 1 -4 -1 4
0 1 -3 -4
1 -3 -4 | 0

Here A = 1 is one of the root of the (1). (1) reducesto A2 =31 —4=0=> 1= —14

= The eigen values are A = —1,1,4

X
The Eigen vector X = <y> corresponding to the Eigen value A is givenby (A — A1) X =0

VA
2—2 1 -1 b 0
< 1 1-2 —2><y>=<0>
-1 -2 1=-1/\z 0

Case 1: When A1 = —1

3 1 -1\ /x
1 2 =2 <y> =0
-1 -2 2 z

3x+y—z=0
x+2y—2z=0
—x—2y+2z=0

Solving first two equations we get

X - Z

_1 | :>O

=
I|I
v
U1l N
(=R IR
ol A
1N

DR

K= (‘1’)

Case2: When A =1

1 1 -1\ /x
1 0 -2 (y) =0
-1 -2 0 z



x+y—z=0

x+0y—-2z=0
—x—2y+0z=0

Solving first two equations we get

X — x =y

|0 —2 |1 —2

2
o XZ = -1
1

Case 3: When A =4

-2 1 =1\ /x

1 -3 =2 <y> =0

-1 -2 =3/ ‘\z
—2x+y—z=0
x—3y—2z=0
—x—2y—3z=0
Solving first two equations we get

x -y z X
|1 —1

|1 —2 |1 —3|

. (_11>

XX, =0 1 ]J(—
XIx;=(02 -1 1)(

XIx,=(1 1 —1)(1

= — =" =
| —2 -1

2

1
1

0

1

1>=0—1+1=0

1>=2—1—1=0

-1

>=0+1—1=0



Therefore the Eigen vectors are pair wise orthogonal.

0 2 1
The modal matrixM = (|1 -1 1
1 1 -1

The normalized matrix

0 2
V02 4+ 12 +12 /22 4+ (—1)2 4 12 J12+12+( 1)2

o e e
/'

v = |

V02 +124+12 22 + (—1)% + 12 J12+12+( 1)2
1 1
k\/02+12+12 V22 + (—1)2 + 12 \/12+12+( 1)2
02 1
/\/E V6 \/§\
vo | Lzt 1
V2 V6 3
V) |1 b
V2 6 3
0 1/8
V2 V2 2
Nt | 2 2L
k\/E V6 6 |
1 1
V3 V3 V3
The diagonal matrix D = NTAN
0o 1 1 0 2 1
AR (v 7 &)
D_Iz -1 11/2 1 -\[1 -1 1]
" | Vs 6%(_11_12‘12)ﬁvw§
L 1t - Lt -
V3 V3 V3 2 V6 V3



-1 0 0\ /N
The canonical formisQ = YTDY = (V1 Y- )’3)< 0 1 0) (3’2> = —yZ +yZ+4y2
0 0 4/ \)3

Rank =3, Index=2, Signature=1 and the nature is indefinite.

Reduce the quadratic form 6x% + 3x3 + 3x% — 2x,x3 + 4x3X; — 4x,X, to canonical form
by orthogonal transformation and also find rank, index, signature and nature.

Solution: The matrix of the quadratic form is

6 -2 2
A= <—2 3 -1
2 -1 3

The characteristic equation is given by

6—4 -2 2

|[A-All=0=>]| -2 3-1 -1

Here a = sum of diagonal values = 6 +3 +3 = 12

_ . . (3 =1 .16 2[,16 =-2|_
b = sum of minors of diagonal values = |_1 3 | + |2 3| + |_2 3 | =8+14+ 14
= 36
6 -2 2
c=lAl=|-2 3 ——1|=6(8)+2(—4) + 2(—4) = 32
2 -1 3
Therefore the characteristic equation is A3 — al> + bA—c =0
= A3 — 1242 +364—-32=0
2 1 -12 36 -32
0 2 -20 32
1 -10 16 | 0

Here A = 2 is one of the root of the (1). (1) reducesto A2 — 101 +16 =0 = 1 = 2,8

=~ The eigen values are A = 2,2,8



X

The Eigen vector X = (y) corresponding to the Eigen value A is givenby (A —AI) X =0

Z

6—1 =2 2 X 0
(—2 3—1 —1)<Y>=<0>
2 -1 3—A/ \z 0

Case 1: When A1 = 2

4 =2 2\ /x
[
2 -1 1 z
4x —2y+2z2=0
—2x+y—z=0
2x—y+z=0

Here all the three equations are similar, so consider only one equation.

Solving the third equation by putting x = 0,y = 1 we get

0
X1 =11
1

Case 2: When A = 2

20)0—14+z=0=>2z=1

Solving the third equation by puttingx = 1,y = 0 we get

e [3)

Case 3: When A1 =8

6—8 -2 2 x
-2 3-8 -1 (y)zo
2 -1 3-8/ 'z

—2x—2y+2z=0

21)-0+z=0= z=-2

—2x—5y—2z=0



2x—y—=5z=0

Solving first two equations we get

X -y Z X y Z
=5 — = — =— > — = — = —
|— | |— | |— —2 12 6 6 2 -1 1
-1
2
.'.X3= —1
1
1
XTx, =0 1 1) 0>=0+0—2=—2¢0
-2
2
XIX;=(1 0 -2)[-1]=240=2=0
1
0
X'x, =2 -1 D[(1)=0-1+1=0
1

Therefore the Eigen vectors are not pair wise orthogonal.
We have to make these Eigen vectors orthogonal

a a
So Put either X; = <b> or X, = <b> (Since XT X, # 0)
c c

Such that XTX, = 0 and XIX, =0

Otherwise XTX, = 0 and X} X5 =0

a

XX, =0= (a b c)( >=O=>a+0b—26—0 (D

a
XTx,=0=> (2 -1 1)<b>—0=>2a—b+c—0 (2)
c

Solving (1) and (2), we get



2 1 2
The modal matrix M = <5 0o -1
1 -2 1

The normalized matrix

2 1
V22452 +12 /12 4+ 02 + (—2)2 J22+( 1)2+12
| 5 0 —1
N =
| V2252 + 12 V12402 4+(=2)2  J22+ (- 1)2+12
k i 2
V22452412 \J124+ 02+ (=2)2 22+ (- 1)2+12
2 1 2
/30 V5 \/8\
l' 5 0 -1}
N=|— — —|
30 V5 6 |
1 -2 1/
30 V5 /6
2 5 1
V30 /30 V30
| L0 2
| V5 VB 4B
2 -1 1
V6 V6 6

The diagonal matrix D = NTAN
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2 0 0\ /N
The canonical formisQ = YTDY = (V1 Y2 ¥3) (0 O) (3’2) = 2y + 2y3 + 8y?

0 0 8/ \y3

Rank =3, Index=3, Signature=3 and the nature is Positive definite.
Cayley Hamilton Theorem
Every square matrix satisfies its own characteristic equation.

Verify Cayley Hamilton theorem and hence find A™! and A* for
2 -1 1
A=| -1 2 -1
1 -1 2

The characteristic equation is given by

Solution:

2—-1 -1 1
-1 2-1 -1
1 -1 2-2

A=Al =0 =

Here a = sum of diagonal values =2+2+2 =6

b = sum of minors of diagonal values = |_21 _21| + |1 2| + |_21

=9

-1[=23)+1(-D)+1(-1) =4

;H=3+3+3



Therefore the characteristic equationis A3 — al> + bA—c =0

>3- 6124+91—-4=0

By Cayley Hamilton’s theorem,

A3 —6A%2+94—41=0..(1)

2 -1 1 2 -1 1 6 -5 5
A? = ( -1 2 —1)( -1 2 —1> = ( -5 6 —5)
1 -1 2 1 -1 2 5 -5 6

6 -5 5 2 -1 1 22 =21 21
A3 = ( -5 6 —5)( -1 2 —1) = < —-21 22 —21)
5 -5 6 1 -1 2 21 =21 22

A3 — 6A% + 94 — 4]

22 =21 21 6 -5 5 2 -1 1 1 0 0
( =21 22 —21)—6( -5 6 —5>+9< -1 2 —1)—4(0 1 0)
21 =21 22 5 -5 6 1 -1 2 0 0 1

(22—36+18—4 —-21+30-9-0 21—30+9—0)

—21+30—-9—-0 22-36+18—4 -21+30—-9-0
21-30+9—-0 —-21+30—-9-0 22-36+18—4

0 0 O
A3 —64%2+9A—-4I=|0 0 0]=0
0 0 O

Therefore Cayley Hamilton theorem is verified.

Multiply (1) by A~ we get
AT1(A3 —6A2+9A—4) =042 —-6A+9]1 — 4471 =0

6 -5 5 2 -1 1 1 0 O
4A‘1=A2—6A+9I=<—5 6 —5)—6(—1 2 —1>+9(0 1 O)
5 -5 6 1 -1 2 0 0 1

6—124+9 -54+6+0 5-6+4+0 3 1 -1
4A‘1=<—5+6+O 6—12+9 —5+6+0>=<1 3 1)
5—-6+0 —-54+6+0 6—-12+9 -1 1 3

/3 1 -1
at=21 3 1

-1 1 3



Multiply (1) by A we get

A(A3 —6A2 +9A—-4)=0=>A"—- 643+ 94> —4A=0

A* = 643 —9A% + 44

22 -21 21 6 -5 5 2 -1 1
=6< =21 22 —21)—9( -5 6 —5>+4< -1 2 —1)
21 =21 22 5 -5 6 1 -1 2

86 —85 85
A*=| -85 86 -85

85 -85 86

Use Cayley Hamilton theorem to find the value of the matrix given by

A% — 547 + 7A% — 345 + 84* — 543 + 84% — 24 + I if the matrix
2 1 1
A=10 1 0
1 1 2

The characteristic equation is given by

Solution:

2—-21 1 1
0 1-1 0
1 1 2—-21

|A—=Al=0 = =0

Here a = sum of diagonal values =2+1+2 =15

_ . . 11 0 2 1 2 1 _ _
b—sumofmlnorsofdlagonalvalues—|1 2|+|1 2|+|0 1 =2+3+2=7
2 1 1

0 1 0
1 1 2

c=|4] = =2(2) —1(0) +1(~=1) = 3

Therefore the characteristic equation is A3 — aA? + bA—c =0

> A3-512+71-3=0
By Cayley Hamilton’s theorem,

A3 —5424+74-31=0..(1)



A5 + 84 + 351

A3 —5A2+7A—-31 ) A®—5A7 +7A°—3A5+8A* — 543+ 842 -24+1
A® — 547 + 7A° — 34°

8A* —5A43 +84%2 —24+1
8A* — 4043 + 56A4% — 24A

3543 — 48A% + 224+ 1
3543 — 175A% + 2454 — 105 |

127A% — 223A + 1061

A% —5A7 + 7A% — 3A% + 8A* — 543 +84%2 — 24 +1
= (A% —5A4% 4+ 7A —30)(A° + 84 + 35I) + 127A4% —=223A + 106!
= 0(A5 + 84 + 35I) + 127A% — 2234 + 1061 (from (1))

= 127A% — 223A + 106l

21 1\N/2 1 1 5 4 4
A? = <O 1 0) (0 1 O> N (0 1 0>
1 1 2/\1 1 2 3 45

A8 —5A7 +7A° —3A45 + 8A* — 543 + 842 — 24+ 1 = 127A% — 2234 + 1061

5 4 4 2 1 1 1 0 0
=12710 1 0|—223{0 1 0)+106(0 1 O
3 4 5 1 1 2 0 0 1
295 285 285
A% — 547 + 745 —3A5 +8A* — 543+ 842 -24+1=| 0 10 0

158 285 295



