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Chapter Three
1- Orthogonal Matrix silxidl 4 sl
Definition: A square matrix A is called orthogonal matrix if
A. A=A A=1
Defn: An orthogonal matrix is a matrix whose row vectors are
orthonormal ( —aaS lewdiy L i dgaall )= A A/=1. then AA'=A"A=I
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Ex1: Show that A = Is a orthogonal matrix.
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Solution: (A is orthogonal matrix if A.A'=A".A=1)
Then we must to show A.A'=A". A= 1
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then AA'=A'A=1
there fore Aisanorthogonal matrix.

Properties of orthogonal matrix:
Let A be an_orthogonal matrix
1- AA =1
2- AA'=1 = A=A"
3- Product of two_orthogonal matrices is a orthogonal matrix.
4- Transpose of orthogonal matrices is a orthogonal matrix.
5- Invers of orthogonal matrices is a orthogonal matrix.
6- If A is orthogonal matrix then W =+1.

Ex2: Prove that the following matrix is orthogonal matrix and hens find B™
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Solution: (A is orthogonal matrix if B.B'=B'.B=1)
Then we mustto show B.B'=B’.B=1 = B'=B™"
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thenB.B'=1

there foreBisanorthogonal matrix.
B isanorthogonalmatrix then B.B'=1 and BB™*'=1 = B'=B™
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Ex3: Showthat c=1|2 1 -2|is orthogonal matrix .
2 -2 1
Solution: (A is orthogonal matrix if B.B'=B".B=1)
Then we mustto show B.B'=B’.B=1 = B'=B™
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Ex4: Showthat A=| 0 1 0 | isorthogonal matrix.
—sind 0 cosd



Solution: (A is orthogonal matrix if A.A'=A".A=1)
Then we must to show A.A'=A". A= 1
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there fore Aisanorthogonal matrix
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Ex5: Show that A=|— 0 —=] is orthogonal matrix.
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2- Orthonormal Matrix:
Definition: A square matrix A is called orthonormal matrix if
A=A det(A)==x1
AAT=ATA=1 and AA' =A'A=

We have _
det(AA 1) =det(l)
1 -1
Ex1: Show that A= ‘/15 ‘/15 IS orthonormal matrix.
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Ex2: Show that B= _?2 % % IS orthonormal matrix.
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Chapter Four

Eigenvalues, Eigenvectors and Charateristic Equation of a

Mmatrix s el dalaall 48 sonal 43500 ilgatiall 2l
Definition: |f A is (N > N) matrix, Then a non-zero vector X is called eigenvector of
A if (A X)) is a scalar multiple (ke liclaas) of X; that is (A X =4 X)) for some scalar
1.
The scalar 2 is called an eigenvalue (A8 &) of A, and X is said to be an
eigenvector (312 4xis) corresponding (L5Le) t0 A adstad & jsaal

To find the eigenvalue:

AX=AX

AX —-A1X=0

(A—A1)X =0

det(A—A1)=0 Characteri stic Equation

0r|A_/1| | =0 < 3 1wall dlal=sl

3opeall Aalaall B8 Ja 2 ] S A ddsiaall (A elgenvalue ssal) sl oo : 4

Ex: Find the eigenvalue & eigenvector of A if A:[ 3 2}
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Ex: If B:F _2] X =HFind 2.
1 0 1

Solution:
BX =AX

Ex: Let A:B ﬂ ;X :{ﬂ and X, :{ ZJ Find the eigenvalue 4 and 4,.

Solution:
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Ex: Find the eigenvalue & eigenvector of A if A :{ }

Solution:
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(-2-2)(-3-4)-12=0
6+21+31+4%12=0
A°+51-6=0
(A+6)(1-D)=0
A-1=0= 1, =1
A+6=0=>41,=-6
for 2 =1:
(A-Al)X =0 eigenvector

s lsH

eigenvalue

-

} eigenvalue

EREnH
2 oyl

0

_—3x+y} [0} 1
= :>—3x+y=0:>x=§y

Lety =t :x:%t

X lt 1
1:{ }: 3 |=t| 3| eigenvector
Y11t 1

I

A 0
0 1

|

12 -3

For A =-6:
(A-=A1)X =0
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Ex: Find the eigenvalue & eigenvector of Aif A=| 4 -1 -5
-2 -1 -3]
Solution:
3 -2 -5 1 00 3 -2 -5 A 0 0]
A-Al=4 -1 -5/-2/0 1 0|=|4 -1 -5[|-[|0 A4 0
-2 -1 -3 0 01| [-2 -1 -3 0 0 4]
3-4 -2 -5
=l 4 -1-1 -5
-2 -1 -3-2
|A-21|=0 eigenvalue
3-4 =2 -5
4 -1-1 -5 |=0
-2 -1 -3-2
3-14 -2 -5 [3-2 -1
4 -1-12 -5| 4 -1-1=0
-2 -1 -3-i-2 -1

(3-A)(-1-A)(-3-1)—20+20—[-8(-3— 1) +5(3 - 1) +10(-1— 1)]=0
(3-A)(B+A)1+14)-[-10-104+15-51 + 24 +84]=0

(O- 1)1+ A)+29+741=0
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B+ 2-161+20=0
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A=2 =8+4-32+20=0 = 32-32=0 :
A+ -161+20=0
(A-2)(F# +31-10)=0
(1-2)(1-2)(A1+5)=0 => 1=2,41=2,A=-5 eigenvalue
3-14 =2 -5 3-2 -2 -5
When A=2= A-Al= 4 -1-2 -5 |=| 4 -1-2 -5
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X-2y-5z2=0 ---(2)
4x-3y-5z=0 ---(2)
-2Xx-y-5z=0 ---(3)
equation(l) —equation(2)

X—2y-5z2=0 ---()
—F4x+3y+5z2=0 ---(2)
-3X+y=0 = y=3x

—-2x—-y-5z2=0 ---(3)
—-2X-3Xx-52=0= -5x-52=0=7=-X

X X 1
X =|y|=| 3x |=x| 3| eigenvectar
z - X -1
3-14 =2 -5 3+5 -2 -5 8 -2 -5
When A1=-5= A-Al=| 4 -1-4 -5 |= 4 -145 -5 |=/ 4 4 -5
-2 -1 -3-1 -2 -1 -345| |[-2 -1 2
8 -2 -5|x| |0 8x —2y -5z 0
(A-ANX=0=| 4 4 -5|ly|=|0| = |4x+4y-52 |=|0
-2 -1 2|z 0 -2x-y+2z| |0

8x—-2y-5z=0 ---(1)

4x+4y-5z2=0 ---(2)

-2Xx—-y+2z=0 ---(3)
equation(l) —equation(2)

8x—-2y—-5z2=0 ---(3)
— FAXF4y+£52=0 ---(2)
4x+6y=0 =

2x-3y=0 :>y:§x

-2Xx-y+2z=0 ---(3)

{—2x—§x+22:0}<(§) = —-3x+x+3z2=0
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