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Chapter Three  

1- Orthogonal Matrix  المصفىفت المتعامدة: 

Definition: A square matrix A is called orthogonal matrix if 

                 IAAAA  ..  

Defn: An orthogonal matrix is a matrix whose row vectors are 

orthonormal ( يعني العمىد نضسبها بنفسها كصف   )= 111 AA . then IAAAA   

 

Ex1: Show that 
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A  is a orthogonal matrix. 

Solution: (A is orthogonal matrix if IAAAA  .. ) 

                     Then we must to show IAAAA  ..  
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matrixorthogonalanisAforethere

IAAAAthen
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
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Properties of orthogonal matrix: 

      Let A be an orthogonal matrix 

1- IAA    

2- 
11   AAIAA  

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 1A . 

 

Ex2: Prove that the following matrix is orthogonal matrix and hens find 1B  
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Solution: (A is orthogonal matrix if IBBBB  .. ) 

                     Then we must to show IBBBB  ..  1 BB  
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11.   BBIBBandIBBthenmatrixorthogonalanisB  
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Ex3: Show that 





















122

212

221

3

1
C  is orthogonal matrix . 

Solution: (A is orthogonal matrix if IBBBB  .. ) 

                     Then we must to show IBBBB  ..  1 BB  
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Ex4: Show that 
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Solution: (A is orthogonal matrix if IAAAA  .. ) 

                     Then we must to show IAAAA  ..  
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Ex5: Show that 





























6

1

2

1

3

1
6

2
0

3

1
6

1

2

1

3

1

A  is orthogonal matrix. 
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2- Orthonormal Matrix: 

Definition: A square matrix A is called orthonormal matrix if 

                 1)det(1  AAA  

We have 
)det()(det 1

11

IAA

IAAAAandIAAAA




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Ex1: Show that 
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A  is orthonormal matrix. 

  Solution:  
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Ex2: Show that 
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B  is orthonormal matrix. 
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Chapter Four  

Eigenvalues, Eigenvectors and Charateristic Equation of a 

matrix  القيم والمتجهاث الراتيت لمصفىفت والمعادلت المميزة لها 

Definition: If A is )( nn matrix, Then a non-zero vector X is called eigenvector of 

A if )( XA is a scalar multiple مضاعفاً عددياً( )  of X; that is )( XXA  for some scalar 

 . 

The scalar   is called an eigenvalue )القيم الراتيت( of A, and X is said to be an 

eigenvector )متجه ذاتي( corresponding )مناظس( to  . المميزة المعادلت   

     To find the eigenvalue: 

                   

0المميزة المعادلت

 0)det(
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هي الجروز المميزة : eigenvalue   الكامنت( للمصفىفت(A يعني ,.هي حل حقيقي للمعادلت المميزة 
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
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
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
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0
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0
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
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         Ex: If 






 


01

23
B , 










1

2
X Find  . 

        Solution:  

                      

2
1

2

1

2
2
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2

4

1

2
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2

1
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
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
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
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
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 
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Ex: Let 








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A  , 





















1

2

1

1
21 xandx Find the eigenvalue 21  and . 

   Solution:  

             

1
1

2

1

2
1

1

2

1

2

1

2

34
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1

2

1

2

32

41

)2

5
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1

1

1
5

1

1

5

5

1

1

32
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1

1

1

1
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2

2

2
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1

1

1
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












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
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
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
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
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
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

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

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

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




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















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









































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




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







XAX
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     Ex: Find the eigenvalue & eigenvector of A if 













312

12
A  

    Solution:                                  

   
          

reigenvectot

t

t

y

x
X

txtyLet

yxyx
yx

yx

y

x

y

x

y

x

reigenvectoXIA

for

eigenvalue

eigenvalueIA
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














































































































































































































































1
3

1

3

1

3

1

3

1
03

0

0

412

3

0

0

412

13

0

0

1312

112

0

0

312

12

0)(

:1

606

101

0)1)(6(

065

012326

012)3)(2(

0
312

12

0

312

12

0

0

312

12

10

01

312

12

2

1

2

2




































 

      

reigenvectot

t
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x
X
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x
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
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

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
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



























































































































1
4

1

4

1

4

1

4

1
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0

0
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4

0

0

312
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0

0
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0

0
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0)(

:6








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   Ex: Find the eigenvalue & eigenvector of A if 

























312

514

523

A  

   Solution:   

         
 

 
02016

)1(02016

072999

0729)1)(9(

08245151010)1)(3)(3(

0)1(10)3(5)3(82020)3)(1)(3(

0

12

14

13

312

514

523

0

312

514

523

0

312

514

523

00

00

00

312

514

523

100

010

001

312

514

523

23

23

32

2













































































































































































































eigenvalueIA

IA

                                

  ,2  ,4  ,5  ,11  ,21  1:بريتية لة 21( العدد)معامل  هاوكؤلَكةي ذمارة

 ( القسمت على كل منهما بدون باقي21التي تحقق المعادلت والتي يقبل القسمت على )مجمىعت حل المعادلت هي مجمىعت قيم 
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02016111
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









if

 

      

eigenvalue5,2,20)5()2()2(

0)103()2(

02016

2

23













 

 
 

     













































































































































































0

0

0

52

534

52

0

0

0

512

534

521

0)(

512

534

521

2312

5214

5223

312

514

523

2

zyx

zyx

zyx

z

y

x

XIA

IAWhen










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reigenvectox

x

x

x

z

y

x

X

xzzxzxx

zyx

xyyx

zyx

zyx

equationequation

zyx

zyx

zyx










































































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1

3

1

3
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z

y

x

XIA
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










































































































































































































































































3

4
3

2
1

3

4
3

2

3

4
034

033)
2

3
(02

3

2
2
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3

2
032

064

)2(0544

)1(0528

)2()1(

)3(022

)2(0544

)1(0528

0

0

0

22

544

528

0

0

0

212

544
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528
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5514
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514

523
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
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












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