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Chapter one// 

Matrices)ريزكراوه ( )المصفهفات(  

Matrix: An (m×n) real (complex) matrix A is an array of real (complex) numbers aij 

( njmi  1,1 ) arranged )يرتب( in (m) rows and (n) columns, and enclosed by 

brackets )الاقهاس(, as follows:  
               

            

nmmnmm

n

n

aaa

aaa
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A
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22221

11211

  or      

nmmnmm

n

n
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aaa

aaa
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21

22221

11211

 

         A matrix can contain any number or any function as its elements and each unique       
( بيَهاوتا،  فر يد من نهعو ) data (any number, symbol ( ، رمزهيَما ) or expression )روخسار() is called the 

elements of the matrix. 
 

Notes: 
a) If A is (m×n) , then m is number of rows in the array ()مساحً . 

b) If A is (m×n) , then n is number of columns in the array. 

c) The size (or order) of the matrix is (m×n). 

d) The aij appears)ٔظٍر( in the ith rows and jth columns. 

e) The numbers of are called the elements ػىاصر()  of the matrix. 

f) The notation is sometimes abbreviated ٔخخصر()  to [aij] , or [aij]m×n if we wish to 

specify)ٔفصل( the size of the array. 

Ex: 

   
32

604

321










 
A   is a 2×3 matrix in which a11=1 , a12=2 , a13=-3 , a21=4 , a22=0 , a23=6 

  

23
75

43

21
















 

B   is a 3×2 matrix in which b11=1 , b12=-2 , b21=3 , b22=4 , b31=5 , b32=7 

 

Note: قد تذكل عناصر المرفوفة في بعض الاحيان دالة وفي هذه الحالة يمكن استخراج جميع العناصر بدهولة 
      هةنديَك جار لةوانةية يةكةكاني رِيسكراوة نةخشة بيَت, لةم كاتدا دةتوانين هةموو يةكةكاني بة ئاشاني بدؤزيهةوة

 

Ex: find the elements of matrix A=( aij) for size 3×2. Where aij=ὶ
2 
+3ј

 

Solution:  

                         

233231

2221

1211

23























aa

aa

aa

A  

aij=ὶ
2 
+3ј 

a11= (1)
2
+ 3(1) = 1+3 = 4 

a12= (1)
2
+ 3(2) = 1+6 = 7 

a21= (2)
2
+ 3(1) = 4+3 = 7 

a22= (2)
2
+ 3(2) = 4+6 = 10 

a31= (3)
2
+ 3(1) = 9+3 = 12 

a32= (3)
2
+ 3(2) = 9+6 = 15 

 

 

 

       

23
1512

107

74



















A  
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Ex: find the elements of matrix B=( bij) for size 3×3. Where bij=ὶ
 
-2ј

2 

Solution:  

                         

33333231

232221

131211

33























bbb

bbb

bbb

B  

bij=ὶ
 
-2ј

2 

b11= 1- 2(1)
2
 = 1-2 = -1 

b12= 1- 2(2)
2
 = 1-8 = -7 

b13= 1- 2(3)
2
 =1-18=-17 

b21= 2- 2(1)
2
 = 2-2 = 0 

b22= 2- 2(2)
2
 = 2-8 = -6                 

b23= 2- 2(3)
2
 =2-18=-16 

b31= 3- 2(1)
2
 = 3-2 = 1 

b32= 3- 2(2)
2
 = 3-6 = -3 

b33= 3- 2(3)
2
 =3-18=-15 

 

 

 

 

 

     

       

23

33

1531

1660

1771



























B  

 

Types of matrix: 
1- Row matrix: If a matrix has only one row.  

3131 312
 A  

2- column matrix: If a matrix has only one column. 
12

12
1

2



 







A  

3- Square matrix )المصفُفتالمربؼت(: 

   If number of rows (m) and columns (n) in any matrix are equal (m=n) we said this 

matrix is Square matrix. 

Or An (m×n) matrix A is Square if (m=n), that is if A has the same number of rows and 

columns. In a Square matrix A=[aij]m×n , a11, a22 , … , ann are called the element of the 

main )ٓرئٕس( (or leading القٕادة ) diagonal. Or An 

Ex:  

           
11

3


C     A is square matrix. 
 

        
22

83

12










 
B   B is square matrix. 

 

        

33
960

723

452




















C    C is square matrix. 

 

4- Equal matrix: 

Two matrices A=[aij]m×n , B=[bij]r×s are equal if (m=r , n=s) and aij= bij 

)(1,)(1 snjrmi  ; that is , if they have the same number of rows, the same 

number of columns, and corresponding elements are equal. or Two matrix equal if and 

only if they have exactly the same elements. 

Ex: If 






















02

31
,

02

31
BA  then are A=B? 
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Solution: 








 02

31
= 









 02

31
 a11=b11 , a12=b12 , a21=b21 and a22=b22 ,then A=B because A and B 

are the same number of rows and columns and the corresponding elements are equal. 

 

The properties of equal matrix: 

1) A=A for all matrix A. 

2) A=B then B=A for all A , B matrix. 

3) If A=B and B=C then A=C for all A, B C matrix. 
 

5- Zero matrix: 

         A is matrix if all elements are zero then A is called zero matrix. We denote such a       

        matrix by ( 0m×n ) or simply by(  0 ) . If there can be confusion about its size. 

  Ex: A and B matrix are a zero matrix. 

                



























0000

0000

0000

,
00

00
BA  

6- Diagonal matrix:)المصفهفة القطرية( 
           A square matrix A=[aij]n×n is called diagonal matrix if all nondiagonal entries 

          are zero [ aij=0 for all  ὶ ≠ ј ]. We write diagonal matrix   diag(a11 , a22 , … , ann) 
 

             Ex: 



















200

030

001

A  

 

7- Upper triangular matrix: )مصفهفة مثلث علهي( 
A square matrix A=[aij]n×n echelon )ُِمسخ( form )شكل( is upper triangular  

(that is, aij=0 if   ὶ ˃ј ) or (aij≠ 0 if   ὶ <ј ), or if all element under diagonal  

are zero. 

 

         Ex: 



















200

530

321

A  

 

8- Lower triangular matrix: )مصفهفة مثلث سفلي( 
A square matrix A=[aij]n×n echelon )ُِمسخ( form )شكل( is Lower triangular  

(that is, aij=0 if   ὶ <ј ) or (aij≠ 0 if   ὶ ˃ј ), or if all element above diagonal 

 are zero. 

       ex: 



















236

032

001

A  

9- Scalar matrix : المصفهفة الثابتة  
It is a diagonal matrix that all elements of diagonal are equal to real number.  

(When aij= 0 for all   ὶ ≠ ј and aii=k for all ὶ = ј , where k is real number). 
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         Ex: 



















200

020

002

A  

10- Identity matrix (Unit matrix): )وحدة  المصفهفة )المصفهفة الاحادية 

      It is a diagonal matrix that all elements of diagonal are equal to number one.  

     Or it is a scalar matrix that all elements of diagonal are equal to number one.     

     (When aij= 0 for all   ὶ ≠ ј and aii=1 for all ὶ = ј ). We write In if we need to  

      emphasize )حأكذ( that we are referring )الاحالت( to the (n×n) identity matrix. 

     Ex: 

















 

100

010

001

333 II    ,   







 

10

01
222 II   ,    1111  II  

 

 

Algebraic operations:العمليات الجبرية 
1- Addition of matrices: )جمع المصفهفات(   

If A=[aij]m×n and B=[bij]m×n are two (m×n) matrices, their sum (A+B) is defined to 

be the matrix [ aij + bij ]m×n , where C=A+B 

               [cij]m×n = [ aij + bij ]m×n 

Notes: that this sum is defined only when the two matrices have the same number of 

rows and the same number of columns. The sum is formed by adding )يجمع( 
corresponding elements, and produces a matrix of the same size as A and B. 

 

2- Subtraction of matrices )طرح المصفهفات ( 
      If A=[aij]m×n and B=[bij]m×n are two (m×n) matrices, their Subtraction (A-B) is   

     defined to be the matrix [ aij - bij ]m×n , where  

A – B = A + (-B) 

       C = [ aij - bij ]m×n 

 

Ex: If 



















 


41

32

52

13
BandA    find 1) A+B         2) A-B 

Solution: 

1) A+B = 



















 

41

32

52

13
=  

2)  A-B = 



















 

41

32

52

13
=  

 

The properties:  

The properties of Addition of matrices: 

Let it all of A, B and C are the matrices acceptable )ملائم( (suitable) for addition in size 
(m×n) then the law is correct: 

1- Commutative law)قاوُنالخبذٔل( 

A + B = B + A 

2- Associative law: )قاوُنالخجمٕغ( 
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( A + B ) + C = A + ( B + C ) 

3- A + 0 =  0 + A = A 

4- A + (-A) = -A + A = 0 

5- A + C = B + C    if A=B 

6- If A + C = B + C then A=B 

    

      Ex: Let 



















 


152

342
,

543

241
BA . Find all the: 

1) A + B= 
 

2) A – B= 

 

     3- Multiplication of a matrix by a scalar: 

    Let A=(aὶј) of a matrix of size (m×n) and (k) be a scalar number then: 

           k.A = A.k = (k aij) 
 

      Ex: Let  



















07

41

32

A and k=3, then find k.A? 

     Solution:  

                k.A = 























































021

123

96

_0(3)7(3

)4(3)1(3

)3(3)2(3

07

41

32

3  

 

     The law for Multiplication of a matrix by a scalar: 

      Let A, B be the matrix for size (m×n) and α)الفا(, β)بٕخا( are scalar, then: 

1- 1.A = A.1 = A 

2- α (A+B) = αA + αB 

3- (α + β) A = αA + βA 

4- α ( βA ) = (α β)A 

5- 0 .A = A. 0 = 0 

 

     4- Multiplication of two matrices)ضرب المصفهفات( 
      Let A=(aὶј) for size (m×n) and B=(bὶј) for size (n×p), then A.B is defined if and only if (n=n). 

            Am×n . Bn×p = Cm×p  

 

o Notes: This product is defined only when the number of columns of matrix A  

is equal to the number of rows of matrix B . 
 

Lows of multiplication of matrices:  

Let A, B and C be any real (complex))مركب( matrices, and let (α) be any real number. 

When all the following sums and products are defined, matrix multiplication satisfies 

 :the following properties )يرضى ، يكفي(

1- (A.B)C = A(B.C) 

2- A(B+C) = A.B + A.C 
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3- (A+B)C = A.C + B.C 

4- α (A.B) = (αA)B = A(αB) 

5- ABBA ..  شكل عام(      )ب شتيطكي ةي  ةيوبة ش  In general    
6-   If A.B = 0 does not necessarily (ةبالضرور)  imply )يدل على( that 0,0  BA . 

7-   If A.B = A.C does not necessarily (ةبالضرور)  imply )يدل على( that B = C. 

8- Power of the matricesرفغالمصفُفاث: 

Let A is a Square matrix and (r) is positive real number then: 

1- A
r
= A.A. … A 

2- (A.B)
r
= A

r
.B

r
 if A.B=B.A 

3- In general 222 .2)( BBAABA   

4- If and only if A.B=B.A then 222 .2)( BBAABA   

5- If and only if A.B=B.A then )()(22 BABABA   

 

         Ex: let 















 





















22

03

11

,

212

310

132

BA  find all: 

1- A.B = 















 



















22

03

11

.

212

310

132

=  

 

2- A
2 
= 





































212

310

132

.

212

310

132

= 

 

 

Ex: let 






 








 











94

16
,

25

16
,

02

04
CBA  Show that A.B=A.C 

Solution: 
                            A.B = A.C 

       






 
















 









94

16
.

02

04

25

16
.

02

04
 

 

 

 

 

H.W: 

Ex:  1- let 




















52

00
,

07

03
BA  Show that A.B = 0 

Solution: 

      A.B = 


















52

00
.

07

03
= 
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      Ex:2-If A.B = B.A show that (A.B)

4
 = A

4
.B

4
 

            Solution:  

                       (A.B)
4
 = (A.B) (A.B) (A.B) (A.B) 

                                  = A.B     A.B    A.B    A.B  ,   A.B = B.A 

                                  = A.A.B.B.A.B.A.B            ,   A.B = B.A 

                                  = A.A.B.A.B.B.A.B            ,          ⸗ 

                                  = A.AA.B.B.B.A.B             ,          ⸗ 

                                  = A.AA.B.B.A.B.B             ,          ⸗ 

                                  = A.AA.B.A.B.B.B             ,          ⸗ 

                                  = A.AA.A.B.B.B.B             ,          ⸗ 

       

Some Type of matrices: (ثأوُاعالمصفُفابؼض)  
1- Idempotent matrix:)المصفُفتالصماء( 

If A= [aij]n×n we called A is idempotent matrix if (A
2 
= A ) 

Ex: Let 






















5

1

5

2
5

2

5

4

A show that A is idempotent matrix. 

Solution: A
2 

= A 

    A
2
=A.A=









































5

1

5

2
5

2

5

4

.

5

1

5

2
5

2

5

4

= 

 

 

2- Nilpotent matrix:)ُِمصفُفتمؼذَمتالق( 

We called for A=[aij]n×n Nilpotent matrix when: ( A
2
 = 0 ) 

Ex: Let 

























431

431

431

A show that A is nilpotent matrix. 

Solution:    A
2 

= 0 

    A
2
=A.A=













































431

431

431

.

431

431

431

= 

                

 

 

 

 

3- Involutary matrix:)المصفُفتالملخفٕت)الاحادٔت( 

We say for matrix A=[aij]n×n Involutary matrix if (A
2
 = I ) 

 

                 A.A
-1

 = A
-1

.A=I      : لىفسٍاأْملاحظت:أنالمصفُفتالملخفٕتٌٓمؼكُس    
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Ex: Let 























032

142

263

A Is A Involutary matrix or not? 

Solution:     A
2 
= I 

s   A
2
=A.A=





















032

142

263

.





















032

142

263

= 

 

 

The properties of square matrix, diagonal matrix and Identity matrix: 

1- Let A is a matrix for any number (size): 

A.I = I.A = A    that is: 

a) If A= [aij]n×n then     A. In= In . A = A 

b) If A= [aij]m×n then    Im . A = A . In = A 

2- I
r
 = I . I .I … I = I 

3- If A= [aij]n×n and S is a scalar matrix for the same size then  A . S= S . A  

4- If A= [aij]n×n and D is a diagonal matrix not scalar matrix for the same size 

 then  A . D ≠ D . A 

5- If A and B are the diagonal matrix then: A .B = B .A= diagonal matrix. 

Ex1: If 

























222

254

245

A , Show that A
2
 – 11A + 10I = 0 

Solution: A
2 
– 11A + 10 I=























222

254

245

.























222

254

245

 -11























222

254

245

+10

















100

010

001

 

   

 = 

  

Ex2: Let 











20

06
A and 










zp

yx
B , if A.B=B.A= I2. Find the elements of matrix B. 

 

Solution:       A.B = I2 

    








 20

06
. 









zp

yx
= 









10

01
 

 

 

 

 

 

Ex: Find the value of (x) if    0

1

4

120

201

012

14 































 x

x  
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4- Anti – commute matrix:)ًتبديلتان عكسيا( 
We called for A , B matrix Anti – commute matrix if ( A.B = -B.A ) 

 

Ex: Let 




















10

01
,

01

10
BA show that A.B is Anti – commute matrix. 

Solution:       A.B = -B. A 

                





































01

10
.

10

01

10

01
.

01

10
 

 

5- Trace of matrix)أثرالمصفُفت(: 

 ٌُمجمُعالؼىاصرالقطرالرئٕسٓفٓالمصفُفتالمربؼت.

Is a sum for element main diagonal in square matrix. When:  

If A= [aij]n×n then: 

 tr(A)=a11 + a22 + a33 + … + ann 

           = 


n

i

iia
1

 

     The properties of trace matrix: 
      Let A, B are two matrix for size n then: 

1- tr(A + B) = tr(A) + tr(B) 

2- If A= (aij)m×n and B= (bij)n×m then: 
a) tr(AB) = tr(BA) 

b) tr(AB) ≠ tr(A). tr(B) In general. 

3- For all A, B and C are diagonal matrix then: 

tr(ABC) = tr(ACB) = tr(CAB) = tr(CBA) = tr(BAC) = tr(BCA)  

 

   Ex: Find the trace for matrix B if 



















640

012

231

B  

 Solution: 

                 tr(B)= 332211

1

3

1

aaaaa
n

i i

iiii  
 

 = 1+(-1) + 6 = 6 

 

Ex: Find the trace for matrix C if 



























5231

0243

3422

5321

C  

 Solution: 

                 tr(C)= 
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Chapter two// 

Partitioning of matrix and partition algebraic processes: حجزئتالمصفُفاثَػملٕاثالجبرٔتبطرٔقتالخجزئت  

 Partitioning of matrixحجزئتالمصفُفاث: 

It could be distinction)حفرٔق،فصل( any matrix to the small partitions named with (sub 

matrices), by doing vertical and horizontal lines among the matrix columns and rows 

it capital symbolized )ّٔرمزال( to the sub matrix with capital letters first one for rows 

and the second for columns. 

يمكن تجزئة أي مصفوفة بأمرار خطوط افقية و عنودية بين صفوف و أعندة المصفوفة فتقسه الى أجزاء تسنى مصفوفات 
 , Aij , Bij) ( وف كبيرة مؤشرة بمؤشريين الاول لصفوف و الثاني للأعندة فتكون( ويرمز لها بحرsub matricesجزئية)

Cij , … 

Ex: 























6012

2370

2235

A  

 

 Addition of matrices by partition:)جمغالمصفُفتبالخجزئت( 
:ٔخمجمغالمصفُفخٕهإراكانمهوفشالذرجتَمجزئتبىفشالشكل.ملاحظت  

شكرابه.كخربًكًَٔيبێجَئانًٌباريمانقًربێجًٌَگًئًَيكرێىًكۆديدََڕٔزكراَي

 

Let A= ((aij)) and B= ((bij)) of the order (m×n). and let A is partition by: 





















srss

r

r

AAA

AAA

AAA

A









21

22221

11211

 

and the order of each sub matrices is: 

























rsss

r

r

nmnmnm

nmnmnm

nmnmnm









21

22212

12111

 

and let B is partition by: 





















srss

r

r

BBB

BBB

BBB

B









21

22221

11211

 

and the order of each sub matrices is: 

























rsss

r

r

nmnmnm

nmnmnm

nmnmnm









21

22212

12111

 

then A + B= 

























srsrssss

rr

rr

BABABA

BABABA

BABABA









2211

2222222121

1112121111

of size (m×n) 
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Ex: Let 



























5231

8234

5021

2334

A  and 





























4124

1023

1326

4212

B find (A +B) by partition way. 

Solution:  

A+B=

























5231

8234

5021

2334

+ 



























4124

1023

1326

4212

 

 
 

 

 
 

 

 

 Multiplication matrices by partition:)ضربالمصفُفتبالخجزئت( 
ٕٗرن ضرب الوصفْفر٘ي إرا كاى عذد الاعوذج فٖ الوصفْفح الاّلٔ هسهلاحظح: ِّ الٔ عذد الصفْف فٖ الوصفْفح الثاً٘ح.  ˶ا  

    Let A=(aὶј) for size (m×p) and B=(bὶј) for size (p×n), then A.B is defined if and only if, and  

     matrix A is partined by: 

               





















srss

r

r

AAA

AAA

AAA

A









21

22221

11211

 = 

























rsss

r

r

pmpmpm

pmpmpm

pmpmpm









21

22212

12111

 

      and matrix B is partined by: 

       





















rkrr

k

k

BBB

BBB

BBB

B









21

22221

11211

= 

























ksss

k

k

npnpnp

npnpnp

npnpnp









21

22212

12111

 

   ملاحظة: لكي يتم ضرب المصفهفة يجب أن تكهن الخطهط العمهدية للمصفهفة الاولى مساوية للخطهط الافقية للمصفهفو
BA                يكهن بشكل التالي:                                                             الثانية. فإن   



























rksrksksrsrss

rkrkkrr

rkrkkrr

BABABABABABA

BABABABABABA

BABABABABABA

BA









22111212111

22221211221221121

12121111121121111

,...,...

,...,...

,...,...

 

Or:  

























































dhcfdgce

bhafbgae

hg

fe

dc

ba

BA
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Ex: Let 



















101

023

012

A and 



















2132

0112

0111

B find (A×B) by partition way. 

Solution:  

        





























101

023

012

2221

1211









AA

AA
A         





























2132

0112

0111

2221

1211









BB

BB
B  

A.B= 








2221

1211

AA

AA









2221

1211

BB

BB
= 













2222122121221121

2212121121121111

BABABABA

BABABABA
 

 

 

 

 

 

 

 

 

 

 

 

Ex: Let 


























2112

1312

1221

0213

A and 
























110

132

011

312

B find (A×B) by partition way. 

Solution:  
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Chapter three // Same type of matrices 

 1-The transpose of matrix 

The transpose, TA , of an ( )nm matrix A is the )( mn  matrix obtained by interchanging 

 the rows and columns of A, that is, if: 

   

 
 

mnji

T

nmij

aAA

thenaA









    

Ex: 1- If 









43

21
A then 










42

31
A  

          2-If  21B  then 









2

1
B  

                  3-If 






 


641

312
C then 





















63

41

12

C  

 

        The properties of the transpose of  matrix: 

      Let A and B be two matrices suitable for adding and multiplying, and  

      α be constant then: 

1- AA )(  

2- AA   )(  

3- BABA  )(  

4- ABAB )(  

        BA   

Ex: If 









654

321
A and α=4 show that:  1) AA )(          2) AA   )(  

    Solution: 

1) AA )(  

2) AA   )(  

 
Ex: If 










654

321
A and 














313

322
B  show that BABA  )(  

    Solution: 

 

 

 

Ex: If 









654

321
A and 

























11

23

12

B  show that ABAB )(  

 

Ex: If 









654

321
A and 



















4

3

2

B  show that ABAB )(  
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    2-The symmetric of matrix: 
A square matrix A is said to be symmetric if and only if: 

       AA    where   aij=aji jandi  

Ex: Is 













32

25
A  a symmetric matrix or not? 

Solution: AA   

  

   هلاحظح// ذكْى الوصفْفح هرواثلح ارا كاى:

.لورتعح عٌاصر أعلٔ المطر ّأسفل المطر هرساّٗح هع تعضِافٖ الوصفْفح ا  1-  

.لطرٗح إرا كاًد الوصفْفح  2-  

 

 ر تێد ّ: گَ تێد ئَ ( دsymmetricٍ)  ڕٗزكراٍّ          

 كساى تي. ق َٗ ٓ چَ ٍّ ق ّ خْارٍ ٓ چَ ٍّ رٍ سَٓ (elementدا ) ٓ چْار گۆشَ ڕٗزكراٍّ  لَ -1

 ق تێد.َ ٓ چ ڕٗزكراٍّ  كَ ر ڕٗزكراٍّ گَ ئَ -2

Ex:      

         

























934

352

420

B        ,    



















100

070

006

C  

  

    
 3-Skew symmetric of matrix:(المصفُفتالملخُٔتالخماثل)مخماثلتحخالفٕت 

A square matrix A is said to be skew symmetric matrix if and only if: 

       AA    where   aij=-aji jandi  

:لرْٗح الرواثلالوصفْفح هٌُان شرطاى لوعرلح  هلاحظح//     

.الرئ٘سٖ اصفارا̋عٌاصر المطر   -1 

الرئ٘سٖ لكي تعكس الاشارج.المطر الرئ٘سٖ ًفس عٌاصر أسفل المطر  ذكْى عٌاصر أعلٔ   -2 

 

 ( تێد:Skew symmetric)  ٓ ڕٗزكراٍّ ٍّ تۆ ئَ  َٗ رج َُ // دّّ هَ    

-1 (element) ٓ َهّْٓ صفر تێد. ق  َُ چ 

-2(element) ٓ َق  َُ ٓ چَ ٍّ رٍ س ( هاىelement)ٓ  ًٍ٘شاًَ ّاًَ پێچَ  ڵام تَ ق تێد تَ ٓ چَ ٍّ خْار ٓ . 

     Ex: Is this matrix symmetric matrix or Skew symmetric matrix: 

1- 























043

402

320

A         

























024

205

450

B         













08

82
D  

Solution: 
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Theorems of the Symmetric and Skew symmetric matrix: 
1- For any square matrix A: 

a) AAAA  )( symmetric. 

 

b) )()( AAAA  skew symmetric. 

 

 

2- For all matrix A : AAandAA ..   symmetric matrix. 

 

 

3- If A and B are symmetric matrix then: 

a) AA  )(  

 

b) BABA  )(  

 

 

c) If AB =BA then BABA .)(   

 

 

4- If A and B skew symmetric matrix then: 

a) AA  )(  

 

b) )()( BABA   

 

 

c) BABA .)(   if A.B=B.A 

 

5- If AA  , BB  and A.B=B.A then A.B skew symmetric matrix. 

 

 

The complex numbersً  :الاػذادالمركبت)المؼقذة(ژماريِئاَێخ

If a , b are real number, then a+ib is named complex number , where ( 1i ).  Then a 

is named real part الجزءالحقٕقٓ()  of complex number and ib is named imaginary part الجزء(

 .of complex number الخٕالٓ(

حم٘مٖ                    خ٘الٖ 

 

     Z= a + ib   

 Ex:     Z= 3+ 2i    ,   r = 3i   ,    q = -1+4i 

 هلاحظح:

( ٗسإّ bجو٘ع الاعذاد الحم٘م٘ح ُٖ أعذاد هركثح فِ٘ا الجزء الخ٘الٖ هسإّ ٍ للصفر إٔ أى ) -1

 (.b=0صفر)

 (.a =0تالصفر ٗعٌٖ ) جو٘ع الاعذاد الخ٘ال٘ح ُٖ أعذاد هركثح فِ٘ا الجزء الحم٘مٖ هساّٗا̋ -2
 

Algebric operation of the complex numberالؼملٕاثالجبرٔتللاػذادالمركبت 
       

      Let Z1 = a + bi 

             Z2 = c + di 
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1) Addition of the two complex numberجمغالاػذادالمركبت: 
Z1+ Z2= (a + bi) + (c + di) 

           = (a + c) + (bi+ di) 

           = (a + c) + (b+ d)i 
 

2) Subtraction ofthe two complex numberطرحالاػذادالمركبت: 
Z1- Z2= (a + bi) - (c + di) 

           = (a - c) + (bi- di) 

           = (a -c) + (b- d)i 
 

3) Multiplication of the two complex numberضربالاػذادالمركبت: 
  Z1. Z2= (a + bi) . (c + di) 

           = (a.c - bd) + (cb +a d)i 
 

Ex: Let Z1 = 4 + 3i    and Z2 = 5i – 2 find  

1) Z1+ Z2                 2) Z1- Z2      3) Z1. Z2 

Solution: 

1) Z1+ Z2=(4 + 3i) +(5i – 2) = 

2) Z1- Z2=(4 + 3i) - (5i – 2) = 

3) Z1. Z2=(4 + 3i) .(5i – 2) =  
 

 

4) Multipl the complex number by real number ٓ   :ضربالاػذادالمركبتبؼذدحقٕق
Let Z= a + bi and k is real number then: 

   k.Z = k(a+bi) 

         = ka + kbi 

  Ex: Let Z = 3 +6i   and k=3 find  k.Z 

Solution: 

    k.Z= 3(3 +6i)= 

 

The conjugate of the complex numberمرافق)ئاَيڵ(للاػذادالمركبت: 

If Z= a + bi is complex number, then conjugate of Z is complex  

number (a-bi) and is symbol)ٗرهز( Z . 

     Z = a + bi 

    Z = a – bi 

Ex: If Z= 5+3i find conjugate of Z. 

 Solution:  

                 Z =   3i+5  = 5-3i 
 

 

Theorem of conjugate complex number: 

Let Z1 and Z2 are two complex number, then: 

1) 11 ZZ   

2) 2121 ZZZZ   

3) 2121 .. ZZZZ   

4) ZZ     ,  if Z is real number  

5) ZZ    ,   if and only if Z=0 or Z is imaginary number. 
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      Complex matrixالمصفُفتالمؼقذة 

      It is the matrix that contain element in the complex number. 

     Ex: 













ii

ii
A

3521

2354
           










51

34
B            












ii

ii
C

62

23
 

 الوصفْفح الوعمذج: ُٖ الوصفْفح الرٖ ذحرْٕ عٌاصرُا علٔ شكل أعذاد الوعمذج.                      

 . ٓ ئاّێرَ ژهارٍ  لَ  كاًٖ ترٗرَ٘ (elementٍ)  كَ  َٗ ّ ڕٗزكراٍّ ٗٔ: ئَ ٓ ئاّێرَ ڕٗزكراٍّ                    

 

       The conjugate of a matrixمرافقتالمصفُفت 

A matrix ))(( ijaA  of order (m×n) its named the conjugate matrix and symbolized by ))(( ijaA   

of order (m×n).   

Ex: 1) Let 













ii

ii
A

3521

2354
then the conjugate of A is 

            

























ii

ii

ii

ii
A

3521

2354

3521

2354
 

 

       Theorem of The conjugate of a matrix: 

     If A  , B are conjugate of matrix A , B matrix and α is constant. Then: 

1- AA   

2- AA .)(    

3- BABA  )(  

4- BABA .).(   

5- )()(  AA  

       

   Ex: Let 













ii

ii
A

3223

235
 , 














i

ii
B

325

31
 and α=2, find: 

1-   AA   

2- AA .)(    

3- BABA  )(  

4- BABA .).(   

5- )()(  AA  
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The tranjugate of matrix:)مبذلتالمرافقت)مرافقتلمبذلتالمصفُفت     

A matrix ))(( ijaA  of order (m×n) its named the tranjugate of A and symbolized by A
*
, 

     
)(

)()(*

A

AAA T




    

Ex: If 













ii

ii
A

222

332
find A

*
. 

Solution:  

 )()(* AAA T
)

222

332
( 













ii

ii
=  

 

The properties of tranjugate of matrix: 

1- AA )( *
   

2- 
  AkkA)(   

3- 
  )(   

4- 
  AB .).(    

 

Hermitian matricesالمصفُفاثالٍٕرمخٕت: 

The square matrix nnijaA  ))(( is Hermitian matrix if: 

   AA *
 where )()(* AAA

or
T   where   aij=aji jandi  

 

 إرا كاى المطر ٗمسوِا الٔ هثلث٘ي أحذاُوا هرافك الاخر، ّعٌاصر المطر الرئ٘سٖ أعذاد   ذكْى ُ٘رهرَ٘  هلاحظح: الوصفْفَ              

 حم٘م٘ح فمظ.                          

 ڵٔ ئحّٓ ذر تێد،  كێك٘اى ئاٍّ ق داتحشٔ تكاخ تۆ دّّ سێگۆشح َٗ ر تێد ّ چَ گَ تێد ئَ ذێثٌٖ٘: ڕٗزكراّج ُ٘رهر٘ي دٍ            

 ٓ ڕاسرٔ تێد. ق ذحًِا ژهارٍ ئل٘وٌ٘رٖ چَ  ٍّ                    

Ex: If 













55

56

i

i
A is A Hermitian matrix or not? 

Solution: AA *
 

 

 

 

Skew Hermitian matricesالمصفُفاثالٍٕرمخٕتالملخُٔت: 

The square matrix nnijaA  ))(( is skew hermitian matrix if: 

   AA *
 where )()(* AAA

or
T   where   aij=-aji jandi  

 هلرْٗح ٗجة أى ٗكْى:  ُ٘رهرَ٘  هلاحظح: لكل هصفْفَ

 عٌاصر المطر عثارج عي أصفار أّ أعذاد خ٘ال٘ح. -1

 أى ذكْى عٌاصر الوثلث العلْٕ الجزء الحم٘مٖ فِ٘ا ذسإّ ًفس العٌاصر الوثلث السفلٖ ّلكي تعكس الاشارج. -2

Ex: If 













ii

i
B

353

530
is B skew hermitian matrix or not? 

Solution: AA *
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The properties of H. matrix and skew H. matrix: 

1- For any  matrix nnijaA  ))(( , then: 

a) 
 AA Herm. 

b) 
AA Skew Herm. 

 

2- For any matrix A then: 

a) 
AA. Herm. 

b) AA . Herm. 

 

3- If A and B herm. matrix, then: 

a) k.A Herm. If k≠0 real number. 

b) k.A Skew Herm. If k imaginary number. 

c) A.B Herm if AB=BA 

d) A+B Herm. 

 

4- If A and B Skew herm. matrix, then: 

a) k.A Skew Herm. If k≠0 real number. 

b) k.A Herm. If k imaginary number. 

c) (A+B)
*
= -(A+B) Skew Herm. 

d) A.B Herm. if AB=BA 

 

5- If A Herm. and B Skew Herm. and AB=BA, then AB Skew Herm.matrix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


