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Chapter one//

Matrices(<lé siadll) (05)S3 )

Matrix: An (mxn) real (complex) matrix A is an array of real (complex) numbers a;;
(1<i<m , 1<j<n)arranged (<ix) in (M) rows and (n) columns, and enclosed by

brackets (_«$#), as follows:

a; &, - &, ay 8, &y
a a a a a a
A= .21 '22 2n or A— .21 .22 2n
Ay Qnp o Ay mxn Any App Ay mxn

A matrix can contain any number or any function as its elements and each unique
(Lglg « 4s58 00 & 3) data (any number, symbol (4, <L) Or expression (Jlwayy)) is called the
elements of the matrix.

Notes:
a) If Ais (mxn), then m is number of rows in the array (4atww).
b) If Ais (mxn), then n is number of columns in the array.
c) The size (or order) of the matrix is (mxn).
d) The a;; appears(x£) in the ith rows and jth columns.
e) The numbers of are called the elements (,»<ls) of the matrix.
f) The notation is sometimes abbreviated(»<33z) to [a;] , or [aij]n«n if we wish to
specify(J«i) the size of the array.
EX:

1 2 -3 : . _
A=L 0 6 } is a 2x3 matrix in which a;;=1, a;,=2 , a;3=-3 , a,1=4 , a»=0, a,3=6
2x3

1 -2
B=|3 4 is a 3x2 matrix in which by;=1, by,=-2, b»;=3, b»n=4, b3;=5, b3,=7
5 7

3x2
NOtE: Ugguns paliall ares zhasul (Sar Allall oda a5 Al Glal) sy & dgbanll jualic (<o 38

594 19y (Alwlh Ay AISASAy 9g0dd (pigina USIS pdl (ln ddidl dgf ,S 3 1SSy dgdifigdd o Elibiaa

EX: find the elements of matrix A=( a;) for size 3x2. Where aij=i2 +3j
Solution:

a; a,
A3><2: a, Ay
a3l a32 3x2

a;=1°+3j
ap= (1)*+3(1) =1+3=4
ap= (1)+3(2) =1+6=7

an=(2)°+3(1) =4+3=7 4 7
dpr= (2)2"' 3(2) =4+6 =10 = - A=|7 10
az= (3)%+3(1) = 9+3 =12 h

az,= (3)%+ 3(2) = 9+6 = 15 12154,



Ex: find the elements of matrix B=( by;) for size 3x3. Where b;;=i-2j
Solution:
bll b12 b13
Bss = b21 b22 b23
b3l b32 b
bij=‘l -2j2
b= 1-2(1)*=1-2=-1
b= 1-2(2)°=1-8 = -7
bys= 1- 2(3)% =1-18=-17
by=2-2(1)°=2-2=0
b= 2-2(2)°=2-8=-6

bos= 2- 2(3)2 =2-18=-16 1 -7 -17
by =3-2(1)’=3-2=1 —B.-0 6 16
b= 3-2(2)°=3-6 = -3 L 3 15
b3s= 3- 2(3)2 =3-18=-15 3x2

Types of matrix:
1- Row matrix: If a matrix has only one row. A ,=[2 -1 3],

. . 2
2- column matrix: If a matrix has only one column. AM:[J
2x1
3- Square matrix (daall 48 siuaall):
If number of rows (m) and columns (n) in any matrix are equal (m=n) we said this
matrix is Square matrix.
Or An (mxn) matrix A is Square if (m=n), that is if A has the same number of rows and
columns. In a Square matrix A=[a;]mxn , 811, 22 5 -.. » ann are called the element of the
main (=) (or leading 3:.ah) diagonal. Or A,

Ex:
C=[-3], Aissquare matrix.

2 — . )

B= B is square matrix.
_3 8 2x2
2 5 4

C=|-3 2 7 C is square matrix.
L 0 _6 9 3x3

4- Equal matrix:

Two matrices A=[ajj]mxn , B=[bjj]r«s are equal if (m=r, n=s) and a;= by;

1<i<m(=r) , 1<j<n(=s) ; thatis, 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 A:{ ! 3} : Bz[ 12 2} then are A=B?

-2 0



. 1 3 1 3
Solution: { 5 O} :|: 5 0:| a11=b11 , a12=b1, , ax1=b,; and a,,=b,, ,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 ( Omxn ) or simply by( Q) . If there can be confusion about its size.
Ex: A and B matrix are a zero matrix.

0 0
A= , B
6- Diagonal matrix: (4 hal) 4éssaall)

A square matrix A=[a;]nxn is called diagonal matrix if all nondiagonal entries
are zero [ a;=0 for all i#j]. We write diagonal matrix diag(ai; , @z, -.. » ann)

Il
o O O
o O O
o O O
o O O

1 0 0
Ex: A=[0 -3 0
0 0 2

7- Upper triangular matrix: (gsle &uia 4d5haq)

A square matrix A=[ajj],xn echelon (s i) form (Js&) is upper triangular
(thatis, a;=0 if i>j) or (a;j# 0 if i<j), or if all element under diagonal

are zero.
1 2 3
Ex: A=|0 -3 5
0 0 2

8- Lower trianqular matrix: (&,Jiz.... dulia Z\éjm)

A square matrix A=[ajj],xn echelon (s sie) form (Js&) is Lower triangular
(thatis, a;=0 if i<j) or (a;#0if i>j), or if all element above diagonal

are zero.
1 0 O

ex: A=l2 -3 0

6 3 2

9- Scalar matrix : dill) 48 siaall
It is a diagonal matrix that all elements of diagonal are equal to real number.
(When a;;=0 for all i# jand a;=k for all i = j, where k is real number).




2 0 0
Ex: A=0 2 0
00 2

10-Identity matrix (Unit matrix): (duslay) 4dshuaall) 4dsiaall Baag

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 a;;=0 for all i#jand a;=1foralli=j). We write I, if we need to

emphasize () that we are referring (&wY') to the (nxn) identity matrix.

1 00 10
Ex: I;=l,,=10 1 0] , |2:|2X2:{0 J ' Il:lbd:[l]
0 01

Algebraic operations:diyall cibilel)
1- Addition of matrices: («lésiwaall zaa)
If A=[aij]mxn @nd B=[bjj]mxn are two (mxn) matrices, their sum (A+B) is defined to
be the matrix [ ajj + bjj]Jmxn , Where C=A+B
[Ciilmxn = [ @ij + Dij Imxn
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 (ze)
corresponding elements, and produces a matrix of the same size as A and B.

2- Subtraction of matrices (<lésiadl) 7k )
If A=[ajj]mxn and B=[bjj]mxn are two (mxn) matrices, their Subtraction (A-B) is
defined to be the matrix [ a;j - bjj Jmxn , Where
A-B=A+(-B)
C = [ &jj - bij Imxn

3 -1 ~2 3
Ex: If A{ }and B{ } find1) A+B  2) A-B
= 2 5 1 -4

Solution:

3 - -2 3
1) A+tB= + =
2 5 1 -4
3 -1 -2 3
2) A-B = - =
2 5 1 -4
The properties:

The properties of Addition of matrices:

Let it all of A, B and C are the matrices acceptable (~3w) (suitable) for addition in size
(mxn) then the law is correct:
1- Commutative law(dssh o sd)

A+B=B+A
2- Associative law: (&=l & 5i3)




(A+B)+C=A+(B+C)
3- A+t0=0+A=A
4- A+(-A)=-A+A=0
5- A+C=B+C IifA=B
6- IfFA+C =B+ Cthen A=B

Ex: Let A:{1 4 _2} , B:{_2 4 3]Findallthe:
— 3 4 5 2 5 -1

1) A+B=

2) A—B=

3- Multiplication of a matrix by a scalar:
Let A=(ay) of a matrix of size (mxn) and (k) be a scalar number then:
kA=Ak=(k aij)
2 3
Ex: Let A=|-1 4|and k=3, then find k.A?
7 0

Solution:
2 3 32) 303) 6 9
KA=3|-1 4|=3-1) 34)|=|-3 12
7 0 3(7) 30_| |21 0O

The law for Multiplication of a matrix by a scalar:
Let A, B be the matrix for size (mxn) and a (&), B (Yx) are scalar, then:

1-1A=A1=A

2-a (A+B) =0A + aB
3-(a+p) A=0A +BA
4-a (PA) = (e P)A
5-0.A=A.0=0

4- Multiplication of two matrices(<lésiuaall wpa)
Let A=(ay) for size (mxn) and B=(by;) for size (nxp), then A.B is defined if and only if (n=n).
Amxn . anp = mep

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)(«<x) matrices, and let (a) be any real number.
When all the following sums and products are defined, matrix multiplication satisfies
(A ¢ #ax) the following properties:

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

2- AB+C)=AB+AC




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

4- o (A.B) = (¢A)B = A(0B)

5- ABz2BA (L JS) 225 Suwsss 4 INgeneral

6- If A.B =0 does not necessarily @, malty) Imply (e Juy that A0, B=0.

7- 1f A.B = A.C does not necessarily ,gmatls) imply (s ju) that B = C.

8- Power of the matrices cid siuadl) 2 );

Let A is a Square matrix and (r) is positive real number then:
1- A=AA....A

2- (A.B)'= A".B"if AB=B.A

3- Ingeneral (A+B)*=A*+2AB+B?

4- 1f and only if A.B=B.A then (A+B)*=A? +2AB+B?

5- If and only if A.B=B.A then A>’-B?=(A—-B) (A+B)

2 3 1 1 -1
Ex:let A=|0 -1 3| , B={3 0 |findall:
2 1 2 2 2
2 3 1]|1 -1
1- AB=|0 -1 3.3 0 |=
2 1 2(|2 2

Ex: let A{_4 O} , B:[6 _1} , C:[6 _1} Show that A.B=A.C
- 2 0 4 9

Solution:
AB=AC

ook B o Sl

H.W:

Ex: 1-let A=3 0 , B= 0 0 Show that A B=0
- 7 0 -2 5 -
Solution:

A= ol of



Ex:2-If A.B = B.A show that (A.B)* = A*.B*
Solution:
(A.B)* = (A.B) (A.B) (A.B) (A.B)
=AB AB AB AB,- AB=BA
= AABB.ABAB - AB=B.A
=AABAB.BAB
= 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

A\N

- - » » - -
W W W n

Some Type of matrices: (< siad £/sif iz
1- Idempotent matrix:(slaal) 43 siaall)
If A= [ajj]nxn We called A is idempotent matrix if (A’=A)

4 -2
Ex: Let A= _52 513 show that A is idempotent matrix.
5 5 |
Solution: A= A
4 2014 -2
2_ - 5 5 5 5 |=
AEAA -2 1f=-2 1
5 51L5 5

2- Nilpotent matrix:(s.sill da sira 48 sias )
We called for A=[aj].xn Nilpotent matrix when: (A?=0)

1 -3 -4
Ex: Let A=-1 3 4 |show that A is nilpotent matrix.
1 -3 -4

Solution: A?=0

1 -3 —4][1 -3 -4
A=AA=|-1 3 4 ||-1 3 4 |=
1 -3 -4[[1 -3 -4

3- Involutary matrix:(dsay) ) dudilal) 43 siaal))
We say for matrix A=[a;j].x, Involutary matrix if (A*=1)

AAT=Z ATAS] ol Ll G gSna A Agdilal) 48 ghuaad) o) ;AN



-3 -6 2
Ex: Let A= 2 4 -1|ls A Involutary matrix or not?
2 3 0
Solution: A’=1
-3 -6 2||-3 -6 2
s AZAA=|2 4 -1[|2 4 -1|=
2 3 0 2 3 0

The properties of square matrix, diagonal matrix and Identity matrix:
1- Let A is a matrix for any number (size):
Al=1A=A thatis:
a) If A= [ajj]nxnthen A l=1,. A=A
b) If A= [ajj]mxn then 1, . A=A .1,=A
2- 1"=1.1.0...1=1
3- If A= [ajj]n«n and S is a scalar matrix for the same size then A.S=S. A
4- 1f A= [ajj].«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.

5 4 -2
Exl: If A=| 4 5 -2/, Show that A>-11A + 101 =0
—2 -2 2
5 4 -2][5 4 -2 5 4 -2 100
Solution: A>~11A+101=| 4 5 -2|.|4 5 -2|-11|4 5 -2|+10/0 1 O
2 -2 2||-2 -2 2 2 -2 2 001

y

Ex2: Let A:{6 0 }and B:{X
- 0 -2 p z

} , If A.B=B.A= |,. Find the elements of matrix B.

Solution: AB=1,

BRI

2 1 X
Ex: Find the value of (x) if [x 4 1]/ 1 0 4 |=0
0 2 1



4-  Anti — commute matrix:(buse lbag)
We called for A, B matrix Anti — commute matrix if (A.B =-B.A)

1
0
Solution: AB=-B. A

5 ollo o il o

5- Trace of matrix (& siasll i)

Ex: Let A=[(1J } , B{(l) OJ show that A.B is Anti — commute matrix.

Ay jal) 48 ghiaal) (A i ) SlRY jualind) £ gaa 2
Is a sum for element main diagonal in square matrix. When:
If A= [ajj]nxn then:
tr(A)=a11 +ayptaxgt...tag

n
= 2 q;
i=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)mxn and B= (bij)nxm 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)

1 3 2
Ex: Find the trace for matrix Bif B=|2 -1 0
0 4 6
Solution:
n 3
tr(B)= X ;= a;=a,+a,+a; = 1+(-1) +6 =6
i=1

i=1

-1 2 3 5
Ex: Find the trace for matrix C if C= j g §
1 3 -2 5
Solution:
tr(C)=

10



Chapter twor/
Partitioning of matrix and partition algebraiC Processes: i s i by &yl cisles 5 i shad) 4 323
e Partitioning of matrix<i siaal) 45 jas:
It could be distinction(d«<? «:,85) 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 (' J«.») to the sub matrix with capital letters first one for rows
and the second for columns.
Cilaghas eud si)pl (Jf @udis Aghuall Bues] 9 Bgho (ras Agagas 9 A8 Jaglas i pely Adgiuas (5 4033 (Sey
(Aij ) Bij, ) 05558 Buasdl N 9 agiual JodI Cug sdhes Bdiha BasS a9 0w gl 309 (SUD Matrices)asje

Cij,...
5 3 -2 2
Ex: A=l0 7 3 2
-2 -1 0 6

e Addition of matrices by partition:(&ijaill 48 siaal) zaa)
(S (il A e g A ) (ol (o (LS 1) (38 leaiall pan ol sAliadle
Ol S (g iS4y b g0 g Culd (e AR (Jledd g s AR 5 g S0 3S 0 9) S Juy 999

Let A= ((a;;)) and B= ((bj;)) of the order (mxn). and let A is partition by:

A, A, A
A Ay A, o A
&1 A&z &r
mxn,  mxn, .. mxn
. . m, xn m, xn -+ M, XN
and the order of each sub matricesis: | 2. * 2 % | 2T
m,xn, m xn, m, xn,
and let B is partition by:
B, B, ... By
S
le BsZ Bsr
mxn,  mxn, .. mxn
. . m, xn m, xn -+ M, XN
and the order of each sub matricesis: | 2. * 2 ? | 2o
mSan msxnz msxnr
A&.l+Bll 'Al2+812 A1r+Blr

then A + B= A21+le A22+Bzz A2r+BZr

of size (mxn)
A51+le AE2+BSZ Asr+Bsr

11



4 3 -3 2 2 -1 2 4
1 -2 0 5 6 -2 3 1], ..
EXx: Let A= and B= find (A +B) by partition way.
4 3 8 3 2 0 -1
-1 3 5 -4 2 -1 4
Solution:
4 3 -3 2 2 -1 2 4
A+B= 1 -2 0 5 N 6 -2 3 1
3 2 8 3 2 0 -1
-1 3 2 5 -4 2 -1 4

e Multiplication matrices by partition: (&ijaill 48 siaall o )

ANl A8 giaal) A Cosiiall dae (A1 s gbua (oY) A8 siiaall 8 Baae V) 22 IS 1Y) (8 siaal) i o rddaa Sl
Let A=(ay) for size (mxp) and B=(by;) for size (pxn), then A.B is defined if and only if, and
matrix A is partined by:

Ay A, A mxp, mxp, ... mMxp,
A Ay A, o Ay - m,xp, MyxXp, - MxpP,
A, A o A Mmxp, Mgxp, - MgxXPp,
and matrix B is partined by:
By B, ... By Poxny Ppxny ... Pypxny
B= B,y By - By - Po XNy PypxNy -oe Py XNy
Brl Br2 e Brk PexNy  PyxNy --o Poxy

adghaall LadY) haghill diglua (Ag¥) dbghaall Luygand) Jaghdll o< ¢f cuan dbghuaal) upda oy <1 142D
1 AN I8 5 Ax B old LAl

AB,+A,B, +.+AB,, .. ,AB,+A,B,+ ... +AB,
AB= A21Bll+AZZBZ.1+"'+A2rBrl’ "'7A21Blk.+A2282k+ +A2.rBrk

A%1811+A%2821+---+A%r8r1' ""AElBlk+AEZsz+ A%rBrk
or:

a : ble : f ae+bg : af +bh
AxB=|--- : = :

c : dilg : h ce+dg : cf+dh

12



2 10 1110
Ex:Let A=|3 2 Oland B=|2 1 1 0|find (AxB) by partition way.
1 01 2 312
Solution:
2 0 1 1 1 : 0
A{AM Am}: 3 2 0 B{BM Blz}: 2 1 1 ¢ 0
Ay Ay By By ’
1 0 : 1 2 3 1 : 2
A B: |:A11 AJ.2:| |:Bll BlZ:| o |:AilBll + AiZBZl A11812 + A12822:|
A21 A22 BZl BZZ AZlBll + A22 BZl AZlBlZ + A22 BZZ
31 2 O 2 1 3
-1 2 -2 1 1 -1 0f,. ..
Ex: Let A= and B = find (AxB) by partition way.
1 3 -1 3 1
1 -1 2 0 -1 1
Solution:

13



Chapter three // Same type of matrices

1-The transpose of matrix
The transpose, A", of an (mxn) matrix A is the (nxm) matrix obtained by interchanging
the rows and columns of A, that is, if:
A= [aij men then

A =A=[a]

1 2 1 3
Ex: 1-If A= then A'=
3 4 2 4

1
2-1f B=[L 2] then B':M

2 1
}then C'=l1 4
-3 6

3-If C= 2
1 6

The properties of the transpose of matrix:
Let A and B be two matrices suitable for adding and multiplying, and
a be constant then:
1- (AY=A
2- (@A) =a A
3- (A+B)=A+B’
4- (AB)' = B'AY
A B’

1 2 3
Ex: If A:{4 e 6} and a=4 show that: 1) (A)'=A 2)(cA) =a N

Solution:
1) (A)=A
2) (aA)=a /N

Ex: IfAle1 2 3}and B:[2 2 S}Showthat (A+B)= A'+B'

6 3 -1 -3
Solution:
2 -1
1 2 3
Ex: If A:{4 e 6}and B=|3 -2|show that(AB)' = B'A’
1 -1
-2
1 2 3
Ex: If A:{4 c 6}and B=| 3 | show that(AB)' = B'A’
4

14



2-The symmetric of matrix:
A square matrix A is said to be symmetric if and only if:

A'=A where a;=g; viand j

5 - . .
Ex:Is A:{ ) 3 } a symmetric matrix or not?
Solution: A'=A
(oS3 Alilaie 48 gaiaall () S5 //Adaa S
Lpany ae A sbdia phadll Jauf g phadll ef jalic day jall 4 ghiadl 8 -]
Ak ddaadl Ky D
L5 by &4 Catea (Symmetric) o5l S n )
O Sy (a0 g0l 53 5 (Gt (50 90 A s(element) 1345 Rl sa so s S 0y 4l -]
Ll (B (o9l S Sy aSe sl Sy ASAELD
Ex:
0 -2 4 6 00
B=|-2 5 -3 , C=|0 70
4 -3 9 0 01

3-Skew symmetric of matrix: (Aillis dlilaia) Jilail) 4y gilal) 48 siaal)
A square matrix A is said to be skew symmetric matrix if and only if:
A'=—A where ajj=-a; Viand j

- Jiail 4 gile 48 ghmall 43 el a5 Gllia //ALss e
A i) )l Rl ealie -1
5NN oy (Y (il ) Jid puslic: s ) I e sl (585 -2

1 (Skew symmetric) sl Sy o A0 51448 7 A 553 //
V b e s 9sedd G s(element) -1
AL o4l a4 Y4y Cul s oo o)A s(element) Glets Gt 5o s (s(element)-2
Ex: Is this matrix symmetric matrix or Skew symmetric matrix:
0 -2 3 0 5 -4
-2 8
1- A=| 2 0 4 B=-5 0 2 D:80
-3 -4 0 4 -2 0
Solution:

15



Theorems of the Symmetric and Skew symmetric matrix:
1- For any square matrix A:
a) (A+A)=A+Asymmetric.

b) (A-A)'=-(A-A")skew symmetric.
2- For all matrix A : A.A" and A’. A symmetric matrix.

3- If A and B are symmetric matrix then:
a) (¢A'=aA

b) (A+B)=A+B
c) If AB=BAthen (AB)=AB

4- If A and B skew symmetric matrix then:
a) (@A)'=—aA

b) (A+B)'=—(A+B)

c) (AB)Y=AB if AB=B.A

5- If A=A, B'=-Band A.B=B.A then A.B skew symmetric matrix.

The complex numbers 4 s go baj (Baiaall) 4.8 yall JlacY)
If a, b are real number, then a+ib is named complex number , where (i=+-1). Then a

is named real part4Ldsy £ iat) of complex number and ib is named imaginary part <)
(A2 of complex number.

b
Z=a+ib
Ex: Z=3+2i , r=3i , q=-1+4i
A.L:;)uo
s (D) O 6l siall (5 sl (AN ¢ 3all L A8 ya dlac] o Aiiall o) ares -]

(b=0)_2=
(8=0) ny sialh’l e a8all ¢ Jall Led 4S je dae] oo LA Sae Y] pes -2
Algebric operation of the complex number 4 sall 3ae 3 45 juad) cilbilaal)

Let Z; =a+bi
ZZ=C+di

16



1) Addition of the two complex number 4 sall JasY) 2
Z,+ Z,= (a +bi) + (c +di)
=(a+c) + (bit+di)
= (a+¢) + (b+d)i

2) Subtraction ofthe two complex number 4 !l Y 7 b
Z,- Z,= (a +bi) - (c +di)
=(a-c) + (bi-di)
= (a-¢) + (b-d)i

3) Multiplication of the two complex number 4 sall laeY) g i ;
Z,. Zy= (a+bi) . (c +di)
= (a.c - bd) + (cb +ad)i

Ex:LetZ;=4+3i and Z,=5i-2find
1) Z+ Z, 2)Z-Z, 3)Zy. 2

Solution:

1) Z+ Z,=(4 + 3i) +(5i —2) =
2) Zy- Zy=(4 +3i) - (5i —2) =

3) Zy. ZZ=(4 +3|) (5| —2) =

4) Multipl the complex number by real number (s s 48 jal) JaeY) oy

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 number 4 yall 33e3 (Jo o) 38) sa;
If Z=a + bi is complex number, then conjugate of Z is complex
number (a-bi) and is symbol(<_») Z .

Z=a+hi
Z=a-hi
Ex: If Z= 5+3i find conjugate of Z.
Solution:
Z = 5+3i =5-3i

Theorem of conjugate complex number:
Let Z; and Z, are two complex number, then:

1) Zl :Zl

4) z=z , if Zisreal number
5) —z=Z , ifand only if Z=0 or Z is imaginary number.
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Complex matrix 3l 43 giaall
It is the matrix that contain element in the complex number.

4+51 3-2i 4 3 3 2
Ex: A= _ . B= C=l .. .
1+21 5-3i 15 -21 6i
saiaall slac| J3 e W jualic 5 gind il 4 sheadll 4 3aiaall 4 siiadll
A% 5L o ke 54l ady n SlSs(element) 48 4w 5) S iy s i s go 5l S

The conjugate of a matrixa siuaall 43 ya
A matrix A=((a;)) of order (mxn) its named the conjugate matrix and symbolized by A=((&;))
of order (mxn).

4450 3-2i
1+2i 5-3i

A 4+5 3-2i B 4-51 3+2i
11+2i 5-3i| |1-2i 5+3i
Theorem of The conjugate of a matrix:
If A , B are conjugate of matrix A, B matrix and a. is constant. Then:

1- A=A

Ex: 1) Let A :[ } then the conjugate of A is

5- (A)=(A

5-3i 2-i 1-3i i )
Ex: Let A= I I_ , B= ! I | and a=2, find:
3+21 2-3i 5 2-3i
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The tranjugate of matrix: (48 siaaal) Aol 488) 1a)A88) yal) i
A matrix A=((a;)) of order (mxn) its named the tranjugate of A and symbolized by A",

A*=(K)T =(A)

Ex: If A= {2 3 3+I}f|ndA
2421 2-i
Solution:
. = 2-3i 3+i
A =(A) =(A)= =
(A) =(A) {2+2i Z—J)
The properties of tranjugate of matrix:
(A) =A
2- (kA)"'=k A"

3- (A+B)"'=A"+B"
4- (A.B)'=B". A

Hermitian matrices die gl cild siaall;
The square matrix A=((a; )) .., is Hermitian matrix if:

A" =A where A" =(A)" = m where a;=a; Viand j

el I Gkl jalic 5o AY) G e Laataal ilia ) leandy jladll IS 13) 4dia jua () oS5 48 siiaal) :Adaa e
N 'ﬁé ......w"
(i 55 A e s SIS A5 B 550 5 IS S0 A 5y A e (e y Bl S 1
.Q._‘:\e - \JV (5EJLA5 1 e - > y .-.w ws: BJ
6 5+

5-1i -5

Ex: If A :{ '} Is A Hermitian matrix or not?

Solution: A" =A

Skew Hermitian matrices 4 silall dia ygll cild siuaall;
The square matrix A=((a;)) .. is skew hermitian matrix if:

or —
A" =— A where A"=(A)" = (A") where aj=-a; Viand |
1055 O o sl 4ia jaa 4dghiae IS iAlas O
Ads slaed ff jlaal e 5 ke pladl palie ]
BOEY) Sy S0 i) Caliall pualiadl (i (5 sbui Lgad sl ¢ Jadl (5 slal) Bl pualic (y5S30f 22

0 —3+5i
Ex: If B:[3 !

) 7 |is B skew hermitian matrix or not?
+5i 3i

Solution: A"=—A
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The properties of H. matrix and skew H. matrix:
1- For any matrix A=((a;)) .., then:

a) A-+A"Herm.
b) A—A"Skew Herm.

2- For any matrix A then:
a) A.A"Herm.
b) A".AHerm.

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.
) (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.
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