31 0y o
LEIUY
c-hL-A.U dalall :\.:“J.g.,\l‘

oy ) Gl o) (S Jui 0 0 g0

Cil byl

Lol guslanll Caall

SL>Xl g4l

R
.
-

T 183 9 b Maatnns i)

aY VNV [ 2y EvA Loald) da e




® 6 ® ¢ ¢ ¢ o o ¢ o o ¢ o o
:&.‘.En."dd.:gl.ié.".ﬁ,.&q“ :E.En.”di_L:gi_o.Lﬁ".ﬁ_,_&qﬂ

viilqulll od alglaigoey gingg Gl gjgy qalall oJI 1alviwl

anlioll dololl dypaoll drowyl dadanllg gédgoll

www.manahj.edu.iq

) @ manahjb
manahjb@yahoo.com

Info@manahj.edu.iq

wUhll Al owd



. "

Aol

b8 sl Sur 3 \,bjcuuu;\@u.\,@uemww‘Jﬁu‘,.ﬂ\uﬁu,e.b.u.s
\,}bww.\,\}‘uwu\}wm\gw\w\guf\uwwun&,g\.M
M\@Mﬁ#‘w‘@&)wv‘jdﬁ‘\Wd\ﬂ\ﬂd\é}j,ﬁ‘&@ﬁ\“}cb)b
B Slgd cisully §yladl oiles ;u,\@u.wx)ﬁm@\ Slesly I B dols y adlaly
VPR WL VYR SIS DI PR JUPCC PR AU P W1 PR SV SONE JUIE SRS ROV S
- L s Cilitns Tadad) Sl I 3 DL I pealis

e il ¢ Aol 8y pas SLoly I aliog dole 8y gz iyl malldl gl Ao 5 00 By
L SV g [ codadl oslad! Gl i) ksl g 525 ¢ 5 s o ST

I3l ¢ g A B QLS 1 830 a5 31 ¢ sl Sl ) s oo Bk 5T g 5 )
RS E PR NP C e SSVRR PR E N PP G W OV P g (AR T  P  WeF |
LtV A 5 a5 oS sl oldie | |y el LS 5 (S Sl i gamee

(@B (o SNy ik g 5l ¢ shodl) diaians Bby el ¢ bl e s gl wih SW) Ladd) Ll
L b e pdd ST oS AN Y ol SN B e (ST A L) Al (1 I

el oAl Gl ALl Jpl Wl olizadl le GBI Jeaddl el
Py el g il g aw gel) Aacdll im sy J gy Bt e g A1 (6 janall g (ool @l
wujuﬂj\}:\.,w.ﬁ\d\jﬂ\éw\b\gz\.ﬁ..m.:.‘\QQ:)&\}:)&\Q\J%}SUMOQF«))QMU
Aol i ol 1 G sl ¢ 5) cailidas 5 oSl ¢ g 30 Ao (6 g sl ol I Jaddl B s o
et

s ALl 3ol 5 &SI g Bt 28 L8 gl g B ol ) gl SBLSS slom) e 1S ) o5
QY;M‘&}’}‘J“W&‘M‘G}:’U@\)ﬁM‘QM‘?W}QM‘)WJE;MOHJ
(JH Ayl i 1y ileolall NG Lo B ealill e el gl 5 il lid)

Al | DYl (O il fuzd e VAol SNl o s S 0 0d

hew gl 83Le o sodall ald) Gl B SR d s U AST eeas i Y1 feadd) b
Rilarll e Ty (65 gond! BUWY! oalin s Bubalaskl Sl gadly o g 1 ) JU Alkaslly el
cole s sl adg

Sl ol g J5ladly Aa) 5 3 ) Al Slidad) e DS g8 3 g 5 SN il B 89, B9
W&\JMUL—P\J}‘J&AUL&J\\Mubyﬁb\ﬁmu&a\.\.@.’w}ajc4.9}..\\
el B QAN 3 g a1 Bl e e Sl dd- \)ago\,ﬂd\u).\f\.ﬁ@)

j\W}M}‘ﬁ)ﬁ‘&Q}UM‘&;L—QMJJS.QWJ.A)cAKJQQWJA;OJSO\U}MT
aﬁ#’jqbﬁ‘;\;?eMY\onWY‘gjs‘y

Gl Iy iy
bl ik



ilygianl




do0) clea)

Chapter One

Complex Numbers is i sluey
AL SlAeY e pore gy I dn |
S AL slae] de g Jo L
S AT sl B8

(SA saald Al 504

C 5 Tnd Uslall Jo

AS A SN i Jotad]

kX3

S saal dedadl] i)l

Alstd & s
Aol 1 AN el of jo,dl ol
Rz =x=rcos® |R(2:Z sasl aadlieds
Iz =y=rsing |1(2):Zsel Lol g d
arg (z) =0 Z Syl sanll iz
r=||z|]| = mod z Z Syl sasll yulido
LHS X))l
RHS oc¥l bdall
W AT olac
N FIPTRN | BNIOSY/
7 Al alacX]
Q Acanil) slac¥
R daadl slacXl
C LS, lacX]




[wn el L pars gy ) E2 ] [1-1] j

J> dr @l Wb ey (Linear Equation)) ik sl o dludl O siall B L ys o
cides Asles LY L a3 sV s pams S 1

Y g g i sl is e B o Lgas e ¢ 5 W (e Ao ) Wslaedd Ll s s
Coodas oS (X2+4X+ 5=0). (X2+ 1=0): omw\p@}qauug&@.\zﬁ
Y1 A8 g b o Ll s Y Wl Das (D? — 4AC) 1ot 05 ) ! SNalall O
Ad i

.-

g 35 A oo dmigdl g & 5 i) Olidadd) s syl ‘; Yslall oda is y 4gd O
g 3230 050 D g 1y LS A el is sams & Lgis pow gl 88 sacms I Ak i) 3lus Y] i pors
el Vi Ll s

(1) Gole an o Lo Iade 44y (X=—1) 5 (XP+1=0) Wsldl | &5 Loie L)
Aot B ) oy (1) jo Jldd jo gy o b g2y VST (S gl 30 5y 2 s M
c b)) 5l adl e O 5 N 3] e d g2 5 (Imaginary Unit)

Pl gl igdy ¢ o il il 1 Lo A SIS iy ) ol g1 lomy (1) 31 O
:&J@\m@\gw(i)sﬁ

ir= -1

P’P=i1i=(1.i=-

it=1i"1"= (-1)-1) =1

i7=i%i= dH"i=(1LH"i=-

i = i*i=d@H*i = -1H)"i =11 =i
i7= (Hti=(d@H*'i=cDh*i-=i

iP= i'%i = (d@H%i = -1Hhy*.i=1i




O35 Aals §) g

i"r=i', n€Ew, r=0,1,2,3 ¢

whole Numbers

W={0,1,2,. . } Eo

{11, 1,1 }ie pomll polic do) 0 4S5 ELIB (o g oo Sl (1) @8y e Sl 2y M

(1) Vi WY Pgu‘j 4 & (1) u‘ir"& Eo

Bl sl )l st JB (e g 58 5 /
1 U156 s5lue 4 Je 25 1end €U 0Y =1 el
3 BU524 65w 4 Je 99 I £L OY i”=1*=-i

(a) i16

(a) i'°
(b) i*®

(61

(dyi®-

(b) i58 (C) i12n+93 (d) i—13

_ 4(4)+0 i0: 1

8 b
:%yﬁk«q‘@&gbgﬁ\

_ 4(14)+2 i2 _ _1
112n+93_ 34 311 ' 423 +1
% = (L™ ' =1 (i)
:16
1 ] L)
. = . :l3:_l
113 113

P Y Ll s sse Y Ll piall LIS LSy @

[[M

J-16 =16 . J-1=4i
J=25 =425 . J-1=5i
Jo12 =12 . C1 =230
J=15 =415 . J-1=4/151



S iole 8y sy

J-a=+a .J-1=+ai ,va=o0

sie b dd> sus @ o (a+biy suall s 13U sl il e L as OF day O
¢i=/—1 ¢ i

OS5 bae 1= -l O Ssuse ab e € —atbi el gl

S 052 b ony ( Real Part ) 2431657 @ o «(Complex Number)
a +bidal Jiy € ;o /b a8l el &e soms JI 30 5 . (Imaginary Part)
coS Al sdel & ) T dgslad) diad!

Cj)ﬂ/IJELde.,.%‘_')&afc:a+b195y J&gl&'
(a,b) asasll ,L "

01y . (,0) sl a+0i JSadb anlss’ (s a Add) sualld WSl g 0L Olsus bya of 3
. i=0+1i o0 i< (0,1 ):0'é> (Imaginary Unit) i sl

s4a)ly (pure Imaginary Number ) cou, Jsssae (0 , by < bi sualJ
. (Pure Real Number) co; ii>sucal (a,0) < a=a+0i

3 Asdlejmy -2 (il 05 S ke 220+ 31 sualld

0 Josdlejmry -2 (i 05 ¢ S asue -2 sdadl g

-3 Gemdlejry 0 dddHejr oS eous b 31 suadill




t a+bi 8y s Je iV slueYl LS

a)-5  bV-100 O-1-v-3 d)”\ﬁE
a) —5=-5+0i

b) V=100 =v100+/~1=10 i=0+10 i

) -1 —v/-3=-1-31
d)1+\/ﬁ_l+\/ﬁi 105,

=—4+2i

4 4 4 4 4

SUs By po o amlsS Se ¢l (a,0) 5T a+ 00 ey anls (Sga b sue S 01
DOl e 12 OB e Joted] 0§ 3 S g0

degane (o &y degans (& R ddudall ulue¥l degans
.RC C olg! C L) alaeyl

Definition [1 2] i

c1=a1+b11 , c2=a2+b21 S CRE)

c,=c,~a =a, , b=b 0

.WELJL‘J)




£ - - _3_‘-:'.5
| A5 o U ) Y X i e i

ay2x-1+2i =1+y+1Hi.
by 3x+4i=2 +8yi

¢) (2y+1) - (2x-1)i=-8+ 3i

ay v 2x-1+2i=1+y+DHi
S 2x-1=1 = 2x=2
— x=1
2=-y+1 = y=2-1

~oy=1

by 3x+4i=2 + 8yi

. 3x=2,4=-8y =
_ 2 _4_1
¥ 3°¥Y787

¢) - 2y+l)-(2x-1)i--8 + 31
o 2y+1=-8, -(2x-1y=3 =
2y= 9 ,-2x-=-2=




[ LS slae¥) i pore e oldasndl [1-2] ]

s T Y ol W G pns cale gadl alas 11

o ¢,, €& C ¢>c,=a,+bji,c-a +bi I

c1+c2=(al+a2)+(b1+b2)i

.@}\W* ol
. (a1+a2)+(b1+b2)i e C
g s o Bk 511 31AeY1 &6 goma 01 8

4

L S B US (BonS M asaall ¢ sa .IIIIIIIII
a)3+4+/2i, 5-2/2i S S B S il ¢ gz

b)3, 2-5i

ol—i, 3i

2)(3+4+/2D)+(5-2+/2i) = (3+5)+ (442~ 2V2)i

=8+2./2i

b)(3)+(2—5i)=(3+0i)+(2—5i)
=(3+2)+(0-5)i =5_5i
O)(1—i)+3i=(1—1)+(0+3i)
=(1+0)+(=1+3)i =1+42i




A8, 31ua 1 As game oo penl! ddas pal 9>

Y1 ol L AS A slael e aadl ke anas

Vcl, C,C, & C

it
(lye, +¢,=¢,+¢ (Commutativity) . iy io3-1 *
(2)€ + (€, +€,) = (€, *C,) +C, (Associativity) . izl Lo *
3 (Additive Inverse) . ot ™

YVce C, c=a+bidze C: c+z=z+c=0=>z=-c=-a-bhi
(4)e=0=0+0i € C Smje s Jud 3 Additive Identity . od) LSl ol

(Commutative Group) iJlulémy 2 (> +) o pased o

(Sl S suall aaall bl e Jg¥ 1 LS

o .

(7-131) - (9+41)

(7-131) - (9+4i)
=(7-131) + (-9 -4i)
=(7-9y + (-13-4)Hi
=-2-17i




cidalall > 6 -Juw

(2-4iy +x=5+1
x€ C ¢

(2-41y +X=-5+i
(2-4iy+(—2+4iy+X= (-5+1)+(-2+4i) b ol) (240 saald madl Bl BBl

LoXx= (—5+1)+(—2+4i)
= (-5-2)+(1+d)i

X = -7+51

AT e ) A yar cale o2 Alae LB

Sl 17 0 Vot 2 43 5 o oty Lot Lo s 45 (S o ek © o ks s
St s (-1

o ¢,=a,+bji , ¢ =a+bi oWl

c,.c,= (a+bjiy(a, + b

. . .2
aa ++a b21 +a, bll + b1 bzl
- aa +a b21 +a, b11 - blb2

= (a,a, - blb2 )+ (, b2 + azbl)i

s c=a+bi m €R 1SR @

mc=ma+mbi




rovc,e, ECéwrc,=a,+bji, ¢ =a +bji S
c,.c,=@a,-bb,y+ab,+ab,i
@b, +ab)ER 0 @a,-bb,) ER : Juls),
ol ides £ 3l R

c,.c, € C ouend
o ) idas Cf Bie S A slueY A ges O (s

.
:@QU%@U.\;

a)(2-3i)(3-5i)
b)(3+41i)?
Q)i(1+1)

d)—§(4+3i)
2

e)(1+i)* +(1-i)*

a)(2-31)(3—-51)=(6—-15)+(-10-9)i

=—9-19i 333l gl Jool sl (S
(2-3i)(3-51)=6-10i-9i+15i>= -9-19i

b)(3+4i)> =9+24i+16#

=9+24i-16
=—T7+24i

(3+4i)2 = (3+41)(3+4i) = (9- 16) + (12+12) i=-7 +24i o

Qil+i)=i+i’=—1+i




d)—5(4+3i):—10—15i
2 2
e)(1+)” +(1-i)” =(1+2i+i> H(1-2i+i°)

=2i+(-2i)=0
A8 I 31 e ds gatma (sle i pall ddles ol g2

LN ol U S A sl e O il Bhes aness

Ves,c,c & C
(lyc, x¢,=¢,x¢ (Commutativity) . il i3 *
(2) €, X (€, XC) = (€, X €,) XC, (Associativity) . iLaesdl ol ¥
(3) 1=(1+0iy ;»; (Multiplicative Identity) o)l Wil ol Bz *
(Multiplicative Inverse) o 2l i *
(HVec#0+0i , 3z#£0+0i:cz=z2 c=1:>z=l
o (Gl o iy L o s iy 4I14SC (S e 35 JSI 01
" < LS A SlaeYl de pae
W8y (C-(0+0iy,x) 0l gl
ﬁ}\:\w‘ﬁ‘}s}wjﬁ.’-((ﬁ,vﬂX) ;01 !

[ Conjugate Number S LI saal 53l [1-3] ]

Csfriton

V a,bER . CT=a-bi o lisul p» c=a+bi s b siall gl s H

LSy (—iy s (A1) @3le SISy (eKallyy 30 sdadl gile g 30 S
. 7}.& 7:.\,.!\&3\,;:&;\53 c,»&-d\-gj 5+4i ‘55\4.9 5-4i Ol




G
2
f
c.
&
=
b
2
((‘E.

I
Nr’

e}
X
N|

Il
o))

[\S)
_|_
O
[\S)
C.
c
e}

Il
o
_|_
v
1Y
(;.
[
v

) ¢
6)| Ll==, ¢, 20
C2 c2

. . -8 - Jl
Do o c1=1+1 R c2=3—21 0\5\5\
Iy ¢Efc=ctc  (2) GXG=CXG,

) ¢+¢ =1+D+(3-2i)

=(d—1)=4+i

C+C =(+D+(3-2D

=(1-1)+G+21) =4 +i

Q=6 =C—C gyl us

(2) ¢ xc, =(1+i)(3-2i)

=3-2i+3i-2¢ =5+i =5-i

¢ x ¢, =(1+i) (3-2i) = (1-iy ( 3+2i)
=(3+2)+(2-31 =5-i

~CXC=CXC,




S Al suall Lol Al aar g €=2 - 21 duall o p2ll bl us

D st g o IR
c =

1_ 1
c 2-2i
_ 1 ><2+2i_2+2i_2+2i
2—-2i 2+2i 4+4 8
1 1
=—+—i
4 4
XY E R o IS ded nd O e X=yi | 322 o\sm
a— 1+ 5i i
3-2i [ x—yi
=
3=-2i  x+yi
i 1-5i
Xi+yiZ =3—15i —2i+10i
Xi—y=—-7-17i
Sox=-=17
y="7

c : . -11 —Jus
S =& i c=14i, ¢, =3-2i o\sm

o) [3-2i
C, 1+i

17




B 3—2ix1—i _ 3—3i—2i+2i?
1+i 1-i) 1+1

3-2i  3+2i
— 1+i  1-1

(@)
N

B 3+2ix1+i _ 343i+2i+2#

Co1—i1+i 1+1
_145i_1 5.
2 2
e
CZ CZ
/7
un ¢, SO saall e ¢ CSOU saall dacsd el aY
oS alall 3lhas § Il aliey b i Wil ¢ 20 @
CZ
H_6.5
, G G

1a+bis)pall L LYUS oo

1+i 2—-1i 1+2i
ay — b) : )
1—i 3+41 2 +i




I+1 1+i 1+i < 52 .
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