qftmsr W@t A fgarda arientor

(Complex Numbersand Quadratic Equations)

**Mathematics is the Queen of Sciences and Arithmetic is the Queen of
Mathematics. — GAUSS «*

5.1 qftert (Introduction)

fetl shenetl # e T 3R &1 =R 1 Teh =did FHiehon
T AU Tk =R h] g TR 1 sreEEA fRa 2
T 2 7 o TR X+ 1 =0 1 FIE ardfash g Tal
TR X+ 1=00 e ¥=— | @ 8l ¢ 3 Tk
(e & 1 a7 S0 Bl § SEfely ordfosh el
WOTTeA! h1 988 JUTell o &9 § S o1 SAeedehdl © forad
o B0 TR0l X2 =— 1 1 A U< o Tk | Iad §, T&A
IEYT FHIHT ax + bx + ¢ =0 & A UK T B, Sl
D= - dac< 0%, Sifer oreafos HeAel & gomet -
| e %' W.R.Hamilton
(1805-1865A.D.)

5.2 wfmgr @@md (Complex Numbers)

T How HE R 2] Hobad | T fefud 21 9@ w07 = -1 W e €1 SEenT A
2 R i, g 2+ 1 =0 &1 T B B

a+ib % YUY HT TH HE&A @l a 3 b ardfas qEad §, Uw aigy gen

(-1 .

IR FIA B ST ok AT, 2403, (— 1)+ i3, 4+l(ﬁ_j@ﬁﬂwﬂ'@m i

iy §& z=a+ ib & U, a arafass WO Fean © 991 RezgN f&fud
ol STl @ 3R b ieufsas 9N el § 9o ImzgR Fefyd fran St 81 Seeeo
& foaq, afs z=2 +i5, 9« Rez=2ﬁ|‘(lmz=5ﬁﬂﬁﬂ%1¥l@ﬁzl=a+ibﬁ% z=
c+id 99 =t 4f a=c b= d.
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SETETOT 1 A 4X+i(3X—Y) =3 +i (— 6), &I X 3R y ot HeAd 8, qd x 3 y
EEAIS
T B fem @
4X+i (BX—-y)=3+i(-6) . (1)
TE AR o ARAGH TN FIedH AN I THH o g, Eﬁmgﬁm%
4x=3,3x—y=—6,

5 o 8 w0 W, x=% R y=3743

5.3 wftmsr dEmsn @ steriuta (Algebra of Complex Numbers)
M 9 H, g0 9fmy Senen o s 1 faera &

5.3.1 I @hwsr, WEaren’ &1 IRT (Addition of two complex numbers) =fg
z,=a+ib3iR z,= c+id®FE T Aimy Feard ¥ 79 2, + 2, % A F AT
g uftefia fopen man 2:
z+z,=(a+0)+i(b+d), St fF T7: T wfmyg Fen 2
I F fAaw, 2 +i3)+ (-6 +5)=Q2-6)+i(3+5)=—4+i8
aftay gemei o @ fefafed wen # gqe w1 @ €
() Hawer Fram < wfmy Sensl 1 dnhe Tk Giag e e ¢, et
TR wfmy wemst 2 99 2z, & fau, 7z, + 2, TF Wy wen 2
() = fafma frag f6=7 < w@fmy d@enst z a1 z & fag
2+2-2+2,
(i) ®Ewrd fram fe=l @9 wfmg "@emen z, z w1 z, & fag
(z,+z)+z,=2+(z+2).
(iv) TMHF ddHF T e Ay §@ 0+ 0 (0 o gNI S0 Sl @),
TRTIeHe TeqHeh 31el I iy e whean @ foad o g qfmy
g 2,z+0=2
(v) TN Gfaenq 71 ifide Yo aftus ¥@m z=a+ib, & fau 7o
ity G& —a+i(— b) (— 2o gRI S ST ©) W et €, SHifeR Fmensh
Uiiel el z 1 U wedr 2l B9 Uk %W € % z+ (2 =0
(FTeHe qeqTeh) |
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5.3.2 g @i\ G@rsi’ &1 37av (Difference of two complex numbers) fa=l <t T8
Tfmy Hemst 7, 3R 7, 1 R 7 — z, 77 JhR ¥ qRefom fovan s @:
2 -2 =2 + (=z) 3TN (6 +3i) — (2 — i) = (6 +3 i) + (2 +i) 3N
Q—i)+(=6-30)=—4—4]

5.3.3 @fmsr @@mail @7 U (Multiplication of two complex numbers) AM wfST
z =a+ib T z =c+ id ®E q WEmy FeA ¥l 7@ RS 2.z, FEfAfEd w9
T uRefea fepan S 2
z,z, = (ac— bd) +i(ad + bc)
I o AT, (3+i5) 2 +i6) =3 x2-5x6)+i(3x6+5x2)=—24+i28
Gftny GEemst o UM *1 Giea o Frefefed W e €

(M)

(if)

(iii)

(iv)

™)

(vi)

Heawer Toram <1 @ity wensti &1 [Awd, T iy gen g ¢, 9
qfmy wEmet 2, a9 z, % o, PHRA 2,z Th AEg e B 2
o fafma fram f=l < wfimy demst 2, 9o 2 & fag,
22-27
wreerd fraw feel dF s denet z, z 9o z, & fog
z,2)2,=2(z12)

T[UTeHeR AedWeh T ATHw st §&A1 1+i 0 (1 o §RI S0 STl ©),
T[T AAH 19T Uehel WIAST WA gl © f5ad fo gk afty
T zoh fau z1=2

UTHE e &1 I Yo Y 9y e z=a+ ib

: : . b 1
i e +i — a7era
(@#0,b=0) & fau, A 2+ a+b (23:[

z'! % BRI I ST &) I BNt ©, 7 T[OcHeh Hiqa™ weard ¢ fag

o Zé =1 (o TH)

seq fram fhl dn wftms et z, z, z, & fag
@) z(z+z)=227+772
b (z+tz)z=722+272

5.3.4 g Giwsr &3t &1 9TT%e (Division of two complex numbers) f=t 3t

% g dfmy demsl 2,9 2z, & AU, SRl z, # 0, WA %ﬁmﬁrﬁ@aw@
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S ) fl:zli

5]

IR o for, AE femz, = 6+ 3i SRz =2 -
z 1 _ 2 -(-1)
qad T(6+3|)X2_iJ = (6+3I) [22+(_1)2 22+(_1)2J
N[ 2+]
_ (6+3|)(Tj

- %[12—3+i(6+6)] :%(9+12i)

5.3.5 | @ g (Power of i) & oM ® :

Peii=(-i=-,  it=(R) = ()=
S=(fi=(ayisi, i =(2) =(-1) =1 TR,
T YR BW R W FW R i_‘——x-=_|—1=—l l_2=il2=_%=—1

A= w9 9, fed TJTTEF k o foq, j*= 1% =, k2= ] k3=

5.3.6 U# HUT qriiaes @&IT & Fger (The square roots of a negative
real number)

A B i2=_1 3R (—i)=i2=—1. 30T — | & aga i AR —i 2|
Tafy g o1, &1 ed 3R fog shaa i Bl

3 B0 @ Thd & fF i 3R —i AT GHIHROT 3¢ + 1 = 0 3 X =—1 % BA &l

= TR, (ﬁi)2=(ﬁ)2i2=3(—1)=—3
dr (VBi) = (B) i=-3
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zafag ~3% agd 3 | R —. it
R @ Sharet 3 1 39 o fow &) wefih /23 1 WA feRan S ®, steriq

V=3 = B
TR A a TF YA adfas 9@ §, 7@ J—a = Ja~—1 = Jai,

T I B o |t oo ardtas gemst a 3 b & fIU Jaxb=ab T
oy q9 oft 9 B, 59 a>0,b<0Fa<0,b> 0.

M BT ? A a<0,b<0, 89 U WiF FW B

Fe AT T i2= V=1 V=1 = J(=D)(=1) = 1 =1 Sk 39 9 =1 fadue 2 5
=1

zafaT, Jaxb=ab % a @R b Al RO Srdfas q@Aw g

A A a SR b 3 § 9 *E ff TF 7, 99 WL 9 Y Jaxb=vab =0

5.3.7 @@@ar (|dentities) g9 Fefaiad doames 1 fag o 8
o=l witng Hems z, 8ﬁ?zzéﬁf?ﬂz
(2 +2,)= 2"+ +222,

suuf & WW B €, (z,+2)=(z+2)(z+2)

(z,+2) 2+ (z, +2)z, (S FEm)

=7z 27 zz, z (I W)
=7z zz, zz, z  (H %1 %A fafma f=m)
=Z +222,+2
T s &n freAfafed aamesl w fag w hd 7:
() (z-2)=2-222+2
(i) (z+2) =7 +322+32Z2+2
(i) (z-2) =7 -372+32Z -2
) 7 -2=(2+2)(2-2)
e W Sgd W GO ekl Rl Siifeh weft ardfaen weme & fog e §, weft
ftnyg st %1 g o fau fag e s g 2
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sargtor 2 fAfafad &t a+ ib & €9 H = H:
(i) Hi)(%ij i) (i) (2i) (—%ijs
=) (—Si)(éi] -
(ii) (—i)(2i)(—%ij ~2x—— i =—(i2)2 =

X
Ex8&x 8 56
SETETOT 3 (5-3i) W a+bish ¥4 H FH i
T B WW ®,(5-3i) =5 -3 x52x(3i)+3 x5 3i)-3i)
=125 225i— 135+27i =— 10— 198i

|
oo | by

2 ()22 2
i? = 8( 1)_8_8+|0
1

v

sareret 4 (—V3+4-2)(2V3-1) 1 a+ ib% w9 F o W
zor w3 +322) (23 -1) = (V3 +42i) (243 )

= 643+ 261 212 = (-6+2)+3(1+242)

54 WithsT W& T Hdieh X Wl (The M odulusand the Conjugate
of aComplex Number)

M AT z=a+ ib Tk dHy G&N 21 qd z 1 99, S | z| R <A1 ST ©,
FOR IRl T [q2 L p? SN gRenfea foman Sin € e | z|= g2 2 3R
Zoh1 G, S Z gN < S €, Wiy gen a—ib g §, e z =a—ib

SR F M, 347 |=v37 +12 =410, [ 2-51 | =22 + (-5 =29,

S 34T=3—i. 2-51=245i, 3_5=3i-5
&0 Ufd w & fF worR 9fmyg 9@ z= a+ ib 1 oTeEs faeim
1 a . -b a—ib Y4
= = +1 = —
a+ib a’+b* a’+b* a’+b’ |z|2’m%
g ZZ=|z|2

aa: Tl <1 wfy genstl z e z o6 fag frefafad freset =t g 9 ogo=
o S Hehal o
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| |zl
0 [z 2[=[z]z] @ |7, 7|z M|z [#0
(i) zz=22 (v) z+z=7%z

W) 2 )z, z #0.

JEEIOT 5 2 — 30 &1 [UNcHS Ufdeld H1d hifg
g HE fa= z=2 -3

Tz =2+3i 8% |z =22+ (-3)’ =13
TAfAT, 2 — 3i W1 TOMHSE Ffaam

Z 243 2 3.
=—= =—+—i= |
|z 13 13 13 e §

TR fea o ww g frefafad <1 9 ot fa@rn s g 7

Zl

1 243 2431 _2+3i_2 3.
2-3i (2-3)(2+3i)  22-@Gi)) 13 13 13

z'=

same0r 6 fAfafed & a+ ib o ®9 H e w1

5+ N
O—GT (ii) |

54420 - 5+\/5ixl+\/§i - 5452 +2i =2
R BT TR Y TN T T - (val)

_3+6V20 _3(1+2420) _ 11203
1+2 3
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[ wromrarett 5.1
YT 1 ¥ 10 T I Ay Geme °§ UdE &l a+ ib % €9 H = HifwQ
1. (5i)(—§ij 2. % 4" 3.0 7%
4. 3T+ Fi(T+IT) 5 (1—i)—(-1+i6)
6. G+i%)—(4+i§j . K%H%}(ui%ﬂ—(—gﬂj

1Y 1.y

8. (1-i) 9. (§+3ij 10. (—2—?}
T 11 ¥ 13 I 9wy Geast ¥ yodeh o+l U Fidel™ A1d it

11. 4- 3i 12. \/§+3i 13. —i

14, fr=fafad a9 &1 a+ ib & ®9 § = HifaU;

(3+iV5) (3-i15)
(V3+42i)-(v3-iv2)
5.5 3T et 31T gt f&uut (Argand Planeand Polar Representation)

S o B0 e 9 & Sd © R areafass g@eme (x,y) o Yee shiad 3 o 9,
e XY 9 | T UReien oie et o v
el # 9% x— 3181 y— 3181 g S0 e
2, T ofgdia fog W erar @1 ereifq
qfmy & x + iy &1 S Hwigd IH
(xy) % "I €, 9 | wh eAfgdia fag
(x,y) o ®Y ° sfada feqor fean s
Fhdl B F€ oA faeiad: 9 2

o Wimy gemst 99 2 + 4i,
—2+3i,0+ 1i,2 +0i, 5 —2i 3R 1-2i I
SifeR sfEd gt (2, 4), (-2.3), (0,1), (2,0),
(-5,-2) &T (1, 2) 38> ¥4 %,
afrefa 5.1 o fageti A, B,C,D,E3R F Y
SN Sfhdta fregqor fepan e 21 3Rl 5.1

Xl

® E(-5,-2) ®F(1,-2)



T, o g fag = uw afus
e g e fopan e €, wfiwy qa
T efs 9 wead 2
amie q@ H Wiy W& (x+iy) &
A fog P(xy) ¥ 7 f95 0(0,0) &
9 w1 3@ g 9w wlar @
(3Tepfd 5.2)1

-3 R fog, wfmg gt
a+i0®9 o GTd e T SN y—3781 W
fog, wfmg demew 0 + ib 9 o ¥4
T 2| e qe1 § x—3187 31 y—7e]
FH: IRl el IR FIeuTeh 37
HEAd 2

X €

> X
(0,0)

A\ 4
Yl

3TTeRTa 5.2

amie qof o Wimy W@ z= x + iy 3R @Rl I z=x—iy i fegai
P(x, y) 3R Q(x, -y) @ g faefya fean wn 21 sfada wmon @, fag
(x, —y) arEdfaes 2181 o |er fag (x,y) 1 901 Gidfes weam € (3Tehid 5.3) |

Y
A\ P(x,y)
X € 5 > X
\{ Q(x,-y)
Y
3TMHfd 5.3

5.5.1 U @iyl G@r &1 gata f&uor (Polar representation of a complex
number) | fh T P, RORR W0 W& z=X + iy 1 F&q0 s 1 76 o fawe
[WEE OP ! @@ r & 3 0 o8 S © S OP, x-3181 &1 ¥FIcHs {90 o &Y

ST B
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g o[ 3 f P arafas demst & Y
HHd g (r,0) ¥ Afgda w9 9 fruifa 4 WG
fopann St 21 (1, 0) feig P ok yata fdemen A
el & SRl 5.4 @) 0
o0 U fog i ud aon x—oe w1 oo| ke X € 5 >X
=1 IR @ 7 2

ﬁx=rcos9,y=rsin6 3R zafer
z=r (cos 8 + i sin 0), WHY & &1 YA ;{b

®Y FEAd T TG 1=y X2 +y> =|4 Ealbi

F1 AF FEd © AR 0, Aims & H

THITTieh a1 AT HecAdl & q vl z ¥ fefuq e 2
foret wftmsr G= z£0, 020 <2 & 0 1 haad 99 G7d &1 6T sft, 2

oo o fRE W, T & AU, ST F IR W —n1< < 1 39 ThR 1 Th

A & Tkl ©1 T9 O 1 T AE, 9 #1 —n< 0< 71, z T Y&A AW FHEadl

2 @R arg z W Tr&fia fohan S €1 eeRfa 5.5 3R 5.6 3fEw

3MMFfa 5.4

P P Y
0 0
r X ’ X’ X
X X o X S -
P
Y’ Y’ Y’
@ (i) (iv)
3TeRfd 55 (0<6<2n)
Y p P Y Y Y
0 0
’ X ' X
X 5 X 5 X oI
P
Y’ Y' N

() (i) (i) (iv)
ATHIT 56(-n<O<T)
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SETETOT 7 wimg wen z=1+i\3 # g v § frefm it

&1 HMl 1=rcos®, /3 =rsin0
Al T T o Hleh 3R Sied W B W B,

r? (0052 0 + sin? 9) =4

Y pa,d3
1eiq r=v4=2 (afaest &9 9, r>0) ( )
zhfeTg COSG=%,sin6=§ X' O X
Eﬁwgﬁ?ﬂéezg v

3T 5.7
TafaT sTufara yeta &9 Z:2(cos§+isin§]
Gigsy W& e Wi 3Aehia 5.7 | <A T 2
IEEI0T 8 Ay §emn 1;1\65 F YA 9 H FAART RIS
16 16 1-i\3 P(4,443) X
Wﬁ‘gﬁﬂﬁnawl“ﬁ:l“ﬁxl_iﬁ )
X' 8] X
~16(1-iv3)  -16(1-iV3)
3T 5.8

- —4(1—i\/§)=—4+i4\/§ (e 5.8)
HH —4=rcos0,4,3=rsinb
3l it o I SR Sg W I B § 16+ 48 = 1’ (cos’0 +sin’0)
e e wrw B ®,r2 =64, A r=3

1 3
AT, cos6=—5, sinezg ===



116 TfoTd

2n . . 2m
— 8| cos— +1isin—
i, Tavash ed &9 ( 3 3j

| woTaeht 5.2 |
e 1 9 2 % Witgy gemne § g o i 3R] R0 T IS

1. z=-1-1i3 2. z=— 3 +i

e 3 § § O AiHY Hemell ¥ U i YA ®9 H ®ARA HITSIC:
3. 1—i 4. —1+] 5 —1—i

6. -3 7. 3 +i 8. i

5,6 Tgurdia wtetor (Quadratic Equations)

& Ted € fgemdia geienoll o aR | S € 3R gHH S aredieeh gemnst o
e 4 o feafaal g forean @ el fafaement > 0 21 9@ g0 ffefaa fgemda
TR0 % AR W foER e

ax + bx+ c= 0 & a, b, ¢ arEfas Tomd € 3R a0

= ofifST ff 2 —4ac< 0

&1 WA € T &n 9y gemnsti & 9q==a o RO oo qenst o o
fehTel Wehd € THIT SWeRd THih0l o Bl Wiy Gemell o aq==a | & wifh

e —b++/b? —4ac _ —b++/4ac-b*i

2a 2a

TE W, B AN T A o6 ToAQ 3cge e, fo foreht woftereon o fopemy
o1 B2 39 "l ¥, Frefefad w94 o Seor@ (famr sudfa) & fohan T @ R
‘SfierTioTd 1 g WA’ °F &9 H S S €
“Ush IgUS THH % FH Y HH Th gl g1 2
TH YOI o Thoeasy gH frefeiEd Hewqul uRemd W wEed 2
“n WG 1 T agUE FHIH | n 9 e 21
TEAEIUT 9 X +2=0 Hl A HiSC
T BH R R R +2=0
aTA X =-2
qAfg x= /-2 = £/2i

T 9 B B
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TETET0T 10 X2 + X+ 1=0 &l g Hiferm]
T TEl bP-dac=12—4x1x1=1-4=-3

e B ENE 5

2x1 2

TafaT, 39 B X =

TEETOT 11 5% 4 x++/5=0 I TA HiwQ|
Tl T8l, G T fafasdm 12 —4x/5x/5 =1— 20=—19 @I
—14-19  —1+4/19i

zafau = |
& 25 25 ®
gyt 5.3
frfafea g § 9 9% i & HIT90:
1. X¥+3=0 2. 2X+x+1=0 3. X¥+3x+9=0
4, —xX2+x-2=0 5 X4+3x+5=0 6. X—-x+2=0

7. 22+ x+/2=0 8. 32 —2x+3V3=0

1 X
X+ X+—==0 X +——+1=0
o NG SN
fafaer saEToT
(3=2i)(2 +3i)

SR 12 700 2-) 1 WY A HifS)

(3-20(2+3)  6+9i-4i+6 1245 4-3i

T 1420y 2-0) T 2-it4i+2 | 4430 4—3
| 48-36i+20i+15 63-16i 63 16
1649 25 25 25
(3-20)(2 +3i) 63 16,
S ‘ —+—i
A+2)2—i) ¥ T 35753 2
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o

sareur 13 frefafea afmy gemst &1 adis Td Sie A Sifsul

1+ - 1
i — @iy —

1-i 1+i

‘ 1+ 1+i 140 1-1+42i . .
AT WE S, = — T g
I-1 1-i 1+i 1+1

3d, 0=rcosO, 1=rsin®
Tl I ol Hioh Sigd gU W W Bl ®, r2=1 37fq r=1qen

cos9=0, snO=1

2
1+i . . T
9 Jeh X _l—i <hT HIYTh I%HWW 5 [T

1 1-i I-i 1 i

@ 6 a+id=i) 141 2 2
1 1
e e §=rcos9,—§=rs1n9

9T (i) 1 E BH W Hid B,

1 1 ) 1
r—ﬁ,cos6=5, s1n9——\/§

ERI 9=_Tn

1 .1 . -

EWW\E HWWT%I
a+ib

SETETOT 14 A x+iy= o ® @, g R E ey =1

o 5 ~ (atib(atib) a’-b’+2abi az—b2+ 2ab i
FASHAE S, XTY= a_iby(a+ib) ©  al+b’  _ al+b’  a+b’
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a’-b> 2ab .
Tfera iy = - i
’ = W= 210 a2+p?

. ) . - (a2 _b2)2 . 4a2b2
ERIEE X+ y=X+iy)(X—1ly) = @ +0°) (@ +0°)

_ @+b’)"
T (@ +b?)* T
FEET0T 15 0 1 dRfdesh HM dsU, Sdih

3+2isind
1-2isin0

oS At

) 5 3+2isinf  (3+2isin0) (1+ 2isin6)
FBHEE, 750600 = (1- 2 sin) (1+ 2i sind)

3+6i sinf+2i sin0 — 4sin0
1+4sin’%0

3—4sin’0  8i sind
o T 2
1+4sin“0 1+4sin“0

fen gen ® for wfitmy wen afas 2
8sinf )
s4feTT m=0 A sin@=0
Ad 0 =nm,ne Z

SETETUT 16 Wimy Fen ZZ%HﬁWWﬁWﬁHﬁHWI
cos —+i sin —
3 3
. i—1
T BH UW ®, 2= Y

272
ey 1 _2i+3-1eE) B B

143 1-3i 1+3 2 2
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qH s

=T Cc0os0, =rsnod

x/§—1 \/§+1
2 2

<Al AR ot Heeh, Sigd gU eH Wi B €,

g

wm 6=

=2

. (ﬁl](ﬁl] z((ﬁ)2+1j_2X4

2 2 Z ==
-2 39

J3-1 V3+1
cos=———, sinf=——
g W TR

E:_ (1 ?)

aferfa, E OS—+I Sln—j eid w9 2

g 5 yv fafaer goaraet

e ]

forell <1 wftms wemsdl 7, 3l 2 & foru, fag i
Re (z, z) = Rez, Rez, — Imz, Imz;

1 2 \(3-4i ,
(1_4(1?)(5“) & AF% &9 H uRafad st

a’ b’
¢ d?

o x-iy= 220 4 fog wffor f (¢ y2)
frafefad =1 g =9 § wfaria Fe
1+7i 1+ 3i

V(- O
9% 6 H 9 H T Ty wHiRO I g HifS:

3% —4x+?=0 7. x2—2x+%=0




8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

wigy @] ok feada wfe 121
27%% —10x+1=0 9. 21x* —28x+10=0

Z+2z,+1
Z—-2,+i

%1 "M 1 it

gz, =2-i,z,=1+i,

iN\2 2 2
(X+1) fog FRTT R, &4 b = (X" +1)

2% +1° (2x2 +1)2

Ig a+ib=

Az =2—i,z=-2+i, /= &1 9F fefer)

(i Re(zl_—z?j (i) Im(%}
4 47

qftny e % 1 AU 3R HI0TR 1A RIS

TG (X—iy) (3 +5i), —6—24i = G € A SRt H@AT x 3R y 7 e

1+i 1-i

:_m 1 HITleh I ShiTSIT|

Atz (x+iy) = u+ v, T R §+§=4(x2—y2)

B—a
afe o 2R B oy wlmy wend € W=l |B|=1, 79 [1_ap
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