11078CHOS

aftryr HEd A fgamdte aentor

(Complex Numbers and Quadratic Equations)

*® Mathematics is the Queen of Sciences and Arithmetic is the Queen of
Mathematics. - GAUSS %*

5.1 yfuerr (Introduction)

fielt sensti § g Teh 31X & =X 1 Th = gt
T qT TH o) HI [GEE GO 1 31 R 7
T 2 ¢ o TRt 22+ 1 = 0 1 IS adferh g el
T 2+ 1=00 80 =— | T &1 ¢ 3N Tk
ATEdferh G 1 a7 SUR Bl § gEfa rdfesh He@
FUITEA! <! < YOTTetl o &9 H agH 1 Sfevdehdl 8 o™
o 9 TR0l x2=— 1 1 8 U< Y Teoh | I%al H, &
IEYT FHHET ax + bx + ¢ =0 1 A U< T €, Sl
D = b’ - dac <0 ®, Sifr ordfos G@qst &1 gomet H
REERRT W. R. Hamilton
(1805-1865 A.D.)

5.2 wfmgr =Mt (Complex Numbers)

T heu w2 Tohad i ¥ fTEfud 21 7@ w6 2 = -1 9 B 81 SHehT e
2 fF i, Gl 2+ 1 =0 1 TF B 2

a+ib % UEY H] Tk H&H &l q 3R b ardfod @A 7, Th 9y ged

_1 .

R B TSI R fA, 2403, (- D+ i3, 4+i(HJq&an@T€%|

Y §& z=a + ib o o0, o ARATaER AT FHEAM © 991 Rez g0 Fefud
foran STl © 31 b SHTeuteh W Sheelidl © 9o Imz 510 Fefua fohan Siam 21 3o
% o, af€ =2 +i5, T Rez =2 3R Imz =53 Wfms W& 7, =a +ib T z,=
¢+ id A B Afg a=c3ﬁ'{b=d.
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SETETOT 1 AR 4x+iBx—y) =3 +i (= 6), 5l x 3R y SRfash G@ad 8, ad x 3R y
1 ifSul
T TW fan ®
dx+i(Bx-y)=3+i(-6) . (1)
T 3R o A&t qe1 HTeudh AT i THE d g, %ﬁW%ﬁT%
4x=3,3x—-y=-06,
3 33

5= g 7 FH W, x=7 R y=

5.3 wftmsr wEmet st sierTiura (Algebra of Complex Numbers)
39 9 H, BH Wiy S & e o1 faew wl

5.3.1 T @Wlmer, @&’ &1 IRT (Addition of two complex numbers) AR
z1=a+ib3ﬁ'(z2=c+id7>lﬁ'§ﬁﬂ'ﬁ:qﬂﬂ;@ﬁ%’lﬂazl+z2av‘ﬁflﬁﬁ'ﬁ|fﬂf@ﬁ@
Y gitefea femen man €:
2 +5,=(@+0)+i(b+d), s f& : wF 9wy Fen 2
IO o fAT, 2+i3)+(-6+i5)=Q2-6)+i(3+5)=—-4+i8
iy wemsti o @ Frefafaa Won & §qe wd 2
() Haves frag < aftng gensi &1 dhd U 9y §en gl 2, s
TR wfmy wemst ¢ a9 7, & fAu, ¢, + 2, TF WY FEn B
() =7 fafqaa frgg fe=l <t wfwmy gemst ;, dwn g, & fag
2, +2,=2,+7
(i) @Ewrd fram fe=l o9 wfmg "@emen ¢, z, o1 ¢z, & fag
(z,+2,)+z,=2,+ (g, + 2.
(iv) G dcaHeh T R TiHs G& 0+ 70 (0 o gRI < el ©),
TN oW el Y WA GeA Heam ¢ (e 6 g afmy
T z,z+0=2
(v) FNIcAk Tlaei® o7 Afde 9&& 90y 9= 7= a + ib, o fau g4
TS G — a + i(— b) (— 2 N <A QI ) I =it €, SHifer Frmees
U™ Steqel z H RO hEdnl @1 g9 URE #d € R 2+ () =0
(FNTCHe: TTHF) |
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5.3.2 g Wimsr &3t &1 31av (Difference of two complex numbers) Tt & T
qftgy gemst zl?:ﬁ'( z, I HR zl—zzﬁ'ﬁl bR © it fepan Star 8:
2, -2, = 2, + (—z,) S (6 +30) — (2 —i) = (6 +3 i)+ (2 +i) 3R
2-D+(-6-3)=-4-4i

5.3.3 @i g&meit &1 T (Multiplication of two complex numbers) A Tt
z,=a+ib T z = c + id & T WY T@ | 7@ PHPA .z, FfAEd &9
Y gitefea femen man €:

z, 2, = (ac — bd) + i(ad + bc)

IR ok fAT, 3+i5) Q+i6) =(3%x2-5X6)+i(3x6+5x2)=—24 + 28

aftny e o UM 1 wiwa § FEtdtEd W i e

() Hower Toraw < wftay wemstl &1 URwd, Th 9iEg ge e 2, 9
Tfmy wemat ¢z, 9o z, o o, PR 2, z, Th A" FE B 2

(i) AU Teafoa Fram fo=i <1 wimy gemet ¢, qen ¢, o fog,

2,2,=2%,2,

(1ii) Wﬁﬂﬂﬁﬁ'fﬂﬁ?ﬂ'ﬁqﬂmﬁzl,zzﬁm%#m

(z,2) 2,= 7, (2, 2,)

(iv) T(UTIoHeR AW ST TR S @A 1+ 0 (1 o gRI <9 Sl ®),
TUTTTeh ook 1979 Wehel WIS W& wheadl 8 forad for s afty
H;@ITZéFTFNZJ:Z

(v) TuTeTeR Ufaelm ot i JoT YW Wi WOl z=a + ib

. . . 1
(a#0,b=0) o fau, a9 9y & 5 +i—5——5 (=A@
a +b a +b Z

Z! o g S S ®) W Bt €, 2 h1 oS Hfaei™ seend € foad

ED z%zl (TOTTcHeh eeHeh)
(vi) wiew Traw fo=dl di wfimy wemsti ¢, 2, z, o T

@ z,(z,+2)=22,+2, 2
(d) (z,+z)z,=2,2,+2,2
5.3.4 g Gigsr &3 &T YRTES (Division of two complex numbers) Tt

& g2 wimg wensl ;a9 ¢, % fau, SE g, = 0, A j—;ﬁtﬂ%rfaawﬁ
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A j—;=zlzi

2

IR o faw, 99 fed s, =64 3i 3R g, =2
7 o1 . 2 - =(=1)
Z_(6+3Z)X2_—J = (6+3l) (22_’_(_1)2 +122+(_1)2J
N2+
= (6+3l)[Tj

= %[12—3+i(6+6):| =§(9+12i)

5.3.5 i et TTq (Power of i) oA €

P =iti=(-1)i=—i, i4:(i2)2:(—1)2:1

M &9 '{}I, Tt Tﬁq; k o f?fq, P B LR LS P S
5.3.6 T B/UT qrdfdas & & aqu;r (The square roots of a negative

real number)

[ 2 P=-13R (—iP=p£=—1. 3900 — 1 & =fget ; 3 —; 2
Tafu fag (27, @1 3¢ R foQ shee i B

39 TH W Tehd § foh 3R —i <Al TR0 2 + 1 = 0 31l x> =—1 o BA Bl

= TR, (\Bi)2=(\6)2 2=3(1)=-3
R (—\Bi)2 - (—\B)2 P=_3
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THferT ~3% TR 3 ; X —3i T

R Q haat /3; 1 <9 o foaw & wdiss (3 1 A feRan S €, ereriq
J=3 = i

TR A ¢ T eFHE At §@T 8, 96 =g = Ja -1 = Ja i.

T S € foF @l ueene arafas wemstt @ 3R b % U Jaxb=ab T
oM aa ft I BN, W9 a>0,b<0Aa<0, b>0.

M 2 AR a<0,b<0, €7 THH S HW ©

Fe FITC fF 2= V-1 V=1 = J=D(=1) =1 =1 Sk 20 o1 1 fataaE ©
P?=-1

WU, Jax/b#Jab A% a AR b <A RO arEdfas g@Aw g

AM AR g SR b S H 9w F I B, 98 WL F9 Y Juxfb=vab =0

5.3.7 @@das (Identities) B9 Trefeied doames &1 fog o 2:
fordl wftmy wemsi 7, 3R 7, & o
(z,+2,)= 22+, + 22z,

Suufa e W B €, (z,+2,)0=(z,+2,)(z,+2,)

(z,+2) 2+ (2, + 7)) 2, (F Frm)

2 2 T
=7 + roye + Z1%9 + 2y ( )

2 2 [
ST T T (T =T ™ ERC)

L +252,+7;
Tt wifg en Frefafed qeme! =1 fag & g o

. 2
) (z-2) =225+

@) (z+2) =2 +327%, +3023 + 25

i) (z,-2) =z —3272, +3222 — 23

V) z-z=(z+2)(z-2)

aree B 9gd ¥ T q@Hb] i Sifer qeft St gemet & foy g €, g
Tty gemsti +1 g o fou fag fman s g 2
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sarEter 2 fafafed & a+ b & ®9 ° e h:

(i) S @ (=) (20) | 3
~(1) -5 -5 5 5
1 _5 — :—'2:—— = —= — ]
= () ( Z)[glj 8l 8( 1) ] 8+zO
(LY R I
Ol ’)(21)( 81) = 2gaa™ =t ) g

SEETUT 3 (5-30)° Hl g+ bish ®I H Fad

g %ﬁw%,(S—%P =5 -3x5x(3i)+3x53i)?- @30
=125- 225i— 135+27i =-10- 198i

sareror 4 (—3+3-2)(2V3-i) W a+ibF TY F =R H
o wwa  (—V3+v=2) (2V3-i) = (—/3+42i) (243-i)
= 6+3i+2J6i 2% = (-6+v2)+B(1+242)i

5.4 wftas G o1 UTUTeh 3T WY (The Modulus and the Conjugate
of a Complex Number)

A Y 2 = g + ib Tk A F&N 21 q 7 HT 91k, S | 7 | GRI <A1 €T ©,
O Al W@ 2,2 W uRefud foen S ® s 1z1= 2,2
L T, S 7 BN S S ®, Wiy W' q—ib el §, $9id 7 =a—ib
I F A, |34+ =3+ =V10, | 2-5i =27 +(=5)° =29,

R 3+i=3—i, 2-5i=2+5i, 3j—5=3i-5

20 U Y € ToF RO WS @A 2 = q + ib 1 [0S Fida™

_ — i Z
e 1 a b a—ib 2@?“%

T a+ib az+bz+laz+b2 Y |Z|
i 2z7=|z[

aa: fer=l & |y Hemstl ¢, T ¢, o fau frafafed feeel 1 g 9 =g
foha =T wWehel B:

2020-21



iy werd R fgerdg e 111

. . _|Z1|

® |Z1 Z2|:|Z1||Zz| (i) Z _H,qﬁ|zz|¢0
(i) z27,=2 2, (V) Z%z,=¢g%2

) (i—;};—;aﬁ: 2, %0,

SEEI0T 5 2 — 3 o1 TUNcHSR Uidel H1d hifsig)
7 °H feaan z=2-3i

Tz =2+3i 8 | [ =224+ (-3)’ =13
AT, 2 — 3i o1 TUICHS Hfqa™

z 2+3i 2 3.
= =—+4+—igrg |
|2 13 13 13 & &

SR T T 9} ga frefafed €1 9 off fErn s g 2
1 243 243 243 2 3.

-1 _ —

T 2.3 (2-3)(2+3)  22-Gi) 13 13 13

2N

Z

SaEI0T 6 Fr=Afafad &l a + ib & ®9 H Fad Hi

o 5+2i o
O =/ i) i

542 5+x/5ixl+\/5i_ 5+5V2i+2i-2
O T T 1-(v2i)

) 3+632i _ 3(1+22i) _ 1423
1+2 3
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| wo=meret 5.1 |
YT 1 § 10 dh 1 Ay G&Ael | Ydd bl a + ib & ®Y U Had hifed|

(5i)[—§ij

.9 .19 .—39
1 +1 3. 1

[
[3°]

4. 3(7+ihH+i(7+i7) 5. (1= —-(-1+i6)
6. [l+izj—[4+i§j 7. Hl+izj+(4+ilﬂ—(—i+ij
5 5 2 3 3 3 3
3 3
8. (1 -0 9. G+3ij 10. (—2—%1)

T 11 ¥ 13 I 9wy gemet ¥ ydd &1 [UNHE Jideld A wif)
1. 4- 3i 12. /543 13. —i
14. frfafed =St &l a + ib & 9 H R RIS
(3+i/5) (3-iv5)
(V3+42i)-(V3-i2)
5.5 3mig aeT 31T ‘%T:ﬁ'q TH%=aur (Argand Plane and Polar Representation)

St for BH Ted W € S € TR arsdfaes Semstt (x, y) o qeieh shidd T o §T,
e XY da H < uRefis o @t o v
el H 9% x— 2787 y— 3187 G ST ST
g, Th Afgdia fog W e @1 ererq
qiay &A1 x + iy H1 S HEd IH
(x,y)év‘@ﬁ%,ﬂﬁﬁ@@'@?ﬂ'qﬁg
(x, y) o &9 H S feqor fe=n s
Gehdl 1 T8 HeA foemd: 9 2

w3 dimy demst S| 2 + 4i,
2 +3i,0+ 1,2 + 0, -5 —2i 3 1-2i &l
SifeR shfHd gt (2, 4), (-2.3), (0.1), (2.0),
(=5,-2) &T (1, —2) d% H7TA %,
arrfa 5.1 o fageni A, B, C,D,E3IR F Y
SN sAfadta o faan T 2l 3meRfa 5.1

Xl

® E(-5,-2) ®F(1,-2)
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Tat, fored v feig o1 we aftms }\
e gr s foran €, wimy oo 3 P(x, )
T e qel el 2l (xﬂ
Mg 9 | Wiy & (x + iy) A s
Ak 63 P(y,y) ® 7 fag 0(0,0) &
dw w1 3@ g grw war @ X € 0 >X
(3T 5.2)1 (0,0)
x-3 R fag, @ity dens
a +i0 &Y o HIG B 7 S y-37e W
o3, wfmg demst 0 + ib 9 o ¥ v
T 1 omle qa § ot R y_ota Y
FHHY: AR 8l SR Hreurih e S 5.2
HEAd B

Wﬁwﬁqﬁﬂ%mz=x+iy3ﬁ?'ﬁaﬁw Z=x—iy = fagew
P(x, y) 3T Qx, —y) o W fa&fud fear wn €1 sfadia wmon @, fag
(x, —y) dTEifersh 2181 o Ger f6g (v, y) 1 407 Widfa sheaar € (STehfd 5.3) |

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

5.5.1 U& QAT Q& &1 ga?‘q 7@t (Polar representation of a complex
number) W T T4 P, HoRR A8 G@ 2= x + iy 1 Fewor &z 21 a0 fo fie
T@rEE OP ®i @ r 8 31 0 98 &0 & S OP, x—3781 i ¥k {32 o |
ERIni]
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Y oM < & P ardfas geet & Y
Fd W (1,0) @ sifgda =y @ P (NS
e S 1 (r,0) foig P ok ydita fadena >
Fean ¢ emgfa 5.4 fEu 0
T T fag B g e x o A e fem X € 0 >X
%1 YR Y@ 7 g

2I%Sfx=rc0s9,y=rsin9 @TW
z=r(cos O +isin0), H&H%TE'@TWW ;{,

WWT%W r=1/x2+y2 =|z| aﬁz

%1 Wl hed € IR 0, WA wE @

THIUTieh A1 AT HEAl & 9 ik z ¥ fefud e 2l
fordt @ftmg 9@ 220, 020 <21 § 6 1 ohadd AF Gd 21 fRT oft, 21 1

T o fRE W, e & AU, STk AR W —n< < T 39 FFR F TH

A & Tkl ©1 T9 0 1 T AH, 9 F1 —n< 0< 71, 7 T Y&A I FHEa

? @R arg ¢ § Trefua fohan wmar €1 emeRfa 5.5 @i 5.6 3fEw

3TTeRfa 5.4

Y P P Y Y
0 0
' X Y’ X' X
X o X o X ) 5
P
\ Y’ Y’ Y’
) (ii) (iii) (iv)
3TeRfa 5.5 (0<0<2m)
Y P P Y Y Y
0 0
' X Y’ X
X 0 X 0 X o 5
P
\ Y’ Y’ Y’

@) (ii) (iii) (iv)
MR 5.6 (- <O<T)
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SETETOT 7 WiEg e c=1+i3 # g w9 § frefm it

TA 1=|'|'F|T1=rcos9,\/§=rsin9
Tl TEF 1 o FR IR e W EH W ©,

r? (cos2 0 + sin> 9) =4

Y p,a3)
a7t r=+4=2 ftext &1 9, r>0)
Tgfae cos6=%,sin9:§ X O X
Sﬂ@wzﬁm%hg M
JTTeRTT 5.7
THfaT sTuferd yeta &9 Z=2(cos§+isin§j
Tftny H& SN 1 et 5.7 | < T R
. -16 .
SarEdor 8 |y §@emn Hi\gﬁ%ﬁqwﬁmﬁﬁﬁaﬁm|
6 —16 1-i3 PE44D) A
A G W W = T3 13 0
X’ 5 X
~16(1-i3)  -16(1-iV3)
C-(i3) 1+3 v
3TTeR{d 5.8

= ~4(1-i3)=—4+i43 (st 5.8)
i —4=rcos 6, 43 =rsin 6
I 3R o ek SR et W H W B 8 16 + 48 = 17 (cos’0 + sin’0)
e e ur B ®, 2= 64, i r=8

1 J3 T 2n

= - i =— O0=n-—=—
zgqfeTu, cos o sin 0 ) 373
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2 2
— 8| cos—+isin—
AT, STEwdesh Ydia §9 [ 3 3j

| woTaeht 5.2 |
e 1 9 2 d% Wity gene § g 1 Hidie SR RI0R 0 IS

1. z=—-1-i3 2. z=- 3 +i

YT 3 9 § O Uiy WEAel § Uoieh hi Yol 9 H ®UARA HITSC;
3.0 1-i 4. —1+i 5. —1-i

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

5.6 Tgardia 9HIRTOT (Quadratic Equations)

&0 wedt & fgemdia Tl & 9R H WMo ® SR gEH 3! arkdfash g o
wead | 39 fearfal o gt fopen @ Sl fafaemes > 0 21 o w9 fefafad fgerde
TR & aR H foER w €
ax2+bx+c=0ﬁﬂﬁa,b,cwwg3ﬁ'{a¢0

A e f& 52— 4ac < 0

& 9 € T en aftny qenetl & ggsea o et ardfas qenel o g
fehTel Wehd B TGy SWis THIsR0l o Bl WiHY WENs o W= § ¢ S

x:—bi\/b2—4ac :—bi\/4ac—b2 i

2a 2a

| fowvit| 7=l W, %2 @ g8 S & fore Segw @, Tk ferdlt iRt § fera
o1 g? 39 gl ¥, fFrefefad w99 #1 Seo@ (fomr suafa) o ffan mn @ o
‘sfiemTioT 1 go YHE' oF &9 | S S @)
“Ush SEUE THIHIUT T HH H HH Th gl Bl 2
30 WY o hoRaed gH Fefafed Hewgul aium | v 2
“n ¥ B TH aEUE GHIH | 9 e 21
SEAEIOT 9 X’ +2=0 I FA HIC
e @ T 2+2=0
a0 x?==-2

qoAiq x = +/-2 = £/2

N I B B
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FEAEIOT 10 2+ x+ 1=0 & & HifQ|

A Tl B —dac=1"—4x1x1=1-4=-3

—1J_r\/—_3=—1irﬁi%.

2x1 2
TEARIOT 11 52 4 x+4/5=0 Tl A HIfSQ
Tl Tel, GHIwT T fafasdd 12 —4x/5x/5 =1- 20=—19 2l

~1£J-19 _ —1£19i
WW 2\/5 = 2\/5 %|

AT, 9 B x =

| goTeett 5.3
frafafeq Tl 5 9 Y& &l 8 S
1. x¥*+3=0 2. 2% +x+1=0 3. X*+3x+9=0
4., —=x*+x-2=0 5. X*+3x+5=0 6. X*—-x+2=0

7. 2x2+x+/2=0 8. B3x2=2x+3/3=0

2 1 2 X
X +x+—=0 X +—=+1=0
9. \/5 10. \/E

(3-20)(2+3i) )
SR 12 o2 G A HIfS

(3-2i)(2+3i)  6+9i—4i+6 12+5ix4—3i
A+20)(2=i) — 2-i+4i+2 = 4+3i 4-3i

&l Tl

_ 48-36i+20i+15_63-16i _ 63 16,
a 16+9 25 25 25

G-20Q+3) _ 6316,
T 2o 1 SE 55 o5t
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sarstor 13 frafafed afmy gemst &1 adis Td Sive [qd Shifteu|

1+ o
@ 1—i W 1+i
. 1+i 140 1+i 1-1+2i

TR W, = Lei=0+i

1—i  1—i 1+i 141
Ad, O=rcosH, 1=rsin0
Al 3R ot Yok Sied gU B W B ®, 2= 1 37fq r= 170

cos9=0, sinB=1

1+ . . T
QWTWWI%HWWE Rl
—1
1 1—i 1-i 1 i

@ 15 A+hd=0) 1+1 2 2

1 1
A ey 5=rcose,—5=rsin9

9 (i) T @ B I H ¢,

1 1 _ 1
rzﬁ,cos9=5, sin 6 = \/E
ERIY 9=_74n

1 . 1 . -
T A awaﬁmm4%|

1+i

a+ib

IEIUT 14W&x+iy=m%ai,fagﬁﬁqﬁﬁx2+y2=1

(a+ib)(a+ib)  a*—b*+2abi  a*-b>  2ab

\ - — — +
W%ﬁm%, X+1y= (a—ib)(a+ib) = 22 +b2 = 22 a2+bzl
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gq%fq v = - i
R T =

- o . o (az—b2)2+ 4a2b>
R X+y =@x+iy) (x—iy)= (a2+b2)2 (a2+b2)2

(a* +b*)?
T (@ +b)? T
IETET0T 15 0 o1 drfdesh HM ST, Sfaish

3+2isin0
1-2isin0

o aredfae 2l

) 5 3+2isinf  (3+2isin0) (1+ 2isinh)
FOBHWNE, 0= (1—2isin0) (1 + 2isind)

3+6isind+2isin0 —4sin’0
1+4sin’0

3—4sin’0  8i sin®
= .2 + .2
1+4sin“0 1+ 4sin“0

fean gen @ foF wfmy en arafas 2
8sin0 )
ERSIIGIY 1+ 4sin20 =0 3194’?1 sin®=0
d 0 = nn,ne Z.

S 16 W e c=—— ——— T g w § e Fi

COS — +1isin —
3 3

. i-1
3yl %ﬁw%,z 1 \/g
e
2 2
_ 2(i—1)xl—\/§i_2(i+\/§_l+\/§i) B \/5_1 N \/§+1 ;
143 1-+/3i 1+3 2 2
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= efifse

J3-1

=rsind

=rcos0,

A 3R A e, Sied gU &Y Wi e €,

el

2

(S (2] AT

4 4

mo. . Sm
a7eiq, V2 [cosﬁﬂ s1nEj g &Y 2l

. AR x—iy=
. Trafafea &t ydm w1 ¥ afafdd st

EFTT 5 UT fafasr goaraet

{ilg +[1.J2T 1 qH 16 IS

1

. Tt < wfms dems ¢, @ik ¢, & fau, fag #ifm:

Re (z, z,) = Rez, Rez, — Imz, Imz,;

1 2 \(3-4i .
[1_41,—1”)[5”) ! A ®9 4 uRdfdg sife)

. 2 2
b fag w4yt =L 0

c—id ct+d?

1+7i 1+3i
@) (2—i)2 (i) 2

Y 6 9 9 H U T Y THIRIOT Rl €A hiTSC:

3
3x2—4x+2—30=0 7. x2—2x+5=0
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8.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

iy wead @R fgendg e 121

273 =10x+1=0 9. 21x* =28x+10=0
. . Z+z,+1
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