w5
qftmsr HE v fgumdte artetor

(Complex Numbers and Quadratic Equations)

*» Mathematics is the Queen of Sciences and Arithmetic is the Queen of

Mathematics. — GAUSS **

4.1 fuarr (Introduction)

el swensti o €7 Tk 3R 81 =X 1 T S qHienon
1 q Tk =R H1 TgEndia St stemEa T @
T 2w @ o iRt 22+ 1 =0 1 1S adfaesh g el
B HEE 2+ 1=0" 8H »*=— | W Bl € 3N T+
SEdfeeh &A1 o SUIaT Bl @ SHIIT ortereh G
WOt sl €€ WOTell o & | agH ! SEveshal 8 forad
o B9 THIRN x2=— | %1 T W< Y Toh| ad °, §&A
ST FHHEWT ax + by + ¢ =0 1 A UA HET B, Sl
D=5 dac <02, SN arafas gensti %1 goret §
T9a &l %l W.R. Hamilton
(1805-1865 A.D.)

4.2 wfmgr @@t (Complex Numbers)

TH HTIN B [ /] Hohad | W FTe9a 31 79 ¥ i =1 9T I ¢ 1 SR A
2 o i g 2+ 1= 0 &1 TF 5 2
a+ib % UIEY I TH G J&l g 3N b arfos GOt &, s afigs gen

-1 .
TR FA TSI F AT, 2443, (- 1)+ i3, 4+i(ﬁ]¢rﬁﬂaa‘@ﬁ%l

ity W@l z=q +ib o U, o aWEATAR WHT FHEAM € 99 Rez g1 Frefua
eran ST & SR b ShTeuteh |WIT Heeldl 8 9 Imz g Fsfua feran et 21 S
% fa, aft z=2+i5, 7@ Rez =2 3R Imz =53 9fAg F&ad z =a+ib A z,=
¢+ id TuE B At a=c3dRb=d
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WUTI?Tﬁ‘{4x+i(3xfy)=3+i(f6),3|ﬁx3ﬁ'(ywmE@T@%,Wx@ﬁ'{y
0 it
Tl W fem ®
4x+i(Bx—y)=3+i(-6) . (1)
M 3R o afash qe HIeush A 1 THH o g, %‘ﬁm%ﬁ%
4x=3,3x—y=-06,

5= g 7 A I, x=%3ﬁ1 y=§

4.3 wfmgr GEAs et sttt (Algebra of Complex Numbers)
39 9 H, BW 9fny gemst o o s fae S|

4.3.1 T Wlwmer, wesn’ &1 IR (Addition of two complex numbers) I3
z,=a+ib 3R z,= c+id g T Y TeAW §| T 2, +2,% A7 I Frfafeq &9
Y gitefea feran man €:
z,+z,=(a+c)+i(b+d), St 7 I9: TF wfms Fen 2
I F fAaw, Q+3)+(—6+i5)=Q2-6)+i(3+5)=—4+i8
aftay geme o @ fefafed wen #1 g9qe w9 2
() Hawes Fram < wfmy ens 1 dhe Tk 9y e e ¢, e
T wfmy wemst 2 e 2, % fau, 2, + 2, TF Ay wen g
(i) 7 fafqaa frgg fe=l < wfwmy gemst z, a1 2, & fag
z,tz,=z,%z
(i) @Egerd frag fe=t d @wfmg wenst z, 2, da1 2, o fag
(z,tz)tz,=z +(z,+z).
(iv) THE dEHF T e T & 0+ 0 (0 o g ST Sl ©),
TTIcHeh qeaH 3TEl Y[ Ui e heel © el oy afmy
& z,z+ 0=z
(v) TN Giaeny @7 ifide Y% Afsy 9@ z =g + ib, & fau 7o
G G&A — a + i(— b) (— 2o GRI A ST 7) I et €, SHifek Fmesh
Uil el z W1 RO hed gl B9 UfRd % € o2+ (2) =0
(TTeHe qeqTH) |
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4.3.2 3 Wiwgr &3 FT a7 (Difference of two complex numbers) =81 1 T8
W%F@Taﬁzlaﬁ'{zzmWzlfzzﬁmmﬁ'qﬁﬂmﬁWTW%:
zlfzz=zl+(fzz)3§1%T‘Tﬂ?«f (6+3i)7(27i)=(6+3i)+(72+i)3"ﬁ'{

Q2Q-)+(-6-3i)=—4-41i

4.3.3 @imsr g&msi’ &1 T (Multiplication of two complex numbers) T NS
z,=a+ib M z,=c + id FE A GO TS | @ EEA z .z, ARG €Y
T uRefa fepan < 2

z,z,= (ac — bd) + i(ad + bc)

TR oh fAT, 3+i5) 2 +i6)=(3x2—-5x6)+i(3x6+5x2)=—24+ 28

wftny gensti & OF w1 giwa § Frefatad o e

(i) Herer fram < Wiy genet &1 UAwd, T Gy gen gl ¢, 9
wfey wemell z, 9o 2z, % fa, EEA 2, z, T WAy @ g 8l

(i) ww Tafma fam f6= @ wftng demnst 2, 7o 2, & for,

ZIZZZZZZI
(iii) wrEerd fraw w5l 99 wfmg genst 2, 2, 9o z, % fag
(z, 2,) z,= 2, (2, 23)

(iv) T[UTIcHeh AedTeh shT TR FiHs 9@ 1+ 0 (1 o gRI 9 Sl 2),
T[T oAU 3191 Uehel WIS W& swead 8 o fo g afms
H@Tz&f\c_'ﬂIZJ:Z

(v) NI Ufaelm o1 I Jois I Ay 9@ z=a + ib

a 1
= [ @iy g +i — 37%qen
(a#0,b#0) & fauw, & ot (O

2! o R 91 Sl ) Wi Bl €, z k1 OMcHeh Ffaet™ sheet € forad

& z.§=1 (TTOTIcHeh AeHHeh)
(vi) dea fam Tt 99 wfms geme 2,2, 2, & forg

@ z,(z,tz)=z 2,z z
(®) (z, + z,) Z§ =z z,%2zz2 ‘
4.3.4 I Gftgsr &3 HT YTTFES (Division of two complex numbers) = |

% g wimg "emstt z a2, & fau, @l z, = 0, WA j—;ﬁt:rf%fﬁ@’awﬁ
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R b T = —
2 2
I o T, W ferz, =6+ 30 SR 2, =2

—(- L
- i:EF+3i)x I L 2y ) C

U
s BT EE ) By T

R+il

= (6+3i)BTE
- % H2-3 +i(6+6)§=%(9+12i)

4.3.5 i #T 1T (Power of i) T 94 ® :

~
~
—_ o~
N—J>
—

i
qH-T 9 '@ Eoxe) TJTTT:F k b ﬁ{q o=, =g 2= ] 3=
436 T e o WGt (The square roots of a negative

real number)

A B P2=—13R (—ip=p£=—1.g90C — 1 & =vigel ;i 3K —; &
Tafy fag -7, w1 e gAR fog shee i Bhm

9 BH @ TWehd § Toh i 3 —i Sl FHEHLOT X2+ 1 = 0 31 x> =1 o B Bl

=6 TR, (ﬁi)2=(\/§)2i2=3(71)=73
siR (- 31')2 = (—\/5)2 2=_3
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ESISIY —3% aige 3 3R —/3; %
R O Shaet 37 1 <M & e & gt 23 1 YA feRan S ®, sterfq

V=3 =30

= A% o Tk SIS Ao 9@ ¥, 99 A—a = Ja =1 = Ja i
Y S ¢ T @it oerees aredfas Sl ¢ 3R b % T Jaxb=ab TE
oM a8 ft 9T B, §E 4> 0,6 <0FAa<0, b>0.
B ? A% a<0,b <0, B9 THF! NG FWQ T
T RIS foF 2= V-1 V=1 = J(=1)(=1) = /1 =1 S 29 &1 1 fo=n9E ¢

2=_

AT, JaxJbzJab IR a 3 b A FHO IRAlTR FEAT T
AR g 3R b S H ¥ HE off 77 B, 99 W T4 Y Jaxb=vab =0
4.3.7 @ (Identities) T9 TreAfafad dagms #1 fag & 7:
foreel wftmy wemel 2, 3R 2, & fou
(z,+z,)=z2+z}+2zz
Ut EﬁW%ﬁT%,(zl+22)2=(zl+zz)(zl+zz)
= (z,+z) z+(z, +z) z, (S fram)
=z} + 2,2/ + 22, + 23 (ST frm)
:ZIZ+ZIZZ+ZIZZ+Z22 (WWWWW)

=20 4222, + 2,
T+t & frefafed qemet # fag w9 €

: 2
() (zy-2) =2zl -2z z,+z2;

.. 3
(i) (z1 +22) =2’ +3z}z, +322; + 23

3
(iii) (z1 —zz) =2z’ 32}z, +32,25 - 73

(iv) 212 —Z; =(Z1 +22)(z1 —22)

el W wgd W O Acqwehi i Siteh qell Ao Geeti o forg wer €, weft
ftay wemst =1 goaar & fau fag e s 9o 2

2024-25



88 TIfuTd

sareter 2 fafafEd & o +ib F T 4 e i

iy (-5i) LY o 1 ’
(@) 8 (i) (—l) (21) 2
(@) (-50) (é’j = _?Siz = _?5(—1) = gz §+10
.. . . l 3 S 1 oS L 2\2 _L
(i) (—1)(21)[—81) = 2x 256( ) =

SETETOT 3 (5-3i) &l a+bich ®9 H T i
T OBH W R, (5-3i) =5 —3x 5 x (3i)+3 x5 3ip - (3i)
— 125 225i— 135+27i =— 10— 198i
sareret 4 (—B34V2)(2V3 1) F o+ ibS w9 H o B
we wwa # (—V342) (23 -i) = (-3 +2i)(23-)
= 6+Bit 26 —\212 = (-6++2)+3(1+242);

4.4  QitMg G T AR 3T WITHT (The Modulus and the Conjugate
of a Complex Number)
M A 2= g + ib Tk WEAY & 2| 9 z 1 A, S | z | §RI S0 €T €, 6l

O A T 7 7 SR R e S # s (2| = 2,7 o
z 1 G, Sz g1 g9t S ®, Wiy @ o — b e €, Ufd 7 =a—ib
T & A, | 347] =3 412 =10, | 2-5i | =22 +(=5)> =429 ,

R 31i=3—i» 2-5i=2+45i, 3;—5=3i—5

&0 U i € TR RURR WS W@ 2 = ¢ + ib 1 [0S FidaAm

1 a —b a—ib z
7 g e

PESTSR R I | z|
U,

aa: Tl <1 wfy gemetl 2, z, o fau frafafed fese 0 grea 9 3=
fope S Hepa B2

zl=
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| . I T
0 [z 2|=|z||=| O P R EA b
(i) 2z, =z 2, (V) z+z,=z*z,

alla
) [ZJ z gz, #0.

SEEIOT 5 2 — 3 1 T[UNTcHeR Hidel HId ShifsTg)
ol AF femn z=2-3i

Tz =2+3i 3R |z =22 +(-3)*=13
AT, 2 — 3/ <1 OIS Gfaed

z 243 2 3.
= =—+—iyq |
|2 13 13 13 w e

SR &= T 9N Td MetatEd €1 9 off TErn S g B
1 243 243 243 2 3.

1= +—i

2-3i (2-3)(2+3) 22-Gi 13 13 13

N

3207 6 FHAfafEd &1 g +ib F ®9 H T R

5442 s
O (ii)

542 54420 14420 545V2i4\2i-2
OO T TV 14 1—(@')2

_ 3+6J§i:3(1+§ﬁi) 1423

1+2

1 1 i i
. 35 _ _ ot _;
(i) ¢ 35 (i2)17l - i =i

2024-25
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[ woraett 4.1 |
Y 1 9 10 % I Ay @t H YdS hl g + ib o ®9 H e HifC
1. (51')(—%1'] 2. 04" 3.7
4. 37+iN+i(T+i7) 5. (1—i)—(-1+i6)
6. (l+ig]—(4+ié] 7. Kl+izj+[4+ilﬂ—[—i+ij
5 5 2 33 3 3

3 3

8. (1-i) 9. GHZ) 10. [—2—%‘)

T 11 ¥ 13 &1 aftay genei ¥ g F1 s Ufaem Jd it

11. 4- 3i 12. 543 13. —i
14. Trafafed =55 &1 ¢ + ib o ®9 § T hI90:

(3+i/5)(3-1V5)
(V3+v21)-(\3-in2)
4.5 TNTE a1 37 %T:ﬁ'q 9T (Argand Plane and Polar Representation)

S o B9 e W € Sd § b ardfaes §@e (x, y) o Y shitd 9T o §d,
e XY da H % UReuies o @t o v
e § 9128 x— 378 y — 3787 GRS Sl
2, U ofgdia fog W grar @1 ereriq
gy & x + iy H1 S wid I
(x,y)a?@ﬁ%,ﬂﬂﬁ@mﬁg
(v, y) o &9 ¥ i freger foean sn
ekl €1 78 HeA faeivd: g 2

%o aftmg gemst S 2 + 4,
—2+3i,0+ 14,2 + 0§, —5 —2i R 1-2i I
Sifeh ShfHd i (2, 4), (-2,3), (0,1), (2,0),
(-5,-2) T (1, 2) @5 ©Td ®,
amrefa 5.1 o fageti A, B, C,D,E 3R F Y
BN ST frequr feren T 2 MR 4.1

Xl

®E(-5,-2) or(1,-2)
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iy wead S fgerde e 9
T, foad v fafg &1 ws afms Y

A
& gn M frn o @, 9wy ad 3 P(x,y)
1 A qa FHear 2l {’d

amie d@ o afmy 9@l (x + iy) H

Hik g P(xy) ¥ ¥ f3 0(0,0)

9 F g g gr| wia F %o 0

(STepfd 5.2) 1 0
-9 W fag, wfmy gemst

a+i0 9 o WA e § AR -1 W

> X

v
Y Y
A P(x, y) JATRTA 4.2

fog, afts Hemsti 0 + ib €9 o Td e
g1 omfs qar | x-3781 SN )-378 HE:
X'€ SX AR e SR Feu 1| FEad B

0 arfe a1 H Wit §&m 2 =x + iy
IR TR gt z=x — iy @ fagsl
P(x, y) 3R Q(x, —y) & gN f&fa fman
v Q(x,—y) TR B S Ao W, f6g (x, ) artern
Y 317 oF @y fag (x, y) #1901 wfafea
3Mepld 4.3 FHEAT € (MBI 5.3)1
fafaa sameToT

(3-20)(2+3i) .
SEETT T Gy P EEH S

(-20)(@2+30)  6+9i-4i+6 12+5i 4-3i

UL ae2n@-i) T 2-ivaiv2 | 443 43
_ 48-36i+20i+15_63-16i _ 63 _16.
16+9 25 25 25
(-20)(2+3) . 6316

(1+20)2-i) O 25 st @
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a+ib

SEAEIUT 8 AL x+iy="_— g, fag e f 2+ )2 =1

(a+ib)(a+ib)  a*—b*+2abi a’® -b*

2ab

R E X0 gy arid) T @eb C ath

az—bz_ 2ab ;
a*+b* a*+b*

EH?Q, xX— 1y =

i i . . (aZ_b2)2+ 4a2b2
HIPR X+ =@ +iy) (x-iy) = @ +0°Y (b)Y

(a* +b*)
T (@* b7

T 4 UT_fafaer goaraeit

ok
.

257
PMG) ] 1 HH Fd il
2. Tl 1 wfmy wemsti 2, #R 2, & fo, fag wifsu:

Re (z, z,) = Rez, Rez, — Imz, Imz,

3. ( ! 2)(3_4ij F A 9 H gREfdd il

1—4i 1+4i)\ 5+i
. a—ib 2 )y _a’+b’
4. Ifg x—iy= — a1 fag wifse f& (x +y27)=—0——
c—id ¢ +d
) |atzntl
5. AR z,=2—i,z,=1+i, —— HT UM A ST
N2 2 2
+ x“+1
6. I a+ib= (le) , Tag =hifsiT 5, a2+b2=(—)2
2x"+1 (227 +1)
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10.

11.

12.

13.

14.

qftng et @) fgarda gl 93
Az, =2 —i,z,=-2 +i, 7 &1 71 ferifer)

1

() Re (%] (i) Im[i_]
Z 214

A (x—iy) (3 + 5i), —6—24i T T B @l aArEdfesh AN x R A HifSQ)

1+i 1-i

AR (x + i) = u + iv, T ET TR %+5=4(x2y2)

B—a
afe o 31 B oy wfmy wend € = |l =1,7 |1_ap

1 HM Ad HifST

FHIHTT | 1 —i|* = 2% o Y ik Tl ki FEA A Hifwl
I (a + ib) (¢ + id) (e + if) (g + ih) = A+ iB®
T (@4 0) (¢ ) (@) (8 ) = A+ B

1+1i

qﬁ[ﬁ} =1, m &1 = Uik 9 T i

qrI9T

& a+ib o UEY I Tk G, SEl ¢ 3R b Idfas G&a 7, Tk |ty §e&

FEAN ©, o GHA T@N w1 adae 9N SR b THEI FHUE 9N
FHEedl Bl

& Tz =a+ib 3R z,=c+id, T

() z+z,=(a+c)+i(b+d)
(ii) z,z, = (ac — bd) + i (ad + be)

¢ Tl YR 9fts §&A z=a+ib(a#0, b= 0) % fau, T& afmyg &

-b
bz,weﬁﬁﬁa%ﬁm%,s@ émzlmﬁﬁ‘gﬁwm%

a

+1
a’+b*  a*+
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2 _
aﬁ?zmgwmuﬁ@wmm%m@ﬁ(mib)( +im 2 J

a
a+b  at+b’
=1+i0=1 9= g 2|
* WW ka:;f\(—,rq’l%k:1,i4k+1:l”l’4k+2:71,l’4k+3:7i
o TMES T z=q+ib FEFH z 5N e fFan S 2 3R Z =a—ib
TR <9I S €

Tt gEgfn

FATA 7 9 T2l T8 o1 foh Tk K0 G&AT o A 1 Arrolsh Qe
ygfa ® i etfeqes & @ 9Xq TEehT 99 WRA TUae Mahavira (850 o)
#1 W el gefyerm 59 wfeE &1 Tyed: Seoi@ faan “swin ergHt
wpfd “TIfuTd AR HWug' | s o on (Afe) wk gufert (ufn) 7@ 2, e
TGk aiigel Tl g 21’7 U U AR TUrdd Bhaskara 3 1150 %o ®
ot pfa ‘stemfura’ o off foen @, “wu afer &1 w1 aviger @ gl @
Fifer 78 Tk o T&¥ 21”7 Cardan (1545 32) 3 x+y =10, xy =40 %I &
FE H IO THE W M & 3RE x =5+ /=15 d@My=5—./-15 THH
A % &Y ¥ A6 TR 9 S= W e Ko fF 3 e =5 (useless)
&1 Albert Girard (ST 1625 %) = 01 Gt & T HT WHR & ik
el foh, SHY TH JgURE HHIGRLU i fSaT =1d BRf, 37 o W I | 948
BT Euler 7 WageM /_| Wl i Gendd Y& fam dem W.R. Hamilton (RIS
1830 %) o Tk Y O TR ST AR AR hieufTh @’ o FE
Fi Bigd T AWy T&AT ¢ + ib T IRfd® G & HFd I (a, b) & &Y
o geqa fomam

J

 —
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