USWL

A5 AvAl 21 [gand w0

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

of Mathematics. — GAUSS *%

5.1 wedilas

UURL UGHL HIRBIML s Ad i [Zad 33u w580l dul s A4

-~ Y

[Baid uxlselil G3a-dl 2»eun sdl. 2uuel oy 3 udlsel x2+1 =04
alRdlds G3a Ayl S8 § X2+ 1=022d § x2==124 & 4 5165 Y8l
AlRd@s Avaidl 9o el dly AR, 2], 2usl x* =— 1 adlsei-dl Gia
qadl wslal dal [Aqd ael dizdlas Avaioei-l [[adiz s2dl Yd. w18l

Rlla Ylad 3 o D= 52— 4ac <0 &, dl [gald w1528l ax? + bx + ¢ =0

Y

A4 ardlas Gia el WU UBLL Yuu Gea 2idl UsiR-l uHlsel-L Gia

W. R. Hamilton
Haqdl-dl €9, (1805-1865)

5.2 UsR AvAll
wad A8 =1 A Adddl 7 ad ealdlal. 0, 2 ==1 did. 2l 202 Ay § wlsw 2+ 1 =0+l
w4 Gid A,

a, be ReW ddl dvil g + ib 4 A% vl (complex number) dils availid saMi 9 6,
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Gelsel a3, 2+ i3, (=1)+ i3, 4+i 1) 2ise 2ivuiad 8,
11
A AL Z=g + ib Hi a A Z+| UalAs o3 (real part) 5& ©. A A3dHi Re zad suldid 8. b A

Z -\ $teulsis @Ldl (imaginary part) 58 9. A4 A3dAl Im zad salay 8. Gelgwl d3, A z=2 +i5, dl

Rez=2u4 Imz=>5.
ol 6 AR AvUA Z, =a+ib A Z,=c+id i1 €l4,dla=cdUlb=d
Geldaml 1 : o alkdlds Avalpdl x ddl y W2 4x +i3x —y) =3 + i (— 6), dl x Ay «{l Bxd 24l
Giel: e, 4x+i(Bx—y)=3+i(=6) . (1)
AH158L (1) L Aldlds oL dal steulms oL Aviddl,
4x=3,3x—y=-6

e y—E
7

W

oid AHswA Giadl, x=

53 s Avawvildg olloal@id

2L [AeuoAl sl A5 Avainil ua-l Alss Bapiil aal 5309,
5.3.1 6 A5 ALvALBAL AW
WL 3 Z =a+ib ¥ Z,=c+id 6l A5 AvAAL B, datell A Z, + Z, ~{1A WISl Arvid wd © ¢
Z +z,=(a+c)+i(b+d) 2l 2 Ay WReun us s Hs2 AvyL O,
Belgwl d3, 2 +i3)+ (-6 +i5)=Q2-6)+i(3+5)=—4+i8.
As AvAAAL AUl {12 WHIRLAL RIEHLL Wlen 53 &
(i) AQTlL: 6 252 Av-l A0 52 AvalL Al Aed &, oz A Z, 516 ueL 6 A5 Avail i,
dl z, + z,% weL A5 Al gl
(i) s10 [Rau: 616 el 6 s Avaail z wd Z, W2, 2, + 2, = Z,+ 2,

(iii) 2l [Ram: 518 e o9l A5 Avadl z, 2, z

2, ZMR, (2, +2) + Z,= 2, + (2, + Z).

nl a8 b

(iv) ARAL HIZAL d2 B2s vRdcd: 205 452 qvyl 0+ i 0 (%) 4da 0 ) 21l %4 & 3 ¥+ ucis
AR AVALZ + 0= Z. 2L 452 AV 0 - AU 4] deRe €es 2edl 0 A5 Avil 56 6,

(V) AAU W2l A B2sd wRdcd: 635 s Avyiz =a+ib e A5 Avdl—a + i(-b)
(-z a3 gulary )< drqiar WS+l e qes »aalz -l [AR14] aes 58 6. 21uel A sl el

372+ (-2) = 0 (MU 2+l d239).
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5.3.2 6} A5 JvAL2A-AL dsldd : QAL 5 Z

: 4 zzc?t U5 AvALAL 9, dH-L dsldd z, -z, A wHel

oy lAd a8

z,-z,=2+(-Z2).

Getewl ds,  (6+3)—(Q2—=i) =(6+3i)+(=2+i)=4+4i

=

i

2-1) —(6+3)=Q2-D)+(-6-3i))=-4-4i

53.3 6L A% AL ABUSIR (MR 3 Z = a + ib A Z,= ¢ + id 6 A AvAll 8. -l JRUSR

z, z, (1A Wl v Bid 2y 9:

z, z,= (ac — bd) + i(ad + bc)

Gelsel a3, (3 +i5) (2 +i6) = (3 x2—=5x 6) +i(3 X 6+ 5 x 2) =—24 + i28.

A5 Avavdidl deusiz 1A wriel oyl 1ud ©, dud el Bl 2wt 4oz ikl

()

(ii)

(i) 22 [Ran: S1SuRL 2oL A5 Aval z

(iv)

v)

(vi)

Aridl : 6 A5 AvAIAL ARSI A2 Aval adl, Aed §, A 2, 2 Z, 516 ULl A5 AvAil
€1, dl Z, z, 2 uBL A5 vl Ul

sudl [Rau: SiSuny 6 g2 Avuil z 24 2408, 2,2,= 2, 2.

0 Zp 2 MR, (2,2)2,=2,(2,2).

JRUSIR 2L A2 B2 WlRdcd 1215 452 qrall =1+ 0 (Pl 4 1 B) 2lzdca 4 8. ¥4l ucis

HS2 vl Z HIS, Z -1 = Z il 452 vl | 4 9RUSIR HieH] dcal €4es 56 €.

ARUSIR WIS AU U2s wRded: £35 4~dd2 452 Avyi z=a+ib 3 a+bi(a#0, b #0)

+ i —b o l ) 3 r @ PR ? 1_] .
22152 (21 7 Hauz S eUUL &) 19, YUl Z-5=1. 2l 452

. o a
I, 52 AUl
’ a*+b?

. ]- - - A
A Az Al uLs1R HeH] AR 42 56 8.

[acua--l [Rau: 516 wel 2180 s v z, z, Z w2,
(@) z,(z,+z2)=22+2Zz

(b) (z,+2)z,=22,+2,2

5.3.4 61 52 vzl (uonsiR: WAL 3 Z 4ridR §ld ddl 6 s Al Zz ud 28, dusdl el

Z ~ ]
z_l 13 Y8l curaiRd 2l O
2

Z 1
_1=Zl_

Z Z

GereRel a3, z =6 +3i% z=2—i ML,

z_((grax L ) (6+3) |2 4, —CD
z) ((6”‘))‘2-;')‘( ! 2+ 2y



102 Al : grReL 11

N 240 1 _ 1 ,
= (6+3:)(T] = g[12—3+s(6+6)] =g(9+12:),
5.3.5 il &d

2148l 2Ll ¢l 3,

P =ifi=(-1)i==i, i (sz)zz(—1)2=,

—1 1 i 1 —7 1 1
= — —:—:—I, g :—:—:—1,
, P01 it -1
_3_l=i)-(£=i=f:,I g_4=l=1=]_
0= 01 it

s d, 16w yails ke, ik=1, 4 1= k2= k3=
5.3.6 BB ARl dvani asiyn

§EL AHlA 3 =1 dul (=) =i*=—1.

], — 1 Al A[HU j dal — i uld, d4 9di A3d JT] 2 s5d i YA,

e, 2Bl A S sl 913l 5 7w —j oA W50 22+ 1 = 02Ul x2=—1 il B3d udl.

R . 2 2

d o waudl, (V3i) =(v3) #=3(1)=-3

2 2
(i) - () -3

—3 Al QA 3§ dul —./3; a4l

adll, A3d 3 ¥ f3; YAl

wed 3, 23 = f3i.

us Ad A a2 516 4 Airdlds vl QA dl, =g = Ja =1 = Jai.

248l 2006 el ¢l 3, 635 U Aldlds AvAUL g, b WS Jaxb = Jab 4. A a>0,b<0
§Ydl @ <0, b>0Sld AL UL L uRRUHd wdd WA 8. % a<0,b <0 &ld,dl gy ?

281 Al 3,

2=V=1V=1=J(-1) (1) = V1 = 1. (85 ua ardls Bzl a 2 b W2 Jaxb = Jab 8
dy "3l ddi)

AL uReu i2 =-1 «fl acudai Ryw 8.
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A AUV @ 2 b oA 8RL ARAlAs €1 dl, g x/b #ab -

aoll, oA a2 b Higl oA d s L €A AL U B 3 [ x/b =/ab = 0 WA
5.3.7 [l

8L {2 Feras ulbid 5309,

SU6UBL A AV z A 2 M2, (242, ) =22 +23+222,.

alidl : wel, (z,+2)2=(2,+2) (2, + 2,)

= (z;+z)z,+ (2, +2,) 2, ((aouor--l [Rax)

= z2 2 N

= 2242)7, 42,2, + 23 ([eu--l [Hun)

= -2 2 - ~
zl+zz,+22,+ 22 (Leuslz M2 su-l (Huu)

= 212 +2zz, + z%.
d o Ad 20usl 1A WAL Fay b 530 asla -
@) (z- 22) =2z2—222,+23
(ii) (zl + 22)3 = zf + 321222 + 3zlz% + zg
(i) (z,—2,) =2’ =322z, +32,22 - 23
(V) 2 - 23 =(z+2,) (5 - 2,)
WIUR, ¥ AlRdlAs AvAIBIL HIZ A 1Y dal vRlsHL Ml A5 AvaIll 112 usl ABd 53] w5,

Gelganl 2 ¢ «{lal A5 Avuzld g+ bi @IUHL saldl.

® (‘5")[%*' ) i) (i) (20) [—1t]]

Gia - 0) (—Sz)[lz] (—1) - %: g +i0

1 1 1 2 1
.. —i) (2i . - 2% ><‘5=— ) L
) (‘)(’)( 8’)3 axaxa s~ 260 ) s
BEl8R0L 3 1 (5 =30 a + ib @3uHl sldl.

Ga: wdl, (5-3ip = 53-3 x52x (3i) +3 X 5 B — (i)}
=125—- 225i—-135+27i =—=10-198i.
Gersaen 4 :(—VB+v=2)(2V3-i) A a+ ib 2azuni saldl.
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G wd, (~3+v=2)(243-i) = (~/3+42i)(23-i)
= 643+ 26 =22 = (6+2)+3(1+2V2)i

5.4 AR Ava-l WiALS de vigorg SR Aval

WA 3 z =g+ ib A As AvAL B, Al ARdls AvAlL ;2152 A z AL Wels (modulus) A3
AU s 21d B, dA AJdHl |z | 43 ealadimi 2d B, 2, | 2| = fg24p2 AR AUl a— ib
A z | 2qolg A2 AVl (conjugate) V. AR A3dHI 7 A3 saladldl 2d S, W4, 7 =a— ib.

Belswl dls, \3+3\=\/m=\/1_, | 2-5i|= 22 +(=5)% =429,

2 3+i=3—i> 2-5i=2+5i, —3i—5=3i-5.

2L LS WSl 5 AR A5 AvAL 2 AL ORISR M2l el

. 1 a_ ., -b a—ib z
a+ib  a’+b*>  a*+b*  a’+b? ‘2‘2

L Z2Z=|z ‘2
ayl ~{lAAl wRendl udeusel dirdl asiy,
S5 wBlL 6 AR ALz A 2, HE,

‘Zl‘

. U s I e 1
A |z 2)=|z]z] @ 7| |z (| 2, [#0)
o — —— L = — L
(1) 212y =12 Z, (iv) z1tz,=z %z, (v) z, Z (zz;t()).

GELERBL 51 2 — 37 +il 9LBUSIR Hierdl il QML

G54 : WALz =2- 3i
el 7 =2+3i | 2P =224 (=3)*=13
s 2=3i +ll dLRUSIR HIZrl el

z 24+3i 2 3.
= ="+

TP 1313 13

z—l

GuR Rl 2Rl Al Ad wel Y- Aadl asy

1 2+3i
2-3i (2=3i)(2+3i)

Z—]:

2+3i 243 2 3.

22-@3i)2 13 13 13 °
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Gelganl 6 : {lAl A5 Avul g + ib @3unl ealdl :

5++2i
O (i) i

Giat - . T 5+\/5i=5+\/§ix1+\/§i
SR AR TN - YRR Y FROPIY

_ 5+542i+2i—2
1-(v2i)

_3+6\/§i
1+2

30+ 23/2i)
3

= 1+22i

1 i

i )
— =1
17 " _ _ 2
i (32) i i i 1

WYY 5.1

(12 20a waed 1 ¢l 10 ¥i €35 A5 AvaA g + ib @3uMi saldl.

~f 3.
L (5:)[—ga] R 5 oo

4. 37+iN+i(T+iT) 5. (1=i)—(-1+ i6)

_ 1 ..V 1.
8. (1—iy 9. |3+3 10. |23

w0E w11 ol 13 Hi 835 A5 AvaLedl dLBISIR HI2rll . ALK,

11. 4- 3§ 12. f5+3i 13. —i

14. 1Al el g + ib @3uHL gldl :

(3+v5) (3-ia5)
(Ba2i)-(B-i2)
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5.5 2903 2yl w1 Yllu a3y
x-280 A p-ual dE dlavid]l U slevel Sedl JuiipiiAal Aseldl 2wuel el ol
5 arRdls Avaiildl €35 sHY5A A8 (x, p) A Aold XY-AHddUl A4y Big Hodl a5l 21 df ullu watay
6. A5 AVAL x + iy L AN UYL %S (x, ¥) 4 XY-AHdArAL Ao [big P(x, y) a3 olifulas d ealdl
A5l dAHY XY-AHddrAL [Big P(x, y) 7 Adld ey A5 vyl x + iy 44l
A5 AvAL ¥l §2 +4i,— 2+ 37, 0+ 17, 2 + 04, — 527 vl 127 < A0l $1Y 5 A 258 (2, 4),
(=2,3),(0, 1), (2, 0), (=5, -2), % (1,-2) - cillBilas d qold Bigl x14s4 A, B, C, D, E, %4 F

gl 5.1 Hi eulda 8.
®AQ2,4)

C(0,1)

- ——t
D(2,0)

® E (-5,-2) ®F(1,-2)

Y
2usld 5.1

% YH-AHddrl Ucds [Blgr vy A5 AvyL A AdNd 53 ASlA dA 442 A4dd (complex plane)

Al 2419w A¥dd (Argand plane) €14 9.

Y
A
3 P(x,y)
2%
<
x € 0O} (0,0 >X
v
Y
2u5d 5.2

UR B 3 LS AUAAHL A5 AVAL x + iy L WAl |x + iy = Jx2+y2 2 Qaubig O (0, 0) &l
P(x, y) 42+ 2id2 & (gl 5.2).

x-280 UL [BigaAld Adld A5 AvALa+i 0 WIUHL €11 B 2 =280 WAL Bigaild Adld A5 vl
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0+ ib AAZUML 14 B, LS AUAAH] x- 18 2 y- 28 W50 QA5 A8 (real axis) AL S5
(imaginary axis) s&d14 €.

AL AUz =x + iy vl dell Brfolg A2 AvAL z =x—iy A wio{=s AHdAu] wesH [Blgl P (x, y) 2
Q (x, —y) a3 salay 8.

elllfes Jld Big (x, —y) A Big (x, y) 4 Wdl@s 2Haqd e 20 WY (mirror image) s 8.

(2usla 5.3)

Y
A P(x, y)
X' € 5 >X
v X,—
v Q(x,-y)
25d 5.3

5.5.1 A4 Avadld gl a3y

N

> <
s}
s

HIZL 3 A5 ALz = x + iy 4 [Blg P ad sulda 9, WA 3 @
(Rauysd 2uitvis OP «l dolls 7 6 2 OP 3 x-tat-dl 4- (o 218l 0 <
HiuAL welL eiid § (2Lgld 5.4). X< ) d >X
wugl «AlHla 5 [Blg Pl clclas avauaii-l sHysd o8
(7, 8) gl 2=y Fd Haell s, (r, 0) L [Big P oL yella wn 5¢ v
8. 21Ul Gailiga 4d (pole) Ao x-2a-l 4 R 2ugdvu bugé'l 54

wadl 4wl (initial line) 5819,
wel, x =7 cos 0, y = r sin®
" z=r(cos O+ isin®). v A AV, 34?&! 23U (polar form) s8dld 9. r=yx2+y? =‘z‘ i

z -l Hidis © A 0 ¥ z il SI9US (argument HUAl amplitude) 9, A U3dUl arg z 43 salaly 8.

Y Y
P P X
0 0 0
X' X X' '
5 X ) X X o)
P
Y' Y' Y'

() (i) (iii)
2u5ld 5.5 (0<6<2n)
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Y > p Y Y Y
%4 9
X' € >X X' € o >X X' € ) DX X'€ 0[5
0
P P
Y’ Y’ Y’ Y
@ (ii) (iii) (iv)

2sld 56(-n<0<™)

S1URL AvUL z# 0 A ¥old 0 L 2y [FHd 0<0 < 21 Hl HOL 6. dM 9di 27 doilS-l 516 ol
Hdd —mw < B < 7 Fell UL &4 wsd 2 Bl Bod —mw < 0 < m Al Ay, A4 z - YA sle's

(principal argument) $814 8. % w4l eAldd < €14 dl dd A3dl arg z a3 ealdly.

(2uglet 5.5. 214 5.6.)

o o A P
GELER0L 7 ¢ A5 vl z=1+iy/3 A yellu 2azuni galdl,
B3 : WAL S 1 =rcos 0, ﬁ = r 5in@ X 0 X
ol 5314 AU S,
YF
r* (cos*0+5in*0)=4 Ned ¥, r=+/4=2 (AuReeLd 3d, 7> 0) gl 5.7
cosB:l, sinezﬁ,
2 2
="
3
.= m .. T
Ul Yelly a3y 2= 2(cosg+ i SmEJ
A AL z =1+i4/3 A 2R 5.7 4l ealda 8.
5 . . . - - [ Y
BELE20L 8 A5 AvAl N gclld 2a3uHl 2l
B3 : wUE AR AvAL e _ -16 =i/3
' 1+iV3 143 1=i3
~16(1-iv/3) P(—4, 443) X
=T =2
1-(i/3) 0
X' 5 X
-16(1-iv/3)
B 1+3
. . Y,
= —4(1-iB)==4+i43 (sl 538) 25 58

WAS —4=rcos®, 43 =rsin®
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ol 5314 AALL Sl 16 + 48 = 12 (60326 + sz’nzﬂ)

r2=64, Aed %, r=28.

N 1 3
a«l cos 0==-—, sin® = £
2 2

f=m——="—
3 3

. 2n . . 2m
U, Hidld yold a3y 8 cos—=+i sin=-

wad | ol 2 Hi wdd 835 A5 AvALAL HiAdls i 51215 k).

1. z=-1-1i\3 2. z=- 3 +i

us 3 ol 8 Al widd es AL Aval Yolld a3unl 34l

3. 1—i 4. —=1+1i 5. —1-i
6. -3 7. 3 +i 8. i

5.6 [gand a+lse)

Y =

248l (et alseil (3 WRBid 12l v 213 [Adas 2=qel i 22d § D> 0 €14 AR drdlasAvyl
dRL U dMrl B3e uBL LAl

ed 2Rl «fl12 el [Zad wslseidl [ s

a, b, c ARdAs ALIRASL O Yl a# 08 A ax2 + bx + ¢ = 0 8.

aull, WL % b2 - 4ac < 0.

g UL A5 ALALIRL YR BB dlReds Avaid aolia El wsla el W2 Gu wrislL uHlseLxl
B3q A5 ALUIRL U HA 9.

_ —b+b?—4dac =—bi\/4ac—b2 i

- 2a 2a

|..-qu L AHA Jedlsd aeialdl 2 ¢85 518 ueL adlsed Sedl ol wa ? v Aeal AL
wiy 3 ofloaldid-al yaeid YHY (Fundamental theorem of Algebra) a5 2glldl 8 d- (uleidl

STETICEEY RIS

“olguely Alseid UL 2ileg 2 ol Hal.”
2L WAL WRBuH vt o Gudlell g 1A el wReuy wd © ¢

“naidalon slgueld X158 1 ol Ha 8.7
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Belsw 9 : B3l x2+2=0

Bia s wndl, x2+2=0
NAAL 2 =—202A , x = ++/—2 = +/2i

Gels@ 10: G3Al : x2+x+1=0

G54 : el B2—4ac=12—4x1x1=1-4=-3

e o e i E VAL

- 5 Hidle Giell 19l
2x1 2

BerwL 11 : B3el: 52 4 x++/5=0

Bie Al 2l uHlseueAl [@Qdus
]2—4x\/§x\/§ =1-20=-19

—1£4-19  —1£:19

oy Gidl = Y9l
245 245
AUY 5.3
AlAAL w3l5200 Gl :
1. x2+3=0 2. 22+x+1=0 3.x2+3x+9=0
4. —=x2+x-2=0 5. x2+3x+5=0 6.x2—=x+2=0

7. ﬁx2+x+\/§=0 8. \@xz—ﬁx+3\/§=0

1
9. xX’4+x+—==0 10, P2H+—=+1=0

V2 V2
5.7 s Avad adlyn

2RAL [[ewaHl vl A5 ollyd 2al dal Gaid wlse-n 6ia-l aul s, 2l 2uusl
WHIRLA 23Ul euldd s vl adlya diradl RRre W asdal. 2ugl dd Gelsel gkl e
ESIETS
Belga8l 12 1 =7 — 24i < ad(ya ).
B5a: WAY x+iy=+-7-24i
(x+1iy)* = -7-24i

YA x? - y® +2xyi = -7 - 24i

ARAS AUAL 2 SleulRs GUdL AL
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xX2—y2=-7 (1)
2xy = 24
Freua (x2 + y2)2 = (x2- y2)2 + (2xy)2 - Gudlot sad,
(x2+y2)* = 49+ 576
(x2+y2)* = 625
WH, x2+)2=125 (2)
(1) 2t (2) urell, x2=9 24 32=16
MUl x=+3wdy=+4
SBUSIR xy MBRL Elaliell,

x=3,y=—42¥d,x=-3,y=4

W, —7 —24i -l PHA 3 47 w1 3 + 4.

AR 5.4
awia gl :
1. —15-8i 2. —8—6i 3.1—i 4. —i
5.1 6. 1+i
uslel Gerge

(3—2i)(2+3i)

Gersanm 13« ugog dsr v Al s~ s o

(3=2i)(2+3i)

B s i, 1+20)(2-i)

3 6+9i—4i+6
C 2—it+di+2

_ 1245 4-3i
4430 4-3i

48-36i+20i+15
- 16+9
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(3-2i)(2+30) 4 o oy 93416
(A+20)(2—p) “L¥igua As v

Gelg2ml 14 : Al A5 AvURALAL HIALS 2 SRS L ¢

i oL
S 1+
NP L S
B T TR e W -
8d, 0=rcos 0, 1=rsind
Qo] 5304 AAN Sl 2 =1x2d S r=1
cos =0, sinb =1
L 0=—
2
1+i . . ~ A . T
HI2, ;s T slais 8.
. A = 1= 10
@, T -y 141 2 2
Y121 3 ! 0 : in®
—=Frcos — _— = Frsin
) 2 E 2
. A : 1 1
Bu (i) WHRl WBA Sdl, r = ——; cosO = ——, sind =
;) 7

S ——
4

1 .1 . =T
B, —— L Hidls = 2 SRy — 9.
' ti 2 Sl

a+ib
GewRRA 15: A x+iy= m,d‘t AL 52 5 x2+ 2= 1.

(a+ib)(a+ib)  a?2—b2+2abi a2-b2

-l
5

. =

25 25 ©

2ab

B34 : wdl, x+iy=

a2—p2 Zabi
a2+b? a2+b?

TXx— iy =

- = +
(a—ib)(a+ib) ~  a2+b2 242 2+b2
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‘ o (@-b)2 . 4a%? (a2+b2)2
XY=t (x-1)= (a2+b2)2 * (a2+b2)2 - m B

~ 34+2i sin0

Belsw@L 16 : A L ARAfLs AvaL €1, dl ARdlAs 6 AL,

1-2i sin0

Gia : wid,

3+2isin®  (3+2isin0)(1+ 2i sind)
1—-2isin® ~ (1—2i sin0) (1 + 2i 5inH)

3+6isin0+2isin0—4sin20  3—4sin20  8i sind
— = +
1+45in20 1+4s5in20 1+ 4sin0

WIUE B F 2L A5 AvyL diRdlAs 8.
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Historical Note

The fact that square root of a negative number does not exist in the real number system was recognised
by the Greeks. But the credit goes to the Indian mathematician Mahavira (850) who first stated this
difficulty clearly. “He mentions in his work ‘Ganitasara Sangraha’ as in the nature of things a negative
(quantity) is not a square (quantity)’, it has, therefore, no square root”. Bhaskara, another Indian
mathematician, also writes in his work Bijaganita, written in 1150. “There is no square root of a negative
quantity, for it is not a square.” Cardan (1545) considered the problem of solving

x +y =10, xy = 40.

He obtained x =5+ /-15 andy = 5— \/—15 as the solution of it, which was discarded by him
by saying that these numbers are ‘useless’. Albert Girard (about 1625) accepted square root of
negative numbers and said that this will enable us to get as many roots as the degree of the polynomial
equation. Euler was the first to introduce the symbol i for \/_; and W.R. Hamilton (about 1830)
regarded the complex number a + ib as an ordered pair of real numbers (a, b) thus giving it a purely
mathematical definition and avoiding use of the so called ‘imaginary numbers’.
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