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SCHOLAR 9" MATHEMATICS - 11 2

Complex Numbers

y 1

Introduction

Complex numbers are an extension of the real numbers designed 1o solve equations that have no solutions within
the realm of real numbers. The history of mathematics shows that man has been developing and enlarging his
concept of number according 10 the saying that “Necesuty 15 the mother of mvention™ In the remote past they
started with the set of counting numbers and invented, by stages, the negative numbers, rahional numbers, irrational
numbers ete. Since square of a positive as well as negative number is a positive number, the square root of a negative
number does not exist in the realm of real numbers. Therefore, square roots of negative numbers were given no
attention for centunes together. However, recently, properties of numbers imvolving square roots of negative
numbers have also been discussed in detail and such numbers have been found useful and have been applied in
many branches of pure, applied, financial and computational mathemancs.

Complex Numbers

Ihe numbers of the form z = a + (b where a.b € R and rrﬁ.mulkdmnpkl numbers and the set of all
complex numbers is denoted by €

For example, J-4|,2-%|.~?~2.r ctc. are complex numbers.

Recognition of Real and Imaginary Parts

Let x¥+1=0 =>x=-1 :)l-:J—_l{Donmthkﬂ;mﬂnsﬂofmlnumtw!)
We, therefore, for convenience call it imaginary number and denote it by i (read as 1ota)
Remarks: Note:
» Iz =a+ ibsacomplkx number, then Every real number is a complex
a=rcalpantofz = Rez . b= wmagimany pantofz = Imz number with 0 as its imagnary
Forexample,ifz =3+ 4 thenRez=3andIimz =4 part

The product of a non-zero real number @ and ( 15 also an imaginary Rumber and 1s wnitten as ai.
Thus 2:.-3!.‘&.—1:{: are all imaginan numbers.

Conjugate Complex Numbers: If z = a + tb is a complex number, then | Note:

a~ib iscalled the complex conjugate of 7 and is denoted by £ Forexample, 5-4i | A real number s sclf-conjagate.

15 complex conjugate of 5 + 4( and =2 — 3i s complex conpugate of =2+ 3i . ic.ifcER hend =a

Operations on Complex Numbers

With a view to develop algebra of complex numbers, we state a few definitions.

The symbuls @, b, ¢. d. k, where used, represent real numbers.

(1) Addition (a+iD)+(c+id)=(a+)+i(b+d)

(i) Subtraction: (@ + b)) = (¢ + id) = (@ + ib) + [~ (c + ()]
=a+ib+(—c—id)=(a=c)+i(b-d)

(i) Multiplication: (@ + ib)(c + id) = ac + iad + tbc + (*bd = (ac — bd) + ((ad + bc)

(iv) If k is any real number, then k(a + ib) = ka + tkb
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() Every non-sero complex number (i, number not equal to (0,0)) has a

Ny e defow cempdey menber ale o Y seomg wdresd ey

P ther et oof e prmary Perbompong 1o v R owbah pre sebaec] o the Folkowm e progeertes

i 1 Qusios abl=jsdlwmag=cAab=gd

) Sam abisvdi=(asc.bed)
im) [ Neremr a b - i.b d)
n ) Proubect a b - (& bd. ad » )
() Mk o a roal massbary them b(a M) = (ba bd)
Famsmpde 1§ ol the sum Nevere wmd prontact of the ¢ wmpiey purnbers (8 Q) and (5 —4)
e lwlen

S - (R9) (H+59<6)=(133)

Differense = (B 9) = (5. <6) = (B =59~ (=6)) = (5.15)

Prodct = (B9 (5, ~6)= (B 5= (9)(=6), (B)(=6)+9-5)

= (40 4 54, =48 + 45) = (94,-13)
Properties of the Fundamental Operations on Comples Numbers
1t can e canly verifiod that the set C watislies all the field axioms ie., it possesses the propertes of real numbery
Py wany of eaplanatem of wene pomts we observe as lollows
1) The addatvve sdentity i C 15 (0,0)
(1) [vers complen number (o, ) has the additive inverse (=g, =b) 12, (a,. b) + (—a,—=b) = (0.0)
(1) The mubtiplacative sdert 1y 1 (1. 0)1¢,

(a.b) (LO)=(a-1=b 0, b 14a 0)=(ab)=(10) (a.b)

Naote:
multplaatine nsverse _ Y The set C of complex numbery
' ( a - does not satinfy the order
The multiplcative nverse of (o, b) s ,'; Ry M .EJ aviems. In fact, there i no

sense m sxying that  one
—-} = (1, 0), the wdentity element cormplex number i greater or

b .
(e. ,u-b’u

less than the other Y,

a b
= | — — b
[e.b* ai.b‘J(" )
o) (@B)l(e.d) £ (e.)] = (a.b)(c.d) + (a,b)(e.[)

Fasmple 2: If z, = (4,2) and 2, = (3, 1), then find ;l-

2
Solution:
Gwen z,=(4.2)=4 42 and 2, =(3,-1)=3~-1
n 42
z, 3~
Multiply up and down by (3 + ()

ﬁ_'l.ﬂ 3si
z, 3-1 3+

_(4)(3)+(4)(1)+(20)(3)+(20)(1) _ 12+4i+61+2/"
GF -Gy 9-¢*
51221012 _10.10/ o ot
% 9-(-1) 10

PN ———— R

vrgand Duagram
The 1ngur® rEpeesent vy ow o MTT LommPh t SEntery - e oormples plase i calen] an Argend disgrem (e
Argarsd Juagram i 8 may of ITpETRiong T F P TY e i g pasi by o the L cemples plane Poosty o the 1 gy
FEprTsen 1eal Pumtars wherrae (e [roants om thee B ma i re e weret ey uery B by
Fvery complen number will be crpresented by one andd only cne ot of the
courdnate plane and every ot of the plane will regersent (oo and oty e
womplen  number The O Pty of the complen pummter will be the -~ 3
conrdsnates of the pont representing it In ths represertste s the §-asm o called
the real avis and the y-aves n calied the magmany avin The coordinate plare
el 1 called the complen plane or 2-plane f

s -
ip—b—r—t—te
.

In an Argand dugram, the complen number 1 + [y i uniguely represented by il e v..
the order paur (¥ ¥) - ;L .
In adwouneng Migure, the complex pumbery 3+ 2. -2+ 2i. =3 = Jiand 2 - 2i AL 4 M
corroypond 10 the order pairs (3.2) (=2.2). (=3, =2) and (2, = 2) respectively 1
have been represented goometncally by the powt A B, C and D Ty e
Modulus of Complex Number: i e
The modulus of a complex number ¥ + iy s denoted by |x + iy] and » 74
delined as |x + iy| = J:‘-y’ e . ifz= x4y, then |2| -J:‘-y‘ (‘- :
OR . "
In other words, the modulus of a complex number is the distance from the )
ongin to the point representing the number
Note:
For a complex number 2 =~z = iy, |2|» t‘-f s areal number ) 'Y 0
.
Bunpklalft-n 2"! then evaluate |7
Solution:
(1+20))  1+4i+4  _3adi 240
z- - - w— Mult
2-1 2~ Z=1 2wl ralbui e
«6-3198104F  -645i-4 _-10+S1 . 2,
2' -4 4-(-1) Bl
= z=-2+I
Taking conjugale
Im=241==-2~|
and il =1=2=il=J(=2)" + (=)  =Va+ 1 =|7)=s
1. Find the multiplicative inverse of each of the [ -
following complex numbers:
Hfo 77 (A (7
W (+.7) ( ( Yo (!‘;
Solation: -[ ]
Let z=(-4,7) L1649 " 164+ 49
Here a=-4, b=7 4
Multiplicative inverse of 7 is (‘E
WA L
z @b P et Let t'(-47) Sr=4+7
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Muluplicative inverse of z 1s
| |

z -4+Ti
. 1 _—-I-?l
~4+71 4-Ti
-t A=
(=)' =(71)  16-49¢
¥ -4 -Ti s
16+49
_—4=-Ti & N
"5 65 &S
-[_.?_ _l]
65 65
) (VZ-5)
Solution:
Let z=(¥2,-45)
Here =2, b==5
Muluplicative inverse of z s
1 [_._ el
z at+bt o"‘-b”
( -JE) "
W2y —(—J‘ SF(W2F +(~

[205 24-5
(W) (L0)

2 5
7 7
Solation:

Let 2=(1,0)
Here a=1, b=0
Muluplicative inverse of z

1 _[_,_ _L]
z @ ebt &b

i [m‘ :[0 F° m'::o )‘]

1
(i) "0
2. Scparate into real and imaginary parts (writcas s
simple complex number):
2-71
® 4+51
Solution:

Multiply up and down by conjugate of 4 + 5i

2-7i _2-71_4-51
$oSi 4+S51 4-5i
_ B-10i-28i+35°
16-25i°
_B-38i-35 -
16+25 v —
L =27-38i
41
. =27 38
FTEET!
27
Real part = —“-
38
Imaginary pan = G

@ (=2+31)°
1«1

Solation:
(=2+30F _ (=2F +(30) +2(-2)(3))
1=+t 1+i
= 4+9° 12
1+t
o 3-9-12 by
et ~
Muluply up and down by conjugatc of 1 + 1
= -S-IH“E
1«1 1~
_ =S+S5i-12i+128
1-¢
-5-7i-12 2
-_ltl v fe=l
- =W
2
il
e
Real part = =
2
\ A - _%
(i) I;—'
Solution:
Multiply up and down by conjugate of 1 + |

1+ 1 1

—

F=-1

Real pant = =

Imaginary Part = =

(4+31)
vy 201
™ 4-3

Solation:
(4+30) -
-3

(47 « () + 241
4-3i
_ 169 +24i
4-3
- 16-9+24i
4-3
Multply up and down by conjugate of 4 - 3J
L Te241 443
-3 4=31
_ 28+21i+96i + 72/
16-9i*
_ 28+117i-72
16+9
- —44+117i

a._l'

T - |

3. Provethat T=2 ifTzis real

Solution:
Given:
To Prove:
Proof:
Let r=a+ibthen ¥ =a-ib
As 7=z
a-ib = a+ib
-ib = ib
2b=0
b=0 Putineg. (1)
z=a+0i=a
= zisreal
Conversely:
Given:
To Prove:

Taz

zis real

(1)

zis real

Proof:
As Zzisreal then
z=0+0i=0 A2
T =a-0i=a AN
From eqﬂ)_md eq(3)
I=z
4. For ze C,show thal:
0 %- Re(z)
Solution:
Let z=a~+ib = 7=a-ib
Re(z)=a . Im(z)=b
z2+7 _ (a+ib)+(a~-ib)
-2 2
- a+ib+a~-ib
.
- 2a
2
=g
=Re(z)
Hence % = Re(z) ’
-7
a ?-Im[:]
Solution:
Let r=a+ib = T=a-ib
Re(z)=a , Im(z)=b
2= _ (0+1b)-(a-1b)
2 21
_a+ib-a+ib
21
=2
u
=h=Im(z)
-7
Hence = =1m(z) .
@) |zP=z.7
Solution:
Let z=a+ib = T=a-ib
LHS = |z
= (VP +D P =+ b
RHS=12.7
= (a+b)(a~1b)
= (a) ~(ib}}
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—ls
= -1*H =6+21i+4-14 = 10+7f
= o 4+ b == 13z, +27,1 = J(10) +(7)}
Hence pm:d”s he = J100+49 =149
ie., 1z =Z.Z

5. If z;=2+1,2,=3-21,2z; =1+31 then express

-";11’- in the form of @ + (b.

Solution:
5.3 _(2+0).(0+3)
z, 3-2i
_(2-n.01-3n
3-2
_2-61-i+3}
3-2i
- 2-7i-3
3-2
- o1=7
3-2
=1-71 _3+2 2
T S, p
. 3-21 3+2
_=3-2i-21i-148%
@y =@y
- —3-23i+14
9+4
_11-23i
13

==1

S

6. If 2, =2+71 and z; = =5 + 31, then evaluate the
following:

M) 12z, —4z;|

Solution:

Given that:

2, =2+71 , 2'==5+3i
2z, -4z, = 2(2+71)-4(-5+3i)
= 4+14i+20-12
=244+ 2i
|22, -4z, »J(m’ +(2)
' = J576+4 =580
= Jax145=2J145
an 13z, + 2351
Solution:
3z, #27, =3(2+70)+2(2-7)

(i) |-7z; +27;|
Solution:
-7z, 427, = -7(-5+3i)+2(-5-3i)
= 35-21/1-10-6/

= 25-27i
|-72,+27;] = ,!(25]‘I +(-27)
= J625+729 = /1354
(v) |(zy +2)°
Solutlon: > =
(2 +22)* = (2 + 755+ 31)°
=(=3+10()

As we know
(a+b)' =a®+ b+ 3ab(a+b)
(2 +23)" = (=3)" + (101)* — 90i(~3 + 10¢)
= =27 + 1000 + 270{ — 900(?
Puti’==jand (¥ = -1
(z; +2;)? = =27 — 1000( + 270i + 900
=873 - 730(

Iz, +2; ') = {(873)} +(-730)
= J762129+532900
= J1295029 =109109

7. Show that "1 + =1 & [*3 & [*<4 = (0, for al]
neN.

Solution:

LHS = ("1 4 'not + Inol + (N4
L B o S S S S S o Lol
=i+ +0+10Y)

=i+ A2+ (7))
=i{"(i =1+i(=1)+(~1)%)
="(i-1-i(+1)
=i(0)
=0 = RHS (Proved)

L J—

1+1)"
8. Find the least positive value of n, if 1—— =1

Solution:
Multiply up and down by conjugate of (1 -1)

1-1 1-1 1+1

_(a+y

-7

SCHOLAR 72 MATHEMATICS - 11
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_1+P+2i

o e |
1+1
_1-1+21 _2i
2 2
B il )
1-i
n
Now, [1:—“] -’} (Given)
1-1
(" =1 using (1)
For least +ve value of n, put
2n=4 =1
n=—

2
E As required.

9. Show that,thevalueof/*forne Nandn>4 1/,
when r s the remalnder when n bs divided by 4.

Solution:
To prove: (™ = ("
Where r is the remainder, when n is divided by 4, for
neENandn>4.
By division algonthm, we have.
n=4q+r . (1)
Where q i1s quotient and r is the remainder when n is
divided by 4.
LH.S=i"

= (*9*7 using (1)

= (%7 . "

=1

=1

=1-ir

= ("= RH.S. (Proved)

s =1

Equality of Two Complex Numbers

-

The two complex numbers z; = a + bl and z; = ¢ + dl arc said 10 be cqual ifT their real and imaginary parts arc

cqualic,a+bl=c+di=a=candb=d.

Example 4: If (3 + 2{)(x + ly) = 5 + 121, where x, y € R, then find the values of x and y.

Solution:
Giventhat  (3+20(x+1ly) =5+ 121
= 3x+3ly+2x+2yt* =5+ 121
= (3x=2y)+(2x+3y)Ii=5+12
Companing real and imaginary part, we have
3x=-2y=5 ..(>1) and
3 x Eq. (i) + 2 x Eq. (i})
9x — 6y +4x + 6y = 15+ 24
13x =39
x=3
Put x = 3 in equation (i), we have
3(3)-2y =5
9-2y =-12
=2y =y
y=2
Thus,x=3,y=2

Square Root of a Complex Number:

2x+3y =12

--.(ii)

The square root of a complex number is another complex number that, when squared, give the original complex

number.

If a complex number z = x + [y, where x,y € R, then the square root of the complex number z = x + [y is given

by

= |z]+x
& *[ z iV 2

b fimlex ) here Izl =

Jx? +y% > 0is modulus of z.
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Example 5: Find the square root of complex number 5 4+ 12i and also represent the square root on an Argand diagram.

Solution:
Let z=5+12i
Here  x=5andy=12

jz|=r5+1z:|=Js’ +12* =169=13

The square root complex number z is:

s | 2] +x lz]-x
vz - *N 2 IyIJ J
:Nl3+5+i2- 13-5

Y 2 izjV 2

= +(J9+14)=2(3+2i)
=3+2i or =3-2i

1.  Find the values of x and y in each of the following:

() x+ly+2-3l=15-0D(3+4I)
Solution:

x+iy+2=-3i=((5-DE+4)
(x+2)+ (y—3)i =i(15+ 20i = 3i — 41%)

(x+2)+(y=3)i=i(15+ 171+ 4) vt =1
(x+2)+(y=3)=171*+19i
(x+2)+(y=3)==17+ 19 ==
Comparing real and imaginary parts, we have
x+2==17 y-3=19
x=-17-2 y=19+3
x==19 y=22

Thus, x==19 and y =22

) (x-Hy)[!.-l]-(Z-Sl](—5+Sl)[—l-:-)

Solution:
(x+iy)(A-1) = (2—3:)(-54.5:)[-%:]
At 2
x=lx+ly=i*y = —sl[—leIOHISf—lSl )
x=ix+ly+y= -%l(-10+?_5!+15)
(x+y)+(y-x)i = -%l(ZSHS)
(x+y)+(y=-x)i = =151 =3} |
(x+y)+(y-x)l =15-31 fl
Comparing real and imaginary parts, we hn\r

x+y=15
.-..xq-y-_s

. . |

o L |

()
2)

Argand Diagram
a0
44+
3+
1+
24 e
. t--
r X
—t—t—t— Tt
4 3 -2 |I0 I 2 38
- =
-3-2 il
..]-.
5
Eq. (1)+ Eq.(2)
2y=12 >y=6
Puty =6 ineq. (1). we have
x+6=15

x=15-6 =>x=9

Thus,x=%andy=6

(iii) -—-—+—y—...4+5l

2+1 3-1
Solution:
_X +L =4+5]
2+1 3-1
x 2-1 y 3+|I|
W s i =4+5/
241 2-1  3-1 3¢1
_21‘":4—23{""; =445
28 =i 3=
2x—ix 3y+ly _, . N
S . Sy
2x-lx+3y+ly =4+5]
5 10
4x=2Ix+3y+ly =445
10
SOV oI w481
10 10
Comparing real and imaginary parts, we have
M:q. = 4x+3y=40 ...(1)
10
-2:;-)' =5 = =2x+y=50..(2)

SCHOLAR T MATHEMATICS - 11

Eq.(1)+2ZxEq.(2)
4x+3y =40
—Ax+2y =100
Sy=140 = y=28
Puly =28 ineq. (1), we have
4x+3(28) =40 = 4x=40-84
=—44 = x=-=11
Thus x=-11 and y=28

2. Ifzy==13+24 and z; =x+yl, find the
values of x and y such that z, — z; = =27 + 151

Solutlon:
Giventhat z, ==13+24i,z; =x+ yi
As z, -2, ==-27+15/
= (-13+240)-(x+yi) ==27+15i
“13+241=x=-yl ==-27 + 15/
(-x=13)+(24-y) =-27+15]
Companing real and imaglnary parts, we have

-x=-13 =-27 24-y=15
-x==27+13 -y=15-24
-x ==14 -y=-9
x=14 y=9

Thus,x=14andy=9

3. Find the valuc of x and y If:

® (x+1y)*=25+601
Solution:
(x+iy)* =25+ 60i
X2+ ity +2xp0 =25+ 60i
(x* = y2)+ (20)l =25+ 601 s Pt
Comparing real and imaginary parts, we have
Xyt =25 o)

2xy = 60 w(2)
From eq. (2), we have

::py:y.
X

RIS

y=

Put y =% ineq(l)

2]

Multiply by x2, we have
x4 =900 = 25x2
x'=25x1-900 =0
x4-45x2+20x2-900 =0
x*(x*-45)+20(x*-45) =0

(x*=45)(x* +20) =0

Either x*-45 =0 or x*420 =0
= X2 =45 but xt = =20 (not possible)
xBﬂWE
Pul x=35 incq(2)
60
23J5)y =60 = y-
10 Y
J"T
%‘-5-:'2\(—
Put x = -34/5 incq(2)
60
-3/5)y =60 = y=
LR -
y=—1n
F3
=-37‘.5- =-245

Thus, x=345,y=25 or x=-3J5,y=-25

() (x+1y)*=64+48l
Solution:

(x+lyf = 64 +40/
B+t + 2yl = 64+ 481

(x* =)+ () =64+48] vt ==l
Comparing real and imaginary parts, we have
xt -yt =64 (1)
2xy =48 =xy=24 -(2)
From eq. (2), we have
24 .
y"'; Put thisineq. (1)
2
2
x

xz_ﬁ =4
x

Multiply by x2, we have
x4 =576 = 64x?
X =-64x1 =576 =0
x'-72x* +8x* -576 =0
x*(x?-72)+8(x*-72) =0
(x*-72)(x*+8) =0

Either x*-=72 =0 or x*+8=0
= xt=T72 but x=-8 (not possible)
x= 462
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10
Put x=6v2 ineg (2)
24
642)y =24 = y=
(6+2)y ) wer; -
4 2x2 J-
= = 2200
2 2
Put x=-62 neg. (2)
By =24 o y=2
l-b = = —
-642

Thus, x=6J5.y=2sE orx=-6Ji.y=-2J5

(i) (x+iy) = z'+3
Solution:
ey = 222
=)@y = T3
6i-2i%-9+3i
(x*=y)+ (o) = —F—F—
@y -y
02 -y = 222
(- y")+(29)i =§£i] i?=-1
-7+
(e -y (2l = 2
. -7 9
O -y )e@)i = e
Companng real and imaginary parts, we have
doy= D)
9
2y = «(2)
From eq. (2), we have
_F Put this ineq. (1)
Rl VY
x [zo:] 10
W
400x* 10

Multiply by 400x2
400x* -81 =-280x2
400x* +280x*-81 =0
Use the quadratic formula

~280++(280) - 4{400}[—81)

2(400)

gt

-280+ V78400 - 129600
800
2807208000
800
-280+40v130 !
800
-7:4130

xt= ~g Divide up and down by 49

’-7:4130
x=t—
20

Using y --i

] 7+Jﬁ 9 :

wJ*;;” |

7+Jl30 9

-7+430
20

4. Ifzy =2+3landz; = 1—a, find the value of a

such that Im(z,23) = 7.

Consider

=
= 7=3-3ax

= = —

Solution:
Given that z1=2+3i
z=1-a
Im(z1.22) =7
z21.22=(2+3i).(1-a)
=2-2a+ 3f-3ai
z1.22=(2-2a)+(3-3a)i |
Im(zy.22) =3 -3a i
wim(z,.z;)=7 .
3a=3-7 |
3a=—4
—4

3

suchthatz; +2, =10+ 4landz; — 2, = 6+ 21.

|
|
5. Ifzy=x+ylandz; =a+bl, findx,y,aandd |

Solution:
Given that

3 =x+yi

2:=a+bi
Z1+2:=10+4i (1)
21—z =6+2i )

Eq.(1)+Eq.(2)

n1+z: =10+ 4i
21=22= 6+2i
22, =16+6i
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=8+ 3 Dividing by 2" | (i) B =61
= x+iy=8+3i s Solution:
Comparing real and imaginary pans, we have Let e
i and A Here x=8,y=-6
Eq (N-Eq (@) 121 = 8" +(-6)
+rnn= 10+ 44 = Jo4+06
t2izz=t 642 = J100 =10
223 =4+ 2i Square rool of 2 1s
=2+ N {l:lur Y iz|-x
= a+bi=2+1i 2, =a+bi % j[ 2 "|y|4 2 |
Comparing real and imaginary parts, we have
a=2 and b=1 = “008‘1 -6 IID 8
= =61V 2
6. Show that Vz,,z,€C,2,2, = o
Solution: - *[F H
= b and zZ=c+id
Lﬂiﬂ‘! -;_ _+ =23-11)
= z =a-ib and z; =c-id, «t(@3=1) or @3-
then zy.zz-(a+ib).(c+id) - =3~ or -3+i
= (ac-bd)+ i(ad + bc)
LHS=2,.2, =(ac-bd)~i(ad+bc) (iii) -15-36/
— ) ) Solution:
RHS= 2z, .z, =(a=-ib).(c~id) Let 2=-15- 361
= (ac - bd) + i(-ad - bc) Here x==15,y=-36
= (ac - bd) - i(ad + bc) 1zl -1’(-15)’ +(-36)
Hence proved LHS =R.H.S = J225+1296
7. Find the square root of the following complex = J1521 =39
numbers: Square root of z is
W -7-241 -
Solation: ¥z = [qﬂﬂ" iy ‘fll'l ‘]
Let z==7-24i z Y 2
Here  x=-7,y=-24 -4 [39215,,236 [39+15
121 = J2+y2 Y 2 -3V
= J39+576 ok Jﬁ 36 [54
625 =25 2 36VY2
Square rootof z is = 2(J12-1437)
=4 1’ i s I“ 2ics l = 2(23-34A)
" = +(23-3J31) or -(243-3430)
il ] -7 =24 [2547 =23-3J31  or -2J3+343
-24]\' ———
(iv) 119+ 120!
- J_s_, 32 Solution:
Let z=119 + 120/
H =119, y=120
o iy Jyua)‘ 120)°
=+(3-40) or ~(3-40) g =y{m9)" +¢
=3-4i or -3+4f = V28561 =169 .
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Square root of z 1s

L. f1Z]ex [_z! x|
. L’i 2 mV z )

. [1e9-119 120 [169- m]
‘Wz haoYT z

.. [, 120 J‘
l 2 120

= +(J144 +1425)

= =(12+51)

=+(12+5) or =(12+5i)

=12+ 5i or =12-5i

8.  Find the square root of 13 — 20y31 and represent
it on an Argand dingram.

Solution:
Let 7=13-2043
x=13,y=-2043
1z] = J(13)" «(-2043)
= J169+1200 =37

Square root of z is

s I[lelu Iy"(m x]

) ]7‘1 -2043 [37-13
W2 -zuf]\' 2
.,[J-s .3‘.’£r]
- V3
= +(5-243)
=4(5-243)) or -(5-243))
=5-23i or -5+2./3
Argand Diagram
T - —
= 3 !
b | | | | |
“§e2f3 —— - —4 --T-*—-{——*—i-- —
1 9 Ta | | {1, J
bl 1111}
{ 4 £, M W .
x | | | | X
% -5-4-3-2-10-1 2 3 4% 506 °|
- S . | |
3 )
. R I L SR
— Al ————-52/31—
| | |
._-5 $ e
A 725, /2 1 I S 1

Unit 1 ») Complex Numbers

9. Find the valucof x and y if
(=7 + D(x+1y) + (=1 =50 = (11~ 1)
Solution:
(7+0)(x+iy)+(=1=5)=1(11=1)
~Ix=Tyi+ix+Py—-1-5{=11{—?
=Ix=Tyt+ix=y—=1=5i=11i+1
(7x=y=1)+(=7y+x=5)=1+11l
Comparing real and imaginary parts, we have
~Tx=-y=-1=1
-7y+x-5=11
Eq.(1)+ 7 xEq. (2)
-Tx- y=2

7.!-492-" 112
=50y =114 = y=

‘I =-1

=>-Tx-y =2 ()
= x-7y =16 (2)

1na
~50

y= 55 Put this in eq. (2)

[ ] = x=16=22
25
_ 400~ 399_l
25 25
1 =57
Thus, x=— —
us, x 5% and y %5

10. Find the value of x and y if (5 - 20)(x+ ly) +
3=1(11-0)—4l

Solutlon:
G-20x+)+3=1(11-i)—4i
Sx+5Syl—2xi—2y* +3 =11i—i2 = 4i
Sx+Syl—=2xi+2y+3=11+1-4i = (2
(5x+2y+3)+(-2x+5Sy)=1+7I
Comparing real and imaginary part, we have

=~1

S5x+2y+3 =1 = 5x+2y=-2 (1)
-2x+5y =7 (2)
2xEq.(1)+5xEq.(2)
10x+ 4y=-4
=10x = 25y= 35
= 31
299=31 = y=§

Put y:% ineq (1), we have

(=
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G -58-62 Equate the real and imaginary pans, we have
29 2{usv-5) ~0 ~usv-1 =20
. -120 utv=5§ A -uesy =21 2)
529 Equation (1) * Equation (2)
o2 SR =
29 Putv = 13 ineq (1), we have
-2 31 u+13 =5 =>u=5-13
> nd y=—
Thus, x = 20 g W Y
Hence,u = =Band v = 13
jad the values of wand vir £=2.,¥=3 _ 44
. 2+1 2-i 12. Ifz; =4+ 5land z; = a = 2/, find thevalucofa
Solution: such that Re(z,z;) = 20.
u-2 v-3 Solution:
Given that 2+1 2= = Given that: z, =4+51,2, =u -2/,Re(z,2,) =20
@-2)2-N+-3)2+H _ .. 7,.2, = (4+50)(a~-2i)
(2+i)2-1) = 4a-81+5ai-10/*
2u-ui-4+2i+2v+vi-6-3i - 4i = da—-8I+5aie+lD ;P el
2 - z,.2z; = (4a+10)+(-8+5a)i
QRu+2v-10)+(-ul+vi=i) _ .. feaq | = Re(zz) =da+ 10
4+1 ) = 20 =4a+10 ~: Re(z,z;)=20
2u+v=S)+(-urv=1I _ . 20-10 = 4a
. da =10 . .
2(u+v=5)+(-u+v=1)i =0+20/ 4

Complex Polynomial

A complex polynomial P(z) is a polynomial function of the complex variable z with complex coefficients. It is
expressed in the general form as

P(z) = a,z" + Qpy2" ' o+ @z +ap
Where @, Qpay, -os @y, Gg are complex numbers (a, # 0), and n = 0 is an integer representing the degree of the
polynomial.
For examples:

. Note:
e P(2D=(Q-0Dz+3I (Lincar complex polynomial) If n =0, then P(z) becomes
o Py(z) = (5-40)z% + (2 + 1)z + (3 — 41) (Quadratic complex polynomial) | a constant polynomial

o Py(2)=(2-02°+2221+ (54 30) (Cubic complex polynomial)

Complex Polynomials as a Product of Linear Factors:

A fundamental property of complex polynomials is that they can always be factored into a product of lincar factors.

According to the Fundamental theorem of algebra, a polynomial of degree n 2 1 has exactly n roots in complex
numbers system C.

Corollary:

A corollary to this theorem slates that any polynomial P(z) of degree n can be factored completely into a constant
a and n linear factor over C in the form

P(@)=alz-2z)(z—23) ..(2—2,) )
where 24,2y, ..., Z,, are complex roots of the polynnminl. Once we know the roots of a polynomial equation, we can

apply equation (1) to factored the polynomml P(z) into n linear factors. Specifically, if z; and z; are roots of the
polynomial equation P(2), then the :qunuon must be P(z) = (z — z,)(z — z3).
For cxamples, the polynomial P(x) = x? + 4 consists of real coefTicient has no real roots, so it cannot be factored
into linear polynomials with real coefficients. However, if we considered as a complex polynomial P(z) = 22 + 4,
we can casily be factored into two linear factors as:

2Z2+4=(z+20)(z-20)
where 2{ and —2( are the complex roots of 22 +4 = 0
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Note:

1 #(2) 15 a polynomual function, the values of 2 that satisly P(2) = 0 are called the zeros of the function F(z) and roots of

the polynomial equation P(z) = 0

Example 6: Factonze the polynomial P(z)« 2 « (i -3)z-3i

Solution:
P(z) = 2" 4 (i-3)2-34
w2t v zi-3z-31= 2(z+1)-3(z+1)~ (2+1)(2-3)

Example 7: Factonize the polynomial P(2) = 2% = 4iz + 12

Solution:
P(z) = 2% -1z +12
“ 2! ~4iz-(-12)= 2* -4z -*12 e
= 28 1624122 -1* 12 = 2(2-61)+ 2i(z~61)
“ (2-61)(z +2i)

Example 8: Factorize the polynomial P(2) = 2" + (1 + 0z + iz

Solution:

P@)=2"+ (1 + 0% 41z
zlZ v (M + Dz +i)=zlzi 424124 14)
Zlz(z+ D+ i(z+ 1)) = z|(z + (2 + 1))
2(z+1)(z+1)

]

(Kt\ Concept:

The Ratonal Root Theorem s a mathematical tool used 1 find all possible rational roots of a polynomial equation with
integer voelhicients

According to rational root theorem: If a pohynomial P(x)=a 1" -q,,"l’"'" +...+@,x +a, has mteger coefficients,
then every rational root 2 (in sumplest terms) satisfies
L

(1) pisafactor of the constant term as.

(1) qis a factor of the leading coefMicient g. j

Example 9: Factonze the polynomial P(2) = 2* =322 + 2+ 5.

Solution:
According 1o rational root theorem the possible root of the equation are #1 and +5
On checking, we see that z = =1 is the root of the pelynomial P(z).

Because P(-1)=(-1)" -3(-1)* +(-1)+5=0

So, z + 11s a factor of the P(2).
By using synthetic division, we have

-1l 1 -3 1 5
-1 4 -5
[ 1 -4 s 0 = Remainder
Iherefore, P(2) =2 =322 + 24 S5=(z+ 1)(2" - 42+ 5) A1)

Next, we will find the factors of 22 — 4z + 5
By using quadratic formula
22 —4z4+5=0,herca=1,b=-4c=5

= ()2 (4F -4(1)(5) _ 42V16-20 _ 42JF 422

2(1) 2 2 2

= rz=2+2
So, factorization of 2° ~4z45=(2-(2+N))(z-(2-1))=(z-2~i)(z~2+1)

Put in equation (1), we have

232 vz 5 (20 1)[2-2-1)(2-2+1)
solution of Quadratic Equations by Completing the Squarc:
As we learmed in previous classes, completing the square is a powerful and sy stematic method for solving quadratic
equations This techmique involves rewriting a quadratic equation in the form ax? + bx+c=0inton perfect
square trnomial, which can then be solved by taking the square root of both sides. This method is especially

valuable when the quadratic equation does not factor casily. By completing the square, we can solve any quadratic
cquation, even those with imational or complex roots, making 1t a more effective technique in algebra.

Fxample 10: Solve the equation 22° - 122 +50 =0 by completing square method and hence express it as a product
of s linear Lactors

Solution:
288 =122450=0

2! -62+25 -0
2 -2(3)z =-25
Add 3! on both sides, we have
-2z =254
(z-3)' =-16 o' -2ab+b’=(a-b)
By taking square root on both sides, we have
z2-3 = :J-_u;
z= 324
=z=3+4orz=23-4i(complex roots)
By Fundamental Theorem of Algebra, the given polynomial equation can be expressed as:
22° -122+50=2(2" -62+25)
=2z-3+4))z-(3-4))=2(z-3-41)(z-3+4()

g Exerciseld oo

Diwviding both sides by 2

1. Factorize the following: ls‘::“:::::* 3y
™ a4
& u.’ c4b® = gt —(-1)40° =3[x* -(-1)y%)
o S S =3x* -ty SRR L |
e e = 30y ()]
it isad = 3(x+ )(x-)
= (a@+2ib)(a-2ib) —_—
—_— (iv) 144x* + 225)°
(i) 9a* + 16b* Solution:
Solution: 144x? + 225y = 9(16x* + 25y?)
9a° « 165° = 9a° —(-1)16b* =9(16x? - (—1)25y%)
= 9g° ~16/°b} if==1 =9(16x? — 25i1%y*) wil==1
= (3a)* - (4ib) =9((4x)* = (5iy)*)
= (3a+4ib)(3a~-4ib) =9(4x + Sty)(4x = 5ty)
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v) ##-2iz-1 ny 9,
Solution: -2 o] AT
ution ['r B ] 3

=2z=1=2'=2iz+1*
=rl—iz—iz+i?

=2(z=1)=1(z=1)
=(z=i)(z-1)
(vi) 22 +62+13
Solution:
+6z+13

Add and subtract (3)%, we have

=z'+62z+3'-3"+13
=(z*+6z+3*)-9+13

=(z+3) +4
=(@+3) = (-4
=(z+3) - 4!
=(z+3) = ()

=(z+3=-20)(z+3+20)

(vii) 2 + 42+ 5
Solution:
224 42+5

Add and subtract (2)?, we have
=z 44z +2° -
=(2*+4z2+29)+1
=(@+2) = (-1)
=(z+2)-¢?
=(z+2-0)(z+2+10)

(vli)2z2 — 22z + 65
Solution:

22% 222465 = z[z‘ -1z .%)

ny
Add and subtract [7] , we have

e (3 37 )

121 ss]
121 6s
+ 2

l
-2+~ t2terae)
{

2245

- (' = =1

wii==1

- ‘3 =1

,[ 11-31][ 11.3:]
= Y z———— || ¥ ——
2 2

2. Factorize the following polynomial into its linear

factors:

m £ +8
Solution:

+B=2"+(2)
Formula: @® + b* = (a + b)(a®
“(z+2)(z*-22+4)
=z+2)(F-2z+1°=-1"+4)
=(z+2)((zx—-1)+23)
=(z+2)((z=1)* - 31%)
=(z+2)((z- 1)* - (v30)?)
=(z+2)(z=-1+V3i)(z = 1=V30)
=(@+2)(z -1 =V3))(z = (1 +V30))

- ab + b?)

(i £L+27
Solution:
24+27=7+3
Formula: @* + b =(a+b)(a® -ab+b*)

= (z2+3)(2) -32+9)
= (z v3)[zz -3z ‘(%]x —(%)1 1-9]

= (z+3)[ z-- -—-9]

——

. '3

=-1
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et ]
- [,‘3][2_3-?;&][2_301&]

(i) z* -2z* + 16z - 32
Solutlon:
2} =22 + 16z - 32
=z3(z=-2)+16(z-2)
=(z-2)(z* +16)
= (z=2)(z* - 161%)
= (z = 2)(z* - (41)%)
« (2 = 2)(z = M)(2 + 41)

|3 = =1

(iv) * + 2122 - 100

Solution:
7% + 212 = 100 = z* + 252% — 42 - 100
= z3(z? + 25) - 4(27 + 25)
= (2% = 4)(2% + 25)
= (21 = 2%)(2* = 251%)
=(z—=2)(z+ 2)(z* - (50)%)
=(z=2)(z+ 2)(z—5i)(z + 50)

o ‘2 ==1

(v) *-16
Solution:
' =16 =(z)* -4
=22 =-4)(2*+4)
= (22 =2 (22 - 4?) vi=—1
=(z—2)(z+2)(z* - (2[)')
=(z=2)(z+2)(z—20)(z+ 20)

i) 2 +32 -4

Solution:
24+ 322 -4
=z'+42' -2 -4
=24 (2 +4) -1z +4)
=(Z-1)(z*+4)
=(z2 = 13)(z? - 4i})
=@z-1)(z+ (- (20D
=(z-1)(z+ 1)(z+ 20)(z + 20)

==

(vi) z* +522 + 6

Solution:
'+ 52 +6
=z +3224+22+6
=z}z2+3)+2(z* +3)
=(z?+2)(2* +3)

- = (@ =232 =313
= (22 - V20)?*)(2* - (v31)?)

s (‘l =-=1

17 “"
= (z + V20)(z = V) (z + V31)(z = ¥31)
(viiyz* - 3222 - 3969
Solutlon:

= z* -32% -3969

=z -812% + 492" 3969

= z}(2* -81)+49(* -B1)

= (z'=81).(z* +49)

= (28 -9%).(2' -(-49))

= (2-9)(z+9).(z* -49/*)

= (2-9).(z+9).(2* ~(71)")

= (2-9).(2+9).(z-71)(z+70)

2 R |

3.

Find the roots of z* + 7z% = 144 = 0 and hence
cxpress it as a product of linear factors.

Solution:

' +722-144=0

' +1622 =921 - 144=0

2322 +16) —9(z2 + 16) = 0
(£2-9)(z22+16)=0

(22 =-33)(2=-1613) =0
(z=3)(z+3)(2*—-(40)*)=0
(z=3)z+3)(z—=40)(z+4)=0
z=3=0;z43=0;z-4l=0;z+4(=0
z=3iz==-3;z=M;z=—-4l

Roots: 3,—3,4(,—4(

Linear Factors: (z — 3)(z + 3)(z—40)(z + 41)

4.

Solve the lollowing complex quadratic equation by
completing square method:

) 222-3z+4=0
Solution:

278 -3z+4 =0

Dividing both sides by 2

o -2142 =0

£-3; a2
2

2
Add (%] on both sides

3l -



() Z2-6z+30=0
Solution:
z'-6z+30 =0
2’ -6z =-30
Add (3)? on both sides
2} -62+3" =-30+ 32

(z-3) =-21
= z-3=+-21
z=3+421

(il) 322 -18z+50'=0

Solution:
322 -182+50 =0
Dividing both sides by 3

2 -62432 =9
3

_3V3:23 33 V23

2 -6z -0
3
Add 32 on both sides
2 2 50 _;
2" =6z+3" = —43
3
50
-3) = —+9
(-3 = =+
23
..3‘ B ——
(z-3) ==
= z—3=t1‘—§
3
z=3t£!
B
V3
7 3
N ]
(iv) Z2+4z+13=0
Solution:
22 +4z+13 =0

22 +4z =-13

-+
——t

i~ B

V69
3

Add (2)? on both sides
2 +4z42} =-13+22
(z+2) =-9
= z+2= :t'f——'J
z==2%3i

(v) 222+6z+9=0
Solution:
2z' +62+9 =0
Dividing both sides by 2
2 43242 =0
-

z!+31=__9

2
Add (%] on both sides

F

2
7 +3z+[§)
2

]
lo
x
—

——
~N
+
r W
S—
]
I
Nl N
+
|

P—
N
+

W

w \-_-:'
']

|

T

@

+

)

(vi) 322 -5z+7=0
Solution:
32 -5z+47 =0
Dividing both sides by 3
Zz—_EZ-l-Z =
3 3
oy J5E0 Y

2 =T = —

3 3
sy
Add [E] on both sides

2 2
,1__5.“[5) ..L[.s.]
3776) 376
2
3
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(2_5]’ _ -B4+25 2((£2) -1%) =0
6 36 z2(22 -1)(2 +1) =0
S ~59 22 -1*)(2* -1y =0 ey
= e Nhgs 2(z-1)(z+1)(z~1)(z+1) =0
s J59 = z=0;z-1=0;z+1=0;z-i=0;z+1=0
N = 2=0,1,~1,0,~/
z S*f'_g' (Iv) 2 =522 +z-5=0
Solution:
5. Solve the following equations: . 2-52%+z-5=0
() 2z-32=0 2} (z-5)+1(z-5) =0
Solution: [z-s)(zi +1) =0
2z'-32 =0 (z=5)(22-1*) =0 #F=-1
Dividing both sides by 2 (z=-5)(z=1)(z+1) =0
z'-16 =0 = 2z-5=0;z-1=0;z+1=0

[22]2 _(4]2 =0
(z*-4)(2* +4) =0

(2 -22)(2* -41*) =0 .
(z-2)(z+2)(z* -(21)*) =0
(z-2)(z+2)(z-2i)(z+2() =0
= 2-2=0;z+2=0;z-2/(=0;z+2i=0
= z=2,-2,21,-2i
(i) 3z5-243z=0
Solution:
3z5-243z =0
Dividing both sides by 3
z*-81z =0
z(z'-81) =0
z2(z*)} -9%) =0
z(z* -9)(z* +9) =0
z2(z* -3%)(2* -9*) =0

z(z=-3)(z+3)(Z =(31}*) =0
z(z-3)(z+3)(z-31)(z+31) =0
= 2z=0;z-3=0;z+3=0;2z-3i=0;z+3I=0
= 2z=0,3,-3,3i,-31

(i) 5z2°-5z=0

Solutlon:
§z5-5z =0
Dividing both sides by 3
-z =0
z(z*-1) =0

P=-1

e ==

= z=5,,-1

(v) 4z -2522-21=0
Solution:
4z4-2522-21 =0
4(2* ) -25(2*)' -21 =0
Use Quadratic formula

~(-25)+(-25)' ~4(4)(-21)

=
24)
2. 252/625+336
8
2= 2523961
8
2o 25431 '
z T e—
8
L _ 25+31 25-31
21 = : D e
8 8
zl= E . 2= i
B
22=7 . oD
4
z=17 ; z= :t——-—:ﬁ
- i -J- -\ﬁ 'J-l -‘J—l

i) Z2+22+z+1=0
Solution:
2+ +2z+1 =0
22 (z+1)+1(z+1) =0
(z+1)(2*+1) =0
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(z+1)(z" =1') =0
(z+ 1) z=1)(z+1) =0
= zx+1=0:z-i=0,z+i=0
= z==1,i-

6. Find a polynomial P(z) of degree 3 with zeros
3.—21,21 and satisfying P(1) = 20.

Solution:
Let required polynomial = P(z)
Since P(z) is a polynomial of degree 3 with zeros 3, =214,
24, therefore
z=3,-2i, 24 (zeros)
= 2-3,z+21,7-2i (factors)
By Fundamental Theorem of Algebm
P(z) =a(z=3)(z+ 20)(z - 2i)
=a(z =3)(z* = (20)7)
=a(z - 3)(z7 - 41%)
=a(z—3)(z* +4)
=a(z'+4z-322-12)
P(z) =a(z' =32z + 4z - 12) (1)
Given that: P(1) = 20
= a(1’=3(1)* +4(1)-12) = 20
a(1—=3+4-12)=20

a=-—27196 =a=-2

Puta =-2ineq. (1), we have
P(z) ==2(2" =322 + 4z - 12)
P(z) = -2z + 6z° — Bz + 24
which is a required polynomial.

7. Find a polynomial P(z) of degree 4 with zeros
2{,=21.1,—1, nnd satisfying P(2) = 240.

Solution:

Let required polynomial = P(2)

Since P(z) is a polynomial of degree 4 with zeros

2i,-2i,1,=1, therefore

z=2i,-2i,1,-1

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

By Fundamental Theorem of Algebra
P(z) =a(z—20)(z+20)(z=1)(z+ 1)

(zeros)
(factors)

=a(z? =) =1)
calz? + 0 =-1)
calz' =22+ 427 = 4)
Plz) =a(z*+ 32 = 4) ol
Gwventhat P(2) =~ 210
= a(2' +3(2)" -4) - 210
a(16+12-4) = 240
210
24
Puta = 10 ineq (1), we have
P(7) = 10(2* + 3, - 4)
P(z) - 10z* +30:7 - 40
which is required polynomial.

v = -1

=a=10

8. Find n polynomial P(z) of degree 4 wm
4,—4,1+ 1,1 = { and satisfying P(2) = 72,

Solution:

Let required polynomial = P(z)

Since P(2) is a polynomial of degree 4 with zeros 4,

1+, 1~ therefore v

2=, A4 1+i1-i
= z-4zvhz-1-iz-1+i
By Fundamental Theorem of Algebra
Pz) = a(z= 1)z + (2= 1) = )z~ 1) +1)

=a(z’ =4)((z-1)* = 1?)
=a(z?-16)(z2+1-2z+1)
=a(z? = 16)(z* —= 22+ 2)
=a(z' - 22° + 227 - 1622 + 32z - 32)

(zcros)
(factors)

- ‘? =]

Given that: P(2) =72
= a(2*-2(2)" - 14(2)* +32(2) - 32) =72
a(l16—16—-56+64—32)=72
72
= g=— =a=-3
-24

Put@=-3 in cq. (1), we have
P(z) = -3(z* -22° -142* +322-32)
P(z) = -3z* +62" +422* 962 +96
which is a required polynomial.

=a(z? - 203)(z* - 1?)
Three Cube Roots of Unity
Let x be a cube root of unity, thenx = (1)1P=> x3=1 ﬁme: :
— X=-13=0 We know that the numbers
= (x=1)(x*+x+1)=0 @’ -b* =(a-b)(a® +ab+b?) containing [ are called
Either x-1=0 = x=1 . imaginary numbers. So
or x+x+1=0(Herea=1,b=1,c=1) =143 - -1-43 -
By using quadratic formula, we have 2 2

called imagin b Is of
_ bbb —4ac _ -1:1=4 _ -145i ciEen sl j

2a 2

P(z) =a(z® — 22" — 142* + 322 - 32) ()

|
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Thus, the three cobe souts of unity ar-

SRR L 1- i
2 2

Properties of Cube Roots of Unity
(1) Lach complex cube root of unity is square of the other

"-hﬁ: AV 1+ 3
2 4 2

and

w, then o', and il s, then W' [ 15 read as omega)

1+ J;I
¥4
(1) The sum of all the three cube roots of unity 1s zerore, 1 v @ rw’ =0
(in) The product of all the three cube roots of unity 1s unity e, Lo’ = @' = 1, as a consequence of which, cach
2 3 _1 '

1
imaginary cube root of unity 1s the reciprocal of the other, that is, w - — =m *, 0" == o
[ w

Four Fourth Roots of Unity

Let x be the fourth root of unity, then x =(1)"/* 2t =l
- (xz)z — I? =0

= (x2=-1(x*+1)=0

Either x2=1=0=x*=1=2x=4%1

and x2+1=0=2x'==1>x=¢I

Hence four fourth roots of unity are: 1, =1, 1, 1.
Propertics of four Fourth Roots of Unity
We have found that the four fourth roots of unity are: 1,=1,+(,=/
(i) Sum of all the four fourth roots of unity is zero
14(-1)+i+(-1)=0

(ii) The real fourth roots of unity are additive inverses of cach other.

1 and -1 are the real fourth roots of unity and 1 + (-1)=0=(-1) + 1
(iii) Both the imaginary fourth roots of unity are conjugate of each other.

{ and —{ are imaginary fourth roots of unity, which are obviously conjugates of cach other.
(iv) Product of all the fourth roots of unity is -1 i.e,, 1 x (-1) x I x (=) =~1

Example 11: Prove that: (x* + 32 )=(x+ y)(x +op)(x +w’ y)
Solution:
RHS = (x+y)(x+oy)(x+wly)
= (x+y)(x+olxy+oxy+o’y?)
= (x+ y)[x+(0+6? )y +’y?)
=(x+ ) -+ y)=x+y
= L.H.S (Proved)

{ o’ =1, 0+0* ==1)

1. Find the three cube roots of: Elther x=2=0 or X+2x+4=0 = x=2
M 8 or ¥ +2x+4=0
Solution: Here a=1,b=2,c=4
Let x be the ::ubc root of 8, then _-bs b -4ac
x= (87 2
¥ =8 = x*-8=0 = (x)-(2)'=0 2% J2¢ -4(1)(®)
= (x-2)(x* +2x+4)=0 2(1)




22

_-2:Ja-16 _-2:J12 -
2 2
-2+ J4x3i _ -22243i
2 2
z[-lzﬁi]
2
122{-1. Jis'] : x=2[—1—~f5:]
2 2
x=20 : x=20%

Hence three cube roots of 8 are 2, 2w, 20?

(i) -8
Solution:
Let x be the cube root of =8, then
1
x=(-8)
x'= -8 = X’+8=0 = (x)'+(2)'=0
= (x+2)(x* -2x +4) =0
Either x+2=0 or x*=2x+4=0
— x==2
or X -2x+4=0
Here a=1, b==2 , c=4
- —b 2 b - 4ac
2a
(=22 (-2F -a)3) 2 J‘q 16 ..
20) e
2:J12 22 Jax3i z:zJi:_z 123;
2 2 T 2
x:Z[l—‘ﬁi) : x=2[1;@]
2 B
X= —2[-—1__&] 3 e —z[ﬂ{]
2 2
X =-20° i x=-20

Hence three cube roots of =B are =2, =20, -2w?

(i) -27
Solution:
Let x be the cube root of =27, then

1

x=(-27)

X ==272x"+27=0 =(x) +(3) =0
S(x+3)(x*-3x+9)=0

Unit 1 ) compiex Numbep
—2er

Either x+3=0 or x*-3x+9=0
= x=-3
or x*-3x+9=0
Here ag=1, b=-3, ¢=9
g —bsb? ~4ac -(-3]:J(-3)‘-4(1)[g]
2a 2(1)
x-3 +9-36 32427
. 2 2
3:V9x3i 32343i (123
2 2 2
- 1+4f3i 2 A 1-3i 3
) o
x=-.3[_1_-JiJ : x=_3[‘1*’l§£]
2 2
x==30? i x==30
Hence three cube roots of =27 are =3, =30, -3¢2
(iv) 64 '
Solution:
Let x be the cube root of 64, then
x =(64)'?
=64 =x=4 =x-4zp

= (x-4)(x*+4x+16)=0

Either x-=4=0 or x2+4x+16=0
= x=4

or x* +4x+16=0

Here a=1,b=4,c=16

bt -dac -4+ J(4) -4(1)(16)

2a 2(1)
_ 4= Jls_—_ -4+J_'

W. —4+4J': 4(-13)
2 2 2

x=4.t:1_;~@ . xmalz1=E)
2
x =40 : x = 4?

Hence three cube roots of 64 are 4, 4o, 4w?

(v) -125

Solation:

Three cube roots of =125 :

Let x be the cube root—125 , then

1
x = (-125)2
x}=-125

SCHOLAR 2 MATHEMATICS - 11

E<]
= x3+125=0 (x1)2-252 =0
= xX+51=0 (x¢-25)(x*+25) =0
(x+5)(x* -5x+25) = Either -25=0 or x*+25=0
Either x+5=0 or x*-5x+25=0 x2=25 x* =25
= x=-5 V& =y . dE ~IZ
or x2=5x+25=0 —— R — 2

Herea=1,b=-=5,c=25
- ~b2Jb* —4ac _5x/(-5) -4(1)(25)
2a 2(1)
= 52V25-100 _s+J-75

2 2
o = 5£V2531 525430 S[ltwﬁl)

2 2 2
1+3i 1-3i
| Nnithileedt x x=5
= =
- -1-43i : - -1+3i
2 2
x==5p? and x=-5wv

Hence three cube roots of =125 are =5, -5, -S5w?

Hence four fourth roots of 625 arc £5, £51.

3. If1, o, ©* are the cube roots of unity, show that
1+ "+ @* =3 where nis a multiple of 3 respectively.

2. Find the four fourth roots of 16, B1, 625. Also
show that their sum is zero in cach case.

Solation:
Four fourth root of 16:
Let x be the fourth root of 16, then
x=(16)"*
=16 = (x*F -4'=0 = (x* -4)(x*+4) =0
Either ¥X=4=0 or x¢+4=0
=4 § xt=—4
W=V, E=y3
x=%2 ; x=%2i f-1=i
Hence four fourth roots of 16 are =2, + 2§
Four fourth root of 81: .
Let x be the fourth root of 81, then
x = (81)"/*
xt =81
(x)2-92=0
(x2=-9)(x2+9) =0
Either x2-9=0 or x2+9=0
xt=9 ; xz=-9
W= ; E=J3
x=23 ; x=23i =JA=i
Hence four fourth root of 81 are 3, £3j
Four fourth root of 625:
Let x be the fourth root of 625, then
x= (625)1{-‘

x4 =625

Solution:
To prove: 1 + o™ + 0" =
Slnce n is a muluple of 3 , Therefore
n=3x..(1) wherck € Z.
LHS=1+0" + 0"
=1+ 0% + %)
=1+ ()" + ()*
=1+ (1) (1)*
=1+1+1
=3 = RH.S (Proved)

using (1)

:I=1

4. Evaluate:

o (55

Solution:

(=5 5]
{258 58]

= (m)7+(m Y =+
= 0. 0'+ 02, 0*=(0’ ). 0+(0’)*. 0?
=(1). 0+ (1)} .02 i =
=o+ol=-1 o+oi=-1

o

() (A+V=3)5+(-1-v=3)°
Solution:

(13 +(-1-V3F

= (131 +(-1-i) w1 =i
=2u)S+ (2075 - 2o=-1+31 and 20? =—1--/3i
= 320° 4326 = 32(°. *+0’.0!)
= 32{(0*)'.0*+(0’ .0}

= 32{(1]‘.»%[1)’.9}

= 32(e’+0) =32(-1)

=-32

o=l

- otras—-1



Unit 1 ) Complex Numbery ;
—n

249 i
—
S.  Show that (1 - (1 -2 + ©4) (1 —0* + ©?) (1 -o® + o')... to Zn factors = 227
(1-0+0?)(1-0+o')(l-0*+o?)( )

Solation:

LHS = (1-0+0)(1 -0 +o')(1 -o*+w?)(1 -0+ w')..2n fators
=(l-w+0l)l-0i+o.0)(l-o.0!+o?. (©)3)(1-0?.(0))+o.(0?)%)..2n factors
=(1-v+o?)1-e?+o(1))(1-w(1) +w(1)})(1 - (1) +w(1)5)..2n factors o W
=(1-o+0¥)(1-0?+o)(l-o+w)(l+we?+).2n factors
=((1 + 03 - 0)((1 + ©) - w3)((1 +?) -0)((1 + ©) - w?)..2n factors

Putl+o=-wand 1 +wi=—w
= (-0 - w)(~0? - 0¥ (~© - ) (-o? - ©?)..2n factors
= (-20)(-20?)(-2w)(-2w?)...2n factors

= (40?)(4w?)...n factors

= {4‘“!)-

-[.}_l)n o m’=l
=(22)

= 22+ = R.H.S (Proved)

1+43 '+[J—J§]' e
- ;

6. Prove that (——-]

z -
Solution:
LHs =[5 " N=4 i
2 2
* a ]
1+£ 1-.@
= .‘. +f' i
2 2
Asi®= (i) =(1)*=1and %:%x%:—f. so

LHS= 1.[_1:_5@)‘ "[-1-'-*2—@)8

e sf149EY of-1-31)
S e
=1.0% +1.(0?)®

= ud + wlé

=m?, 0%+ o.onl5

=w?. (02 +0.(03)5

=w?. (1)2+w(1)5 - o?=1
=+

=-1=R.H.S (Proved)

s
7. Evaluate Zm“ y where o is an imaginary cabe
k=0

root of unity.

=0’ +0l +o' +0® +0® +0'°

=1+ +0.0’ +(0’ ) +0* (o +o. (')
= 1+0? +0.(1)+(1) +0* (1) +o(1)? =1
=1+0l+0+1+0’+0

=2+20+20°

=2(1+0+0?)

=2(0)

iw”‘ =0

k=0

8. Ifeisanimaginary cube roots of unity, prove thay
a+bo® +co
—_——n
ao® +bo+c

Solution:

s
Zm”" = 020 4 (1) 4 22) 23 | 204) |, 2AS)
k=0

—

Solution:
Since w is an imaginary cube roots of unity. Therefore
0l=1 =Dw.w?=1
= o= i and mz =.!'.. . l
. mz o “‘{ }
a+bo’+co
ao® +bw+c
Multiply and divide the numerator by w.
2(a+bo? +cw)
LHS=%&

LHS =

ao’ +bo+c
m(a-l+bm+c)
=\ o
Iacnz +bo+c
_ ofaw® +bo+c)
ao’ +bo+c

=
=R.H.S (Proved)

=1 —0? from (1)
w
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9. If ® Is a cube root of unity, prove that 1o+ bo' o' +co (a'))
ao'? +bo'? +co"? i oo+ b’ (') «cof0'))
ao't +bo'? +co™ ? 2
a+ b’ (1)«cw(l) ot i

Solution:
Since @ is a cube root of unity, Therefore w' =
= w.wi=1

= w=m_l‘andmx =-n!’-

a{n“ +ml?+mh

20! + bt +c’®

_ 0% (arbof +e0’)
o' (a+bo® +c0'®)

LHS =

o'(a+bo' (1) +cu(1)")
a+bu’ «co
o' (a+ b’ +cw)

e
wl

=0 =RHS (Proved) vtz from (1)
w

Polar Coordinates System

than Car

coordinates in

Polar coordinates are oflen more conv

situations involving circular or rotational symmetry, or when a problem
depends on distance from a fixed point and angle relative to a reference
direction. Just as the Cartesian coordinate system uses an ordered pair
(x,¥) to describe the position of a point, the polar coordinate system
determines the position of a point using a directed distance r from a fixed
origin O (called the pole) and an angle @ that the line connecting the
origin to the point makes with the polar axis (typically aligned with the

positive x-axis).

In polar coordinate system the location of a point P can be described by
polar coordinates in the form (r, 8), where r and 8 are real numbers.

YA Ravtangular covrdinale

| P

-y

Lt

1 Pelarcoordinate
Ne.my
r
(1
(4] Polar ants

While r is typically considered non-negative (r = 0 ), it is also possible for r to be negative (r < 0). The value of

r changes depending on its sign, and this affects the position of the point in

the plane.
Case-1:

When r > 0, the angle @ is the measure of any angle in standard
position whose terminal side lies along the line connecting the origin to the
point P, measured from the polar axis (positive x-axis). For example, the -

polar coordinates [5. —z-] represent a point S units away from pole at an angle

of X radians.
4

g X
FI‘S. 5

\
L
)




P Unit 1 ) Complex Number,

Case - 1y

Whenr < 0 the angle 0 1s the measare of any angle i standand position
Whisse termvinal sude Dies along the hine connecting the onigin to the pont (0,
Bt the poaint s lowated v ] umits i the opposite direction (1e 0+ 3) from

the pobar anis gpositive v asind Lor example, the polar coordinates [ -5, %J

-
represent w point S units away from the pole, bat in the direction of "
n fin
= = rmlians
Rl 1

Nute oa l'. L. :'
( n/d) ad | 3 —.:- ] repaesent the same point in the plane
[
The Polar Form of a Complex Number Lir iy
Consnder the adpomning diagram  representing the complex number ,/"-
2wy From the diagram, we see that x = roos # and v = rsin 8, T ORI

where v = 2] s modulus and @ 15 called an argument of 2
"

i vu-““_:

Delinition:  Polar form of a complex number 2 = v+ (y is given by .
o x by = roost) 4 irsing?
where v = modulus ol 2 = |2) = Jud 4 )-I and © = argument of

v
zetan ' =
N

Fxample 12: Express the complex number 1+ V3 in polar form

Solutlon:

Let 7= 1403 _ otonse

Here A land y - W3 () Wx=0y>0thenh = 90°
Palar Torm of comples number 2 is (1) Mx=0 y~ Othen 0 ~ 90*
2= reost! & rsin®? o (i) 1 =0,y = 0 then 0 1s undefined

(v) Hy =0 x> 0then O = 0*

Where, royfil eyt (1) oY <Az (V) 1y =0.x<0then 0 = 180°

and 0 tan '-E-Inn ‘-{i-hﬂ'
x

Putting values in equation(i), we have

2 = roost # irsing

2= 2eos60® 4 (28in60"
Principal Argument: The principal argument @ of a complex number 2 « a + bi is the angle between the positive
real axis and the line joiming (a,b) 1o the ongin in the Argand plane.

Argz=0«tan '(!] (a=0)
a

It s denoted by Arg [t is a single, specific value of the argument, typically chosen within a standard range:
argze (~major -m<Oum

Operations on Complex Numbers in Polar Form
Addition and Subtraction of Complex number in Polar form
Let 2, « ry(cost), visind, ) and 2, « r, (cost), « isinfl, ) be two complex number in polar form.

SCHOLAR 2 MATHEMATICS - 11
The addition and subiraction of these comples number can be computed vimply as
Additron: g, 2, r,‘l"‘\", '”“‘"."'.’“ ot » isinfs, )

Subtrectma: i, - 2, « r{costt, s st ) -7 cos, « ot )

Multiphicanoa of Complex aumber in Polar form

Let 2, = ri{cosd), «isinb) ) and 2, = ry{costs, » isind), ) be tan compicx mumber m polar form

The product of these comples numbers can be derivad by multiply ing them directly and umplifyng
Mulnplication: z, 2, ~r,(costi, «isinis, ) r,(costs, = isint, )

2, 2, = r, r(coshcosh, « icosh sinty, » i, cosh, « Ifang ond, )

X, T, r,fhosf!.cmn‘ - SInf), Sind), ) = i (Cowel sinds, « sinf2, cash), ) (=1

2y 2y rlcos(8; <0, )« min(n, +6,)] (Using Mgmometnc whentities |
Thus, multiplying two complex numbers i polar form mvolves multiplying thewr maoduli and semming thew
arguments Le, arglz, 2, )~ arg(z, )+ arg(z;)

{ = In
Example 13: Find the product of S:{rm-:- isine | and 4 cosl— v isin— |
! 6 6) 2 Z)
Solation:
Iz 3
lat 2, = 5|[ ﬁn: . mn: | and 2, - i(rm—'omn—'
L] 6) 2 2
n In
Here ry=5 and 0, : whiler; = 4 and 6, - ?
By using the product formula of complex numbers
2y 2=ry rylcos (6, + 6,) + isin (8, +6,)
G4 rml---“:-2 -mn':-—'-'
6 2 6 2
EEE ] e Gm | = S=
20 (08— i 2l (g o (I —
6 1 3

» & S
Thus the roguired poosduct i 20 cov=— « isin—
L)

)
Diviston of Complex Number in Polar Form
Let 2, = rlcos O, +(sin 8,) and 2; = ry(cos 6; + isin 6;) be two complex number in polar form
The formula for divinon of these numbers in polar form can be derved as below
2,  ricosh) «isindl )

Division:
z;  rylcost; sisintl, )
2, r(cost), +isind, L - . :
SAlEss i) Qmed, —tein®)) Muiltiply up and down by conjugate of cos, « isiné,
2, ry(cosh, +isinfl,) (cosH, -isinf, )
2, _n (cost)costd, « sinfi sinfl. ) « {(s1nf, coshi, - cosh. sins, )
n n cos'f, - sin’t,
5 5 )
= = =~cos(t, -8, )+ isin(0, -0, )] (Using ingonometric identities)
I r
T8 |
Thus, the madulus of the division of two complen bers equals the g of their moduli, while the arguments

of the quotient is the difference between their arguments.
Thus, when dividing two complex numbers, the modulus of the result is the rano of their moduli, and the argument

of the result is the difference between their arguments 1e | Jrg. ?— |=arg(z,)-arg(z;)

s 0
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f 2 - B
Example 14: Divide 5l.m-—"- ‘ mn-’-'i]
7 0O [

i

T

Solution: -
2( 7 1 i
Let 7, ;L:m—‘-‘: v rumz—:] and 2, - :‘[m\[ 5—] . um( i:-n
2 7 i
Here, n == and 0, =, white ry o= aml 4, :_
4 O 5 -
By using the quotient formula of complex mimbers
2 7 ‘
=L Lo (0, 0,) sinin(o, -0,))
L5 " i
, - p ¢ ’ a ot n
- £u§ COs L.: . _E]] s .?: - -_"-11 - ll—, (\\\(Z: U %] " l\1l|[-—- " l‘-]
7 3 0 2)) 6 <. 21 60 2 6 2
10 '?34]:‘] ’?n.iu]
N —l 00 s
21 [ 6 [ 6 )
L 10/ 51 kY
2 - B
2, 21 3 3)
2 10, Sa Sn
Thus, the required quotient is —-lc M — g um—].
i al"™3 """y
- T —
Example 15: 12 = x 1y, then wnite the exquation |3z < 1] = I_h . ':l interm of x and v
—

Solution:

Guiventhat:  |3z2-i]=|32+7] ... (1)

132 <#]=|3(x e ) 1] =[x+ i(3y - l)|-“[;l,t}' @y -1y
1324 7] = I3x + 3ty 4 7] = [3x = 3iy + 7] = |3 4 7 4 1(=30] = V3 DT (=ay)t
Putting these values in (1), we have
VBN +@y-1) = Y3 7) o (-3y)
Taking square on both sides
(3x)? 4+ By = 1)F =By + 7)% + (=3y)°
I 9y =6y 4+ 1 =97 4+ 420+ 49+ N

= =6y 4+ 1 =42y + 49
= —6y = 42x + 48
or y==7x-8 Dividing both sides by (=6)
The equation ¥ = =7x = 8 represents a straight line in the complex plane.
2
Example 16: Show that (x + 2)7 + 3% = 8.4 am[-{-:-;i)--i—‘ forz = x +1y.
-2
Solution:
22 x+wvedi  Nei(ved)
z=2i x+fp=-2 xei(y-2)

L X+i(y+2) x-i(y-2)

xﬂ(y-z)\x—l(y—zl

LA iy -2)ein(pe2)-F () -2Y)
x’-l‘(y—!]’

Multiply up and down by conjugate of x+{(y~2)

Uit 13 Comples Ny X
e |

s s ———e s —

ROMOLAR T MATHEMATICS - 11 )
- - Iy« "': LU -'l'n g _l" 2 P el
oy 2)
] '] ')
2 ) L | o 4
24 i‘{\‘lJ‘ —}I‘ X ey -4 |.|--~—h—
g2 Ve ) M oe(p-2y M e(y-2)
g i In
J\‘ I“I:l;_-.- ..i J‘- --.|
AN
‘ofy-3) | 3 AN i
. tan ! 2 "-L'J"‘}- " il oo D “tnll-—!- 1
L ‘1' 9 L Aty -l 4
ey 2y
" - At eyt > XMadxay' =9

[CREE DR ER T W A2 o both sldes

(ORI R |
Complex Numbers in the Real World (Voltage, Carrent nnd Reslstunce)
Ohn's Law is a fundamental principle in physics that describes the relationship between voltage V , corrent | and
wosistance B an elevtrical eionit. Mathematically Olim’s Law can be expresaed by the fonmula V = IR,
when dealing with altemating current (AC) chienlts, resistanve generalizes 1o
ipedance (7). Restatance ina cirenit is due to inductor (X, ) and capacitor (X¢). P
Iheir dhllerence Is oactanve X = (X;) = (X)) Geometrieally it is shown o the
adjacent figwe. Mere 2 = R4 (X Then tor AC cironits, Ohi's Law in Terms of
Impedance is expressed by the formula Vo= /-2, r-

Example 1701 the impedance of civuitis T1{cos 55357 « (50 55.35%) ohims at a voltage of 25(cos 30° + 510 30%)V,
find the value of current in the circuit

Solutlon
Given that

Y-

Voltage V = 25(cos 30 + /sin 30°)

Impedanve: & = 11(cos55.35% « [ainh5 15%)

Vo 12 where Vs voltage, I denote the current and Z is impedance.

v

> [ r—

£

Putting values, we have
25(cos10% 4 isin10%)

LI(cos55.35% » isinh5.35%)

As we hnow

= f—-f[rm{.lll‘ =5H5.35%) ¢ isin(30* - 55.35%)) am[-:LJ- arg(z,)-ary(z;)
H

I =227 [cos (-25.35%) « I sin(=25.35%))

Express into rectangular form

§w 2271090 + ((=0.42)) = 204 = 0951
Thus, current is 2.04 =095/ A,
Cryptogmphyt It is the science of secuning information by transforming readable messages called plaintext into
secrete code called citheue\l using mathematical algorithms and encryption Keys. It consists of two main processes
pe.. encryption to lock message with complex math, and decryption to unlock it with the right key.

Example 18: The word “MATH" is 10 be encrypted by multiplying a complex number k = 2 + 31 and then
decrypted back to its original form using the concept of multiplicative inverse In complex numbers,

Each letter of the alphabet is assigned a numerical value as follows:
A=l 0= (C=3..,2=26
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Solulinp: First, we assign each letier in the word “MATH™ a complex number with zero imaginary part. Jhe 8 :) mu;[-é,s_'"
encrnyption and decryption are shown in the table below ™ [ 28 . 212)
Letter | Complex Number (2) (2) encrypted = z x k (2) decrypted = (2) encrypled /k | Lettey solation:
M 13401 (134 00)(2+31)=26+39% | (264 39)/(2+ 31) =13+ 0 M
A 1+0i (1+00)(243))=24+3 (2+430)/(2+30) =140 A
T 20+ 0u (204 00)(2 + 31) = 40 + 601 (40 + 601)/2 + 31 = 20 + Ot 1 'I‘
H 8+0i (B+01)(2+30) =16+ 241 164 241/2+3i=8+0i H
1. Plot the following points: (i) [2.1)
M (2,759 . 2.
Solution: Solution:

W 2-5: ey : 2. ()] (-3.-'2:.’1] 2. Express the following complex numbers in polar
L . -
Solution: foves:
i 4+3
Solution:
p-gr | F-100 Let z=4+3
LT Here x=4 y=3
' r=yx’sy
%. 2100 = J16-9
= 1)
330° ! = J25=5
- . Since x> 0 and y > 0, s0 0 lies in first quadrant.
3 Iz " T-!Ou- 52 s - -2y 43
=-270 3 0= an’'==tan"'==3607
2 x 4
e Polar form of z is
) (-3,120°) ) (55_") i 2= r(cos0 +sin®)
Solution: e & G = 5(cos(36.87%)+isin(36.87"))
Solution: 1) (_?__EJ
Solution: i 1+1
Solution:
Let Z=1+i
%"-150’ Here x=1y=1

r=Jxts
=112

Since x>0 and y > 0, 50 0 lies in first quadrant.

. 1000

0=mn'Z. un"[-a-45‘=i
x l) 4
Polar form of z is

z = r(cos0+isinB)

z= Ji(cos:--fs-u-ﬂ

\ - 4




UL 1 A7 wuImpiex Num&n =

1 3
(it = 2l

Solution:

Let z =l +£;
Z 2

Here X= 1. y=
2

i
4
= F:l
4
Since x > 0 and y > 0, so0 0 lies in first quadrant.

0= un't.z=un"-@
x 1/2
= tan*’(J51=eo-=_:.

Polar form of 215
= r(cosD+isin@)

z=1 [msiﬂ'smi]
3 3

5 543
(iv) --z--—--l
Solution:
5 543
|
Let z & 3
Here x-—é = _5_\§
e
r=yf+y;
ZS'E
4 4
100 .
4
Since x <0 and y < 0, so 0 lies in third quadrant.
0=n+ I.an"lz
x
= n+tan”! ————SJEIZ
5/2
= x+tan” (¥3)
= 1-:4»3;2
3 3
Polar form of z is
= r(cosB+isinB)

= Slms%‘ olsll‘ljf-}

]

-
™ 1+1
Solution:
Let ze u = 1-i \l:l

T 1+1
1-1-2 -2t
2
z=0-1i

Here x=0,y=-1<0
= 0=-90°=

2
r=yxt+y® =07 4 (1) =V1=1

Polar form of z is
z=r{cos0+isin0)

< l-[ms[—;)* "’“('g))

Ji-l-l
(i) T;E
Solution:
Eet »= Jg-,.u
11-\51
_ V3t 1-VB_VB-3i+i- V3
TIVE 1B B-(ay
_V3-2i+V3
1+3
_2¥5-2i_2(V3-1) B
+ 4 2
V31

.

-

Here x---‘i—i-.y— -

-

—

LY L. -1

*» 2 lies on —ve imaginary axjs

v =<1

Since x > 0 and y < 0, s0 0 lies in fourth quadrant

1

alyl al 2
i
ﬁ

2
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= _[J“—l-\ 0" = ——

Ji ) O

Polar form of 715
2 =r(cos @+ 1sin 0)

=1 luu[--.] om(-2))

Alternate Method;
Lcti-——-—\ﬁ"
I IO\GI'
Here a=V3el
= n=J(V3) 1 =BT =2
ay -1 1 L]
= —_—= ——'-30
and 0, = tan - an -
Now, 2:=l¢\rl
= rn= 1 «(VB) =Vi+3=2
and 0: = tan” ‘l=lan"$= o0°
X

»
Polar form of =X is

b
[
"

5—[:‘05(!1‘ =0,)+isin(0, =0, |
n

"
v

-
= Z[cos(30° - 60°) +15in(30° - 60")]

1:(cos(=30°) +isin(-30%))

(2 2)

M I__n

3+4i
vil
o 4431
Solution:
Let r=3+'u
4+31
_ 340 4-30_12-9i+16i-12i°
4+3i 4-31 F¥-30)

- 1217i¢12°24+7l
16+9 25
e 24 7
I ——
25 25

,.4 '57o+£_ 52.5 K
625 625

Asx‘oandr)ﬁ.soﬁhcsnnﬁrstquadml.

n
4
v 1] 25 W 7
0w tan = ean Y = e -
' l:a - ‘.:1]
25

Polar lorm ol £ 1s
2o r{eos 0w i sint)

-1 lm,t -— 'g]-mn(mn '-;in

A Convert each of the complex number r In the
rectangular form +ly :

(U} -i(cuss? +Isin E;—"]

Solutlon:

S5n Sn
Let r=4 ws-—ﬂsm—-]
( 3 3

= 4(cos300" + 15in300°)

)

- 2-243i
i n n
) —+Isin—
(i 2((‘0;61-:“6]
Solution:
Let = gtms?—nnsmk]
2 0 o

3
= :(ms.‘.ll’l“ +isin210%)

i [_i_z,]

- 3
- - -

35 3
4

q

@il |x|=7.arg(s)-%‘-

Solution:

Giventhat: r=|z|= ,,az‘;’_"

Polar form of 2 is
= r(cos0+isin0)

= 7[(‘093”«11‘—3—]
12 12
= 7(m345°+ls|n345'}
=7297 +i(-0.26))
679-182i
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(iv) |z|=11,arg(z) = .

1
12
Sotution:
Olventist: rodtidemios
12

Polar form of z 1
z = r{cost +isin0)
[ 11ix) [ 1x
- I'.I|rus|'-— I8N - —
(T2 )" 2))

’

Il‘ t‘mm - mnm]
12 12

= 11(cos165° -isin165%)
= 11(-097 - i(0.26))
= -1067 - 286/

_ {ros(-ﬂ)uosﬂ
 |sin(=0) = -sin0

10 17x
® |xi=arg(R)=-—=
Solution:

Polar formof z is
z = r(cosD+isin0)

= %[ms[ I:;)Hsln[ 1:;)]
o I P

. %(tnsZSS'-llinZSS')

- 2(-026-1(-097))
10, 10

= -22(026)+ 2097
2026)2(057)

--087+3231

(vl) Zcos(-33°)+12sin(-33"%)

Solutlon:

Let z = 2cos(-33")+i2sin(-33%)
= 2c0s33°-/2sIn33° .. Jcos(-0)=casd
= 2(0.84)-12(054) " |stn(-08)=~sind
= 1.68 - 1.08/

Sn Sn
If z, =9(cos * +Isin 4) and

z, =5[cos-;—+lsln§) then find:

M zy+2;
Solution:
3 - 9[cos-sﬂomn-5—’i]¢5[(os£ﬂslnx
e 4 4 T
= 9(c0s225" +isin225%)+ S[cos(aD'Mslnﬁo-J
[ 11 } (: V] ]
* g - - 1145 =+—i
)22
=-636-6361+25+433i
« (~636+25)+(~636+433)/
= -3086-203
a z,-2z;
Solution:

-z, = 9(:0:%‘”;!3&'—] —S[co%& ls[n%)

= 9(cos225° +i5In225°) - 5(cos60° + I5in60°)
= 9(-0.7071-0.7071)-5(0.5+0.8661/)

=-6.36- 636/~ 2.5 - 433
= (-6.36-25)-(636+433)/

= -B.86-10.69/

() zq -2
Solution:

= 9(cns%+lsin57n)
n n
z3 = 5| cos—+Isin—
: ( 3 3]

Here r; =9,0, =%nndr‘ =5,0, -_-%

Putting values in the product formula
2= nn [:us(ﬁ, +0,)+1sin (0, +0,)]

- (91{51[""[5_:*%]*"'“(ST“%)]

1Sn+4n 15n+4n
45[:0:( 12 )-n-lsln[ 2 ]]

19n 19x
és(cos—u +Isin 12)
z
vy =
z
Solution:

5 Sn
Zy - 9[cosT“+lsln—4—]

n n
= 5| cos—+Isin—
& [ ys 3]
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L 4

S "
«—and r; ~ 5,0, =~
4 3
Putting values in the quotient furmula

-'l[':m[u, -0,)+isin(0, -0,)]
n

9 c:n.;‘{'l-zjﬂslnirz—:}
5 \4 3 .4 3

2[“"{ 157 - 4::] . “m( 15n - -htj

Here r, = 2,0,

5.
n

12 12
9 1= 11r
—[tocﬁ-vmn 12 )
23n 23n
= ——+isin— | and
5 Ifz ‘l(cas 12 +is IZ]
1in 1in
= ll(w!—l-z—-l-lﬂl'l-ﬁ) then find the following
and express the result into x + [y form.
) z;+2;
Solution:

23n 11=x

11
ntn-= ?((m-zllz’: + lsin-ﬁje ll((ﬂs-—l-i- + Is!n—"]

= 7(c0s345°+15in345°) + 11(cos165° + isin165°)
= 7(0.9659-0.25681) +1 1(-0.9659 +0.2588/)

= 67613 - 1.8116/-10.6249 + Z.8468I

= (6.7613-10.6249) + (~1.8116 + 2.8468)1
=-3.86+ 1.04i

) zy-2z;
Solution:

23n 11n

12 12
= 7(cos345° +/5in345°) - 11(cos165° + isin165°)
= 7(0.9659-0.2588/) - 11(~0.9659 + 0.25881)
= 6.7613- 18116/ +10.6249 - 2,8468/
= (6.7613+10.6249) - (1.8116+ 2.8468)I
= 17.39 - 4,66/

ntan= 7[1:05% Hsin-——-)— ll[cos—ﬂsln-m‘—)

! (i) z; -z,
Solution:
= 7[:0:3-3—"45an
12 12

n= ll[cos—uﬂ v!sinu—x)
12 12

Here r, =7,0, =—2§321 andr, =11,0, =-1-11?"

12

Putting values in the prodduct formula

.= r"r--'.lllr e, s min(f o0 )
[ [23= Mim 21 V1=
7THIN) e —— ¢ =—— | ¢ Iy _—
S e T v M TR T
f - -
??|unl.a;mlf
| 12 12 |
= 77(cos510" + i5in50°)
- T -0 866 +051)
= 6B« 3B S0
z
vy =+
LA
Solution:
n=7 t:m”w-:lm-n-z-:E
' 12 12)
1= n
=11 —_—isin—
3 (cmlzosnn)
23= 1=
Here r, =7,0, -5 andr, = 11,0, "7

Putting values in the product formula

L. 2[‘”’(01 -0, ) +isin(h, -0, j]
n n
7[ [231: 1!:) (23: uaJJ
| (| — e | [ G| —
11 12 12 \32 12
7
ﬁ(mxolslnx]
e
Ti-[-l'ﬂl]

- i.m
11

6. Ifzyand z; are two complex numbers, show that:
() Arg(z,z;)=Argz, + Arg z,

n ﬂm[f:-)-dm 2, -Argz,

Solution:
Polar form of complex numbers z, and z, are

zy =r, (€030, +isin®, ) =r,e™
z; =1, (cosh, +isind, ) = r,e™
(1) To prove: Arg(z, -z,)= Arg(z,)+ Arg(z,)
2,2 = ne™ rd™
TR ok
zy°2) = ey %%
= Arglz,-¢,) -0, +0;
Arg(z, «, - Arg(z,)»Arg(z;)
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Here

Modulus of 2 s

2] =

Z.y=-2

ey

«Jaa-B-242
Since x <0 and y < 0, s0 0 lies in third quadrant
Argument of 2 is

0=

=+ tan zlz':-t.m‘[g]-
x 2),
® Sz
- )=ne==m—m
tan '(1) 4

General value of 0= STR «2n=

- in . . a
10. Write the equation arg(z-zd}-—z— In Cartesiyy

form, ifz = x + ly.

36
(1) To prove: Arg 4 Amg(z,)- Arg(s;)
z e
4 r,e
&H .}
A =de '
= Arg - &y -0y
Arg = | = ArR(z,)- Amg(z;)
7. Divide z, = 6(cos 150° + (sln 150°) by
z; = 3(cos 30" + isin 30*) and express |In
x = iv form.
Solution:
z: * 6[cos150" +151n1507)
7: = 3[cos30" «isin30°) .
Here r, « 6.0, =150" andr, = 3,0, =30°
Putting values in the quotient formula
-:—' - :—'Emt{(\, -0,)+isin(0, -0,))
- %ims(lSD’-30’)+isln[150’-3[1‘)]
= 2(cos120° +isin1207)
= 21-_1,£|]= -1 +J§{
| 2 F4
8. Multiply z; = 2(cos 60°+ I[sin 60°) and
z; = S(cos 90° +isin 90°) and express |In

x =+ {y form.

Solution:
21 = 2(cos60° ~ i5in60°)
z: = 5(c0s90% + i51n907)
Mere r, =2,0, =60° andr, =5,0, =90°
Putting values in the quotient formula
By By =y [cos[O, +0,)+isin(0, +B,}]
= (2)(5)[cos(60° + 90°)+ isin(60°+90)°]
= 10{cos150° + isin1507)

_J' |- -sVBesi

3

Solution: i
Giventhat: z=x+1y = Z=x-1y
As  arg(z-2+4) = 2%
= arg(x-ly-2+i) = ﬂ
arg((x=2)+(-y+1)I) = ;
af=y+1 2n b
ta | — carg(a+ib)=tn"|2
n(:-ZJ 3 S [u]
£k uf2)
x=-2 3
—¥*1 . tan(120%)
x-2 »
-y+] = —Ji
x-2
y+1=-3(x-2)
+l= ~V3x+23

Bx-243+41 =y A

=

y= V3x-2/3+1 (Cartesian form)

9. Find the modulus and argument of z = =2 - 2[.

Solution:

Giventhatr z=-2-2i

z-1+21) 9x 1
1. If z=x+1y and ﬂrg(—:—l——z-i] -:-. show
that x* + y2 —4x+2y—-5=0, .
Solution:
Giventhat: z=x+iy = Z=x-iy

and

(z hZ}) 9
arg

z+1-2 )
(1-0'-11-21) 9r
arg| ——— =
x=ly+1=-21 4
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(- Mol yeay), 9=

aeey-20)

7 5\
Aswe hnow. arg =& |=arg(z,)-arg(z;)

vy J
o amg((x- 1) (-y+ 2Y)-arg((es D)-(y+ ))<=
As we know: ang(a «ib) = tan 'E
i[zxe2) (=x=2) 9=
= tan |\’_1J-'I.Il1 lx.l,« "
As we know' tan' A-tan”' B = tan ;\ "_ABB]
~ped —py=d )
= ‘Jl’l'l I_ET-L’—K-—l?|
"1 xel )
(=y+2)(x 1)+ (y+2)(x-1)
(x-1)(x+1) ['1_1
G (ye(r-2 " 4]
(x-1)(x+1)

Sy=yednedody-yodi=2 _ \yiq05%)
x'-1ey'e2y-2y-4
Ax-2y -1
x4y -5

= dx-2y = '+ y* -5

= 2+ y' -4x+2y-5 =0 (Proved)

12. Ifz=x+lyandarg(z-2=-30)=-arg(z+2+3)=2n,
show that 2y = 3x.

Solution:

Given that: 2=x+iy
arg(z-2-3i)-arg(z+2+3()=2n
arg(x+iy-2=3i)-arg(x+iy+2+3i)=2n
arg((x-2)+ (y-3))-arg((x+2)+(y+3)i)=2n

As we know: arg(a+ib)=tan™! (-E]

= l&n'l[!iJ-hn"(!‘—z)ah
2 x+2

As we know: un"A-un"Belan"[ﬂ)
1+AB
=3 _y+3

tant| X=2 _x+2 | _on
L3 -3 yv3
jgr== x-2 x+2
(x+2)(y-3)-(x-2)(y+3)

(x-2)(x=2)
(x~2)(x+2)+(y-3)(y+3)

(x=2)(x+2)

=2

= tan(360%)

iy -lesdy G- oy lnslyeh

L}

r-Poy-y

Grsdy ~0
Jev 2y =0 Diwsding by I
> 2y = Yx (Proved)

13, Solve the equation

|8 =2 = |2+ 2| forz = x + 1y
Solution:
Giventhat z-x+1y > TA=x-ly
lz-2| = 17+2]
= |xsity-2U| = |x-1y+2|
Ixe(y-241 = I(x+2)-iy|
Ve e(y-2F = J(x+2) «(-y) - lasib)=va* + b’

Squanng both sides, we have
:‘;y‘ci-iy - l"o‘»-‘l’tf

= Ay = 4x
4

Y —x

y=-

14. For z = x + ly, solve the equation
|ISz+4+1|=|52-3+ 2l

Solution:
Giventhat: zex+ily >Z =x~1y

1Sz+4410|=|52-3+2i|
Put z=x+iy and 7 wx =iy
IS(x«iy)edei| = |50x-ay) 32|
|Sx+5iy+d+i] = |Sx-5-3+2|
[(Sx+4)+(Sy+1)i] = [(S5x=3)s(-5y+2)|
V(Sx+4) +(5y+1) = J(5x-3) «(-5y+2)
Squaring both sides

2657 116440x + 2597 + 1410y = 2857 +9 -
30x+ 3547 +4-20y

A0x+30x+10y+ 20y «17-13 -0

F0x+30y+4 =0 *
= 30y - -70x -4
y- __;.‘_.l% Dividing by *2°

15. D .ermine the set of points z = x + [y that satisfy
___ ‘acequation |32 -2+ 1] = |3z + (L
S..ution:
wiventhat: Z=Xx+iy=>Z = x -1y
132 -2+ = |3z +1|
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Put z=x+iy and 7 = x -1y
13(x-iy)=2+1] = [3(x+1y)+i|
13x =31y =21 = |3x+3iy+i|
1Bx=2)+i(-3y+1)]| = |3x+@y+1)i|
V(3x-2) +(-3y+1) = VB3x) +@y+1)
Squaring both sides
I a-12x+ 95 < L -6y =94+ 95+ L +6y

6y + by =-12x+4

12y ==12x+4
Dividing by 12" on both sides
12y _ -12x A
12 12 12
= axt—

1~
16. I z=x+lyand w== :.show that [w]=1=>z

is real.
Solution:
Given that: z=x+;y,w=ﬂ
Z-i
Toprove: If |[w|=1=2z isreal.
As jwl =1
== 1-iz -
z-i
n-iz] _ M EAMEN]
lz-1l EAIEA
N=iz|=|z—i|
N=ilx+iy)l=lx+iy=i| vz=x+I1y
11-ix=iy] = |x+i(y~1)|
1Q+y)=ix]=|x+i(y—-1)| ?==1
VO +yF +(=x) =¥ +(y-1)
Squaring both sides
,{+/+2y+x{ ={+/+;’-2y
2y+2y =0

4y=0 =[=0
Puty = 0in 2z, we have
z=x+iy=x+0i=x (real)

Hence, if |[w| = 1, then = is real.

17. If z; and 2z; are different complex numbers with
71 = I

|2, |=1, find
—2Z;

Solution:
As |z |=12]2 [ =1223, =1 A1)

and |z, -z)|=12, -7, |=]Z -z

,Z: :z| ' - fz ‘il Z,'fz=1 rlom(”
11-7,z,| |27 -2
_| -z
z,(7,-%,)
zZ,-2 =
= 2 1 {21 zl]=z=_zl
z(z;-2)
= 1z, -zl i =_|_£,J_
I’-z (z:-2 )I Z1 |z
z,-2
R
1z;112; -2, |
1z, -z |z -
B iy S llzl'lzl=
Wiz -z W
=.l-=‘l
1
18. An AC source supplies a voltage o

V=120[cos%+fsin%) volts to a circuit wig

1+143
2

impedance Z= ohms. Calcolate {he

current in polar form.

Solution:
Given that Voltage: V= lzo(cos% + !sin%)
1.3
Impedance: Z =—+—1I
mpedance: =

First, we express z in polar fam

| (-3

NE)

0=tan'L=tan!| %
x

=tan™! (Ji]:sm:%

2
z = r(cos0+isin0) =1 -(cos%ﬂsin%)
As we know
V =1IZ, where Vis a vollage, I denote the current and
Z is impedance.

= I==—=

¥4

IZO(COSEH'SIHE)

oo 4 4

1{cns£+isin£)
3 3
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vl 3 m(z-3)
o) 25
afeo{ - (5)

lzo[cosﬁ - fsln—) (As required)

I

19. An AC circuit bas an impedance of Z =3 -6l
ohms and is connected fo a voltage source of
V =90+ 30[ volts. Find the current In both
rectangular and polar form.

Solution:

Given that voltage: V=90 + 30/ volts

Impedance: Z=3 — 6/ ohms

Current: [=7

As we know

Vv=IZ

j= ¥ _90+301_303+D
Z 3-6/ 3(1-2)
_10(3+i) 1420
1-2i 1+2
_10(3+6f+:+2:’) 106+71-2)
1?-42 144 ;

.1.'3(_15*1).=2u+7n=2+ 141

=-1

=

[ =2 + 14i (Rectangular form)
Now, we express | in polar form
Herex=2,y= 14
r=v2" +14* =J4+196 =200 =102

0= I‘.an“(%)ntan‘ (1;) tan! (7)=81.87°

Polar form of [ is
z=r{cos0+Isin0)
z = 10v2(cos(81.87°) +sin(81.87°))

20. Encrypt the word “CODE"” by mulliplying the
complex encryption key k=2 — [, Then decrypt
it back to the original word.

Solution:
Complex encryption key: k=21
Word: CODE
As k=2-1i
-1 _ 1 2+iI

2l2+!

29
The encryption and decryption shown in the tables below:
Comple:
Letter Nu:-lnl':.r ('ﬂ Z encrypted =z x k ’
c 3+0i (3+00(2-N=6=-31
0 15+ 0/ (15 + 07)(2 - 1) = 30 - 15/
D 4400 (4+00)(2-0)=B-4i
E S+0i (5+00)(2-0)=10=5i
Z decrypted = (Z encrypted) k! Letter
(6-30)2(2+1) =212+ 61-61-31%)
5 5 c
--‘5[1z+3]-3
(30—:5[)-;-(z+f]:--ls-[sodm—-am-ls:')
o
=é[60+15}=15
1 1 :
(8-41)=(2+1)==(16+8/-8I-4i%)
3 5 D
1
==(20)=4
5( )
(10—5:}%[2+:)=%(20+ 10/-10/=5/*)
E
=§(20+s)=s

21. Consider the complex encryption key k =3 — 3L
Encrypt the word “QUIZ", and then recover the
original word using the Inverse of the key.

Solutlon:

Complex encryption key: k=3 =3/

Word: QUIZ 7
1 3+3i
A =3-3 o
B il e Vit P T
o 2 3040 304D
3*-9i% 949
_3a+) 1(1 a

e
The encryplion and decryption shown in the lables "clow:

2+ 2+1 1
1= ——=——==(2+4/
k; 22— 441 5( )

Letter | Com- .ex Zencrypted=zx k
Nm ser(2) '
Q 17 +01 (17+0)(3-3)=51-51i
U 21401 | (21+00)(3-3)=63-63I
B 9+01 | (9+00@-30)=27-271
| | Z 26+01 (26+0/)(3-3i)=78-78I
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Formula Sheet

Addition (a+vib)+(crid)=(a+c)+i(b+d)
Subtraction: (avib)-(c+id) = (a-c)+i(b-d)
+  Multiplication: (a+ib)(c+id) = (ac-bd)+i(ad+bc)

If k is any real number, then k(a+ib) = ka + ikb
ugrbi=crdicda=scandb=d

Ix+iyl=Vx? + y?
7. J: tiy = 1(\!”'2“' -r--!z-vﬂzl -x], where |z] = \/x‘ + y* = 0 is modulus of z.

S

Iyly 2
] If_—l;—\ﬁfzm.!hcn %Ja:ml Or II':]"-Z—‘E"=t.::.thc1'|“1+T",§'[=(n)'2

9. If 1, w, »? are the cube roots of unity, then 1+w+©? =0 ond @’ = 1.
10. Polar form of x +1y =rcosO+irsin0

afb 3
1. If z=a+bi, then argz=0=1tan ’(—]. (a#0) and for principal argument0: -1 <0s 7
a

1) Addition: 2, + 2, =r,(cos0, +isin0, ) +r, (cos0, +isin0,)
1) Subtraction: z, -z, =r,(cos0; +isin0, ) - r; (cos0, +isin0,)
i) Multiplication: z, -2, =r, -r;[cos(0, +0,)+isin(0, +0,)]

* arg(z,-z,)=arg(z,) +arg(z;)

12. If z, =r;(cosO, +isin0;) and 2, =r;(cos0, +sin0,) be two complex number in polar form, then

Z decrypted = (2 encrypted) k-t Letter 22, Encrypt the word “CLASS" by ndm ‘
i 1 1 complex encryption key k= -3 441, Then
(G1-51)=(1 e i) =(50+5L-51/ - 517) deerypt it back to the original word.
0O G - ——
1 Q Solution:
- 3(51 +51) Complex encryption key: k = =3 + 4
Word: CLASS
17 The encryption and decryption shown in the tables beloy,
(63 r.mlu e 1(c.l +631-631-631") Letter |  Complex zencrypted =z 4 |
G 6 Number (2)
L6363 v C 3+ 0i 34+0i=3+40=0447 ]
6 L 12 + 0i 1240(=34+4 =944 1
1 11 A 1+ 0i 14+0(=3+4l==24 4]
(27-270) (1 +1) - =(27 + 270 - 274 -27i") S 19400 | 1940(=3+4(=164q]
f 6 r —
S=(27427) —
6 z deerypled = (z enerypled) - k Letter
[}
: i 0O+4i+3—H=3+0i iR~
(76-78)2(1 e 1) - =(78+ 781 - 781" -781") 9+ 4i+3—4i=12+0 . A
b T —
1 z ~2+4i+3—4i=1+0I i
6t/ 3+78) 16+ 41+ 3~ 4l = 19+ 0( W |
=26 164 4i+3 =40 =19 +0i s )

SCHOLAR 2 MATHEMATICS - 11 a1

4 n
iv) Division (—:—[mstﬂl—I‘I‘,)usm{n' 0,)]
Z

2 2

. arg(-ﬁlj =arg(z,)-arg(z,)
&2

2,

3.

7.

9.

10.

12

13,

Multiple Choice Questions (MCQs)

Ifz=x+ [y is a complex number then, y is called - - - - - of .

(A) Re(z) (B) Im(z) (C) complex part (D) all of these

Conjugate of complex number -2 + 3fis -----

(A)2-3i (B)2+3i (C)-2-131 (D)-2+3i

The modulus of a complex number x + [y is equal - - - - -

(*"\)\["T}' (B)\IF__y-‘ (C)W (D) none of these

Multiplicative inverse of complex number [J-Z..—\E) is ===--

(A) (fz_ ..J_g] (u)(-ﬁ _ﬁ (C) (ﬁ £ (D)[-ﬁ _ﬁ‘
%5 55 77 =

A i .4 equals to:

(Al (B)0 (C)-1 (D)

If(x+iyl=a+ibthenx}—y*=---..

(A)a’- b (B)a®+ b’ (C)a (D)b

If z, & z,are two complex numbers then a: =

(A) Zz; (B) z,z, (C) z_,.z.2 (D) none of these

If z, & z,are two complex numbers then z, +z, =

(A) Z_, + z_, (B) 2_1 —z_J (C) z, +z, (D) none of these

Square root of a complex numberz=x+{y,where X, yeR is-----

|z]+x |z|-x
(A) i["'z_”“_z ,

( lzl+x Iy [lz]-x
©) zu——z +mJ—.z J

Square root of complex number 5 + 12/ is-----

(A) 3+2i (B)-3-2i (©)2(3+2i)

Factors of the complex polynomial P(z)=z* +(/-3)z-3{are:
(A) (z-1)(z-3) (B) (z+1)(z+3) (©) (2+1)(z-3)

f|z|+x*L [1z]-x
‘B’*[v 2 iV 2 J

(D) none of these

(D) =3+2i

(D) (z-i)(z+3)

If p(z) is a polynomial function, the values of z that satisly P(Z) = 0 are called the - - ==~ of the
function P(z).

(A) roots (B) zcros (C) solutions (D) values

The complex roots of polynomial 22 + 4 = 0 are==---

(A) 2i, =3i (B) 2i, =2i (C) 4, -4 mJ2



