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Complex Numbers

° SYLLABUS ®

A complex number (C.N.)
Algebra of C.N.
Geometrical Representation of C.N.

£.) LET’S STUDY J ——————————— -

Introduction

A linear equation in x is in the form ax + b = 0 having

-b . . .
a real root — . Solution of a quadratic equation is
a

obtained by factorization.

But every quadratic equation is not factorizable such
as x>+ 1=0.

Now, x* + 1 has no factors in the set of real numbers.
Also, x* =—1 is not possible in the set of real numbers,
as squares of real numbers are non-negative.

Inspite of the facts mentioned, the solution set of
equation x* + 1 =0 is x = + /-1, where /-1 is called
imaginary unit and it is denoted by 1i.

ie,i= -1

In general, x = + +/ai is the solution of equation
x*+a=0, whereaisa positive real number.
Thus i is an imaginary number.
Now, consider the equation x* — 6x + 13 = 0.

X —6bx+9=—4

(x - 3)* = 4i

x—-3=12i

x=3x2i
o x=3+21 or x=3-2i
Hence the equation x* — 6x + 13 = 0 has two solutions
3 + 2i and 3 — 2i, which are not real numbers.
These numbers are called complex numbers.

Complex Numbers

Imaginary number:

A number of form bi, where b € R, b#0,1i= /-1 is
called an imaginary number.
Example:

J36 =61, 3i, —gi etc.

e  Polar and Exponential form of C.N.
e De Moivre’s Theorem.

Note:

The number i satisfies following properties,
1. ix0=0

ii.  Ifa e R, then {—a®> = /i’a®> =+ia.

ii. Ifa,b eR,and ai=bi, thena=b.

Complex number:
Definition:
A number of the type a + ib or a + bi, where a and b are
real numbers and i = v/~1 is called a complex number.
1 In a complex number a + ib, a is called the real
part and b is called the imaginary part of the
complex number a + ib.
il. Note that real part and imaginary part of
complex number are real numbers.
The complex number is denoted by z.
z=a+ib
where real part denoted by Re(z) or R(z) and
Imaginary part denoted by Im(z) or 1(z)
z=Re(z)=R(z)=a
Im(z)=1(z) =b

Example:
If z=2+ 3iis a complex number, then
Re(z) =2 and Im(z) =3

Note:

1. A complex number whose real part is zero is
called a purely imaginary number. Such a
number is of the form z=0 + ib = ib.

il. A complex number whose imaginary part is
zero is a real number.
z=a+ 0i=a, is a real number.

iii. A complex number whose both real and
imaginary parts are zero is the zero complex
number. 0 =0 + Oi.

iv.  The set R of real numbers is a subset of the set
C of complex numbers.

v. The real part and imaginary part cannot be
combined to form single term. E.g. 5 + 2i # 3i.
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Algebra of complex numbers

1.

Equality of two complex numbers:

Two complex numbers z; = a + bi and
7Z; = ¢ + id are said to be equal if their
corresponding real and imaginary number parts
are equal.

Two complex numbers a + ib and ¢ + id are said
to be equalifa=cand b=d
ie, atib=c+id,if a=candb=d

Conjugate of a complex number

If a + ib is a complex number, then a — ib is the
conjugate complex number of a + ib.
If z = a + ib then its conjugate complex number
is denoted by z.

z=a—ib
Example:
Lo Conjugate complex
numbers
3+2i 3 -2i
451 4+ 51
2i—-3 -3 -2i
cos O +1isin 0O cos O —1sin 6

Properties of conjugate of a complex number

i.
il.

iii.
iv.

Vi.
Vil.
Viii.

iX.

(z) =2

z+7 =2 Re(z)
z—-7 =2i. Im(z)
z2=7Z

z is real
Letz#0.
zZ+z=0

z is purely imaginary.

z,+z2, = 7+2,

2,2, 2,-7

2,2, = 7,7,

7,7y Zy... 7,

(z1 ZyZ,... Zn) —
[ij =2 2#0

ZZ ZZ
Addition of complex numbers:
If z; = a; +ib; and 7z, = a, + ib, are two complex
numbers, then their sum is z; + z, and is defined
as z; + 2o = (a; T ib;) + (ay + iby)

= (a; +ap) +i(b; +by)

RC(Z] + Zz) = Re(zl) + Re(Zz)

and Im(z, + z;) = Im(z,) + Im(z,)
Thus z; + z, is a complex number.

Example:

L.

il.

(G -Ti)+(5+30) =(3+5) +i(=7+3)
=84

(=2+50)+(3=7i) =(=2+3)+i(5-7)
=1-2i

Properties of addition:
If zy, 7,, z3 are complex numbers, then

1.
ii.

iii.
iv.

V.

4.

71 + 2, =7, + z; (commutative)

71+ (22 + z3) = (z; + 72) + z3 (associative)
z; + 0 =0+ 2z, =z (identity)

71+ z, =2Re(z))

=1z *z

z, t2z,

Subtraction of complex numbers:
If zy = a; + ib; and z, = a, + ib, are two complex
numbers, then their subtraction is z; — z, and is
defined as
z1— 2, =(a; +iby) —(ay +1iby)

= (a1 —a) ti(b; —by)
Thus z; — 7, is a complex number.

Example:

1.

ii.

@4+)-2-3)=4-2)+(1+3)
=2+4i
G+13)-@+7) =G6-49+(13-7)i

= 1+6i
Scalar multiplication

If z=a + ib is any complex number, then for
every real number k, define kz = ka + i(kb)

Example:

1.

ii.

If z=7 + 31, then

5z=>5(7+3i)=35+15i

z1 =3 —4iand z, = 10 — 91, then

2z, + 5z, =2(3 — 41) + 5(10 — 91)
=6-8i+50—45i
=56 -53i

Note:

0.z=0(a+ib)=0+0i=0

Multiplication of complex numbers:
If z, =a; +ib; and z; = a, + ib, are any two
complex numbers, then their product is z;.z, and
is defined as
1.2y = (a1 + ib])(az + 1b2)

=a1ay + i(a]bz) + i(b]&z) + iz(b1b2)

=ajay +i(a;by + bjay) —biby

e it=—1]

= (aja2 — biby) +i(a;by + bjay)

Thus product z,.z, is a complex number.

Example:

i

ii.

(1+i)2-3i) =2+2i-3i-3i
=2-i+3 .. [ if=-1]
=5-1i

Q+)Q2-)=QY-({)=4+1=5
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Properties of multiplication:

1. 71.Z; = 75.z; (commutative)

il. (21.22).23 = 7,.(25.73) (associative)
iii.  (z.1) = 1.z = z; (identity)

v. (Zl.Zz) = Z_IZ_Z

Ifz=a+ib, then z. z=a’+b’

J TRY THIS J

1. Verify: z+ z =2Re(z)

(Textbook page no. 3)

Solution:
Letz=a+bi
z=a—ib

z+z=a+bi+ta—ib
= 2a, which is a real part of z
z+ z =2Re(z)

2. Verify: z—z =2Im(z) (Textbook page no. 3)
Solution:

Letz=a+bi

z=a-ib

z—z=a+ib—a+ib

= 2ib, which is a imaginary part of z

z—z =2Im(z)

3. Verify: (z1 -zz) = z1-z2 (Textbook page no. 3)

Solution:
Letz;=a+ibandz,=c+id
z, =a—ib and zz=c—id

z1.2p = (a+ib) (c +id)

=ac tadi+ bci—bd

= (ac —bd) + (ad + bc) i
z,-z,=(ac—bd)—(ad+bc)i  ..(»i)
z1-z2 =(a—1ib) (c—id)

=ac—adi —bci—bd

=(ac—bd)—(ad +bc)i  ..(ii)
From (i) and (i), we get

Z,°2, = Z1'Z2

7. Powers of i:

Consider 1",
n>4,

where n is a positive integer and

Now divide n by 4 and let the quotient be m and
the remainder obtained be ‘r’

n=4m+r, where 0<r<4
o @mtn)

i"=(hHmi

i"=i Leit=1

Example:
i82 — (1 )20 2 _ (1)20 2 =1

In general,
. dn+
1411 =1 14n 1_

g2y e } wheren € N

8. Division of complex numbers:
Leta+ib and ¢ + id be any two complex numbers,
where ¢ + id is non-zero, then division is defined
as
a+ib
c+id

_a+ib_c-id

Cc+id c-id

_ac —adi +cbi—i’bd

) - (id)’

_ac —adi +cbi—(-1)bd
N ¢t —i*d®

_ac — adi +cbi +bd
= (=Dd?

_ac +bd +(bc—ad)i

4 ¢t +d’
_actbd  .bc—ad

S P+ 102 +d?
Example:
Ifzj=2+3iand z, =1 + 2i, then
z _2+3 1-2 _8 1.

=———i

z, 142 1-2i 5 5

Properties of division:

ii.

- REMEMBER THIS = j———————

i= -1

2—4

3

P=ii=(- 1)1——1
@@=l =1
5—ﬁi=afxi=i
i°=(*’=(-1’=-1and so on

1. Simplify: [2 Marks Each]
i V16 +3V-25+/-36 — V625

ii. 4J-4 +5J-9-3/-16

Solution:

L V-16+3V-25+-36 - /=625

=J16x—1+3J25x -1 +/36 x—1—=/625x—1
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=41+ 3(51) + 61 — 251 Substituting, a = 3 in (i), we get

=251-251 3+2b=4

= . _ 1
_____________________________________________________________ o =5
ii.  4J-4+5y-9-3J/-16 4= 3andb= L

=44x—1+59x—1-3/16x—1 2

= 4(2i) + 5(3) — 3(4i) -—

—8i+15i—12i 1 SMART CHECK .—\/ ——————————— A

=11 1

Fora=3 andb=5:

2. Write the conjugates of the following Consider, L.H.S.=a + 2b + 2ai

—_—_—————— e —

complex numbers: [1 Mark Each] 1 .
i 3+i ii. 3-i =3+ 2[5] +2(3)i
i, —/5-47i iv. -5 =4+6i=RH.S.
v. 5i vii A-i | e !
vii.  2+43i viii. cos©O+isin@ | T
Solution: ii. (a—b)+(atb)i=a+5i
1. Conjugate of (3 + i) is (3 — 1). Equating real and imaginary parts, we get
------------------------------------------------------------- a—-b=a ...(0)
ii. Conjugate of (3 — 1)is 3+ 1). atb=>5 ...(>11)
————————————————————————————————————————————————————————————— From (i), b=10
iii.  Conjugate of (—\/g —ﬁi) is (_JE + \/71) ) Substituting b = 0 in (ii), we get

a+0=>5

L . a=5
iv. =S = oVExE =5 a=5andb=0

Conjugate of (— \/3) is~5i. .
------------------------------------------------------------- iii. (a+b)(2+i)=b+1+(10+2a)i

v. Conjugate of (51) is (—51). 2a+b)+(at+b)i=(b+ 1)+ (10 +2a)i
'''''''''''''''''''''''''''''''''''''''''''''''''''''' Equating real and imaginary parts, we get
vi.  Conjugate of (\/5 —i) is (x/§+ i) [ 2(atb)=b+1
_____________________________________________________________ : 2a+tb=1 ...(0)
) [ 4 ) anda+b=10+2a
vii.  Conjugate of (~/2 +~/3 1) is (V2 =3 ). Catb=10 (i)
. o ) o Subtracting equation (ii) from (i), we get
viii. Conjugate of (cos 0 + i sin 0) is (cos 0 — i sin 0). 3a=_9
S a=-3
(/3. Find aandbif [2 Marks Each]

. . . Substituting a = — 3 in (ii), we get
i. a+2b+2ai=4+6i

-(-3)+b=10
ii. (@a-b)+@+b)i=a+5i b£7)
iii. (@a+b)@+i)=b+1+(0+2a)i : 3 and b =7
iv. abi=3a—b+12i ammoandb
1 _ R

Voo oy T3 iv. abi=3a—b+12i
vi. (a+ib)(1+i)=2+i O+abi=(3a7b)+12i
Solution: Equating real and imaginary parts, we get
i, a+2b+2ai=4+6i 3a-b=0

Equating real and imaginary parts, we get 3a=b (1)

at+t2b=4 ...(1) and ab =12

a=3 a
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Substituti _ 12 4. Express the following in the form of a + ib,
ubstituting b= —= in (i), we get .
a a,b € R,i=,/- 1. State the values of a and b:
3a= 12 [2 Marks Each]
a i (A+2i)(=2+10) ii. a+pa-i?
3a°= 12
2y, i i(4+3i) v (2+1)
a = . e . e~
1-i 3—-i)(1+2i
a==2 z (3-i)( )
B 1212 1+i . 3420 3-2i
Whena =2, b="r=75 =6 v [l—i] Y 27s 2esi
12 12 —
When a =-2, b=—==—> -6 vii. (1+i)° viii. —::g
a=2andb=6ora=-2andb=-6 ix.  (—V5+2V=4)+(1- V9)+ 2+ 32 - 3i)
'''''''''''''''''''''''''''''''''''''''''''''' 4i* - 31’ +3
. 2 +3i)(2 - 3i i .
v. 1. —3_9; X ( i)( i) X1 3 —4i" -2
a+ib Solution:
atib= — i (1+2)(2+i)=—2+i—4i+2i
3-2 =-2-3i+2(-1)
atib= 2t [ it=—1]
Co A (1+2i)(=2 +1)=—4—3i
a+ib=323+222‘,2 a=-4andb=-3
- 1
L 3+2 o2 .
a+1b—9T(_1) A 1] i (1+i)(1_i)—1:E
atibe 3t _(Iri)(I+i) _ 142i+i°
13 (1-i)(1+i)  1-¢
a+ib=i +£i 1+2i-1 2
13 13 = 00 e it=—1]
Equating real and imaginary parts, we get
2i
a= 3 andb= el Y
13 13
_____________________________________________________________ =i
. . N1 .
vii (a+ib)(1+i)=2+i Lo (DA -0 =041
at(@+b)itb(-D=2+i ..[-i=-1 |
) ) i(4+31) _ 4i+3i°
(a-b)+(a+tb)i=2+i 1. = 1o
Equating real and imaginary parts, we get 344 ,
a-b=2 (D) o et =—1]
Adding equations (i) and (ii), we get BTN
. (=0)(1+1)
3 _ B34l
e o
=3+i+4(-1 L2
Substituting a = % in (ii), we get = 1_(—_1) [ =—1]
3 tb=1 _ —T+i
2 2
b=1—§=—l 1(4+31):—_7+li
2 2 1-i 2 2
a=iandb=—l a=_—7andb=l
2 2 2
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20. If o is the cube root of unity, then find the
18 18
value of [_lﬂﬁj + [_l_lﬁj .
2 2
[3 Marks]
Solution:

«——  ONE MARK QUESTIONS J——

1.

2.

If ® is the complex cube root of unity, then

. . 2
mazl,@:—lz_lﬁandmzz[ﬂJ

2
. 18 . 18
Consider, [—H;/g] + (_1 _21\5]

Given Expression = o'+ (032)18
— o+ 0
— (@) + ()2
=()°+(1)*=2

Simplify: +/-289 + 44/-169 — 3/-196

Find the distance of the point P from the origin,
where the point P represents the complex
number z = 3 + 41 in the plane.

Ifz=2+2+/3 i, find the amplitude of z.

If o is a complex cube root of unity, then find
the value of o .

n . . Tn
cos— +18in—
12

Express z = in the exponential

form.

~—{ ADDITIONAL PROBLEMS FOR PRACTICE }—

Based on Exercise 1.1

iii.

Write the following complex numbers z in the
form of a + ib and Re(z), Im(z) |3 Marks Each]|

2+ 4i i 351

3-4 iv. 5+ ,-16
2+ 451 vii 7+43
Evaluate: \/—25+3-4+2{-9-/-144.

[2 Marks]

Write the conjugates of the following complex

numbers: [1 Mark Each]
5441 il. 1-2i
J5+3i iv.  —12i
—3+2i vi. cos20—isin20

iil.

+5.

+6.

ii.
iil.

10.

Express the following in the form of a + ib,
where a, b € R, i = +/-1. State the values of a

and b: [2 Marks Each]
(1+1) (1 +2i) ii.  22-i)Q+i)’!
3+2i (1+2i)(2-3i)
241 3+41
(1+1) (1 ++/30) . (mjz
_ V1. _—
1-i 1-i
i, Write (1+ 2i)(1 +3i)2 + i) ' in the form
a+ib. [2 Marks]
. If a and b are real and
(i*+3D)a+(i-1)b+5i=0, findaand b.
[2 Marks]
iii. Ifx+2i+15i% = 7x + i’ (v + 4), find
x +y, given that x, y € R. [2 Marks]
\3
Show that [§+%J =1 [3 Marks]
Show that ﬂ + ﬂ is real. [3 Marks]
2-5i1 2+51

Find the values of x and y which satisfy the
following equations (x,y € R) :
x-1 y=l [3 Marks]
3+1 3-1
1-ix+(1+i)y=1-3i [2 Marks]|
If 3x — 7) — 2’y = =5y + (5 + x)i, find x + y.

[3 Marks]

1. Evaluate: i'® + % [2 Marks]
1

3
ii.  Prove that (1 +1i)’ x (1+1j =8.

1

[2 Marks]
i258 +i256 +i254 +i252 +i250
1. Evaluate: i248 +i246 +i244 +iz4z +i240

[3 Marks]
Find the value of (1 +2i°) + (1 + 3i) (2 +1)".

[3 Marks]

Based on Exercise 1.2

iil.

+3.

1.

ii.

Find the square root of
6+ 8i ii.

[3 Marks Each]
3—4i

Find the square roots of the following complex

number: [3 Marks Each]
-1 ii. —15-8i
5+ 12i iv. 11— 4/5i
Solve: [3 Marks Each]

PHx+1=0
¥ - (2x/§+3i)x+6\/§i=0
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4.

ii.

ii.

+7.

ii.

ii.

iii.

Solve the following quadratic equations:

[2 Marks Each]
2% +x+1=0
5x* —6x+2=0

Solve the following quadratic equations:

[2 Marks Each]
X +10ix-21=0
X+ 12ix-36=0

Solve the following quadratic equations:
[4 Marks Each]
= (7-ix+(18=1)=0
2 =B+ 7)x—(3-9)=0
Find the value of: [3 Marks Each]

¥ x> +2x+10whenx =1+ 3i
X9 + 352 — x + 64

ifx=-5+2,-4
Find the value of

YA+ —x+16,ifx=1+2i
3-51

[3 Marks Each]

28 + 28 = Tx + 72, if x =

x4+9x3+35x2—x+4,

ifx=-5+2-4.

+5.

ii.

3n.
i.  Expressz=+/2.e* inthea+ ib form.
[2 Marks]

ELS ,

Express (i) 3.e”? x 4. |3 Marks|

V2 | cos T isin *
12

( S5t .. 575)
2| cos — +1sin —
6 6

il. a.

in a +ib form

[3 Marks]

Experess the following numbers in the form
x+iy:

ﬁ coss—n+isin5—n
4 4

T .. T
2| cos—+isin—
[ 6 6)

[2 Marks]

[1 Mark]

Based on Exercise 1.3

iii.

+3.

1. If z=1 + 31, find the modulus and
amplitude of z. [2 Marks]
ii.  Find the modulus, argument of the
complex number — 7 + 244. [2 Marks]

Find the modulus and amplitude for each of the
following complex numbers: |2 Marks Each]|

3i il. 1+3i

3+ 4i iv.  —3V2+32i

1. Represent  the  complex  numbers
z=1+i,z=1-i-z=-1+4i
—z=-1—1in Argand’s diagram and
hence find their arguments from the
figure. [4 Marks]

ii.  Represent the following complex
numbers in the polar form and in the
exponential form [3 Marks Each]
a. 4+431 b -2
c. 3i d. -3 +i

Represent the following complex numbers in

polar form:

-1 [2 Marks] ii. 51 [2 Marks]

i+ [2Marks]  iv. i*; [4 Marks]

—z1

Based on Exercise 1.4

i If ® is a complex cube root of unity, then
prove that [2 Marks Each]

ii.  If o is a complex cube root of unity, then
show that [2 Marks Each]
a. (l-o+o)=(1+e0-0)" =32
b. (I-o)(l-0)(l-0h(l-0)=9

Find the values of [1 Mark Each]

" i. o™

If o is the complex cube root of unit y, show that
[2 Marks Each]

B-0)B-w)=13

(1-w+e)’ =32

If ® is the complex cube root of unity, find the
values of : [2 Marks Each]
(l-o+ (;)2)6

(1+0) (1+?) -1+

If  is the complex cube root of unity,
show that : [2 Marks Each]
l+teo-o)(l-o+te)=4
l-0)(l-0)(l-0)(1-w)=9

If o is the complex cube root of unity, show that
1+0"+®™=3,ifn is a multiple of 3. [4 Marks]

If ® denotes the complex cube root of unity,
prove the following:

(@ +o-1>=-8 [3 Marks]
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10.

11.

12.

13.

14.

15.

If © is the complex cube root of unity, then
prove that
Q2+50+207)° =2 +20+ 50%)° =729

[4 Marks]

Ifz=XA+3+1i,5-A%, then find the locus of
point p representing z, in cartesion form.
[3 Marks]

If |z = 2, then find the curve on which the
complex numbers — 1 + 5z lie. [3 Marks]

If |22 — 1| = |zI* + 1, then find the cartesian
equation of locus of z. [3 Marks]

Find the locus of z satisfying

log, |z + 1| > log, |z - 1| [4 Marks]
3 3
Simplify (cos 30 +i sin 36)2 (cos 46 - isin49)§
(cos 50 —isin 50)" (cos 60 +isin66)
[3 Marks]
Prove that
(I + cos® + i sin®)" + (1 — cos® — i sin 0)"
=2"" cos” g cos n_29 [3 Marks]

If n is a positive integer, prove that

(V3+i) + (V3 -i) =2""cos n—6" [3 Marks]

Based on Miscellaneous Exercise — 1

ii.

1.

1v.

Vi.

1i.

iii.

Simplify the following and express in the form
of a+ib:

2+ -3 [1 Mark]
(1+2i)° [2 Marks]
(2+5) [2 Marks]
i(3-21)
\3
M [2 Marks]
2+3i1
[1+3J(1+3j(2+i)_1 [2 Marks]
1 1
2+31 2-31 [2 Marks]
2-31 2+31

Solve the following equations for x, y € R:

[2 Marks Each]
x+iy)(2-31)=4+1
(Bx—2iy) 3 +4i))=10+10i
(1+3ix+(@G—1)y+5°=0.

Evaluate : [1 Mark Each]
i+ i ii.  Qif+i+2)™®

iil.

10.

11.

12.

13.

14.

Find the modulus and amplitude of the

following numbers: [2 Marks Each]
1+7i .. 1+3i
—_— ii.
(2-i) 1-2i
~1+i3 . 1+3i 1-2i
iv. +
2 2—1  2+i
2—1 141
1420 1-2i
\3
1. Show that [§+%J is purely imaginary
number [2 Marks]
ii.  Show that >— 2.1 MEL 2.1 is a real number
3+1 3-1
[2 Marks]
Let 0 < 6 < 21 and the expression w
1-2isin6
be purely imaginary. Find 6 [3 Marks]

Find the smallest positive integer for which

Gij -1 [3 Marks]|
—1

Find the number of solutions to the equation
Z+2z2=0 [3 Marks]

If the number 2 _i is purely imaginary, then
z+

find the locus of z. [3 Marks]

If x; = cos [%) + i sin (;J , then evaluate x,

T
X2, X3 ... t0 © [4 Marks]
If z; and z, are two non-zero complex numbers

such that |z, + | = |z1| + |22, then find arg [i]
Z2

[4 Marks]
1
Ifz=x+izand z> =a —ib, a, b # 0 and
X

= —% = k(a® — b*), then find k. [4 Marks]|
a

Let (r, 6) denote a complex number
z=r1(cos O +isin0) Ifa=(1,a),b=(,p),
c=(l,r)and a + b + ¢ = 0, then evaluate
al+b'+c! [4 Marks]

(cos 6 +1isin 9)8

Express T

in x + 1y form.
(sin 0 +1i cos0)

[3 Marks]

[
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~— MULTIPLE CHOICE QUESTIONS JJ——

1.

If n is a positive integer, then which of the
following relations is false

A) i"=1 B) " '=i
(C) i4n +1 — 1 (D) i— 4n _ 1
The value of (1 +1)° x (1 —i)’ is
(A) -8 (B) 8i
(C) 8 (D) 32
Ifx=3+i, thenx’ —3x* = 8x + 15 =
(A) 6 (B) 10
(C) -18 (D) -15
If(1-ix+ (1 +iy=1-3i,then (x,y)=
A) (@2~ B) 2,1
©) (2,1 D) @1
V5+12i4+4/5—-12i _
J5+12i—5-12i

3. 3.
(A) —51 B) 51

3 3
© -3 @) 3
It % — a+ib, then (a, b) equals
(A) (15,20
(B) (20, 15)
(C) (~15,20)

(D) None of these

100

1-i

If |—| =a+ib, then
1+1
(A) a=2,b=-1 B) a=1,b=0
(C) a=0,b=1 (D) a=-1,b=2
The conjugate of the complex number j+§l is
—2o1
7—-26i1 —7-261
A B
A — (B) 55
—7+26i 7+ 261
C D
© 5 D) —
NCES N
1+i)—==
‘( 1)(3+i)
1 1
A) —— B) -
® -3 ® 3
© 1 D) -1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

3+i
2—i

ar [ +E] is equal to
& 241 d

@ 7 ® -2 (@© 0 (©

1++/3i "
V3-i

(A) 0 (B) /6
©) n/3 (D) =n/2

The amplitude of

1+2i

The modulus and amplitude of m are
—(1-1

(A) +2and % (B) land0
T T

(C) 1land a (D) 1and 2

A—8—6i =

(A) 1£3i (B) +(1-3i)

(C) +(1+3i) D) +@B-1i)

The square root of 3 —4i is

(A) +2+i) (B) +2-1i)

(C) +(1-2i) (D) +(1+2i)

(27)1/3 _

A) 3 (B) 3,3i,3i

(C©) 3,3w,30° (D) None of these

If ® is a complex cube root of unity, then
(x =) (v —y) (v ~ y) =
(A) X+ B) x -y’

© x-y D) x*+)°

If 1, ®, ®° are the three cube roots of unity,
then 3 + o* + ©")° =

(A) 64 B) 729

< 21 D) 0

If o and B are imaginary cube roots of unity,

1.
then the value of o+ p** + —is

o
@A 1 B) -l
< o0 (D) None of these

If ® is an imaginary cube root of unity,
(1+o- (;)2)7 equals

(A) 128w (B)
(C) 128w (D)

—-128®»
~128w°
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| Time: 1 Hour TOPIC TEST | Total Marks: 20 |

SECTION A
Q.1. Select and write the correct answer. (4]
1. The value of iz: :ZZ :zjz ::Z :: is equal to:
A 2 B) 1 © 0 D) -1
il. If  is a complex cube root of unity, then the value of ©”° + ©'® + """ is:
A -l B) 1 <€ 0 o 3
Q.2. Answer the following. [2]
3
i. Express z = % in polar form.
ii.  Find the value of i* +i®+{¥ +1{'"".
SECTION B
Attempt any two of the following: [4]
3
Q.3. Show that (?+%] =i
Q.4. Ifz=3+ 5i, then represent the z , z in Argand’s diagram.
Q.5. If o is the complex cube root of unity, show that
Q+o+0’) -(1-30+0°) =65.
SECTION C
Attempt any two of the following: [6]

Q.6. Solve the following quadratic equation
27— Bx+1=0

Q.7. Express the following in the form a + ib, a, b € R, using De Moivre’s theorem

(1+1)°
Q.8. Find the value of x’ —x” +x + 46, ifx =2 + 3
SECTION D
Attempt any one of the following: [4]
. }a +ib a’ +b’
Q9. Ifx+iy= ¥ prove that (x> +)?)* = i d
Q.10. If o and P are complex cube roots of unity, prove that (1 — o) (1 - ) (1 —a?) (1 —p*) =9.
o " ANSWERS J °
( ONE MARK QUESTIONS J @DITIONAL PROBLEMS FOR PRACT_Iy
1. 27 2.5 BasedonExercisel.l =
n_ 1. L. 2+4i,2,4 ii. 0+5i,0,5
3 4. 1 i, 3-4i,3,-4  iv. 5+4i5,4
] v.  2+451,2,45
1T
Y A Vi (7443)+ 01,7+ 43,0
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2. S Based on Exercise13
3. i 5-4i i, 1+2i 1. i 10, tan”' (3)
i, 5-3i iv.  12i i 257 tan™ ( gj
V. 3 -2i 7
vi. cos 20 +1sin260 2. i 3, g i, J10.tan"'3
4. i. =-1,b=3
) . ji. 5, tan™ (f) iv. 6"
i a=o,b=- 3 4
4 7 n 3n 5t Tn
. = _ _ = - — 3 1 T T T s T
1ii a = b s 2’1 1’2
. 28 29 (=
Iv. a= g,b: s ii. a. Z=8[cos§+isin§j,z= 8e [3]
v a=-43,b=1 b.  z=2(cos T +isin 1), z =2e"
vii a=-1,b=0 n . =
c. z=3(cos—+isin—j,z= 3e 2
| +3i p="2 p
5 1 -1+31 11 a=b==
4
i 9 d. z=2 [cos%ﬂ isin%) s
8.0 )1c=—4,y=6 i x=2,y=-1 Zzzei(%‘)
iii.
9. i 0 ii. -1 4. 1L 2 (cosﬁ—isinfj
4 4
10. —1+3i - -
il. 5(cosz+isin5j
Based on Exercise 1.2
_____________________________________________________________ iil 2(cos£+isin£)
1. i +2@e+) ii. 2-ior—2+i ' 6 6
. 3n .. 3m
2. i i%(l —i) i+ (1-40) iv. 2 (COST *‘s‘“jj
iii.  +(3+2i) iv.  £(V5-2i) 5 i 1+
.. . 1 i
. . 12 . -
~1+:3i —1-3i teoa ! b 2 2
3. i and
2 2
ii. 2\/5 and 3i 6. 1. —-1-1 11. \/§+1
P s L B i BasedonExerciseld =
' 4 4
L340 3-i 2 1 i
il. —
5 5 4 i 64 ii 2
5. i. -3i,-7i ii. - 6i 9 (=3P +)*=5
6. i 4-3i,3+20 i %+%i, 3i 10, circle o+ 1] = 10
y 11. x=0
7 1 6 1. - 100
g . 17+ 24 " 4 12. x<0orRe(z)<0
. i. - i ii.
ii.  —160 13.  (cos 20 +1isin 20)
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Based on Miscellaneous Exercise-1 ——  COMPETITIVE CORNER _J——
. .. -11 2
Lo —2+ 3 U 155 s 1. Let o be a complex number such that
19 4 ) 37 16 20+ 1=z wherez= /-3 .1If
.  —+—i 1v. —+—
13 13 13 13 1 1 1
v 3 Vi 10 1 —o’-1 o’| =3k, then k is equal to
' 13 1 o o
, i .5 .14 [JEE (Main) 2017]
o 13’7 13 A 1 B -z
) 14 1 © z (D) -1
. x=—,y=-
15 5 o .
5 5 2. If a, B € C are the distinct roots of the equation
m. x= 1 V= n x*—x+1=0, then o' + ' is equal to
[JEE (Main) 2018]
3 i 0 ii i A 0 B) 1
<€ 2 D) -1
4. i 2," i V2,
4 3. If o and B be the roots of the equation
i 1 2n v e —tan™" ©) ¥ -2 +2= 0, then the least value of n for
. b 3 . 5 > n
¥5 which (Ej =1is [JEE (Main) 2019]
\/E -1 ( lj B
V. —,tan | —
5 3 A 2 B) 5
5 © 4 D) 3
T T
6 33 7 4 4 Let z be a complex number such that
g = 27 = land | z | = 2 Then the value of
4 9. |z =1 7+ 5
10. -1 1. 0 |z + 3i| is [JEE (Main) 2020]
12. 4 13. 0 (a) 1o (B) 243
15 7
14.  cos 120 +1sin 120 © D) -
ﬁ/lULTIPLE CHOICE QUESTIOM 5 If ;": a + ib, then [(a — 2)> + b?] is
2+cos0+isind
. B 2 (DO 3 D 4 (A equally to [MHT CET 2021]
5. (A 6. (A 7. (B 8 (0O A) 0 B) 1
9. (© 10 © 1. @ 12 @ | © -l D) 2
13. B) 14 (B) 15 (O) 16 nswers:
(B) (B) © © . B 2. B) 3. (C) 4 (D)
17. (A) 18. (C) 19. (D) s (B
- (B)
(" Topic TEST ) Hints:
1. 20+ 1=,-3
1. i D ii. C
D) © T
2. 1. %(cos%c +1i sin%rj o= —71_‘_%
i 2i L1 1
2 2| —
\/§+\/§i \/g_\/gi 1 —o°-1 o|=3k
6. and 1 o o
4 4
1 1 1
7. - 8i I —o’-1 o’| =3k
] 7 1 o o)
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3 0 0 4. Letz=x+1iy
1 —o’-1 o’ =3k z—1i -1
1 o ) z+2i

iz~ = |z + 2il

...[Applying R; = R; + Ry + R3]
-1 =+ +2)
1

3(-0 -—w-o0Y)=3k

3 (-1 - - ) =3k R
k=-—(1+20)=—2z |Z|:§
2 -
2. X —-x+1=0 x2+y2=%
leiﬁi s
2 x2+(—1j -
2 4
o and B are the roots of the given equation. =6
a=1+ﬁi - x=% 6
2 1.
Z=%x6 — —1
1—\/§i 2 2

B= = o
2 f zH3i=Jer 2 = 2 2T
4 4 2

101 | 107 _ 101 2,107
T =Co)T (o)

Q

_|:(w3)33. o + (0)3)7‘ ,0)] 5.  Given, A

2+ cosO+isin®
31 (2 0)—1isin0O
N [( +cos0)—isin ]

=—((x)2+(x)) ...[033=1] < =a+ib
. . 2o (2+cos6) +sin’6
= Ltote’=
[H+o+er=0] 3[2+cosB-isinG]
=a+ib
3. X—2x+2=0 5+4cosO
N 3(2+cos)
—_ 1 a=—F=
== 2% 24 8 =2J‘;2‘=1ii 5+4c0s0
, _ and b=__>5n0
Leta=1+iandB=1-1 5+4cosO
2 . 2
o _ 1+i (a_z)z+b2:(6+3cose_ j N 9sin”“ 6 :
R 5+4cosO (5+4cos6)
2 .
i L _ (+4-5c0s0) +9sin’ 0
1-i  1+i (5+4cos6)2
(1 A)z 16+ 25c0s>0+40cos0+9sin’ 0
+ =
= N 12 (5+4cos€)2
—i
(5+4cose)2
2. 2T
= =1 (5+4cos0)
(Ej =1 ...[Given]
B
— Gy =1

= least value of n =4

Scan the given Q. R. Code in Quill - The Padhai App
to view the solutions of the Topic Test.
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