Chapter 3: Complex Numbers

EXERCISE 3.1 [PAGES 37 - 38

Exercise 3.1 | Q 1.1 | Page 37
Write the conjugates of the following complex numbers: 3 + i

SOLUTION
Conjugateof (3 +1i)is (3 —1)

Exercise 3.1 | Q 1.2 | Page 37
Write the conjugates of the following complex numbers: 3 — i

Conjugateof (3 —i)is (3 +1i)

Exercise 3.1 | Q 1.3 | Page 37
Write the conjugates of the following complex numbers: - V5 - V7 i

SOLUTION

Conjugate of (—\/F — V7 i)is(—\/g + ‘-/?1)

Exercise 3.1 | Q 1.4 | Page 37
Write the conjugates of the following complex numbers: - V-5

SOLUTION

VB — VB x V1= VFi

Exercise 3.1 | Q 1.5 | Page 37
Write the conjugates of the following complex numbers: 5i

SOLUTION
Conjugate of 5i is — 5i

Exercise 3.1 | Q 1.6 | Page 37
Write the conjugates of the following complex numbers: V5 — i

Conjugate of Vb —iis Vb +i



Exercise 3.1 | Q 1.7 | Page 37
Write the conjugates of the following complex numbers: V2 + V3 i

SOLUTION
Conjugate of V2+v3iisv2 - V3i

Exercise 3.1 | Q 2.1 | Page 37
Express the following in the form of a + ib, a, b € R, i = V-1. State the values of a and b:
@Q+20)(=2+1)

(1+2)(-2+i)=—2+i-4i+2i
=—2-3i+2(-1) .[-i2==1]
S(A+2)(-2+i0)=-4-3i
~a=—-4andb=-3

Exercise 3.1 | Q 2.2 | Page 37

Express the following in the form of a + ib, a, b € R, i = V-1. State the values of a and b:
i(4 + 3i)
1—1

i(4+3i) 40+ 31
1—i 1—i
-3+ 4

= il o
- e 1]




(-3 +H4i)(1+1)
(-1 (1+1i)
3 — 3i+ 4i + 4i2
1 — 2
—3+i4+4(-1
= i+4(-1) L if == 1]
1—(-1)
-7 +1
2
i(4+3) -7 1,
= + —1
1—i 2 2
—7 1

na=z — and b= —.
2 2

Exercise 3.1 | Q 2.3 | Page 37

Express the following in the form of a + ib, a, b € R, i = -1. State the values of a and b:
(2 +1i)

(3—1)(1 + 2i)

2+i) 2+i
(3—i)(1+2i) 3+6i—i— 2i
) 2+ i
34 5i—2(—1)
2 +i

5 + 5i
o240 (2+)(1-1)
CB(L+1) 51 +i)(1— 1)
2-2i+i-i
- 5(1- )

i =—1]




_2-i- (1)

5[1 - (-1)]
33—
- 10
| 2 +1i 3 1.
"3-1(1+2) 10 10
a:iandbz_—l.
10 10

Exercise 3.1 | Q 2.4 | Page 37
Express the following in the form of a + ib, a, b € R, i = -1. State the valuesof aand b:

3+ 21 N 3—2i
2 — Dl 2+ 91

SOLUTION

342 3—2i
25 2+ 0bi
(3 + 2i)(2 + 5i) + (2 — 5i)(3 — 2i)
(2 — 5i)(2 + 5i)
6 + 151 + 4i + 10i2 + 6 — 4i — 15i + 10i°
4 — 25i°

12 + 20i

4 — 257

12+ 20(—1)

4 —25(—1)

—8

29

. 3+2 3-2 -8
2 -5 245 29

+ 01

—8
~a=-—and b=0
29



Exercise 3.1 | Q 2.5 | Page 37
Express the following in the form of a + ib, a, b € R, i = V-1. State the values of a and b:

2+ /-3
4+ V=3

2+vV-3  2+/3i

4++/=3 4+ /3
(2+ v’ﬁi) (4— x/ﬁi)
(4+ x/ﬁi) (4— x/ﬁi)

8 — 2v/3i + 4/3i — 3i2

16 — 3i2
_ 8+ 2v/3i — 3(—1) R
16 — 3(—1)
11+ 2v/3i
19
24+4+v-3 11 N 2v/3 |
= 1
4++—3 19 19
11 2+/3
~a= — and b=—\/_
19 19

Exercise 3.1 | Q 2.6 | Page 37
Express the following in the form of a + ib, a, b € R, i = V-1. State the values of a and b:
(2 +3i)(2 - 3i)

(2+3)(2-3i)=4-9i2
=4-9(-1) .[vie=-1]
=4+9=13
~(2+3i)(2-30))=13+0i
~a=13andb =0

Exercise 3.1 | Q 2.7 | Page 38



Express the following in the form of a + ib, a, b € R, i = V-1. State the values of a and b:
4i® — 3i + 3

3itt — 4l — 2
SOLUTION
‘8 . .42 _42 ®
4i° —3i+ 3 4(1] —3(1] -1+ 3

it -4 —2 gy 2 —4(i)” 2 — 2

Since, i =-1,i°=-iandi* = 1
4t -3'+3 4(1)°-3(1)% 143
C3itt -4t — 2 3(1)%(—i) —4(1)%(-1) -2
4—3i+3
T 3i+4-2
7 3i
T2 3

(7 — 3i)(2 — 3i)
(2 — 31)(2 + 3i)
14 + 21i — 6i — 9i°
4-9(-1)
14 + 15i — 9(—1)
4—9(—1)
23 + 15i
13
o 4i* —3i" + 3 _ 23 15
3t —4i’ —2 13 13
23 15

~a=-— and b= —
13 13




Exercise 3.1 | O 3 | Page 38

3
Show that (—1 + \/gl) is a real number.

3
(—1+V3i)
2 3
= (-1)* + 3(—1)° (\/ﬁl) + 3(—1}(\/51) + (x/ﬁl) @ + b3 = a3 + 3a2b + 3ab? + bI]
= —1+3v/3i — 3(3i?) + 3v/3i®
= —1+3v3i-3(3i%) +3V3i [+i?=-1P =1
=-1+9

= 8, which is a real number.

Exercise 3.1 | Q 4.1 | Page 38

Evaluate the following: i3°

SOLUTION

We know that, i2=—-1,i3=—1i,i*=1
1% = (18 (9= (1) (- 1)i =~

Exercise 3.1 | Q 4.2 | Page 38
Evaluate the following: i88

We knowthat, i2=-1,3=—i,i*=1
888 = (4222 = (1)222 = 1

Exercise 3.1 | Q 4.3 | Page 38
Evaluate the following: i%
SOLUTION

We know that, i2=—-1,i3=—1i,i*=1
iB=(Bi=D)=.i=i

Exercise 3.1 | Q 4.4 | Page 38
Evaluate the following: i116
SOLUTION

We know that, i2=-1,i3=—i,i*=1
116 = (j4)29 = (1)2° = 1



Exercise 3.1 | Q 4.5 | Page 38
Evaluate the following: i403

SOLUTION

We know that, i?=-1,i3=—i,i*=1
j403 = (i4)100 (iz)i — (1)100 (_ 1)i =

Exercise 3.1 | 4.6 | Page 38

1
Evaluate the following: —

58
SOLUTION

i
We know that, i2=—-1,i3=—1i,i*=1
1 1 1

;58 (i4)14-i2 - {1)14(_1) -

Exercise 3.1 | Q 4.7 | Page 38
Evaluate the following: i30 + {40 + {50 + {60

We know that, i2=—-1,i3=—1i,i*=1

= (i4)7 12 + ()10 + (i4)12 j2 + (j4)15

=) D) +Q+ @O+ @2 =D+ @OF
=—1+1-1+1

=0.

Exercise 3.1 | Q 5| Page 38
Showthat 1 + i10 + {20 + {30 js a real number.

1+ ilO + i20 + i30

=1+ (i4)2 2+ (i4)5 + (i4)7 j2
=1+Q2F1)+@QP°P+Q) (-1) .[+i*4=1,i?2=-1]
=1-1+1-1

= 0, which isareal number.

Exercise 3.1 | Q 6.1 | Page 38
Find the value of i49 + {68 + {89 + {110

— 1

SOLUTION

{49 4 j68 4 j89 4 {110

= (412 0 + (i + (1422 .0 + (14?7 .i2

=D)L+ @)Y+ @20+ Q) (1) [rit=1,i2=-1]



=ji+1+i-1

= 2i

Exercise 3.1 | Q 6.2 | Page 38
Findthevalueof i +i2+i3+ 4

SOLUTION

I+ i2+ i3+t

=i+i2+ii+it

=i—1-i+1 .[+i2=-1,i*=1]
=0.

Exercise 3.1 | Q 7| Page 38

Findthevalueof 1 +i2+i4+i6+i8+ ...

SOLUTION

1+i2+i4+i8+8+ . +i20

+i20,

=1+ (|2 + |4) + (|6 + |8) + (ilO + i12) + (il4 + i16) + (i18 + iZO)
= T [ (202 + 029 + 2]+ (2 + (2] + [0 + (2] + [(2)° + ()1
=141+ (=14 [P+ EDTH [+ DT+ ED) + DR+ 1)° + -

1)10] [+ i2=—1]

=1+l +D)+ (1 + )+ (1 +1)+ (—1+1)+(-1+1)

=1+0+0+0+0+0
=1.

Exercise 3.1 | Q 8.1 | Page 38

Find the values of x and y which satisfy the following equations (x, y € R): (X + 2y) + (2x

—3yi+4i=5

x+2y)+(2x—-3yi+4i=5
S (X+2y)+ (2x—3y)i=5-4i

Equating real and imaginary parts, we get

X+2y=5 ..(1)

and2x -3y =—4 ..(ii)

Equation (i) x 2 — equation (ii) gives
7y=14

Ly=2

Puttingy = 2in (i), we get
X+2(2)=5

“X+4=5

~x=1

~X=1landy=2.

Exercise 3.1 | Q 8.2 | Page 38



Find the values of x and y which satisfy the following equations (x, y € R):

:r:—|—1_|_;g,r—1:i
1+1i 1—1i
SOLUTION
r+1 y—1
+ =1
1+1 1—1i
@HDa-)+ -1+
B (1+1i)(1-1)
cr—rit+l—-it+y+tyi—1-—-1
1—i2
Sty +ty—z—2)i 5
c =i .[r1r==1]
1—(-1)

LXEY) H(y-x-2)i=2i
SX+Y)+H(Yy=-x=2)Ji=0+2i
Equating real and imaginary parts, we get
x+y=0andy—-x—2=2
“X+y=0 (1)
and—x+y=4 (i)
Adding (i) and (ii), we get

2y =4

Ly=2

Puttingy = 2in (i), we get
x+2=0

aX==2

LX=-=2andy=2.

Exercise 3.1 | Q 9.1 | Page 38

Findthe value of: x3 — x2 + x + 46, ifx = 2 + 3i

SOLUTION

X=2 +3i

L X—2=3i

(X — 2)2 = 9i2

aX2—A4x+4=9(-1) .[vi2=-1]
W X2—4x+13=0 (i)



X+ 3
2’4z +13)a® + 22 + z + 46

Xa—-‘-b(z + 13x

- + _

3x2 — 12x + 46
32— 12x + 39

— + _

=%t 4 x + 46

= {x'j-—-ilx +13)x+3)+7

=0x+3)+7 ..[From (i)]

= 7.

Exercise 3.1 | Q9.2 | Page 38

Find the value of: 2x° — 11x% + 44x + 27, if x = 3 2541

SOLUTION

25
“ 34
25(3 + 4i)

(3 — 4i)(3 + 4i)
25(3 + 4i)
9 — 16i
25(3 + 4i)
9 —16(—1)
25(3 + 4i)
——

~X=3+4
oW X —3 =4j
. (x= 3)? = 1612

X




aX2—6x+9=16(- 1) ..[-i2=-1]
LX2—6Xx+25=0

2X + 1
x>~ 6z + 25)2z° — 1122 + 44z + 27

233 — 12%% + 50x

. _
X2 — 6x + 27

x2 — 6X + 25
s

2

EXERCISE 3.2 [PAGE 40

Exercise 3.2 | Q 1.1 | Page 40
Find the square root of the following complex numbers: — 8 — 6i

SOLUTION

Let v —8 — 6i= a + bi, wherea, beR

Squaring on both sides, we get

~8—6i=(a+ bi)?
~. —8-6i = aZ + b%i¢ + 2abi
~—8-6i=(a2-b?) +2abi .[ri¢=-1]

Equating real and imaginary parts, we get

a°-b’=-8and2ab=-6

-3
~at-b’=-8andb= —
a



a*-9=-8a’
na*+8a°-9=0
(@ +9)@-1=0
~a‘=-9ora’=1
ButaeR

~al#-9

whena=1b=— =-3
1

—3
whena=-1b=— =3
-1
v —8 —61=+(1-3i.

Exercise 3.2 | Q 1.2 | Page 40
Find the square root of the following complex numbers: 7 + 24i

SOLUTION

Let v'7 4+ 24i = a + bi, wherea, beR
Squaring on both sides, we get

7 + 24i = (a + bi)?
~ 7+ 24i = a° + b%i% + 2abi
7 + 24i = (a® - b?) + 2abi it =1

Equating real and imaginary parts, we get



a’-b%?=7and2ab=24

12
nat-b®=T7andb= —

a
2
12
st = (2) -7
a

144
LAl -7

a?
~oat—144 = 742

at-7a?-144=0
~(a2-16)@ +9) =0
~at=16o0ora2=-9
ButaeR
Lat#-9
. a%=16
na==14

Whenazd,b:%:S

12
Whena=-4b= — =-3

LV T+ 241 = £ (4 + 30).

Exercise 3.2 | Q 1.3 | Page 40
Find the square root of the following complex numbers: 1 + 4 3 i

Let \£1+4\/§i:a+ bi, wherea, b e R

Squaring on both sides, we get

1+4+31i=(a+bi?



~1+4v31=a?+ b2 + 2abi
~1+4+v3i=(a2-bd) +2abi .[viZ=-1]
Equating real and imaginary parts, we get
a?—b? = 1and 2ab = 4V/3

2v/3

a,

a’-b?=1andb =

()

12
.2 _
- a a2 1
s at-12=a’

~at-af-12=0
~(@2-4)@2+3)=0

a’=4ora’=-3
ButaeR

al#-3

2\/52\/5

Whena=2 b= ——
2

2v/3 V3

Whena=-2,b= —— =
2

2V 1+4V3i= i(2+ »@i)

Exercise 3.2 | Q 1.4 | Page 40
Find the square root of the following complex numbers: 3 + 2 V10 i



Let 4/ 3 + 2v10i = a + bi, wherea, beR

Squaring on both sides, we get

3+2V101i = (a + bi)?

» 3+ 2V10i = a% + b%2 + 2abi

3+ 2sqrt(10) “i" = (a®-b?) + 2abi  .[vi¢=-1]
Equating real and imaginary parts, we get

a’-b®=3and2ab =2v10
V10

a?-b?=3andb =

i 8
10
2
a*— — =3
a?
~at-10=3a°

at-3a2-10=0
{a2—332—10 =0

a°=5o0ra=-2

ButaeR
Lat#E -2
nat=5
na=+vV5
v/ 10
Whena=v5,b= —— =2

V5



Whena = — ab—£ — V2
V3

‘1||a“3—|—2\f_ (\/’_—l— \/El)

Exercise 3.2 | O 1.5 | Page 40

Find the square root of the following complex numbers: 2 (1 — V3 i)

SOLUTION

Let \/2(1 — \/gi): a + bi, wherea, beR
Squaring on both sides, we get
2(1 - V3i) = (a + bi)?

2(1 - V3i) = 22 + b2 + 2abi

22— 2v3i=(a%- b)) +2abi  [vi¥=—1]
Equating real and imaginary parts, we get

a®—b%=2and2ab = —2\/§

3
—b2:2andb:—£
.
3
2 _
a —?—2
-3 =232
-2a-3=0

~(@2-3)@%+1)=0
~a?=3o0ra?=-1
Buta e R
~at#—-1
~a’=3



.'.a:is/g

—v'3
Whena:v’g;b=—\/_:—1
V3
—v'3
Whena:\/ibz—\/_=1
V3

-:vg(l—v§0:=i(J§—i)

Exercise 3.2 | Q 2.1 | Page 40
Solve the following quadratic equation: 8x>+ 2x + 1 =0

SOLUTION

Given equationis8x?+2x+1 =0
Comparing with ax? + bx + ¢ = 0, we get
a=8,b=2,c=1

Discriminant=hb? — 4ac

=(2%-4x8x1

=4-32

-28<0

So, the given equation has complex roots.
These roots are given by

—b+ 4/b? — dac
* 2a
—2—+/-28
2(8)
—2 + 27
16
-1+
8

JeoX



- the roots of the given equation are

—1++/7i —1 —+/Ti
8 and 8

Exercise 3.2 | Q 2.2 | Page 40

Solve the following quadratic equation: 222 —V3z4+1=0

Given equation is 222 —V3z+1=0
Comparing with ax? + bx + ¢ = 0, we get
a=2b=—vV3c=1

Discriminant = b% — 4ac

= (—vﬁ)z—-ixel

=3-8

=-5<0

So, the given equation has complex roots.

These roots are given by

_ —b=x+/b*—4ac

W =

2ac
_——V3+V-5
22
EERES
4

.. the roots of the given equation are

V3 + V/5i V'3 — V/5i
g wd

S X

Exercise 3.2 | Q 2.3 | Page 40
Solve the following quadratic equation: 3x?—7x +5 =0



Given equationis3x2—7x+5=0
Comparing with ax? + bx + ¢ = 0, we get
a=3,b=-7,c=5

Discriminant=b? — 4ac
=(-7)?-4x3x5

=49 -60

=-11<0

So, the given equation has complex roots.
These roots are given by

—b+ v/b? — 4ac
¥ =
2a

——T+v-11

23

T+ V11
- 6

JooX

7+ V11i X 7 - /11i
- .

- the roots of the given equation are nd c
Exercise 3.2 | Q 2.4 | Page 40
Solve the following quadratic equation: x2—4x + 13 =0

Given equationisx?2 —4x+ 13=0
Comparing with ax? + bx + ¢ = 0, we get
a=1,b=4,c=13

Discriminant=b? — 4ac
=(-4)2-4x1x13

=16-52

=-36<0

So, the given equation has complex roots.
These roots are given by



—b+ v/b? — 4ac
}{:
2a
— —44++-36

21
4 + 6i

2

2+ 3i
=~ the roots of the given equation are 2 + 3i and 2 — 3i.

Exercise 3.2 | Q 3.1 | Page 40

Solve the following quadratic equation: x2+ 3ix + 10 =0

SOLUTION

Given equationisx? +3ix+10=0
Comparing with ax2 + bx + ¢ = 0, we get
a=1,b=3i,c=10

Discriminant=hb? — 4ac
=(3i)2-4x1x10

=0i2-40

=—-9-40 .. [vi?2=-1]

=—-49<0

So, the given equation has complex roots.
These roots are given by

—b + v/b? — 4ac
}{:
2a
_3i:|:xf—49
C2(1)
—3i+ T
Dy o
2
—31+Ti —31i—Ti
X = or r =
2
nx=2lorx =-5i

.. the roots of the given equation are 2i and — 5i.



Exercise 3.2 | Q 3.2 | Page 40

Solve the following quadratic equation: 2x2+ 3ix+2 =0

SOLUTION

Given equation is 2x? + 3ix+2 =0
Comparing with ax2 + bx + ¢ = 0, we get
a=2,b=3i,c=2

Discriminant=b2 — 4ac

=(3i)2—4x2x2
=0i2-16

=-9-16 . [+ i2=-1]
=-25<0

So, the given equation has complex roots.
These roots are given by

_ —b+x/b* —dac
= 2a
—3i+ v—25
2(2)
—3i + 5i
4

—31+ 51 —31— 91
LXE——— I T = —————

4 4

SO =

1
X = —iorx=-2i
2

1
.. the roots of the given equation are Ei and — 2i.

Exercise 3.2 | Q 3.3 | Page 40
Solve the following quadratic equation: x2+ 4ix —4 =0

SOLUTION

Given equationisx? +4ix—4=0
Comparing with ax? + bx + ¢ = 0, we get
a=1b=4i,c=-4
Discriminant=b? — 4ac
=(4i)2-4x1x-4

= 16i2+ 16



=-16+16 .. [-i?=-1]

=0

So, the given equation has equal roots.
These roots are given by

—b + v/b? — dac
* 2a
_ —4i+0
21
4
2
X == 2i

.. the roots of the given equation are — 2i and - 2i.

Exercise 3.2 | Q 3.4 | Page 40
Solve the following quadratic equation:ix?—4x — 4i=0

SOLUTION

ix2—4x —4i=0

Multiplying throughoutby i, we get

i2x2 — 4ix—4i2=0

W=X2—4ix+4=0 e i2==1]

2 X2+ 4ix-4=0

Comparing with ax? + bx + ¢ = 0, we get
a=1,b=4i,c=-4

Discriminant=Db? — 4ac
=(4i-4x1-4

= 16i2+ 16

=-16+ 16 e it==1]

=0

So, the given equation has equal roots.
These roots are given by



_ —b+y/b*—4ac

*- 2a
. —4i+ 0
o 2(1)
4
2

SN == 20

. the roots of the given equation are — 2i and - 2i.

Exercise 3.2 | Q 4.1 | Page 40
Solve the following quadratic equation: x?— (2 + i) x = (1 = 7i)=0

SOLUTION

Given equationisx? -2 +i)x—(1-7i)=0
Comparing with ax? + bx + ¢ = 0, we get
a=1,b=-2+i),c=-(1-7i)
Discriminant=b? — 4ac
=[@2+)P-4x1-(1-7)

=4+ 4i+i2+4-28i

=4+4i-1+4-28i e ir==1]
=7-24i

So, the given equation has complex roots.
These roots are given by

—b+ v/b? — 4ac
= 2a
—[—(241)] £ V7 — 24i
2(1)
(2+1) V7 — 24
2
Let V7 — 24i = a + bi, where a, b € R

Squaring on both sides, we get

7 — 24i = a? +i%b? + 2abi

o 7 —24i = (@2 — b?) + 2abi e it==1]
Equating real and imaginary parts, we get
aZ—b2=7and2ab=-24




—12
~at-b%=7andb= ——
a

2
—12
~a’— (—) =7
a

~at—144 =7a?
sat—-7a2-144=0

~(a2-16) (@2 +9)=0
~at=16o0ra2=-9

Buta € R

~al#-9

~a2=16

~a=zx4

Whena=4b =¥ =-3

Whena:—d,b:__—lj =3
ANT—24i= 1 (4-30)
~ (2+41) + (4 — 3i)
2
_ (2—|—1):|;(4—31) or o — (2+1)—2(4—31)

SXx=3—-ilorx=-1+ 2.

SoX

JooX

Exercise 3.2 | Q 4.2 | Page 40

Solve the following quadratic equation: z2 — (3\/5 + Zi)m +6V2i=0



Given equation is 22 — (33/5 - 21);1: +6V2i=0

Comparing with ax? + bx + c =0, we get

a=1b-= —(3\/§+2i),c= 6v/2i
Discriminant = b? — 4ac

_ [—(3ﬁ+21)r—4 « 1 % 6v/2i
= 18 + 12v/2i + 4i® — 24V2i

=18 —12vV2i -4  _[+i%=-1]
= 14 — 12V/2i
So, the given equation has complex roots.

These roots are given by

b+ b% — 4ac
2a
- [— (3«./% + Ei)] + /14— 12V/2i
2(1)
(wﬁ + 21) +4/14 122
2

let 4/ 14 — 12v/2i = a + bi, where a, b € R

Squaring on both sides, we get

14 — 12v/2i = a2 + i%b? + 2abi

14 —12v2i = (a2 -b?) + 2abi [+ i%=-1]
Equating real and imaginary parts, we get

a2 —b? = 14 and 2ab = —12v/2
—6v/2

a

~al-b%=14and b =



72

2

a”~— — =14
a?

at—72 = 143

at— 14a2-72=0
(a®— 18) (@2 +4)=0

~a*=18ora’=-4

ButaeR
52#—4
aZ=18
a=+3v2
—6v/ 2
Whena:?.\@?bz ‘/_:_2
3v/2
—6+/2
Whenaz—?.\/ib: \/_:2
—3v/2

o (3~./§+2i)

(3\/5 + 21) — (3\/5 - 21)
2
~x=3V2orx=2i

ar X =




Exercise 3.2 | Q 4.3 | Page 40
Solve the following quadratic equation: x2— (5 —1)x + (18 +i) =0

SOLUTION

Given equationisx?—(5-1)x + (18 +i)=0
Comparing with ax2 + bx + ¢ = 0, we get
a=1,b=—-(5B-i),c=18+i
Discriminant=b2 — 4ac
=[6-)P-4x1x(18+I)

=25-10i +i2—-72 —4i
=25-10i—1-72—4i e i2==1]
=—48 - 14i

So, the given equation has complex roots.
These roots are given by

_ —b =+ v/b*—4ac

W=

2ac
—[—(5—1i)] £ v—48 — 14i
2(1)
(b —i) 4+ +v—48 — 14i
2

let v —48 — 14i = a + bi, wherea, b e R

Squaring on both sides, we get

— 48 — 14i = a2 + b%%2 + 2abi

o — 48 — 14i = (a2 — b?) + 2abi e i2=-1]
Equating real and imaginary parts, we get
a?2—b2=-48and2ab=-14




na’-b%®=-48andb= —
a

nat— 49 = — 4832

s at+48a%-49=0
s (@2 +49)@%-1)=0
~at=-49oraZ =1
ButaeR

s al#-49

Whenaztb:—;:— 7
p— _? —
-1
V=48 —1di=+(1- T7i)
(5—1) = (1—Ti)
2

hb—i+1-Ti h—i—1+Ti
= or r =
2 2

~x=3-4lorx=2+ 3

Whena=- 1,b 7

JooX

Exercise 3.2 | Q 4.4 | Page 40
Solve the following quadratic equation: (2+ i) x2 - (5-i)x +2(1-i)=0



SOLUTION

Given equation is

2+ x2-B-i)x+2@-i)=0
Comparing with ax2 + bx + ¢ = 0, we geta
a=2+i,b=—=(5-1i),c=21-1)
Discriminant=b? — 4ac
=[-5-0)P-4x@2+i)x2(1- )
=25—- 10i+i?2— 8(2+i)(1-i)

=25- 10i+i?- 82— 2i+i- i?

=25— 10i— 1-8(2-i+1) L[ i2=—1]
=25-10i—1—-16 +8i— 8
= - 2]

So, the given equation has complex roots.
These roots are given by

—b + v/b? — dac

" 2a

—[—(5— 1)) £ V=i
i 2(2 +1)

(5 —1i) £/ —2i
T 2(2+1)
Let \/——Zi:a + bi, wherea, be R
Squaring on both sides, we get
~2i = a® + b%? + 2abi
#0-2i=(a®-b?) +2abi .[:i%=-1]
Equating real and imaginary parts, we get

a’-b?=0and2ab=-2

a?-b?=0andb = 1
a



oL
a
~at-1=
@-1)@2+1)=0
~at=1orat=-1
ButaeR
nat#E-1
La% =1
a=+1

Whena=1b=-1
Whena=-1,b="1
LV =2i=+ (1-1)

RS

2(2 + 1)



5—i+1-i 5—i—1+i
O 2(2+1) 2(2 +1)
6 — 2i 4
SO E ——m or = ——
2(2 +1) 2(2 +1)
2(3 — i) 2
"X = ——— Or I = -
2(2 +1) 241
3—i 2(2 — i)
- or I =
2 +i (2+i)(2—1)
3—1i)(2—1i 2(2 — i
:( TH ?)mm= (2—1)
(2 +1)(2 —1i) 4—i
6 — 5i + i 4—2i
.'-XZ—__‘.EGIR!: 5
4—1 4—1
5 — bi 4—2i 5
SOX = or = [~1c=-1]
5
| 4 2
Lx=1l—-loryx= — — —.
5 5

EXERCISE 3.3 [PAGE 42

Exercise 3.3 | Q 1.1 | Page 42

If w is a complex cube root of unity, show that (2 — w)(2 — wz) =7



SOLUTION

w is a complex cube root of unity.

cw=1and 14+ w+w? =0
Also,l—l—wﬂ:—w?l—l—w: —w? and w+w® = -1
LHS. = (2 — w) (2 — w?)

=4— 20 — 2w+ o*

=4—2(w’ +w)+1

=4-2(-1) +1
=4 +2+1
=7

= RHS.

Exercise 3.3 | Q 1.2 | Page 42

If wis a complex cube root of unity, show that (2 +w+ w2)3 — (1 — 3w + w?)g =65

SOLUTION

w is a complex cube root of unity.
cw=1land 14+ w+w?=0

LHS. = 2+ w+w?)’ — (1 — 3w+w?)’
- 24 (w+ )]’ - [Bw+ (1+ )]
=(2-1)° - (-3w—w)®

-1~ (—4w)?

= 1 + 64°

=1 + 64(1)

= 65

= RH.S.

Exercise 3.3 | Q 1.3 | Page 42

[a + bw + cwg) 5
If wis a complex cube root of unity, show that =w

¢+ aw + bw?




w is a complex cube root of unity.
rw=1and 1+w+w?=0

a + bw + cw?
¢ + aw + bw?
3 4 2
= au:: jalj+ ;_wi!w [ w? = 1, w* = w]
wi(c+aw—|—bw2)
T ¢4 aw + bw?

:wﬂ

= RHS.

LHS. =

Exercise 3.3 | Q 2.1 | Page 42

If wis a complex cube root of unity, find the value of w + —
w

SOLUTION

w is a complex cube root of unity
cw=1and 14+ w+w? =0

A|SG,1+W2=—M?1+M=—WE and w+ w? = -1
1 w?+1 —w

w+ — = = =-1.
w w w

Exercise 3.3 | 2.2 | Page 42

If w is a complex cube root of unity, find the value of w? + w® + w?

SOLUTION

w is a complex cube root of unity.
cw=1and 14+ w+w? =0

2

Also,l—l—wgz—w,l—l—w:—w and w+ w? = -1



Exercise 3.3 | Q 2.3 | Page 42

If wis a complex cube root of unity, find the value of [1 + w2)3

SOLUTION

w is a complex cube root of unity
rw'=1land 1+w+w?=0

:fﬁllsr::~,1—|—r.;.'2=—r.L:rz,l—|—:.¢J=—m2 and w4+ w’ = -1
(1—|—w2)3=(—w)3= —w® =1,

Exercise 3.3 | Q 2.4 | Page 42

3 3
If wis a complex cube root of unity, find the value of {1 —w— wg) + {1 —w+ wz)

SOLUTION

w is a complex cube root of unity
cw=1and 1+ w+w? =0

:i‘-IIS:::t,l—I—r.f:—r.L:r,,l—i—w=—:.LJ2 and w+ W’ =1
[1—w—w2)3+(1—w+w2)3
“[1- (w+ )]+ [Q+e?) —w]

=1 - ()P + (~w—w)’

- 23 ¢ (—2w)°
= 8 — 8w’
= 8-8(1)

=0



Exercise 3.3 | Q 2.5 | Page 42

If wis a complex cube root of unity, find the value of (1 + w) (1 + wz) {1 + w4) (1 + wg}

SOLUTION

w is a complex cube root of unity

cw'=1and 1+w+w’ =0

Also,l—l—wﬂz—w,l—l—w: —w? and w+w® = -1
(1+w)(1+0”) (1+w*) (1+)

=14+ w)(1+) 1+ w)(1+e?) [’ =1 0" =]

= (:*"2) (—w)(—w?) (—w)
)

= (1)

=1.

Exercise 3.3 | Q 3| Page 42
If a and B are the complex cube roots of unity, show that a? + B2 + ap = 0.

SOLUTION

a and 3 are the complex cube roots of unity.
~1+1v3 ~1—-iv3

SLoa= T and IB — T

o [ —14iB Y [ —1-iV3
soap = 5 5

(—1)* — (zv@)z
4
1-(=1)(3)

= 1 L[t = =]




4
soaf =1
Also, a + p = 141V + 113
2 2
~1+iv3-1-iV3
i 2
—2
T2
a4+ p=-1

LHS. = a® + B2 + of

= o + 20f + B2 + af — 2ap ..[Adding and subtracting 2cf]
= (o + 20PB + B2) - op

= (a+ B)* - oB

=(-1)-1

=0

= R.H.S.

Exercise 3.3 | Q 4| Page 42
Ifx=a+b,y=a0a+ pbandz=ap +ba, whereaand3 are the complex cube roots of

unity, show that xyz = a3 + b3,
SOLUTION

Xx=a+b,y=aa+pBbandz=a +ba
a and 3 are the complex cube roots of unity.

—1+iv3 1 -iV3
* 2

o [ 1+ivB\ [ -1-iv3
soap = > 5

and 8 =

o=




) (—1)° - (ix/ﬁ)2

naf =1

~1+iV3 N —1-iV3
2 2

 —1+iV3-1-iV3

) 2

Also, o + B =

_ 2

2
Lo+ =1
LH.S. = xyz = (a + b)(aa + Bb)(ap + ba)
=(a+ bjl[r;:tBa2 + olab + Bgab + D{Bsz
= (a + b)[1. (@%) + (& + P2ab + 1. (b2)]
= (a + b) {a2 + [(o + B)2 - 2af Jab + b%}
= (a+ b) {a + [- )2 -2(N)]ab + b3
= (a+ b) [a2 + (1-2)ab + b?]
= (a + b)(aZ - ab + b?)
= a° +b?
= RH.S.

Exercise 3.3 | Q 5.1 | Page 42

3
If wis a complex cube root of unity, then prove the following: (wﬂ +w— 1) =-8



w is a complex cube root of unity
cw=1land 1+ w+w?=0
Also, 1 —l—wg = —w,l4+w=—w
and w4+ w® = -1

LHS. = (W? +w—1)°
=(1-1°

= (-2)°

--8

= RH.S.

2

Exercise 3.3 | Q 5.2 | Page 42
If wis a complex cube root of unity, then prove the

following: (a+b)+ (aw + bwﬂ) + (EW? + ]JLO) = 0.

SOLUTION

w is a complex cube root of unity.
cw'=1land 1+ w+w’=0

Also, 1+ w® = —w, 1 +w= —w?

and w+ w?® = -1

LHS. = (a+b) + (aw + bw?) + (aw’ + bw)
(a+ aw+ aw’) + (b + bw + bw’)
a(1+w—|—w2) —I—h{l —l—w—l—wg]

= a(0) + b(0)

=0

= RHS.

Miscellaneous Exercise 3 | Q 1 | Page 42

iErQE 4 i&QD 4 iE}SS 4 iE}SE 4 i584
iErSE 4 i-ﬁSD 4 iE}TS 4 i&?ﬁ 4 i&?-&l

Find the value of




SOLUTION
1592 4 iEr‘Eli] 4 1588 _I_iErSﬁ 4 1584
iErSE 4 iErB'l] 4 iﬁ?S _|_iEr'.'r'ﬂ 4 15?4
ilﬂ (i582 4 iErSD 4 iErTS 4 i&?ﬁ 4 i574)

i582 4 i58l:l 4 iEr?S 4 i5?ﬁ 4 i5?4

Miscellaneous Exercise 3 | Q 2 | Page 42

Find the value of v —3 x v/ —6.

SOLUTION

V—3 xv—6= »/5 x v —1+4+ \/E x 3/ —1
- v/3i x V6i

= v/18i2

- 3vV2 2=

Miscellaneous Exercise 3| Q 3.01 | Page 42
Simplify the following and expressin the form a + ib: 3 + V-64

SOLUTION

3++V/-64
=3 +64- V-1
=3 + 8i

Miscellaneous Exercise 3 | Q 3.02 | Page 42
Simplify the following and express in the form a + ib: (2i2)2



SOLUTION

(2i%)2 = 4i6

- 4(|2)3

4123 L[vi2=-1]
~4

—4+0i

Miscellaneous Exercise 3 | Q 3.03 | Page 42
Simplify the following and expressin the form a + ib: (2 + 3i)(1 — 4i)

SOLUTION

2 +3i)(1 — 4i)
=2 8i+3i— 12i2

=2 5i— 12(- 1)  .[vi2=-1]
= 14— 5i

Miscellaneous Exercise 3 | 1 3.04 | Page 42
Simplity the following and express in the form a + ib: 51(—4 — 3i)
SOLUTION|

)
Zi(—4 — 3i
(4 - 3i)

= %i(—-ii — 3i%)

= g[—m —3(—1)] L id =1
D :

=5 (3—4i)
15 _

= — — 10i
2

Miscellaneous Exercise 3 | Q 3.05 | Page 42
Simplify the following and expressin the form a + ib: (1 + 3i)2 (3 + i)

SOLUTION

(L +3i)2(3B+1i)
=(1+6i+9i9)3+i)
=1+6i—9)@+i)  .[ri2=-1]



= (-8 +6i)3 +1)
= — 24 -8i+ 18i + 62
= — 24+ 10i +6(- 1)

=-24+10i—-6
=—-30+ 10i
Miscellaneous Exercise 3 | Q 3.06 | Page 42
L . , I
Simplify the following and express in the form a + ib: T
—1i

SOLUTION

4430 (4+30)(1+1)
11  (1-1)(1+i)
4+ 4i+ 30+ 30
) 1— i
4+ Ti+3(-1)
T 1-(-1)
1+

2

1 7,
= — + —L
2 2

Miscellaneous Exercise 3 | Q 3.07 | Page 42

Simplify the following and express in the form a + ib: (1 — E) (3 + E) (b+ i)_l
i i



SOLUTION

(1+%)(3+%)w+n*

i+2) (3i+4) 1
11 5+
3i% 4i + 6i + 8

i2(5 + i)

—3+10i + 8 o

—1(5 +1)

(5 + 10i)

—(5+1)

(5 + 10i)(5 — i)

—(4+1)(5—1)

25 — 5i + 50i — 10i2
—(25 —1?)

25 + 451 — 10(—1)

—[25— (-1)]
35 + 45i

—26
—35 45,

26 26

Miscellaneous Exercise 3 |  3.08 | Page 42

V5 + V31
V5 — /3i

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



SOLUTION|

V5 + /3i

V5 — V/3i
@ﬁ+u@)@@+¢3)
Qﬁ—u%)@@+vﬁ)

5+ 24/15i + 3i2

5 — 3i2
5+ 2v/15i + 3(—1) Rt
= | T ==
5 —3(—1)
2+ 2V15i
- 8
1+ +/15i
4
1 +/15i
_ 2 J]l
4 4

Miscellaneous Exercise 3 | Q 3.09 | Page 43
3i° + 21" +1i°

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

SOLUTION
3i° +2i" +1°
i° + 2i° + 3i'®
3(i*-1) 2(i*-1%) + (i%)°-i
it 12+ 2(i*) + 3(i2)”
C3(1) i+ 2(1)(—i) + (1) e
1)(-1) +2(1)* +3(-1)"

i% + 2i% + 3i!®




31— 21+1

0—i

Miscellaneous Exercise 3 | Q 3.1 | Page 43

5+ Ti n b+ Ti
4+31 4-3i

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

SOLUTION

5+ Ti 5+ Ti
1+ 4—a
1 1
1r3i  4—3i
[ 4 —3i+4+ 31 |
| (4+ 3i)(4 — 3i)

= (5 + 7i)

= (5+70)

8
= (5 4+ Ti)| ———
( )_16—1}1?]

. 8 .
:(5+71)_1ﬁ_g(_1}] Wit =-1]
8(5 + Ti)
S
40 + 56i
25

_ 40 | 56,
25 25
8 56

— + —1

5 25

Miscellaneous Exercise 3 | Q 4.1 | Page 43

Solve the following equation forx,y e R: (4 =5))x + (2+ 3i))y =10 - 7i



4-5)x+2+3i)y=10-7i

s (4x+2y)+ (3y-5x)i=10-7i
Equating real and imaginary parts, we get
4x + 2y =10

e, 2x+y=5 (1)

and3y —5x=-7 ..(ii)

Equation (i) x 3 — equation (ii) gives
11x =22

aX=2

Putting x = 2in (i), we get
22)+y=5

~y=1

~x=2andy=1.

Miscellaneous Exercise 3| Q 4.2 | Page 43
Solve the following equation forx,y e R: (1 = 3i)x + (2+5))y =7 +1i

SOLUTION

Q-3)x+2+5)y=7+i

L (X+2y)+ (—3X+5y)i=7+i
Equating real and imaginary parts, we get
X+2y=7 (1)
and—3x+5y=1 ..(ii)

Equation (i) x 3 + equation (ii) gives
11y =22

Ly = 2

Puttingy = 2in (i), we get
X+2(2)=7

& X=3

~x=3andy = 2.

Miscellaneous Exercise 3 | Q 4.3 | Page 43

Solve the following equation forx, y € R:



r+1

2+33; =7

Lx+iy =7 -2 + 30)

Lx+ iy =14+ 21i - 2i - 3i
Ax+iy=14+19-3(-1)  L[vid=-1]
SX iy =17+ 19i

Equating real and imaginary parts, we get
x=17andy =19

Miscellaneous Exercise 3 | Q 4.4 | Page 43
Solve the following equation forx,y € R: (x +iy)(5+ 6i) = 2 + 3i

SOLUTION
(x +iy)(5 + 6i) =2 + 3i

2+ 3i

5 + 6i

(2 + 31)(5 — 6i)
" (5+6i)(5 — 6i)
10 — 12i + 15i — 18i?

25 — 361’

10 + 3i — 18(—1)

25 — 36(—1)
28 + 3i

61

LX iy =

SOX Y

LX iy =

28 3

— 4+ —i

61 61

Equating real and imaginary parts, we get
28 3

= — and y =
61

X = —.
61



Miscellaneous Exercise 3 | Q 4.5 | Page 43
Solve the following equation forx,y € R: 2x +i?y (2 +i) =x i’ + 10 i16

SOLUTION

2x+ Py 2+i)=xi"+10i16

s 2X+ (IM20y (2 +i0) =x (1230 + 10.(14)*

W 2X+ (12y 2+ 1) =x (=1)%i +10 (1)* .. [ i2=-1,i*=1]
oW 22X+ 2yi+yi2=—xi+ 10

L 2X+2yi—y+xi=10

L (2x—y)+ (X +2y)i=10+0.

Equating real and imaginary parts, we get

2x—y =10 ()

andx +2y =0 ..(ii)

Equation (i) x 2 + equation (ii) gives

5x =20

L~ X=4

Puttingx =4in (i), we get
24)- y=10
~y=8-10

ny=-=-2

~X=4andy=-2

Miscellaneous Exercise 3| Q 5.1 | Page 43
Findthe valueof : x3+ 2x2—3x+ 21,ifx=1+ 2i

x=1+2i

aXx=1=2i

o (X=1)2 =42

aX2=2x+1=-4 e i2==1]
WX2—=2x+5=0 (i)



x+4
c x’-2z + 5)z% + 227 — 3z + 21

x> — 2% + 5x

— .|_ pa—

Ax? — 8x + 21
Ax? — 8x + 20

—_ + —_

S0+ 2% — 3k + 21

= (X —2x + 5)(x + 4) + 1
=0.x+4) +1 ..[From (i}]
=0+ 1

e+ 2% =3+ 21 =1

Miscellaneous Exercise 3 | 1 5.2 | Page 43
10

Find the value of : x> —5x%2 + 4x + 8, ifx = 7
SOLUTION

10

3—i

10(3 +1i)
(3 —1)(3+1)

~10(3 +1)
92

W=




10(3 +1)

"9 () W12 =]
10(3 +1)
T 10
X =34
T X— 3=
s (x- 32 =il
A xXP - Bx+9=—1 i ==
“x2-6x+10=0 0

X+ 1
£~ 6x +10)z + 522 + 4z + 8

x> — 6x2 + 10x

—_ + —_

X2 —6x + 8

X2 — 6x + 10
—_ _|_ —_
-2

X —5x° + 4x + 8

= (x2—6x + 10)(x + 1) -2

=0.(x + 1) =2 -.[From (i)]
=0-2

X —5xe + A+ 8=-2.

Miscellaneous Exercise 3 | Q 5.3 | Page 43
Findthe value of: x3 —3x2 + 19x — 20, if x = 1 — 4i
SOLUTION

x=1-4j
o X=1=-4i



s (X—1)2 1602
AX2=2x+1=-16 .| i2=-1]
LX2=2x+17=0 ..(i)

K=
2’2z + 17)2* — 322 + 1922 — 20

x> — 2x% + 17x

—_ .|_ —_—

- X% +2x - 20

~ %%+ 2x— 17x

—_ + —_

-3

S X =3x% + 19x - 20
= X2 - 2%+ 17) (x—1) - 3
=0.(x-1)-3 ..[From (i}]

-0-3
A= 3%+ 19%x—-20=-3

Miscellaneous Exercise 3 |Q 6.1 | Page 43
Find the square root of: — 16 + 30i

SOLUTION

Llet v/ —16 + 30i= a + bi, wherea, b e R

Squaring on both sides, we get
~ 16 + 30i = a® + b%? + 2abi
~—16+30i= (@2-b?) + 2abi  .[vi¢=—1]



Equating real and imaginary parts, we get

a?—b? =—-16 and 2ab = 30

15
~at-b?=-16andb= —
a
225
~al— —- =-16
a
~at— 225 — 16a°
~at+16a°-225=0
~ (@ +25)@2-9) =0
~a’=-250ra2=9
ButaeR
s at#-25
52:9
a=+3
15
Whena=3b=— =5
3
15
Whena=-3, b= — =-5

vV —16 + 301 = £ (3 + 5i)

Miscellaneous Exercise 3| Q 6.2 | Page 43
Find the square root of 15 — 8i

Let 15 — 8i=a + bi, wherea, b€ R

Squaring on both sides, we get
15— 8i = a® b%i® + 2abi
2 15-8i= (a2 —b?) +2abi  .[+ 2= —1]

Equating real and imaginary parts, we get
a?—b?=15and2ab=-8



.a'z—l::-zz15.’:1r‘ndb:_—L1
a

2
- a2 (__4) = 15
a

16

2

wal_ — =15
a.g‘

- at-16 = 15a°

~a*-15a2-16 =0

. (@ -16)@2 + 1 =0
~a‘=160ra=—1

ButaeR

at -1

~a’=16

La=-zt4

Whena=4,b=_T4=—1

<15 —8i=+ (4-i).

Miscellaneous Exercise 3 | Q 6.3 | Page 43
Find the square root of: 2 + 2v/3i

SOLUTION

Let /2 + 2v3i=a+ bi, where a, b € R.

Squaring on both sides, we get



2+ 2v/3i = a2 + b22 + 2abi
~242vV3iza?-b2+2abi  [vid=-1]

Equating real and imaginary parts, we get

ag—b2:2and2ab:2x/§
V3

a?-b?=2andb= =
a

at-3=2a°
at-2a2-3=0
~(@2-3)@2+1=0

a®=3ora’=-1
ButaeR
nat#—1

\/g,b=£:1

V3
—\/E,b=£z—1

Ve

224 2v3i— i(\/ﬁﬂ).

Miscellaneous Exercise 3| Q 6.4 | Page 43
Find the square root of : 18i

=
=
™
=
jat}
[

When a



Let v/18i = a + bi, where a, b € R
Squaring on both sides, we get
18i = a® + b%i% + 2abi
~0+18i=a’-b%+2abi  .[vi®=-1]
Equating real and imaginary parts, we get

a2 -b%=0and 2ab = 18

9
a’-b?=0andb ==

4
2
9
}12 — (—) = 0
da

81
2
~a-— —=0
a?
at-81=0

. (@%-9)@%+9) =0
a2=9ora’=-9
ButaeR

nat#-9

9
Whena:B,b:E:3

Whena:—B,b:i:—B

SV 181 = £(3 + 3i) = £3(1 + ).
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Find the square root of: 3 — 4i



let v3 — 4i=a + bi, wherea, b eR

Squaring on both sides, we get

3 —4i = a® + b%? + 2abi

. 3 —4i = a%-Db? + 2abi it = =1
Equating real and imaginary parts, we get
a—b?=3and2ab=-4

—2
a-b?=3andb= —

na‘=4dora’=-1

Whena:E,b:%z:—1

—2
Whena=-2,b= — =1

“V3—4i=+(2-)
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Find the square root of: 6 + 8i

Let V6 + 8i= a + bi, where a, b € R
Squaring on both sides, we get

6 + 8i = a% + b2 + 2abi
~6+8i=a’—b%+2abi  .[i%=-1]
Equating real and imaginary parts, we get
a?-b? =6and 2ab = 8

a-b%=6andb = E

a°"— — =6
a?

a®— 16 = Ba’

4 _6ac-16=0

But

a?# -2
aZ=8
a=12V2



Whena:—ﬂx/i b= 4 — V2
—2v/2

-~ V61 8= :|:(2\/§ + x/ii) — £V2(2 +1i).




