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Real and Complex Numbers

Mathematics-9

Exercise 2.6

Basic Operations on Complex Numbers

Addition (K.B)

()

(ii)

(a)

(b)

Let z=a+ib and z, =c+id be two complex numbers and a,b,c,d € R
Then
z,+z, =(a+bi)+(c+di)

=(a+c)+(b+d)i

i.e., the sum of two complex numbers is the sum of the corresponding real and the

imaginary parts.
For example:

(3-8i)+(5+2i)
=(3+5)+(-8+2)i
=8-6i

(K.B)

Let z, =a+ib and z, =c+id be two complex numbers and a,b,c,d eR .

Then
Multiplication of a complex number with a scalar

If k e R,then kz, = k(a+bi)=ka+kbi

For example:

If 2=23-2i
Then 5z =5(3-2i)
=15-10i

Multiplication of two complex numbers
z,z, =(a+bi)(c+di)
=(ac—bd)+(ad +bc)i
The multiplication of any two complex numbers (a+bi) and (c+di) is explained as
2z, =(a+bi)(c+di)=a(c+di)+bi(c+di)
= ac + adi + bci + bdi®
=ac+adi+bci+bd(-1) " i’ =-1
=(ac—bd)+(ad +bc)i (combininglike terms)

For example:
(2-3i)(4+5i)
=8+10i—12i—15i°
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=23-2j it =1

LS ubtraction (K.B)
Let z, =a+ib and z, =c+id be two complex numbers
z,—z, =(a+bi)—(c+di)
=(a—c)+(b—d)i
i.e., the difference of two complex number is the difference of the corresponding real and
imaginary parts.
For example:
(—2+3i)—(2+i)
=(-2-2)+(3-1)i
=—4+2i

C)RMDivision (K.B+A.B)

Let z, =a+ib and z, =c+id be two complex numbers such that z, #0

Then
z a+bi
z c+di

2

(Multiplying the numerator and denominator by ¢ —di, the complex conjugate of c+di)

_a+bixc—di
c+di c—di
_ac+bci—adi —bdi’
¢ —(di)’
ac+bci—adi +bd -
B =< a8
_(ac+bd)+(bc—ad)i
- c*+d’
_ac+bd (bc—ad}_
c?+d? \ A +d?
Solve (3—4i)(x+yi)=1+0. for real numbers xandy, where j=uf1 (A.B)
Solution:
Here

(3—4i)(x+yi)=1+0i
(3—4i)(x+yi)=1+0=1
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X+ yi=
5 3—4i

1 g 3+4i
3—4i 3+4i

_ 3-4i

- (3)' - (4)

_ 34
9-16(-1)

34

" 9+16

_3-4i

- 25
3 4.

"25 25
Equating the real and imaginary part, we obtain

X+ yi=

3 4
x=— and y=—
25 25

*. Solution Set = (3,ij
25825
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Q.1 Identify the following statement as
true or false.

(i) -3J-3=3 False (K.B)

(i) iP=-i False (K.B)
(i) i""=-1 True (K.B)
(iv) Complex conjugate of (—6:‘+i2) is

(—1+6i) True (K.B)

v) Difference of a complex number
z=a+bi and its conjugate is a

real number. False (K.B)
(vi) If (a-1)-(b+3)i=5+8i, then a=6
and b=-11. True (K.B)

(vii) Product of a complex number and
its conjugate is always a non-
negative real number. True (K.B)

Q.2 Express the each complex number
in the standard form a+bi, where
a and b are real number.

(i) (2+3i)+(7—2i) (K.B)
Solution:
(2+3I)+(7—2i)
=2+3i+7-2i
=2+7+3i-2i
=0+i
:>(2+3i)+(7—2i) =9+i
(i) 2(5+4i)—3(7+4i) (A.B)
Solution:
2(5+4i)—3(7+4i)
=10+8i—21-12i
=10-21+8i—12i
=-11-4i
:>2(5+4i)—3(7+4i) =—11-4i
(iii) (—3+5i)—(4+9i) (A.B)
Solution:
(—3+5i)—(4+9i)
=+3-5i—4-9i
=3—-4-5—9i
=-1-14i

= (—3+ 51')—('4+9i) =—-1-14i
(iv) 2i* +6i° + 3i"° — 6" + 4i® (A.B)
Solution:

2i* +6i° + 3i'® — 6" +4i*

=2(-1)+6i* —i+3(i*) ~6(i%) i+4(i*)
o i2 =_1

=—2+6(-1)i+3(-1)" —6(=1).i+4(-1)".i

= —2-6i+3-6(—1)i +4(+1)i

—1— 61 + gf +4i

=1+4i

= 2i% 46i° +3i"® —6i'° + 4" =1+4i

Q.3 Simplify and write your answer in
the form a+bi

()  (-7+3i)(-3+2i) (A.B)

(GRW 2017, FSD 2019, SWL 2017, BWP
2019, D.G.K 2017)

Solution:

(=7 +3i)(-3+2i)
=—7(-3+2i)+3i(-3+2i)
=21-14i-9i +6i°
=21-23i+6(-1)
=21-23i-6
=21-6-23i
=15-23i

= (—7+3i)(-3+2i) =15-23i

@) (2-v=4)(3-v-4) (A.B)

Solution:
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= (2-v~4)(3-~4) =2-10i _ =P
2 l—(—l)
~3i A.B
= (Jg 31) (8) P
Solution: = 11
2
(v5-3i) 242
2 e ; 2
=(~/5) +(3i) =2(~/5)(3
(V5 +(31)'~2(B)(3) L
=5+9i —6/5i ==t
=5+9(-1)—6+5i 1
=5-9-64/5i 2 __
=—4—6\/§f Z)m—— +l
2 W
= (V5-3i) =-4-65i el (A.B)
— 4—i
(v) (2-3i)(3-2i) (A.B) .
Solution: 24 3i
(2-3i)(3-2i) A
=(2-3i)(3+2i) _2+43i 4+i
=2(3+2i)-3i(3+2i) 1)) 4+
— 6+ 4i —9i — 6i° :(2#)(4_?)
= 6-5i—6(-1) (4) (1)
=6-5i+6 2(4+i)+3i(4+i)
=6+6-5i =5 16—'(—1)
=12-5i g
:>(2—3i)(3—2i)=12_5i _8+2i+12i+3i
Q.4 Simplify and write your answer in 16+1
‘ impli write your answer i .
the forma +bi. _8+di :73(*1)
(i) o (FSD 2019, D.G.K 2017) (A.B) _8+14i-3
Solution: 17
=2  8-3+14i
1+i - 17
e 5+14i
1+i 1-i = 17
= 5,14,
(1) (i) 17 17
_T2+2i 243i 5 14,
- .2 = =—+—1
1-i 4-i 17 17
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(iii) ? (GRW 2021, MTN 2018) (A.B)
+1i

Solution:

- 9(3-i)-7i(3-i)
o 9-(-1)
_27-9i-21i+7i
- 9+1
27-30i +7(~1)
10
27-30i—7
10
_ 27-7-30i
10
_ 20-30i
10
20 30i
10 10
=2-3i
_,9-7i
3+i
) 2 (A.B)
3+i 341
Solution:
2-6i 4+i
3+i  Ba4i
2-6i—(4+1)
a 3+i
 2-6i-4-i
T3+
_ 2—4-6i—i
C 3+4i
_=2-7i
3+

=2-3i

2—7i 3=i
e o —_—
3+i 3—i
—2=Ff F=i
X—
3+i 3—i
—2(3-1)-7i(3-1)
(3) (i)’
B4 24— 21 £ T4
9-(-1)
—6-19i+7(-1)
9+1
—6-19i—7

13 19

10 10
2—6i 4+i —13 19i
= - = -—
3+i 3+i 10 10

) E%j (A.B)
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2{ Q.5 Calculate
A (a)E(b)z+E(c)z—E(d)zEfor each
-1 of the following.
1+i T ) z=-i (A.B)
:[—} =—1+0i Solution: z =-i
1-1i = i
(@) z=i
1 =
i ——— A.B (b) z+z=—i+i
™ T B -
Solution: (© z—z=(-i)—(i)
1 _F —2i
(2+3i)(1-i) (d) zz=(-i)(i)
— 1 - 2
T 2(1-i)+3i(1-1) ==(-1)
1 =i |
T2 2i+3i-3 (i) z=2+i (A.B)
Solution:
_ _1 z2=2+i
2+i-3(~1) @ z=2-i
_ 1 ®) z+z=(2+i)+(2-i)
24143 ob) DET
_ 1 =2+2
2+3+i =4
_ 1 (©) z—-z=(2+i)—(2-i)
RE =Z+i-Z+i
L =i+i
5+i 5-i =2i
_1(5-i) (d) zz=(2+i)(2-i)
(5)° (i) =(2)" - (i)’
__5-i =4
25—(-1) =4—(-1)
_ 5-—i =4+1
T 25+1 =5
B @) E=r (A.B)
] -
_ Solution:
_S5 1 L _Lxi
26 26 11—
L1 5 i 1k 14
(2+3i)(1-i) 26 26 T1—i 1+
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C1(1+i)+i(1+i) _8-12-20i
o (1-i)(1+i) 4+16
1+i+i+(-1) e al
=T 20
(1) =) ey
14+2i+(-1) 20 20
1-(-1) o 1 11
5 10
_A+2i-1 = o H,
1+1 (a) z=?+51 (A.B)
Zi - {1 m 1 1
= b =2 il 2+ =i |(AB
7 (b) z+z ( = 101}{ T )( )
3 B - (L
@z=- 5 0 5 A0
(b) z+z=i+(—i) i 11
=i A 55
~0 -
(Q z—z=i—(~i) 5
=2i 5
@ zz=(i)(-) 7 L [_1_2) [ 1 11]
_ 5 1 5 10
:—(—1) (A'B)
_1 / 11_7/ 11
= = == — | ——1]
. 4-3i 5 10 /5 10
) z=——- (A.B) _ 11,11, -11i-11
Solution: 10 10 10
_4-3i 1
2+ 4i ==
_4-3i 2-4i );6
T 2+4i 2—4i .
 4(2-4i)-3i(2-4i) 15 N 1
- i)(2—4i d) z2z=|-=-—i|--+—i| (A.B
(2+4i)(2-4i) d 2z ( . 10!]( 5+101]( )
8—16i —6i +12i° 2 2
= 2 2 (1) (L.
(2)"—(4i) _( SJ (le
28—22;+1g(—1) _1 1,
4-16i° 25 100
_8-22i-12 1 121( )
4-16(-1) 25 100
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:i+£ =z-w=-3+7i
25 100 =-3-7i ..(1)
_4+121 Se—
- 100 RHS=z-w
125 ; :
:ﬁ =(2+31)—(5—41)
o =2+3i—(5+4i)
4
Q.6 If z=2+3i and show that. (A.B) =e=al a4
) _ =-3-7i
(i) Z+w=z+w . .
From (i) and (ii) we get
Proof: LHS=z+w L.H.S=R.H.S
z+w=2+3i+5—-4i
Z—-W=Z—-Ww
=2+5+3i—4i
Hence proved
=7—i —
— (iii) zw=7Zw (A.B)
=z+w=7-I
T () Proof: L.H.S = zw
RIS 74 zw=(2+3i)(5+4i)
:(2+3i)+(5—4i) =2(5-4i)+3i(5-4i)
=23 +5+4i =10-8i+15i —12i°
=2+5-3i+4i =10+7i-12(-1)
=7+ .. (ii) =10+7i+12
From (i) and (ii) we get =22+7i
L.H.S=R.H.S —Zw=22+7i
Z+wW=Z+WwW =22-7i
Hence proved R.HS = 7w
(i) z-w=7-W (A.B) = (2+3i)(5-4i)
Proof: LHS.=z—w ;
=(2-3i)(5+4i)

z—w=(2+3i)—(5-4i)
=243i—5+4i
=2-5+3i+4i
=347

=2(5+4i)-3i(5+4i)

=10+8i—15i —12i°
=10-7i-12(-1)
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=10-7i+12
=22 ~7i
From (i) and (ii) we get

L.H.S=R.H.S

IW=2ZW

Hence proved
o [
w

Proof: L.H.S.= [i}
w

, where #0 (A.B)

=N

S5+4i

5+4i

_ 2(5+4i)+3i(5+4i)
~ (5-4i)(5+4i)

z_2+3i
w 5-4i

_ 10+8i +15i +12i*
(5)" —(4i)°

_10+23i+12(-1)

- 25-16i

_10+23i-12
25-(6(-1))

_10+23i-12

© 25+16

2423
41

Proof:

_2-3i
5+4i

5—4i

5—4i

_ 2(5-4i)-3i(5-4i)
~ (5+4i)(5-4i)

®

_10-8i—15i +12i°
(5)" - (4)
_10-23i+12(-1)

- 25-16
_10-23i+12(-1)
- 25-16(-1)

10-23i—12
25+16
0
41

From (i) and (ii) we get
L.H.S=R.H.S

Hence Proved

1 -\
E(z +z) is the real part of z.

%(H;)
:%[(2+3f)+(2+3i)]
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Hence,
1 o
E(Z +z) is the real part of z.
Proved
(v) %(z—g) is the imaginary part of

zZ. (A.B)

=%[(2+3i)—(2+3iﬂ
=%[(2+31’)—(2—3;’)]
=%[Z+3I—Z+3{']

Q.7 Solve the following equations for

real x andy.
() (2-3i)(x+yi)=4+i (A.B)
Solution: (2-3i)(x+yi)=4+i
4+i
2-3i
4+ix2+m
2-3i 2+3i
_A4(2+3i)+i(2+3i)
~ (2-30)(2+30)

X+yi=

X+yi=

_ 8+12i+2i+3i"
(2)"-(3i)

_ 8+14i+3(-1)

T 4-9

_8+14i-3
~4-9(-1)

_8-3+14i
4+9
_ 5+14i

18

- -
X+yl=—+—i
13 13
By comparing real and imaginary parts,
we get

5 14
DA AT
1 3,6/'
=— I
2‘[ } SoluﬂonSet=][(£,Ej}
' 1313
e (i)  (3-2i)(x+yi)=2(x—2yi)+2i-1
= Imaginary (z) (A.B)
Hence,
1 . _ _ Solution:
E(z—z) is the imaginary part of z. (3—2i)(x+yi)=2(x—2yi)+2i—l
Proved
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3(x+yi)-2i(x+yi)=2x—4yi+2i-1
3x+3yi—2xi—2yi’ =(2x—-1)+i(2-4y)

3x+(3y—2x)i—2y(-1)=(2x—1)+i(2—4y)
3x+(3y—2x)i+2y=(2x-1)+i(2-4)

(3x+2y)+(3y—2x)i=(2x-1)+(2—-4y)i

By comparing the real and imaginary parts.

3x+2y=2x-1 , 3y-2x=2-4y
3x—-2x+2y=-1, 3y—-2x=2-4y
X+2y=—-1->(), -2x+3y+4y=2

—2x+7y=2—>(ii)
Multiply equation (i) with 2
2(x+2y)=-1x2
2x+4y =-2—> (iii)
By adding equation (ii) and (iii)
28 +4y =2
2% +7y=Z

11y =0

Putting y =0 in equation (i)
x+2y=-1

x+2(0)=-1

x+0=-1

x=-—1

. Solution Set ={(0,~1)}

(iii)) (3+4i) -2(x—yi)=x+yi (A.B)

Solution: (3+ 41')2 —2(x—yi)=x+yi
(3+4i)" =2(x—yi)=x+yi
9+24i +16i° —2x+2yi = x+yi
9+24i +16(—1)— 2x+2yi = x+yi
9+24i—-16—-2x+2yi=x+Yyi
9+24i—-16-2x=x+2yi—yi=0
9+24i—-16-3x+yi=0
—3x+yi =—9-24i+16
—3x+yi=16-9-24i
—3x+ yi =7-24i

By comparing the real and imaginary parts,

we get

-3x=7 and y=-24

.". Solution Set = {[%7, —24]}
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