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Chapter 5 
Complex Numbers and Quadratic Equations 

 
Exercise 5.1 

 
Question 1  
 
Express each of the complex number given in the Exercises 1 to 10 in the form a + ib. 
 (5i) (-3/5i) 
 
Answer: 
 
 (5i) (-3/5i) = 5 x (-3/5) x i2 

                        = -3 x -1                 [i2 = -1] 
                        = 3 
Hence, 
(5i) (-3/5i) = 3 + i0 
 
Question 2 
 
i9 + i19 

 
Answer: 
 
i9 + i19 = (i2)4. i + (i2)9. i 
               = (-1)4 . i + (-1)9 .i 
               = 1 x i + -1 x i 
               = i – i 
               = 0 
Hence, 
i9 + i19 = 0 + i0 
 
Question 3 
 
i-39 
 
Answer: 
 
i-39 = 1/ i39 = 1/ i4x9+3 = 1/ (19 x i3) = 1/ i3 = 1/ (-i)                         [i4 = 1, i3 = -I and i2 = -1] 
Now, multiplying the numerator and denominator by i we get 
i-39 = 1 x i / (-i x i) 
      = i/ 1 = i 
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Hence, 
i-39 = 0 + i 
Question 4 
 
3(7 + i7) + i(7 + i7) 
 
Answer: 
 
3(7 + i7) + i(7 + i7) = 21 + i21 + i7 + i2 7 
                                      = 21 + i28 – 7 [i2 = -1] 
                                      = 14 + i28 
Hence, 
3(7 + i7) + i(7 + i7) = 14 + i28 
 
Question 5 
 
(1 – i) – (–1 + i6) 
 
Answer: 
 
 (1 – i) – (–1 + i6) = 1 – i + 1 - i6 
= 2 – i7 
Hence, 
(1 – i) – (–1 + i6) = 2 – i7 
 
Question 6 
 

 
𝟏

𝟓
+ 𝒊 

𝟐

𝟓
   -  𝟒 +  𝒊 

𝟓

𝟐
  

 
Answer: 
 

 
1

5
+ 𝑖 

2

5
   -  4 +  𝑖 

5

2
  

= 
1

5
+  

2

5
 i – 4 - 

5

2
𝑖 

=  
1

5
−  4  + i  

2

5
−

5

2
    

= 
− 19 

5
+  𝑖  

− 21

10
  

= 
− 19 

5
−  

 21

10
 𝑖 

Hence, 

 
1

5
+ 𝑖 

2

5
   -  4 +  𝑖 

5

2
  - 

− 19 

5
−  

21

10
 𝑖 
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Question 7 
 

  
𝟏

𝟑
+ 𝒊 

𝟕

𝟑
 +  𝟒 +  𝒊 

𝟏

𝟑
   −  −

𝟒

𝟑
 +  𝒊    

 
Answer: 
 

  
1

3
+ 𝑖 

7

3
 +  4 +  𝑖 

1

3
   −  

−4

3
 +  𝑖    

=
1

3
+ 

7

3
𝑖 +  4 +

1

3
 𝑖 +

4

3
−  𝑖 

=  
1

3
+ 4 +  

4

3
 +  𝑖  

7

3
+  

1

3
− 1  

= 
17

3
+  𝑖 

5

3
 

Hence 

  
1

3
+ 𝑖 

7

3
 +  4 +  𝑖 

1

3
   −  −

4

3
 +  𝑖   = 

17

3
+  𝑖 

5

3
 

 
Question 8 
 
 (1 – i)4 
 
Answer: 
 
 (1 – i)4 = [(1 – i)2]2 

= [1 + i2 – 2i]2 

= [1 – 1 – 2i]2                                   [i2 = -1] 
= (-2i)2 

= 4(-1) 
= -4 
Hence, (1 – i)4 = -4 + 0i 
 
Question 9 
 
(1/3 + 3i)3 

 
Answer: 
 

 
1

3
+  3𝑖 

3

=   
1

3
 

3

 +  3𝑖 3 +   
1

3
   3𝑖   

1

3
+ 3𝑖  

                    = 
1

27
 27𝑖3 +  3𝑖  

1

3
+  3𝑖  

                    = 
1

27
 27  – 𝑖 +  𝑖 + 9𝑖2               𝑖3 =  −𝑖  

                    = 
1

27
 27𝑖 + 𝑖 − 9                            𝑖2 =  −1  

                    =  
1

27
−  9 +  𝑖 (−27 + 1) 
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                    = 
− 242

27
−  26𝑖 

Hence, (1/3 + 3i)3 = - 242/ 27 – 26i 
 
Question 10 
 
(-2 – 1/3i)3 

 

Answer: 

 − 2 −  
1

3
𝑖 

3

 =  − 1 3  2 + 
1

3
𝑖 

3

 

                          =−  23 +   
𝑖

3
 

3

+  3  2  
𝑖

3
   2 +  

𝑖

3
   

                          = −  8 +  
𝑖2

27
+ 2𝑖  2 +  

𝑖

3
   

                          =−   8 −  
𝑖

27
+ 4𝑖 +

2𝑖3

3
                       𝑖3 =  −𝑖  

                          = −   8 −  
𝑖

27
+ 4𝑖 −

2

3
                         𝑖2 =  −𝑖  

                          = −   
22

3
+  

107𝑖

27
  

                          = −  
22

3
−  

107

27
 𝑖 

Hence  
(-2 – 1/3i)3 = 22/3 – 107 / 27i 
 
Question 11 
 
Find the multiplicative inverse of each of the complex numbers given in the Exercises 11 to 
13. 
4 – 3i 
 
Answer: 
 
Let’s consider z = 4 – 3i 
Then, 
= 4 + 3i and 
|z|2 = 42 + (-3)2 = 16 + 9 = 25 
|z|2 = 42 + (-3)2 = 16 + 9 = 25 
Thus, the multiplicative inverse of 4 – 3i is given by z-1 

z-1 = 
𝑧 

|𝑧|2
 = 

4+3𝑖

25
=  

4

25
+  

3

25
 𝑖 

 
Question 12 
 
√5 + 3i 
 



For Enquiry – 6262969604                                                                                            6262969699  

 

For more Info Visit - www.KITest.in 
    5. 5 
   
 

Answer: 
 
Let’s consider z = √5 + 3i 
|z|2 = (√5)2 + 32 = 5 + 9 = 14 
Thus, the multiplicative inverse of √5 + 3i is given by z-1 

z-1 = 
𝑧 

|𝑧|2  = 
 5− 3𝑖

14 
  = 

 5 

14
−  

3𝑖

14
 

 
Question 13 
 
– i 
 
Answer: 
 
Let’s consider z = –i 
Then, 𝑧  = i and 
|z|2 = 12 = 1 
Thus, the multiplicative inverse of –i is given by z-1 

z-1 = 
𝑧 

|𝑧|2  =
𝑖

1
 𝑖 

Question 14 
 
Express the following expression in the form of a + ib: 

 𝟑+𝒊  𝟓   𝟑−𝒊  𝟓 

  𝟑+  𝟐𝒊 −   𝟑− 𝒊  𝟐 
  

 
Answer: 
 

 3+𝑖  5   3−𝑖  5 

  3+  2𝑖 −   3− 𝑖  2 
  

= 
(3)2− −(𝑖 5)2

 3+  2𝑖−  3+  2𝑖
              a + b   a − b =  a2 − b2  

= 
9−5𝑖2

2 2𝑖
 

= 
9−5 (−1)

2 2𝑖
                           𝑖2 =  −1  

= 
9+5

2  2 𝑖
 ×  

𝑖

𝑖
 

= 
14𝑖

2  2𝑖
2 

= 
14𝑖

2  2  (−1)
 

= 
− 7𝑖

 2
 ×  

 2

 2
 

= 
− 7  2𝑖

2
 

Hence  
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 3+𝑖  5   3−𝑖  5 

  3+  2𝑖 −   3− 𝑖  2 
  = 0+ 

− 7  2𝑖

2
 

 

Exercise 5.2 
 
Question 1 
 
Find the modulus and the arguments of each of the complex number in exercises 1 to 2  

𝐳 =  −𝟏 − 𝐢  𝟑  
 
Answer: 
 
Given, 

z =  −1 − i  3  

Let rcos θ =  −1 and r sin θ =  −  3 
On squaring and adding we get 

 r cos θ 2 +  r sin θ 2 =   −1 2 +   −  3 
2

  

r2  cos2θ +  sin2θ  = 1 + 3 
r2 = 4                                             cos2 θ +  sin2 θ = 1  

r =  4 = 2                                     conventionally, r > 0  
Thus modulus = 2 
So we have 

2 cosθ =  −1 and 2 sin θ =  −  3 

cosθ =  
− 1

2
 and sinθ =  

−  3

2
 

As the values of both sinθ and cosθ are negative, θ lies in III Quadrant, 

Argument = -  𝜋 −  
𝜋

3
 =  

− 2𝜋

3
 

Therefore the modulus and argument of the complex – 1  3i are 2 and 
− 2𝜋

3
 respectively 

 
Question 2 
 

𝐳 = −  𝟑  + i 
 
Answer: 
 
Given, 

𝐳 = −  𝟑  + i 

Let rcos θ =  − 3 and r sin θ =  1 
On squaring and adding we get 

r2 𝑐𝑜𝑠2𝜃+r2 𝑠𝑖𝑛2𝜃 =  −  3 
2

+  12   

r2 = 3 + 1 = 4                                         cos2  θ +  sin2 θ = 1  
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r =  4 = 2                                                  conventionally, r > 0  
Thus modulus = 2 
So we have 

2cos𝜃 =  −  3  and 2 sin𝜃 = 1 

cos𝜃 =  
−  3

2
 and sinθ =  

1

2
 

∴ = 𝜋 −  
𝜋

6
=  

5𝜋

6
 

Therefore the modulus and argument of the complex −  𝟑  + i are 2 and 
5𝜋

6
 respectively 

 
Question 3 
 
Convert each of the complex numbers given in exercises 3 to 8 in the polar form: 
1 – i 
 
Answer: 
 
Given complex number 
1 – i 
Let rcos θ =  1 and r sin θ =  −1 
On squaring and adding we get 
r2 𝑐𝑜𝑠2𝜃+r2 𝑠𝑖𝑛2𝜃 = 12 +  (−1)2  
r2  𝑐𝑜𝑠2𝜃 + 𝑠𝑖𝑛2𝜃  = 1 + 1       
𝑟2= 2                                

r =  2 = Modulus                              conventionally, r > 0  
So  

 2 cos θ = 1 and  2 sin θ =  −1 

cos θ =  
1

 2 
 and sin θ =  −  

1

 2
 

∴ 𝜃 =  
𝜋

4
                                               As θ lies in the IV quadrant  

So, 

1 – i = r cos θ + i r sin θ =   2 cos  −   
π

4
    +   2 sin  −   

π

4
      

=  2  cos  −   
π

4
    +  𝑖 sin  −   

π

4
       

Hence this is the required polar form. 
 
Question 4 
 
− 𝟏 + 𝐢  
 
Answer: 
 
Given complex number 
-1 + i 
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Let rcos θ = − 1 and r sin θ =  1 
On squaring and adding we get 
r2 𝑐𝑜𝑠2𝜃+r2 𝑠𝑖𝑛2𝜃 = (−1)2  + 12  
r2  𝑐𝑜𝑠2𝜃 + 𝑠𝑖𝑛2𝜃  = 1 + 1       
𝑟2= 2                                

r =  2 =                                       conventionally, r > 0  
So  

 2 cos θ = −1 and  2 sin θ =  −1 

cos θ =  −
1

 2 
 and sin θ =  

1

 2
 

∴ 𝜃 = 𝜋 −  
𝜋

4
 = 

3 𝜋

4
                    As θ lies in the II quadrant  

- + 1 + i = r cos θ + i r sin θ =   2 cos
3π

4 
+  i  2 sin

3 π

4
 

=  2  cos
3𝜋

4
+  𝑖 sin

3 𝜋

4
  

This is the required polar from. 
 
Question 5 
 
− 𝟏 + −𝐢  
 
Answer: 
 
Given complex number, 
-1 – i 
Let rcos θ = − 1 and r sin θ =  −1 
On squaring and adding we get 
r2 𝑐𝑜𝑠2𝜃+r2 𝑠𝑖𝑛2𝜃 = (−1)2  + (−1)2  
r2  𝑐𝑜𝑠2𝜃 + 𝑠𝑖𝑛2𝜃  = 1 + 1       
𝑟2= 2                                

r =  2 =                                                 conventionally, r > 0  
So  

 2 cos θ = −1 and  2 sin θ =  −1 

cos θ =  −
1

 2 
 and sin θ =  

1

 2
 

∴ 𝜃 =  𝜋 −  
𝜋

4
  = - 

3 𝜋

4
                      As θ lies in the II quadrant  

Hence it can be written as 

-  1 + i = r cos θ + 𝑖 r sin θ =   2 cos
−3π

4 
+  𝑖  2 sin

−3 π

4
 

=  2  cos
−3𝜋

4
+  𝑖 sin

−3 𝜋

4
  

This is the required polar from. 
 
 
Question 6 
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− 𝟑  
 
Answer: 
 
Given complex number 
− 3  
Let rcos θ = − 3 and r sin θ = 0 
On squaring and adding we get 
r2 𝑐𝑜𝑠2𝜃+r2 𝑠𝑖𝑛2𝜃 = (−3)2  
r2  𝑐𝑜𝑠2𝜃 + 𝑠𝑖𝑛2𝜃  =9    
𝑟2=9                                

r =  9 = 3                                                   conventionally, r > 0  
so 
3cos θ = −3 and 3 sin θ = 0 
⇨ cos θ = −1 and sin θ = 0 
∴ 𝜃 =  𝜋 
Hence it can be written as 
-3 = r cos θ + i r sin θ = 3 cosπ + i3 sinπ = 3 (cos π + i sin π) 
This is the required polar from 
 
Question 7 
 
𝟑 + 𝒊  
 
Answer: 
 
Given complex number 

 3  + i 

Let rcos θ =  3   and r sin θ = 1 

On squaring and adding we get 

r2 𝑐𝑜𝑠2𝜃+r2 𝑠𝑖𝑛2𝜃 = ( 3)2 +1 2 

r2  𝑐𝑜𝑠2𝜃 + 𝑠𝑖𝑛2𝜃  = 3 + 1  
𝑟2=4                               

r =  4 = 2                                            conventionally, r > 0  
so 

2cos θ =  3 and 2 sin θ = 1 

⇒cos θ =
 3

2
and sin θ =

1

2
 

∴ 𝜃 =  
𝜋

6
                                                As θ lies in the I quadrant  

Hence it can be written as 

 3 + i = r cos𝜃 + 𝑖 𝑟 𝑠𝑖𝑛𝜃 = 2 cos
𝜋

6
+  𝑖 2 sin

𝜋

6
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= 2  cos
𝜋

6
+  𝑖 sin

𝜋

6
  

This is the required polar from 
 
Question 8 
 
𝒊  
 
Answer: 
 
Given complex number, i 
Let rcos θ = 0 and r sin θ = 1 

On squaring and adding we get 
r2 cos2θ+r2 sin2𝜃 = 02  +1 2 

r2  cos2θ + sin2θ  = 1  
𝑟2= 1                               

r =  1 = 1                                      conventionally, r > 0  
so 
cos θ = 0 𝑎𝑛𝑑 sin θ = 1 

∴ 𝜃 =  
𝜋

2
 

Hence it can be written as 

i = r cos𝜃 + 𝑖 𝑟 𝑠𝑖𝑛 𝜃 = 𝑐𝑜𝑠
𝜋

2
+  𝑖 𝑠𝑖𝑛

𝜋

2
 

This is the required polar from 
 

 
Exercise 5.3 

 
Question 1 
 
Solve each of the following equations: 
x2 + 3 = 0 
 
Answer: 
 
Given quadratic equation, 
x2 + 3 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = 1, b = 0, and c = 3 
So, the discriminated of the given equation will be 
D = b2 – 4ac = 02 – 4 × 1 × 3 = –12 
Hence, the required solutions are: 
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𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

±  − 12

2 ×1
=  

±  12𝑖

2
                         − 1 = 𝑖  

∴ 𝑥 =
± 2 3𝑖

2
=  ± 3𝑖        

 
Question 2 
 
2x2 + x + 1 = 0 
 
Answer: 
 
Given quadratic equation, 
2x2 + x + 1 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = 2, b = 1, and c = 1 
So, the discriminate of the given equation will be 
D = b2 – 4ac = 12 – 4 × 2 × 1 = 1 – 8 = –7 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

− 1±  − 7

2 ×2
=  

− 1±  7𝑖

4
                         − 1 = 𝑖  

 
Question 3 
 
x2 + 3x + 9 = 0 
 
Answer: 
Given quadratic equation, 
x2+ 3x + 9 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = 1, b = 3, and c = 9 
So, the discriminate of the given equation will be 
D = b2 – 4ac = 32 – 4 × 1 × 9 = 9 – 36 = –27 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

− 3±  −2 7

2 (1)
=  

− 3±3  −3

2
  = 

− 3±3  3𝑖

2
                       − 1 = 𝑖  

 
 
Question 4 
 
–x2 + x – 2 = 0 
 
Answer: 
 
Given quadratic equation, 
–x2 + x – 2 = 0 
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On comparing it with ax2 + bx + c = 0, we have 
a = –1, b = 1, and c = –2 
So, the discriminate of the given equation will be 
D = b2 – 4ac = 12 – 4 × (–1) × (–2) = 1 – 8 = –7 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

− 1±  − 7

2× (1)
=  

− 1±  7𝑖

−2
                       − 1 = 𝑖  

 
Question 5 
 
x2 + 3x + 5 = 0 
 
Answer: 
 
Given quadratic equation, 
x2 + 3x + 5 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = 1, b = 3, and c = 5 
So, the discriminated of the given equation will be 
D = b2 – 4ac = 32 – 4 × 1 × 5 =9 – 20 = –11 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

− 3±  − 7

2× 1
=  

− 3±  11𝑖

−2
                       − 1 = 𝑖  

 
Question 6 
 
x2 – x + 2 = 0 
 
Answer: 
 
Given quadratic equation, 
x2 – x + 2 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = 1, b = –1, and c = 2 
So, the discriminate of the given equation is 
D = b2 – 4ac = (–1)2 – 4 × 1 × 2 = 1 – 8 = –7 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

− (−1)±  − 7

2× 1
=  

1±  7𝑖

2
                             − 1 = 𝑖  

 
 
Question 7 
 
√2x2 + x + √2 = 0 
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Answer: 
 
Given quadratic equation, 
√2x2 + x + √2 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = √2, b = 1, and c = √2 
So, the discriminated of the given equation is 
D = b2 – 4ac = (1)2 – 4 × √2 × √2 = 1 – 8 = –7 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

−1±  − 7

2×  2
=  

1±  7𝑖

2 2
                                − 1 = 𝑖  

 
 
Question 8 
 
√3x2 - √2x + 3√3 = 0 
 
Answer: 
 
Given quadratic equation, 
√3x2 - √2x + 3√3 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = √3, b = -√2, and c = 3√3 
So, the discriminate of the given equation is 
D = b2 – 4ac = (-√2)2 – 4 × √3 × 3√3 = 2 – 36 = –34 
Hence, the required solutions are: 

𝑥 =  
−𝑏  ±  𝐷

2𝑎
=  

−(−) 2)± 34

2×  3
=  

 2±  34𝑖

2 3
                       − 1 = 𝑖  

Question 9 
 
x2 + x + 1/√2 = 0 
 
Answer: 
 
Given quadratic equation, 
x2 + x + 1/√2 = 0 
It can be rewritten as, 
√2x2 + √2x + 1 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = √2, b = √2, and c = 1 
So, the discriminate of the given equation is 
D = b2 – 4ac = (√2)2 – 4 × √2 × 1 = 2 – 4√2 = 2(1 – 2√2) 
Hence, the required solutions are: 
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𝑥 =  
−b ±  D

2𝑎
=  

− 2 ±  2−4 2

2×  2
=  

− 2±  2(1−2  2)

2 2
                       − 1 = 𝑖  

=  
− 2±  2   2  2−1 𝑖

2 2
                                                                     − 1 = 𝑖  

= 
− 1 ±   2  2−1 𝑖

2
 

 
 
Question 10 
 
x2 + x/√2 + 1 = 0 
 
Answer: 
 
Given quadratic equation, 
x2 + x/√2 + 1 = 0 
It can be rewritten as, 
√2x2 + x + √2 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = √2, b = 1, and c = √2 
So, the discriminate of the given equation is 
D = b2 – 4ac = (1)2 – 4 × √2 × √2 = 1 – 8 = -7 
Hence, the required solutions are: 

𝑥 =  
−b ±  D

2𝑎
=  

−1 ±  −7

2  2
=  

−1±  7 𝑖

2 2
                       − 1 = 𝑖  

 

Miscellaneous Exercise 
 
Question 1 

Evaluate:  𝒊𝟏𝟖 +   
𝟏

𝒊
 

𝟐𝟓

 
𝟑

 

 
Answer: 
 

 𝑖18 +   
1

𝑖
 

25

 
3

  

=  𝑖4 ×4+2 +  
1

𝑖4 ×6+1 
3
 

=   𝑖4 4 𝑖2 +  
1

 𝑖4 6  𝑖
 

3
 

=  𝑖3 +  
1

𝑖
 

3
                                        𝑖4 = 1  
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=  − 1 + 
1

𝑖
 × 

𝑖

𝑖
 

3
                             𝑖2 = 1  

=  − 1 + 
𝑖

𝑖2 
3
 

=  − 1 − 𝑖 3 

=  −1 3  1 + 𝑖 3 

= - 13 +  𝑖3 +  3.1. 𝑖  1 + 𝑖   

= -  1 +  𝑖3 +  3𝑖 +  3𝑖2  

= -  1 − 𝑖 + 3𝑖 − 3  

= -  − 2 + 2𝑖  

= 2 – 2i 

Question 2 
 
For any two complex numbers 𝐳𝟏 𝐚𝐧𝐝 𝐳𝟐 prove that 
Re  𝐳𝟏 𝐳𝟐  = Re 𝐳𝟏𝐑𝐞 𝐳𝟐 −  𝐈𝐦 𝐳𝟏 𝐈𝐦 𝐳𝟐 
 

Answer: 

Let’s assume z1 =  x1 +  iy1 and z2 =  x2 +  iy2 as to complex number 
Product of these complex numbers, z1 z2  
z1 z2  = (x1 +  iy1) (x2 +  iy2) 
           = x1(x2 +  iy2) + iy1 (x2 +  iy2) 
           = x1x2 +  ix1 y2 + iy1 x2 + 𝑖2 y1y2  
           = x1x2 +  ix1 y2 + iy1 x2 −  y1y2                         𝑖2 =  −1  
      = (x1x2 −  y1y2) + 𝑖 (x2y1 +  y1y2) 
Now, 
      Re  z1 z2  = x1x2- y1y2 
⇒Re  z1 z2  Re z1Re z2 −  Im z1  Im z2 
Hence, proved 
 
Question 3 
 

Reduce 
𝟏

𝟏−𝟒𝒊
−  

𝟐

𝟏+𝒊
  

𝟑−𝟒𝒊

𝟓+𝒊
 to the standard form 

 
Answer: 
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1

1−4𝑖
−  

2

1+𝑖
  

3−4𝑖

5+𝑖
  =  

 1+𝑖 −2 (1−4𝑖)

 1−4𝑖 (1+𝑖)
  

3−4𝑖

5+𝑖
  

=  
1+𝑖−2 8 𝑖

1+𝑖−4𝑖− 4 𝑖2  
3−4𝑖

5+𝑖
 =   

− 1+9𝑖

5−3𝑖
   

3−4𝑖

5+𝑖
  

=  
− 3+4𝑖 6 27𝑖−36𝑖2

25 +5𝑖−15𝑖− 3𝑖2   = 
33+31𝑖

28−10𝑖
=  

33+31𝑖

2 ( 14−5𝑖)
 

= 
(33+31𝑖)

2 (14−5𝑖)
 ×  

(14+5𝑖)

(14+5𝑖)
                   [on multiplying numerator and denominator by (14 + 5i)] 

= 
462+165𝑖+434𝑖+155𝑖2

2 [  14 2−  5𝑖 2]
  = 

307+599𝑖

2 (196− 25𝑖2)
 

= 
307+599𝑖

2 (221)
=  

307+599𝑖

442
=  

307

442
+  

599𝑖

442
 

 
 
Question 4 
 

If x = iy =  
𝐚− 𝐢𝐛

𝐜−𝐢𝐝
 prove that  𝒙𝟐 +  𝒚𝟐 𝟐 = 

𝒂𝟐+ 𝒃𝟐

𝒄𝟐+ 𝒅𝟐 

 
Answer: 
 
Given, 

x - iy =  
a− ib

c−id
  

=  
a− ib

c−id
 ×  

c+ id

c+id
               [on multiplying numerator and denominator by (c + id)] 

=  
(ac +bd )+i (ad−bc )

c2+ d2
 

So,  

 𝑥 − iy 2 =
(ac +bd )+i (ad−bc )

c2+ d2    

x2 y2 −  2ixy =
(ac +bd )+i (ad−bc )

c2+ d2    

On comparing real and imaginary parts we get 

x2 − y2 =  
ac +bd

c2 + d2
 , −2xy =  

ad −bc

c2 + d2
               (1) 

 x2 +  y2 2  =  x2 −  y2 2  + 4x2  y2 

=  
ac +bd

c2 + d2 
2

 +  
ad +bc

c2 + d2 
2

                   [Using (1)] 

= 
a2  b2+ b2  d2+ 2acbd + a2  d2+ b2c2− 2adbc

 c2+ d2 2  

= 
a2  b2+ b2  d2+ a2  d2+ b2c2

 c2+ d2 2  

= 
a2   c2+ d2 + b2   c2+ d2 

 c2+ d2 2
 

= 
 c2+ d2   a2+ b2 

 c2+ d2 2
 

= 
a2+ b2

c2+ d2 
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Hence Proved 
 
Question 5 
 
Convert the following in the polar form: 

(i) 
 𝟏+𝟕𝒊

 𝟐−𝒊 𝟐
 ,                            (ii) 

𝟏+𝟑𝒊

𝟏+𝟐𝒊
 

 
Answer: 
 
Here 

(i) z = 
 1+7𝑖

 2−𝑖 2 

= 
1+7𝑖

 2−𝑖 2
 = 

1+7𝑖

4+𝑖2  4𝑖
=  

1+7𝑖

4−1−4𝑖
 

= 
1+7𝑖

3−4𝑖
×

3+4𝑖

3+4𝑖
=  

3+4𝑖+21𝑖+28𝑖2

32+ 42    [Multiplying by its conjugate in the numerator and denominator] 

=  
3+4𝑖+21𝑖+28𝑖

32+ 42   = 
− 25+25𝑖

25
 

= - 1 + i 
Let rcos θ = −1 and r sin θ = 1 

On squaring and adding we get 
r2 cos2θ+r2 sin2𝜃 = 1 + 1 

r2  cos2θ + sin2θ  = 2 
𝑟2= 1                                                           [ cos2θ +  sin2 θ = 1]            

r =  2                                                           conventionally, r > 0  
so 

 2 Cos θ = −1 𝑎𝑛𝑑  2 sin θ = 1 

⇒ cos 𝜃 =  
− 1

 2 
 𝑎𝑛𝑑 sin 𝜃 =  

1

 2
  

∴ 𝜃 =  𝜋 −  
𝜋

4
=  

3 𝜋

4
                               [As 𝜃 lies in II quadrant ] 

Expressing as, z = r cos 𝜃 + i 𝑟 sin 𝜃 

=  2 Cos 
3𝜋

4
 + i 2 sin 

3𝜋

4
=   2    cos

3 𝜋

4
+  𝑖 sin

3 𝜋

4
  

This is the required polar from 
 

(ii) Let,     z = 
𝟏+𝟑𝒊

𝟏+𝟐𝒊
 

                        = 
𝟏+𝟑𝒊

𝟏+𝟐𝒊
 ×  

𝟏+𝟐𝒊

𝟏+𝟐𝒊
 

                        = 
𝟏+𝟐𝒊+𝟑𝒊−𝟔

𝟏+𝟒
 

                         = 
− 5+5𝑖

5
=  −1 + 𝑖 

Now, 
Let r cos θ = −1 and r sin θ = 1 

On squaring and adding we get 
r2 (cos2θ+r2 sin2𝜃) = 1 + 1 
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r2  cos2θ + sin2θ  = 2 
𝑟2= 1                                                           [ cos2θ +  sin2 θ = 1]            

⇨r =  2                                                       conventionally, r > 0  
so 

∴   2 Cos θ = −1 𝑎𝑛𝑑  2 sin θ = 1 

cos 𝜃 =  
− 1

 2 
 𝑎𝑛𝑑 sin 𝜃 =  

1

 2
  

∴ 𝜃 =  𝜋 −  
𝜋

4
=  

3 𝜋

4
                                [As 𝜃 lies in II quadrant ] 

Expressing as, z = r cos 𝜃 + i 𝑟 sin 𝜃 

Z =  2 cos 
3𝜋

4
 + i 2 sin 

3𝜋

4
=   2    cos

3 𝜋

4
+  𝑖 sin

3 𝜋

4
  

This is the required polar from. 
 
Question 6 
 

Solve each of the equation in Exercises 6 to 9. 
3x2 – 4x + 20/3 = 0 
 
Answer: 
 
Given quadratic equation, 3x2 – 4x + 20/3 = 0 
It can be re-written as: 9x2 – 12x + 20 = 0 
On comparing it with ax2 + bx + c = 0, we get 
a = 9, b = –12, and c = 20 
So, the discriminant of the given equation will be 
D = b2 – 4ac = (–12)2 – 4 × 9 × 20 = 144 – 720 = –576 
Hence, the required solutions are 

𝑥 =  
−b ±  D

2𝑎
=  

− −12 ±  − 576

2× 9
=  

12±  576 𝑖

18
  

= 
12 ±24𝑖

18
  = 

6 2(±4𝑖)  

18
=  

2 ±4𝑖

3
=

2

3
±  

4

3
𝑖                    

 
Question 7 
 
x2 – 2x + 3/2 = 0 
 
Answer: 
Given quadratic equation, x2 – 2x + 3/2 = 0 
It can be re-written as 2x2 – 4x + 3 = 0 
On comparing it with ax2 + bx + c = 0, we get 
a = 2, b = –4, and c = 3 
So, the discriminant of the given equation will be 
D = b2 – 4ac = (–4)2 – 4 × 2 × 3 = 16 – 24 = –8 
Hence, the required solutions are 
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𝑥 =  
−b ±  D

2𝑎
=  

− −4 ±  − 8

2× 2
=  

4±2  2𝑖

18
            [  − 1 = 𝑖] 

= 
2±  2𝑖

2
= 1 ± 

 2

2
 𝑖 

 
Question 8 
 
27x2 – 10x + 1 = 0 
 
Answer: 
 
Given quadratic equation, 27x2 – 10x + 1 = 0 
On comparing it with ax2 + bx + c = 0, we get 
a = 27, b = –10, and c = 1 
So, the discriminant of the given equation will be 
D = b2 – 4ac = (–10)2 – 4 × 27 × 1 = 100 – 108 = –8 
Hence, the required solutions are 

𝑥 =  
−b ±  D

2𝑎
=  

− −10 ±  − 8

2× 27
=  

10±2  2𝑖

54
             

= 
5 ±  2 𝑖

27
=  

5

27
 ±  

 2

27
 𝑖 

 
 
Question 9 
 
21x2 – 28x + 10 = 0 
 
Answer: 
 
Given quadratic equation, 21x2 – 28x + 10 = 0 
On comparing it with ax2 + bx + c = 0, we have 
a = 21, b = –28, and c = 10 
So, the discriminant of the given equation will be 
D = b2 – 4ac = (–28)2 – 4 × 21 × 10 = 784 – 840 = –56 
Hence, the required solutions are: 

𝑥 =  
−b ±  D

2𝑎
=  

− −28 ±  − 56

2× 21
=  

28±  56𝑖

42
             

= 
28+2  4 𝑖

42
=  

28

42
 ±  

2  14

42
𝑖 

2

3
 ±  

 14

21
 𝑖 

 
Question 10 
 

If 𝒛𝟏 = 𝟐 − 𝒊, 𝒛𝟐 = 𝟏 + 𝒊, 𝐟𝐢𝐧𝐝  
𝒛𝟏+ 𝒛𝟐+ 𝟏

𝒛𝟏− 𝒛𝟐+ 𝟏
  

 
Answer: 
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Given 𝑧1 = 2 − 𝑖, 𝑧2 = 1 + 𝑖 
So, 

 
𝑧1+ 𝑧2+ 1

𝑧1− 𝑧2+ 1
  =  

 2−𝑖 +  1+𝑖 + 1

 2−𝑖 −  1+𝑖 + 1
  

=  
4

2−2𝑖
  =  

4

2 (1−𝑖)
  

=  
2

1−𝑖
 ×  

1+𝑖

1+𝑖
 =   

2 (1+𝑖)

12− 𝑖2
  

=  
2 (1+𝑖)

1+1
                      𝑖2 =  −1  

=  
2 (1+𝑖)

2
  

=  1 + i =  12 +  12 =  2 

Hence the value of  
𝑧1+ 𝑧2+ 1

𝑧1− 𝑧2+ 1
 is  2. 

 
Question 11 
 

If𝜶 + 𝒊𝒃 =  
 𝐱+𝐢 𝟐

𝟐𝐱𝟐 𝐢
, prove that 𝛂𝟐 + 𝐛𝟐 =  

 𝐱𝟐+ 𝟏 
𝟐

 𝟐𝐱𝟐+ 𝟏 
𝟐 

 
Answer: 
 

a + 𝑖𝑏 =  
 x+i 2

2x2  i
  

= 
x2+ i2+ 2xi

2x2+ 1
 

= 
x2−1+ i2x

2x2+ 1
 

= 
𝑥2− 1 

2 𝑥2+ 1
+  𝑖  

2𝑥

2𝑥2+ 1
  

Comparing the real imaginary parts we have 

a =  
x2− 1 

2 x2+ 1
 and b =  

2x

2x2+ 1
  

∴ a2 + b2 =   
x2− 1

2x2+ 1
 

2

+  
2x

2x2+ 1
 

2

 

 = 
𝑥2+ 1−2𝑥2+ 4 𝑥2

 2𝑥+1 2
 

 = 
𝑥4+ 1+2 𝑥2

 2𝑥2+ 1 2  

 = 
 𝑥2+1 

2

 2𝑥2|1 2 

Hence proved  

𝑎2 + 𝑏2 =  
 𝑥2+ 1 

2

 2𝑥2+ 1 2
  

Question 12 
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Let 𝐳𝟏 = 𝟐 − 𝒊, 𝐳𝟏 =  −𝟐 + 𝒊 𝐟𝐢𝐧𝐝 

(i) Re 
𝒛𝟏𝒛𝟐

𝒛𝟏
                                  (ii)   Im  

𝟏

𝒛𝟏 𝒛 𝟏
  

 
Answer: 
 
Given  
z1 = 2 − 𝑖, z1 =  −2 + 𝑖  
(i) z1z2 =  2 − i  −2 + i =  −4 + 2i + 2i −  i2 =  −3 + 4i z 1 = 2i 

∴ 
𝒛𝟏𝒛𝟐

𝒛𝟏
=  

− 𝟑+𝟒𝒊

𝟐+𝒊
 

On multiplying numerator and denominator by (2 –i). We get 
𝒛𝟏𝒛𝟐

𝒛𝟏
 = 

 −3+𝑖 (2−𝑖)

 2+𝑖 (2+𝑖)
=  

−6+3𝑖+8𝑖− 4𝑖2

22+ 12 =  
− 6+3𝑖+8𝑖− 4 (−1)

2 2 + 12  

        = 
− 2+ ‖i

2
=  

− 2

5
+  

11

2
i 

Re 
𝑧1𝑧2

𝑧1
  = 

− 2

5
 

(ii) 
1

𝑧1  𝑧 1
=  

1

 2−i (2+i)
=  

1

 2 2+  1 2 =  
1

5
 

On comparing the imaginary part we get 

Im  
1

𝑧1  𝑧 1
 = 0 

 

Question 13 
 

Find the modulus and argument of the complex number 
𝟏+𝟐𝒊

𝟏−𝟑𝒊
 

 
Answer: 
 

Let z = 
1+2𝑖

1−3𝑖
 then 

z = 
1+2𝑖

1−3𝑖
× 

1+2𝑖

1−3𝑖
=  

1+3𝑖+2𝑖+6𝑖2

𝑖2+ 32 =  
1+5𝑖+6 (−1)

1+9
 

= 
− 5+5𝑖

10
=  

− 5

10
+  

5𝑖

10
=  

−1

2
+  

1

2
 𝑖 

Let r cos θ + r sin θ = 1 
So 

r cos 𝜃 = 
− 1 

2 
sin θ =  

1

2
 

On squaring and adding we get 
r2 (cos2θ+r2 sin2𝜃) = 1 + 1 

r2  cos2θ + sin2θ  =  
−1

2
 

2

+  
1

2
 

2

 

𝑟2= 
1

4
+

1

4
=

1

2
      conventionally, r > 0                   

r = 
1

 2
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Now  

∴  
1

 2
  Cos θ =

−1

2
 and 

1

 2
sin θ =  

1

2
 

⇨ cos 𝜃 =  
− 1

 2 
 and sin 𝜃 =  

1

 2
  

∴ 𝜃 =  𝜋 −  
𝜋

4
=  

3 𝜋

4
                      [As 𝜃 lies in II quadrant ] 

 
Question 14 
 
Find the real number x and y  𝒙 − 𝒊𝒚  𝟑 + 𝟓𝒊  is the conjugate of – 6 – 4i 
 
Answer: 
 
Let`s assume z = 𝑥 − 𝑖𝑦  3 + 5𝑖   
z = 3 𝑥 + 5𝑥𝑖 − 3𝑖𝑦 −  5 𝑦𝑖2 = 3𝑥 + 5𝑥𝑖 − 3𝑦𝑖 + 5𝑦 =  3𝑥 + 5𝑦 + 𝑖  5𝑥 − 3𝑦 ∴  𝑧  =  3x + 5y −
 i (5x − 3y) 
Also given 𝑧 =  −6 − 24𝑖 
And 
 3x + 5y − i (5x − 3y)  =  −6 − 24𝑖 
On equating real and imaginary parts we have 
3x + 5y =  −6 … …… …  i   
5x − 3y =  24 … … … …  ii   
Performing (i) x + (ii) x 5, we get 
(9x + 15y) + (25x – 15y) = - 18 + 120 
34x = 102 
x = 102/34 = 3 
Putting the value of x in equation (i), we get 
3 (3) + 5y = -6 
5y = - 6 – 9 = - 5 
y = - 3 
Therefore the value of x and y are 3 and – 3 respectively 
 
 
Question 15 
 

Find the modulus of 
𝟏+𝒊

𝟏−𝒊
−  

𝟏−𝒊

𝟏+𝒊
  

 
Answer: 
 
1+𝑖

1−𝑖
−  

1−𝑖

1+𝑖
 = 

 1+𝑖 2−  1−𝑖 2  

 1−𝑖 (1+𝑖)
 

 = 
1+ 𝑖2+ 2𝑖−1− 𝑖2+ 2𝑖

12+ 12  

  = 
4 𝑖

2
= 2𝑖 
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∴  
1+𝑖

1−𝑖
−  

1−𝑖

1+𝑖
  =  2𝑖  =  22 = 2 

 
Question 16 
 

If  𝒙 + 𝒊𝒚 𝟑 𝒖 + 𝒊𝒗, 𝐭𝐡𝐞𝐧 𝐬𝐡𝐨𝐰 𝐭𝐡𝐚𝐭 
𝒖

𝒙
+  

𝒗

𝒚
= 𝟒  𝒙𝟐 −  𝒚𝟐  

 
Answer: 
 
 𝑥 + 𝑖𝑦 3 𝑢 + 𝑖𝑣,  
𝑥3 +  (𝑖𝑦)3 +  3. 𝑥 . 𝑖𝑦  𝑥 + 𝑖𝑦 =  𝑢 + 𝑖𝑣  
𝑥3  + 𝑖3 𝑦3 +  3𝑥2  𝑦𝑖 −  3𝑥𝑦2𝑖2 = 𝑢 + 𝑖𝑣 
𝑥3 − 𝑖𝑦3 +  3𝑥2  𝑦𝑖 −  3𝑥𝑦2 = 𝑢 + 𝑖𝑣   
(𝑥3 −  3𝑥𝑦2) + 𝑖 (3𝑥2  𝑦 − 𝑦3)  = 𝑢 + 𝑖𝑣 
On equating real and imaginary parts we get 
𝑢 =  𝑥3 −  3𝑥𝑦2  , 𝑣 =  3𝑥2  𝑦 −  𝑦3  
𝑢

𝑥
+  

𝑣

𝑦
=  

𝑥3− 3𝑥𝑦 2

𝑥
+  

3𝑥2  𝑦− 𝑦3

𝑦
   

= 
𝑥   𝑥2− 3𝑦2   

𝑥
+  

𝑦   3𝑥2− 𝑦2 

𝑦
 

= 𝑥2 −  3𝑦2 +  3𝑥2 −  𝑦2 
= 4𝑥2 −  4𝑦2 

= 4 (𝑥2 −  𝑦2) 

∴
𝑢

𝑥
+ 

𝑣

𝑦
= 4  𝑥2 −  𝑦2   

 

Question 17 
 

If 𝜶 𝐚𝐧𝐝 𝜷 𝐚𝐫𝐞 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐜𝐦𝐩𝐥𝐞𝐱 𝐧𝐮𝐦𝐛𝐞𝐫𝐬 𝐰𝐢𝐭𝐡  𝜷 = 𝟏 , 𝐭𝐡𝐞𝐧 𝐟𝐢𝐧𝐝  
𝜷−𝜶

𝟏− 𝜶 𝜷       

Answer: 
 
Let 𝛼 = a + ib and 𝛽 = 𝑥 + 𝑖𝑦 
Given  𝛽 = 1 

So  𝑥2 +  𝑦2 = 1 
⇨𝑥2 +  𝑦2  = 1                     ……  i  

 
𝛽−𝛼

1− 𝛼 𝛽
  =  

 𝑥+𝑖𝑦  − (a+ib )

1− a−𝑖𝑏 (𝑥+𝑖𝑦)
  

=  
 𝑥−𝑎 − (a−ib )

1−(ax +aiy − 𝑖𝑏𝑥 + 𝑏𝑦 )
  

=  
 x−a −𝑖 (y−b)

1− 𝑎𝑥−𝑏𝑦  + 𝑖 (𝑏𝑥−a𝑦)
                       

𝑧1

𝑧2
 =   

𝑧1

𝑧2
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= 
  𝑥−a 2+  𝑦  −𝑏 2

  (1−ax−by  2+  bx −ay  2
 

= 
 x2+ a2− 2ax + y2+ b2− 2by

 1+ a2  x2+ b2y2− 2ax +2abxy −2by + b2  x2+ a2  y2− 2abxy
 

= 
  x2+ y2   + a2+ b2− 2ax−2by

 1+ a2   x2+ y2 + b2   y2+ x2 − 2ax−2by
 

= 
 1+ a2+ b2− 2ax−2by

 1+ a2+ b2− 2ax−2by
                           [Using (1)] 

= 1 

∴ 
β−α

1− α β     = 1 

Question 18 
 
Find the number of non –zero integral solution of the equation  𝟏 − 𝒊 𝒙= 𝟐𝒙 
 
Answer: 
 
 1 − 𝑖 𝑥= 2𝑥  

  12 +   −1 2 
𝑥

 = 2𝑥  

  2 
𝑥

  = 2𝑥  

2
𝑥

2  = 2𝑥  
𝑥

2
 = x 

2x – x = 0 
x = 0 
 
Question 19 
 
If (a+ ib) (c + id) (e+ if) (g + ih) = A + iB 
∴  𝒂𝟐 +  𝒃𝟐  𝒄𝟐 + 𝒅𝟐  𝒆𝟐 +  𝒇𝟐 (𝒈𝟐 + 𝒉𝟐)  = 𝑨𝟐 +  𝑩𝟐 
 
Answer: 
 
(a+ ib) (c + id) (e+ if) (g + ih) = A + iB 
∴  (𝑎 +  𝑖𝑏) (𝑐 +  𝑖𝑑) (𝑒 +  𝑖𝑓) (𝑔 +  𝑖)  =   𝐴 +  𝑖𝐵  
⇨ (𝑎 +  𝑖𝑏) ×  (𝑐 +  𝑖𝑑)  ×   (𝑒 +  𝑖𝑓)  ×   (𝑔 +  𝑖) =   𝐴 +  𝑖𝐵              𝑧1 𝑧2 =   𝑧1   𝑧2   

 𝑎2 +  𝑏2  ×   𝑐2 +  𝑑2  ×  𝑒2 +  𝑓2  ×  𝑔2 + 2 =   𝐴2 +  𝐵2  
On squaring both side we get 
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 𝑎2 +  𝑏2  𝑐2 +  𝑑2  𝑒2 +  𝑓2 (𝑔2 + 2)𝐴2 +  𝐵2  
 
Question 20 
 

If  
𝟏+𝒊

𝟏−𝒊
 

𝒎

 = 1 then find the last positive integral of m, 

 
Answer: 
 

 
1+𝑖

1−𝑖
 

𝑚

 = 1 

 
1+𝑖

1−𝑖
 ×

1+𝑖

1+𝑖
  

𝑚

 = 1 

 
 1+𝑖 2

1 2+ 12
 

𝑚

 = 1 

 
12+ 𝑖2+2𝑖

2
 

𝑚

 = 1 

 
2𝑖

2
 

𝑚

 = 1 

𝑖𝑚  = 1 
Hence, m = 4 k, where k is some integer 
Thus the least positive integer is 1 
Therefore, the least positive integral value of m is 4 (= 4 × 1) 
 
 
 
 
 
 
 
 
 
 


