
UNIT 3  

Limits and continuity  

A LIMIT is defined as a number approached by the function as an independent function’s variable approaches a 
particular value. For instance, for a function f(x) = 4x, you can say that “The limit of f(x) as x approaches 2 is 8”. To be 
symbolic, it is written As; 

limx→2(4x)=4×2=8 

 
CONTINUITY is another widespread topic in calculus. The easy method to test for the continuity of a function is to 
examine whether the graph of a function can be traced by a pen without lifting the pen from the paper. When you are 
doing with precalculus and calculus, a conceptual definition is almost sufficient but for higher level, a technical 
definition is required. You can learn a better and precise way of defining continuity by using limits. 

Continuity Definition 

A function is said to be continuous at a particular point if the following three conditions are satisfied. 

1. f(a) is defined 
2. limx→af(x) exists 
3. limx→a+f(x) = limx→a−f(x) = f(a) 

A function is said to be continuous if you can trace its graph without lifting the pen from the paper. But a function is 
said to be discontinuous when it has any gap in between. Let us see the types discontinuities. 

Types of Discontinuity 

There are basically two types of discontinuity: 

• Infinite Discontinuity 

• Jump Discontinuity 

Infinite Discontinuity 

A branch of discontinuity wherein, a vertical asymptote is present at x = a and f(a) is not defined. This is also called 
as Asymptotic Discontinuities. If a function has values on both sides of an asymptote, then it cannot be connected, so 
it is discontinuous at the asymptote. 

Jump Discontinuity 

A branch of discontinuity wherein limx→a+f(x)≠limx→a−f(x), but both the limits are finite. This is also called simple 
discontinuity or continuities of first kind. 

Positive Discontinuity 

A branch of discontinuity wherein a function has a pre-defined two-sided limit at x=a, but either f(x) is undefined 
at a or its value is not equal to the limit at a. 

Limit Definition 

A limit of a function is a number that a function reaches as the independent variable of the function reaches a given 
value. The value (say a) to which the function f(x) gets close arbitrarily as the value of the independent variable x 
becomes close arbitrarily to a given value a symbolized as f(x) = A. 

Points to remember: 

• If limx→a- f(x) is the expected value of f at x = a given the values of ‘f’ near x to the left of a. This value is 
known as left-hand limit of ‘f’ at a. 

• If limx→a+ f(x) is the expected value of f at x = a given the values of ‘f’ near x to the right of a. This value is 
known as the right-hand limit of f(x) at a. 



• If the right-hand and left-hand limits coincide, we say the common value as the limit of f(x) at x = a and 
denote it by limx→a f(x). 

One-Sided Limit 

The limit that is based completely on the values of a function taken at x -value that is slightly greater or less than a 
particular value. A two-sided limit limx→af(x) takes the values of x into account that are both larger than and smaller 
than a. A one-sided limit from the left limx→a−f(x) or from the right limx→a−f(x) takes only values of x smaller or 
greater than a respectively. 

Properties of Limit 

• The limit of a function is represented as f(x) reaches L as x tends to limit a, such that; limx→af(x) = L 

• The limit of the sum of two functions is equal to the sum of their limits, such that: limx→a [f(x) + g(x)] 
=  limx→a f(x) + limx→a g(x) 

• The limit of any constant function is a constant term, such that, limx→a C = C 

• The limit of product of the constant and function is equal to the product of constant and the limit of the 
function, such that: limx→a m f(x) = m limx→a f(x) 

• Quotient Rule: limx→a[f(x)/g(x)] =  limx→af(x)/limx→ag(x); if limx→ag(x) ≠ 0 

 

Derivative 

The rate of change of a quantity y with respect to another quantity x is called the derivative or differential coefficient of y with 

respect to x . 

Differentiation of a Function 

Let f(x) is a function differentiable in an interval [a, b]. That is, at every point of the interval, the derivative of the function exists 

finitely and is unique. Hence, we may define a new function g: [a, b] → R, such that, ∀ x ∈ [a, b], g(x) = f'(x). 

This new function is said to be differentiation (differential coefficient) of the function f(x) with respect to x and it is denoted by 

df(x) / d(x) or Df(x) or f'(x). 

 
 

Differentiation ‘from First Principle 

Let f(x) is a function finitely differentiable at every point on the real number line. Then, its derivative is given by 

 
 

Standard Differentiations 

 

1. d / d(x) (xn) = nxn – 1, x ∈ R, n ∈ R 

2. d / d(x) (k) = 0, where k is constant. 

3. d / d(x) (ex) = ex 

4. d / d(x) (ax) = ax loge a > 0, a ≠ 1 



 



 
Fundamental Rules for Differentiation 

 

 
(v) if d / d(x) f(x) = φ(x), then d / d(x) f(ax + b) = a φ(ax + b) 

(vi) Differentiation of a constant function is zero i.e., d / d(x) (c) = 0. 



Different Types of Differentiable Function 

 

1. Differentiation of Composite Function (Chain Rule) 

If f and g are differentiable functions in their domain, then fog is also differentiable and 

(fog)’ (x) = f’ {g(x)} g’ (x) 

More easily, if y = f(u) and u = g(x), then dy / dx = dy / du * du / dx. 

If y is a function of u, u is a function of v and v is a function of x. Then, 

dy / dx = dy / du * du / dv * dv / dx. 

2. Differentiation Using Substitution 

In order to find differential coefficients of complicated expression involving inverse trigonometric functions some substitutions 

are very helpful, which are listed below . 

 
3. Differentiation of Implicit Functions 

If f(x, y) = 0, differentiate with respect to x and collect the terms containing dy / dx at one side and find dy / dx. 

Shortcut for Implicit Functions For Implicit function, put d /dx {f(x, y)} = – ∂f / ∂x / ∂f / ∂y, where ∂f / ∂x is a partial differential 

of given function with respect to x and ∂f / ∂y means Partial differential of given function with respect to y. 

4. Differentiation of Parametric Functions 

If x = f(t), y = g(t), where t is parameter, then 

dy / dx = (dy / dt) / (dx / dt) = d / dt g(t) / d / dt f(t) = g’ (t) / f’ (t) 

5. Differential Coefficient Using Inverse Trigonometrical Substitutions 



 
Logarithmic Differentiation Function 

(i) If a function is the product and quotient of functions such as y = f1(x) f2(x) f3(x)… / g1(x) g2(x) g3(x)… , we first take 

algorithm and then differentiate. 

(ii) If a function is in the form of exponent of a function over another function such as [f(x)]g(x) , we first take logarithm and then 

differentiate. 

 

Differentiation of a Function with Respect to Another Function 

Let y = f(x) and z = g(x), then the differentiation of y with respect to z is 

dy / dz = dy / dx / dz / dx = f’ (x) / g’ (x) 

Successive Differentiations 

If the function y = f(x) be differentiated with respect to x, then the result dy / dx or f’ (x), so obtained is a function of x (may be a 

constant). 

Hence, dy / dx can again be differentiated with respect of x. 

The differential coefficient of dy / dx with respect to x is written as d /dx (dy / dx) = d2y / dx2 or f’ (x). Again, the differential 

coefficient of d2y / dx2 with respect to x is written as 

d / dx (d2y / dx2) = d3y / dx3 or f”'(x)…… 

Here, dy / dx, d2y / dx2, d3y / dx3,… are respectively known as first, second, third, … order differential coefficients of y with 

respect to x. These alternatively denoted by f’ (x), f” (x), f”’ (x), … or y1, y2, y3…., respectively. 



Note dy / dx = (dy / dθ) / (dx / dθ) but d2y / dx2 ≠ (d2y / dθ2) / (d2x / dθ2) 

 

nth Derivative of Some Functions 

 
Derivatives of Special Types of Functions 

 
 

QUESTION  BANK OF LIMIT AND DIFFERENTIATION 

 

1. Evaluate the Given limit:  



Solution: 

Given 

 

Substituting x = 3, we get 

= 3 + 3 
 
= 6 

2. Evaluate the Given limit:  

Solution: 

Given limit: 

 

Substituting x = π, we get 

= (π – 22 / 7) 

3. Evaluate the Given limit:  

Solution: 

Given limit:  

Substituting r = 1, we get 

= π(1)2 

= π 

4. Evaluate the Given limit:  

Solution: 

Given limit: 

 

Substituting x = 4, we get 

= [4(4) + 3] / (4 – 2) 

= (16 + 3) / 2 

= 19 / 2 



5. Evaluate the Given limit:  

Solution: 

Given limit: 

 

Substituting x = -1, we get 

 

= [(-1)10 + (-1)5 + 1] / (-1 – 1) 

= (1 – 1 + 1) / – 2 

= – 1 / 2 

6. Evaluate the Given limit:  

Solution: 

Given limit: 

 

= [(0 + 1)5 – 1] / 0 

=0 

Since, this limit is undefined 

Substitute x + 1 = y, then x = y – 1 

 



7. Evaluate the Given limit:  

Solution: 

 

8. Evaluate the Given limit:  

Solution: 



 

9. Evaluate the Given limit:  

Solution: 

 

= [a (0) + b] / c (0) + 1 

= b / 1 

= b 

10. Evaluate the Given limit:  

Solution: 



 

11. Evaluate the Given limit:  

Solution: 

Given limit: 

 

Substituting x = 1 

 

= [a (1)2 + b (1) + c] / [c (1)2 + b (1) + a] 

= (a + b + c) / (a + b + c) 

Given 

 

= 1 

12. Evaluate the Given limit:  

Solution: 



By substituting x = – 2, we get 

 

13. Evaluate the Given limit:  

Solution: 

Given  

 



14. Evaluate the given limit:  

Solution: 

 

15. Evaluate the given limit: 

 

Solution: 



 

16. Evaluate the given limit: 

 

Solution: 

 

17. Evaluate the given limit: 

 

Solution: 



 

 

18. Evaluate the given limit: 

 

Solution: 



 

19. Evaluate the given limit: 

 

Solution: 

 

20. Evaluate the given limit: 

 

Solution: 



 

 

21. Evaluate the given limit: 

 

Solution: 



 

 

22. Evaluate the given limit: 

 

Solution: 



 

 

23. 

 



Solution: 

 



 

 

24. Find 

, where 

 

Solution: 



 

 

25. Evaluate 

, where f(x) = 

 

Solution: 



 

 



 

26. Find 

, where f (x) = 

 

Solution: 

 



 

27. Find 

, where 

 

Solution: 

 



 

28. Suppose 

and if 

what are possible values of a and b 

Solution: 

 



 

29. Let a1, a2,………an be fixed real numbers and define a function 

f (x) = (x – a1) (x – a2) ……. (x – an). 

What is 

For some a ≠ a1, a2, ……. an, compute 

 

Solution: 



 

 



30. If  For what value (s) of a does exists? 

Solution: 

 



 

 



 

31. If the function f(x) satisfies , evaluate  

Solution: 



 

 

32. If  For what integers m and n does both and 
exist? 

Solution: 



 

 



 

 

Exercise 13.2 page no: 312 

1. Find the derivative of x2– 2 at x = 10 

Solution: 

Let f (x) = x2 – 2 

From first principle 

 



 

 

2. Find the derivative of x at x = 1. 

Solution: 

Let f (x) = x 

Then, 

 



 

 

3. Find the derivative of 99x at x = l00. 

Solution: 

Let f (x) = 99x, 

From first principle 

 



= 99 

4. Find the derivative of the following functions from first principle 

(i) x3 – 27 

(ii) (x – 1) (x – 2) 

(iii) 1 / x2 

(iv) x + 1 / x – 1 

Solution: 

(i) Let f (x) = x3 – 27 

From first principle 

 

 

 

(ii) Let f (x) = (x – 1) (x – 2) 

From first principle 



 

 

(iii) Let f (x) = 1 / x2 

From first principle, we get 

 



 

(iv) Let f (x) = x + 1 / x – 1 

From first principle, we get 

 

 



5. For the function  .Prove that f’ (1) =100 f’ (0). 

Solution: 

 



 

6. Find the derivative of  for some fixed real number a. 

Solution: 



 

7. For some constants a and b, find the derivative of 
(i) (x − a) (x − b) 

(ii) (ax2 + b)2 

(iii) x – a / x – b 

Solution: 

(i) (x – a) (x – b) 



 

(ii) (ax2 + b)2 



 

= 4ax(ax2 + b) 

(iii) x – a / x – b 

 

 



 

8. Find the derivative of  for some constant a. 

Solution: 

 

9. Find the derivative of 

(i) 2x – 3 / 4 

(ii) (5x3 + 3x – 1) (x – 1) 

(iii) x-3 (5 + 3x) 

(iv) x5 (3 – 6x-9) 

(v) x-4 (3 – 4x-5) 

(vi) (2 / x + 1) – x2 / 3x – 1 

Solution: 

(i) 



 

(ii) 

 

(iii) 



 

 

(iv) 



 

(v) 

 

 



(vi) 

 

 

10. Find the derivative of cos x from first principle 

Solution: 



 

 

 

 

11. Find the derivative of the following functions: 

(i) sin x cos x 

(ii) sec x 

(iii) 5 sec x + 4 cos x 

(iv) cosec x 

(v) 3 cot x + 5 cosec x 

(vi) 5 sin x – 6 cos x + 7 

(vii) 2 tan x – 7 sec x 

Solution: 

(i) sin x cos x 



 

 

(ii) sec x 



 

 

 

(iii) 5 sec x + 4 cos x 



 

(iv) cosec x 

 



 

 

(v) 3 cot x + 5 cosec x 

 



 

 

 

 



 

 

 

(vi)5 sin x – 6 cos x + 7 

 



 

 

(vii) 2 tan x – 7 sec x 

 



 

 



 

 

Miscellaneous exercise page no: 317 

1. Find the derivative of the following functions from first principle: 

(i) –x  

(ii) (–x)–1  

(iii) sin (x + 1) 

(iv)  

Solution: 

 

(ii) (-x)-1 



 

 

 

 

 

= 1 / x2 

(iii) sin (x + 1) 



 

 

 

(iv)  



 

We get, 

 

 



 

 

Find the derivative of the following functions (it is to be understood that a, b, c, d, p, q, r and s are fixed non-zero 
constants and m and n are integers): 

2. (x + a) 

Solution: 

 

3. (px + q) (r / x + s) 

Solution: 



 

 

 

 

4. (ax + b) (cx + d)2 

Solution: 

 



 

5. (ax + b) / (cx + d) 

Solution: 

 

 

6. (1 + 1 / x) / (1 – 1 / x) 

Solution: 



 

 

 

 

7. 1 / (ax2 + bx + c) 

Solution: 

 



 

8. (ax + b) / px2 + qx + r 

Solution: 

 

 

 

9. (px2 + qx + r) / ax + b 

Solution: 



 

 

10. (a / x4) – (b / x2) + cox x 

Solution: 

 

 



 

11.  

Solution: 

 

 

12. (ax + b)n 

Solution:  na (ax + b )n-1 

 

13. (ax + b)n (cx + d)m 

Solution: 

 



 

14. sin (x + a) 

       Try yourself 

15. cosec x cot x  

       Try youself 

16.  

Solution: 

 



 

17. 

 

Solution: 

 

 



 

18. 

 

Solution: 

 

 



 

19. sinn x 

Solution: 

 

 



 

 

 

20.  

Solution: 

 



 

21. 

 

Solution: 

 



 

 

 

22. x4 (5 sin x – 3 cos x) 

Solution: 

 



 

23. (x2 + 1) cos x 

Solution: 

 

24. (ax2 + sin x) (p + q cos x) 

Solution: 

 

25.  

Solution: 



 

 



 

26.  

Solution: 

 

 



27.  

Solution: 

 

28.  

Solution: 

 

 

29. (x + sec x) (x – tan x) 

Solution: 



 

 

 

 



 

 

 

 

 

 



 

 

 

30.  

Solution: 

 



 

 



 

Imaginary Quantity 
The square root of a negative real number is called an imaginary quantity or imaginary number. e.g., √-3, √-7/2 

The quantity √-1 is an imaginary number, denoted by ‘i’, called iota. 

 

Integral Powers of Iota  (i) 
i=√-1, i2 = -1, i3 = -i, i4=1 

So, i4n+1= i, i4n+2 = -1, i4n+3 = -i, i4n+4 = i4n = 1 

In other words, 

in = (-1)n/2, if n is an even integer 

in = (-1)(n-1)/2.i, if is an odd integer 

Complex Number 
A number of the form z = x + iy, where x, y ∈ R, is called a complex number 

The numbers x and y are called respectively real and imaginary parts of complex number z. 

i.e.,   x = Re (z) and y = Im (z) 

Purely Real and Purely Imaginary Complex Number 
A complex number z is a purely real if its imaginary part is 0. 

i.e., Im (z) = 0. And purely imaginary if its real part is 0 i.e., Re (z)= 0. 

Equality of Complex Numbers 
Two complex numbers z1 = a1 + ib1 and z2 = a2 + ib2 are equal, if a2= a2 and b1 = b2 i.e., Re (z1) = Re (z2) and Im (z1) = Im (z2). 

 

Algebra of Complex Numbers 
 

1. Addition of Complex Numbers 
Let z1 = (x1 + iyi) and z2 = (x2 + iy2) be any two complex numbers, then their sum defined as 

z1 + z2 = (x1 + iy1) + (x2 + iy2) = (x1 + x2) + i(y1 + y2) 

 

Properties of Addition 
(i) Commutative z1 + z2 = z2 + z1 

(ii) Associative (z1 + z2) + z3 = + (z2 + z3) 

(iii) Additive Identity z + 0 = z = 0 + z 

Here, 0 is additive identity. 

2. Subtraction of Complex Numbers 
Let z1 = (x1 + iy1) and z2 = (x2 + iy2) be any two complex numbers, then their difference is defined as 

z1 – z2 = (x1 + iy1) – (x2 + iy2) 

= (x1 – x2) + i(y1 – y2) 

 

3. Multiplication of Complex Numbers 
Let z1 = (x1 + iyi) and z2 = (x2 + iy2) be any two complex numbers, then their multiplication is defined as 

z1z2 = (x1 + iy1)(x2 + iy2) = (x1x2 – y1y2) + i(x1y2 + x2y1) 

 

Properties of Multiplication 
(i)  Commutative z1z2 = z2z1 

(ii) Associative (z1 z2) z3 = z1(z2 z3) 
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(iii) Multiplicative Identity z • 1 = z = 1 • z 

Here, 1 is multiplicative identity of an element z. 

(iv) Multiplicative Inverse Every non-zero complex number z there exists a complex number z1 such that z.z1    = 1 = z1 • z 

(v)  Distributive Law 

(a)  z1(z2 + z3) = z1z2 + z1z3  (left distribution) 

(b) (z2 + z3)z1 = z2z1 + z3z1 (right distribution) 

 

4. Division of Complex Numbers 
Let z1 = x1 + iy1 and z2 = x2 + iy2 be any two complex numbers, then their division is defined as 

 

where z2 # 0. 

 

Conjugate of a Complex Number 
If z = x + iy is a complex number, then conjugate of z is denoted by z 

i.e., z = x – iy 

 

Properties of Conjugate 



 

Modulus of a Complex Number 
If z = x + iy, , then modulus or magnitude of z is denoted by |z| and is given by 

|z| = x2 + y2. 

It represents a distance of z from origin. 

In the set of complex number C, the order relation is not defined i.e., z1> z2 or zi <z2 has no meaning but |z1|>|z2| or |z1|< | z2 | has 

got its meaning, since |z| and |z2| are real numbers. 

 

Properties of Modulus 



 

Reciprocal/Multiplicative Inverse of a Complex Number 
Let z = x + iy be a non-zero complex number, then 



 

Here, z-1 is called multiplicative inverse of z. 

 

Argument of a Complex Number 
Any complex number z=x+iy can be represented geometrically by a point (x, y) in a plane, called Argand plane or 

Gaussian plane. The angle made by the line joining point z to the origin, with the x-axis is called argument of that complex 

number. It is denoted by the symbol arg (z) or amp (z). 

 

Argument (z) = θ = tan-1(y/x) 

Argument of z is not unique, general value of the argument of z is 2nπ + θ. But arg (0) is not defined. 

A purely real number is represented by a point on x-axis. 

A purely imaginary number is represented by a point on y-axis. 

There exists a one-one correspondence between the points of the plane and the members of the set C of all complex numbers. 

The length of the line segment OP is called the modulus of z and is denoted by |z|. 

i.e., length of OP = √x2 + y2. 

Principal Value of Argument 

The value of the argument which lies in the interval (- π, π] is called principal value of argument. 

(i) If x> 0 and y > 0, then arg (z) = 0 

(ii) If x < 0 and y> 0, then arg (z) = π -0 

(iii) If x < 0 and y < 0, then arg (z) = – (π – θ) 

(iv) If x> 0 and y < 0, then arg (z) = -θ 

Properties of Argument 



 



Square Root of a Complex Number 
If z = x + iy, then 

 

Polar Form 
If z = x + iy is a complex number, then z can be written as 

z = |z| (cos θ + i sin θ) where, θ = arg (z) 

this is called polar form. 

If the general value of the argument is 0, then the polar form of z is 

z = |z| [cos (2nπ + θ) + i sin (2nπ + θ)], where n is an integer. 

 

Eulerian Form of a Complex Number 
If z = x + iy is a complex number, then it can be written as 
z = rei0, where 
r = |z| and θ = arg (z) 
This is called Eulerian form and ei0= cosθ + i sinθ and e-i0 = cosθ — i sinθ. 
 

De-Moivre’s Theorem 

A simplest formula for calculating powers of complex number known as De-Moivre’s theorem. 

If n ∈ I (set of integers), then (cosθ + i sinθ)n = cos nθ + i sin nθ and if n ∈ Q (set of rational numbers), then cos nθ + i sin nθ is 
one of the values of (cos θ + i sin θ)n. 



 

 

 



 

 

 

 

 

Complex Numbers PRACTICE QUESTIONS. 

 

 

 

 Exercise 1  

Q1 : 

 
 

 
Express the given complex number in the form a + ib: 

 
 

Answer : 
 

 

 
Q2 : 

 
Express the given complex number in the form a + ib: i9 + i19

 

 
 

Answer : 
 

 

 
Q3 : 

 
Express the given complex number in the form a + ib: i-39

 

 
 

Answer : 



 

 

 

 

 
 

 

Q4 : 

 
Express the given complex number in the form a + ib: 3(7 + i7) + i(7 + i7) 

 
 

Answer : 
 

 

 
Q5 : 

 
Express the given complex number in the form a + ib: (1 - i) - (-1 + i6) 

 
 

Answer : 
 

 

 
Q6 : 

 
 

 
Express the given complex number in the form a + ib: 

 
 

Answer : 



 

 

 

 

 
 

 

Q7 : 

 
 

 
Express the given complex number in the form a + ib: 

 
 

Answer : 
 

 

 
Q8 : 

 
Express the given complex number in the form a + ib: (1 - i)4

 

 
 

Answer : 



 

 

 

 

 
 

 

Q9 : 

 
 

 
Express the given complex number in the form a + ib: 

 
 

Answer : 
 

 

 
Q10 : 

 
 

 
Express the given complex number in the form a + ib: 

 
 

Answer : 



 

 

 

 

 
 

 

Q11 : 

 
Find the multiplicative inverse of the complex number 4 - 3i 

 
 

Answer : 

Let z = 4 -3i 

 

Then, = 4 + 3i and 

Therefore, the multiplicative inverse of 4 -3i is given by 
 

 

 
Q12 : 

 

Find the multiplicative inverse of the complex number 

 
 

Answer : 

 
Let z = 

 



 

 

 

 

Therefore, the multiplicative inverse of is given by 
 

 

 
 

Q13 : 

 
Find the multiplicative inverse of the complex number -i 

 
 

Answer : 

Let z = -i 
 

 

Therefore, the multiplicative inverse of â€“i is given by 
 

 

 
Q14 : 

 
Express the following expression in the form of a + ib. 

 

 
 

Answer : 



 

 

 

 

 
 

 

 Exercise 2  

Q1 : 

 

Find the modulus and the argument of the complex number 

 
 

Answer : 
 

 

 

On squaring and adding, we obtain 



 

 

 

 

 
 

Since both the values of sin θand cos θ are negative and sinθ and cosθ are negative in III quadrant, 
 

 

 
Thus, the modulus and argument of the complex number are 2 and respectively. 

 

Q2 : 

 

Find the modulus and the argument of the complex number 

 
 

Answer : 
 

 

 

On squaring and adding, we obtain 
 



 

 

 
 

 
Thus, the modulus and argument of the complex number are 2 and respectively. 

 

Q3 : 

 
Convert the given complex number in polar form: 1 - i 

 
 

Answer : 

1 - i 

Let rcos θ = 1 and rsin θ = -1 

On squaring and adding, we obtain 
 

 
 

 
This is the 

required polar form. 

 

Q4 : 

 
Convert the given complex number in polar form: - 1 + i 

 
 

Answer : 

   - 1 + i 

Let rcos θ = -1 and rsin θ = 1 

On squaring and adding, we obtain 



 

 

 

 

 
 

It can be written, 
 

 

This is the required polar form. 

 

Q5 : 

 
Convert the given complex number in polar form: - 1 - i 

 
 

Answer : 

- 1 - i 

Let rcos θ = -1 and rsin θ = -1 On 

squaring and adding, we obtain 

 



 

 

 
 
 

This is the 

required polar form. 

 

Q6 : 

 
Convert the given complex number in polar form: -3 

 
 

Answer : 

-3 

Let rcos θ = -3 and rsin θ = 0 

On squaring and adding, we obtain 
 

 

 

This is the required polar form. 

 

Q7 : 

 

Convert the given complex number in polar form: 

 
 

Answer : 
 

 
Let rcos θ = and rsin θ = 1 

On squaring and adding, we obtain 



 

 

 

 

 
 

 

This is the required polar form. 

 

Q8 : 

 
Convert the given complex number in polar form: i 

 
 

Answer : 

i 

Let rcosθ = 0 and rsin θ = 1 

On squaring and adding, we obtain 
 

 

 

This is the required polar form. 
 

 Exercise 3  



 

 

 
 

Q1 : 

 
Solve the equation x2 + 3 = 0 

 
 

Answer : 

The given quadratic equation is x2 + 3 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 1, b = 0, and c = 3 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = 02  , - 4 × 1 × 3 = -12 Therefore, the 

required solutions are 

 
 
 
 
 
 

 
Q2 : 

 
Solve the equation 2x2 + x + 1 = 0 

 
 

Answer : 

The given quadratic equation is 2x2 + x + 1 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 2, b = 1, andc = 1 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = 12   -4 × 2 × 1 = 1 - 8 = -7 Therefore, 

the required solutions are 

 
 

 
Q3 : 

 
Solve the equation x2 + 3x + 9 = 0 

 
 

Answer : 

The given quadratic equation is x2 + 3x + 9 = 0 



 

 

 
 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 1, b = 3, and c = 9 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = 32 -4 × 1 × 9 = 9 - 36 = -27 

Therefore, the required solutions are 

 
 

 
Q4 : 

 
Solve the equation -x2 + x - 2 = 0 

 
 

Answer : 

The given quadratic equation is -x2 + x - 2 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = -1, b = 1, and c = -2 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = 12 -4 × (-1) × (-2) = 1 -8 = -7 Therefore, the 

required solutions are 

 
 

 
Q5 : 

 
Solve the equation x2 + 3x + 5 = 0 

 
 

Answer : 

The given quadratic equation is x2 + 3x + 5 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 1, b = 3, and c = 5 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = 32 - 4 × 1 × 5 =9 - 20 = -11 

Therefore, the required solutions are 



 

 

 

 

 
 

 

Q6 : 

 
Solve the equation x2 - x + 2 = 0 

 
 

Answer : 

The given quadratic equation is x2 -x + 2 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 1, b = -1, and c = 2 

Therefore, the discriminant of the given equation is 

D = b2 -4ac = (-1)2 -4 × 1 × 2 = 1 - 8 = -7 Therefore, the 

required solutions are 

 
 

 
Q7 : 

 

Solve the equation 

 
 

Answer : 

 
The given quadratic equation is 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

 
a = , b = 1, and c = 

Therefore, the discriminant of the given equation is 

 
D = b2  - 4ac = 12 - = 1 - 8 = -7 

Therefore, the required solutions are 

 
 

 
Q8 : 



 

 

 

 

Solve the equation 

 
 

Answer : 

 

The given quadratic equation is 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

 
a = , b = , and c = 

Therefore, the discriminant of the given equation is 

 

 
D = b2 - 4ac = 

Therefore, the required solutions are 
 

 

 
Q9 : 

 
 
 

Solve the equation 

 
 

Answer : 

 

The given quadratic equation is 

This equation can also be written as 

On comparing this equation with ax2 + bx + c = 0, we obtain 

 
a = , b = , and c = 1 

 

 

Therefore, the required solutions are 



 

 

 

 

 
 

 

Q10 : 

 
 
 

Solve the equation 

 
 

Answer : 

 

The given quadratic equation is 

This equation can also be written as 

On comparing this equation with ax2 + bx + c = 0, we obtain 

 
a = , b = 1, and c = 

 

 

Therefore, the required solutions are 
 

 

 

 Exercise Miscellaneous   

Q1 : 

 
 
 
 

Evaluate: 

 
 

Answer : 



 

 

 

 

 
 

 

Q2 : 

 
For any two complex numbers z1 and z2, prove that 

Re (z1z2) = Re z1 Re z2 - Im z1 Im z2 

 
Answer : 



 

 

 

 

 
 

 

Q3 : 

 
 

 
Reduce to the standard form. 

 
 

Answer : 
 

 

 

 
Q4 : 



 

 

 
 
 
 

If x â€“ iy = prove that . 

 
 

Answer : 
 

 

 

 
Q5 : 



 

 

 
 

Convert the following in the polar form: 

 
 
 

(i) , (ii) 

 
 

Answer : 

 
 
 

(i) Here, 
 

Let r cos θ = -1 and r sin θ = 1 On 

squaring and adding, we obtain   

r2(cos2 θ + sin2 θ) = 1 + 1 

⇒ r2 (cos2 θ + sin2 θ) = 2 

⇒ r2  = 2 [cos2 θ + sin2 θ = 1] 
 

∴z = r cos θ + i r sin θ 
 

 

This is the required polar form. 

 

 
(ii) Here, 



 

 

 

 

 
 

Let r cos θ = -1 and r sin θ = 1 On 

squaring and adding, we obtain 

r2 (cos2 θ + sin2 θ) = 1 + 1 

⇒r2 (cos2 θ + sin2 θ) = 2 

⇒ r2  = 2 [cos2 θ + sin2 θ = 1] 
 

 

∴z = r cos θ + i r sin θ 
 

 

This is the required polar form. 

 

Q6 : 

 
 
 

Solve the equation 

 
 

Answer : 

 

The given quadratic equation is 

This equation can also be written as 

On comparing this equation with ax2 + bx + c = 0, we obtain 

a = 9, b = -12, and c = 20 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = (-12)2 - 4 × 9 × 20 = 144 - 720 = -576 



 

 

 

Q7 : 

 
 

Solve the equation 

 
 

Answer : 

 

The given quadratic equation is 

This equation can also be written as 

On comparing this equation with ax2 + bx + c = 0, we obtain 

a = 2, b = â€“4, and c = 3 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = (-4)2 - 4 × 2 × 3 = 16 - 24 = -8 Therefore, the 

required solutions are 

 
 

 
Q8 : 

 
Solve the equation 27x2 - 10x + 1 = 0 

 
 

Answer : 

The given quadratic equation is 27x2 - 10x + 1 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 27, b = -10, and c = 1 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = (-10)2 - 4 × 27 × 1 = 100 - 108 = -8 



 

 

 

Q9 : 

 
Solve the equation 21x2 - 28x + 10 = 0 

 
 

Answer : 

The given quadratic equation is 21x2 - 28x + 10 = 0 

On comparing the given equation with ax2 + bx + c = 0, we obtain 

a = 21, b = -28, and c = 10 

Therefore, the discriminant of the given equation is 

D = b2 - 4ac = (-28)2 - 4 × 21 × 10 = 784 - 840 = -56 

Therefore, the required solutions are 
 

 

 
Q10 : 

 
 

 
If find . 

 
 

Answer : 



 

 

 

 

 
 

 

Q11 : 
 

If find . 

Answer : 



 

 

 
 

 
 

 

Q12 : 

 
 
 

 
If a + ib = , prove that a2 + b2 = 

 
 

Answer : 
 

 

On comparing real and imaginary parts, we obtain 



 

 

 

 

 
 

Hence, proved. 

 

Q13 : 
 

Let  . Find 

(i) , (ii)  

Answer : 

(i)  

 

On multiplying numerator and denominator by (2 â€“ i), we obtain 



 

 

 
 

On comparing real parts, we obtain 

(ii)  

On comparing imaginary parts, we obtain 

 
 

 
 

Q14 : 

 
 
 

Find the modulus and argument of the complex number . 

 
 

Answer : 

 

 
Let , then 

 

 

On squaring and adding, we obtain 
 



 

 

 

 

 
 

 
Therefore, the modulus and argument of the given complex number are respectively. 

 

Q15 : 

 
Find the real numbers x and y if (x - iy) (3 + 5i) is the conjugate of -6 - 24i. 

 
 

Answer : 

 

Let 
 

 
It is given that, 

 

 

Equating real and imaginary parts, we obtain 
 

 

Multiplying equation (i) by 3 and equation (ii) by 5 and then adding them, we obtain 
 

 

Putting the value of x in equation (i), we obtain 
 

 

Thus, the values of x and y are 3 and â€“3 respectively. 



 

 

 
 

 
 

Q16 : 

 
 
 

Find the modulus of . 

 
 

Answer : 
 

 

 
Q17 : 

 
 
 

If (x + iy)3  = u + iv, then show that . 

 
 

Answer : 
 

 

On equating real and imaginary parts, we obtain 



 

 

 

 

 
 

Hence, proved. 

 

Q18 : 
 

If α and ÃŽÂ² are different complex numbers with = 1, then find . 

Answer : 

Let α = a + ib and ÃŽÂ² = x + iy 

It is given that,  



 

 

 
 

 
 

 

 
 

Q19 : 

 

 
Find the number of non-zero integral solutions of the equation . 

 
 

Answer : 



 

 

 

 

 
 

Thus, 0 is the only integral solution of the given equation. Therefore, the number of non-zero integral solutions of the 

given equation is 0. 

 

Q20 : 

 
If (a + ib) (c + id) (e + if) (g + ih) = A + iB, then show that 

(a2 + b2) (c2 + d2) (e2 + f2) (g2 + h2) = A2 + B2. 

 
Answer : 

 

 

On squaring both sides, we obtain 

(a2 + b2) (c2 + d2) (e2 + f2) (g2 + h2) = A2 + B2
 

Hence, proved. 

 

Q21 : 

 
 

 
If , then find the least positive integral value of m. 

 
 

Answer : 



 

 

 

 

 
 

Therefore, the least positive integer is 1. 

Thus, the least positive integral value of m is 4 (= 4 × 1). 
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