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SURA PUBLICATIONS
Chennai

 Complete solutions to Textbook Exercises.

 Exhaustive Additional Questions & Answers in all chapters. 
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SetS, RelationS and 
FunctionS01

MUST KNOW DEFINITIONS

A set is a collection of well defined objects.

Type of sets
Empty set : A set containing no element.
Finite set : The number of elements in the set is finite.
Infinite set : The number of elements in the set is not finite.
Singleton set : A set containing only one element.
Equivalent set : Two sets having same number of elements.
Equal sets : Two sets exactly having the same elements.
Subset : A set X is a subset of Y if every element of X is also an element of Y. (X ⊆ Y)
Proper subset : X is a proper subset of Y if X ⊂ Y and X ≠ Y.
Power set : The set of all subsets of A is the power set of A.
Universal set : The set contains all the elements under consideration

Algebra of sets 
Union : The union of two sets A and B is the set of elements which are either in A or 

in B (A ∪ B)
Intersection : The intersection of two sets A and B is the set of all elements common to 

both A and B (A ∩ B).
Complement of a set : The complement of a set is the set of all elements of U (Universal set) that 

are not elements of A. (A′) Set different(A\B) or (A – B)

Difference of two sets : The difference of the two sets A and B is the set of all elements belonging to 
A but not to B. Set different(A\B) or (A – B)

Disjoint sets : Two sets A and B are said to be disjoint if there is no element common to 
both A and B.

Open interval : The set {x: a < x < b} is called an open interval and denoted by (a, b)

Closed interval : The set {x: a ≤ x ≤ b} is called a closed interval and denoted by [a, b]

Neighbourhood of a 
point

: Let a be any real number. Let ∈ > 0 be arbitrarily small real number.
Then (a – ∈, a + ∈) is called an “∈” neighbourhood of the point a and  
denoted by Na,∈

[3]
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4 Sura’s  XI Std - Mathematics ➠ Volume - I ➠ Chapter 01 ➠ Sets, Relations and Functions

Cartesian product of 
sets

: The set of all ordered pairs (a, b) such that a ∈ A and b ∈ B is called the cartesian 
product of A and B and is denoted by A × B.

Types of relation 
Reflexive : A relation R on a set A is said to be reflexive if every element of A is related to itself.
Symmetric : A relation R on a set A is said to be symmetric if (a, b) ∈ R ⇒ (b, a) ∈ R for all a, b ∈ A.
Transitive : A relation R on a set A is said to be transitive if (a, b) ∈ R and (b, c) ∈ R  

⇒ (a, c) ∈ R for all a, b, c ∈ A.
Equivalent : A relation R on a set A is said to be equivalence relation if it is reflexive, symmetric 

and transitive.
Function : A function f from a set A to a set B is a rule which assigns to each element of A, a 

unique element of B. 
If f: A → B, then A is the domain, B is the co-domain.

Types of algebraic functions
Identity function : A function that associates each real number to itself.

Absolute value function : The function f (x) defined by f (x) = |x| = 
x x

x x
,

,
≥

− <




0
0

Constant function : A function f (x) defined by f (x) = k where k is a real number.

Greatest integer 
function

: The greatest integer function f : R → R defined by f (x) = ⎣x⎦ for all x ∈ R.

Smallest integer 
function

: The smallest integer function f : R → R defined by f (x) = ⎡x⎤ for all x ∈ R.

Signum function : The function f defined by f (x) = 
| | ,

,

x x

x
x

≠

=







0

0 0

Polynomial function : The function f : R → R defined by f (x) = a0x
n + a1x

n–1 + a2x
n–2 + . . . + an where a0, 

a1, . . ., an are constants.

Rational function : The function f : R → R defined by f (x) = 
p x
q x

( )
( ) , q(x) ≠ 0 and p(x), q(x) are polynomial.

Algebra of functions
Addition : If f : D1 → R and g : D2 → R, then their sum f + g: D1 ∩ D2 → R such that  

( f + g)(x) = f (x)  g(x) for all x ∈ D1 ∩ D2.
Subtraction : If f1: D1 → R and g : D2 → R, then their difference f – g: D1 ∩ D2 → R such that  

( f – g) (x) = f (x) – g(x) for all x ∈ D1 ∩ D2.
Product : If f1: D1 → R and g : D2 → R, then their product f ⋅ g: D1 ∩ D2 → R such that 

 ( f g) (x) = f (x) . g(x) for all x ∈ D1 ∩ D2.

Quotient :
If f1: D1 → R and g : D2 → R, then their quotient 

f
g : D1 ∩ D2– { x : g (x) = 0} → R 

such that f
g x

f x
g x







( ) =
( )
( )

 such that for all x ∈ D1 ∩ D2– { x : g (x) = 0}.

Composition of 
functions

: If f : A → B and g: B → C then gof : A → C defined by gof(x) = g[f (x)] for all x ∈ A.
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Kinds of functions
One-one : A function f : A → B is said to be a one-one function (injection) if different elements 

of A have different images in B.
Onto : A function f : A → B is said to be an onto (surjection) function if every element of B 

is the image of some element of A.
Bijection : A function f : A → B is a bijection if one-one as well as onto.
Inverse of a function : Let f : A → B be a bijection. Then g : B → A which associates each element y ∈ B to a 

unique element x ∈ A such that g(y) = x is called the inverse of f, and it denoted as f ′.

Formulae to remember
Demorgan’s laws : 1.      (A ∪ B)′ = A′ ∩ B′                   2.      (A ∩ B) = A′ ∪ B′

3.      A\(B ∪ C) = (A\B)∩ (A\C)       4.       A\(B ∩ C)= (A\B) ∪ (A\C) 
Reflexive : aRa for all a ∈ A
Symmetric : aRb ⇒ bRa for all a, b ∈ A
Transitive : aRb, bRc ⇒ aRc for all a, b, c ∈ A
Antisymmetric : aRb and bRa ⇒ a = b for all a, b ∈ A            A ∆ B = (A\B)∪(B\A)
One-one function : If f: A → A then f (x1) = f (x2) ⇒ x1 = x2 for all x1, x2 ∈ A
Onto function : Co-domain = Range. 

If a set has n elements, then total number of subsets is 2n.

TEXTUAL QUESTIONS
ExErcisE 1.1

1. Write the following in roster form.
(i) {x ∈ N : x2 < 121 and x is a prime}.
(ii) the set of  all positive roots of the equation 

(x – 1)(x + 1)(x2 – 1) = 0.
(iii) {x ∈ N : 4x + 9 < 52}.

(iv) x
x

x
x: , { }-

+
= Î - -{ }4

2
3 2�

Sol :  (i) {x ∈ N : x2 < 121 and x is a prime}.
  Let A = {x ∈ N: x2 < 121, and x is a prime}
  A = {2, 3, 5, 7}.

(ii) the set of all positive roots of the equation 
(x – 1)(x + 1)(x2 – 1) = 0.

  Let B = {the set of positive roots of the 
equation (x – 1) (x + 1) (x2 – 1) = 0}

 (x – 1) (x + 1) (x – 1) (x + 1) = 0
  (x + 1)2 (x – 1)2  = 0
  (x + 1)2 = 0 or (x – 1)2 = 0
  x + 1 = 0 or x – 1 = 0
  x = –1 or x = 1
 ⇒ x = 1, –1 
  B = {1}.

(iii) {x ∈ N : 4x + 9 < 52}.
  Let C = {x ∈ N: 4x + 9 < 52}
 ⇒ C = {x ∈ N: 4x < 52 – 9}
 ⇒ C = {x ∈ N: 4x < 43}

 ⇒ C =   x ∈ N: x < 43
4

 

 ⇒  C = {x ∈ N: x < 10.75}
 ⇒ C = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.

(iv) x
x

x
x: , { }-

+
= Î - -{ }4

2
3 2 .

     Let D = x x
x

x: , { }−
+

= ∈ − −{ }4
2

3 2�

  ⇒  D = {x: x – 4 = 3x + 6, x ∈ R}
  ⇒  D = {x: –4 – 6 = 3x – x, x ∈ R}
  ⇒  D = {x: 2x = –10, x ∈ R}
  ⇒  D = {x: x = –5, x ∈ R}
  ⇒  D = {–5}

2. Write the set {–1, 1} in set builder form.
Sol :  Let P = {–1, 1}
 ⇒ P = { x : x is a root of x2 – 1 = 0}
 ⇒ P = { x : x2 – 1 = 0, x ∈ R}
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 RHS = (A × B) ∩ (A × C) 
  = {(1, 4) (1, 5) (2, 4) (2, 5) (3, 4) (3, 5)} ...(2)
 From (1) and (2), LHS = RHS. Hence verified.

(ii) A × (B ∪ C) = (A × B) ∪ (A × C)
  (B ∪ C) = {3, 4, 5, 6, 7, 9}
  Now, A × (B ∪ C) = {1, 2, 3} × {3, 4, 5, 6, 7, 9}
   = { (1, 3) (1, 4) (1, 5) (1, 6)  

(1, 7) (1, 9) (2, 3) (2, 4)  
(2, 5) (2, 6) (2, 7) (2, 9)  
(3, 3) (3, 4) (3, 5) (3, 6)  
 (3, 7) (3, 9)}   ...(1)

  Now A × B = {1, 2, 3} × {4, 5, 6, 7}
   = {(1, 4) (1, 5) (1, 6) (1, 7) 
    (2, 4) (2, 5) (2, 6) (2, 7) (3, 4) 
 (3, 5) (3, 6) (3, 7)}
  A × C = {1, 2, 3} × {3, 4, 5, 9}
   = {(1, 3) (1, 4) (1, 5) (1, 9) 
    (2, 3) (2, 4) (2, 5) (2, 9)  
     (3, 3) (3, 4) (3, 5) (3, 9)}
  RHS (A × B) ∪ (A × C) 
   =  {(1, 3) (1, 4) (1, 5) (1, 6) 

(1, 7) (1, 9) (2, 3) (2, 4) 
(2, 5) (2, 6) (2, 7) (2, 9)  
(3, 3) (3, 4) (3, 5) (3, 6) (3, 7) 
(3,9)} ...(2)

 From (1) & (2), LHS = RHS Hence verified 
(iii) (A × B) ∩ (B × A) = (A ∩ B) × (B ∩ A)

  (A × B) =  {(1, 4) (1, 5) (1, 6) (1, 7) 
(2, 4) (2, 5) (2, 6) (2, 7) (3, 4) 
(3, 5) (3, 6) (3, 7)}

  (B × A) = {(4, 1) (4, 2) (4, 3) (5, 1)  
    (5, 2) (5, 3) (6, 1) (6, 2) (6, 3) 
    (7, 1) (7, 2) (7, 3)}
  LHS = (A × B) ∩ (B × A) = { } ...(1)
  (A ∩ B) = { }, (B ∩ A)= { }
  ∴ RHS = (A ∩ B) × (B ∩ A) ={ } ...(2)
 From (1) and (2), LHS  = RHS

(iv) C – (B – A) = (C ∩ A) ∪ (C ∩ B′)
   B – A = {4, 5, 6, 7}
  LHS = C – (B – A) = {3, 9} ...(1)
  C ∩ A = {3}
  B′ = {1, 2, 3, 9}
  C ∩ B′ = {3, 9}
  RHS = (C ∩ A) ∪ (C ∩ B′) 
   = {3, 9} ...(2)
  From (1) and (2), LHS = RHS
 (v) (B – A) ∩ C = (B ∩ C) – A = B ∩ (C – A)
  B – A = {4, 5, 6, 7}
  (B – A) ∩ C = {4, 5}   ...(1)
  B ∩ C = {4, 5}
  (B ∩ C) – A = {4, 5} ...(2)

3. State whether the following sets are finite or 
infinite.
(i) {x ∈ N : x is an even prime number} 
(ii) {x ∈ N : x is an odd prime number}
(iii) {x ∈ Z : x is even and less than 10}
(iv) {x ∈ R : x is a rational number}
(v) {x ∈ N : x is a rational number}

Sol :  (i) {x ∈ N : x is an even prime number}
   Let A = {x ∈ N: x is an even prime number}
 ⇒ A =  {2} ⇒ A is a finite set.

(ii)  {x ∈ N : x is an odd prime number}
  Let B = {x∈ N: x is an odd prime number}
 ⇒ B = {1, 3, 5, 7, 11, .....} 
 ⇒  B is an infinite set.

(iii)  {x ∈ Z : x is even and less than 10}
  Let C = {x ∈ Z: x is even and < 10}
 ⇒ C ={...–4, –2, 0, 2, 4, 6, 8}. C is a infinite set.

(iv)  {x ∈ R : x is a rational number}
    Let D = {x ∈ R: x is a rational number}
 ⇒     D = {set of all rational number}
 ⇒ D is an infinite set.

(v)  {x ∈ N : x is a rational number}
  Let N = {x ∈ N: x is a rational number}

 ⇒  N	 = 
1
1

2
1

3
1

4
1

, , , ,...∞{ }  

 ⇒ N is an infinite set.

4. By taking suitable sets A, B, C, verify the following 
results:  
(i) A × (B ∩ C) = (A × B) ∩ (A × C) 
(ii) A × (B ∪ C) = (A × B) ∪ (A × C)
(iii) (A × B) ∩ (B × A) = (A ∩ B) × (B ∩ A)
(iv) C – (B – A) = (C ∩ A) ∪ (C ∩ B′)
(v) (B – A) ∩ C = (B ∩ C) – A = B ∩ (C – A)
(vi) (B – A) ∪ C = (B ∪ C) – (A – C)

Sol :  (i) A × (B ∩ C) = (A × B) ∩ (A × C)
  Let A = {1, 2, 3}, B = (4, 5, 6, 7} 
  C = {3,4,5,9}
  and U = {1, 2, 3, 4, 5, 6, 7, 9}
  LHS = A × (B ∩ C)
   = A × {4, 5} [ B ∩ C = {4,5}]
  = {1, 2, 3} × {4, 5}
  = {(1, 4) (1, 5) (2, 4) (2, 5) (3, 4) (3, 5)} ...(1)
 A × B = {1, 2, 3} × {4, 5, 6, 7}
  = {(1, 4) (1, 5) (1, 6) (1, 7) (2, 4) (2, 5) (2, 6) 
 (2, 7) (3, 4) (3, 5) (3, 6) (3, 7)}
 A × C = {1, 2, 3} × {3, 4, 5, 9}
  = {(1, 3) (1, 4) (1, 5) (1, 9) (2, 3) (2, 4) (2, 5) 
 (2, 9) (3, 3) (3, 4) (3, 5) (3, 9)}
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  C – A = {4, 5, 9}
  B ∩ (C – A) =  4, 5}  ...(3)
  From (1), (2) and (3), 
  (B – A) ∩ C = (B ∩ C) – A = B ∩ (C – A).

(vi) (B – A) ∪ C = (B ∪ C) – (A – C)
  B – A = {4, 5, 6, 7}
  (B – A) ∪ C = {3, 4, 5, 6, 7, 9} ...(1)
  B ∪ C = {3, 4, 5, 6, 7, 9}
  A – C = {1, 2}
 (B ∪ C) – (A – C) = {3, 4, 5, 6, 7, 9}  ...(2)
 From (1) and (2), (B – A) ∪ C = (B ∪ C) – (A – C)
 Hence verified.

5. Justify the trueness of the statement “An element 
of a set can never be a subset of itself”.

Sol :  Let P = {a, b, c, d}.
 Each and every element of the set P can be a subset 

of the set itself
 Eg : {a}, {b}, {c}, {d}.
 Hence, the given statement is not true.
6. If n (p(A)) = 1024, n (A ∪ B) = 15 and n (P(B)) = 32, 

then find n (A ∩ B).
Sol :   Given n(P(A)) = 1024 = 210   [∴ If
 ⇒  n(A) = 10               n(A) = n, then
  n(P(B)) = 32 = 25           n(P(A)) = 2n]
 ⇒  n(B) = 5.
 We know that,
  n (A ∪ B) = n(A) + n(B) – n(A ∩ B)
 ⇒  15 = 10 + 5 – n(A ∩ B)
 ⇒  n(A ∩ B) = 0.

7. If n(A ∩ B) = 3 and n(A ∪ B) = 10, then find  
n (P(A Δ B)) [Qy. - 2018; CRT - 2022]

Sol :  We know that n(A ∪ B) = n(A – B) + n(B – A) + 
n(A ∩ B) if A and B are not disjoint.

 ⇒ n(A – B) + n(B – A) = n(A ∪ B) – n(A ∩ B)
 ⇒ n(A Δ B) = 10 – 3
 ⇒ ∴ n(A Δ B) = 7
  ∴n[P(A Δ B)] = 27 = 128.

8. For a set A, A × A contains 16 elements and two of 
its elements are (1, 3) and (0, 2). Find the elements 
of A.

Sol :  Since A × A contains 16 elements, then A must have 
4 elements

 ⇒ n(A) = 4.
 The elements of A × A are (1, 3) and (0, 2)
 ∴ The possibilities of elements of A are {0, 1, 2, 3}

9. Let A and B be two sets such that n(A) = 3 and 
n(B) = 2. If (x, 1) (y, 2) (z, 1) are in A × B, find A and 
B, where x, y, z are distinct elements. [Hy. - 2018]

Sol :    Given A × B = {(x, 1) (y, 2) (z, 1)}
   Since n(A) = 3 and n(B) = 2,
 A × B will have 6 elements.
 The remaining elements of A × B will be  

(x, 2) (y, 1) (z, 2)
  ∴ A × B = {(x, 1) (y, 2) (z, 1) (x, 2)(y, 1) (z, 2)}
  ∴A = {x, y, z} and B = {1, 2}

10. If A × A has 16 elements, S = {(a, b) ∈ A × A:  
a < b}; (–1, 2) and (0, 1) are two elements of S, 
then find the remaining elements of S.

  [Qy. - 2018; June - 2019]

Sol :   n(A × A) = 16 ⇒ n(A) = 4.
  Given S = {(a, b) ∈ A × A: a < b}
  ∴ A = {–1,0, 1, 2}.
  A × A = {(–1, –1) (–1, 0) (–1, 1)  
    (–1, 2)(0, –1),(0,0) (0,1) 
    (0,2) (1, –1)  (1, 0)(1, 1)  
    (1, 2) (2, –1)(2, 0) (2, 1) 
    (2, 2)}
  Now, S = {(–1, 0) (–1, 1) (–1, 2) (0, 1) 
    (0, 2) (1,2)}
  ∴ The remaining elements of S are (–1, 0) (–1, 1)  

(0, 2) (1,2)

ExErcisE 1.2
1. Discuss the following relations for reflexivity, 

Symmetric and Transitive  :
 (i) The relation R defined on the set of all 

positive integers by “mRn if m divides n”.
 (ii)  Let P denote the set of all straight lines in a 

plane. The relation R defined by “lRm if l is 
perpendicular to m”. [Qy. - 2019]

 (iii) Let A be the set consisting of all the members 
of a family. The relation R defined by “aRb 
if a is not a sister of b”.

 (iv) Let A be the set consisting of all the female 
members of a family. The relation R defined 
by “aRb if a is not a sister of b”.

 (v) On the set of natural numbers the relation 
R defined by “xRy if x + 2y = 1”.

Sol :  (i)  The relation R defined on the set of all 
positive integers by “mRn” if m divides n”.

  Given relation is “mRn if m divides n”.
  Reflexive :   mRm since m divides m for all 

positive integers m.
     ∴ R is reflexive.
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  Symmetric  : mRn ≠ nRm.
      m divides n ⇒ 4 divides  

2  ≠ 2 divides 4.
     ∴ R is not symmetric
  Transitive :  mRn and nRp ⇒ mRp.
      m divides n and n divides p 

then m divides p.
     [For eg : 4 divides 2, 2 divides  
     8, then4 divides 8]
    ∴ R is transitive.
  ∴ R is reflexive, not symmetric and transitive.
 (ii)  Let P denote the set of all straight lines in a 

plane. The relation R defined by “lRm if l is 
perpendicular to m”.

   Let l, m, n ∈ p.
  Reflexive :  We cannot say l is perpendicular 

to l itself. 
     ∴ l R  l ⇒ R is not reflexive.
  Symmetric  :  lRm ⇒ mRl
      l is perpendicular to m = m is 

perpendicular to l
     ∴ R is symmetric
  Transitive  : lRm and mRn ≠ lRn.
      l is perpendicular to m and m is 

perpendicular to n. 
  ⇒  l is not perpendicular to n.
     ∴ R is not transitive.
  ⇒   R is only symmetric.
 (iii) Let A be the set consisting of all the members of 

a family. The relation R defined by “aRb if a is 
not a sister of b”.

   Given relation is “aRb if a is not a sister of b”. and 
a, b, c ∈A.

  Reflexive : aRa ⇒ a is not a sister of a 
    ∴ R is reflexive.
  Symmetric  : aRb ≠ bRa
     a is not a sister of b but b may be 

a sister of a 
    ∴ R is not symmetric.
  Transitive   :  aRb and bRc  ≠  aRc
     a is not a sister of b and b is not a 

sister of c, but a  may be a sister 
of c.

    ∴ R is not transitive.
    ∴ R is only reflexive.
 (iv)  Let A be the set consisting of all the female 

members of a family. The relation R defined by 
“aRb if a is not a sister of b”.

   Given relation is aRb if a is not a sister of b.
  Let a, b, c  ∈ A.

  Reflexive : aRa ⇒ a is not a sister of a 
    ∴ R is reflexive.
  Symmetric :  aRb ⇒ bRa
     a is not a sister of b ⇒ b is not a 

sister of a.
    ∴ R is symmetric.
  Transitive :  aRb and bRc ≠ aRc
     a is not a sister of b, b is not a 

sister of c does not imply a is not 
a sister of c. [Eg :Mother is not a 
sister of daughter, daughter is not 
a sister of chithi, but mother is a 
sister of  chithi.]

    ∴ R is not transitive.
     ∴ R is reflexive, symmetric and 

not transitive.
 (v)  On the set of natural numbers, the relation R is 

defined by “xRy if x + 2y = 1”.
    The relation R is defined by xRy if x + 2y = 1 for 

x, y ∈ N.
  Reflexive : Let x ∈ N
    xRx ⇒ x + 2x = 1

    ⇒ 3x = 1 ⇒ x = 
1
3

 ∉ N

    ∴ R is not reflexive.
  Symmetric  : R  is an empty relation.
    ∴ R is symmetric (by definition)
  Transitive   :  R  is an empty relation.
    ∴ R is transitive. (by definition)
 ∴ R is an empty set; not reflexive; symmetric; transitive.

2. Let X = {a, b, c, d}, and R = {(a, a) (b, b) (a, c)}. 
Write down the minimum number of ordered 
pairs to be included to R to make it 
(i) reflexive  (ii) symmetric 
(iii) transitive  (iv) equivalence.

Sol :   Given X = {a, b, c, d} and R = {(a, a) (b, b) (a, c)}
 (i)  To make the relation R reflexive we must have  

(c, c) and (d, d) ∈ R
    ∴ Minimum number of ordered pairs to be 

included to R to make it reflexive is (c, c) and  
(d, d)

 (ii)  To make R symmetric, we must have (c, a) ∈ R
     ∴ Minimum number of ordered pairs to be 

included to R to make it symmetric is (c, a).
 (iii)  R is transitive.
    ∴ Nothing need to be included.
  (iv)  Minimum number of ordered pairs to be 

included to make R equivalence is (c, c)  
(d, d) (c, a).
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3. Let A = {a, b, c}, and R = {(a, a) (b, b) (a, c)}. Write 
down the minimum number of ordered pairs to 
be included to R to make it
(i) reflexive  (ii) symmetric  
(iii) transitive  (iv) equivalence.

Sol :  (i)  The ordered pairs (c, c) should be included to 
R to make it reflexive.

   ∴ Minimum number of ordered pair is (c, c)
 (ii)  The ordered pairs (c,a) should be included to 

R to make it symmetric.
   ∴ Minimum number of ordered pair is (c, a).
 (iii)  The relation is transitive.
   ∴ Nothing needs to included.
 (iv)  The ordered pairs (c, c) and (c, a) should be 

included to R to make it equivalence.
   ∴ Minimum number of ordered pairs are  

(c, c) and (c, a).
4. Let P be the set of all triangles in a plane and R be 

the relation defined on P as aRb if a is similar to b. 
Prove that R is an equivalence relation.

Sol :  Let P be the set of all triangles in a plane and R is 
defined as aRb if a is similar to b.

 Let a, b, c ∈ P.
 Reflexive :  aRa ⇒ a is similar to a for all a ∈ P.

    ∴ R is reflexive
 Symmetric : aRb ⇒ bRa
     a is similar to b 
    ⇒ b is similar  to a for all a, b ∈ P.
 Transitive  : aRb, and bRc ⇒ aRc.
     a is similar to b and b is similar to c
 ⇒ a is similar to c.
 Hence R is an equivalence relation.
5. On the set of natural numbers let R be the relation 

defined by aRb if 2a + 3b = 30. Write down the 
relation by listing all the pairs. Check whether it is 
(i) reflexive   (ii) symmetric 
(iii) transitive   (iv) equivalence.

Sol :  Given relation is 2a + 3b = 30 for all a, b ∈ N.
  2a + 3b = 30       ⇒  2a = 30 – 3b

 ⇒ a = 30 3
2
− b

a 12 9 6 3
b 2 4 6 8

 ∴ The list of ordered pairs are (12, 2) (9, 4) (6, 6) 
(3, 8)

 (i) Reflexive :  (12, 12) ∉ R ⇒ R is not 
reflexive.

 (ii) Symmetric : (9, 4) ∈ R but (4, 9) ∉R
    ∴ R is not symmetric
 (iii) Transitive  : Clearly R is transitive.
 [ (a, b) (b, c) ∉R]
 (iv)  R is not an equivalence relation.
6. Prove that the relation “friendship” is not an 

equivalence relation on the set of all people in 
Chennai. 

Sol :  Let a, b, c are people in Chennai
 Reflexive :  “a” is a friend of “a” ⇒ a R  a. 

 ⇒ R is not reflexive.
 Symmetric :   a is friend of b ⇒ b is the friend of a.
   ∴aRb ⇒ bRa ⇒ R is symmetric
 Transitive  :  a is the friend of b and b is the friend of 

c ⇒ a need not be the friend of c.
   ∴aRb ⇒ bRc ≠ aRc ⇒ R is not 

transitive
 Hence, the relation “friendship” is not equivalent.
7. On the set of natural number let R be the relation 

defined by aRb if a + b ≤ 6. Write down the relation 
by listing all the pairs. Check whether it is 
(i) reflexive   (ii) symmetric 
(iii) transitive  (iv) equivalence.

Sol :  The relation is defined by aRb if a + b ≤ 6 for all a, 
b ∈ N. a + b ≤ 6 ⇒ a ≤ 6 – b

a 1 1 1 1 1 2 2 2 2 3 3 3 4 4 5
b 1 2 3 4 5 1 2 3 4 1 2 3 1 2 1

  ∴ The list of ordered pairs are (1, 1) (1, 2) (1, 3) (1, 4)  
(1, 5), (2, 1), (2, 2), (2,3), (2,4), (3,1), (3,2), (3,3), 
(4,1), (4,2),(5, 1)

(i) Reflexive :   R is not reflexive since (4, 4) ∉ R.
(ii) Symmetric : (1, 5) ∈ R ⇒ (5, 1) ∈ R 
   (2, 4) ∈ R ⇒ (4, 2) ∈ R
   (1, 2) ∈ R ⇒ (2, 1) ∈ R
   (1, 3) ∈ R ⇒ (3, 1) ∈ R
   (1, 4) ∈ R ⇒ (4, 1) ∈ R
   (2, 3) ∈ R	⇒ (3, 2) ∈ R
   ∴ R is symmetric
(iii) Transitive   :   (3, 1) ∈ R	and (1, 5) ∈ R 
   ⇒ (3, 5) ∉ R
   ∴ R is not transitive.
(iv) R is not an equivalence relation.
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8. Let A = {a, b, c}. What is the equivalence relation 
of smallest cardinality on A? What is the 
equivalence relation of largest cardinality on A? 

Sol :  Given A = {a, b,c}
 (i) Let R ={(a, a) (b, b) (c,c)}
  R is reflexive
   R is symmetric  [ (a, b) ∉R ⇒ (b, a) ∉R] and 

R is transitive [ (a, b) (b, c) ∉R ⇒ (a, c) ∉R] 
R is an equivalence relation.

   This is the equivalence relation of smallest 
cardinality on A.

  ∴n (R) = 3
 (ii) Let R ={(a, a) (a, b) (a,c) (b,a) (b, b)(b, c)(c, a) 
 (c, b) (c,c)}
  R is reflexive since (a, a) (b, b) and (c, c) ∈R
  R is symmetric since (a, b)∈R ⇒ (b, a) ∈R
  (b, c)∈R ⇒ (c, b) ∈R
  (c, a)∈R ⇒ (a, c) ∈R
  R is also transitive since (a, b) (b, c) ∈R 
  ⇒ (a, c) ∈R
   Hence R is are equivalence relation of largest 

cardinality on A.
  ∴n (R) = 9
9. In the set Z of integers, define mRn if m – n is 

divisible by 7. Prove that R is an equivalence 
relation. [Sep. - 2020]

Sol :   As m – m = 0,
 m – m is divisible by 7 ⇒ mRm
 ∴ R is reflexive. 
 Let mRn.
  Then m – n = 7k for some integer k
  Thus n – m = 7 (–k) and hence nRm
 ∴ R is symmetric.
 Let mRn and nRp
 ⇒  m – n = 7k and n – p = 7l 
 ⇒  m = 7k + n  and
   – p = 7l – n for some integers k and l

  so m – p = 7k + n  + 7l – n
 ⇒  m – p = 7 (k + l) ⇒ mRp
 ∴ R is transitive.
 Thus, R is an equivalence relation.

ExErcisE 1.3
1. Suppose that 120 students are studying in 4 

sections of eleventh standard in a school. Let A 
denote the set of students and B denote the set of 
the sections. Define a relation from A to B as “x 
related to y if the student x belongs to the section 
y”. Is this relation a function? What can you say 
about the inverse relation? Explain your answer.

Sol :  Given n(A) = 120, n(B) = 4

  
1
2
3
4
.
.
.
.

120

P

Q

R

S

A B  

 xRy is the student x belongs to the section y.
  This relation is a function since every student of set A 

will be mapped on to some section in B.
 ∴ f is a function from A → B.
 The inverse relation is f –1: B → A.
  The inverse relation is not a function since one 

section will have more than one student.
2. Write the values of f at –4, 1, –2, 7, 0 if

 f x

x x

x x

x x x

x x x

( ) =

− + −∞ < ≤ −
+ − < < −

− − ≤ <

− ≤ <

4 if 3
4 if 3 2

if 2 1

if 1 7
0, oth

2

2

eerwise



























 [Aug. - 2022]

Sol :  Now f(–4) = 4 + 4 = 8 [ f (x) = – x + 4 when x = – 4]
  f (1) = 1 – 12 [ f (x) = x – x2 when x = 1]
  f (1) = 0
  f (–2) = (–2)2 – (–2) = 4 + 2 = 6
 [ f (x) = x2 – x when x = –2]
  f (7) = 0 [ f (x) = 0 when x = 7]
  f (0) = 02 – 0  = 0.[ f (x) = x2 – x when x = 0]
  ∴ f (–4) = 8, f (1) = 0,
   f (–2) = 6, f (7) = 0 and f (0) = 0

3. Write the values of f at –3, 5, 2, –1, 0 if [Hy. - 2019]

         f x

x x x

x x x

x x

x

( )

,

=

+ − ∈ −∞

+ − ∈ ∞

∈

−

2

2

2

2

5 if ( , 0)

3 2 if (3, )

if (0, 2)

3 Otherwwise

























 [First Mid - 2018; 
 Sep. - 2021; 

 CRT - 2022]
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Sol :   f (–3) = (–3)2 – 3 –5 = 9 – 3 –5  = 9 – 8 = 1
  [ f (x) = x2 + x – 5 when x = –3]
 f (5) = 52 + 3(5) – 2 = 25 + 15 – 2 = 38
 [ f (x) = x2 + 3x – 2 when x = 5]
 f (2) = 22 – 3 = 4 – 3 = 1
 [ f (x) = x2 – 3 when x = 2]
 f (–1) = (–1)2 + (–1) – 5 = 1  – 1  – 5 = –5
 [ f (x) = x2 + x – 5 when x = –1]
   f (0) = 02 – 3 = –3
 [ f (x) = x2 – 3 when x = 0]
 ∴ f (–3) = 1, f (5) = 38,
  f (2) = 1, f (–1) = –5, f (0) = –3
4. State whether the following relations are functions 

or not. If it is a function check for one-to-oneness 
and ontoness . If it is not a function state why?
(i) If A = {a, b, c} and f = {(a, c) (b, c) (c, b)} : 

(f : A → A).
(ii) If X = {x, y, z} and f = {(x, y) (x, z) (z, x)}:  

(f : X → X)
Sol :  (i)  If A = {a, b, c} and f = {(a, c) (b, c) (c, b)} 

(f : A → A).
 Given f : A → A

    
a

b

c

a

b

c

f

A A
 

This is a function. Since 
different elements of A does 
not have different images in 
A.

∴ f is not one-one.
 Here 
  Co-domain = {a, b, c}
  But Range  = {b, c}
 f is not onto since co-domain ≠ Range.

(ii) If X = {x, y, z} and f = {(x, y) (x, z) (z, x)}:  
(f : X → X)
Given f : X → X

x
y
z

x
y
z

X

f

X
 f is not a function 
since the element 
x have two images 
namely y and z.

5. Let A = {1, 2, 3, 4} and B = {a, b, c, d}. Give a 
function from A → B for each of the following :
(i) neither one- to -one nor onto. 
(ii) not one-to-one but onto.
(iii) one-to-one but not onto.
(iv) one-to-one and onto.

Sol :  (i) neither one- to -one nor onto.

1

2

3

4

a

b

c

d

A B

f

 Let f = {(1, b) (2, b) (3, c) (4, c)}
  Different elements in A does not have 

different images in B
 ∴ f is not one-one
 Now, Co-domain = {a, b, c, d}, 
 Range = {b, c} 
 Co-domain ≠ range
 ∴ f is not onto. 
 Hence f is neither one-one and nor onto.
 (ii) not one-to-one but onto.

 Given A = {1, 2, 3, 4}, and B = {a, b, c, d}
 Let f  : A → B.
 The function does not exist for not one-one 

but onto.
 Since f : A → B, f is onto 
 ⇒ f must be one one since n(A) = n(B)
(iii) one-to-one but not onto.

  The function does not exist for one-to-one but 
not onto.

  Since f : A→ B, f is one-one ⇒ f must be onto
 [ n(A) = n(B)]

(iv) one-to-one and onto.

  

1

2

3

4

a

b

c

d

A B
f

 Let f: A → B defined by 
 f = {(1, a) (2, b) (3, c) (4, d)}
 Here different elements have different images
 ∴ f is one-to-one.
 Also Co-domain = {a, b, c, d} = Range.
 ∴ f is onto.
 ∴ f is one-to-one and onto.

6. Find the domain of
1

1 2sin− x
. [Sep. 2020; Hy. - 2019]

Sol :    Let f (x) = 1
1 2− sin x

.
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 When the denominator is 0,
   1 – 2 sin x  = 0    ⇒1 = 2sin x

 ⇒ sin x = 
1
2

 ⇒ sin x = sin 
π
6

 ⇒ x = nπ + (–1)n π
6

, n ∈Z

 [ sin x = sin α ⇒ x = nπ + (–1)n α, n ∈Z]

 Domain of f (x) is R – n np
p

+ -( ){ }1 6
, n ∈Z

7. Find the largest possible domain of the real valued 

function f (x) = 
4

9

2

2

−

−

x

x
.

Sol :  Given f (x) = 
4

9

2

2

−

−

x

x
.

  When x = 2, f (x) = 0
  When x = –2, f (x) = 0
  For all the other values, we get negative value in the 

square root which is not possible.
  ∴ Domain = ϕ

8. Find the range of the function  
1

2cos 1x −
. 

  [Govt. MQP - 2018; June - 2019]

Sol :  Range of cosine function is –1 ≤ cos x ≤ 1.
 ⇒ –2 ≤ 2 cos x ≤ 2 (Multiplied by 2)
 ⇒ –2  –1 ≤ 2 cos x – 1 ≤ 2 – 1
 ⇒ –3 ≤ 2 cos x – 1 ≤ 1 

 ⇒ 
− ≥

−
≥1

3
1

2 1
1
1cos x

⇒ 
−1
3

≥ f (x) ≥ 1

 ∴ Range of f (x) is −∞ − 





∪ ∞, [ , )1
3

1  

9. Show that the relation xy = –2 is a function for a 
suitable domain. Find the domain and the range 
of the function.

Sol :  Given relation is xy = –2.

 ⇒  x = − 2
y

  Now f (x1) = f (x2) ⇒ − = −2 2

1 2y y

 ⇒  − =1 1

1 2y y = − =1 1

1 2y y    ⇒ y1 = y2

 ∴ f is a one-one function
 The element 0 ∈ the domain will not have the image.
 ∴ Domain = R – {0} and Range = R – {0}.

10. If f, g : R → R are defined by f (x) = |x| + x and  
g(x) = |x| – x , find g o f and f o g. [March - 2020]

Sol :   Given f (x) = |x| + x 

   = 
x x x x

x x x
+ = ≥

− + = <




2 0
0 0

if
if

  g (x) = |x| – x 

   = 
x x x

x x x x
− = ≥

− − = − <




0 0
2 0

if
if

  Now, fog (x) = f (g(x)) 

   = 
f x

f x x
0 0

2 0
( ) ≥

−( ) <




if
if

 ⇒ fog (x) = 
2 0 0 0

0 0
× = ≥

<




if
if

x
x

 

  ∴ fog (x) = 0 for all x ∈ R.

  and gof  (x) = g(f (x)) = 
g x x

g x
2 0

0 0
( ) ≥

( ) <




if
if

 ⇒ gof  (x) = 
0 0
0 0

if
if

x
x

≥
<





 

 ⇒ gof (x) = 0 for all x ∈ R.
11. If f, g, h are real valued functions defined on R, 

then prove that (f + g) oh = f o h+ g o h. What can 
you say about f o (g + h)? Justify your answer.

Sol :  (i) Since f, g, h are functions from R	→ R,
 (f + g) oh: R → R and foh + goh: R → R. 
 For any x ∈ R, 
 [(f + g) oh] (x) = (f + g) (h(x)) 
   = f (h(x)) + g(h(x))
   = foh(x) + goh(x)
  ∴ (f + g)oh = foh + goh
 (ii) Also fo(g + h) = f [(g + h)(x)] for any x ∈ R
   = f [g(x) + h(x)] = f(g(x) + f(h(x))
   = fog(x) + foh(x).
  ∴fo(g + h) = fog(x) + foh(x).
12. If f : R → R is defined by f(x) = 3x – 5, prove that 

f is a bijection and find its inverse.
 [Govt.MQP & Qy. - 2018]

Sol :   Let y = 3x – 5.

 ⇒  y + 5 = 3x ⇒ 
y + 5

3
 = x.

  Let g(y) = y + 5
3

.

  gof (x) = g( f (x)) = g(3x – 5) 
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  Also fog(y) = f (g(y)) = f y +
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3

 

   = 3 y +
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3

–5 = y + 5 – 5 = y.

  Thus gof(x) = Ix and fog(y) = Iy.
 Where I is identify function.
  This implies that f and g are bijections and inverses 

to each other.

 Hence f is a bijection and f –1(y) = 
y + 5

3
.

 Replacing y by x we get,f –1(x) = 
x + 5

3
13. The weight of the muscles of a man is a function 

of his body weight x and can be expressed as  
W(x) = 0.35x. Determine the domain of this 
function.

Sol :   Given W(x) = 0.35x 
 (Note that x is positive real numbers)
  W(0) = 0, W(1) = 0.35,
  W(2) = 7, W(∞) = ∞
  Since x denotes the number of men, it will take only 

positive integers.
  ∴W = W →R+

  Hence the domain is the set of whole numbers. (or)  
x > 0.

14. The distance of an object falling is a function of 
time t and can be expressed as s(t) = –16t2. Graph 
the function and determine if it is one-to-one.

Sol :   Given s(t) = –16t2
  Now, s(t1) = s(t2) 
 ⇒  –16t1

2 = –16t2
2 ⇒ t1

2 = t2
2

 ⇒  ± t1 = ± t2
  Since s(t1) = s(t2) ≠ t1 = t2, 
 the function s(t) is not one-one.
  Graph of s(t) = –16t2 

  Let X - axis represents the time and Y - axis 
represents the distance.
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15. The total cost of airfare on a given route is 
comprised of the base cost C and the fuel 
surcharge S in rupee. Both C and S are functions 
of the mileage m; C(m) = 0.4 m + 50 and  
S(m) = 0.03 m. Determine a function for the total 
cost of a ticket  in terms of the mileage and find 
the airfare for flying 1600 miles.

Sol :  Given base cost function and fuel surcharge function 
are as follows:

  c(m) = 0.4 m + 50
  and s(m) = 0.03 m.
  ∴ Total cost of a ticket = c(m) + s(m)
  ∴ f (x) = 0.4 m + 50 + 0.03 m
  Total cost = 0.43 m + 50
  Given m = 1600 miles
  Airfare for flying 1600 miles = 0.43(1600) +50 
   = `738

16. A salesperson whose annual earnings can be 
represented by the function A(x) = 30,000 + 0.04x, 
where x is the rupee value of the merchandise he 
sells. His son is also in sales and his earnings are 
represented by the function S(x) = 25,000 + 0.05x. 
Find (A + S) (x) and determine the total family 
income if they each sell `1,50,00,000 worth of 
merchandise.

Sol :   Given A(x) = 30,000 + 0.04 x
  S(x) = 25,000 + 0.05 x.
  ∴(A + S) (x) = 30,000 + 0.04x + 25,000 + 0.05x
   = 55,000 + 0.09x
  Given x = `1,50,00,000
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 Then Family income is = 55,000 + 0.09 (1,50,00,000)
   = 55,000 + 13,50,000
   = 14,05,000.
Hence total family income = ` 14,05,000.

17. The function for exchanging American 
dollars for Singapore Dollar on a given day is  
f (x) = 1.23x, where x represents the number of 
American dollars. On the same day the function 
for exchanging Singapore Dollar to Indian Rupee 
is g(y) = 50.50y, where y represents the number 
of Singapore dollars. Write a function which will 
give the exchange rate of American dollars in 
terms of Indian rupee.

Sol :  Given f (x) = 1.23x where x represents the number 
of American dollars and g(y) = 50.50y where  
y represents the number of Singapore dollars. 

American
dollars

Singapore
dollars

f (x) g(x)

1.23x 50.50y

Indian
rupees

 To convert American dollars to Indian rupees, we 
have to find out go f (x)

  ∴ go f(x) = g(f(x)) = g(1.23x)
   = 50.50[1.23x] = 62.115x
 ∴The function for exchange rate of American 

dollars in terms of Indian rupee is gof(x) = 62.115x.
18. The owner of a small restaurant can prepare 

a particular meal at a cost of Rupees 100. He 
estimates that if the menu price of the meal is x 
rupees, then the number of customers who will 
order that meal at that price in an evening is 
given by the function D(x) = 200 – x. Express his 
day  revenue, total cost and profit on this meal as 
a function of x.

Sol :  Number of customers = 200 – x
   Cost of one meal = `100
   Total cost = 100 (200 – x)
   Revenue on one meal = x
   Total  revenue = x (200 – x)
   Profit = Revenue – Cost 
    = ` x(200 – x) –100 (200 – x)
19. The formula for converting from Fahrenheit to 

Celsius temperatures is y
x= −5

9
160

9
. Find the 

inverse of this function and determine whether 
the inverse is also a function.

Sol :    Let f(x) = 5 160
9

x −

 Given y = 
5
9

160
9

x − ⇒  y = 
5 160

9
x −

  Then 9y = 5x – 160 

 ⇒ 5x = 9y + 160⇒ x = 
9 160

5
y +

  Let g(y) = 
9 160

5
y +

.

 Now  gof(x) =  g[f (x)] = g x5 160
9
−





   = 
=

−





+
= − + = =

9 5 160
9

160

5
5 160 160

5
5
5

x
x x x

   = =

−





+
= − + = =

9 5 160
9

160

5
5 160 160

5
5
5

x
x x x

 and   fog(y) = f(g(y)) = f y9 160
5
+



  

 = =

+





−
= + − =

5 9 160
5

160

9
9 160 160

9

y
y y = =

+





−
= + − =

5 9 160
5

160

9
9 160 160

9

y
y y

 Thus gof = Ix and fog = Iy.
  This implies that f and g are bijections and inverses to 

each other.

 ⇒  f  –1(y) = 
9 160

5
y +

Replacing y by x, we get f –1(x) = 
9 160

5
x +

= 
9
5
x

 + 32

 ∴ The inverse function is bijection.
20. A simple cipher takes a number and codes it, using 

the function f(x) = 3x – 4. Find the inverse of this 
function, determine whether the inverse is also 
a function and verify the symmetrical property 
about the line y = x (by drawing the lines).

Sol :  Given f (x) = 3x – 4
  Let y = 3x – 4 ⇒ y + 4 = 3x

 ⇒  x = y + 4
3

  Let g(y) = 
y + 4

3
.

 Now gof (x) = g(f(x)) = g(3x – 4) 

   = 
3 4 4

3
3
3

x x x− + = =

  and fog (y) = f (g(y)) = f y +





4
3

   = 3 4
3

y +





–4 = y + 4 – 4 = y
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CombinatoriCs 
and mathematiCal 

induCtion
04

MUST KNOW DEFINITIONS
Factorial : The continuous product of first ‘n’ natural numbers is called the “n 

factorial” and is denoted by n! or ∠n.

Fundamental principle of multiplication : If there are two jobs such that one of them can be completed in m 
ways, second job can be completed in n ways, then the two jobs 
together can be completed in mn ways.

Fundamental principle of addition : If there are two jobs such that they can be performed independently 
in m and n ways, then either of the two jobs can be performed in 
(m + n) ways.

Permutations : Each of the arrangements which can be made by taking some or 
all of a number of things is called a permutation.

Combinations : Each of the different selections made by taking some or all of a 
number of objects, irrespective of their arrangements is called a 
combination.

Mathematical statements : Statements involving mathematical relations are known as the 
mathematical statements.

Mathematical Induction : Mathematical induction is a mathematical technique which is used 
to prove a statement is true for every natural number..

Formulae to remember : 1. n! = n(n – 1) (n – 2) . . . 3.2.1
2. n! = n(n – 1)!
3. 0! = 1 and 1! = 1
4. nPr =  n(n – 1) (n – 2) . . . (n – (r + 1)) 

5.  nPr = P(n, r) = 
n

n r
!

( )!−

6. The number of permutations of n distinct things, taken all at 
a time is n!
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7. The number of permutations of n things, of which p1 are 
alike of one kind, p2 are alike of second kind, p3 are 

alike of third kind . . . pr are alike of rth kind such that  

p1 + p2 + . . . pr = n is n
p p pr

!
! !... !1 2

8. Number of ways of selecting r objects from n objects is 

nCr = C(n, r) = 
n

n r r
!

( )! !−

9. Properties of combinations : (i)   nCr = nCn–r for 0 ≤ r ≤ n

(ii)  nCx = nCy ⇒ x = y or x + y = n.
(iii) nCr + nCr–1 = n+1Cr where n and r are non-negative.

(iv) nCr =
n
r

n r× − −1 1C , 1 ≤ r ≤ n
(v)  n . n–1Cr–1 = (n – r + 1). nCr–1, 1 ≤ r ≤ n

10. Alogarithm for mathematical 
induction

: (i) Obtain p(n)

(ii) Prove that p(1) is true
(iii) Assume that p(m) is true.
(iv) Prove that p(m + 1) is true.

11. Relation between permutations and 
Combinations

:
nCr = nP

r
r

!

TEXTUAL QUESTIONS
ExErcisE 4.1

1. (i)  A person went to a restaurant for dinner. 
In the menu card, the person saw 10 Indian 
and 7 Chinese food items. In how many 
ways the person can select either an Indian 
or a Chinese food?

Sol :  The person can select 10 Indian food in 10 ways and 
7 Chinese food in 7 ways.

   By fundamental principle of addition, number of 
ways of selecting 10 Indian or 7 Chinese food is 
(10 + 7) = 17 ways.

(ii)  There are 3 types of toy car and 2 types of 
toy train are available in a shop. Find the 
number of ways a baby can buy a toy car 
and a toy train?

Sol :  Number of ways of buying a toy car from 3 types 
of car = 3

   Number of ways of buying a toy train from 2 types 
of train = 2.

   By fundamental principle of multiplication, 
number of ways of buying a toy car and a toy 
train = 3 × 2 = 6 ways.

(iii) How many two-digit numbers can be 
formed using 1, 2, 3, 4, 5 without repetition 
of digits?

Sol :  tens one’s
4 5

   The one’s place can be filled up in 5 ways using  
1, 2, 3, 4, 5 and tens place can be filled up in 4 ways.

    Number of two digit numbers using the digits  
1, 2, 3, 4, 5 is 4 × 5 = 20 ways.
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(iv) Three persons enter into a conference hall 
in which there are 10 seats. In how many 
ways they can take their seats?

Sol :  Number of ways of getting a seat for 1st person = 10
   Number of ways of getting a seat for 2nd person = 9
   Number of ways of getting a seat for 3rd person = 8
   By fundamental principle of multiplication, number 

of ways of getting seats for 3 persons in conference 
hall = 10 × 9 × 8 = 720 ways.

 (v)  In how many ways 5 persons can be seated 
in a row?

Sol :  To arrange 5 persons in a row, we need 5 place.
   Number of ways of 1st person can be seated in a 

row = 5
   Number of ways of 2nd person can be seated in a 

row = 4
   Number of ways of 3rd person can be seated in a 

row = 3
   Number of ways of 4th person can be seated  in a 

row = 2
   Number of ways of 5th person can be seated in a 

row = 1
  �Number of ways of 5 persons can be seated in a row 

= 5 × 4 × 3 × 2 × 1 = 5! = 120
2. (i)  A mobile phone has a passcode of 6 distinct 

digits. What is the maximum number 
of attempts one makes to retrieve the 
passcode?

Sol :  Since the pass code has 6 distinct digits, the first 
digit can be tried in 10 ways using 0, 1, 2, 3, 4, 5, 
6, 7, 8, 9.

   Similarly 2nd, 3rd, 4th, 5th and 6th digit can also be 
tried in 9, 8, 7, 6, 5 respectively.

  �Maximum number of attempts made to retrieve the 
pass code = 10 × 9 × 8 × 7 × 6 × 5

   = 151200.
(ii)	 Given	 four	 flags	 of	 different	 colours,	 how	

many different signals can be generated if 
each	 signal	 requires	 to	use	of	 	 three	flags,	
one below the other?

Sol :  The total number of signals is equal to the number 
of ways of filling 3 places in succession by 4 flags 
of different colours.

 The upper place can be filled in 4 ways, following 
which the next place can be filled in 3 ways and the 
lower place can be filled in 2 ways.

  Hence, by fundamental principle of multiplication, 
the required number of signals = 4 × 3 × 2 = 24.

3. Four children are running a race.
(i)	 In	how	many	ways	can	the	first	two	places	

be	filled?
(ii) In how many different ways could they 

finish	the	race?
Sol :  (i)	 	In	how	many	ways	can	the	first	two	place	be	

filled?
 First place can be given to any one of the 4 

children and second place can be given to any 
one of the 3 remain children.

 �The first two places can be filled in  
4 × 3 = 12 ways [By fundamental principle of 
multiplication]

(ii) In how many different ways could they 
finish	the	race?

 The race can be finished in 4 × 3 × 2 × 1 = 4! 
= 24 ways

4. Count the number of three – digit numbers which 
can be formed from the digits 2, 4, 6, 8 if 
(i)  repetitions of digits is allowed? 
(ii) repetitions of digits is not allowed?

Sol :  (i) repetition of digits is allowed 
hundreds tens unit

4 4 4
  The unit place can be filled in 4 ways.
   Since repetition is allowed, the tens place and 

hundreds place can also be filled in 4 ways 
each.

  �Total number of 3 digit numbers = 4 × 4 × 4  
= 64 ways 

(ii) repetition of digits is not allowed

hundreds tens unit
2 3 4

  The unit place can be filled in 4 ways.
   Since repetition of digits is not allowed, the 

tens place can be filled in 3 ways.
  Hundreds place can be filled in 2 ways.
    Total number of 3 - digit numbers without 

repetition = 4 × 3 × 2 = 24 ways
5. How many three-digit numbers are there with 3 

in the unit place?
(i) with repetition (ii) without repetition

Sol :  (i) with repetition

hundreds tens unit
9 10 1
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  The given digits are 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.
   The unit place can be filled in only one way 

using 3.
   Since repetition is allowed, the tens place 

can be filled in 10 ways using any one of the 
digits from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.

   The hundreds place can be filled in 9 ways 
using the digits 1, 2, 3, 4, 5, 6, 7, 8, 9 
(excluding 0)

  �By fundamental principle of multiplication, total 
number of 3 digit numbers = 9 × 10 × 1 = 90.

(ii) without repetition

hundreds tens unit
8 8 1

   The unit place can be filled in only one way 
using the digit 3.

   The hundreds place can be filled in 8 ways 
using the digits 1, 2, 3, 4, 5, 6, 7, 8, 9 
(excluding 0 and 3)

   Since repetition is not allowed and tens 
place can be filled in 8 ways (including 0 
and excluding the number used in hundred’s 
place)

  �By fundamental principle of multiplication, 
total number of 3 digit numbers = 8 × 8 × 1  
= 64

6. How many numbers are there between 100 and 
500 with the digits 0, 1, 2, 3, 4, 5 ? if
(i) repetition of digits allowed
(ii) the repetition of digits is not allowed

Sol :  (i) repetition of digit  is allowed

4 6 6

Since we are going to find numbers between 
100 and 500 it has 3  digits
The unit place can be filled in 6 ways using 
the digits 0, 1, 2, 3, 4, 5
The tens place also can be filled in 6 ways 
since repetition of digits is allowed.
The hundreds place can be filled in 4 ways 
using the digits 1, 2, 3, 4 [excluding 0 and 5]
By fundamental principle of multiplication, 
required number of 3-digit numbers 
= 4 × 6 × 6 = 144

(ii) Repetition of digits is not allowed.
 [Govt. MQP - 2018]

4 5 4

   Hundreds place can be filled in 4 ways 
excluding 0 and 5

  Tens place can be filled in 5 ways since 
repetition of digits is not allowed

  Unit place can be filled in 4 ways.
   By fundamental principle of multiplication, 

required number of three-digit numbers  
= 4 × 5 × 4 = 80.

7. How many three-digit odd numbers can be 
formed by using the digits 0, 1, 2, 3, 4, 5?  if 
(i)  the repetition of digits is not allowed 
(ii) the repetition of digits is allowed

Sol :  (i)  repetition of digits is not allowed
hundreds tens unit

4 4 3
   Since we need 3 – digit odd numbers, the unit 

place can be filled in 3 ways using the digits 
1, 3 or 5.

   Hundred’s place can be filled in 4 ways 
(excluding 0 and the number used for one’s 
place) since repetition is not allowed.

  Ten’s place can be filled 4 ways including 0.
   ∴ By fundamental principle of multiplication, 

number of required 3 digit odd numbers
  = 4 × 4 × 3 = 48

(ii) the repetition of digits is allowed

hundreds tens unit
5 6 3

   The unit place can be filled in 3 ways using 
the digits 1, 3, or 5 since we need 3 digit odd 
numeric. Hundreds place can be filled in 5 
ways excluding 0 and repetition of digits is 
allowed.

  Tens place can be filled in 6 ways.
   ∴ By fundamental principle of multiplication, 

required number of 3-digit odd numbers
  = 5 × 6 × 3 = 30 × 3 = 90.
8. Count the numbers between 999 and 10,000 

subject to the condition that there are
(i) no restriction. 
(ii)  no digit is repeated. 
(iii) at least one of the digits is repeated.

Sol :  (i)  no restriction.
   Given digits are 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.
   Since we need numbers between 999 and 

10000, it has only 4 digits.
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thous hun tens ones
9 10 10 10

   Thousands place can be filled in 9 ways 
(excluding 0) since there is no restriction, 
hundreds place, tens place and unit place can 
be filled in 10 ways each using all the digits.

   ∴ By fundamental principle of multiplication, 
required number of 4-digit numbers,

  = 9 × 10 × 10 × 10 = 9000.
(ii) no digit is repeated.

thous hun tens ones
9 7 8 9

   Thousands place can be filled in 9 ways  
(excluding 0)

   Since repetition is not allowed, unit place can 
be filled in 9 ways, tens place can be filled in 
8 ways and hundreds place can be filled in 7 
ways.

   ∴ By fundamental principle of multiplication, 
required number of 4 digit numbers

  = 9 × 7 × 8 × 9 = 4536.
(iii) at least one of the digits is repeated.

   Required number of 4 digit numbers = Total 
number of 4 digit numbers - number of 4 digit 
numbers when no digit is repeated

  = 9000 – 4536 = 4464

9. How many three-digit numbers, which are 
divisible by 5, can be formed using the digits 0, 1, 
2, 3, 4, 5 if 
(i) repetition of digits are not allowed? 
(ii) repetition of digits are allowed?

Sol :  (i) repetition of digits is not allowed
When the unit place is 0, the tens and 
hundreds place can be filled in 5 and 4 ways 
respectively
∴Number of ways = 4 × 5 × 1 = 20
When the unit place is 5, the tens and hundreds 
place can be filled in 4 ways each

  ∴ Number of ways = 4 × 4 × 1 = 16
  ∴ Total number of ways = 20 + 16 = 36.

(ii) repetition of digits are allowed?

hundreds tens unit
5 6 2

   Unit place can be filled in 2 ways using the 
digit 0 and 5, since the three digit number is 
divisible by 5.

   Hundreds place can be filled in 5 ways 
excluding 0

   Tens place can be filled in 6 ways, since 
repetition of digits are allowed.

� � �∴ By fundamental principle of multiplication, 
required number of three digit numbers 
= 5 × 6 × 2 = 60 ways.

10. To travel from a place A to place B, there are two 
different bus routes B1, B2, two different train 
routes T1, T2 and one air route A1. From place 
B to place C there is one bus route say B′1, two 
different train routes say T′1; T′2 and one air route 
A′1. Find the number of routes of commuting 
from place A to place C via place B without using 
similar mode of transportation.

Sol :  The given data can be converted as a route map 
diagram as follows:

A B

B1 B′1
B2
T1

T′1

T2 T′2

A′1A1

C

  The possible choices for number of routes 
commuting from A to place C via place B, without 
using similar mode of transportation are

  (B1, T′1) (B1, T′2) (B1, A′1) (B2, T′1) (B2, T′2)  
(B2, A′1) (T1, B′1)(T1, A′1)(T2, B′1) (T2, A′1) (A1,B′1) 
(A1, T′1) and (A1, T′2).

 ∴ Required number of routes are 13.
11. How many numbers are there between 1 and 1000 

(both inclusive) which are divisible neither by 2 
nor by 5?

Sol :  Given digits are 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.
  Numbers which are neither divisible by 2 nor 5 

should have 1, 3, 7, 9 in the unit place.
  ∴ 1, 3, 7, 9 are the one digit numbers which are 

neither divisible by 2 nor by 5.
 ∴ Required one digit numbers = 4 ...(1)
 Two-digit numbers

tens unit
9 4

 The unit place can be filled in 4 ways using the 
digits 1, 3, 7, 9.

 Tens place can be filled in 9 ways using all the digits 
excluding 0.

 ∴ Required number of 2-digit numbers  
= 9 × 4 = 36   ...(2)
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 Three digit numbers
hundreds tens unit

9 10 4
  Unit place can be filled in 4 ways using the digits  

1, 3, 7, 9.
 Hundreds place can be filled in 9 ways excluding 0
 Tens place can be filled in 10 ways including 0.
  ∴ Required number of 3 digit numbers = 9 × 10 × 4 

= 360 ...(3)
  There is only one 4-digit number 1000 but it is 

divisible by 2 and 5.
  ∴ Required numbers using fundamental principle of 

addition = 4 + 36+ 360 [From (1), (2) and (3)] = 400.
12. How many strings can be formed using the letters 

of the word LOTUS if the word 
(i)  either starts with L or ends with S. [CRT - 2022]

(ii) neither starts with L nor ends with S?
Sol :  (i) either starts with L or ends with S.

1 4 3 2 1

L

   Since the words starts with L, the remaining 4 
boxes can be filled in 4 × 3 × 2 × 1 ways by the 
remaining letters ‘O’, T, U, S.

  ∴ Number of words starting with L
  = 1 × 4 × 3 × 2 × 1 = 24.

1 2 3 4 1

S      ... (1)
 

   Here also, the remaining 4 boxes can be filled in 
4 × 3 × 2 × 1 ways = 24.

  Number of words ending with S = 24 ...(2)
   Number of words starting with L and end with S 

are 3 × 2 × 1 = 6. ...(3)
   ∴ By fundamental principle of addition, number 

of words either starts with L or ends with  
S = 24 + 24 – 6 = 48 – 6 = 42

 (ii) Neither starts with L nor ends with S.

3 2 1

F S
    Total number of words formed by the letters of 

the word LOTUS is 5 × 4 × 3 × 2 × 1 = 120.
   Now, number of words neither starts with L nor 

end with S.
   = (Total number of words) – (Number of words 

 either starts with L nor ends with S)
  = 120 − 42 = 78.

13. (i)  Count the total number of ways of 
answering 6 objective type questions, each 
question having 4 choices.

Sol :  Since each question can be answered in 4 ways, the 
total number of ways of answering 6 questions is  
4 × 4 × 4 × 4× 4 ×4= 46.

(ii) In how many ways 10 pigeons can be placed 
in 3 different pigeon holes ?

Sol :    Since each pigeon can occupy any of these 3 holes, 
total number of ways of placing 10 pigeons = 310.

(iii) Find the number of ways of distributing 12 
distinct prizes to 10 students?

Sol :   Each I prize can be distributed to any one of the 10 
students.

 By the rule of product, the number of ways of 
distributing 12 distinct prizes to 10 students are  
10 × 10 × 10 × 10 × 10 × 10 × 10 × 10 × 10 × 10 × 
10 × 10 = 1012.

14. Find the value of
(i) 6! (ii) 4! + 5! (iii) 3! – 2! (iv) 3! × 4!

(v) 
12!

9!× 3!
 (vi) n

n

+ 3 !
+ 1 !

( )
( )

Sol :  (i) 6! = 6 × 5 × 4 × 3 × 2 × 1 = 720
(ii) 4! + 5!   = (4 × 3 × 2 × 1) + (5 × 4 × 3 × 2 × 1)
    = 24 + 120 = 144
(iii) 3! – 2!   = (3 × 2 × 1) – (2 × 1) = 6 – 2 = 4
(iv) 3! × 4!  = (3 × 2 × 1) × (4 × 3 × 2 × 1) 
    = 6 × 24 = 144

(v) 
12!

9!× 3!
  = 

12 11 10 9
9 3 2

12 11 10
6

2

× × ×
× ×

= × ×!
!

 

    = 2 × 11 × 10 = 220

(vi) n

n

+ 3 !
+ 1 !

( )
( )   = 

n n n

n

+( ) +( ) +( )
+( )

3 2 1

1

!

!

    = 
n
n

n n n
n

n n
+( )
+( ) =

+( ) +( ) +( )
+( ) = +( ) +( )3

1
3 2 1

1
3 2

!
!

!
!

15. Evaluate 
n

r n r

!
! !−( )  when 

(i) n = 6, r = 2  (ii) n = 10, r = 3.
(iii) For any n with r = 2. 

Sol :  (i) n = 6, r = 2
 Given n = 6, r = 2

 ∴
−( ) =

−( ) = = × ×n
r n r

!
! !

!
! !

!
! !

!
! !

6
2 6 2

6
2 4

6 5 4
2 4 = ∴

−( ) =
−( ) = = × ×n

r n r
!

! !
!

! !
!

! !
!

! !
6

2 6 2
6

2 4
6 5 4

2 4
 = 

6
2 4

6 5 4
2 4

!
! !

!
! !

= × ×

  = 
6 5

2
15

3

× =
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(ii) Given n = 10, r = 3.

  ∴
−( ) =

−( ) =
n

r n r
!

! !
!

! !
!

! !
10

3 10 3
10

3 7
 = ∴

−( ) =
−( ) =

n
r n r

!
! !

!
! !

!
! !

10
3 10 3

10
3 7

  = 
10 9 8 7

3 2 7
× × ×
× ×

!
!

 = = × × ×
× ×

= × ×
×

=10 9 8 7
3 2 7

10 9 8
3 2

120

5 3

!
!

.

(iii) For any n with r = 2.

  ∴
−( ) =

−( ) =
−( ) −( )

× −( ) =
−( )n

r n r
n
n

n n n
n

n n!
! !

!
! !

!
!2 2

1 2
2 1 2

1
2

 = ∴
−( ) =

−( ) =
−( ) −( )

× −( ) =
−( )n

r n r
n
n

n n n
n

n n!
! !

!
! !

!
!2 2

1 2
2 1 2

1
2

 

  = 
n n n

n

−( ) −( )
× −( )

1 2

2 1 2

!

!
 = =

−n n2

2
. = 

n n( )−1
2

16. Find the value of n if

(i) (n + 1)! = 20 (n – 1)! (ii)    
1
8

1
9 10! ! !

+ = n

Sol :  (i) (n + 1)! = 20 (n – 1)!
   Given (n + 1)! = 20 (n − 1)!
  ⇒ (n + 1) (n) n −( )1 !  = 20 n −( )1 !
  ⇒ (n + 1) (n) = 20
  ⇒� n2 + n – 20 = 0.
  ⇒ (n + 5) (n − 4) = 0 

1
–20

5 –4
  � �n = −5 or n = 4
  But  n = –5 is not possible. ∴n = 4

(ii) 1
8

1
9 10! ! !

+ =
n

  
 1
8

1
9 10! ! !

+ =
n = 

1
8

1
9 10! ! !

+ =
n

 
1
8

1
9 8 10 9 8! ! !

+
×

=
× ×

n
 = 

1
8

1
9 8 10 9 8! ! !

+
×

=
× ×

n

 Multiplying by 8! throughout we get,

 1
1
9 90

+ =
n

 = 1
1
9 90

+ =
n

 ⇒�⇒
+

= ⇒ =
9 1

9 90
10
9 90

n n = ⇒
+

= ⇒ =
9 1

9 90
10
9 90

n n

 ⇒� n = 
10 90

9

10

×
= 100

� ∴n = 100.

ExErcisE 4.2
1. If (n	−	1) P3 : 

nP4	=	1	:	10,	find	n.

Sol :  Given (n − 1)P3 : 
nP4 = 1 : 10

 ⇒ 
n

n

−( )1
3

4

P
P

 = 
1

10

 ⇒� � 10. (n – 1)P3 = 1.nP4  n r n
n r

P =
-( )

é

ë
ê
ê

ù

û
ú
ú

!
!

 ⇒ ⇒ ×
−( )

− −( ) =
−( )10

1
1 3 4

n
n

n
n

!
!

!
!

 = ⇒ ×
−( )

− −( ) =
−( )10

1
1 3 4

n
n

n
n

!
!

!
!
�

�� ⇒ ⇒
× −( )

−( )
=

−( )
−( )

10 1

4

1

4

n

n

n n

n

!

!

!

!
 = ⇒

× −( )
−( )

=
−( )

−( )
10 1

4

1

4

n

n

n n

n

!

!

!

!
 ⇒  10 = n
� � � ∴n = 10.

2. If 10Pr −1 = 2 × 6Pr,	find	r [Qy. - 2018]

Sol :  Given 10 Pr −1 = 2 × 6Pr

� ⇒ ⇒
− +( ) = ×

−( )
10

10 1
2 6

6
!

!
!

!r r
= ⇒

− +( ) = ×
−( )

10
10 1

2 6
6

!
!

!
!r r

  n n
n rrP =

-( )
é

ëê
ù

ûú
!

!

� ⇒ ⇒ × × × ×
−( ) = ×

−( )
10 9 8 7 6

11
2 6
6

!
!

!
!r r

 = 2 6
6

×
−( )

!
!r

� ⇒ ⇒
× × ×

−( ) −( ) −( ) −( ) −( ) −( ) =
−( )

10 9 8 7
11 10 9 8 7 6

2
6r r r r r r r! !

   = ⇒
× × ×

−( ) −( ) −( ) −( ) −( ) −( ) =
−( )

10 9 8 7
11 10 9 8 7 6

2
6r r r r r r r! !

 ⇒ ⇒
× × ×

−( ) −( ) −( ) −( ) −( ) =
10 9 8 7

11 10 9 8 7
2

r r r r r
 = 2

 ⇒  (11 − r) (10 − r) (9 − r) (8 − r) (7 − r) 
  = 5 × 9 × 8 × 7
 ⇒  (11 − r) (10 − r) (9 − r) (8 − r) (7 − r) 
  = 7 × 6 × 5 × 4 × 3
 ⇒  (11 − r) (10 − r) (9 − r) (8 − r) (7 − r) 
  = (11 − 4) (10 − 4) (9 − 4) (8 − 4) (7 − 4)
 ⇒�� r = 4

3. (i)  Suppose 8 people enter an event in a 
swimming meet. In how many ways could 
the gold, silver and bronze prizes be 
awarded?

Sol :  (i)  Gold medal can be awarded to any one of the 
8 candidates in 8 ways.

   Silver medal can be awarded to any one of 
the remaining 7 candidates in 7 ways.

   Bronze medal can be awarded to any one of 
the remaining 6 candidates in 6 ways.

   ∴ Total numbers of ways of awarding the 
prize

   = 8 × 7 × 6 = 336
(ii) Three men have 4 coats, 5 waist coats and 

6 caps. In how many ways can they wear 
them?
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Binomial theorem, 
sequences and series05

MUST KNOW DEFINITIONS

Binomial theorem 
for positive integral 
index

: If x and a are real numbers, then for all n ∈ N,

( ) ... ... .x a n x a n x a n x a n x a an n n n
r

n r r n+ = + + + + + +− − −C C C C0
0

1
1 1

2
2 2

Sequence : A sequence is a function whose domain is the set N of natural numbers.
Series : If a1, a2, . . . an is a sequence, then the expression a1 + a2 + a3 + . . . + an is a series.
A.P : A sequence is called an arithmetric progression (A.P) if the difference of a term and 

the previous term is always same.
G.P : A sequence of non-Zero numbers is called a Geometric progression (G.P) if the ratio 

of a term and the term proceeding to it is always a constant.

H. P: : The reciprocals of the terms of an, A.P form a H.P.
Arithmetico 
– geometric 
progression (AGP)

: An AGP is a progression in which each term can be represented as the product of the 
terms of an AP and a G.P.
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FORMULAE TO REMEMBER
 Ø ( ) ... ... .x a x nC x a nC x a nC x a an n n n

r
n r r n+ = + + + + + +− − −

1
1 1

2
2 2

 Ø ( ) ( )rx a nC x an

r

n

r
n r r− = −

=

−∑ 1
0

 Ø Middle terms in binomial expansion:

 Ø If n is even, then n
2

1+





th

 term

 Ø If n is odd, then n +





1
2

th

 and n +





3
2

th

 term are the middle terms.

 Ø A.P

 Ø nth term of A.P., tn = a + (n – 1) d

 Ø Sum to n terms of an A.P.

           
S n a n dn = + −( ) 2

2 1  or S n a ln = +( )
2

 where l is the last term of an A.P.

Properties of A. P.

1. If a constant is added or subtracted from each term of an A.P., then the resulting sequence is also an A.P with the 
same common difference

2. If each term of an A.P is multiplied or divided by a non-zero constant K, then the resulting sequence is an A.P. 

with the common difference Kd or d
k

3. In a finite A.P, the sum of the terms equidistant from the beginning and the end is always same and is equal to 
the sum of first and last term.

4. Three numbers a, b, c are in A.P if 2b = a + c.

5. G. P
 Ø nth term of a G. P is a r n–1 

 Ø nth term from the end = l
r

n1 1






−

 Ø Sum to n terms of a G.P

S a r
rn

n

= −
−







1
1

 if r > 1  (OR) S a r
rn

n

= −
−







1
1

 if r < 1. 
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 Ø
e e+ = + + +

−1

2
1 1

2
1
4! !

. .                                        Ø 
e e− = + + +

−1

2
1
1

1
3

1
5! ! !

. .

 Logarithmic Series:

 If −1 < x ≤ 1, then  log 1
2 3 4

2 3 4

+( ) = − + − +x x x x x
�  and log (1 − x) = − + + + +









x x x x2 3 4

2 3 4
�

 Binomial theorem for a rational index:

  For any rational number n, other than positive integer 1+ x nx
n n

x
n n n

xn( ) = + +
−( ) +

−( ) −( ) +1
1

1 2
1 2

1 2 3
2 3

. . .
�  

provided |x| < 1.

 Ø  1 1
1

2
1 2
3

2 3−( ) = − +
−( ) −

−( ) −( ) +x nx
n n

x
n n n

xn

! !
�

 
Ø 1 1

1
2

1 2
3

2 3+( ) = − +
+( ) −

+( ) +( ) +−x nx
n n

x
n n n

xn

! !
�

 Ø  1 1
1

2
1 2
3

2 3−( ) = + +
+( ) +

+( ) +( ) +−x nx
n n

x
n n n

xn

! !
�

TEXTUAL QUESTIONS
ExErcisE 5.1

1. Expand 

(i) 2 32
3

x
x

−





 

(ii) 2 3 1 + 2 + 3 12 2
4

2 2
4

x x x x− −( ) −( )
Sol :  (i) 2 32

3

x
x

−





(a –b)n = nC0 a
n b0 – nC1 a

 n – 1 b1 + nCa a
0 bn

= ( ) + ( ) 





+ ( ) 



 − 



2 3 2 3 3 2

3 32 3

1
2 2

2
2 1

2 3

x x
x x x x

C C

 = + ( ) −





+ ×
× ( )





−8 3 4 3 3 2

2 1
2 9 276 4 2

2 3x x
x

x
x x

 = − + −8 36 54 276 3
3x x

x

 (ii) 2 3 1 + 2 + 3 12 2
4

2 2
4

x x x x− −( ) −( )
 = ( ) − ( ) −( ) + ( ) −( ) − ( ) −2 2 3 1 2 3 1 2 3 12 4 4

1
2 3 2

1
4

2
2 2 2

2
4

3
2 1 2x x x x x x xC C C (( ) + −( )





3
2

4
3 1 x

 = ( ) − ( ) −( ) + ( ) −( ) − ( ) −2 2 3 1 2 3 1 2 3 12 4 4
1

2 3 2
1

4
2

2 2 2
2

4
3

2 1 2x x x x x x xC C C (( ) + −( )





3
2

4
3 1 x +

 + ( ) + ( ) −( ) + ( ) −( ) + ( ) −2 2 3 1 2 3 1 2 3 12 4 4
1

2 3 2
1

4
2

2 2 2
2

4
3

2 1 2x x x x x x xC C C (( ) + −( )





3
2

4
3 1 x

 + ( ) + ( ) −( ) + ( ) −( ) + ( ) −2 2 3 1 2 3 1 2 3 12 4 4
1

2 3 2
1

4
2

2 2 2
2

4
3

2 1 2x x x x x x xC C C (( ) + −( )





3
2

4
3 1 x

= ( ) + ( ) −( ) + −( )





2 2 2 3 1 3 12 4 4
2

2 2 2
2

2
4

x x x xC

= ( ) + ×
×

× × −( ) + −( )
















2 16 4 3
2 1

4 9 1 3 18

2

4 2 4 2 2
x x x x

= 2[16x8 + 216x4 (1 – x2) + 81(1 – x2)2]

2. Compute
(i) 1024 (ii) 994 (iii) 97

Sol :  (i) 1024  = (100 +2)4

  (a + b)n = nC0 a
n b0 + nC1 a

n –1 b + nC2 a
n – 2 

 b2 + ... + nCn a
0 bn, n ∈N

 = 1004 + 4C1(100)3(2)1 + 4C2(100)2(22) + 
 4C3(100)1(23) + 24

 = 100000000 + 4 (1000000)(2) + 
4 3
2 1

2
× ( )
( )

 (10000)(4)+400(8)+16

 = 100000000 + 8000000 + 240000 + 3200 + 16 
= 108,243,216

(ii) 994

 = (100 – 1)4 

 (a – b)n = nC0 a
n b0 – nC1 a

n –1 b1 + ...+ nCn × 
 a0 bn, n ∈N

 = 1004 – 4C1(100)3(1)1 + 4C2(100)2(1)2 –
 4C3(100)(13) + 14

 = = + + ×
×

− +100000000 4 1000000 4 3
2 1

10000 400 1

2

( ) ( )

 = 100000000 – 4000000 + 60000 – 400 + 1

 = 96,059,601
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 = (10 – 1)7 

 (a – b)n = nC0 a
n b0 – nC1 a

n –1 b1 + ... + nCn 
 a0 bn, n ∈N

 = 107 – 7C1 106(1) + 7C2105(1)2 – 7C3104(13) + 
 7C4(10)3(1)4 – 7C5(10)2(1)5 + 7C6

 (10)1(1)6 – (1)7

 = = − + ×
×

− × ×
× ×

+ × ×10000000 7 1000000 7 6
2 1

100000 7 6 5
3 2 1

10000 7 6 5
3

( ) ( )
33 2 1

1000
× ×

 
7 6 5
3 2 1

10000 7 6 5 4
4 3 2 1

1000× ×
× ×

+ × × ×
× × ×

 − ×
×

+ −7 6
2 1

100 7 10 1

3

( ) ( )  

 = 10000000 – 7000000 + 2100000 – 350000 
+ 35000 – 2100 + 70 – 1 = 4782969

3. Using binomial theorem, indicate which of the 
following two number is larger (1.01)1000000,10000

Sol :  Consider (1.01)1000000 – 10,000
 = (1 + .01)1000000 – 10,000
 = 100000C0 + 1000000C1 (.01) + 1000000C2(.01)2

 + .... +(.01)1000000 – 10,000
 = (1 + 1000000 × (.01) + other positive terms) 

 – 10,000
 = 1 + other positive terms
 ∴ (1.01)1000000 – 10,000 > 0
 ⇒ (1.01)1000000 > 10,000.
 ∴ (1.01)1000000 is larger.

4. Find the co-efficient of x15 in x
x

2
3

101+





  [Govt. MQP - 2018]

Sol :  In x
x

2
3

101+



 , n = 10, x = x2, a

x
= 1

3 ,

 So the general term is Tr+1 = nCr xn–r ar

 ⇒ Tr + 1 = 10Cr (x
2)10 –r T Cr r

r
r

x
x+

−= 



1

10 2 10
3

1( )

    = 10Cr x
20–2r · x–3r

    = 10Cr x
20–5r ...(1)

 To find the Co-efficient of x15,
   put 20 – 5r = 15
	 ⇒ 20 – 15 = 5r 
	 ⇒	 5 = 5r

	 ⇒	 r = 1
   Putting r = 1 in (1) we get
    T2 = 10C1x

20–5 = 10C1x
15

  ∴ Co-efficient of x15 is 10.

5. Find the Co-efficient of x2 and the co-efficient of 

x6 in x
x

2
3

61−





Sol :  In x
x

2
3

61−



 , n = 6, x = x2 and a

x
= −1

3 .

∴	The general term is  Tr + 1 = nCr x
n – r ar

   Tr + 1 = T Cr r
r

r

x
x+

−= ⋅ −



1

6 2 6
3

1( )

    = 6Cr x
12–2r (–1)r · x–3r

    = (–1)r 6Cr x
12–5r ...(1)

 To find the Co-efficient x6, put 
   12 – 5r = 6
 ⇒ 12 – 6 = 5r
 ⇒ 6 = 5r

   r = 
6
5

 which is not possible.

	 ∴	There wont be x6 term.
 To find the Co-efficient of x2, put 12 – 5r = 2
   12 – 2 = 5r
 ⇒	 10 = 5r
 ⇒	 r = 2
 Putting r = 2 in (1) we get,

 T3 = (–1)2 6C2 x
12– 10 = 

6 5
2 1

3

×
×

 x2 = 15x2

	 	∴ Co-efficient of x2 is 15.

6. Find the Co-efficient of x4 in the expansion of 

1 13 50 2
5

+( ) +





x x
x

.

Sol :  Given x
x

x2
5

3 501 1+





+( ) .

 Let us expand x
x

2
51+





 = ( ) + ( ) 





+ ( ) 





+ ( ) 





x x
x

x
x

x
x

2 5 5
1

2 4
1

5
2

2 3
2

5
3

2 21 1 1C C C  + ( ) 





+
3

5
4

2 1
4

5

1 1C x
x x

 = ( ) + ( ) 





+ ( ) 





+ ( ) 





x x
x

x
x

x
x

2 5 5
1

2 4
1

5
2

2 3
2

5
3

2 21 1 1C C C  + ( ) 





+
3

5
4

2 1
4

5

1 1C x
x x

This is Only for Sample, Full Book Order Online or 
Available at All Leading Bookstores

orders@surabooks.com Ph:8124201000/8124301000

www.su
ra

bo
ok

s.c
om

www.Padasalai.Net                                                         www.TrbTnpsc.com

Kindly Share Your Study Materials to Our Email Id - padasalai.net@gmail..com

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

Padasalai

https://www.padasalai.net/


www.Padasalai.Netwww.Padasalai.Net

154  Sura’s  XI Std -  Mathematics  ➠ Volume - I ➠ Chapter 05 ➠ Binomial theorem, sequences and Series

 = + + ×
×

⋅ + ×
×

+ +x x
x

x
x

x
x

x
x x

10
8

2
6

2

2
4

3

2

4 55 5 4
2 1

5 4
2 1

5 1

 [ 5C3 = 5C2]

 = + + + + +x x x x
x x

10 7 4
2 55 10 10 5 1

 General term in (1 + x3)50

   Tr+1 = 50Cr(1)50–r (x3)r

    = 50Cr · x
3r ...(1)

 Consider = +





+( )x
x

x2
5

3 501 1

= + + + + +





+( )x x x x
x x

x10 7 4
2 5

3 50
5 10 10 5 1 1

= + + + + +





+( )x x x x
x x

x10 7 4
2 5

3 50
5 10 10 5 1 1 

 (50C0 + 50C1 x
3 + 50C2 x

6  + 50C3 x
9 + ...)

= + + + + +





+( )x x x x
x x

x10 7 4
2 5

3 50
5 10 10 5 1 1 

 (1 + 50x3 + 1225 x6 + 19600 x9 + ...)
Now, Co-efficient of x4

= 10[Constant term in (1 + x3)50] + 10[Co-efficient of 
x3in (1 + x3)50] + 5[Co-efficient of x6] + 1 × 
 [Co efficient of x9] 

= 10(1) + 10(50) + 5(1225) + 1(19600) [using (1)]
= 10 + 500 + 6125 + 19600 = 26235
∴	Co-efficient of x4 is 26235.
7. Find the constant term of 2 1

3
3

2

5

x
x

−





.

Sol :  In 2 1
3

3
2

5

x
x

−





., n = 5, x = 2x3, a
x

= − 1
3 2

 ∴ General term is 

 Tr+1 = nCr x
n–r ar = = ( ) −





−5 3 5

22 1
3

Cr

r
r

x
x

 = =
−( )
⋅

− −5 5 15 3
22

1
3

Cr
r r

r

r rx
x

= = −( )
−

− −5
5

15 3 22
3

1Cr

r

r
r r rx .

 = 5
5

15 52
3

1Cr

r

r
r rx

−
−−( )  ...(1)

 To get the constant term, put 15 – 5r = 0
 ⇒	 15 – 5r = 0  ⇒	15 = 5r

 ⇒	 r	 =	r = =15
5

3

3

= 3

 Putting r = 3 in (1) we get

   T4 = T C4
5

3

2

3
3 02

3
1= ⋅ − ⋅( ) x

    = – 5
3

4
27

C ( )

    = = − × ×
× ×

×5 4 3
3 2 1

4
27

2

= = − 40
27

 Hence the constant term is − 40
27

8. Find the last two digits of the number 3600.
 [Qy. - 2018]

Sol :   Consider 3600 = (32)300 = 9300

  3600 = (10 – 1)300

 Using binomial theorem,
  3600 = 300C0(10)300– 300C1(10)299 

 + .... –300C299(10)1 + 1

   = (10)300 – 300(10)299 + .... –300(10) + 1
  3600 = (10)300 – 300 (10)299 + ... –3000 + 1
 Hence, it is clear that the last two digits in 3600 are 01.

9. If n is a positive integer using Binomial theorem, 
show that, 9n+1 – 8n – 9 is always divisible by 64.
 [Qy. - 2019]

Sol :  We know (1 + x)n  = nC0 + nC1 x + nC2 x
2 + ... + nCn–1 

 xn–1 +nCnx
n.

   putting x = 8 we get,
   (1 + 8)n = nC0 + nC1(8) + nC2(8)2 + ... 
 + nCn–1 (8)n–1 + nCn · (8)n.
	 ⇒  9n = 1 + 8n + nC2 8

2  + nC38
3 +... 

 + nCn–1 8
n–1 + nCn 8

n.
	 ⇒9n – 1 – 8n = 82 [nC2 + 8 · nC3 + ... + nCn 8n–2].
	 ⇒9n – 1 – 8n = 64 [nC2 + 8 nC3 + ... + nCn 8n–2] 
 ⇒9n – 8n – 1 is divisible by 64 for all positive 

integer n.
 Putting n = n + 1, we get,
 9n+1 – 8(n + 1) – 1 is divisible by 64 for all positive 

integer n.
	 ⇒	(9n–1 – 8n – 8 – 1) is divisible by 64
	 ⇒	9n + 1 – 8n –9 is always divisible by 64.

10. If n is an odd positive integer, prove that the  
co-efficients of the middle terms in the expansion 
of (x + y)n are equal.

Sol :  Given (x + y)n

  If n is odd, the two middle terms in (x + y)n are 

T
n−

+
1

2
1
 and T

n+
+

1
2

1
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T
n−

+
1

2
1
=

T
C and  

T
Cn n

n

n n
n n

n

n n

x y x y−
−

+ −
+

−

− +

= =1
1

2

1
2

1
2 1

1
2

1
2

1
2

2 2
.T

n+
+

1
2

1
= n

n

n n

x yC +

− +

1
2

1
2

1
2

 The co-efficients of middle terms are 
n

nC +1
2

 and 
n

nC −1
2

 We know nCr = nCn – r

  n
nC −1
2

 = 
n

n nC
− −( )1

2

   = 
n

n nC 2 1
2

− +  = n
nC +1
2

 ⇒	 n
nC −1
2

 and n
nC +1
2

 are same

⇒	Coefficient of middle terms are equal.
11. If n is a positive integer and r is a nonnegative 

integer, prove that the co-efficients of x r and x n–r 
in the expansion of (1 + x)n are equal.

Sol :    In (1 + x)n, n = n, x = 1, a = x
	 		∴ General term is tr+1 = nCr x

n–r ar

	 ⇒  tr+1 = nCr (1)n–r xr

	 ⇒  tr+1 = nCr x
r ...(1)

	 ∴ Co-efficient of x r is nCr.
 Putting r = n – r in (1) we get,
   Tn–r+1 = nCn–r x

n–r

	 ⇒ Co-efficient of xn–r is nCn–r ... (2)
 But nCr = nCn–r using the property of combination
	 ∴ Co-efficients of xr and co-efficients of xn–r are 

equal.

12. If a and b are distinct integers, prove that a – b is 
a factor of an – bn, whenever n is a positive integer.  
[Hint: write an = (a – b + b)n and expand][Qy. - 2018]

Sol :   Let a = a + b – b = b + (a – b)
   ∴ an = [b + (a – b)]n

 Using binomial theorem,
   an = bn + nC1 b

n–1 (a – b) + nC2
 bn–2 (a–b)2 + .... + (a–b)n

 ⇒ an – bn = nC1 bn–1 (a – b) + nC2  
 (a–b)2 bn–2 + .... + (a–b)n

 ⇒ an – bn = (a – b) ×
 [nC1 b

n–1+ nC2 b
n–2 (a – b) +.... +(a – b)n–1]

 ⇒ an – bn = (a – b) K 
 [Where K = nC1 b

n–1+ nC2 b
n–2 (a – b) +.... +(a – b)n–1]

  Thus, (a – b) is a factor of an – bn.

13. In the binomial expansion of (a + b)n, if the 
coefficients of the 4th and 13th terms are equal 
then, find n.

Sol :  In (a + b)n, the general term is 
   Tr+1 = nCr a

n–r · br. ...(1)
  To find the co-efficient of 4th term, put r = 3 

in (1)
   ∴ T4 = nC3 a

n–3 · b3

  To find the co-efficient of 13th term
   put r = 12 in (1)
   ∴ T13 = nC12 a

n–12 b12.
   Given nC3 = nC12

  ⇒ 3 + 12 = n
 [∴ nCx = nCy ⇒ x = y or x+ y = n]
 ⇒ n = 15

14. If the binomial co-efficients of three consecutive 
terms in the expansion of (a + x)n are in the ratio 
1 : 7 : 42, then find n.

Sol :   Let the three consecutive terms be rth,(r + 1)th and  
(r + 2)th terms.

 General term in (a + x)n is Tr + 1= nCr a
n–r xr. ... (1)

 Then, co-efficients of rth..., (r + 1)th and (r + 2)th.. terms 
are nCr–1, 

nCr and nCr+1 respectively.

 Given that nCr–1 : 
nCr : 

nCr+1= 1 : 7 : 42

 Consider 
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 ⇒  7r = n – r + 1
 ⇒  n – 8r + 1 = 0 ...(2)

   and 
n

r
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	 ⇒  6r + 6 = n – r
 ⇒		 n – 7r – 6 = 0 ...(3)
 (2) – (3)
 (n – 8r + 1) – (n – 7r – 6) = 0
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Two dimensional  
analyTical GeomeTry06

MUST KNOW DEFINITIONS

Locus : The curve described by a point which moves under given conditions or condition is 
called its locus.

Straight line : A straight line is a curve such that every point on the line segment joining any two 
points on it lies on it.

Slope or Gradient : The trigonometrical tangent of the angle that a line makes with the positive 
direction of the X – axis in the anti clock wise direction.

FORMULAE TO REMEMBER

 Ï Slope (m)

1. m = tan θ

2. m = y y
x x

2 1

2 1

−
−

3. m = − Co-efficient of 
Co-efficient of 

x
y

 Ï Angle between two lines:

tan θ = m m
m m

1 2

1 21
−

+
 where m1, m2 are slopes of the lines

 Ï Condition for parallel lines is m1 = m2
 Ï Condition for perpendicular lines is m1 m2= –1
 Ï Equation of straight lines:

1. Equation of X-axis is y = 0 and equation of any line 
parallel to X-axis is y = k.

2. Equation of Y-axis is x = 0 and equation of any line 
parallel to y-axis is x = k, where K is the distance 
between the line and the Y-axis

3. Slope point form: y – y1 = m (x – x1)
4. Slope – intercept form: y = mx + C.

5. Two points form: y y
y y

−
−

1

2 1

 = 
x x
x x

−
−

1

2 1

6. Intercepts form: x
a

y
b

+  = 1

7. Normal form: x cos α + y sin α = p

8. Symmetric form/parametric form:

 
x x− 1

cos θ  = 
y y− 1

sin θ  = r

9. General form: ax + by + c = 0
10. Equation of pair of straight lines passing 

through the origin is ax2 + 2hxy + by2 = 0
11. The straight lines are real and distinct if 

h2 > ab
12. The straight lines are coincident if h2 = ab
13. The straight lines are imaginary if h2 < ab

14. If m1m2 are slopes of the pair of straight 

lines then m1 + m2 = − 2h
b  and m1m2 = 

a
b
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176 Sura’s  XI Std - Mathematics ➠ Chapter 06 ➠ Two dimensional  Analytical Geometry

15. tan θ = 2
2h ab

a b
−

+
 where θ is the angle between pair of straight lines.

16. The condition for ax2 + 2hxy + by2 + 2gx + 2fy + c = 0 to represent a pair of straight lines is   
abc + 2fgh – af 2 – bg2 – ch2 = 0.

17. If the straight lines are parallel, then h2 = ab. For pair of straight lines

18. If the straight lines are perpendicular the a + b = 0

19. Length of the perpendicular from P(x1, y1) to the line ax + by + c = 0 is ±
+ +

+

ax by c
a b

1 1
2 2

20. Length of the perpendicular from the origin to ax + by + c = 0 is ±
+

c
a b2 2

21. Distance between two parallel lines ax + by + c1 = 0 and ax + by + c2 = 0 is c c
a b
1 2

2 2

−

+

22. Equations of the bisectors of the angles between the straight lines ax + by + c = 0 and a1x + b1y + c1 = 0 

are ax by c
a b
+ +

+2 2
 = ± a x b y c

a b
1 1 1

1
2

1
2

+ +

+

23. Equation of the bisectors of the angles between the line ax2 + 2hxy + by2 = 0 is x y
a b

2 2−
−

 = xy
h

TEXTUAL QUESTIONS
ExErcISE 6.1

1. Find the locus of P, if for all values of α, the  
co-ordinates of a moving point P is  
(i) (9 cos α, 9 sin α) (ii) (9 cos α, 6 sin α)

Sol :  (i) (9 cos α, 9 sin α)
   Let P (h, k) be any point on the required path
  From the given information, we have
  h = 9 cos α and k  =  9 sin α 

  ⇒	
h
9

 = cos α and   
k
9

  = sin α

	 	 	To eliminate the parameter α, squaring and 
adding we get

   
h k
9 9

2 2



 + 



  = cos2 α	+ sin2 α

  ⇒ 
h k2 2

81 81
+  = 1 [  sin2  α + cos2 α = 1]

  ⇒ h2 + k2 = 81
  ∴ Locus of (h, k) is x2 + y2 = 81

(ii) (9 cos α, 6 sin α)
  Let P (h, k) be any point on the required path
  From the given information, we have

   h = 9 cos α and k  =  6 sin α 

  ⇒ 
h
9

 = cos α and  
k
6

 =  sin α

	 	 To eliminate the parameter α,
	 	 Squaring and adding we get

   
h k
9 6

2 2



 + 



  = cos2 α	+ sin2 α

  ⇒ 
h k2 2

81 36
+  = 1 [  cos2  α + sin2 α = 1]

  ∴ Locus of (h, k) is 
x y2 2

81 36
+  = 1

2. Find the locus of a point P  that moves at a constant 
distant of 
(i) two units  from the x - axis 
(ii) three units  from the y - axis 

Sol :  (i) two units  from the x- axis
 Let P (h, k) be any point on the required path
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y = 2

2 units0 xx¢

y¢

y

  Any line parallel to x - axis will be of the form 
y = ±	c.

  By the given condition, the distance from  
x - axis is 2 units ⇒ c = ±	2.

  ∴ Locus of the point P is y = ±	2.
  (ii)  Any line parallel to y - axis will be of 

the form x = ±	c.

   

x = 3

xx¢

y¢

y

  By the given condition, the distance from  
y - axis is 3 units ⇒ c = ±	3.

  ∴ Locus of the point P is x = ±	3.
3. If θ is a parameter, find the equation of the 

locus of a moving point, whose coordinates are  
x = a cos3 θ, y = a sin3 θ . 

Sol :  Given x = a cos3 θ, y = a sin3 θ

⇒  
x
a

 = cos3θ	and  
y
a

= sin3θ

 Taking power  
2
3





 for both the equations, we get

   
x
a







2
3

 = cos3
2
3θ( )  and

   
y
a







2
3

 = sin3
2
3θ( )

   
x
a







2
3

 = cos2θ	and 
y
a







2
3

= sin2 θ

 We know that cos2 θ	+  sin2θ  = 1

 ∴ 
x
a







2
3

 + 
y
a







2
3

 = 1 ⇒
x

a

y

a

2
3

2
3

2
3

2
3

+  = 1

 ⇒ 
x y

a

2
3

2
3

2
3

+
 = 1 ⇒ x y

2
3

2
3+  = a

2
3

 Which is the required locus.

4. Find the value of  k and b,  if the points P(–3,1) 
and Q(2,b) lie on the locus of  x2 – 5x + ky = 0 . 

Sol :  Given that P (–3,1) lie on the locus of  
x2 – 5x + ky = 0

	 ⇒ (–3)2 – 5 (–3) + k (1) = 0 
 ⇒ 9 + 15 + k = 0
 ⇒ k = – 24
 Also, it is given that (2, b) lie on the locus of  

x2– 5x + ky = 0
 ⇒ 22 – 5 (2) + kb = 0
 ⇒ 4  – 10 – 24 (b) = 0
 ⇒ –6 – 24b = 0 ⇒ – 24b = 6

 ⇒ b = 
− = −6
24

1
4

4

 ⇒ b = –
1
4

5. A straight rod of length 8 units slides with its ends 
A and B always on the x and y axes respectively. 
Find the locus of the mid point of the line segment 
AB.

Sol :  Let (h, k) be the mid-point on the required path.

   

8 units
P (h,k)

(0,b)

A (a,0)
O

B
y

x

 Let the co-ordinates of A and B be A (a, 0) and 
B (0,b).

 As the rod slides, the values of a and b change.
   So a and b are two variables.

  Then h = 
a + 0

2
, and k = 

0
2
+ b

 ⇒  h = 
a
2

 and k  = 
b
2

 ⇒ a = 2h and b  = 2k
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 From DOAB we have
  AB2  = OA2 + OB2

 ⇒ a2 + b2 =  82  [ AB = 8 units]
 ⇒ (2h)2 + (2k)2 = 64
 ⇒ 4h 2 + 4k 2 = 64
 ⇒ h2 + k2 = 16  [Dividing by 4]
 ∴ Locus of (h,k) is x2 + y2 = 16

6. Find the equation of the locus of a point such that the 
sum of the squares of the distance from the points  
(3, 5), (1,–1) is equal to 20. [CRT - 2022]

Sol :  Let P(h, k) be the point on the locus and A(3,5), 
B(1,–1) be the given points.

   By the given condition, PA2 + PB2 = 20.

 

P (h, k)
A(3,5)

B(1,−1)

1 2 3 4 50

xx¢

y¢

y

 Given PA2 + PB2 = 20
⇒  (h  – 3)2 + (k  – 5)2 + (h – 1)2 + (k + 1)2 = 20
h2  – 6h + 9 + k2 – 10k + 25 + h2 – 2h + 1 + k2 + 2k + 1=20
⇒ 2h2 + 2k2 – 8h – 8k + 36  = 20 
⇒ 2h2 + 2k2 – 8h – 8k + 36 – 20 = 0
⇒ 2h2 + 2k2 – 8h – 8k + 16 = 0
 Dividing by 2 we get,
 h2 + k2 – 4h – 4k + 8 = 0
 ∴ Locus of (h,k) is x2 + y2 – 4x – 4y + 8 = 0

7. Find the equation of the locus of the point P such 
that the line  segment AB, joining the points  
A(1, –6) and B(4,–2), subtends a right angle at P.

Sol :  Let P(h, k) be the point on the locus and A(1,–6), 
B(4,–2) be the given points.

 By the given condition, ∠APB = 90º.

B (4,−2)
90° 90°

A (1,−6)

 ∴DAPB is a right angled triangle
⇒ AB2 = PA2 + PB2 
⇒ (1 – 4)2 + (–6 + 2)2 = (h – 1)2 + (k + 6)2 + (h – 4)2 + 
 (k + 2)2

⇒ 9 + 16 = h2 – 2h + 1 + k2 + 36 + 12k + h2 
 – 8h + 16 + k2 + 4k + 4
⇒ 25 = 2h2 + 2k2 – 10h + 16k  + 57 
⇒   2h2 + 2k2 – 10h + 16k  + 57 – 25 = 0
⇒	  2h2 + 2k2 – 10h + 16k  + 32 = 0
 Dividing by 2, we get,
⇒   h2 + k2 – 5h + 8k  + 16 = 0
 ∴ Locus of (h, k) is x2 + y2 – 5x + 8y  + 16 = 0
8. If O is origin and r is a variable point on  

y2 = 4x, then find the equation of the locus of the 
mid-point of the line segment Or.

Sol :  Given (0, 0) is the vertex of y2 = 4x and P (h, k) 
be the mid-point on the segment OR and the co-
ordinates of R be (a, b)

  

O P (h,k)
(a,b)

y2 = 4x
R

x

y

v

 Now P is the mid-point of OR

  ∴ (h, k) = 0
2

0
2 2 2

+ +



 = 





a b a b, ,  

 ⇒ h = 
a
2

and k = 
b
2

 ⇒ a = 2h and b = 2k ... (1)
  Here a and b are two variable which are to be 

eliminated.
 Since (a, b) lies on y2 = 4x  ⇒ b2 = 4a
 ⇒ (2k)2 = 4 (2h)
 ⇒ 4k2 = 8h
 ⇒ k2 = 2h
 ∴ Locus of (h, k) is y2 = 2x
9. The coordinates of a moving point P are  

a b

2
cosec sin

2
cosec sinθ θ θ θ+( ) −( )



, , where θ	 is a 

variable parameter. Show that the equation of the 
locus P is b2 x 2 – a2 y2 = a2 b2.

Sol :  Let P (h,k) be any point on the locus
 By the given condition,

 h = 
a
2

(cosec θ	+ sin θ), 

 k = 
b
2

 (cosec θ – sin θ)
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⇒	
2h
a

 = cosec θ	+ sin θ and 
2k
b

 = cosec θ	– sin θ

	 Squaring and subtracting we get,

⇒ 
2 22 2h
a

k
b





 − 



  =(cosec θ	+ sin θ)2 – (cosec θ	– sin θ)2

⇒ 
4 42

2

2

2
h

a
k

b
−  = cosec2 θ	+ sin2 θ + 2 cosec θ	 sin θ 

 – (cosec2 θ	+ sin2 θ – 2 cosec θ sin θ)

⇒ 
4 42

2

2

2
h

a
k

b
−  = cosec2 θ	+ sin2 θ + 2 cosec θ	  sin θ  

 – cosec2 θ	– sin2 θ + 2 cosec sin θ 

⇒ 
4 42

2

2

2
h

a
k

b
−  = 4 cosec θ	 sin θ 

⇒ 
4 42

2

2

2
h

a
k

b
−  = 4   cosec sinq q

q
q= =é

ëê
ù
ûú

1 1
sin

.sin

Dividing by 4 we get,

⇒ 
h
a

k
b

2

2

2

2−  = 1⇒ 
b h a k

a b

2 2 2 2

2 2
−

 = 1

⇒ b2 h2 – a2k2 = a2 b2

∴ Locus of (h, k) is b2 x2 – a2 y2 = a2 b2

10. If P(2,–7) is a given point and Q is a point on 
(2x2 + 9y2 = 18), then find the equations of the 
locus of the mid-point of  PQ.

Sol :  Let R(h, k) be the locus of the mid-point of PQ where, 
P is (2, –7) and Q is a point on (2x2 + 9y2 = 18) 

 Given equation is 2x2 + 9y2 = 18
 Dividing by 18 we get,

 ⇒ 
x y2 2

9 2
+  = 1  ⇒ 

x y2

2

2

23 2
+

( )
 = 1

 ⇒ a = 3 and b = 2  
 Any point on the ellipse is (a cos θ, b sin θ)
 ∴ Q is (3 cos θ, 2  sin θ)
 Since R is the mid-point of PQ, we get,  

 (h,k) = 2 3
2

7 2
2

+ − +





cos , sinθ θ

⇒ h =
2 3

2
+ cosθ

k = − +7 2
2

sinθ

⇒ 2h = 2 + 3 cos θ ⇒ 2k = – 7 + 2 sin θ

⇒ 2h – 2 = 3 cos θ ⇒ 2k + 7 = 2 sin θ

⇒ 2 2
3

h − = cos θ ⇒
2 7

2
k +

= sin θ

Squaring and adding we get, 
2 2

3
2 7

2

2 2h k−



 +

+



  

= cos2 θ + sin2 θ

⇒	
4 4 8

9
4 49 28

2

2 2h h k k+ − + + +
	=	1

	 [	cos2 θ + sin2 θ = 1]
⇒	 2 (4h2 + 4 – 8h) + 9 (4k2 + 49 + 28k) =18
⇒	 8h2 + 8 – 16h + 36k2 + 441 + 252k – 18 =	0
⇒	 8h2 + 36k2 – 16h + 252k + 431 =	0
∴ Locus of (h, k) is 8x2 + 36y2 – 16x + 252y + 431	=	0
11. If r is any point on the x - axis and Q is any 

point on the y- axis and P is a variable point on 
rQ with rP = b, PQ = a, then find the equation 
of locus of P.

Sol :  Let P(h, k) be the point on RQ such that ∠ORQ = θ 
where θ is a variable.

 From triangle PLR, we get sin θ = 
k
b

 ... (1)

  sinq =é

ëê
ù

ûú
opp
hyp

 and PR = b

 From triangle PMQ, we get cosθ = 
h
b

... (2)

  cos q = =é

ëê
ù

ûú
adj
hyp

 and PQ = h
a

a

 Squaring and adding (1) and (2), we get,

 sin2 θ + cos2 θ = 
k
b

h
a





 + 





2 2

 

P (h, k)

O

M

Q

L R

y

x

a

h

h

k b

θ

θ

⇒  1 = 
k
b

h
a

2

2

2

2+  [ sin2 θ + cos2 θ = 1]

⇒  
h
a

k
b

2

2

2

2+  = 1

  The locus of p(h, k) is obtained by replacing h by x 
and k by y.

 ∴ Locus of (h, k) is 
x
a

y
b

2

2

2

2+  = 1
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Matrices and  
deterMinants07

[209]

MUST KNOW DEFINITIONS

Matrix :  A matrix is a rectangular array or arrangement of entries or elements displayed 
in rows and columns put within a square bracket [ ].

Order of Matrix :  If a matrix A has m  rows and n columns then the order or size of the matrix A is 
defined to be m ×n.

Column Matrix : A matrix having only one column is called a column matrix.
Row matrix : A matrix having only one row is called a row matrix.
Square matrix :  A matrix in which number of rows is equal to the number of columns, is called 

a square matrix.
Diagonal matrix :  A square matrix A = [aij]m×n  is called a diagonal matrix. If aij = 0 whenever  

i ≠ j
Scalar matrix :  A diagonal matrix whose entries along the principal diagonal are equal is called 

a scalar matrix.
Unit matrix :  A square matrix in which all the diagonal entries are 1 and the rest are all zero is 

called a unit matrix.
Triangular matrix :  A square matrix which is either upper triangular or lower triangular is called a 

triangular matrix.
Singular and 
Non - Singular Matrix :  A square matrix A is said to be singular if |A| = 0. A square matrix A is said to be 

non-singular if |A| ≠ 0.
Properties of Determinants :
1.  The value of the determinant remains unchanged if its rows and columns are interchanged.
2.  If any two rows (or columns) of a determinant are interchanged, then sign of determinant changes.
3.  If any two rows (or columns) of a determinant are identical, then the value of the determinant is zero.
4.  If each element of a row (or column) of a determinant is multiplied by a constant k, then its value gets 

multiplied by k.
5.  If some or all elements of a row or column of a determinant are expressed as sum of two (or more) terms, 

then the determinant can be expressed as sum of two (or more) determinants.
6. The value of the determinant remain same if we apply the operation.  Ri → Ri + kRj or Ci → Ci + kCj
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210 Sura’s  XI Std - Mathematics ➠ Volume - II ➠ Chapter 07 ➠ Matrices and  Determinants

Minor of an element 
�� The concept of determinant can be extended to the case of square matrix or order n, n ≥ 4.  

Let A = [aij]m×n, n ≥ 4. 
�� If we delete the ith row and jth column from the matrix  of A = [aij]n×m , we obtain a determinant of order 

(n – 1), which is called the minor of the element aij.
Adjoint 
�� Adjoint of a square matrix A = [aij]n×n is defined as the transpose of the matrix [Aij]n×n where Aij is the 

co-factor of the element aij.
Solving linear equations by Gaussian Elimination method
�� Gaussian elimination is a method of solving a linear system by bringing the augmented matrix to an 

upper triangular form.

 
FORMULAE TO REMEMBER

�� kA = [aij]m×n  [kaij]m×n where k is a scalar.

�� –A = (–1)A, A – B = A + (–1)B

�� A + B = B + A, (Commutative property for addition)

�� (A + B) + C = A + (B + C), (Associative property for addition)

�� k(A + B) = kA + kB where A, B are of same order, k is a constant.

�� (k + l) A = kA + lA where k and l are constants.

�� A (BC) = (AB) C, A(B + C) = AB + AC, (A + B) C = AC + BC. (Distributive law)

�� If A = (aij)m×n, then AT = (aji)n×m

�� Elementary operations of a matrix are as follows       
(i)  Ri ↔ Rj or Ci ↔ Cj  (ii) Ri → kRi or Ci →  kCj (iii) Ri → Ri + kRj or Ci → Ci + kCj

�� Evaluation of determinant A = [a11]1×1 = |A| = a11

�� Evaluation of determinant A = 
a a
a a

a a a a11 12

21 22
11 22 21 12= −

�� Evaluation of determinant A = 
a b c
a b c
a b c

1 1 1

2 2 2

3 3 3

 is |A| = a1 
b c
b c

2 3

3 3

 – b1

 

a c
a c

2 2

3 3

 + c1 
a b
a b

2 2

3 3

�� If A = [aij]3×3, then |k ⋅ A| = k3 |A|.

�� A (adj A) = (adj A) A = |A|. I where A is a square matrix of order n.

�� A square matrix A is said to be singular or non-singular according as |A| = 0 or |A| ≠ 0.

�� Transpose of a matrix: (AT)T = A, (kA)T = kAT. (A + B)T = AT + BT, (AB)T = BT AT.

�� Co-factor of aij of Aij = (–1)i+j mij where mij is the minor of aij.

�� |AB| = |A| ⋅ |B| where A and B are square matrices of same order.
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TEXTUAL QUESTIONS
ExErcisE 7.1

1. Construct an m × n matrix A = [aij], where aij is 
given by

(i) a
i j

ij = −( )2
2

2

 with m = 2, n = 3 [Sep. - 2021]

(ii) a
i j

ij =
−3 4
4

 with m = 3, n = 4

Sol :  (i) Given aij = 
i j−( )2

2

2

 with m = 2, n = 3

 we need to construct a 2 × 3 matrix.

   \ a11 = 
1 2 1

2

2− ( )( )
 = 

−( )1
2

2

 = 
1
2

   a12 = 
1 2 2

2

2− ( )( )
 = 

−( )3
2

2

 = 
9
2

   a13 = 
1 2 3

2

2− ( )( )
 = 

−( )5
2

2

 = 
25
2

   a21 = 
2 2 1

2

2− ( )( )
 = 

0
2

 = 0

   a22 = 
2 2 2

2

2− ( )( )
 = 

−( )2
2

2

 = 
4
2

   a23 = 
2 2 3

2

2− ( )( )
 = 

−( )4
2

2

 = 
16
2

   \ A = 
a a a
a a a

11 12 13

21 22 23







 

  = 

1
2

9
2

25
2

0 4
2

16
2

æ

è

ç
ç
çç

ö

ø

÷
÷
÷÷

=
1
2

1 9 25
0 4 16







 (ii) Given aij = 
3 4

4
i j−

 with m = 3, n = 4.

 Let B be a 3×4 matrix with entries as

   B = 
a a a a
a a a a
a a a a

11 12 13 14

21 22 23 24

31 32 33 34













  

  aij = 
3 4

4
i j−

  a11 = 
3 4

4
1

4
1
4

−
=

−
=

  a12 = 
3 8

4
−

 = 
−5
4

 = 
5
4

  a13 = 
3 12

4
−

 = 
−9
4

 = 
9
4

  a14 = 
3 16

4
−

 = 
−13
4

= 
13
4

  a21 = 
3 2 4 1

4
( ) - ( )

 = 
6 4

4
−

 = 
2
4

  a22 = 
3 2 4 2

4
( ) - ( )

 = 
6 8

4
−

 = 
2
4

 

  a23 = 
3 2 4 3

4
( ) - ( )

 = 
6 12

4
−

 = 
6
4

  a24 = 
3 2 4 4

4
( ) - ( )

 = 
6 16

4
−

 = 
10
4

 

  a31 = 
3 3 4 1

4
( ) - ( )

 =  
9 4

4
−

 = 
5
4

  a32 = 
3 3 4 2

4
( ) - ( )

 = 
9 8

4
−

 = 
1
4

  a33 = 
3 3 4 3

4
( ) - ( )

 = 
9 12

4
−

 = 
3
4

 a34 = 
3 3 4 4

4
( ) - ( )

 = 
9 16

4
−

 = 
7
4

 \ B = 

1
4

5
4

9
4

13
4

2
4

2
4

6
4

10
4

5
4

1
4

3
4

7
4





















=
1
4

1 5 9 13
2 2 6 10
5 1 3 7

















2. Find the values of p, q, r, and s if 

p q

r

s

2 31 0 31
7 1 9

2 8 1

− − −
+

− −

















 = 

1 0 4

7 3
2

9

2 8

−

− −





















π

Sol :  Given 
p q

r

s

2 31 0 31
7 1 9

2 8 1

− − −
+

− −



















 = 

1 0 4

7 3
2

9

2 8

−

− −



















π

 Since the matrices are equal, the corresponding entries on 
both sides are equal. 
 \ p2 – 1 = 1 ⇒ p2 = 2  ⇒  p  = ± 2   [Equating a11]
 – 31 – q3 = – 4 ⇒ – q3 = – 4 + 31 [Equating a13]
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(i)  \ Aα Ab = 
cos sin
sin cos

cos sin
sin cos

α α
α α

β β
β β

−









−









= 
cos cos sin sin cos sin sin cos
sin cos cos sin sin s

α β α β α β α β
α β α β α

− − −
+ − iin cos cosβ α β+











 = 
cos sin
sin cos

α β α β
α β α β

+( ) − +( )
+( ) +( )











 
since sin sin cos cos sin

cos cos cos sin sin
α β α β α β
α β α β α β

+( ) = +
+( ) = −











  Aα.Ab = Aα+b

 Hence proved.

(ii)  Given Aα = 
cos sin
sin cos

α α
α α

−









  Aα
T

  = 
cos sin
sin cos

α α
α α−











 Also, it is given that  Aα + Aα
T  = I

 ⇒ 
cos sin
sin cos

α α
α α

−







 +

cos sin
sin cos

α α
α α−









  = 

1 0
0 1











 ⇒ 
2 0

0 2
cos

cos
α

α








 = 

1 0
0 1











  Equating the corresponding entries on both sides, we 
get

  2cos α  = 1 ⇒cos α = 
1
2  = cos π

3
.

 ⇒ α = 2np ±  π
3

, n∈Z  

 [ cos α = cos q ⇒ α = 2np ± q, nÎZ ]

  \ α = 2np ±  π
3

, n∈Z

7. If A =  
4 2
1−









x

and such that (A – 2I)(A – 3I) = 0, 

find the value of x.

Sol :   Given  A = 
4 2
1−









x

   Also, (A – 2I) (A – 3I) = 0

   \ A – 2I = 
4 2
1−









x

 – 2
1 0
0 1









   

    = 
4 2 2 0
1 0 2
− −

− − −








x

 

    = 
2 2
1 2− −









x

   A – 3I = 
4 2
1−









x

 – 3
1 0
0 1











    =  
4 3 2 0
1 0 3
− −

− − −








x  

    = 
1 2
1 3− −









x

   \ (A – 2I) (A – 3I) = 2 2
1 2

1 2
1 3− −









 − −









x x

    =  
0 0
0 0











 ⇒ 
2 2 4 2 3

1 1 2 2 2 3
− + −( )

− − −( ) − + −( ) −( )










x
x x x

 = 
0 0
0 0











 ⇒
0 4 2 6

1 2 2 5 62

+ −

− − + − + − +











x

x x x
=

0 0
0 0











 ⇒ 
0 2 2

1 5 42

x

x x x

−

− + − +









  =

0 0
0 0











 Equating the corresponding entries we get, 

   x2 – 5x + 4 = 0
⇒ (x – 4) (x – 1) = 0
 ⇒ x = 1,  x  = 4
 (x = 4 not possible)
   2x – 2 = 0 ⇒ 2x = 2 ⇒  x  = 1
   – x + 1 = 0 ⇒ – x = –1 ⇒ x  = 1

 Since x = 1 alone satisfies the equation (A – 2I)  
(A – 3I) = 0, we get x = 1.

8. If A =   
1 0 0
0 1 0

1a b −

















, show that A2 is a unit matrix.

Sol :  Given A = 
1 0 0
0 1 0

1a b −

















 A2=A.A  = 
1 0 0
0 1 0

1a b −

















 
1 0 0
0 1 0

1a b −

















= 
1 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0

0 0 0 0 1

+ + + + + +
+ + + + + +
+ − + − + +















a a b b

 = 
1 0 0
0 1 0
0 0 1

















 \ A2 is a unit matrix.
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   = 
0 0
0 0











  BA = 
1 0
0 0











0 1
0 0









 =

0 0 1 0
0 0 0 0

+ +
+ +











   = 
0 1
0 0











 \ AB = 0 and  BA ¹ 0 
11. Show that f (x)f (y) = f (x + y), where  

f (x) = 
cos sin 0
sin cos 0

0 0 1

x x

x x

−















.

Sol :   Given  f(x) = 
cos sin
sin cos

x x
x x

−















0
0

0 0 1

Also f(y) = 
cos sin
sin cos

y y
y y

-é

ë

ê
ê
ê

ù

û

ú
ú
ú

0
0

0 0 1

f(x). f(y) = 
cos sin
sin cos

cos sin
sin cos

x x
x x

y y
y y

−















−






0
0

0 0 1

0
0

0 0 1









= 
cos cos sin sin cos sin sin cos
sin cos cos sin sin

x y x y x y x y
x y x y x

− − −
+ −

0
ssin cos cosy x y+

















0
0 0 1

= 
cos sin
sin cos

x y x y
x y x y

+( ) − +( )
+( ) +( )

















0
0

0 0 1
= f (x + y)

  [ cos (x + y) = cos x cos y – sin x sin y 
  sin (x + y) = sin x cos y + cos x sin y]

12. If A is a square matrix such that A2 = A, find the 
value of 7A - (I + A)3.

Sol :  Given A is a square matrix and A2 = A 
 Consider 7A – (I + A)3 = 7A – (I3 + 3I2A + 3IA2 + A3) 
 [ (a + b)3 = a3 + 3a2b + 3ab2 + b3]
  = 7A – (I + 3A + 3A2 + A2.A)
  = 7A – (I + 3A + 3A + A.A)  [ A2 = A]
 [ I3 = I, I2 = I]
  = 7A – (I + 6A + A2)
  = 7A – (I + 6A + A)
  = 7A – (I + 7A) = 7A  – I – 7A  = – I

13. Verify the property A(B + C) = AB + AC, when the 
matrices A, B, and C are given by

A = 
2 0 3
1 4 5

−







 , B = 

3 1
1 0
4 2

−
















, and C = 
4 7
2 1
1 1−
















 .

Sol :   Given A = 
2 0 3
1 4 5

−







 , B = 

3 1
1 0

4 2
−

















  and  C = 
4 7
2 1
1 1−

















  B + C = 
3 1
1 0

4 2
−

















+
4 7
2 1
1 1−

















   = 
3 4 1 7
1 2 0 1
4 1 2 1

+ +
− + +

+ −

















 = 
7 8
1 1
5 1

















  

  \ A(B + C) = 
2 0 3
1 4 5

−









7 8
1 1
5 1

















 

   = 
14 0 15 16 0 3
7 4 25 8 4 5

+ − + −
+ + + +











  LHS =  A(B + C) = 
−









1 13
36 17

 ... (1)

  AB = 
2 0 3
1 4 5

−









3 1
1 0

4 2
−

















   = 
6 0 12 2 0 6
3 4 20 1 0 10

+ − + −
− + + +











   = 
− −









6 4
19 11

  AC = 
2 0 3
1 4 5

−







  

4 7
2 1
1 1−

















 

   = 8 0 3 14 0 3
4 8 5 7 4 5

+ − + +
+ + + −









 =

5 17
17 6











  RHS  = AB + AC 

   = 
− −









6 4
19 11

+
5 17

17 6










   = 
− + − +

+ +










6 5 4 17
19 17 11 6

= −









1 13
36 17

... (2)

 From (1) and (2), A(B + C) = AB + AC.
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14. Find the matrix A which satisfies the matrix 

relation A 
1 2 3
4 5 6

7 8 9
2 4 6









 =

− − −







 .

Sol :  Given A
1 2 3
4 5 6









 = 

− − −









7 8 9
2 4 6

  The order of the matrix 
1 2 3
4 5 6









 is 2 × 3 and the 

order of the matrix 
− − −









7 8 9
2 4 6

 is also 2 × 3.

 \ A must be of order 2 × 2.

  Let A = 
a b
c d











 \ 
a b
c d









  

1 2 3
4 5 6









  = 

− − −









7 8 9
2 4 6

 ⇒ 
a b a b a b
c d c d c d

+ + +
+ + +











4 2 5 3 6
4 2 5 3 6

= 
− − −









7 8 9
2 4 6

 Equating the corresponding entries on both sides, we get 
  a + 4b = – 7  ... (1)   
  2a + 5b = – 8  ... (2)

  c + 4d = 2  ... (3)

  2c + 5d = 4  ... (4)

 (1) × 2 ⇒ 2a + 8b = – 14

  (–)    (–)  (+)

 (2) ⇒ 2a + 5b = – 8
  3b = – 6 ⇒  b = – 2
 Substituting b = – 2 in (1) we get, 
  a – 8 = – 7 ⇒ a = – 7 + 8 ⇒  a = 1
 (3) × 2 ⇒ 2c + 8d = 4
                              (–)      (–)       (–)

 (4) ⇒ 2c + 5d = 4
  3d = 0 ⇒  d = 0
 Substituting d = 0 in (3) we get,
  c = 2

   \ A = 
1 2
2 0

−







          

15. If  AT = 
4 5
1 0
2 3

−
















and B = 
2 1 1
7 5 2

−
−









 , verify the 

following
(i)  (A + B)T= AT + BT = BT + AT  
(ii)  (A – B)T = AT – BT  (iii) (BT)T = B.

Sol :  Given AT =
4 5
1 0

2 3
−

















and B = 
2 1 1
7 5 2

−
−











  (i) Verify (A + B)T = AT + BT = BT + AT 

   (AT)T = 
4 5
1 0

2 3
−

















T

⇒ A = 
4 1 2
5 0 3

−









  Now, A + B  = 
4 1 2
5 0 3

−







 +

2 1 1
7 5 2

−
−











    = 
6 2 3

12 5 1
−









   \ (A + B)T = 
6 12
2 5

3 1
−

















 ... (1)

   BT = 
2 7
1 5

1 2
−

−

















   \ AT + BT = 
4 5
1 0

2 3
−

















+
2 7
1 5

1 2
−

−

















 = 
6 12
2 5

3 1
−

















 ... (2)

   BT + AT = 
2 7
1 5

1 2
−

−

















+
4 5
1 0

2 3
−

















=
6 12
2 5

3 1
−

















 

  ... (3)

  From (1), (2) and (3), (A + B)T = AT + BT = BT + AT

(ii)  Verify (A – B)T = AT – BT

   A – B = 
4 1 2
5 0 3

−







 –

2 1 1
7 5 2

−
−









  

    = 
2 0 1
2 5 5− −











   (A – B)T = 
2 2
0 5
1 5

−
−

















   ... (4)
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   AT – BT = 
4 5
1 0

2 3
−

















 – 
2 7
1 5

1 2
−

−

















 = 
2 2
0 5
1 5

−
−

















 ... (5)

  From (4) and (5),  (A – B)T = AT – BT

(iii)  Verify (BT)T = B

   Given B = 
2 1 1
7 5 2

−
−









    ... (6)

   \ BT = 
2 7
1 5

1 2
−

−

















   Also, (BT)T = 
2 1 1
7 5 2

−
−









    ... (7)

  From (6) and (7),  (BT)T= B

16. If A is a 3 × 4 matrix and B is a matrix such that 
both ATB and BAT are defined, what is the order 
of the matrix B?

Sol :  Given A is a 3 × 4 matrix.
 AT is a 4 × 3 matrix. 
 ATB and BAT are defined. 

ATB BAT

4 × 3    m × n m × n    4 × 3

⇒   m = 3 ⇒   n = 4

 \B matrix is of the order (3, 4) (i.e) 3 × 4 

17. Express the following matrices as the sum of a 
symmetric matrix and a skew-symmetric matrix:

(i) 
4 2
3 5

−
−









 and  (ii) 

3 3 1
2 2 1
4 5 2

−
− −
− −

















.

Sol :  (i) Let A = 
4 2
3 5

−
−









   ⇒  AT = 

4 3
2 5− −











   Let P = 
1
2

A+AT( )

  = 
1
2

4 2
3 5

4 3
2 5

−
−









 +

− −


















 = 
1
2

8 1
1 10−









   

 ⇒     PT = 
1
2

8 1
1 10−









  = P

  \ P is a symmetric matrix.  

    Let Q = 
1
2

A AT−   

 = 
1
2

4 2
3 5

4 3
2 5

−
−









 −

− −


















 = 
1
2

0 5
5 0

−









    QT = 
1
2

0 5
5 0−









  = – Q

  \ Q is a skew-symmetrix matrix.

  Now A = P + Q = 
1
2

8 1
1 10

1
2

0 5
5 0−









 +

−









  Thus A is expressed as the sum of symmetric 
and skew-symmetric matrices.

(ii) Let B = 
3 3 1
2 2 1
4 5 2

−
− −
− −

















⇒  BT= 
3 2 4
3 2 5
1 1 2

− −
− −

−

















Let P =
1
2

B BT+  =
1
2

3 3 1
2 2 1
4 5 2

3 2 4
3 2 5
1 1 2

−
− −
− −

















+
− −
− −

−

































   = 
1
2

6 1 5
1 4 4
5 4 4

−
− −

− −

















 ⇒ PT = 
1
2

6 1 5
1 4 4
5 4 4

−
− −

− −

















 = P

  \ P is a symmetric matrix. 

Let Q = 
1
2

B BT−   = 
1
2

3 3 1
2 2 1
4 5 2

3 2 4
3 2 5
1 1 2

−
− −
− −

















−
− −
− −

−

































 

   =  
1
2

0 5 3
5 0 6
3 6 0

−
− −

















 ⇒ QT = 
1
2

0 5 3
5 0 6
3 6 0

− −
−

















 = – Q

  \ Q is a skew-symmetric matrix.
  Now B  = P + Q 

 = 
1
2

6 1 5
1 4 4
5 4 4

−
− −

− −

















 + 
1
2

0 5 3
5 0 6
3 6 0

−
− −

















 Thus, B is expressed as the sum of a symmetric 
and a skew-symmetric matrix. 
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18. Find the matrix A such that 
2 1
1 0
3 4

−

−

















 AT  

= 
− − −

−
















1 8 10
1 2 5
9 22 15

.

Sol :  Given 
2 1
1 0
3 4 3 2

−

−















 ×

AT= 
− − −

−














 ×

1 8 10
1 2 5
9 22 15 3 3

 AT is a matrix of order 2 × 3.

 Let AT = 
a b c
d e f











 \ 
2 1
1 0
3 4

−

−

















a b c
d e f









 = 

− − −
−

















1 8 10
1 2 5
9 22 15

 ⇒
2 2 2

3 4 3 4 3 4

a d b e c f
a b c

a d b e c f

− − −

− + − + − +

















= 
− − −

−
















1 8 10
1 2 5
9 22 15

 Equating the corresponding entries on both sides, 
we get,

 a = 1, b = 2, c = – 5 and 2a – d = – 1  
 ⇒ 2 – d = – 1 

 ⇒ 2 + 1 = d 

 ⇒ d = 3

  2b – e = –8

 ⇒ 4 – e = – 8

 ⇒ 4 + 8 = e  

 ⇒ e = 12

  2c – f = – 10 

 ⇒   – 10 – f = – 10 

 ⇒ f = 0

  \ AT = 
1 2 5
3 12 0

−









 ⇒ (AT)T = A = 
1 3
2 12
5 0−

















19. If A = 
1 2 2
2 1 2

2
−















x y

 is a matrix such that AAT = 9I , 

find the values of x and y.

Sol :  Given  A = 
1 2 2
2 1 2

2
−















x y

⇒ AT = 
1 2
2 1 2
2 2

x

y−

















 Also, AAT =  9I

⇒
1 2 2
2 1 2

2

1 2
2 1 2
2 2

−














 −















x y

x

y
 = 9

1 0 0
0 1 0
0 0 1

















⇒ 

1 4 4 2 2 4 4 2

2 2 4 4 1 4 2 2 2

4 2 2 2 2 42 2

+ + + − + +

+ − + + + −

+ + + − + +









x y

x y

x y x y x y










= 
9 0 0
0 9 0
0 0 9

















⇒

9 0 2 4

0 9 2 2 2

2 4 2 2 2 42 2

x y

x y

x y x y x y

+ +

− +

+ + − + + +



















= 
9 0 0
0 9 0
0 0 9

















Equating the corresponding entries on both sides, we get 

 x + 2y + 4  = 0 
 2x – 2y + 2  = 0 
⇒   x + 2y = – 4 ...(1)
⇒   2x – 2y = – 2 .. (2)
  3x = – 6 ⇒  x = – 2
 Substituting x = – 2 in (1) we get,
 – 2 + 2y = – 4 
⇒   2y  =  – 4 + 2 = – 2
⇒ y = – 1
 Hence, x  = – 2, y = – 1

20. (i)  For what value of x, the matrix  

A = 
0 1 2
1 0
2 3

3

−
−

−

















x
0

 is skew-symmetric.  

  [Hy. - 2018]

 (ii)  If 

0 3

2 1

1 0

2

p

q

r

−



















 is skew-symmetric, find the 

values of p, q, and r.
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    = BA + AB  [using (1)]

    = AB + BA

 ⇒ (AB + BA)T = AB + BA

  \ (AB + BA) is a symmetric matrix.

 (ii)  Given A and B are symmetric matrices 

 ⇒ AT = A  and  BT = B ... (2)

 To prove that (AB – BA) is a skew-symmetric matrix.

   Consider (AB – BA)T = (AB)T – (BA)T

    = BTAT – ATBT

 [ (AB)T = BTAT]

    = BA – AB  [using (2)]

    = – (AB – BA)

 ⇒ (AB – BA)T = – (AB – BA)

 \ (AB – BA) is a skew-symmetric matrix.

24. A shopkeeper in a Nuts and Spices shop makes 
gift packs of cashew nuts, raisins and almonds.
Pack I contains 100 gm of cashew nuts, 100 gm of 
raisins and 50 gm of almonds.
Pack-II contains 200 gm of cashew nuts, 100 gm 
of raisins and 100 gm of almonds.
Pack-III contains 250 gm of cashew nuts, 250 gm 
of raisins and 150 gm of almonds.
The cost of 50 gm of cashew nuts is ` 50/-, 50 gm 
of raisins is `10/-, and 50 gm of almonds is ` 60/-. 
What is the cost of each gift pack?

Sol :  Gift pack matrix is as follows:

 

Weight of Cashew nuts
Weight of Raisins
Weight of Almonds

I II IIII
100 200 250
100 100 250
50 100 150



















  Let us consider 50 gm of cashew nuts as one packet, 
50 gm of raisins as one packet and 50 gm of almonds 
as one packet, we get the matrix as

 
No. of packets of cashewnuts
No. of packets of raisins
No. off packets of almonds

I II III
2 4 5
2 2 5
1 2 3



















=  A

 Given cost matrix is 50 10 60[ ]= B

 \ Cost of gift pack = AB = 50 10 60
2 4 5
2 2 5
1 2 3

[ ]
















 = 
100 20 60
200 20 120
250 50 180

+ +
+ +
+ +

















= 
180
340
480

















 \ Cost of I gift pack = ` 180
Cost of II gift pack = ̀  340 and cost of III gift pack = ̀  480

ExERCISE 7.2
1. Without expanding the determinant, prove that 

s a b c
s b c a
s c a b

2 2 2

2 2 2

2 2 2

+
+
+

 = 0

Sol :  Let A = 

s a b c

s b c a

s c a b

2 2 2

2 2 2

2 2 2

+

+

+

 Applying C2 → C2 + C3 we get,

   A = 

s a b c b c

s a b c c a

s a b c a b

2 2 2 2 2

2 2 2 2 2

2 2 2 2 2

+ + +

+ + +

+ + +

 Taking ‘s’ common from C1 and (a2 + b2 + c2) 
common from C2 we get

   A = s(a2 + b2 + c2) 

1 1

1 1

1 1

2 2

2 2

2 2

b c

c a

a b

+

+

+
    =  s(a2 + b2 + c2) (0) = 0[ C1 ≡ C2]

 Hence,

s a b c

s b c a

s c a b

2 2 2

2 2 2

2 2 2

+

+

+

 = 0

2. Show that 
b + c bc b c
c + a ca c a
a + b ab a b

2 2

2 2

2 2

= 0.

Sol :  Applying R1→ aR1, R2→ bR2 and R3→ cR3 we get,

 A = 

ab ac abc ab c

bc ab abc a bc

ac bc abc a b c

+

+

+

2 2

2 2

2 2

 Taking out (abc) common from C2 and C3 we get,
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Differential CalCulus -
Differentiability anD 

MethoDs of Differentiation
10

MUST KNOW DEFINITIONS

�� Tangent line with slope m : Let f  be defined on an open interval containing x0 and if the limit 

lim lim
∆ → ∆ →

∆
∆

=
+ ∆( ) − ( )

∆x x

y
x

f x x f x
x0 0

0  = mtan exists, then the line passing through (x0 , f (x0)) with 

slope m is the tangent line to the graph of f at the point (x0, f (x0)) 

�� Position functions : Suppose an object moves along a straight line according to an equation of 
motion s = f(t) where s is the displacement (directed distance) of the object from the origin at 
time t. The function f that describes the motion is called the position function, of the object.

�� Differentiation : The process of finding the derivative of a function is called differentiation. 

�� Leibnitz  symbol : The notation dy
dx

 is read as “derivative of y with respect to x” or simply  
“dy-dx”, or we should rather read it as “Dee y Dee x” or “Dee Dee x of y”. But it is cautioned that 
we should not regard dy

dx
 as the quotient dy ÷ dx and should not refer it as “dy by dx”. The symbol 

dy
dx

 is know as Leibnitz symbol.

�� Derivatives from first Principle : The process of finding the derivative of a function using the 
conditions stated in the definition of derivatives is known as  derivatives from first principle.

�� Intermediate Argument : Thus, to differentiate a function y = f (g (x)), we have to take the 
derivative of the outer function f regarding the argument g(x) = u, and multiply the derivative 
of the inner function g(x) with respect to the independent variable x. The variable u is known as 
intermediate argument.

�� Logarithmic differentiation: The operation consists of first taking the logarithm of the function 
f(x) (to base e) then differentiating is called logarithmic differentiation.

�� Parameter : If two variables x and y are defined separately as a function of an intermediating 
(auxiliary) variable t, then the specification of a functional relationship between x and y is described 
as parametric and the auxiliary variable  is known as parameter.

[305]
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FORMULAE TO REMEMBER
�� (u ± v)′ = u ′  ± v ′ where u and v are functions of x.

�� (uv)′ = u ′ v + uv ′ (Product Rule)

��
u
v

u v uv
v

v





= − ≠
′ ′ ′

2 0,  (Quotient Rule)

�� Let y = f (u) be function of u and let u = g (x) be a function of x so that y = f (g (x)) = f o g (x)

� Then 
d
dx

 (f (g(x)) = f ′ (g(x))g′(x) [Chain Rule/composite function rule]

�� The first derivative of y with respect to ‘x’ is dy
dx

�� The second derivative of y with respect to ‘x’ is d y
dx

2

2

�� The third derivative of y with respect to ‘x’ is d y
dx

3

3

Following are some of the standard derivatives:

��
d
dx

x nxn n( ) = −1

��
d
dx

e e d
dx

e a ex x ax b ax b( ) ( )= ⇒ = ⋅+ +  

��
d
dx

x
x

d
dx

x a
x a

(log ) (log ( ))= ⇒ + =
+

1 1

��
d
dx

x x(sin ) cos=  

��
d
dx

x x(cos ) sin= −  

�� d
dx

x x(tan ) sec= 2

��
d
dx x x

1 1
2







= −

��
d
dx

x
x

sin−( ) =
−

1

2

1
1

 

��  
d
dx

x
x

cos−( ) = −
−

1

2

1
1

�� �
d
dx

x
x

tan−( ) =
+

1
2

1
1

�� 	
d
dx

x
x

cot−( ) = −
+

1
2

1
1

�� 	
d
dx

x
x x

sec−( ) =
−

1

2

1
1

�� 	
d
dx

x
x x

cosec-( ) =
-

-
1

2

1
1

�� 	
d
dx

c( ) = 0  where c is a constant.

�� 	
d
dx

a a ax x( ) log .= ⋅
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TEXTUAL QUESTIONS
ExErcisE 10.1

1. Find the derivatives of the following functions 
using first principle.
(i) f (x) = 6  (ii) f (x) = – 4x + 7 

(iii)  f(x) = – x2 + 2

Sol :  (i) Given f (x) = 6  ... (1)

 f ′(x) = lim
∆ →

+ ∆( ) − ( )
∆x

f x x f x
x0

 Given f (x) = 6
⇒ f (x + Dx) = 6  ... (2)

 \ f ′(x) = lim lim
∆ → ∆ →

−
∆

=
∆x xx x0 0

6 6 0
 = 0 

  [Using (1) and (2)]
 \ f ′(x) = 0

(ii)   Given f (x)  = – 4x + 7    ... (1)
 \ f (x + Dx) = –4 (x + Dx) + 7
  = –4x – 4Dx + 7   ... (2)

 \ lim
∆ →

+ ∆( ) − ( )
∆x

f x x f x
x0

=
− − ∆ + − − +( )

∆
4 4 7 4 7x x x

x
 

 [Using (1) and (2)]

= 
− − ∆ + + −

∆
= − ∆

∆
4 4 7 4 7 4x x x

x
x

x  = –4

 \f ′(x) = –4

(iii)   Given f (x)  =  – x2 + 2 ... (1)
 f (x + Dx) = – (x + Dx)2 + 2 
  =  – (x2 + 2x Dx + (Dx)2) + 2
 f (x + Dx) = – x2  – 2x Dx – (Dx)2 + 2 ... (2)
(2) – (1) ⇒ f (x + Dx) – f (x) = − − ∆ − ∆( ) + + −x x x x x2 2 22 2 2

  = – 2x Dx – (Dx)2 = Dx (–2x – Dx)

\ lim
∆ →

+ ∆( ) − ( )
∆x

f x x f x
x0

= lim
∆ →

∆ − − ∆( )
∆x

x x x
x0

2

   = lim
∆ →

− − ∆
x

x x
0

2  = –2x – (0) = –2x

  \f ′(x) = –2x

2. Find the derivatives from the left and from the right 
at x = 1 (if they exist) of the following functions. Are 
the functions differentiable at x = 1?
(i) f(x) = |x – 1| (ii) f(x) = 1 2− x  

 
(iii)   f(x) = 

x x

x x

,

,

≤
>





1
12

Sol :   
(i) Given f(x) = |x – 1|

  f ′(1–) = lim
x

f x f
x→ −

( ) − ( )
−1

1
1

= lim
x

x
x→ −

− −
−1

1 0
1

   = lim lim
x x

x
x

x
x→ − → −

−
−

= −
−( )
−

= −
1 1

1
1

1
1

1

 \f ′(1–) = –1

 \ f ′(1+) = lim
x

f x f
x® +

( ) - ( )
-1

1
1

  = lim lim
x x

x
x

x
x→ + → +

− −
−

=
−
−1 1

1 0
1

1
1

  = lim
x

x
x→ +

−
−

=
1

1
1

1

  \f ′(1+) = 1
 Since the one sided derivatives f ′(1–) and f ′(1+) are 
not equal, f ′(1) does not exist.
 \ f  is not differentiable at x = 1.

(ii) Given f(x)  = 1 2− x

 f (1) = 1 1 0− =

 \ f ′(1–) = lim
x

x
x→ −

− −
−1

21 0
1

  [ f(1) = 0]

  = lim
x

x
x→ −

−
−1

21
1

= lim
x

x x
x→ −

+ −
− −( )1

1 1
1

.

  = lim
x

x x
x x→ −

+ −

− −( ) −1

1 1
1 1

.
.

= lim
x

x
x® -

-
+
-1

1
1

  = lim
x

x
x→ −

− +
−

= −
1

1
1

2
0 = – ∞  ... (1)

  Since f ′(1–) = – ∞, we can say that f is not 
differentiable at x = 1.
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 (iii)   f (x)  = 
x x

x x

,

,

≤

>







1

12

  \ f ′(1–) = lim lim lim
x x x

f x f
x

x
x→ − → − → −

= ( ) − ( )
−

= −
−

= =
1 1 1

1
1

1
1

1 1

   = lim lim lim
x x x

f x f
x

x
x→ − → − → −

= ( ) − ( )
−

= −
−

= =
1 1 1

1
1

1
1

1 1  ... (1)

  \ f ′(1+) = lim
x

f x f
x→ +

( ) − ( )
−1

1
1

 

   = lim lim
x x

x
x

x x

x→ + → +

−
−

=
+( ) −( )

−( )1

2

1

1
1

1 1

1
   = lim

x
x

→ +
+ = +

1
1 1 1= 2

  Since  f ′(1–) ≠ f ′(1+) , f(x) is not differentiable at x = 1.

3. Determine whether the following function is 
differentiable at the indicated values.
(i) f(x) = x | x | at x = 0
(ii)    f(x) = | x2 −1| at x = 1
(iii) f(x) = | x | + |x – 1| at x = 0, 1
(iv)   f(x) = sin | x | at x = 0

Sol :  (i) Given f(x)  = x | x | =
≥

− <







x x

x x

2

2

0

0

,

,

 f ′(0–) = lim lim
x x

f x f
x

x
x→ − → −

( ) − ( )
−

= − −
−0 0

20
0

0
0

  = lim lim
x x

x
x

x
→ − → −

− = −( ) =
0

2

0
0  ... (1)

 \ f ′(0+) = lim lim
x x

f x f
x

x
x→ + → +

( ) − ( )
−

= −
−0 0

20
0

0
0

  = lim lim
x x

x
x

x
→ + → +

= =
0

2

0
0  ... (2)

 From (1) and (2), f ′(0–) = f ′(0+) 
 Hence, f(x) = x | x | is differentiable at x = 0.
(ii) Given f(x)  = | x2 − 1| 

 f (x) = 
− −( ) <
+ −( ) ≥





x x

x x

2

2
1 1

1 1
,
,

 \f ′(1–) = lim lim
x→ − → −

( ) − ( )
−

=
− −( ) −

−1 1

2
1

1

1 0

1
f x f

x

x

xx

  = lim lim
x x

x
x

x x

x→ − → −

−
− −( ) =

+( ) −( )
− −( )1

2

1

1
1

1 1

1

  = lim
x

x
→ −

− +( ) = −
1

1 2  ... (1)

 \ f ′(1+) = lim lim
x x

f x f
x

x
x→ + → +

( ) − ( )
−

= − −
−1 1

21
1

1 0
1

  = lim lim
x x

x
x

x x

x→ + → +

−
−

=
+( ) −( )

−( )1

2

1

1
1

1 1

1
  = lim

x
x

→ +
+ =

1
1 2  ... (2)

 From (1) and (2), f ′(1–) ≠ f ′(1+) 
 Hence f(x) is not differentiable at x = 1.

 (iii) Given f(x)  = | x | + | x − 1 | 

 f (x) = 
− − −( ) = − + <

− −( ) = ≤ <
+ − = − ≥







x x x x
x x x
x x x x

1 2 1 0
1 1 0 1

1 2 1 1

 

 

if
if  
if

 \ f ′(0–) = lim lim
x x

f x f
x

x
x→ − → −

( ) − ( )
−

=
− + − ( )

−0 0

0
0

2 1 1
0

  = lim
x

x
x→ −

− = −
0

2 2

 \ f ′(0+) = lim lim
x x

f x f
x x→ + → +

( ) − ( )
−

= − =
0 0

0
0

1 1 0

 \  f(x) is not differentiable at x = 0

 f ′(1–) = lim
x

f x f
x→ −

( ) − ( )
−1

1
1

  = lim lim
x x

f x f
x x x→ − → −

( ) − ( )
−

= −
−

=
−

=
1 1

0
1

1 1
1

0
1

0

 f ′(1+) = lim lim
x x

f x f
x

x
x→ + → +

( ) − ( )
−

=
−( ) −
−1 1

1
1

2 1 1
1

  = lim
x

x
x® +

-
-1

2 2
1

 = lim
x

x
x→ +

−( )
−1

2 1
1

 = 2

 \ f(x) is not differentiable at x = 1

(iv) Given f(x)  = sin | x | = 
sin if

sin if
  

  
x x

x x
≥

− <




0
0

 \ f ′(0–) = lim lim sin sin
x x

f x f
x

x
x→ − → −

( ) − ( )
−

= − −
−0 0

0
0

0
0

  = lim sin lim sin
x x

x
x

x
x→ − →

− = − =



0 0

1 1              


 lim sin lim sin
x x

x
x

x
x→ − →

− = − =



0 0

1 1              


 \ f ′(0+) = lim lim sin sin
x x

f x f
x

x
x→ + → +

( ) − ( )
−

= −
−0 0

0
0

0
0

  

  = lim lim sin sin
x x

f x f
x

x
x→ + → +

( ) − ( )
−

= −
−0 0

0
0

0
0

   = lim sin
x

x
x→ +

=
0

1 

 f ′(0–) ≠ f ′(0+)
 \  f(x) is not differentiable at x = 0.
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4. Show that the following functions are not 
differentiable at the indicated value of x.

(i) f x
x x

x x
x( ) =

− + ≤
− >

=




2 2
2 4 2

2
,

,
;   

(ii)  f x
x x

x x
x( ) =

<
− ≥

=




3 0
4 0

0
,

,
;   

Sol :  (i) f (x) = f x
x x
x x

x( ) =
− + ≤

− >
=





2 2
2 4 2

2;   

 f ′(2–)  = lim
x

f x f
x→ −

( ) − ( )
−2

2
2

 

  = lim
x

x
x

f x x
f→ −

− + − ( )
−

( ) = − +

⇒2

2 0
2

2
                      

      ∵
22 2 2 0( ) = − + =













   
       f x x

f
( ) = - +

Þ ( ) = - + =

é

ë
ê
ê

ù

û
ú
ú

2

2 2 2 0

  = lim lim
x x

x
x

x

x→ − → −

− +
−

=
− −( )

−2 2

2
2

2

2
 = –1 ... (1)

 \ f ′(2+)  = lim
x

f x f
x→ +

( ) − ( )
−2

2
2

 

  = lim
x

x
x

f x x
f→ +

−( ) −
−

( ) = −

( ) = − =2

2 4 0
2

2 4

2 4 4
                     

∵

00













 lim
x

x
x

f x x
f→ +

−( ) −
−

( ) = −

( ) = − =2

2 4 0
2

2 4

2 4 4
                     

∵

00













  = lim
x

x

x→ +

−( )
−

=
2

2 2

2
2  ... (2)

 From (1) and (2), f ′(2–) ¹ f ′(2+) 
 Hence, f(x) is not differentiable at x = 2.

 (ii) f (x) = f x
x x

x x
x( ) =

<
− ≥

=




3 0
4 0

0
,

,
;   

  \f ′(0–)  = lim lim
x x

f x f
x

x
x

f
→ − → −

( ) − ( )
−

= − (
0 0

0
0

3 0 0                      ∵ )) = − ( ) = 4 0 0

    = lim
x

x
x→ −

=
0

3 3     [f(x) = 3x] ... (1)

 \f ′(0+) = lim lim
x x

f x f
x

x
x

f

→ + → +

( ) − ( )
−

= − −
0 0

0
0

4 0                        
 xx x

f
( ) = −

( ) = ( ) =













4

0 4 0 0      

 lim lim
x x

f x f
x

x
x

f

→ + → +

( ) − ( )
−

= − −
0 0

0
0

4 0                        
 xx x

f
( ) = −

( ) = ( ) =













4

0 4 0 0    

  = lim
x

x
x→ +

− = −
0

4 4  ... (2)

  From (1) and (2), f ′(0–) ≠ f ′(0+) 
  Hence f(x) is not differentiable at x = 0.

5. The graph of f is shown below. State with reasons 
that x values (the numbers), at which f is not 
differentiable.

x

y

0 2 4 6 8 10 12 14−4
11

Sol :  (i) From the graph it is clear that at x = –1, the 
graph has a sharp edge.

  \ It is not differentiable at x = –1.
 (ii) At x = 4, it is discontinuous.
  \ f is not differentiable at x = 4.
 (iii) At x = 8, it has a sharp peak.
  \ f is not differentiable at x = 8.
 (iv) At x = 11, the tangent is perpendicular
  ⇒  At x = 11, it has a vertical tangent
  \ f is also not differentiable at x = 11.

6. If f(x) = |x + 100| + x2, test whether f′(–100) exists.

Sol :   Given f(x) = |x + 100| + x2

 \ f ′(–100–) = lim
x

f x f
x→− −

( ) − −( )
− −( )100

100
100

  = lim
x

x x
x

f x x

→− −

+ + − ( )
+

( ) = +

100

2 2100 100
100

1
                   

 000

100 100 100 100 100

2

2 2

+

−( ) = − + + −( ) =













x

f   
  

 lim
x

x x
x

f x x

→− −

+ + − ( )
+

( ) = +

100

2 2100 100
100

1
                   

 000

100 100 100 100 100

2

2 2

+

−( ) = − + + −( ) =













x

f   

   = lim
x

x x
x→− −

+ + −
+100

2 2100 100
100

= lim lim
x x

x x
x

x x
x→− − →− −

− +( ) + −
+

= − − + −
+100

2 2

100

2 2100 100
100

100 100
1100

=  lim lim
x x

x x x
x

x

→− − →− −

− +( ) + +( ) −( )
+

=
+( ) −

100 100

100 100 100
100

100 1++ −( )
+

x
x

100
100

= lim
x

x
→− −

−( ) = −
100

101 201  ... (1)

\f ′(–100+) =  lim
x

f x f
x→− +

( ) − −( )
− −( )100

100
100

= lim
x

x x
x→− +

+ + − ( )
+100

2 2100 100
100
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= lim
x

x x
x→− +

+( ) + −
+100

2 2100 100
100

= lim
x

x x x
x→− +

+( ) + −( ) +( )
+100

100 100 100
100

= lim
x

x x
x→− +

+( ) + −[ ]
+100

100 1 100
100

 

= lim
x

x
→− +

+ −[ ] = −
100

1 100 199    ... (2)

From (1) and (2), f (x) is not differentiable at x = – 100
⇒ f ′(– 100) does not exist.

7. Examine the differentiability of functions in  by drawing the diagrams.
(i)  | sin x |  (ii)  | cos x | .

Sol :  
(i) Let f(x) = |sin x| when x =0, f(x) = |sin 0| = 0

x 0
π
2

– π
2

π – π
3
2
π

–
3
2
π 5

2
π – 5

2
π

2π –2π

f(x) 0 1 1 0 0 1 1 1 1 0 0

xx¢

y¢

y

–1

1

2

–π–2π 0 2ππ
2– π

2
3π
2

3π
2

– 5π
2

5π
2

π–

 The curve f(x) = | sin x | has got vertical tangents at x = π, –π, 2π, –2π etc.
 \ f(x) = | sin x | is not differentiable at x = nπ, n ∈ Z.

(ii) Let f(x) = | cos x | when x = 0, f(0) =|cos 0| =| 1|  = 1

x 0
π
2

– π
2

π – π
3
2
π – 3

2
π 5

2
π – 5

2
π

2π

f(x) 1 0 0 1 1 0 0 0 0 1

xx¢

y¢

y

–1

1

2

–π–2π 0 2ππ
2– π

2
3π
2

3π
2

5π
2

5π
2

π––

  f(x) = | cos x | has got vertical tangents at x = π
2

, – π
2

, 3
2
π , – 3

2
π , 5

2
π , – 5

2
π  etc.

 \ f(x) = | cos x | is not differentiable at x = (2n + 1) π
2

, n∈Z.
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Integral CalCulus11
MUST KNOW DEFINITIONS

Anti-derivative 
function 

: A function F(x) is called an anti derivative (Newton - Leibniz integral 
or primitive) of a function f(x) on an interval I if 
F′(x) =  f(x), for every value of x in I.

Integration : ∫ f(x)dx =  F(x) + c where c is called on arbitrary constant.
The function f(x) is called Integrand. 
The variable x in dx is called variable of integration or integrator.
The process of finding the integral is called integration or anti 
differentiation.

 
FORMULAE TO REMEMBER

�	 x dx x
n

cn
n

∫ =
+

+
+1

1
 = x dx x

n
cn

n

∫ =
+

+
+1

1
 �	 ∫sec2x dx = tanx + c

�	
1
x

dx x c= +∫ log | | = log |x|+ c �	 ∫cosec2x dx = –cot x + c

�	 sin cosx dx x c= − +∫  = – cos x + c �	 ∫sec x tan x dx = sec x + c

�	 ∫cos x dx = sin x + c  �	 ∫cosec x cot xdx  = – cosec x + c

�	 ∫tan x dx = log |sec| + c  �	
1

1 2−
∫

x
dx  = sin–1 x + c

�	 ∫cot x dx = log |sin x| + c  �	
1

1 2+∫ x
 dx = tan–1 x + c

�	 ∫sec x dx = log |sec x + tan x | + c

�	 ∫cosec x dx = log |cosec x – cot x | + c

[335]
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	� a dx a
a

cx
x

= +∫ log  �	 e dx e cx x= +∫

	�
dx

a x a
x
a

c2 2
11

+
= 



 +∫ −tan  �	 ∫ex (f (x) + f ′(x)) dx = ex f (x) + c

	�
dx

a x a
a x
a x

c2 2

1
2−

= +
−

+∫ log  �	
dx

x a a
x a
x a

c2 2

1
2−

= −
+

+∫ log

	�
dx

a x
x
a

c
2 2

1

−
= 



 +−∫ sin  �	

dx
x a

x x a c
2 2

2 2

+
= + + +∫ log

	� a x dx x a x a x
a

c2 2 2 2
2

11
2 2

− = − + 



 +∫ −sin             �	

dx

x a
x x a c

2 2
2 2

−
= + − +∫ log

	� x a dx x x a a x x a c2 2 2 2
2

2 2

2 2
+ = + + + + +∫ log   �	  

1 1
2 2

1

x x a
dx

a
x
a

c
−

= 



 +∫ −sec

	� x a dx x x a a x x a c2 2 2 2
2

2 2

2 2
− = − − + − +∫ log

TEXTUAL QUESTIONS

ExErcisE 11.1
intEgratE thE following with rEspEct to x: 

1. (i) x11     (ii)  
1
7x

[Sep.-2021]  (iii) x43  (iv)  x5
1
8( )

Sol :  (i) We know that x dxnò = 
x
n

c
n+

+
+

1

1

   ∴ ∫ x dx11  = 
x c

11 1

11 1

+

+
+  = 

x c
12

12
+  

 (ii) 
1
7x

 

   
1
7x

dxò  = x dx−∫ 7  = 
x− +

− +

7 1

7 1
 = 

x c
−

−
+

6

6
 

    = − +
1

6 6x
c

 (iii) x43  

   x dx43ò  = x dx4 1 3( )∫
/

 = x dx4 3/ò  

 = 
x c

4
3

1

4
3

1

+

+
+  = 

x c

7
3

7
3

+ =  
3
7

7
3x c+

(iv) x5
1
8( )  

 x dx5 1 8( )∫
/

  = x dx5 8/ò  = 
x c

5
8

1

5
8

1

+

+
+  = 

x c

13
8

13
8

+

 = 8
13

13
8x c+

2. (i)  
1
2sin x

       (ii)    
tan
cos

x

x
   (iii) 

cos
sin

x

x2  

 (iv)  
1
2cos x

Sol :  (i) 
1
2sin x

 

 
1
2sin x

dxò  = cosec2x dxò  = –  cot x + c

 (ii) 
tan
cos

x

x
  

 
tan
cos

x
x

dxò = tan
cos

x
x

dx×∫
1

  = tan secx x dxò  = sec x + c
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(iii) 
cos
sin

x

x2

 
cos
sin

x
x

dx2ò  = 
cos
sin sin

x
x x

dx×∫
1

 = cot x x dxcosecò = –  cosec x + c

(iv) 
1
2cos x

 
1

2cos x
dx∫  = sec2 x dx∫ = tan x + c

3. (i)  123            (ii)    
x

x

24

25  (iii) e x

Sol :  (i)  123  = 123 dxò  =123 dxò  = 123x + c

 (ii) 
x

x

24

25   = 
x
x

dx
24

25ò  =
1
x

dxò  = log |x| + c

 (iii) e x  = e dxxò  =ex + c

4. (i)  1 2 1
+( )−x  [March - 2020]  (ii) 1 2

1
2−( )−x

Sol :  (i) 1 2 1
+( )∫

−
x dx = 

1
1 2+∫ x

dx  = tan–1x + c

(ii) 1 2 1 2
−( )−∫ x dx

/
= 

1

1 2 1 2
−( )

∫
x

dx/  

 = 
dx

x
c

1 2−
+∫  = sin− +1 x c

ExErcisE 11.2

Integrate the following functions with respect to x:

1. (i) (x + 5)6 (ii) 
1

2 3 4−( )x
 (iii) 3 + 2x

Sol :  (i)  (x + 5)6  

  x dx+( )∫ 5 6 =
x

c
+( )
+

+
+5

6 1

6 1

= 
x

c
+( )

+
5

7

7

 (ii) 
1

2 3 4−( )x

  
1

2 3 4−( )∫ x
dx = 2 3 4−( )−∫ x dx  

 = 
2 3

4 1 3

4 1−( )
− +( ) −( )

− +x
 = 

2 3
9

3−( )−x
 = 

1
9 2 3 3−( )

+
x

c

(iii) 3 + 2x

 3 2x dx+∫ = 3 2
1
2x dx+( )∫ = 3 2

1
2

1 3

1
2

1x
c

+( )

+






( )

+
+

 = 
3 2

3
2

3

3
2x

c
+( )

×
+  = 

2
9

3 2
3
2x c+( ) +

2. (i) sin 3x (ii) cos 5 11−( )x (iii)  cosec 5 72 x−( )

Sol :  (i)  sin3x dxò  = – 1
3

cos 3x + c ⇒ –
cos3

3
x

 + c

(ii) cos∫ −( )5 11x dx  = sin
5 11

11
−( )
−

+
x

c

 = −
−( )sin 5 11

11
x

+ c

(iii)  cosec2 5 7x dx−( )∫  = −
−( )
+

cot 5 7
5
x

c

3. (i) e3x – 6  (ii) e x8 7-   (iii) 
1

6 4- x

Sol :  (i)  e dxx3 6−∫  = 
e c

x3 6

3

−

+  = 
1
3

3 6e x- + c

(ii)  e dxx8 7−∫  = e c
x8 7

7

−

−( )
+  = -

-e x8 7

7
 + c

(iii)  
1

6 4−∫ x
dx  = 

log 6 4
4
−
−

+
x

c

   = − − +
1
4

6 4log x c

4. (i) sec
5

2 x
  (ii)   cosec (5x + 3) cot (5x + 3)

 (iii) sec (2–15x) tan (2 – 15x)

Sol :  (i) sec2

5
x dx



∫  = 

tan x
5

1
5







+ c  = 5 tan 
x
5





 + c

(ii) cosec 5 3 5 3x x dx+( ) +( )∫ cot

 = −
+( )cosec

5 3
5

x
+ c = – 

1
5

cosec (5x + 3) + c

(iii) sec tan2 15 2 15−( ) −( )∫ x x dx

 = 
sec 2 15

15
−( )
−

+
x

c  = -
1

15
 sec (2 – 15x) + c
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5. (i) 
1

1 4 2−( )x
 (ii)   

1

1 81 2- x
(iii)  

1
1 36 2+ x

Sol :  (i)  We know that 
dx

x1 2−
∫ = sin–1 (x) + c

 = 
sin− ( )

+
1 4
4

x
c  = 

1
4

41sin− ( )+x c

(ii) 
dx

x1 81 2−
∫ = 

dx

x1 9 2−( )
∫  = 

sin− ( )
+

1 9
9

x
c  

 = = ( )+−1
9

91sin x c

(iii) 
1

1 36 2+∫ x
dx = 

1
1 6 2+( )∫ x

dx =
tan− ( )1 6

6
x

  

 = 
1
6

61tan− ( )+x c   

dx
x

x c
1 2

1

+
= +













−∫ tan

ExErcisE 11.3
Integrate the following with respect to x:

1. x
x

x+( ) +
−( )

− −( )4 5
2 5

3 15
4

2cosec

Sol :  x
x

x dx+( ) +
−( )

− −( )∫ 4 5
2 5

3 15
4

2cosec

= x dx+( ) +∫ 4 55  
1

2 5 4−( )
−∫ x

dx cosec2 3 1x dx−( )∫

= x
x dx

x+( ) + −( ) +
−( )−∫∫

4
6

5 2 5
3 1
3

6
4 cot  + c

= 
x+( )

+
4

6
5

6

 
2 5
4 1 5

4 1−( )
− +( ) −( )

− +x
+ 1

3
3 1cot x c−( )+

= 
x+( )4

6

6

 + 
2 5

3

3−( )
− −( )

−x
+ 1

3
3 1cot x c−( )+

= 
x+( )4

6

6

 + 
1

3 2 5 3−( )x
 + 

1
3

3 1cot x c−( )+

2. 4 5 2 9 24
6 4

3 6cos −( )+ +
−

−x e
x

x

Sol :  4 5 2cos −( )∫ x  + 9 3 6e x-  + 
24

6 4- x
dx

 = 4 5 2cos −( )∫ x dx + 9 3 6e dxx−∫  + 24
6 4

dx
x

dx
−∫

 = 4
5 2

2

2
.
sin −( )
−

x
 + 9

3

3 3 6
.e

x-

 + 24
6 4

4

6
.
log −
−

+
x

c

 =− −( )2 5 2sin x  + 3 63 6e x- - log 6 4− +x c  

3. sec cos sec tan2

5
18 2 10 5 3 5 3x

x x x+ + +( ) +( )

Sol :  

sec /2 5x( )∫ +18 2 10cos x+ sec 5 3x+( )tan (5x + 3) dx

= sec2

5
x dx





∫  + 18 ∫cos 2x dx  + 10 ∫sec (5x + 3) tan 5 3x dx+( )

= tan x
5

1
5






  + 18 2

2

9 sin x  + 
10 5 3

5

2
sec x

c
+( )
+

= 5
5

tan x




+ 9 2sin x  + 2 5 3sec x c+( )+  

4. 
8

1 4

27

1 9

15
1 252 2 2

−( )
+

−
−
+x x x

Sol :  
8

1 4 2−( )
∫

x
 + 

27

1 9 2- x
 – 

15
1 25 2+ x

dx

= 8 1

1 4 2−( )
∫

x
dx  + 27

1 3 2

dx

x− ( )
∫  – 15

1 25 2
dx

x+∫

= 8
4

4

1

.
sin− ( )x

 + 27
3

3
15

1

.
sin− ( )

−
x dx

x
c

1 5 2+( )
+∫

= 2 41sin− ( )x  + 9 3 151
3

sin− ( )−x
tan− ( )

+
1 5
5

x
c

= 2 41sin− ( )x  + 9 3 31sin− ( )−x tan− ( )+1 5x c

5. 
6

1 3 2
12

1 3 4
2 2+ +( )
−

− −( )x x

Sol :  
6

1 3 2
12

1 3 4
2 2+ +( )
−

− −( )
∫ x x

dx

= 6
1 3 2 2

dx
x+ +( )∫ - 12

1 3 4 2

dx

x− −( )
∫

= 6
3 2
3

2 1

.
tan− +( )x

 - 12
3 4
4

3 1

.
sin− −( )

−
+

x
c

= 2 3 21tan− +( )x  + 3 3 41sin− −( )+x c

6. 
1
3 3

4 7
7 9

5
3

cos x

x
e

x

−






+ +

+
+

Sol :  
1
3 3

4cos x
−







∫  + 

7
7 9x+

 + e dx
x
5

3+
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Reg. No.
INSTANT SUPP. EXAM AUGUST - 2022

Part - III
Mathematics (with answers)

[389]

Instructions : 

(1) Check the question paper for  fairness of printing. If 
there is any lack of fairness, inform the Hall Supervisor 
immediately.

(2) Use Blue or Black ink to write and underline and 
pencil to draw diagrams

PART - I
Note : (i)  Answer all the questions. [20 × 1 = 20]
 (ii)  Choose the most appropriate answer from the 

given four alternatives and write the option code 
and the corresponding answer.

1. If  A = {(x, y) : y = sin x, x ∈} and B = {(x, y) : y = cos 
x, x ∈} then A ∩ B contains
(a) no element
(b)	 infinitely	many	elements
(c) only one element
(d) cannot be determined

2. If |x + 2| ≤ 9, then x belong to :
(a) (–∞, – 7) (b) [–11, 7]
(c) (–∞, – 7) ∪ [11, ∞) (d) (–11, 7)

3. The value of sin 18° is :

(a) 
5 1
4
−

 (b) 
5 1
4
+

(c) 1 5
4

−  (d) 
5 1
2
−

4. The value of cos 150° is :

(a) 
1
2

 (b) 
−1
2

 (c) 
3

2
 (d) 

− 3
2

5. Number of sides of a polygon having 44 diagonals is :

(a) 4 (b) 4! (c) 11 (d) 22
6. The nth term of the sequence 1, 2, 4, 7, 11, .... is :

(a) n3 + 3n2 + 2n (b) n3 – 3n2 + 3n 

(c) 
n n n( )( )+ +1 2

3
 (d) 

n n2 2
2

− +

7. The equation of the line with slope 2 and the length of 
the perpendicular from the origin equal to 5 is :

(a) x – 2y = 5 	 (b) 2x – y = 5
(c) 2x – y = 5 (d) x – 2y – 5 = 0

8. If aij = 
1
2

 (3i – 2j) and A = [aij]2× 2 then A is :

(a) 

1
2 2

1
2

1
−



















 (b) 
1
2

1
2

2 1

−













(c) 
2 2
1
2

1
2
−















 (d) 

−













1
2

1
2

1 2

9. The value of the determinant of A = 
0

0
0

a b
a c

b c

−
−

−















is  :

(a) –2abc (b) abc
(c) 0 (d) a2 + b2 + c2

10. The vectors a b b c c a
� � � � � �

− − −, ,  are :
(a) parallel to each other  
(b) unit vectors
(c) mutually perpendicular vectors
(d) coplanar vectors

11. If a b
� �

+ = 60, a b
� �

- = 40 and b
�

= 46 then, a
�

is : 

(a) 42 (b) 12 (c) 22 (d) 32

12. If a i j k b
� � � � �= + +2 2 , = 5 and the angle between a

�
and 

b
�

is π
6

 then, the area of the triangle formed by these 

two vectors as two sides, is  :

(a) 
7
4

 (b) 
15
4

 (c) 
3
4

 (d) 
17
4

13. lim cos
x

x
x→

−
0

1 2
 is :

(a) 0 (b) 1 
(c) 2  (d) None of the above
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14. lim
tan

tan

x

x xe e
x x→

−
−0

 is :

(a) 1 (b) e (c) 
1
2

 (d) 0

15. 
d
dx

[log 5x] is :

(a) 
1

5x
 (b) 

1
x

 (c) 5x (d) log 5x

16. If f (x) = 
x x
x x

+ <
− ≥





1 2
2 1 2

,
,

when
when

, then, f ′ (2) is :

(a) 0 (b) 1 
(c) 2 (d) does not exist

17. 
tan

sin
x
x2∫ dx  is :

(a) tan x  + C (b) 2 tan x  + C

(c) 
1
2

tan x  + C (d) 
1
4

tan x  + C

18. ∫x2 cosx dx is :

(a) x2 sinx + 2xcosx – 2sinx + C

(b) x2 sinx – 2xcosx – 2sinx + C

(c) – x2 sinx + 2xcosx + 2sinx + C

(d) – x2 sinx – 2xcosx + 2sinx + C 

19. If A and B are two events such that A ⊂	 B and  
P(B) ≠ 0, then which of the following is correct :

(a) P(A/B) = 
P(A)
P(B)  (b) P(A/B) < P(A)

(c) P(A/B) ≥ P(A) (d) P(A/B) > P(B)

20. It is given that the events A and B are such that P(A) = 
1
4

, P(A/B) = 
1
2

 and P(B/A) = 
2
3

. Then P(B) is :

(a) 
1
6  (b) 

1
3  (c) 

2
3  (d) 1

2

PART - II
Note : Answer any seven questions.
 Question number 30  is compulsory. 7 × 2 = 14
21. Solve |x – 9| < 2 for x.

22. Express cos6q	+ cos2q as a product.

23. Find the value of sin 150°.

24. Find the value of 
8

5 2
!

! !× .

25. Write	the	first	4	terms	of	the	sequences	whose	nth term 

an is given as, an = 
1 1
2 2

21 2

if
if
if

n
n

a a nn n

=
=

+ >





 − −

26. Find the equation of the lines passing through the points 
(1, 1) with slope 3.

27. Find |A| if A = 

3 4 1
0 1 2
5 2 6

−
−

















28. Find a b
� �

×  when a i j k
� � � �= − +2 and b i j k

� � � �= - -3 4 2 .

29. Differentiate y = ex + sin x + 2 with respect to x.

30. Integrate cos3x with respect to x.

PART - III
Note : Answer any seven questions.
           Question number 40  is compulsory. 7 × 3 = 21

31. If n(A) = 10 and n (A ∩	B)	=	3	find	n[(A ∩	B)′	∩	A].

32. Resolve into partial fractions : 
3 1
2 1
x

x x
+

- +( )( )

33. Expand (1 + x)2/3 up to four terms for |x| < 1.

34. Find the distance between two parallel lines  
3x + 4y – 12 = 0 and 6x + 8y + 1 = 0.

35. Show that 
0

0
0

2
c b

c a
b a

= 

b c ab ac
ab c a bc
ac bc a b

2 2

2 2

2 2

+
+

+
.

36. Show that the points whose position vectors are
2 3 5 3 2i j k i j k� � � � � �+ − + −, and 6 5 7i j k� � �− + are 
collinear.

37. Differentiate y = esin x with respect to x.
38. Integrate (2x – 5) (36 + 4x) with respect to x.
39. If	P(A)	=	0.5,	P(B)	=	0.8	and	P(B/A)	=	0.8,	find	P(A/B).
40. Find the distinct permutation of the letters of the word 

MATHEMATICS.
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PART - IV
Note : Answer all the questions. 7 × 5 = 35

41. (a)  Write the values of f at –4, 1, –2, 7, 0 if : f (x) = 
− + −∞ < ≤ −

+ − < < −
− − ≤ <

− ≤ <

x x
x x
x x x
x x x

4 3
4 3 2

2 1
1 7

0

2

2

if
if
if
if

otherwise














 (OR)

 (b) Compute : lim ( )
x

x x
x x→

− +
− +3

2

3
6 5
8 7

42. (a)  If sin x = 
15
17 and cos y = 

12
13 , 0 < x <  

π
2 ,  

0 < y < 
π
2 ,	find	the	value	of	cos	(x – y).

(OR)
 (b) If y = etan – 1x, show that (1+ x2) y″ + (2x – 1) y′ = 0
43. (a) Evaluate the following :

 (i) 4P4  (ii) 6P5 

 (iii) 10C3  (iv) 100C99 (v) 50C50

 (OR)

 (b)  Find all values of x	 that	 satisfies	 the	 inequality	
2 3
2 4
x

x x
−

− −( )( )
< 0.

44. (a)  Prove that x x33 336 3+ − + is approximately 

equal to 
1
2x

when x	is	sufficiently	large.

 (OR)

 (b) Differentiate : 
2 5

2 52
x

x x
−

− +( )
with respect to x. 

45. (a)  Prove that 
1 1 1

2 2 2

x y z

x y z
= (x – y) (y – z) (z – x) 

using factor theorem.
(OR)

 (b) Integrate x log x with respect to x.
46. (a)  If ABCD is a quadrilateral and E and F are the 

midpoints of AC and BD respectively, then prove 

that AB AD CB CD EF
� ��� � ��� � ��� � ��� � ��

+ + + = 4
(OR)

 (b) Evaluate : 
1

2 2sin cosx x∫ dx

47. (a)  A factory has two machines I and II. Machine I 
produces 40% of items of the output and Machine 
II produces 60% of the items. Further 4% of items 
produced by Machine I are defective and 5% 
produced by Machine II are defective. An item is 
drawn at random. If the drawn item is defective, 
find	 the	 probability	 that	 it	 was	 produced	 by	
Machine II.

(OR)

 (b) Rewrite 3x+ y + 4 = 0 into normal form. 

ANSWERS
PART - I

1.	 (b)	 infinitely	many	elements
2. (b) [–11, 7]

3. (a) 
5 1
4
−

4. (d) 
− 3

2
5. (c) 11

6. (d) 
n n2 2

2
− +

7. (c) 2x – y = 5

8. (b) 
1
2

1
2

2 1

−













9. (c) 0
10. (d) coplanar vectors
11. (c) 22

12. (b) 
15
4

13. (d) None of the above
14. (a) 1

15. (a) 
1

5x
16. (d) does not exist
17. (a) tan x  + C
18. (a) x2 sinx + 2xcosx – 2sinx + C
19. (c) P(A/B) ≥ P(A)

20. (b) 
1
3
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