RELATIONS AND

FUNCTIONS

BASIC CONCEPTS

1.

Relation: If A and B are two non-empty sets, then any subset R of A x B is called relation from set A
to set B.

ie., R:A—>B < RcAxB

If (x, y) € R, then we write x R iy (read as x is R related to y) and if (x, y) ¢ R, then we write x R y (read
as X is not R related to y).

Domain and Range of a Relation: If R is any relation from set A to set B then,
(a) Domain of R is the set of all first coordinates of elements of R and it is denoted by Dom (R).
(b) Range of R is the set of all second coordinates of R and it is denoted by Range (R).
A relation R on set A means, the relation from AtoAie., Rc A x A.
Some Standard lypes of Relations:
Let A be a non-empty set. Then, a relation R on set A is said to be
(a) Reflexive: If (x, x) € R for each element x € A, i.e., if xRx for each element x € A.
(b) Symmetric:If (x,y) e R=(y,x) e Rforallx,y € A, ic.,if xRy= yRx forallx, y € A.
(c) Transitive: If (x, y) e Rand (y,z) e R=>(x,z) e Rforallx,y,ze€ A,iec., il xRy and yRz = xRz.

Equivalence Relation: Any relation R on a set A is said to be an equivalence relation if R is retlexive,

symmetric and transitive.

Antisymmetric Relation: A relation R in a set A is antisymmetric

if(a,b)eR, (b,a)eR = a=bVabeR oraRbandbRa = a=b,Va,b e R.

For example, the relation “greater than or equal to, “2" is antisymmetric relation as
a>bbza = a=b%Va,b

[Note: “Antisymmetric” is completely different from not symmetric.]

Equivalence Class: Let R be an equivalence relalion on a non-emply set A. For all 2 € A, the

equivalence class of ‘a’ is defined as the set of all such elements of A which are related to ‘a’” under
R. It is denoted by [a].

le., a] = equivalence class of ‘@’ ={x € A: (x,a) € R}

Function: Let X and Y be two non-empty sets. Then, a rule f which associates to each elementx € X, a
unique element, denoted by f(x) of Y, is called a function from X to Y and written asf: X = Y where,

f(x) is called image of x and x is called the pre-image of f(x) and the set Y is called the co-domain of
fand /(X) = {f(x): x € X} is called the range of f.
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8. Types of Function:

9.

10.

11.
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13.

14.

6

(i) One-one function (injective function): A function f: X — Y is defined to be one-one if the
image of distinct element of X under rule f are distinct, i.e., for every x,, x, € X, f(x;) = f{x,)
implies that x; = x5.

(i) Onto function (Surjective function): A function f: X — Y is said to be onto function if each
element of Y is the image of some element of x i.e., forevery y € Y, there exists some x € X, such
that v = f(x). Thus f is onto if range of f = co-domain of f.

(i7i]) One-one onto function (Bijective function): A function f : X — Y is said to be one-one onto, it

f is both one-one and onto.

(iv) Many-one function: A function f : X — Y is said to be a many-one function if two or more
elements of set X have the same image in Y. i.c,,

f: X — Yis a many-one function if there exista, b € X such thata # b but f(a) = f(b).

Composition of Functions: Let f: A > B and g : B — C be two functions. Then, the composition of

f and g, denoted by ¢of, is defined as the function.

Fif=»B g:B-oC

gof :A—C given by
gof(x) =g(f(x)), Vx e A
Clearly, dom(gof ) = dom(f)
Also, gof is defined only when range(f) € dom(g)
Identity Function: Let R be the set of real numbers. A function I : R — R such that
I(x) =xV x € Ris called identity function.

Obviously, identity function associates each real number to itself.

Invertible Function: For f: A — B, if there exists a function ¢ : B — A such that ¢of =1, and fog = I,
where [, and I are identity functions, then f is called an invertible function, and g is called the
inverse of f and it is written as f ' = g.

Number of Functions: If X and Y are two finite sets having m and 7 elements respectively then the
number of functions from X to Yis n"".

Vertical Line Test: Itis used to check whether a relation is a function or not. Under this test, graph of
given relation is drawn assuming elements of domain along x-axis. If a vertical line drawn anywhere
in the graph, intersects the graph at only one point then the relation is a function, otherwise it is not
a function.

Horizontal Line Test: It is used to check whether a function is one-one or not. Under this test graph
of given function is drawn assuming elements of domain along x-axis. If a horizontal line (parallel
to x-axis) drawn anywhere in graph, intersects the graph at only one point then the function is one-

one, otherwise it is many-one.
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MULTIPLE CHOICE QUESTIONS

Choose and wrile the correct option in the following questions.

1.

10.

11.

12.

13.

14.

The relation R in the set A ={1, 2, 3, 4} given by R = {(1, 2), (2, 2), (1, 1), (4, 4), (1, 3), (3, 3), (3, 2)}
1S

(a) retlexive and symmetric but not transitive

(b) reflexive and transitive but not symmetric
(c) symmetric and transitive but not retlexive

(d) an equivalence relation

If A=1{a,b,c, d}, then a relation R ={(a, b), (b, a), (a, a)} on A is
(@) symmetric only (D) transitive only
(c) reflexive and transitive (d) symmetric and transitive only

For real numbers x and y, define xRy if and only if x - y +4/2 is an irrational number. Then the

relation R is INCERT Exemplar]
(a) reflexive (b) symmetric (c) transitive (d) none of these
Consider the non-empty set consisting of children in a family and a relation R defined as aRb
if a is brother of b. Then R is INCERT Exemplar]
(a) symmetric but not transitive (b) transitive but not symmetric

(c) neither symmelric nor transitive (d) both symmetric and transitive

The maximum number of equivalence relation on the set A ={1, 2, 3} are |[NCERT Exemplar]

(@) 1 (b) 2 (c) 3 (d) 5

Let L denotes the set of all straight lines in a plane. Let a relation R be defined by IRm if and
only if / is perpendicular to m V I, m € L. Then R is INCERT Exemplar]
(a) reflexive () symmetric (c) transitive (d) none of these

Let A = {1, 2, 3}. Then number of relations containing (1, 2) and (1, 3) which are reflexive and
symmetric but not transitive is

(@) 1 (0) 2 (c) 3 (d) 4
Let A ={1, 2, 3}. Then number of equivalence relations containing (1, 2) is/are
(@) 1 (0) 2 (c) 3 (d) 4

Let A and B be finite sets containing m and n elements respectively. The number of relations that
can be defined from A to B is

(a) 2™ (b) 2" (c) mn (d) 0

Set A has 3 elements and the set B has 4 elements. Then the number of injective mapping that
can be defined from A to B is [NCERT Exemplar]
(a) 144 (b) 12 (c) 24 (d) 64

The function f: R — R defined by f(x) = 2" + 2/*1 is

(2) One-one and onto () Many-one and onto

(c) One-one and into (d) Many-one and into

If the set A contains 5 elements and the set B contains 6 elements, then the number of one-one
and onto mapping from A to B is

(@) 720 (b) 120 (c) O (d) none of these
Which of the following functions from Z into Z is bijection? [NCERT Exemplar]
(a) flx) =2 (b) fix) =x +2 (€) fly =2x +1 (d) fix)=x"+1
Letf:]2, ) > R be the function defined by f(x) = x? = 4x + 5, then the range of fis

INCERT Exemplar]
(@) R (b) [1, ) (c) [4, ) (d) [5, )
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15.

16.

17.

18.

19,

20.

21.

22,

~d

24.

0.

26.

&V

Let f: R — R be defined by f(x) = x~ + 1. Then, pre-images of 17 and -3, respectively, are

I[INCERT Exemplar|
(@) 9,14, 4} () {3,-3}, ¢ (c) {4,—41, ¢ (d) {4, -4}, {2, -2}
Let the function f:R — R be defined by f(x) = 2x + sin x for x € R. Then fis
(a) one-one but not onto (b) onto but not one-one
(c) neither one-one nor onto (d) one-one and onto

Let R be the relation in the set N given by R ={(a, b) : a = b -2, b > 6} choose the correct answer.

(a) (2,4)€R (b) (3,8) R (c) (6,8) R (d) (8,7) R
Let f:R— R be defined as f(x) = x*. Choose the correct answer

(@) fis one-one onto (b) fis many one onto

(c) fis one-one but not onto (d) fis neither one-one nor onto.
Let f: R — R be defined as f(x) = 3x. Choose the correct answer.

(a) fis one-one onto. (b) fis many one onto.

(c) fis one-one but not onto (d) fis neither one-one nor onto.

Let f:R—— R defined by
f(x) = 2x° + 2x* + 300x + 5 sin x then f is

(a) one-one onto (b) one-one into (c) many one onto (d) many one into

Let f:R — R be defined by f(x) = x” + 1. Then, pre-image of 5 and - 5, respectively are

(H) (bf {_ 2} (b) {(31' — 3}: ¢ (C) {_2r 2}: tZIZ' (d) {1: _1}: {-’Zr — 2}
The domain of the function f:R — R defined by f(x) = V¥’ -4 is
(H') [_ 2: 21 (b) (_Zr 2) (C) (—IIJ, _2] U [21 'DD} (d) (_ o, DG)

3x, 1tx>3
Let f:R — R be defined by f(x) = :fz, ifl<x<3
. the=<1
Then f(-2) + f(0) + f(2) + f(5) is equal to
(a) O (b) 17 (c) —4 (d) none of these
Let R is reflexive relation on a finite set A having 7 element, and let there be 1 ordered pairs in
R. Then

(a) m=n (b)) m=<n (c) m=n (d) none of these
The domain of the function f(x) = 1033 ”(.1’1 -1) 1s

(@) (-3,-1) U (1, ) (b) [-3,-1) U[1, o)

(c) (-3,-2)U(=-2,-1)uU(d, o) (d) [-3,-2)U(-2,-1)U[1, 00)

Let f:R— [0, 7 defined by flx) = tan™ (¥* + x + a), then the set of values of a for which f is

onto is
1

(a) [0, ) (b) v <) (c) [2,1] (d) none of these

If the function f: R— R and ¢: R — R are defined as

(%) = 0, x € rational
flx) = x, X € irrational

il iy {0, xE irra‘tinna]
x, x E&rational
then (f - g)is
(a) one-one onto. (b) many-one onto
(c) one-one but not onto (d) neither one-one nor onto.
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28.

29,

30.

31.

32.

33,

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

If a relation R on the set {1, 2, 3, 4} is defined by R =1{(1, 2), (3, 4)}. Then R is
(a) reflexive (b) transitive (c) symmetric (d) none of these

If the set A contains 4 elements and the set B contains 5 elements, then the number of one-one
and onto mappings from A to B is

(a) 0 b) 4° (c) 5° (d) none of these
Let A ={x, y, z) and B = {a, b} then the number of onto function from A to B is
(@) O () 3 (c) 6 (d) 8

If A and B have 4 and 6 elements respectively then the number of one-one function from A to
B is

(a) 4° (b) 6* (c) 360 (d) 240

If A and B have 4 elements each then the number of one-one onto (bijective) function from A
to B is

(a) O (b) 24 (c) 4° (d) None of these

If R is an equivalence relation on A, then R on A is

(a) Transitive only () Symmetric only (c) Reflexive only (d) Equivalence relation
The relation “greater than” denoted by > in the set of integers is

(a) Symmetric (b) Reflexive (c) Transitive (d) None of these

If R, and R, are symmetric relations in a set A, then R, UR, is

(a) Retlexive (b) Symmetric (c) Transitive (d) None of these

The function f: R — R defined by f(x) = 4" + 4!*! is

(a) one-one and into (b) one-one and onto

(c) many one and into (d) many one and onto

Identity relation R on aset A is

(1) Retlexive only (b) Symmetric only (c) Transitive only  (d) Equivalence

The relation “congruence modulo m” on the set Z of all integers is a relation of type
(a) Retlexive only (b) Symmetric only (c) Transitive only  (d) Equivalence

o4 .
Let f:R—— |O, E) defined by flx) = tan™ (x* + x + 2a) then the set of values of ‘a’ for which

f is onto, is

@ (-5 (1) [-1, ) @ |-5=) @ |g=)

If the function f(x) satisfying (f(x))z - 4f(x)f' (¥) + (f (x))* = 0 then f(x) equals

(a) }\E{Z +4/5)x (D) }\E{z - /5)x (c) }\E{Z +./3)x (d) ?\E{S - 3)x
2%

Let f:(-1,1) —— B where f(x) = tanﬁi( - )is one-one and onto, then B equals
- X,

T T T T T 7T
@ ’O' 7‘ ) [_ 2* 2 ] © (_ 2’2 ) ) (”’ ?)
The function y = - ,xER, yeR is
“ 1+ ‘

(a) One-one onto (b) Onto but not one-one

(c) One-one but not onto (d) None of these

A relation R in the set of non-zero complexs number is defined by z,Rz, & 1 1s real,

then R 1s - AR

(a) Retlexive (b) Symmetric (c) Transitive (d) Equivalence

Number of onto (subjective) functions from A to B if 171(A) = 6 and n(B) = 3 are

(o) 2°-2 (b) 3°=3 (c) 340 (d) None of these
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45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

Let A =1{7,8, 9, 10} and R {(8, 8), (9, 9), (10, 10), (7, 8)} be a relation on A, then R is
(a) Transitive (b) Reflexive (c) Symmetric (d) None of these

Let f, gbe a function from the set{l, 2, ..., 12} to the set {1, 2, 3, ..., 11} then which of the following
is correct?

12 x11
2

(a) Number of onto functions from AtoB =

(b) Total number of functions from A to B = 11%*

12 x 11
2

(¢) The functions which are not onto = A2
(d) All of these

Lel p and g are pusilive inlegers, [ is a [unclion defined [or pusilive numbers and allains only

positive values such that flx f(1)]=x"y" then
(a) b*=a (D) a=b (c) a*

(d) None of these

b
: . al 4 .
Letf:(-1,1) —» B, be a function defined by f(x) = tan 3 _ o8 then fis both one-one and onto
when B is the interval - X

ol w6l (3D e[
_1’2 -_1.2

Let f:R—— R defined by f(x) = ETE - E_ < then

(a) f(x)is one-one but not onto ©e (b) f(x) is neither one-one nor onto

(c) f(x)is many one but onto (d) f(x) is one-one and onto

If A =17, 8, 9}, then the relation R ={(8,9)} in A is

(1) Symmetric only () Non-symmetric (c) Reflexive only (d) Equivalence

Let A be the finite set containing n distinct elements . The number of relations that can be

defined on A is
(2) 2" (b) n? c) 2% (dy 21
Let R, and R, be equivalence relations on a set A, then R,U R, may or may not be

(a) Retlexive (D) Symmetric (c) Transitive (d) None of these
Let R be the relation defined on the set N of natural numbers by therule x Ry iff x + 2 y = §,

then domain of R is

(@) 12,4,8} () {24,064 (c) {2,4,6,8} (d) {1,2,34}
Let A ={a,b,c} and R ={(a,a), (b,b), (¢c,c), (b,c), (a,b)} be a relation on A, then R is
(a) Symmetric (b) Transitive (c) Reflexive (d) Equivalence

“Every relation is a function and every function 1s a relation” then which is correct for given
statement ?

(a) True (b) False (c) Can’t say anything (d) None of these

If a relation R on the set {1, 2, 3} be defined by R ={(1, 2)}, then R is
(a) Retlexive (b) Transitive (c) Symmetric (d) None of these

Let us define a relation Rin Rasa Rbif a > b. Then, R is
R={(a,b):a=b]

(a) An equivalence relation
() Retlexive, lransilive bul not symmetric
(c) Symmetric, transitive but not reflexive

(d) Neither transitive nor reflexive but symmetric
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58. If A =11, 2, 3} and consider the relation R ={(1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1, 3)}. Then, R is
() Retlexive but not symmetric (b) Retlexive but not transitive

(c) Symmetric and transitive (d) Neither Symmetric nor transitive
59. The relation R defined on theset A=1{1,2,3,4,5}byR={(a,b): |a>-1"| <7}is given by
(@) {(1,1),(2,1),3,1),(41),(2,3)]
(2,2),3,2),4,2),(2,4)}
5,4),(3,4)]
3,3),4,4), (5,5),(1,2),(2,3)}

I

d) {(1,1), (2, 2),
Answers

1. (b) 2. (d) 3. (a) 4. (b) 5. (d) 6. (V)
7. (a) 8. (b) 9. (a) 10. (¢) 11. (¢) 12. (¢)
13. (b) 14. (b) 15. () 16. (d 17. (c) 18. (d)
19. (a) 20. (a) 21. (c) 22. (c) 23. (b) 24. (a)
25. (c) 26. (D) 27. (a) 28. (D) 29. (a) 30. (c)
31. (¢) 32. (b) 33. (d) 34. (¢) 35. (D) 36. (a)
37. (d) 38. (d) 39. (d) 40. (c) 41. (c) 42. (c)
43. (d) 44. (d) 45. (a) 46. (d) 47. (c) 48. (c)
49. (b) 50. (b) 51. (c) 52. (c) 53. (b) 54. (c)
55. (b) 56. (b) 57. (b) 58. (a) 59. ()

CASE-BASED QUESTIONS

Choose and write the correct option in the following questions.

1. Read the following and answer any four questions from (i) to (v).
A general election of Lok Sabha is a gigantic exercise. About 911 million people were eligible to
vote and voter turnout was about 67%, the highest ever

ONE — NATION
ONE — ELECTION
FESTIVAL OF

DEMOCRACY
GENERAL ELECTION- 2019

Let I be the set of all citizens of India who were eligible to exercise their voting right in general
election held in 2019. A relation ‘R’ is defined on I as follows:

R={(V, V,) :V,, V, €Il and both use their voting right in general election - 2019}
|[CBSE Question Bank]
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Answer the questions given below.

(i) Two neighbours X and Y € I. X exercised his voting right while Y did not cast her vote in
general election — 2019. Which of the following is true?

() (X,Y)e R (D) (Y, X) e R
(c) (X,X) &R d)(X,Y) ¢ R
(i7)) Mr.”X’" and his wife ‘W’ both exercised their voting right in general election -2019, Which

of the following is true?
(a) both (X,W) and (W,X) € R (b) (X, W) € Rbut (W,X) ¢ R
(c) both (X,W) and (W,X) ¢ R (d) (W,X) € Rbut (X,W) ¢ R

(iii) Three friends F,, F, and F; exercised their voting right in general election- 2019, then which
of the following is true?

(@) (F,Fy) € R, (Fy, F3) € Rand (Fy, F3) € R

(b) (F;,Fy)eR,(F,, F5) € Rand (F, F;) ¢ R

(c) (Fy,Fy) eR,(F, F,) €eRbut(F;, F;) ¢ R

(d) (F,F,) ¢ R, (F,,F;) ¢ Rand (F;, F3) ¢ R
(i) The above defined relation R is

(@) Symmelric and transitive but not reflexive

() Universal relation

(c) Equivalence relation

(d) Retlexive but not symmetric and transitive

(v) Mr. Shyam exercised his voting right in General Election — 2019, then Mr. Shyam is related
to which of the following?

(@) All those eligible voters who cast their votes
(D) Family members of Mr.Shyam
(c) All citizens of India

(d) Eligible voters of India

Sol. We have a relation ‘R’ is defined on I as follows:
R =1{V,, V,} : V,, V, € I and both use their voling right in general election — 2019}

(i) Twoneighbors X and Y € I. Since X exercised his voting right while Y did not cast her vote
in general election = 2019

Therefore, (X, Y) ¢ R
Option (d) is correct.
(71) Since Mr. ‘X’ and his wife ‘W’ both exercised their voting right in general election — 2019.
o, Both (X, W) and (W, X) € R.
Oplion (a) is correct.

(iii) Since three friends F;, F, and F; exercised their voting right in general election - 2019,
therefore

(F,F;) € R, (F,, F3) € Rand (Fy, F3) € R
Option () is correct.

(iv) This relation is an equivalence relation
Option (¢) is correct.

(v) Mr. Shyam exercised his voting right in General election = 2019, then Mr. Shyam is related
to all those eligible votes who cast their votes.

Option (a) is correct.
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2. Read the following and answer any four questions from (i) to (v).
Sherlin and Danju are playing Ludo at home during Covid-19. While rolling the dice, Sherlin’s

sister Raji observed and noted the possible outcomes of the throw every time belongs to set
{1,2,3,4,5,6}. Let A be the set of players while B be the set of all possible outcomes.

A =1{S, D}, B=1{1,2,3,4,5,6} |CBSE Question Bank]
Answer the questions given below.
(/) Let R: B — B be defined by R = {(x, y): y is divisible by x} is
(@) Reflexive and transitive but not symmetric
(b) Retlexive and symmelric and nol transitive
(c) Not retlexive but symmetric and transitive
(d) Equivalence

(/7)) Raji wants to know the number of functions from A to B. How many number of functions
are possible?

(a) 6° (b)2° (c) 6! () 2+
(iii) Let R be a relation on B defined by R ={(1,2), (2,2), (1,3), (3,4), (3,1), (4,3), (5,5)}. Then R is
(@) Symmetric (b) Reflexive (c) Transitive (d) None of these three

(iv) Raji wants to know the number of relations possible from A to B. How many numbers of

relations are possible?

(a) 6 () 2° (c) 6! (d) 21

(v) Let R: B — B be defined by R={(1,1),(1,2), (2,2), (3,3), (4,4), (5,5),(6,6)}, then R is
(@) Symmetric (D) Reflexive and Transitive
(c) Transitive and symmetric (d) Equivalence

Sol. (i) Given R: B — B be defined by
R ={(x, y) : y is divisible by x}
Retlexive : Let x € B, since x always divide x itsell.
. (x,x) eR
It is reflexive.
Symmetric : Let x, y € B and let (x, y) € R
= Yy 1s divisible by x

= — =k, where k; is an inlteger.

ndiETe ;1 # integer.
(v, x) € R

v
X
X
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It is not symmetric.

Transitive : Let x, i, z € B and

Y . :
Lel (x,y) e R = Fia k, , where k; is an inleger.

and, (y,z) e R = % =k, , where k; is an integer.
y =z ;
X<y k, .k, = k (integer)

=

= =k = (x,z) eR

It 1s transibive.

Hence, relation is reflexive and transitive but not symmetric.
Option (a) is correct.
(i) We have,
A=1{5D} = nlAd) =2
atid, B=41,2,3,4,8.60 == #lBb)=6
Number of functions from A to B is 6°.
Oplion (a) is correct.
(iii) Given,
R be a relation on B defined by
R=1(1,2),22),(Q1,3),3,4),31),43), (5, 5)
R is not reflexive since (1, 1), (3,3), (4, 4) ¢ R
R is not symmetric as (1,2) € Rbut (2,1) ¢ R
and, R isnottransitiveas(1,3) e Rand (3,1) e Rbut(1,1) 2 R
R is neither reflexive nor symmelric nor transitive.
Option (d) is correct.
(iv) Total number of possible relations from A to B = gl
Oplion (d) is correct.

(v) Given R : B— B bedefined by R ={(1,1), (1, 2), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6)}
~. R is retlexive as each elements of B is related to ifself and R is also transitive as (1, 2) € R
and (2,2) € R
= (1,2) e R

R is reflexive and transitive.

Option (b) is correct.

3. Read the following and answer any four questions from (i) to (v).
An organization conducted bike race under 2 different categories-boys and girls. In all, there
were 250 participants. Among all of them finally three from Category 1 and two from Category 2
were selected for the final race. Ravi forms two sels B and G with these parlicipants for his college
project.
Lel B = {by, by, b3} G={g;, g)] where B representls the set of boys selected and G the set of girls who

were selected for the final race. | CBSE Question Bank]
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Sol.

Ravi decides to Explmre these sets for various types of relations and functons

Answer the questions given below.

(1)

(1)

Ravi wishes to form all the relations possible from B to G. How many such relations are
possible?

(a) 2° ) 2° (c) O (d) 2°
Let R: B - B be defined by R ={(x, y) : x and y are students of same sex}, Then this relation
R is
a uivalence
(@) Equival
(D) Retlexive only
(c) Reflexive and symmetric but not transitive
(d) Reflexive and transitive but not symmetric

Ravi wants to know among those relations, how many functions can be formed from
B to G?

(a) 2° () 2" (c) 3° (d) 2°
Let R: B — G be defined by R ={ (b,, g)), (b, £»), (b;,¢,)}, then R is

(@) Injective (b) Surjective

(c) Neither Surjective nor Injective (d) Surjective and Injective

Ravi wants to find the number of injective functions from B to G. How many numbers of
injective functions are possible?

(a) 0 (b) 2! (c) 3! (d) 0!

We have sets

B= {b]: E«’g; b‘}}]r G= {glf gz}

= n(B) =3 and n(G) =2

(/) Number of all possible relations from B to G = 2

3}‘:2:213

Oplion () is correct.

(i) Given relation R = {(x, y) : x and y are student of same sex}

On the set B.
Since the setis B = {by, by, b3} = all boys
It is ans equivalence relation.

Option (a) is correct.
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(ii1) We have,

B = {bl! bz; bg} — ?’I(B) =3
G={gu5 = nlG)=2

Total no. of possible functions from B to G = 2°

Option
(iv) We have,
R:B

(d) is correct.

— G be detined by

R =1(by, 81): (b3, &), (b3, &)}

[t is not injective because (b, g,) € Rand (b3, 2,) € R

So  b;# by = same image g;.

It 1s surjeclive because its Co-domain = Range.

R 18 Surjec Live.

Oplion

(b) is correct.

(v) Since R is not injective therefore number of injective functions = 0

Oplion

(2) is correct.

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose

the correct answer out of the following choices.

(@) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.
(c) Ais true but R is false.
(d) A isfalse and R is also false.

1. Assertion (A):

Reason (R) :
2. Assertion (A):

Reason (R) :

3. Assertion (A):
Reason (R) :

4. Assertion (A):

Reason (R) :
Answers
1. (a) 2. (a)

16

Let L be the collection of all lines in a plane and R, be the relation on L as R;
={(Ly, Ly) : Ly L Ly} is a symmetric relation.
A relation R is said to be symmetric if (4, b) € R= (b, a) € R.

Let R be the relation on the set of integers Z given by R = {(a, D) : 2 divides (a - D)}
is an equivalence relalion.

A relation R in a set A is said to be an equivalence relation if R is reflexive,
symmetric and transitive.

Letf:IR - IR given by f(x) = x, then f is a one-one function.

A function ¢ : A — B is said to be onto function if foreach b € B, 3 a € A such that
g(a) = Db.

Let function f: {1, 2, 3} — {1, 2, 3} be an onto function. Then it must be one-one

function.

A one-one function ¢ : A - B, where A and B are finite set and having same

number of elements, then it must be onto and vice-versa.

3. (b) 4. (a)
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HINTS/SOLUTIONS OF SELECTED MCQS

1. Since every element of A is related to itself in the given relation R, therefore R is reflexive and as
(1,2) e Rand (2,2) e R=(1,2) e Ralso(1,3) e Rand (3,2) e R=(1,2) € R. Again (1, 3) € R
and (3, 3) € R = (1, 3) € R. Thus R is also transitive. Hence relation R is retlexive and transitive
but not symmetric because, (1,2) € Rbut(2,1) ¢ R, also (1,3) € Rbut(3,1) ¢ Rand (3, 2) € Rbut
(2,3) ¢ R.

Option (D) is correct.

2. OnthesetA =1{a,b,c, d} given relation R = {{a, D), (b, a), (a, a)} is symmetric and transitive only.
Since, (a,l) € R= (b, a) € R, therefore it is symmetric
Also, (a,b) € Rand (b,a) € R= (a,a) € R, so it is also transitive. As (D, b), (¢, ¢) and (d, d) does

not belong to R hence R is not reflexive.

Hence relation R is symmetric and transitive only.
Option (d) is correct.
3. Foranyx e R
x—x+ /2 = /2 is an irrational number = (x, x) e RVxelR

;. Ris retlexive

For2, y2 € R
V2 =2+ /2 =22 —2is an irrational number.
= (V2,2 R
Bul 2 - ﬁ + ﬁ = 2 which is a ralional number
= (2, /2) &R
— R is not reflexive
R is not transitive
For 2, 1/5 , \/E e R
s Do 4B e D, = P (ﬁ - ﬁ) is an irrational number
— (2, VY3)eR
Also f — \/E b o2 = -,/5 which is an irrational number
= (/3,v2)€eR
But2 - /2 + /2 =2 which is a rational number.
= (2, V2) ¢ R
— R s not transitive
Option (a) is correct.
4. Given, aRb = aisbrotherofb
This does not mean that b is also a brother of a because b can be a sister of a.
Hence, R 1s not symmelric.
Again, aRb = aisbrotherofb and bRc = bis brother of c.

So, a is brother of ¢.
Hence, R is transitive.

Option (D) is correct.
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5. We are given set A ={1, 2, 3}
Number of equivalance relation on A = number of possible portion of {1, 2, 3}

ic.,, 3=1+1+1 Onlyone combination

3=142 3 Possible combinaltion
3 =3 1 possible combination
, (@) W1, 2580 te, 1(1,1),(22), (3, 3)
( ) ul, 2,80 e, 1(1,2),21), 5 3))
() 11,31 2t ie, 1(1,3),(3,1),(2, 2)}
(o) {{2,3}, (1)} ie, {(2,3), 3 2), (1, 1)}
(v) L, 2, 3}) e, 1(1,1),(1,2),(1,3),(21),(22),(23),61), 6, 2), 3, 3)

i.e., Total number of equivalence relation =5
Option (d) is correct.
6. Forl melL
if(I,mjeR=11lm = mll = (ml]) R
. R1s symmelric.
Option () is correct.
7. Required relation is retlexive and symmetric but not transitive is given by
=1(1,1), (2, 2),3,3),(1,2),(21),(1,3) 3 1)}
which is retlexive as (4, a) e RVae A
which is symmetricas (4, b)) e R=(b,a) e Rfora, be A
But(2,1),(1,3) e R » (2,3) e R
Hence R is not transitive.
There is only one such relation.
Option (a) is correct.
9. We have n(A) = m, n(B) =n.
. Number of relations defined from A to B
= number of possible subsets of A x B =24 x5 = ™"
Option (a) is correct.

10. The total number of injective mappings from the set containing n elements into the set containing
m elements is "'P,. So here it is “P, = 4! = 24.

Option (c) is correct.
11. Wehavef:RR — IR : such that

2*+2% ifx20 | 2**' ifx20
By LA iy | — .
flxy =2+ {2’%21‘ ifx<0  [27+27 ifx <0
2" log2 ifx>0 | 2""log2 ifx>0

= Fi{x) =

[2%log 2+ (27 log 2) ifx<0  |log2(2*-27) ifx <0
S flx)>0vx20 and f(x) <0V x<0

= f(x) is strictly increasing in R = f(x) is one-one.

Also, flx) > wifx 5> twcand f(x) >0V x € R
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— fis an into function.
. f(x) is one-one and into function.
Option (¢) is correct.
12. We have n(A) =5and n(B) =06
. Number of one-one mopping from A to B = 06!
As n(A) < n(B)
= There is no onto tunction from A to B. i.e., number of onto function = 0.
', Number of one-one and onto functions from A to B=0
Option (c) is correct.
13. f:Z — Z givenbyf(x)=x+2
One-one Forx, x, € Zsuchthatx;#x, = x+2#x,+2
= flx;) # f(xy)
— fis one-one.
Onto Let y € Z (co-domain) such that
fix)=y = xXx+2=yY = x=y—2
Fory € Z (co-domain), 3 x =y -2 € Z (domain) such that
) =fy-2)=y-2+2=y
= fis onto
As f is one-one and onto.
— f1is a bijective function.
Option (D) is correct.
14. Given that, f(x)= T ol BB

Let y::rz—é:r+5
y:x2—4x+4+1=(x—2)2+1
(x=2)*=y-1 = WD S Pome]
. x=2+,/yTl
y-1=20,y=1

Range = [1, »)
Option (D) is correct.
15. Letf(x)=17=x"+1=17
— x =14 = Pre image of 17 are {4, —4|

and let f(x) =-3 = x¥*+1=-3 = x°=-4whichisnot true and hence -3 has no pre image

17. ~b>6andu=0-2
= (6,8)€ R as8>6and 6=8-2
Option (c) is correct.
18. fis not one-one because
f-2=(-2"=16
f2=@'=16
e, =2 and 2 € R (Domain) have same f-image in R (co-domain)

=3 f is not one-one.
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Also f{x) = x* never achieve negative value.
= All negative real number of co-domain R have no pre-image in Domain R.
= fis not onto.
Hence, f is neither one-one nor onto.
Option (d) is correct.
19. f1is one-one because
fx,) = f(x,) = 3x; =3,
= HA Vx,x €R (Domain)
Also fis onto as

Letfix)y=y = 3x=y = x

W=

mlhz:;

V iy € R (codomain) 3x =5 € R (domain)

l
such that f(x) = f(%) = 3 X é =y

= f(x) is onto
Therefore, f is one-one onto.
Option (a) is correct.
21. Let x be the pre image of 5
= f(x) =5
=ey=+1 =5
=yt ]
= x==x2
i.e., pre-image of 51s =2, + 2.
Similarly if x be pre-image of =5
= f(x) =-5
=x*+1=-5
=507 =~
x=+y-6 &R
i.e., No real number is pre-image of — 5. Hence ¢ is the primage of -5.
Option (c) is correct.
22. To find out the domain of f, we have to find out that value of x for which f(x) is real.
=% af =420
= (x+2)(x-2)=0
(x+2)20,(x-2)200r(x+2)<0,(x-2) =<0
¥x=-=-2 x=220rx=<-2,x52
x=20rx=-2

Domain of fis (- oo, —2]U[2, o0)

I U 4

Option (c) is correct.
23. -2)+f0)+f(2)+f5)=-2+0+4+15=17
Option (D) is correct.
24. As R is reflexive relation on A, and for being reflexive (a,a)E R,Va€ A
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Therefore, the minimum number of ordered pair in R is #.
= 1 = 1.
Oplion (a) 1s correct.
Given function is f(x) = log 4, (x* = 1)
[t is obvious that f(x) is defined when ¥=-150,3+x>0and3+x # 1.
Now, ¥ -1>0=x">1
= x<-lorx>1

3+x>0=>x>-3

Skl =t D
Therefore, domain of the function f(x) = (-3,-2) U (=2,-1) U (1, o)
Option (c) is correct.
From definition of onto function,
Range of function = Codomain of function = [0, %)
= 0= tan_1(x2+x+a) {%
— 0< (x*+x+4) <o

= xY*+xr+a>0 VxeER

Hence D < ()
= 1°-4a<0
= 4a=1
= 52%

1

= ac [E! D:)
Option (b) is correct.

We have,

f:R— R and ¢:R— R are such that

.

0, xerational
X, X € irrational

0, x € irrational
X, X € rational

and g(x) —{
o (f — 8): R — R such that,

_|=x, x & rational
(f =@)ix) = o
X, x € irrational

From detinition of (f —g):R— R, it is cbvious that, each rational number of domain of
(f— g) (x), associate to its negative rational number in codomain/range and each irrational number
of domain of (f — ¢) (x), associate to same irrational number in codomain/range.

= For each x € Domain of (f - g) (x), there is only one value in codomain/range of (f — g)(x).
Hence, (f - ¢) (x) is one-one onto.

Option (a) is correct.

Wehave sst A={1.9, 3 d) & valation

R={1,2),3,4)}on A
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As for (a,b)e R, A (b, c) € R such that
(a,c) E R.

Hence R 15 (ransilive.

So (D) is correct option.

Option (D) is correct.

29. --|A|=4,|B|=5 so there does not exist.
one-one and onto *.'|B|>|A| so it is not onto.
So (a) is correct option.

Option (a) is correct.

30. Number of onto functions are given by
2°-2C (2-1)°+%C,(2-2)°
=8-2x1+0=8-2=6
Optlion (c) is correct.

31. Number of one-one function = Eﬁ‘PﬁL

%:mz%u

2
Option (c) is correct.
32. Number of one-one and onto function from A to B where |A|=mis|m .
. Number of one-one onto function = |4 =24
Option (D) is correct.

|[Note: One-one onto function (bijective) from A to B is possible if A and B have same number of
elements. |

34. Let R be a relation on the set of all intergers 7 , defined by
aRb&a>bvVa, be Z
(i) Reflexive: For 1€ Z
1R1as1#1s0(1,1)¢ R= R is not reflexive on 7
(if) Symmetric: (3,2)C Ras3>2
But (2,3)¢ Ras2# 3
Hence R is not symmetric on 7.
(iii) Transitive: Lel (7, b)) R and (b,c) e Ra>bandb>c
Now a>b>c=>a>c= (a,c)E R
Hence R is a transitive relation on Z
Option (c) is correct.
36.  f(x)=4"+4"]
One-ane
Let x,, x, € R (domain) such that

X = Xy
= 4" + 4|I1 | - 4% + 4|I2|

= f(x,) # f(x,)

f 1S one-one
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Onto

For 0 € R (Co-domain) there is no x € R (domain) such that f(x) = 0.
. f1s not onto

Range of f=R-{0}JC R

Hence f is one-one into function.

Option (a) is correct.

JL
U"E)

For onto function, we have

Here co-domain =

7T
Co-domain = Range =0 < x < 5
This is valid if x*+x+22>0
[ f(x)=0iec. Ax*+Bx+C>0thenD<0if A > 0.]

l.c., Hr+2020=>1%-4x1x22<0

—}1~81:IEU—}1E8H_>8HE1_>QE%
. [1 |
e = 8;-::3)

Option (d) is correct.

We are given that
(F(e)* = 4f(Of () + (f (1))* =0

4f(x) + /16 (F(x))? - 4(f(x))>
2

=1 (x) =

() = 4f (x) izj;}x) Ji-1
- 225
=f(x)(2£v/3)

- J;((:)) = (2£4/3)

Integrating, we get
= Iﬂg f(x) — (2i&/§)x &
=§f(:{) = (__;{2:1:4“’3}-1;+C = E’C E'{Zi?s}l— » }\E(Ziv’g}x

where A = €

= f(x) = NeZEVIE = ) 23X 5\ H(2-/3)x

Option (c) is correct.

' 2
) =t _1(
f(x) = tan 1+

- ) =2 tan"lx
f(x) is one-one and onto

e, f(x¥)>0or f (x) <0 and co-domain = range of f(x)

B=f(-1,1)= (2 tan™' (-1), 2 tan™" (1))

,

Relations and Functions | 23



oo B3 58
e\ Ta )y *(“2’2

Option (c) is correct.

X
1+|x]

Let f(x)=y= vxeR,yeR

X X
or
1+ x 1-x

18 one-one

- f(x) =

Here range of f(x)is R —{-1, 1)
Bul y can not have any of the values -1, 1 for some x.
. f(x) is not an onto function.
Option (c) is correct.
Number of onto function
=3°-3C, (3-1)°+°C,3-2)°-°C, (3-3)°
=303 %213 1=3"-3x2°+3
=3x(3°-2°+1)=3(243-64 +1)
= 3x(244 - 64) = 3 x 180 = 540
Option (d) is correct.
As (7,7)¥¢ R, so R can not be reflexive
Again (7,8) € Rbut(8,7) ¢ R,so R is not symmetric.
As (7,8),(8,8) €« R=(7,8) €« R= R is transitive.
Option (a) 1s correct.
LetA=11,2,3,...,12},n(A) =12 (say m)
B=11,2,3,..,11}, n(B) = 11 (say n)

. Total number of function from A to B = 111

i1
.. Number of onto functions fromAto B = 2 (-1) C ™

r=1
= coefficient of x™ in m! (" = 1)" ...(i)

Puttingm =12, n=11land r=1, 2, 3, ..., 11. The number of onto functions is given by
= (-1 C, 112 4 (- yi-21 szu F (-1 u C3312

+..t (-1 e 10+ (-1 e, 11

_ 1 & 1112 _ HleOE +“C9912 + 41 ¢ 312 _11 & 512 11 C. 112

_ ”CU 1112 _ nclwm +”C2912+ +11C8312 -——11(:'9212 _|_11le12

Also, coefficient x'* in 12! (¢" - 1)11

5 11

X X
+....+r:::=:~=—l)

TRIEY

= coefficient of x'*in 12! (1 +

,. , 11

. S
= coefficient of x' in 12!(;L| + T +_.i,+m)

: g 11
. : 1 i A
= coefficient of x* in 12! x“( + + 4+

TTRPTIET
11

2

= coefficientof x in 12! x]|1 +( ; + I

3] +....+DD)
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47.

54.

35.

= coetficient of x in 12!|HC 1+ 11C1 ( ; aJ 1'[
L B

L LS

21 2|

r 1 121 x11
= coefficient of x in 12!/ 11 Cl ( )} = f

-

Total number of functions which are not onto = 11'% -

Option (d) is correct.

 fx fy) ="y ()
Replacing x by f(ly) , we have from (i)
1 1 ¥,
o s = ox 2=
b b
. a__J
f(1) W) (f)"=~q)
o1 1
S Pat y=1, (f(l)) = f(l) = m
— (f(l))ﬂ+l -1
x
= f(1) = 1(””- =1
y' b
= f(1) = — =1 =3 fty))* =
() ) Fw)" =y
= fy)=y""
Replacing y as x, we have
Ax) =" (i)

f(x . yhfﬂ) s Iﬂyh
Lok "% | =oqp=st
flx. )=x"t"= f(x) =" ..(fii)

Now from (i7) and (iii), we get

a/h

a 1
= —=—= bh=g°
b a

Option (c) is correct.

Number of relations that can be defined on A = 2"

Option (c) is correct.

We have R ={(a, a), (b, b), (c, ¢), (b, ¢), (a, b)}
For (b,¢) € R, but (¢, b) & K.

Hence R 1s not symmetric.

Also for (a, b), (b, c) € R but(a, c) & R.

= KR 1s not transitive.

As(a,a) c RVYac A

Hence R is reflexive.

Oplion (¢) is correcl.

Let A={1,2}, B={a,b)

12! x11
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56.

57.

59.

Let R={(1,4), (1, b), (2, a), (2, b)}
Clearly R is a relation from A to B

But R is not a function.

As (1,a),(1,b) € Rand (2,4a), (2,b) € R

Option (D) is correct.
R=1{(1,2)},A={1,2, 3}

C learly R is neither reflexive nor symmetric.

As(1,2) € Rbut 2 (2,b) € Rforb € A such that (1, b) €& R.

Hence R is a transitive relation on A.
Option (b) is correct.
R={(ab).a=b}

Reflexive

Clearly (a,a) € R VaeR.

Hence R is reflexive.

Symmetric

@2, )eR but (1,2) €R

Hence R 1s not symmetric.
Transitive

Let (a, b) and (b, ¢) € R

= azbandb=c¢

= a=c

Hence (g, b) and (b,c) e R=>(a,c) € R
— R s a transitive relation on R.

Option (D) is correct.
R={(x,y): [x*"=y°| <7}

R={(1,1),(2 2), (3,3), 4, 4), (5,5), (1, 2), (2,3)}

Option (d) is correct.
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