Chapter 2

Relation And Function
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INTRODUCTION

A 'relation" represents a connection between sets of
information. In this chapter, we will explore relations and
functions, which constitute a special type of relation.

RELATIONS

In the expression A R b, it signifies that 'a is R-related to b,
implying that a is related to b under the relation R. If (a, b)
belongs to R, the ordered pair (a, b) is denoted in such a way
that the interchangeability of a and b is not permissible,
given that a belongs to set A and b belongs to set B.

Ordered Pair:
It refers to a pair of objects arranged in a specific order, with
two members separated by a comma and enclosed in
parentheses. In the ordered pair (a, b), a is designated as the
first component, the first element, or the first coordinate,
while b is recognized as the second.
It's essential to note that ordered pairs (a, b) and (b, a) are
distinct from each other.
(a,b) = (¢, d)iffa=candb =d
(1,3) =(1,3);(1,3) = (1,2) = (2,3) # (3,1

CARTESIAN PRODUCT

Cartesian product of two sets A X B :

For any two non-empty sets A and B
AxB={(ab):a€Aandb € B}

This represents a set of all ordered pairs where the first

element is from set A and the second element is from set B.

The notation AXB is pronounced as 'A cross B' or the

'Product set of A and B.'

AXxB={(ab):a€AADbEB}
(a,b)EAXBe a€Aandb €B.
BxA={(ba):beBAacA}
AxB#BxA
n(A x B) = n(A)n(B) and n(P(A x B)) = 2n®n(B)
A=dandB=p < AXB=9¢
Cartesian product of n non-empty sets A, A, ... ... A, Sets is
aset of all n tuples (a;,a; ... ... ... a,) such that each

a; €Ay i=12..n.



CLASS-11 JEE - MATHS

Ex.
Sol.

Note:

Ex.
Sol.

Ay XAy X X AL =TT A
A X A = A%:R x R = R? [s a set encompassing all points situated in the plane.
R X R x R = R3® Represents the set of all points in three-dimensional space. If at least one of the
sets A and B is infinite, then A X B is also an infinite set, given that the other set is non-empty.

Let A ={a,b},B ={c,d},C = {e, f}
Then n(AxBxC)=n(A) -n(B)-n(C)=8
AxBxC={(@,ce)(ach),(ade)(df),D,ce)bcih),(bde),(dN}

Each element of A X B is an ordered pair or 2-tuple
Each element of A X B X Cis an ordered triplet or 3-tuple
For A X A, X .....A, each element is an n-tuple

Ap XA, X Az X A, = ((L1L,1,1), (2,4,8,16), (3,9,27,81) .. ....... Find Ay, Ay, A and A,.
Each ordered pair {x;, X,, X, X; } is of the form {x, x?, x3, x*}
Hence X; EA; 2 A ={xxxe€N}={1,234,....}

X, EA, = A, = {x%:x € N} = {12,22,3%,4%, ...}
X3 EA; = A; = {x3:x € N} = {153,23,33,43, ...}
X4 EA, 2 A, = {xtix € N} = {1%4,2%,3%,4%, ...}

Key Results on Cartesian product
If A, B, C, D are four sets, then.

A o

Ex.

Sol.

Ex.

Sol.

AxX(BUC)=(AXB)U(AXC) 7. AcCB,thenAxAc (AxB)n(BxA)
Ax(BNC) =(AxB)NAxC) 8. IfA c BandC c D, then (A x C) c (B x D)
AXx(B-C=AxB)—(AxC(C) 9. AXB=BXASA=B
(AxB)N({CxD)=(ANnC)x(BnND) 10. Ax(B'UC) =AxB)N(AxC(C)

AC B, then(AXC) S (BxC) 11. AX(B'NC)Y =(AXxB)U(AXC)

A c B, then (AXB)n (BxA) = A?
If A and B are two non-empty sets having n elements in common then (A X B) and (B X A) have
n? elements in common.

Ifn(A) = 7,n(B) = 8 andn(A N B) = 4, then match the following columns.

n(AUB) (A) 56
n(A x B) (B) 16
n((B x A) x A) ©) 392
n((A x B) N (B X A)) (D) 96
. n((A X B) U (B x A)) (E) 11
.- (E) 2.- (A) 3.- (C) 4.- (B) 5.- (D)

n(AUB) =n(A)+nB)—-n(ANB)=7+8-4=11

n(AxB) =n(A)n(B) =7 x8 =56 =n(BxA)

n((B x A) x A) = n(B x A) - n(A) = 56 x 7 = 392

n((AxB) N (BxA)) = (n((AnB))% =42 =16

n((AXB)U(BxXA))=n(AxB)+n(BxA)—nAxB)n (BxA)
=56+56—16 =96

SIS T A S e

If A={2,4}and B = {3, 4, 5}, then the expression (A N B) X (A U B)is.

1. {2,2),(3,4),(4,2),(54)} 2. {2,3),43),4,5}
3. {(2,4),(3,4), (4,4), (4,5} 4. {(4,2),(4,3),(4,4),(4,5)}
Answer 4.

ANB={4}and AUB = {2,3,4,5}
(ANB) X (AUB) = {(4,2), (4,3), (4,4), (4,5)}
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Pictorial Representation of Cartesian product of Two Sets:
Arrow diagram:
Let A={1,23} B=(ab)

Lattice-Diagram:
Axis OX represents elements of A and perpendicular axis OY represents set B. Each -dot represents
an ordered pair of A X B.

Let A=(1,23) B=(1,3)
y
3ITT a’)_lr(z,_ri)‘ a7
1 1
| ! |
2F—-17-—4—-=1-
| ! |
I | |
A e e
| ; |
0 1 2 3 X

RELATIONS
In the case of any two non-empty sets A and B, each subset of AXB establishes a relation from A
to B, and every relation from A to B is a subset of AXB.
aRb € A X BVR
If (a,b) € R,thenaRbisread as'aisrelatedtob'

If (a,b) € R, thena R/ isread as 'ais notrelatedtob '

Ex. Consider A ={1, 3,4, 5,7} and B = {1, 4, 6, 7} with R being the relation 'is one less than' from A to
B, then list the domain, range and co-domain sets of R.
Sol. R={(3,4), (5, 6)}
Dom(R) = {3, 5}
Range of R = {4, 6}
Co-domain of R=B={1,4, 6,7}
Clearly Range of R € co-domain of R.

Representation of a Relation
Consider A ={-2,-1,4} B={1,4, 9}
Define a relation from A to B, denoted as a R b, where a is less than b. This can be expressed in the
following manners:

1. Roster form: R = {(—2,1), (—2,4),(—2,9),(—1,1),(—1,4),(—1,9), (4,9)}
2. Set builder notation: R = {(a,b):a € Aand b € B,a is less than b}
3. Arrow - diagram:

A B

—2
-1
4
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Note:

Ex.

Sol.

4. Lattice-diagram:
¥
—#-g-—r—r—T—T
i1 oA~
T——l_____—f‘_|—_l__|
T—-F-+-4-4d-—=-—
t—- - == —
o — -4
PR (R R AR A I
PR [ P N N P
N [V | I |
L | | | | L
-2 -1 0 1 2 3 4 X
5. Tabular form:
R 1 4 9
-2 1 1 1
-1 1 1 1
4 0 0 1

If (a,b) € R, werecord '1" in the row corresponding to a and column corresponding to b and
if (a,b) ¢ R, we record '0' in the respective row and column.

LetA ={1,234},B={123.... 103}
R; = {(1,4),(2,5),(3,6), (4.7}
R, ={(2,5),(3,6),(4,7),(58)}
R; ={(1,1),(24),(39)}
From, Ry, R,, R, select those that represent a relation from A to B, and represent the relations in
set-builder form.
R; €CAXB;R, € AXB,R, S AXB
R, isnotarelationas (5,8) € AX B
Hence Ry isnotarelationas (5,8) ¢ AXB
R; ={(a,b):a€ A beBanda+3=b}
R; ={(a,b):a € A,b € Band a? = b}
Any subset of A X A is a relation on A.
If n(A) = pand n(B) = qthenn(A X B) = pq
Total number of subsets of (A x B) = 2P4
Hence 2P4 different relations are possible from A to B.



