Chapter 2. Relations and Functions

Question-1

Find x and y, if (2x, x+y) = (6, 2).

Solution:

2%x=6
~X=3
X+y=2
3+y=2
ay=-1

Question-2

Find the domain of the following function : f(x) = x|»

Solution:
The domain of the function f(x) = x4 is R.

Question-3

Let A={a, b,c}and B = {p, q}. Find

(JAxB

(ii)BxA
(iii) Ax A
(iviB=B

Solution:
(i) Ax B ={(ap). (a.q), (b.p). (b.g), (c.p). (c.q)}
(i) B x A = {(p.a), (q.a). (p.b). (q.b). (p.c). (q.c)}

(iii)y A = A = {(a,a), (a,b), (a,c), (b,a), (b,b), (b,c), (c,a), (c,b), (c,c)}

(iv) B x B = {(p.p). (p.4). (q.p). (Q.9)}

Question-4

Find the domain of the following function : f(x) = :fl_lxl

= +

Solution:
X+Hx[=0forx<0o0rx=0.

~ The domain of the function f(x) = m is (0, =)



Question-5

Let A = {1, 2, 3}, B = {2, 3, 4} and C = {4, 5}. Verify that
() Ax(BNC)=(AxB)N (AxC)
(i) Ax (BUC)=(AxB)U (AxC)

Solution:
(LH.S=Ax(BNC)={1,2 3}x{4} = {(1,4), (2.4), (3.4)}
RHS=(AxB)N (AxC)
={(1.,2), (1.3), (1.4), (2,2), (2,3), (2.4). (3.2), (3.3), (3.4)} N
{(1.4). (1.5), (2.4). (2.5). (3.4), (3,5)}
={(1.4).(24), BN}~ Ax(BNC)=(AxB)N (AxC)

(i) LH.S=Ax (BUC)
= {1,2,3}x{2, 3, 4, 5)
={(1,2), (1, 3). (1, 4), (1,5), (2, 2), (2.3). (2.4), (2.5), (3.2). (3.3).
(3.4), (3.5)}

RH.S=(AxB)uU(AxC)

={(1.2).(1,3), (1.4), (2.2), (23). (2,4), 3.2). (33), B4} U
{(1.4),(1,5), (2.4), (2.5), (3.4), (3.5)}
={(1.2).(1.3), (1.4), (1.5), (2.2), (2.3), (2.4). (2.5) (3.2), (3.3).(34), (3.5)}

~Ax(BUC)=(AxB)U(AxC)

Question-6

If R is the relation "less than" from A = {1, 2, 3, 4, 5} to B = {1, 4, 5}, write
down the set of ordered pairs corresponding to R. Find the inverse relation
to R.

Solution:
R={(x,y)/xeA yeBandx=<y}
={(1,4),(1, 5).(2.4), (2,5), (3,4), (3,5), (4,5)}

.. Inverse relation corresponds to the Cartesian product {(4,1).,(5, 1).(4.2),
(5,2), (4,3), (5,3), (5.4)} and corresponds to the relation 'greater than' from B
1o A.



Question-7

Provethat An(B-C)=(AnB)-(AnC).

Solution:

Letx:An(B-C)
-X«Aandx<(B-C)
=XeAand {x < B and xe C}
=XeAand{x B and x « C}
=XsAandx:=:Borx:AandxeC
=(AnB)-(AnC)

Question-8

If A= {1, 2, 3}, B = {4}, C = {5}, then verify that
(i) Ax(B U C) = (AxB) U (AxC)
(ii) Ax(B - C) = (AxB) - (AxC)

Solution:
(i) Ax(B U C) = (AxB) U (AxC).

Ax(BUC) = {1, 2, 3} x {4, 5}
={(1,4),(1,5),(2,4),(2 5),(3,4).(3,5)}

(AxB) U (AXC) ={(1, 4), (2, 4). (38, 4)r u {(1.5),(2,5). (3. 5)}
={(1,4).(2,4). (3. 4). (1. 5), (2.5). (3, 5)}

S Ax(B U C) = (AxB) U (AxC)
(i) Ax(B - C) = (AxB) - (AxC)

Ax(B-C) ={1,2, 3} x {4}
={(1.4), (2.4), (3.4)}

(AxB) - (AxC) = {(1,4), (2.4), (3.4)} -{(1, 5), (2, 5), (3, 5)}
={(1,4), (2,4), (3,4)}



Question-9

If R is the relation in N x N defined by (a,b) R (¢,d) ifand onlyifa+d=b +c,
show that R is an equivalence relation.

Solution:

Reflexive

(ab)R(ab)=a+b=b+aforab:N
=b+a=a+b(Transposing )
=(ab)R(ab)forabeN

~(ab)R(ab)=(ab)R(ab)forabe N

Symmetric

If (ab)R(cd)=a+d=b+cforab,cd:N
=b+c=a+d (transposing)
= (c,d) R (a,b) for ab,c,d=N

~(ab) R (cd) =(cd)R (ab) for ab,cd:N

Transitive
If (ab)R(cd)=a+d=b+cforab,cd:=N
and(cd)R(ef)sc+f=d+eforcdef:N

then(ab)R (cd) =a+d=b+cforab,cd-:N
sa+d+e+f=b+c+e+f

=a+(d+e)+f=b+c+e+f (sincec+f=d+e)
<at+g+f+E=b+g+e+¥

—a+f=b+e
= (ab) R (e[f) for a,be,f =N

. (@ab) R (cd) = (ab) R (ef) forab,cdef:N

.. the relation defined by (a,b) R (c,d) ifand onlyifa+d=b + cis an
equivalence relation.
Question-10

Find the domain of the following function : f(x) = —=—

x" - 3Ix + 2

Solution:

x2-3x+2 =0 for x= 2,1.~ The domain of the function : f(x) = ——is R-{1,2}.

%2 —Gx+z2



Question-11

LetA={1,2,3,4,and S={(a,b):ac A, b eA, adivides b}. Write S
explicitly.

Solution:

S ={(1.1), (1.2), (1.3), (1.4), (2.2), (2,4). (3.3), (4.4)}

Question-12

Find the domain of the following function : f(x) = gX¥sinx
Solution:

The domain of the function : f(x) = e¥*S"™ js R .

Question-13

=+ 7

Find the domain of the following function : f(x) = ="

" - 8x + 4

Solution:

w® — Bx+4 =0 for x=

+. 64 — + +
8_—\-’624 16 _ 8_@:8_:«f§:4i2£

2
w47

The domain of the function: f{x) = **-8x+4is R —-{4 + 2\)’?7}

Question-14

Let A = {1, 2} and B = {3, 4}. Write all subsets of A x B.

Solution:

AxB={(13),(1.4), (23), (24)}.
~ The subsets of A x B are ¢, {(1,3)}, {(1.4)}, {(2.3)}, {(2.4)},
{(1,3), (1.4} 4(1,3), (2,3)1 {(1.3), (2,4)}, {(1,4), (2,3)}, {(1.4), (2.4)}, {(2.3), (2.4},
{(1,3), (1.,4), (2,3)}, {(1,3), (1,4), (2,4}, {(1,3), (2,3), (2,4}, {(1,4), (2,3), (2,4)},

{(1,3), (1.4), (2,3), (24)}.

Question-15

Find the domain of the following function : f(x) = [x] + x

Solution:
The domain of the function f(x) = [x] + x is R.



Question-16

Let A and B be two sets such that n(A) =3 and n(B) = 2. If (x, 1), (v, 2), (z, 1)
are in A x B, find A and B, where x, y, z are distinct elements.

Solution:
A={y ztand B = {1, 2}

Question-17

Find the domain of the following function : f(x) = _5‘“: &

Solution:
The domain of the function : f(x) = %1" is [-1,1]-{0}

Question-18

LetA={1,2},B={1,2,3,4},C={5,6}and D={5, 6,7, 8}. Verifythat AxC c
B xD.

Solution:

AxC={(1,5),(1,6), (2 5), (2 6)}
BxD={(1,5),(1,6),(1,7),(1,8),(25), (2, 6), (2, 7). (2 8), (3, 5), (3, 6),
(3.7).(3,8),(4,5).(4,6), (4. 7), (4. 8)}
~AxCcBxD.

Question-19

Find the range of each of the following function: f(x) = |« -3|
Solution:

f(x) =Ix-3| is positive for all values of x in R.
The range of the function f(x) = |x-3 1s(0, == ).

Question-20
Let A be a non empty set such that AxB = A x C. show that B = C.

Solution:

Let a € A. Since B # ¢, there exists b € B. Now, (a, b) e Ax B = A x Cimplies
beC.

~ every element in B is in C giving B c C. Similarly, C c B. Hence B = C.



Question-21

Find the range of the following function: f(x) = 1-|x-2
Solution:

k-2 z0=1-x-2 =1
The range of the function f(x) = 1-k-4is (-=,1)

Question-22

Find the range of the following function: f(x) = =4

Solution:
f(x) = K=4l=1,if x - 450
=-1,ifx-4<0
.= The range of the function f(x) = % is (=1,7)

Question-23
LetA={1,2,3,4}and B = {x, vy, z}. Let R be a relation from A to B defined
by R={(1,x), (1, 2), (3, x), (4, y)}. Find the domain and range of R.

Solution:
Domain of R ={1, 3,4} and Range R= {x,y, 2z} = B

Question-24

LetA={1,2 3,4}and B = {x, vy, z}.
Let R be a relation from A to B defined by R = {(1, x), (1, ), (3, x), (4, y)}.
Draw the arrow diagram of relation R.

Solution:

Question-25
Find the range of the following function: f(x) = /is -x2

Solution:
The range of the function : f(x) = Jfe_xzis [0,4] .



Question-26

Find the range of the following function: f(x)= :,-xl_—ﬁ

Solution:
The range of the function is (0, =)

Question-27

In NxN, show that the relation defined by (a,b)R(c,d) if and only if ad = bc is
an equivalence relation.

Solution:

Reflexive

(a,b)R(a,b) U ab = ba for a,biN
U ba = ab (Transposing)
U (a,b)R(a,b) for a,biN

. (a,b)R(a,b) = (a,b)R(a,b) for a,biN.

Symmetric

(a,b)R(c,d) U ad = bc a,b,c,dIN
U be = ad (Transposing)
U (c,d)R(a,b) for a,b,c,diN

. (a,b)R(c,d) = (c,d)R(a,b) for ab,c,dIN

Transitive
If (a,b)R(c,d) = ad = bc ab,c,diN
and (c,d)R(e,f) = c = de c,d,e,fIN

Then (a,b)R(c,d) = ad = bc a,b,c,dIN
U adef = beef (Multiplying both sides by ef)
U adef = be(cf)
U adef = bede ( Since cf = de)
U af = be
U (ab) R (ef) a,b,efiN

. (a,b)R(c,d) U (a,b) R (e,f) a,b,efiN

.. the relation defined by (a,b)R(c,d) if and only if ad = bc is an equivalence
relation.



Question-28

1

Find the domain and the range of the following function : f(x) = W]

= —[x]

Solution:
We knowthat0sx-[x]s1forallxe R. Also,x-[x]=0forxe Z.

1
Jlx = N is defined if x-[x] = 0
e, xeR-Z.
Hence the domain of the functionis R — Z.

Question-29

Find the domain and the range of the following function : f(x)= m

Solution:
-1sSsinx=1=-3Ff 3sinx=3

ie-1= 4+3sinx=s7

a—=y =1

The domain of the function is R; Range :

% =y =1
Question-30

Let R be the relation on Z defined by aR b if and only if a — b is an even
integer. Find (i) R, (ii) domain R, (iii) range of R.

Solution:

(i) R ={(a, b): aand b are even integers} U {(c, d) : c and d are odd integers}
(ii)) Domain = Z

(iii) Range = Z

Question-31

Find the domain and the range of the following function : f(x) = 1-x-3|

Solution:
The domain of the function is R ; Range : (- o<,1)

Question-32

Let R be the relation on Z defined by R={(a, b):ae€ Z, b € Z, a2 = b?}. Find
(i) R, (ii) domain R, (iii) range of R.

Solution:

(DR ={(a,a):aeZyu{la -a)aecl}
(ii) Domain = Z

(i) Range = Z



Question-33

Find the domain and the range of the following function : f(x) = x!

Solution:
The domain of the function is N U {0}; Range : {n!:n=0,1,2.....}

Question-34

Determine the domain and the range of the relation R defined by R = {(x+1,
x+5): x €{0,1,2, 3, 4,5}}

Solution:
Domain={1, 2,3, 4,5, 6}, Range = {5,6,7,8,9,10}

Question-35

Determine the domain and the range of the relation R, where R = {(x, x°) : x
is a prime number less than 10}.

Solution:
Domain = {2, 3, 5, 7}, Range = {8, 27, 125, 343}

Question-36

Find the domain and the range of the following function : f(x) = sin?(x®) +
cos?(x’)

Solution:
sin?(x®) + cos?(x) =1

= The domain of the function is R ; Range : {1}



Question-37

Is inclusion of a subset in another, i.e., ARB if and only if A c B, in the
context of a universal set, an equivalence relation in the class of subsets of
the universal set? Justify your answer.

Solution:
Let U be the universal set .Let R be the relation ' is a subset of or'is
included in ' between the subsets of U.

Since every set is a subset of itselfi.e., for every subset AinU, A AorAR
A.
. Ris reflexive.

Now let A and B be two subsets of U such that A € B, then it is not
necessary that B must also be a subset of A.

.. AR Bneednotimply BR A.
. Ris not symmetric.
Hence R is not an equivalence relation.

Question-38

Find the domain and the range of the following function : f(x) = ’::_‘3?
Solution:
f(x) = -2 = x+3

The domain of the function is R ; Range : R .

Question-39

Determine the domain and range of the following relations
H1{(1,2),(,4),0,6),(1,8)
(i{(x,y):xeN,yeNand x+y =10}

(1ii) {(x, y) : x €N, x<5, y = 3}
(V) {x,y):y=Ix—-1,xeZand |x| =3}

Solution:

(i) Domain = {1}, Range = {2, 4, 6, 8}

(i) Domain={1,2,3,4,5,6,7,8,9}, Range ={9,8,7,6,5 ,4,3,2,1}
(i) Domain = {1, 2, 3, 4}, Range = {3}

(iv) Domain ={-3,-2,-1,0,1, 2, 3}, Range = {4, 3,2, 1, 0}



Question-40
How many relations are possible from a set A of m elements to another set

B of n elements? Why?

Solution:

Number of elements in A =m.
Number of elements in B = n

. Number of elements in AxB = mn
Number of subsets of AxB = 2™

Since every subset of AxB is a relation from A to B therefore 2™ relations
are possible from A to B.

Question-41

Draw the graph of the following function: f(x) = i XZEO0

N

Solution:

Question-42

Let A = {1, 2}. List all the relations on A.

Solution:
Ax 4 =4(1,1),(1,2).(2,1),(2,2)

The relations on Aare ¢,4(1,1)}, (1, 2)}. § (2.1}, §(2. 2)}.

FL10) (L2 4 (2. (L), (2,2)),
Lz b fL ey (2.2 e1).02,2),
L) (L2) (2.0 4(L1) (L 2), (2.2)
HLY), (2.1),(2,2)5.4(2,2). (2,1).(2,2)},
L) (1 2).(2.1).(2,2)}



Question-43

Let A={x,y, z} and B = {1, 2}. Find the number of relations from A into B.

Solution:
n(A)=3andn (B)=2
~n(AxB)=2x3=6

~the number of relations from A into B are 2° = 64.

Question-44

Which of the following relations are functions? If it is a function, determine
its domain and range:

0{(2,1),(5,1),(8,1),(11,1),(14,1), 17, 1)}

(i) {(2, 1), (4, 2), (6, 3), (8, 4), (10, 5), (12, 6), (14, 7)}

(iii) {(0, 0), (1, 1), (1, -1), (4, 2), (4, -2), (9, 3), (9, -3), (16, 4), (16, -4)}
(iv) {(1, 2), (1, 3), (2, 5)}

W) {(2, 1), (3,1), (5, 2)}

i) {(1, 2), (2, 2), (3, 2)}

Solution:
(i) Domain = {2, 5, 8,11, 14, 17}, Range = {1}
(ii) Domain={2, 4,6,8,10,12, 14}, Range ={1,2,3,4, 5,6, 7}

(iii) Mo, As there are four pairs of ordered pairs which have the same first
element.

(iv) No, As two ordered pairs which have the same first element.

(v) Domain = {2, 3, 5}, Range = {1, 2}

(vi) Domain = {1, 2, 3}, Range = {2}

Question-45

IfA={1,23},B={a, b}, findAxA.

Solution:
AxA={1,1),(1,2),(,3),(2,1),(2,2),(2,3),(3,1).(3,2),(3,3)}

Question-46

Find the domain and range of the following functions:

o (-2

(i) {(x, -1x1): x € R}

Solution:
(i) Domain = R — {1}, Range = R — {2}
(ii) Domain = R, Range = {y: ye Rand y = 0}



Question-47
IfA={1,2,3},B={a, b}, find AxB

Solution:
AxB={(1,a),(1,b), (2 a), (2 b), (3, a), (3, b)}

Question-48

Find the domain and range of the following functions:

(i) {(x, Jo—:Z ): XER}

(ii) {[ 1 _lxz]: . ,1}

Solution:
() Domain={x: xe Rand -3sx=s3}, Range={y:yeRand -3sy =<3}
(ii) Domain=R - {1,-1}, Range ={y:ye R, y#0,y<0and y = 1}

Question-49
If A={1,2,3}, B={a,b}, find B xB.

Solution:
B x B = {(a, a), (a, b), (b, a), (b, b)}



