Chapter 1

(RELATIONS AND FUNCTIONS)

1.1 Overview

1.1.1 Relation

A relation R from anon-empty set A to anon empty set B is a subset of the Cartesian
product A x B. The set of all first elements of the ordered pairsin arelation R from a
set A to aset B iscalled thedomain of therelation R. The set of all second elementsin
arelation R from aset A to aset B is called the range of therelation R. The whole set
B is called the codomain of the relation R. Note that range is aways a subset of
codomain.

1.1.2 Types of Relations

Arelation Rinaset Aissubset of A x A. Thusempty set ¢ and A x A aretwo extreme
relations.
(i) ArdationRinasetAiscalled empty relation, if no element of A isrelated to any
elementof A,i.e, R=¢ CAXA.

(i) AreationRinasetAiscalled universal relation, if each element of A isrelated
toevery element of A, i.e, R=A xA.

(i) Arelation Rin A issaid to be reflexive if aRa for all ac A, R is symmetric if
aRb = bRa, v a,be A anditissaidto betransitiveif aRb and bRc = aRc

YV a, b, ce A.Any relation whichisreflexive, symmetric and transitiveiscalled
an equivalencerelation.

== Note: An important property of an equivalence relation isthat it divides the set
into pairwise disjoint subsets call ed equivalent classeswhose collectioniscalled
a partition of the set. Note that the union of all equivalence classes gives
the whole set.

1.1.3 Types of Functions
(i) A functionf: X — Y is defined to be one-one (or injective), if the images of
distinct elements of X under f aredistinct, i.e.,
X, X € X, f(x)=f(x)= x =X,
(i) Afunctionf: X —Y issaidtobeonto (or surjective), if every element of Y isthe
image of some element of X under f, i.e., for every y e Y there existsan element
X € X such that f (x) = .
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(iii) Afunctionf: X —Y issaidto be one-oneand onto (or bijective), if fisboth one-
one and onto.

1.1.4 Composition of Functions

() Letf :A— Bandg:B — Cbetwo functions. Then, the composition of f and
g, denoted by g of, isdefined as the functiong o f: A — C given by
gof(x)=g(f(x), v xe A.
@) Iff:A—>Bandg:B — Careoneone then gof:A — Cisalso one-one
(i) ff:A—-Bandg:B — Careonto,thengof:A — Cisasoonto.

However, converse of above stated results (i) and (iii) need not betrue. Moreover,
we havethefollowing resultsin thisdirection.

(iv) Letf:A—>Bandg:B — Cbethegivenfunctionssuchthat gof isone-one.
Then f is one-one.

(v) Letf:A—Bandg:B — Chethegivenfunctionssuchthatgof isonto. Then
gisonto.
1.1.5 Invertible Function

(i) A function f: X — Y is defined to be invertible, if there exists a function
g:Y - Xsuchthatgof=1 andfog=1,. Thefunction giscalled theinverse
of f and is denoted by f .

(i) Afunction f: X —> Y isinvertibleif and only if f isabijective function.

@ 1If f: X >Y,g:Y > Zand h: Z — S are functions, then
ho(gof)=(hog)of.

(iv) Let f:X >Yandg:Y — Z betwo invertible functions. Thengofisaso
invertiblewith (gof)*=f*og™

1.1.6 Binary Operations

() A binary operation = onaset Aisafunction = : A x A — A. We denote » (a, b)
by a b.

(i) A binary operation+ ontheset X iscalled commutative, if ax b=b» afor every
a, be X.

(i) A binary operation = : A x A — A is said to be associative if
(axb)yxc=ax (b*c), forevery a, b, ce A.

(iv) Givenabinary operation* :AxA — A,anelementee A, if it exists, iscalled
identity for the operation », if ax e=a=e* a, v ac A.
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(v) Given abinary operation  : A x A — A, with the identity element ein A, an
dement ae A, issaid to be invertible with respect to the operation «, if there
existsan element bin A suchthat ax b=e=b* aand b iscalled the inverse of
a and is denoted by a™.

1.2 Solved Examples

Short Answer (S.A.)

Example1l LetA={0, 1, 2, 3} and define arelation R on A asfollows:
R={(0,0),(0,1),(0,3).(1,0).(1,1).(2 2, (3,0), (3 3)}.

ISR reflexive? symmetric? transitive?

Solution R is reflexive and symmetric, but not transitive since for (1, 0) € R and
(0, 3) e Rwhereas (1, 3) ¢ R.

Example 2 For theset A ={1, 2, 3}, definearelation R in the set A asfollows:
R={(1,1), (2 2),(3,3),(1,3)}.
Write the ordered pairs to be added to R to make it the smallest equivalence relation.

Solution (3, 1) isthe single ordered pair which needs to be added to R to make it the
smallest equivalencerelation.

Example 3 Let R be the equivalence relation in the set Z of integers given by
R={(a b): 2 dividesa— b}. Write the equivalence class [Q].

Solution [0] ={0,£2,+4,£6,...}

Example 4 Let the functionf: R — R bedefined by f (X) =4x—1, v Xe€ R. Then,
show that f is one-one.

Solution For any two elements X, X, € R such that f (x)) = f (x,), we have
ax —1=4x,-1
= 4 =4x, i.e, X =X

Hence f is one-one.

Example51f f={(5, 2), (6, 3)},9={(2,5), (3, 6)}, writefo g.

Solution fog={(2, 2), (3, 3)}

Example 6 Let f: R — R bethe function defined by f (X) =4x—3 v X e R. Then
write f L,
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Solution  Giventhat f (X) = 4x — 3 =y (say), then

Ix =y+3
_ y+3
= X= 4
+3 +3
Hence i) =," = fig= L7

Example 7 Is the binary operation = defined on Z (set of integer) by
Mm+nNn=m-n+mn ym,n e Z commutative?

Solution No. Sincefor1,2e Z,1x2=1-2+12=1while2+«1=2-1+21=3
sothat 1« 2# 2+ 1.

Example 8If f ={(5, 2), (6, 3)} and g ={(2, 5), (3, 6)}, write the range of f and g.

Solution Therange of f = {2, 3} and the range of g = {5, 6}.

Example91f A={1, 2, 3} andf, g arerelations corresponding to the subset of A x A
indicated against them, which of f, g isafunction? Why?

f={(13).(23). 3 2)}

9={(12),(13), (3, 1}
Solution f isafunction since each element of A in thefirst placein the ordered pairs

isrelated to only one element of A in the second place while g isnot afunction because
1isrelated to more than one element of A, namely, 2 and 3.

Example 10IfA={a, b, c, d} andf={a, b), (b, d), (c, a), (d, ¢)}, show that f is one-
one from A onto A. Find f 2.

Solution f isone-one since each element of A isassigned to distinct element of the set
A. Also, fisonto sincef (A) =A. Moreover, f 1 ={(b, a), (d, b), (a, ¢), (c, d)}.

Example 11 In the set N of natural numbers, define the binary operation » by mx n=
g.c.d(m, n), m, ne N.Isthe operation » commutative and associative?

Solution The operation is clearly commutative since
mx+n=gcd(mn =gcd(nm=n+m ymne N.
It is aso associative because for I, m, n € N, we have
[+ (m=+n)=g.c.d(,g.cd(mn))
=g.cd. (g. c. d (I, m), n)
=(*m)=*n.
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LongAnswer (L.A))

Example 12 In the set of natural numbers N, define a relation R as follows:
v n,me N, nRmif ondivision by 5 each of theintegersn and mleavesthe remainder
lessthan 5, i.e. one of thenumbers0, 1, 2, 3and 4. Show that R isequivalencerelation.
Also, abtain the pairwise disjoint subsets determined by R.

Solution Risreflexivesincefor eacha e N, aRa. R is symmetric since if aRb, then
bRafor a, be N.Also, Ristransitivesincefor a, b, ce N, if aRb and bRc, then aRc.
HenceRisan equivalencerdationin N which will partition the set N into the pairwise
disjoint subsets. The equivalent classes are as mentioned bel ow:

A,=1{5,10,15,20..}
A ={1,6,11,16,21..}
A,={2,7,12,17,22, ..}
A,={3,8,13,18,23, ..}
A,={4,9,14,19,24, ..}
It is evident that the above five sets are pairwise disjoint and

4
A,UA UA,UA UA, = ik:JOAiZN'

X
Example 13 Show that the functionf: R — R defined by f (x) = XZ—H,VXGR , 1S

neither one-one nor onto.
Solution For x,, X, € R, consider
f(x)="1(Xx)

X _ %
= 4l K+l

= X+ X =X, X+ X,
= X%, (%= %) =X,= X%
= X=X 0r XX =1
We note that there are point, x, and x, with x, # x, and f (x,) = f (x,), for instance, if

1 2 2 1
wetake x, =2 and X, = E,thenwehavef(xl) =3 and f (x) = 5 but 2¢§. Hence

fisnot one-one. Also, fisnot onto for if sothenfor leR3xe Rsuchthat f(x) =1
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which gives =1. But there is no such x in the domain R, since the equation

X2 +1
x2—x+ 1 = 0does not give any real value of x.

Example 14 Let f, g : R = R be two functions defined as f (x) = | + x and

g(®)=|q -x v xe R.Then, findfogandgof.

Solution Here f (x) = |X + x which can be redefined as

2xif x>0
F =1 0if x<0

Similarly, the function g defined by g (X) = || —x may be redefined as

0if x>0

909 = {—inf x<0
Therefore, g o f gets defined as :
Forx>0,(gof)(X)=g(f(X)=g(2x) =0
and forx<0,(gof)(X)=g(f(xX)=g(0) =0.
Consequently, we have (gof) (x) =0, v xe R.
Similarly, f o g gets defined as:
Forx>0,(fog) X)=f(g(x)=f(0) =0,
andforx< 0, (fog) (X) =f(g(X)) =f (-2 X) = —4x.

0,x>0
—4x,x<0

ie (fom(@={

Example 15 Let R bethe set of real numbersand f : R — R be the function defined
by f (X) = 4x + 5. Show that f isinvertible and find f 2.

Solution Here the functionf: R — R isdefined asf (X) = 4x + 5=y (say). Then

y-5

Ix=y-5 or XZT.
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Thisleadsto afunctiong: R — R defined as

_¥=5
gy ="
Therefore, (gof) X)) =g(f(X) =g (4x +5)
4x+5-5
= 2 = X
or gof =1,
Similarly (fog) (y) =f(ay)
_ f[y—‘SJ
4
= 4(yT_5j+5 =y
or fog =1,.

Hencefisinvertibleand f =g whichisgiven by

X-=5
f1(x)= “a

Example 16 Let » be a binary operation defined on Q. Find which of the following
binary operations are associative

() a»b=a—-bfora,be Q.

y ab

(i) a*szfora,be Q.

(i) a*xb=a-b+abfora be Q.

(iv) a=b=ab’for a,be Q.

Solution

(i) = isnot associative for if wetakea=1,b=2and c =3, then
(axb)yxc=(1%2)*»3=(1-2)x3=-1-3=—-4and
ar(bxc)=1+(2+3)=1+«(2-3)=1-(-1) = 2.
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Thus (a* b) = c#a=* (b* c) and hence  is not associative.

(i) « isassociativesince Q isassociative with respect to multiplication.

(iii) = isnot associative for if wetakea=2, b =3 and c = 4, then
(@axb)xc=(2+3)«4=(2-3+6)»4=5+x4=5-4+20=21, and
ax(bxc)=2x(Bx4) =2+ (3-4+12)=2+11=2-11+22=13
Thus(a* b)* c# a=* (b c) and hence * is not associative.

(iv) =« isnot associative for if wetakea=1,b=2andc=3,then (ax b) » c =
1*x2x*3=4x3=4x9=36andar(brc)=1+(2+3) =1+ 18=
1x182=324.

Thus(a* b)+ ¢ #a=* (b c) and hence * is not associative.
Objective TypeQuestions
Choose the correct answer from the given four optionsin each of the Examples 17 to 25.

Example 17 Let R be arelation on the set N of natural numbers defined by nRmif n
dividesm. ThenRis

(A) Reflexiveand symmetric (B) Transitiveand symmetric
(C) Equivaence (D) Reflexive, transitive but not
symmetric

Solution The correct choice is (D).

Since n dividesn, v ne N, Risreflexive. R is not symmetric since for 3, 6 € N,
3R 6#6R 3. Ristransitive since for n, m, r whenever nf'mand m/r = n/r, i.e.,, n
dividesmand mdividesr, then nwill devider.

Example 18 Let L denote the set of all straight linesin a plane. Let arelation R be
defined by IRmif and only if | isperpendiculartom v |, me L. ThenRis

(A) reflexive (B) symmetric
(C) trangtive (D) none of these

Solution The correct choice is (B).

Example 19 Let N be the set of natural numbers and the function f : N — N be
definedby f (N) =2n+3 yvne N. Thenfis

(A) surjective (B) injective

(C) bijective (D) none of these
Solution (B) isthe correct option.

Example 20 Set A has 3 elements and the set B has 4 elements. Then the number of
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injective mappings that can be defined fromA to B is

(A) 144 (B) 12

(C 24 (D) 64
Solution The correct choice is (C). The total number of injective mappings from the
set containing 3 elements into the set containing 4 elementsis*P, = 4! = 24.

Example21 Letf: R — R bedefined by f (X) =sinx and g: R — R be defined by
g(X)=x%thenfogis

(A) X*sinx (B) (sinx)?
© sne o 3

Solution (C) isthe correct choice.
Example 22 Let f : R — R be defined by f (X) = 3x— 4. Then f 1 (X) is given by

A XL4 B 1_4
A = B®) 3
(C) 3x+4 (D) None of these

Solution (A) isthe correct choice.

Example 23 Let f : R — R be defined by f (X) = x2 + 1. Then, pre-images of 17
and — 3, respectively, are

Solution (C) isthe correct choicesincefor f*(17)=x=f(X)=17orx*+1=17
= Xx=zx4dor f1(17) ={4,—-4} andforf 1(-3)=x=f(X)=—-3 = x*+1
=—3=x*=—-4and hencef (- 3) = ¢.

Example 24 For real numbers x and y, define xRy if and only if x —y +./2 is an
irrational number. ThentherelationRis
(A) reflexive (B) symmetric
(C) trangtive (D) none of these
Solution (A) isthe correct choice.
Fill in the blanksin each of the Examples 25 to 30.

Example 25 Consider theset A ={1, 2, 3} and R be the smallest equivalencerelation
on A, then R =
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Solution R={(1, 1), (2, 2), (3, 3)}.

Example 26 The domain of the functionf: R — R defined by f (X) = /x> —3x+ 2 is

Solution Herex?—3x+2>0

= X-D)(x-2)=0

= x<lor x>2
Hence the domain of f = (—eo, 1] U [2, )

Example 27 Consider the set A containing n elements. Then, the total number of
injective functions from A onto itself is

Solution n!

Example 28 Let Z be the set of integers and R be the relation defined in Z such that
aRb if a— b isdivisible by 3. Then R partitions the set Z into pairwise
digoint subsets.

Solution Three.

Example 29 Let R bethe set of real numbersand = be the binary operation defined on
Rasaxb=a+b—-ab v a be R. Then, theidentity element with respect to the
binary operation * is .

Solution Oistheidentity element with respect to the binary operation «.

State True or False for the statements in each of the Examples 30 to 34.
Example 30 Consider theset A ={1, 2, 3} and therelationR={(1, 2), (1, 3)}. Risa
transitiverelation.

Solution True.

Example 31 Let A beafiniteset. Then, eachinjective function fromA intoitself isnot
surjective.

Solution False.

Example 32 For setsA, Band C, let f : A — B, g : B — C be functions such that
gofisinjective. Then both f and g are injective functions.

Solution False.

Example 33 For setsA, Band C, let f : A — B, g : B — C be functions such that
gof issurjective. Then gis surjective

Solution True.
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Example 34 Let N be the set of natural numbers. Then, the binary operation x in N
definedasax b=a+b, v a be N hasidentity element.

Solution False.

1.3 EXERCISE

Short Answer (S.A.)

1. LetA={a b, c} andtherelation R be defined on A asfollows:

R={(a a), (b, ¢, (a b)}.

Then, write minimum number of ordered pairs to be added in R to make R
reflexive and transitive.

2. Let D bethe domain of the real valued function f defined by f (x) = /25— x? .
Then, write D.

3. Letf,g:R—R bedefinedby f(x) =2x+1andg(x) =x* -2, yxe R,
respectively. Then, find g of.

4. Let f : R — R bethefunction defined by f (X) =2x—3 v x € R. writef .

5. IfA={a, b, c, d} andthefunctionf={(a, b), (b, d), (c, a), (d, c)}, write f 1,

6. If f :R—>R isdefinedby f (X) =x2—3x + 2, write f (f (X)).

7. Isg={(, 1), (2, 3), (3, 5), (4, 7)} afunction? If g is described by
g (X) = ox + 3, then what value should be assigned to o and .

8. Arethe following set of ordered pairs functions? If so, examine whether the
mapping isinjectiveor surjective.
() {(x, y): xisaperson, y is the mother of x}.
(iN{ (a, b): aisaperson, b is an ancestor of a}.

9. If the mappingsf and g are given by
f={(1,2),(3,5), 4 1)} andg={(2,3), (5 1), (1, 3)}, writefo g.

10. Let C betheset of complex numbers. Provethat themapping f: C — R given by
f(2 =2, v ze C, isneither one-one nor onto.

11. Letthefunctionf: R — R bedefined by f (X) = cosx, v x € R. Show that fis
neither one-one nor onto.

12. LetX ={1,2,3}andY ={4, 5}. Find whether the following subsets of X xY are

functionsfrom X to'Y or not.

0 ={@04. 152465 () g={(14(24 G
@iy  h={(14),(25),(3 5} (iv)  k={(14,(25)}.

13. If functionsf:A - Bandg:B — Asatisfygof=1,, then show that f isone-

one and g is onto.
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14.

15.
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Let f: R — R bethefunction defined by f (x) = X R.Then, find

2—cosx
the range of f.

Let nbeafixed positiveinteger. DefinearelationRinZ asfollows. a,b  Z,
aRbif andonly if a—bisdivisibleby n. Show that R isan equivalancerel ation.

LongAnswer (L.A.)

16.

17.

18.

19.

20.

21.

22.

IfA={1,2,3,4}, definerelations on A which have properties of being:

(a reflexive, transitive but not symmetric
(b) symmetric but neither reflexive nor transitive
(c) reflexive, symmetric and transitive.

Let R berelation defined on the set of natural number N as follows:

R={(x¥):x N,y N, 2x+y=41}. Find the domain and range of the
relation R. Also verify whether R isreflexive, symmetric and transitive.

Given A ={2, 3, 4}, B ={2, 5, 6, 7}. Construct an example of each of the
following:

(@ aninjective mapping fromAtoB

(b) amapping from A to B which isnot injective

(c) amapping from B toA.
Give an example of amap

(i) which isone-one but not onto

(ii) which isnot one-one but onto

(iii) whichisneither one-one nor onto.

X—2
LtA=R-{3},B=R —{1}. Let f: A — B be defined by f (x) = )

X A .Thenshow that f ishijective.
Let A =[-1, 1]. Then, discuss whether the following functions defined on A are
one-one, onto or bijective:

@0 & g (i) g(x) = |¥

(i) h(x) x| (iv) k(xX) = x>
Each of thefollowing definesarelation on N:

() xisgreater thany, x,y N

(i) x+y=10,x,y N
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24.

25.

26.

27.

RELATIONS AND FUNCTIONS 13

(iii) Xyissquare of aninteger X,y N

(>iv) X+4y=10 x,y N.

Determinewhich of the aboverelationsarereflexive, symmetric and transitive.
LetA={1, 23, ..9} and R betherelationin A xA defined by (a, b) R (c, d) if
a+d=b+cfor(a b),(c, d)in AxA.Provethat R isan equivalence relation
and also obtain the equivalent class[(2, 5)].

Using the definition, prove that the function f : A — B isinvertibleif and only if
f is both one-one and onto.

Functions f, g: R — R are defined, respectively, by f (X) = x> + 3x + 1,
g (x) =2x-3, find

(i) fog (i) gof (iii) fof (iv) gog

Let » be the binary operation defined on Q. Find which of the following binary
operations are commutative

(i) axb=a-b abeQ (i) axb=a*+b* abeQ
(i) axb=a+ab abeQ (iv) a»b=(@-b? abeQ
Let « bebinary operationdefinedonRbyax b=1+ab, a,be R. Thenthe
operation = is

(i) commutative but not associative
(i) associative but not commutative

(ili) neither commutative nor associative
(iv) both commutative and associative

Objective TypeQuestions

Choose the correct answer out of the given four optionsin each of the Exercises from
28 t0 47 (M.C.Q.).

28.

29.

Let T bethe set of dl trianglesin the Euclidean plane, and let arelation Ron T
be defined asaRb if aiscongruenttob a,be T.ThenRis

(A) reflexivebut not transitive (B) transitive but not symmetric
(C) equivalence (D) none of these

Consider the non-empty set consisting of children in afamily and arelation R
defined asaRb if aisbrother of b. Then R is

(A) symmetric but not transitive (B) transitive but not symmetric

(C) neither symmetric nor transitive (D) both symmetric and transitive
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30.

31.

32.

33.

34.

35.

36.
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The maximum number of equivalence relationsontheset A ={1, 2, 3} are

(A) 1 B) 2

(© 3 (D) 5

If arelation Rontheset {1, 2, 3} bedefined by R={(1, 2)},thenRis

(A) reflexive (B) trangitive

(C) symmetric (D) none of these

Let usdefinearelaionRinR asaRbif a>h. ThenR is

(A) anequivalencereation (B) reflexive, transitive but not

symmetric

(C) symmetric, transitive but (D) neither transitive nor reflexive

not reflexive but symmetric.

LetA={1, 2, 3} and consider the relation
R={11),(2 2),(3,3),(1,2),(273),(13)}.

ThenRis
(A) reflexivebut not symmetric (B) reflexivebut not transitive
(C) symmetricandtransitive (D) neither symmetric, nor

trangitive
The identity element for the binary operation = defined on Q ~ {0} as

ab :
ax b=7 a,be Q~{0}is

(A) 1 (B) 0
< 2 (D) none of these

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

(A) 720 (B) 120

© o (D) none of these
LetA={1,2,3,..n} and B ={a, b}. Then the number of surjectionsfromA into
Bis

(A) "P, (B) 2n-2

(C 2r-1 (D) None of these
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1
37. Letf:R—>Rbedefinedbyf(x):; xe R. Thenfis

(A) one-one (B) onto
(C) hijective (D) fisnot defined

X
38. Letf:R > Rbedefinedby f(x)=3x*-5andg: R— Rby g(X) = IR

Thengofis
3x° -5 3x* -5
(A) ox*_30x%+26 B) ox*—6x2+26
3x? 3x?
©) i2-a ®) oy i30x2 -2
39. Which of thefollowing functionsfrom Z into Z are bijections?
(A) f(x)=x® B) f(x)=x+2
©C f(x¥=2x+1 (D) f(x)=x2+1
40. Letf: R — R bethefunctionsdefined by f (X) =x®+ 5. Thenf 1 (x) is
1 1
(A) (x+5)3 (B) (x-5)3
1
© (5-x)3 (D) 5-x
41. Letf: A —> B andg: B — C bethe bijective functions. Then (g o f)*is
(A) flog? B) fog
€ g-toft (D) g of
3 _ 3X+2
42 Letf: R- o — R bedefined by f (x) = 5 —3. Then
(A) 1=K B) I*(X¥=-f(x)
1
(©) (fof)x=-x (D) f-l(x)zﬁf(x)

X,if xisrational

43. Letf: [0, 1] — [0, 1] be defined by f (x) = {1—x, i xisirrational
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Then (fof) xis
(A)  constant (B) 1+x
(© x (D) none of these
44. Letf: [2, «0) = R be the function defined by f (x) = X — 4x + 5, then the range
of fis
(A) R (B) [L)
(C)  [4) (B) [5.)

2x-1
45. Let f: N — R bethe function defined by f (X) = - andg: Q > Rbe

3
another function defined by g (X) =x + 2. Then (g of) 5 is

(A) 1 B) 1
7
© 5 (B) none of these
46. Letf: R = R be defined by
2x:x>3
f (X)=4 x*:1<x<3
3x:x<1

Thenf (-1 +f(2) +f(4)is

(A) 9 (B) 14
(© b5 (D) none of these
47. Letf: R > R begivenby f (x) =tanx. Thenf-1 (1) is
T T
(A) 2 (B) {nn+z:neZ}
(C)  doesnot exist (D) none of these

Fill in the blanksin each of the Exercises 48 to 52.

48. Let therelation R be defined in N by aRb if 2a+ 3b=30. ThenR =
49. Let therelation R be defined on the set
A={1234,5 by R={(a b):|a?—b? < 8. Then Risgiven by
50. Let f={(1,2),(3 5,4 Dandg={(2,3),(5 1), (1,3)}. Thengof =——
andfog=
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X
. : f(X)= _
51.Letf: R — R bedefined by T (X) T Then(fofof) (9 = ———
521 f () = (4 — (7Y%, then f3() =

State True or False for the statements in each of the Exercises 53 to 63.

53. LetR={(3,1), (1, 3), (3, 3)} bearelation defined ontheset A={1, 2, 3}. ThenR
issymmetric, transitive but not reflexive.

54. Letf: R — R bethe function defined by f (x) = sin (3x+2) xe R. Thenfis
invertible.

55. Every relation which is symmetric and transitiveis also reflexive.

56. Aninteger missaid to berelated to another integer nif misaintegral multiple of
n. Thisrelationin Z isreflexive, symmetric and transitive.

57.Let A = {0, 1} and N be the set of natural numbers. Then the mapping
f:N—>Adefinedby f(2n-1) =0,f(2n) =1, ne N,isonto.

58.TherelationRontheset A ={1, 2, 3} definedasR ={{1, 1), (1, 2), (2, 1), (3, 3)}
isreflexive, symmetric and transitive.

59. The composition of functionsis commutative.

60. The composition of functionsisassociative.

61. Every functionisinvertible.

62. A binary operation on a set has always the identity element.

- O L ——



