Relations & Functions

1. A function f: R+ = R (where R+ is the set of all non-negative real numbers)
defined by f(x) =4x+ 3is: (2024)

(A) one-one but not onto

(B) onto but not one-one

(C) both one-one and onto
(D) neither one-one nor onto
Ans. (A) one-one but not onto

2. ArelationRonsetA={1, 2, 3,4, 5}isdefinedas R ={(x,y) : |x2 - y?| < 8}.
Check whether the relation R is reflexive, symmetric and transitive. (2024)

Ans.

(a) Reflexive:

v xz2—x2| <8V x€A= (x,x) €ER - Risreflexive.
(b) Symmetric:

Let (x,y) € R for some x,y € A
L]x2—9y2|<8=>|yz—x%2|<8=(y,x) ER

Hence R is symmetric.

(c) Transitive:

(1,2),(2,3) eRas |12 — 22| < 8, |22 — 32| < 8 respectively
But |[12—-32|«8=(1,3) ¢R

Hence R is not transitive

3. A function f is defined from R — R as f(x) = ax + b, such that f(1) = 1 and f(2)
= 3. Find function f(x). Hence, check whether function f(x) is one-one and onto or
not. (2024)

Ans.f(x) =ax+b
Solvinga+b=1and2a+b=3togeta=2,b=-1
f(x)=2x-1

Let f (x1) = f (x2) for some x1, x2 € R

2x1—1=2x—-1=>x1=x
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Hence fis one - one.

Lety =2x-1,y € R (Codomain)
= x=y+1/2 € R (domain)
Also, f(x) =f(y+1/2) =y

-~ fis onto.
4,
2
If \/1—x2 - \/l—y2 = a (x—y), prove that dy = 1-¥ '
dx 15"
(2024)
Ans.

Vi—x2 + J1-y2=a(x—y)
Putx=sin @,y =sin ¢

=cos@ +cosp=a(sinf-sing)

= 2 cos +T¢) cos (?)=2asin (?) cos (%
ﬁcot(?) =a

= 60— ¢=2cot la

=sin"'x— sin"'y=2cot™la

L1
\/1—x2 \/1—y2 dx

d 1- y2
- 8 Y
dx 1—x2

5. If y = (tan x)*, then find dy/dx.

=

Ans. y = (tan x)x

log y = x log (tan x)

1dy (seczx
-——=X
ydx tanx

) + log(tan x)

L — (tanx)* [(xtmzx) + log(tan x)]

dx anx
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Previous Years’ CBSE Board Questions

1.2 Types of Relations
MCQ

P12

i 13,

1. Let A=[3,5). Then number of reflexive relations on A4

is
(a) 2 (b) 4

2. Let Rbe arelationin the set N given by
R={la,b):a=b-2b=>6&].Then
(a) (B,7)eR (b) (6,8B)eR

() (3,8)eR d) (24)eR (2023) 15.

3.  Acrelation R is defined on N. Which of the following is

the reflexive refation?

(a) R={{xy):x=>y xyeN]

b)) R={{x v):x+y=10xveN]

lc) R ={(x v): xyisthe square number, x, y & N]
(d) R={{xyl:x+4y=10.xyeN]

4, The number of equivalence relations in the set

[1. 2. 3] containing the elements (1, 2) and (2, 1) is
(a O (b) 1

P 17.

€ 2 (d) 3 (Terml, 2021-22) :
5. A relation R is defined on Z as aRb if and only if

a?-T7ab+ 6b*=0.Then,Ris

[a) reflexive and symmetric

(b) symmetric but not reflexive
c) transitive but not reflexive
(d) reflexive but not symmetric

(Term 1, 2021-22) (i)

6. Let A = [1, 3. 5] Then the number of equivalence
relations in A containing (1. 3) is i

(a) 1 (b) 2 \
) 3 (d) 4 (2020)

7. The relation R in the set [1, 2. 3} given by R =[(1, 2), |
(2, 1),(1, 1)}is

la) symmetric and transitive, but not reflexive
(b} reflexive and symmetric, but not transitive
(c) symmetric, but neither reflexive nor transitive
(d) anequivalence relation (2020)

(1 mark)

8.  Write the smallest reflexive relationonset A=[a.b,c]. :

(2021C)
9. Arelation Rinaset Ais called ,if{ay,a,) e R
implies (az, a:) & R, forall a,, az = A. (2020) [E
10. ArelationinasetAiscalled __________ relation, if eac
element of A is related to itself (2020)

11. If R =[x, ¥} : x + 2y = B} is a relation on N, write the
range of R. far2o014) :

: 18,

19,
f 20,

P 21,

| 22,

Let R = [{a, 2% : ais a prime number less than 5} be a
relation. Find the range of R. {Forelgn 2014)

let R be the equivalence relation in the set
A=[0,1,2 3 4, 5] given by R = {{a, b} : 2 divides (a - b]].

Write the equivalence class [D]. {Delhi 2014 C)

Y (2 marks

c) O (d) 8 (2023) :
14,

Check if the relation R in the set [ of real numbers
defined as R = [(o, b) : @ < b} is (i) symmetric,
(ii) transitive. (2020)

Let W denote the set of words in the English
dictionary. Define the relation B by

R ={(x. ¥) € W = W such that x and y have at least one
letter in common).

Show that this relation R is reflexive and symmetric,
but not transitive. (2020)

(4 maric)

(Term 1, 2021-22) (An) : 4,

Show that the relation Rinthe set A={1, 2 3 4, 5, 6}
given by R = [{o, b) : |a - b| is divisible by 2} is an
equivalence relation. (2020)

Check whether the relation R defined on the set
A={12134546]as

R=1{la b) : b =a+ 1} is reflexive, symmetric or
transitive. (2019)

Show that the relation R on the set 7 of all integers,

given by

R={la, b): 2 divides {a - b}} is an equivalence relation.
[201%)

Show that the relation R on R defined as
R = {[{a.b):a<h], is reflexive and transitive but not
symmetric. (NCERT, Delhi 2019)

Show that the relation 5 in the set A={xef:0<x=12}
givenbyS=[(a, b):a. b € Z, |a - b| is divisible by 3] is
an equivalence relation. Al 2019) IE

let A =1 2. 3, .., 9] and R be the relation in
A= Adefined by (a, b) Rc, d) ifa+d=05b+c¢c
for (a, b), (c. d) in A = A Prove that R is an equivalence
relation. Also obtain the equivalence class [(Z, 51
(Delhi 2014)

Let R be a relation defined on the set of natural

numbers N as follow :

R={{x,¥l|xe N,ye Nand 2x + y = 24]

Find the domain and range of the relation R.

Also, find if R is an equivalence relation or not. -
(Dethi 2014 C) An|

(5/6 marks)

i 23,

If N denotes the set of all natural numbers and R
is the relation on N = N defined by {a, b) R (c, d), if
adi{b + c) = bela + d). Show that R is an equivalence
relation. (2023, Delhi 2015)
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26.

28.
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24, letA=[xe Z:0<x<12)Showthat R={la.b):a.be A,
|a = b|is divisible by 4], is an equivalence relation. Find
the set of all elements related to 1. Also write the
equivalence class [2].

25,

relation. Write all the equivalence classes of R.

1.3 Types of Functions
MCQ

The function f: R — Rdefined by f{x) =4 + 3 cosx is :
(a) bijective (b) one-onebutnotonto :
(c) onto but not one-one
(d) neither one-one noronto (Terml, 2021-22) [Erﬂ
The number of functions defined from :
{1. 2, 3. 4. 5] — {a, b} which are one-one is

a 5 (b) 3
(o) 2 (d) O (Term I, 2021-22)
Let f: R — Rbe defined by f(x) = 1/x, for allxeR, Then, :
fis
(a)
(o)

one-one
bijective

(b) onto
{(d) notdefined
(Term I, 2021-22) :

The function f: N — Nis defined by
n_+1' ifn is odd
fin) =

[ B
> ifniseven

The function fis

(a) bijective

(b) one-one but not onto

(c) onto but not one-one

(d] neither one-one nor onto

(1 mark)

30, Iff=1{l1, 2), (2 4), (3, 1), (4, k)] is a one-one function :
from set A to A, where A = [1, 2, 3, 4], then find the :
(2021C) :

value of k.

(2018) :
Show that the relation Rinthe set A={1,2, 3,4, 5} given |
by R = [{a, b) : |Ja - b is divisible by 2]} is an eguivalence

(AI 2015C) :

(Term 1, 2021-22) (&v] |

| I 4 mark)

31. Case 5tudy : An organization conducted bike race

under two different categories - Boys and girls.
There were 28 participants in all. Among all of them,
finally three from category 1 and two from category
2 were selected for the final race. Ravi forms two
sets B and G with these participants for his college
project.

Let B = [by, by, by) and G = {g,, 3;), where B represents
the set of Boys selected and G the set of Girls
selected for the final race.

TR

e

Based on the above information, answer the
following questions.

(i) How many relations are possible from B to G?
(i) Among all the possible relations from B to G,
how many functions can be formed from B to G?

(iii) Let R: B — B be defined by R = {(x, y) : x and
y are students of the same sex). Check if R is an
equivalence relation.

OR

A function f : B— G be defined by f = {(b4, g4), (b2. 32).
(ba, g4)}. Check if fis bijective, justify your answer. -
(2023) (Ag)

32. Let f:n_[-%}.m be a function defined as

fx)=—2%X_ Show that fis a one-one function. Also,
3x+4d
check whether fis an onto function or not. [2023)
23. Show that the function f: (==, 0) — (=1, 0} defined by
flx) = ¢ Il i x & [-==,0) is one-one and onto.  (2020)
+|x

W)\ CBSE Sample Questions /B

1.2 Types of Relations
MCQ

1. A relation R in set A = {1, 2, 3} is defined as :
R =1 1), (1 2), (2. 2), (3. 3)L Which of the follow-
ing ordered pair in R shall be removed to make it an

(1 mark)

3.  How many reflexive relations are possible in a set A

(Term 1, 2021-22) (An]

equivalence relation in A7

(a) (L1 (b (1.2} () (22 (d (33)

c=x

{2 letthe relation Rintheset A={xeZ:0<x< 12},

given by R = [{a, b) : |a - b| is a multiple of 4.] Then[1],

the equivalence class containing 1, is

(a) (159 (k) {0,1,2 5]

© o @ A '
(Term i, 2021-22) (Ev]

whose n{A) =37 (2020-21) (Ap)
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removed to make R an equivalence relation?

5. An eqguivalence relation R in A divides it into
AyuAuAzand Ay Az As

BELI (2 marks)

&,

transitive? Write the equivalence class of (.

BELYI (3 marks)

(2020-21) (Ap)
P11,

7. Check whether the relation R in the set Z of integers
defined as R = {la, b) : a + b is "divisible by 2"} :
is reflexive, symmetric or transitive. Write the :

(2020-21) :

- I (1 mark)

12. Check whether the function f : R — R defined as

equivalence class containing 0., i.e., [0].

(5/6 marks)

8.

P(X) as:

For A. B e P(X), (A, B) e R iff A = B. Prove that R is
(2022-23) :

SOLUTIONS

reflexive, transitive, and not symmetric.

Detailed

"7\ Previous Years’ CBSE Board Questions /1 I

1. (b):Total number of reflexive relations on a set having
n number of elements = 27 - " '
Here,n=2

Required number of reflexive relations = 22° -2

=M-2024

A relation R in § = {1, 2, 3} is defined as R = {(1, 1), !
(1, 2), (2, 2), (3, 3)]. Which element(s) of relation R be :

(2020-21)
: 1.3 Types of Functions

equivalence classes Ay, A;, As. What is the value of
(2020-21) :
i 10. LetA={1,2,3],B={4,5,6,7}and letf={(1,4),(2,5),

Let R be the relation in the set £ of integers given by
R ={{a.b): 2 divides a - b}. Show that the relation Ris :

Given a non-empty set X, define the relation R on
i 13. A relation R in the set of real numbers R defined as

2. Define the relation R in the set N = N as follows:
For (a, b), {c,d) & N = N, (a, b} R (c, d) iff ad = be. Prove
that R is an equivalence relationinN= N.  (2022-23)

McQ

(3, &)1 be a function from A to B. Basad on the given
information, f is best defined as
{a) Surjective function (b)
{c) Bijective function (d)

Injective function
Function

(Term |, 2021-22) (Ev]
The function f: R — R defined as fix) = x%is

(a) One-onebut not onto

(b) Mot one-one but onto

(e} Meither one-one nor onto

(d) One-one and onto (Term |, 2021-22)

f{x) = x* is one-one or not. {2020-21)

R={la.b): a =b) is a function or not. Justify
(2020-21)

EE - {{11 2:I'l tl 1}r “—- 3}r {31 1} Izi E}r t"l 2}, ‘.1- 1}1 {2, 2:":- {3r EH

Mumber of equivalence relations is 2.

Concept Applied :

-
-

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

| 5. (d):Given,aRb,a,be Z

i Reflexive : Fora e Z, we have

2. |b:Given.R={la.bl:a=b=2.b> &)
Since, b= &,350(2, 4 R
Blso,(3,8) Ras3+8-2
and (B, 7)z RasB=7-2
MNow, for (5. 8), we have
8>6and 6= 8 -2 whichis true
(&6 B)e R
3. [c) :Consider, R ={(x,y) : xyis the square number, x.ye N} '
As, xx = x%, which is the square of natural number x. i
= (% x)e R 50,R is reflexive.

Concept Applied IEEJ

= Arelation Rinaset A is called reflexive. if (a,a) & R,
forallae A

4. |c): Eguivalence relations in the set{ 1, 2. 3}containing
the elements (1, 2) and (2, 1) are ;
Ry ={(1,2),(2 1), (1, 1),(2 2),(3, 3)}

Get More Learning Materials Here : &

c=x

a?-Taa+ba’=02-Ta?+6a’=0=(a,a)e R

Relation is reflexive.

. Symmetric: Since, (6, 1) eR

D A5, 67 -Tx6x1+6x12=36-42+6=0

: But{1,6) e R. .. Relation is not symmetric.
: element (1, 3) are

(b): Equivalence relations in the set containing the

R,={(1,1),(3,3).(1,3).(3,1),(5,5)}

i Ra={(1, 143, 3)(5, 5).( 1, 55, 1),(3, 5)5. 3), (1. 3).(3, 1))

There are 2 possible equivalence relations.

| 7. (c):Given R = {{1, 2), (2. 1), (1, 1)} is a relation on set
i {12.3]
| Reflexive : Clearly (2, 2),(3,3)¢ R

R is not a reflexive relation.

Symmetric: Mow, (1, 2) e Rand (2, 1) R -. Rissymmetric.

Transitive : Now, (2, 1)e Rand (1, 2}e Rbut (2,2} R
R is not transitive relation.

. Ris symmetric, but neither reflexive nor transitive.
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4. Wehave, A=a, b,c]
Arelation R on the set A is said to be reflexive if (0. a) e R,
Yac A

relationon A
9. Arelation R inasetAis called symmetric, if (a,, a,)e R
implies (0, a,) € R, foralla,.a, A.

10. A relation in a set A is called reflexive relation, leach
element of A is related to itself.

11, Here,R={[x y):x+2y=8x.ve N}
Forx=1,3,5,..
%+ 2y =B has nosolutionin N.
Forx=2 wehave2+2y=B=y=3
Forx=d4 wehaved+2y=s8=y=2
Forx=6 wehaveti+2y=8=y=1
Forx=8,10, ..
x+ 2y = 8 has no solution in N.

Rangeof R={y:(x.vle Rl={1 2. 3]
12, Givenrelationis
R =[la,a”) :ais a prime number less than 5],
o R=[(2 8),(3. 27)). So, the range of R is [8, 27).

13. Here R=[{a b): 2 divides (a - b)}

Equivalence classof [0] ={ae A:(a,0) e RL
= (a-0)isdivisibleby2andace A= a=0,2.4
Thus[0] =[0, 2. 4].

14, Wehave, R=[la.b):a<bl.wherea.be E
(i) Symmetric:let{xyle Ric. xRy =x<y
Buty e x.sol(x.vle R =(y.xlg R

Thus, R is not symmetric.

(i) Tramsitive:let(xy).(v.2)e R

= X<yandy<z = x<2

= (% 2} e R Thus. R is transitive.

15. We have, R ={(x, y) € WxW:xand y have at least one
i Transitive:Let(a.bje Randib.c)e R

letter in common)

Reflexive : Clearly (x, x) € R, because same words will |
contains all common letters, '
= Risreflexive. i
Symmetric: Let (x, ¥} & Rie, xand v have at least one letter
in comman. :
= yandx will also have at least one letter in common.

= (vxleR

= R issymmetric.

Transitive : Let, x = LAND, y = NOT and 2= HOT

Clearly (x, ¥) £ R as x and v have a common letter and (v, z:l
€ R as v and 2 have 2 common letters.

but (x,2) 2 R as x and z have no letter in common.

Hence, R is not transitive.

Concept Applied (@]

= Acrelation R inaset Aisnot transitive iffor (a.ble R
and(b.cle Rbut(a,cle R

16, We have, A
divisible by 2]
(i} Reflexive:Foranyae A
|a = a| = 0, which is divisible by 2.
Thus, (a,a) e R. 5o, Ris reflexive.

Get More Learning Materials Here : &

| Symmetric:let{a.b) e R = b=a+1

SuluuLy

c=x

! (ii) Symmetric:Foranya be A

! Let(a.b)e R

i = |a-b|isdivisible by 2= |b - a| is divisible by 2
R={{a,a), (b, b), (c, c)}is the required smallest reflexive :

= (baleR. . [ableR = (baleR . Rissymmetric.

i (iiill Transitive;Foranya,b,ce A

Let{mh] e Rand(b,c)e R

. = |a-b|isdivisible by 2 and |b- c| is divisible by 2.

= a-b=1Zkandb-c=%22k, Yk, k; e N

= a-b+b-c=22k+k)= a-c=22k; Ve N

= |a-c|isdivisibleby 2 = (a.cle R .. Ristransitive.

: Hence, R is an equivalence relation.

: 17. We have, A =[1, 2, 3,4, 5, 6] and a relation R on A
: definedasR={la,b):b=a+1]

! Reflexive: Let(0,a0) e R

i= a=a+1= a-a=1= 0=1,whichisnot possible.

(a,a) € R = Ris not reflexive.

: i)
. Now, if (b,a) € R
i= a=b+1=b=b+1+1 {using (i)}

= b=b+2 = b-b=2 =0=2 whichis not possible
: = (b,a) # R = Ris not symmetric.

i Transitive:Let(a,b) € Rand (b,c) e R

i= b=o+landc=b+1=c=a+1+1

i = c=g+22a+1=(ac) & R= Risnottransitive.

: 18. We have, R =[(a, b) : 2 divides (a - b)}

i Reflexive:Foranyae Z,a-a=0and 2 divides 0.
i = (a,a)le Rforeveryae 7 -~
i Symmetric: Let {o,b)e R

i = 2divides(a-b)

R is a reflexive.

a=-b=2m, forsomeme £
b-a=2m

—
=
‘= 2dividesb-a
i =

(b,aje R

R is symmetric.

2 divides (a - b) and 2 divides (b - ¢}
a-b=2mandb-c=2nforsomemne 7
ag-b+b-¢c=2m+2n

a-c=2{m+n)

2dividesa-c

(a,cle R

Ris transitive.

HencE. R is an equivalence relation.
: 19. Wehave, R={la,b):a<bh, a,.beE]

: (i) Reflexive:Sincea<a .. aRaVaeR

: Hence, Ris reflexive.

i (i) Symmetric: [o.b)eR such that aRb = a<b &% b=a
: So,(b.a)e R

i Hence, Ris not symmetric.

i (iii) Transitive:Lleta,b,c e Rsuch thataRband bRc
Now, aRb = a<b
¢ From (i) and (i), we have a<b<c=bazc -
=[{1.2.3.4.5. 68landR={la.b):|a-b|is

© 20. Wehave, A=[xeZ:0<x<12)

. (i) and bRc = b=c - (i)

aRc
Hence, relation R is transitive.

A={0,1,23,...,12}

Also, 5={{a,b):a,be Z, |a=b|isdivisible by 3}
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(i} Reflexive:Forany a e A,

|a = a} = 0, which is divisible by 3

Thus, {o,a)e5 - Sis reflexive.

(i)} Symmetric:Let(a, bje 5

= |a—b|isdivisible by 3.

= |b-alisdivisibleby3 = (b,a)e5 ie (a.b)es = (b,a) €5
5 is symmetric.

{iii) Transitive:

Let{a, b) € Sand (b,c}) € §

= |a-b|isdivisible by 3 and |b - ¢| is divisible by 3.

(a-b)=+3k;and(b-c)=23k; Y kp ko e N

(a=b)+(b-c)=23{k, +ki)

la=-c)=23(k, +k;); ¥k k; e N

|a - ¢ is divisible by 3 = (a,¢) € § .. §is Transitive.

Hence, 5 is an equivalence relation.

=
=
—

=

Concepi Applied I,‘l::@]

= ArelationRinaset dis called
(i) reflexive,if (o.a)e R.forallas A
(ii} symmetric,if (o,b)e R= (b,a)e R, foralla,be A
(i) transitive,if (a,b)e R and (b.cle R = la,cle R,
foralla,bce A

21. GivenA={1,22734..9]

To show : R is an equivalence relation.
(i)
Then,wehave (o, b)je AxA=a,be A

= a+b=b+a (bycommutativity of additiononAc N'}I
= (a,b)R{a,b)

Thus, {a, b) R (a, b) for all (a, b) & A = A. So, R is reflexive.

(i} Symmetric:Let{a,b),(c,d)e AxAsuchthat (o B)R(c d) :
= a+dsbh+e=b+c=sa+d

=
= (c.d)R(a,b).

Thus, (a, b) R{c,d)= [c.d) R {a. b) for all {a, b), (. d) e A=A
So, Ris symmetric.

{a.b)R (c. d) and (¢, d) R (e, f)

Mow, la b Rle,d)=a+d=b+c
and(c d)R{e,l=c+f=d+e i)
Adding (i) and (i), weget(a+d) + (c+fi=(b+c) + (d + &)

= a+f=b+e = [a. bR (e f

Thus, (@, BYR (¢, d) and {c, d) R (e, f) = (a.b) R (e, f).

So, Ris transitive. . Ris an equivalence relation.
Equivalence class of [{2, 5)] = {[x. v} € Nx N:(x,v] R{2, 5]}

=[x yle NxN:x+5=y+2]
=fx,y)e NxN:y=x+3}=[lx,x+3):xe A
=[(1,4),(2,5),(3,4).(4,7),(5,8),(6, 7))

Canswer Tips ( 7]

= First, prove the given relation is an equivalence
relation and then find the equivalence class by using
the given relation.

22. Here,R={{xy)|xe N.ye Nand 2x +y=24]
R={{1,22),(2, 20),(3, 18), ... (11, 2)}
DomainofR={1,2,3, 4, ..., 11)

Reflexive : Let (g, b) be an arbitrary element of A xA. |

ct+h=d+a (bycommutativity of additiononAc N','I-

c=x

! RangeofR={2,4.6,8,10,12 .22}

i Risnotreflexiveasif (2,2)e R=22x2+2=6=24
i |n fact R is neither symmetric nor transitive.

i = Risnot an equivalence relation.

23. i} Reflexive: Let (a.b) be an arbitrary element of N

! xN.Then, (a,ble NxN

i = ab{b+a)=bafa+b)

¢ [by commutativity of addition and multiplication on N]
i= (a.b)R(a,b)

i S0, Ris reflexive on N x N.

i (i} Symmetric:Let(a, b), (c.d) & N = N such that

{a, b} R (e, d).

i = adlb+c)=bda+d) = cbid +a)
i [by commutativity of addition and multiplication on N]

i Thus, (a,b) R (c.d) = (c.d) R (o, b) for all (a, b), (c.d) & N=xN.
! 50,Ris symmetricon N < N,

P (i) Transitive: Let {a, b), (c.d). (e, fle N = N such that

i (a,bYRc, d)and (c.d) R (e, f). Then,

{ a,b) R e, d)= adlb+ c) = befa + d

= dalc + b)

b+c a+d "
= —t===+= i)

d+e r+f
de o

i)

Adding (i) and (i), we get

LALLM
b c d e \a d c f

b+£!_u_+f
af

= = = —

be

==» aflb+el=befla+f) = (a,bBIR{ef)

! 5o, Ris transitive on N x N.

! Hence, R is an equivalence relation.

{24 Wehave A=[xe Z:0<x<12]

A={0,1,23 ., 12}

and S=[(a. b) : ja - b| is divisible by 4]}
()
(iii) Transitive : Let {a, B), (c. d), (e, f) € A = A such that :

: i)
i)

Reflexive : For any a e A, [0 - a| = 0, which is divisible
by 4. Thus. {o,a)e R . Ris reflexive.
Symmetric: Let (o, bl R

= |a=b|is divisible by 4
= |b-ad|isdivisibleby 4 = (b, ale R
ile, lo.ble R = [b,a)e R . Rissymmetric.
i (iii) Transitive:Let(a, b)e Rand(b.c)e R
= Ja - B is divisible by 4 and |b - ¢f is divisible by 4
= a-b=tdkjandb-c=24k;;Vkykze N
i= (a-b)+lb-c)=td(k,+k);Vky,k,eN
i = a-c=td(kytky); Yk ke N
i = Ja-clisdivisiblebyd4=(a.c)e R .. Ristransitive.

Hence, R is an equivalence relation.
: The set of elements related to 1is {1, 5, 9L
: Equivalence class for [2]is {2, 6, 10}.

Concept Applied IrI.I G

= In a relation R in a set A the set of all elements
related to any element a & A is denoted by [a]
ie.fal={xe A:(x a)e R}
Here, [g] is called an equivalence class of a e A
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25. Wehave A={12.3,4.5]
and R ={{a, b) : |a = b] is divisible by 2]

Concept Applied f@_j}

(i} Reflexive:ForanyaeA, ! 2 For a function to be one-one, no two elements
|a - a| = 0, which is divisible by 2 should have the same image in A

Thus, la,a)e R .. Ris reflexive. i

(i} Symmetric:Let{a.ble R : 31 (i) Heren(B) = 3 and n(G) = 2

= |a - blisdivisible by 2 : . Number of relation from Bto G=2%2= 26

= |b-a|isdivisibleby2 = (b.a)e R ¢ (i) Mumber of functions formed fromBto G=23=8

ie.{a,b)e R = (ba)e R ..Rissymmetric. (ii) Wehave, R= {(x,y)=x and yare students of the same

(iii) Transitive:let(a,ble Rand(b,c)e R

|a - bl is divisible by 2 and |b - ¢| is divisible by 2
a-b=+2 kjandb-c=%2k;; T kg, ke N
l[a-b)+(b-c)=%22(k,+k;): ¥ k ke N
fa-c)=+2(k,+k;); ¥k, ke N

|a -¢| is divisible by 2 = {a,c) e R .. Ristransitive.
Hence, R is an equivalence relation. OR

- i We have f: B — G be defined by f = [(by, 31). (b2, g2), (bs. 51)]
Further R has only two equivalence classes, namely[1]=[3]  _. :
- [5] {1 3. 5} and [2] = [4] = {2, 4]. i Since, elements b, and b, have the same image, therefore,

i the functions is not one-one but it is many one functions.
Since, every element in G has its pre-image in B, so the
¢ functions is onto.
¢ For bijection, function should be one-one and onto both.

: Hence, the function is surjective but not injective.
Since, f[ ] f[__} pitEanE ;

e S
Therefore, fis not one-one.

As-1<cosx<1VxeR =1<4+3cosx<7,vxeR | ; 4
= fix)e [1.7]. where[1,7]issubsetof R. .~. fis notonto. : EIERn L I'FER-[-EI such that fix) = iy

: sex]

: Risreflexive as (x.x) e R.

. Rissymmetricas (x,y)e R=(y.x)e R

: Since, (x,y)e Rand(y,z2)e R=(x2)e R
Hence, R is an equivalence relations.

L

&, (d:Wehave, flx)=4 +3cosx, Vxe R

K (= n n n
At x-—_f[—]-4+3msi-4 :&f{-E]-4+3cm[-E]-d

- g 2
32, The function f:g_{_%}_}g is given by f[x}=31:4_

Concept Applied U.E*_Jf,} | = 3::4 3;!:4
= Rangeofcosxis[-1,1]. = dx(3y+4)=4y(3x +4) = 12xy + 16x = 12xy + 16y
27, {d): o f: X — Y is one-one, if different element of : = 1_‘5-“‘155"' = X=Y
X have dlfferent image in ¥ under f. But here, no such | - fisone-one.
situation is possible. é Onto: Let y be an arbitrary element of B. Then f{x) = y
. i
28. (d): Givenflx) ==, forallxe R = =Y T x=tapt Ay M- D=ty =Saam o
Atx=0eR, fix snntder d.
eR, fix)i :;e : Asrr_:R-[%}, 445; =
%. if nis odd i Y
2%, (c):Given, fix) = A R, dy :iasif
7 if n is even i 4-3y 3
i 4y 4 e .
= 12y =12y =16 , which is not possible.
ow fi1) = 2£1=1,f2)=2 1 | 43¢ 3
dy 4
= fll=fi2butl=2 .. fisnotons-one. Thus, x=4_3FER'['§} such that
But f is onto (- range of fis N.)
30. We have, A ={1, 2, 3, 4] function f: A — A is one-one | { 16y ey
andfll) =2, fi2)=4,fA3)=1fd) =k i flu)=f e
fi1) =2,f(2) =4,3) = 1,4) Efﬂ{ ] “Doy+t6-12y 16
; 4 3'_»'

So, every element in E-[%] has pre-image in R-{-g]

i fis not onto.
| 33, Given, flx) = ILH x & (=00, 0}
i +|x
As fis one-one, so no two element of A has same image in A, ; X
fi4)=3 = k=3 i = [~ Xe (~eo,0) [x] = =x)

1-x
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For one-one : Let fix,) = fix,), xy, %, € (== ,0)
= ﬁt:i—fi-; = X,(1=x5)=x,(1-x,)
= K1=XiKa=X3-=XiX; = X1 =Xz
Thus, fixy) = fixz), = xy =%z

f is one-one
Foronto:Letflx) =y

=5 vni:ﬁy{l—x]ﬂ = Y- Xy =X
1-x
= x+xy=v:;xt1+y}-y::x=iiw

Here, ye (-1,0) =k
5o, x is defined for all values of v in codomain. .. fis onto.

Concept Applied (@]

= A functionf:A— Biscalled
{i} one-one orinjective function, if distinct
elements of A have distinct imagesin B.
ie.fora. be A flal=flb) = a=b
(i) onto or surjective function, if for every element
be B, there exists some ae A such that fla) = b

N T e —

1. (b):Wehave, (1,2)e R but(2, 1) R

2. |a):We have, R={la, b): |a - b] is a multiple of 4}
The set of elements related to 15 {1, 5, 9].
elements = 2rln-1

4. Wehave, R={{1.1),(2 2),(3,3),(1, 2]}
which is reflexive and transitive.

For R to be symmetric (1, 2) should be removed from R. (1) :

5. Aswe know that, union of all equivalence classes of a :

set is the set itself.
& AJUAUA =A
Also, A1 nAz |"“|A3 =

[ Equivalence classes are either equal or disjoint] (1) 18 iy neiiaged e A hat Atk Snage vl

{ = fisinjective function. (1)
{11 (d):Letx,, x;& R be such that fix,) = fix,)

E5 : : A 3 - i
= 2 divides (a - ¢) = (a, c) € R. So, relation Ris transitive, | = %1 =% = X1=%; = fis one-one.

(1) !
W = A=y
Everyimage ¥y € R has a unique pre-image in R.
: = fisonto
w2 i -
(1) 12, Letfix,)=flx,) for some x,,x, € R.

6. Let{a, b) € Rand (b, c) € R. Then, 2 divides (a - b) and
2divides (b-c¢):wherea b,ce Z
So, 2 divides [(a - b) + (b - )]

Equivalence classof 0=[0,22. £ 4,+ &, ..}

7. (i} Reflexive : Since, a + a = 2a which is even.
la,ale RYae Z
Hence, R is reflexive.
{ii) Symmetric:f(a, b)e R thena+b=2\. = b+a=24
= |b,a) & R.Hence, Ris symmetric.
{iii) Transitive:lfla.b)e Rand{b.c)e R
thena+b=2% ..(i) and b+c=2n
Adding (i) and (i), we get
a+2b+ec=20h+u) = a+c=2{L+u-b)
= a+c=2kwherek= L+u-b= lacleR

- i)

i Hence, Ris transitive. (1)
i Equivalence class containing 0 ie.,
i [01={..-4,-2.0,2.4,_]

. 8. Wehave, arelation R on Xsuch that, (A, B)e RiffAcB
i for A, Be P{X).

Reflexive : Clearly every set is a subset of itself.
= [(AAeR

(1/2)

(1/2)

R is reflexive. (1)

i Symmetric: Let (A, B) e R
i= AcBE

: = PBisasupersetof A
i= BuzA =(BAeR

(1/2)

R is not symmetric. (1)

| Transitive : Let (A,B) e Rand (B,C) & R.forall A B, Ce P(X)

i = AcBandBcC= AcBcC (1/2)
i= AcC=(ACleR
i R is transitive. (1)

Hence, R is reflexive and transitive but not symmetric.

(1/2)

- 9. Reflexive:Let (a,b) e Nx N. Thenab = ba

(By commutativity of multiplication of natural number)

= (@bRb.a

: Thus, (a, b) R (b, a) for all (a, bje Nx N

So, R is reflexive, (1)
So, (1. 2) should be removed from R to make it an | Symmetric : Let (a, b), (¢, d) € N = N such that (a, b} R (c, d)

equivalence relation. (1) = ad = i —BCw il == £ = 0g

(By commutativity of multiplication of natural numbers)

= (c,d)R(a,b)

So, equivalence class for [1]is[1. 5, 9} (1 Thus, {a, b) R {c. d) = (c,d) R {a, b) for (a, b), (c.d) e NxN
3. Mumber of reflexive relations on a set having n SD,EI_S_Sy‘mmEtFIC. (1)
! Transitive :

So, required number of reflexive relations = 2%~ 1= 2% (1) : (a,b)R(c.d) and (c.d) R(e.f)

Let {a. b), (c, d), (e, ) € N x N such that

i Now, (a,b) R (c.d) = ad=bc (i)
iand{c.d)Rle.f) = cf=de it
i Multiplying (i) and (i), we get ad - cf = bc-de (1)
i= af=he = (a.b)R(e.f
: Thus, {a.b) R (c,d) and (c,d) R (e, ) = (a,b) R (e, f) (1)
| So,Ris transitive.

. Risan equivalence relation. (1)

Let fix} = x* = y for some arbitrary element ye R = x=y?

f is one-one and onto. (1)

(x,)3=(x)®

x, = x,, hence f(x) is one-one. (1)

: 13, Since JJa isnotdefined forae (-=,0)

R={{a.b): Ja=b} is not a function. 1)

c=x
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