JEE Type Solved Examples :
Single Option Correct Type Questions

= This section contains 6 multiple choice examples. Each Sol. (a) " [a—ad/=0<1 = aRa VaeR

example has four choices (a), (b), (c) and (d), out of which . Ris reflexive.

ONLY ONE is correct. Again, aRb = |a—b| <1
Ex. 1 Two finite sets have m and n elements. The total = |b~a|<1=bRa
number of subsets of the first set is 56 more than the total <. Ris symmetric.
number of subsets of the second set. The values of m and n are Again, 1 R2 and 2R1but2 # 1
(@7,6 (b6 3 (c) 5, 1 (d) 8,7 . Ris not anti-symmetric.
Sol. () Since, 2" — 2" =56 =8x 7 = 2° x7 Further, 1R2 and 2R 3 but 1 £3 [o1-3]=2>1]
22 1) 3 %7 .. Ris not transitive.
= -1)=2"x
—  pn=3and2" "=8-=2° — n=3andm-n=3 Ex. 5 The relation R defined on A = {1, 2, 3} by aRb, if
= n=3andm-3=3 = n=3andm=6 |a® — b | <5. Which of the following is false?
AR ={(1,1),(22),3,3),21),(1,2),(23), (3,2
Ex. 2 IfaN ={ax:xe€ N}and bN N ¢ N =dN, where b, Eb))R’1{iR) 2.2,(3.3,@.1.(1.2).2.3). .2}
c € N are relatively prime, then .
(a)d = be (b)c = bd (c) Domain of R ={1, 2, 3}
Range of R =
(c)b=cd (d) None of these Sol (E;))L a:nge of R = {3} .
o - =
Sol. (a) bN = The set of positive integral multiples of b ¢ ) Za )
cN = The set of positive integral multiples of ¢ Then, la” - b7[<5 = [1-b7[<5
. bBN N ¢N = The set of positive integral multiples of bc = b —1|<5 = b=1,2
=bcN [ band c are prime] Let a=2
d=be Then, la* — b*| <5
= |4 —b*|<5 = |b* — 4| <5
Ex. 3 In a town of 10000 families, it was found that 40% - b=1,273
amilies buy newspaper A, 20% families buy newspaper et a=3
families buy paper A, 20% families buy paper B L
and 10% families buy newspaper C, 5% families buy newspa- Then, la* = b*| <5
pers A and B, 3% buy newspapers B and C and 4% buy news- = |9-b*|<5 = |b* -9|<5 = b=23

papers A and C. If 2% families buy all the three newspapers,
then number of families which buy A only is

R_l = ; : s R
(a) 3100 (b) 3300 (c)2900  (d) 1400 {y. x):(x.y)e R}

R={(1,1),(1,2),(2,1),(2 2),(23), 3, 2), (3, 3)}

Sol. (b) n(A)=40% of 10000 = 4000 =l 2 1),01,2).(22,652,23),6 3} =R

Domain of R = {x :(x, y)€ R}={1,2,3}

n(B) = 20% of 10000 = 2000 Range of R={y:(x,y)€ R} = {123}

n(C)=10% of 10000 = 1000

n(A N B) =5% of 10000 = 500 Ex. 6 If f(x) = 1 L g(x) = f{f(x)} and
n(B N C)= 3% of 10000 = 300 (1-x)
n(C N A) = 4% of 10000 = 400 h(x) = fLf{f(x)}]. Then the value of f(x)- g(x)-h(x) is
n(A N BN C)=2% of 10000 = 200 ()6 (b) -1 (o)1 (d)2
We want to find n(A N B N C¢) =n[A N (BUC)] Sol. (5) -+ g(x)= fLf(x)} = ( 1 ): _x-1
=n(A)-n[AN(BUC)]=n(A)-n[(ANB)U(ANC) ¢ T ! 1-x) 4_ X
_rA A n B AN mnlAn Bno) and h(x)= FUAFGN= flex)
= 4000 — [500 + 400 — 200] = 4000 — 700 = 3300 1 1
= = =x
EXx. 4 Let R be the relation on the set R of all real numbers 1-glx) ; x-1
defined by aRb iff|a — b| <1. Then, R is *
(a) reflexive and symmetric (b) symmetric only o f(x)-g(x)-h(x) = 1 .(X - 1)~x -1

(c) transitive only (d) anti-symmetric only 1-x) «x



JEE Type Solved Examples :

More than One Correct Option Type Questions

= This section contains 3 multiple choice examples. Each
example has four choices (a), (b), (c) and (d) out of which
MORE THAN ONE may be correct.

Ex. 7 If | is the set of integers and if the relation R is
defined over | by aRb, iffa — b is an even integer, a, b € I, the
relation R is

(a) reflexive
(c) symmetric
Sol. (a, ¢, d)

aRb & a — bis an even integer, a, be [

(b) anti-symmetric
(d) equivalence

a — a =0 (even integer)
(a,a)e R, YVael
.. Ris reflexive relation.

Let(a, b)e R = (a — b)is an even integer.

= — (b — a)is an even integer.
= (b — a)is an even integer.
= (b,a)e R

. Ris symmetric relation.
Now, let (a,b) € Rand (b,c) € R

Then, (a — b) is an even integer and (b — ¢) is an even

integer.

So, let a-b=2x,x, €I

and b—c=2x,,x,€1
(a=b)+(b—c)=2(x;+ x3)

= (a-c)=2x;+x,)=>a—c=2x4

~. (a—c)is an even integer.
.. aRb and bRc = aRc

Hence, R is an equivalence relation.

So, R is transitive relation.

JEE Type Solved Examples :
Passage Based Questions

= This section contains 2 solved passages based upon each
of the passage 3 multiple choice examples have to be
answered. Each of these examples has four choices (a), (b),
(c) and (d) out of which ONLY ONE is correct.

Passage I
(Ex. Nos. 10 to 12)

If A=4{x:|x|<2}, B={x:|x—-5|<2},
C={x:|x|>x}and D ={x:|x|<x}

A relation R on given set A is said to be anti-symmetric iff
(a,b)e Rand (b,a)e R=>a=b,V a,be A.

*. Given relation is not anti-symmetric relation.

Ex. 8 If f(x) =27X the domain of f~'(x) contains
a+x

(a) (—oo, o) (b) (—oo, = 1)
(C)(_1s oo) (d) (09 °<’)
Sol. (b, ¢, d)
Let y=f(x)=a_xzay+xy=a—x
a+x
al-y)_ Lo _a(l-x)
X = = = xX)=
(117) = f () 10
o f7(x)is not defined for x = — 1.
Domain of f~'(x)belongs to (—so, —1) U (=1, o).
Now, for a = — 1, given function f(x) = — 1, which is constant.
Then, f~'(x)is not defined.
a#-—1

Ex. 91If f(x)= w, where[-] denotes the greatest
X"+ x+1
integer function, then
(a) f is one-one
(b) f is not one-one and non-constant
(c) f is constant function (d) f is zero function

Sol. (c, d)
. sin ([x]m)=0
f(x)=0

= f(x)is a constant function and also f(x)is a zero function.

[ [x] is an integer]

10. The number of integral values in AU B is

(a) 4 (b) 6
©8 (d) 10

11. The number of integral values in AN C is
(a) 1 (b) 2
(©)3 (d)o

12. The number of integral values in AN D is
(a) 2 (b) 4
(©)6 (d)o



Sol. (Ex. Nos. 10 to 12)
A={x:|x|<2}={x:—2<x<2}=(-22)
B={x:|x-5<2}={x:—2<x-5<2}

={x:35x<7}=[37]
C={x:|x|>x}={x:x <0} =(—,0)
and D={x:|x|<x}=0¢
10. () AUB=(-22)U]J[37]
Integral values in A U Bare -1,0,1,3,4,5, 6, 7.
.. Number of integral values in A U Bis8.
11. (@) A N C =(-2,2) N (—oo,0)=(-2,0)
Integral valuein A N C is —1.
. Number of integral values in A N C is 1.
12. (d) AND=(-22)nod=1¢

. Number of integral valuesin A N D is 0.

Passage 11
(Ex. Nos. 13 to 15)

If A={x:x* =2x+2>0} and B ={x:x> —4x +3 <0}

JEE Type Solved Examples :

Single Integer Answer Type Questions

= This section contains 2 examples. The answer to each
example is a single digit integer ranging from 0 to 9

(both inclusive).

Ex. 16 If f:R" — A, where A={x:—5< x <} is
defined by f(x) = x> —5 and if
F7(13) = {=AJ(A = 1), AJ(A = 1)}, the value of & is
Sol. (3) f'(13) ={x: f(x)=13} = {x: x* = 5=13}
={x:x* :18}={x:x=i3\/5}

= {-34/2,32}
= A=), A 1)) [given]

A=3

13. AN B equals

(@) [1 ) (b)[13]

(©) (= =, 3] (d) (=2, YU, )
14. A — B equals

(@) (=o0, 22) (b)(1.3)

(©) (3, =) (d) (=2, )3, )
15. AU B equals

(@) (=<, 1) (b) (3, )

(€) (= o0, 2°) (d)(1.3)

Sol. (Ex. Nos. 13 to 15)
A={x:x? =2x+2>0={x:(x —1)* + 1> 0} =(—o0, )
B={x:x"—4x+3<0}={x:(x—1)(x =3) <0}
={x:1<x<3}=[13]
13. (b)) A N B=(=c0,00)N[13] =[13]
14. (d) A = B=(=00,00) = [1,3]=(—00,1) U (3, )
15. (¢) A U B = (oo, 00) U [1, 3] = (—o0,00)

Ex. 17 If A={2,3}, B={4,5} and C ={5,6}, then
n{(AXB)U (BxC)}is
Sol. (8) - A x B=1{2,3} x {4,5}
={(24).(25),(3.4).3,5)}
and Bx C ={4,5} x {5, 6}
={(4.5).(4,6).(5,5),(5.6)}
S (AXB)U(BxC)={(24),(2,5),(3,4),(3,5),
(4,5), (4,6),(5,5), 5 6)}
Now, n{(AXB)U(BXC)}=8



JEE Type Solved Examples :
Matching Type Questions

= This section contains 1 examples. Example 18 have three
statements (A, B and C) given in Column I and four
statements (p, q, r and s) in Column II. Any given
statement in Column I can have correct matching with

one or more statement(s) given in Column II.

Ex. 18
Column I Column II
(A) |R={(x,y):x<y;x,y €N} (p) | Reflexive
B) |S={xy):x+y=10;x,y € N} (@) | Symmetric
© [ T={xy):x=yor (r) | Transitive
x—y=1;xy €N}
D) U={xy):x*=y"xy €N} (s) | Equivalence

Sol. (A) = (r); (B) = (9); (C) = (p); (D) = (p, . 1, 9)

A) R={(x,y):x<y;x,y€ N}
xtx o (x,x)€R
So, R is not reflexive.
Now, (x,y)ER=x<y=py<x=(y,x)&R
.. Ris not symmetric.
Let(x,y)e Rand(y,z)€ R
= x<yand y<z = x<z = (x,z)€R
- R is transitive.
(B)

v S={(xy):x+y=10;x,y€ N}
: x+x=10 = 2x=10 = x =5

So, each element of N is not related to itself by the
relation x +y = 10.

. Sis not reflexive.
Now,(x,y)ES= x+y=10=y+x =10
= (y,x)es

JEE Type Solved Examples :
Statement | and Il Type Questions

= Directions Example numbers 19 and 20 are Assertion-
Reason type examples. Each of these examples contains

©

(D)

. Sis symmetric relation.
Now, let(3,7)e Sand (7,3) € S = (3,3)¢ S
. S1is not transitive.
v T={xy):x=yorx—y=1x,ye N}
xX=x
So, (x,x)eT,Vx€N

T is reflexive.
Let (32)eTand3-2=1
#  2-3=-1=(23)eT

T is not symmetric.
Now, let (3,2)eTand(2,1)e T
3—-2=1and2-1=1
Then, B1nerT

T is not transitive.

[3-1=2%1]

U={(x,y):x¥ =y";x,y€ N}
x*=x"
(x,x)eU

.~ U is reflexive.
Now, (x,y)eU = x” =y*
= y =x=(y,x)eU
. U is symmetric.
Now, let(x, y)e U and (y,z)e U
= x? =y and y* =27
Now,  (x")"=(y")
= (x5 =) = (x7) =(")"
= (x*)Y =(=") = x*=z"= (x,2)eU

U is transitive.
Hence, U is an equivalence relation.

(b) Statement-1 is true, Statement-2 is true; Statement-2

is not a correct explanation for Statement-1

two statements:
Statement-1 (Assertion) and
Statement-2 (Reason)

Each of these examples also has four alternative choices,
only one of which is the correct answer. You have to select

the correct choice as given below:

(a) Statement-1 is true, Statement-2 is true; Statement-2

is a correct explanation for Statement-1

(c) Statement-1 is true; Statement-2 is false
(d) Statement-1 is false; Statement-2 is true

Ex. 19 Statement-1 [fAUB=AU C and
ANB=ANC, thenB=C.

Statement-2 AU(BNC)=(AuB)N (AU C)
Sol. (a) We have, B= BU(A N B)

=BU(ANCQC) [ANnB=ANC]



=(AuC)Nn(BUC)
=(ANnB)uC
=(AnC)ucC
=C
Hence, Statement-1 is true, Statement-2 is true; Statement-2
is a correct explanation of Statement-1.

[-AuB=AuUC]

[-ANnB=ANC]

Ex. 20 Statement-1 IfU is universal set and B=U — A,
then n(B) =n(U) — n(A).
Statement-2 For any three arbitrary sets A, B and C, if
C =A-B, thenn(C)=n(A) —n(B).

Subjective Type Examples

= In this section, there are 12 subjective solved examples.

Ex. 21. If A= AU B, prove that B= AN B.
Sol.'A=ANB
ACcAUB and AUBCA
Now,letxe B& xe AUB [by definition of union]
[+Ac AuUB]

[wAc AuUB,

= xeA

& x€eANB
then also A € A N B]

Bc AnBand AnNBCB

Hence, ANB=B Hence proved.

Ex. 22 Find the smallest and largest sets of Y such that
Yu{l,2}={1,2,3,509}
Sol. Smallest set of Y has three elements and largest set of Y
has five elements, since RHS set has five elements.

.. Smallest set of Yis {3, 5, 9}
and largest set of Yis {1, 2, 3, 5, 9}.

Ex. 23 If P, Q and R are the subsets of a set A, then prove
that Rx (P LU Q) =(RXP)N (RxQ).
Sol. We know that from De-Morgan’s law,
A° N B°=(A U BY ..(i)
Replacing A by P° and B by Q°, then Eq. (i) becomes
(P N(Q°) =(PP Q)
= PNnQ=(PFuQy [ (A%) = A] ..(i)
SRX(PPUQ)Y =RX(PNQ) [from Eq. (ii)]
=(R X P) N (R X Q) [by cartesian product]
Hence, R x (P U Q) =(RX P)N(R X Q)

B=U-A=A’
n(B)y=n(A")=n(U) - n(A)

So, Statement-1 is true.

Sol. (c) *

But for any three arbitrary sets A, B and C, we cannot
always have

n(C)=n(A) - n(B)

if C=A-B
As it is not specified A is universal set or not. In case not
conclude

n(C)=n(A) - n(B)

Hence, Statement-2 is false.

EX. 24 Check the following relations R and p for reflexive,
symmetry and transitivity.
(i) aRb iff b is divisible by a, where a and b are natu-
ral numbers.
(ii) apP iff o is perpendicular to 3, where o and P are
straight lines in a plane.

Sol. (i) The relation R is reflexive, since a is divisible by a, R is

not symmetric because b is divisible by a but a is not
divisible by b. i.e., aRb = bRa

Again, Ris transitive, since b is divisible by a and ¢ is
divisible by b, then always ¢ is divisible by a.

(ii) The relation p is not reflexive as no line can be
perpendicular to itself. The relation p is symmetric,
since a line o is perpendicular to 3, then 3 is
perpendicular to o and the relation p is not transitive,
since a line o is perpendicular to 3 and if f is
perpendicular to y (new line), then o is not
perpendicular to y (since, a is parallel to y).

Ex. 25 Let f:[0,1] —[0,1] be defined by f(x)=~—;
0 < x <1and g:[0,1] —[0,1] be defined by T+x
8(x)=4x(1-x),0<x <1
Determine the functions fog and gof.
Note that [0,1] stands for the set of all real members x
that satisfy the condition 0 < x <1.
Sol. (fog)x = f{g(x)} = f{4x (1 - x)}
_1-4x(1-x)
T 1+4x(1-x)

[ g(x) = 4x(1 = )
{ flx)== x}
1+ x

C1-4x+4x®  (2x - 1)
14+4x —4x? 1+4x—4x°




1+ x 1+
_ (l—xj( 1—xj_ [l—xJ( 2x]
=4 1-— =
1+ x 1+ x 1+x)\{1+x
_8x(l—x)
1+ x)?

Ex. 26 If A, B are two sets, prove that
AUB=(A-B)U(B-A)U(ANB).
Hence or otherwise prove that
n(AuU B)=n(A)+n(B) —n(An B)
where, n(A) denotes the number of elements in A.
Sol. Let xe AUB=xec AorxeB
&(xeAandx ¢ B)or(xe B andx ¢ A)
or (x€ Aand x € B) [from definition of union]
= x€(A-B)orxe(B-—A)orxe ANB
S xe(A-B)u(B-A)U(ANB)
AUBC(A-B)U(B-A)U(ANB)
and (A-B)U(B-A)U(ANB)CAUB
Hence, AUB=(A-B)U(B—A)U(A N B)
Let the common elements in A and B are z and only
element of A are x (represented by vertical lines in the

Venn diagram) and only element of B are y (represented by
horizontal lines in the Venn diagram)

n(A) = Total elements of A= x + z
n(B) = Total elements of B=y + z
n(A N B) = Common elements in A and B=z

Now, n(A U B) = Total elements in complete region of A
and B

=x+y+z

=(x+2)+(y+2)—z

=n(A)+ n(B) - n(A N B)
Hence, n(A U B) =n(A) + n(B) — n(A N B)

Ex. 27 Let A =1{0: 2cos’ 0 + sin® <2} and

B={0:m/2<0<3n/2}. Then find AN B.
Sol. " 2c0s?0 +sinB <2

2(1-sin?@) +sind <2
= 2sin?0 — sin® >0

= sinB(2sinB - 1) 20

= sin® (sine—;)ZO

1
sin® < 0andsin6 > 5

Now, the values of © which lie in the intervalg <6< 37“
{?B={&RS6S3RH
2 2

. . . . 3n
So, O satisfy sin® < 0in the interval T <0 < —
2

1 n 5T
and 0 satisfy sin® = — in the interval 5 <p<—.

Ex. 28 An investigator interviewed 100 students to deter-
mine their preferences for the three drinks; milk (M), coffee
(C) and tea(T). He reported the following: 10 students has
all the three drinks M, C, T; 20 had M and C; 30 had C and T,
25 had M and T; 12 had M only; 5 had C only and 8 had T
only. Using a Venn diagram, find how many did not take any
of the three drinks?

Sol. Given, M, C and T are the sets of drinks; milk, coffee and
tea, respectively. Let us denote the number of drinks
(students) contained in the bounded region as shown in
the diagram by a, b, c, d, e, f and g, respectively.

Then, g=10

g+f=20 = f=10

g+e=30 = e=20

d+g=25=d=15

and a=12b=5-c=8

Thus, total number of students taking drinks M or Cor T
=a+b+c+d+e+f+g
=12+5+8+15+20+10+10=280

Hence, the number of students taking none of them drinks

=100 —-80=20

[ g=10]



Ex. 29 In a certain city, only two newspapers A and B are
published. It is known that 25% of the city population reads
A and 20% reads B, while 8% reads A and B. It is also known
that 30% of those who read A but not B, look into advertise-
ments and 40% of those who read B but not A, look into
advertisements while 50% of those who read both A and B,
look into advertisements. What per cent of the population
read on advertisement?

Sol. Let C = Set of people who read paper A
and D = Set of people who read paper B

Given, n(C)=25n(D)=20,n(C "D)=38
n(CnD")=n(C)-n(C nD)
=25-8=17
But total number of people who read A but not B =30%
.. Percentage of people reading A but not B =30% of 17
30x17 _ 51
Co100 10
and n(C’'nD)=n(D)-n(C "D)=20-8=12
Also, total number of people who read B but not A = 40%

.. Percentage of people reading B but not A = 40% of 12
_40x12_ 24
© o100 5

and given total people who read A and B =50%

-~ Total number of people who read A and B =50% of 8

_50x8
100
.. Percentage of people reading an advertisement
51 24
=2+ 4=139%
10 5

Ex. 30 An analysis of 100 personal injury claims made
upon a motor insurance company revealed that loss or injury
in respect of an eye, an arm, a leg occurred in 30, 50 and 70
cases, respectively. Claims involving this loss or injury to two
of these members numbered 44. How many claims involved
loss or injury to all the three, we must assume that one or
another of three members was mentioned in each of the 100
claims?

Sol. Let the set of people having injuries in eyes, arms or legs
be denoted by E, A and L, respectively. Then, according to
the problem, we have

n(EuU A UL)=30,n(E)=30
n(A)=50,n(L) =70
and n(ENANL)YU(ENA"NL)
U(EENANL)=44
or f(ENANL)Y+n(ENnA"NL)+n(EENnANL)=44
[ each case is mutually exclusive]
or (ENA)-n(ENANL)+n(ENnL)—-n(ENANL)

+m(ENL)-n(ENANL)=44

= mMENA)+n(ENnL)+n(ANL)
-3M(ENANL)=44..%)

n(EuU A UL)=100
~(E)+n(A)+n(l)-n(EnA)-n(ANnL)-n(ENL)

+n(ENANL)=100

= 30+50+70 - {44 +3n(ENANL)}
+n(ENANL)=100 [from Eq. (i)]

= 6-2n(ENANL)=0

nENnLNA)=3

Hence, there are three claims involved in loss or injury to
all the three.

Aliter
Let  E = Set of people having injuries in eyes
n(E) =30
A = Set of people having injuries in arms
. n(A)=50
and L = Set of people having injuries in legs
n(L)=170

Let us denote the number of injuries contained in the
bounded region as shown in the diagram by a, b, ¢, d, e, f
and g, respectively.

E U =100

Then, b+te+ f+g=30 ..(d)
a+d+e+g=50 ...(ii)
c+d+f+g=70 ...(1if)

d+e+ f=44 ...(iv)

and a+ b+c+d+e+ f+g =100 (V)

On adding Eqgs. (i), (ii) and (iii), we get
a+b+c+2d+e+ f)+3g =150
= 100-d—-e—f—-g+2(d+e+ f)+3g =150
[from Eq. (v)]

= d+e+ f+2g=50

= 44 +2g =50 [from Eq. (iv)]
g=3

Hence, there are three claims involved loss or injury to all

the three.

Ex. 31 N is the set of natural number. The relation R is
defined on N X N as follows:

(a,b) R(c,d) < ad(b+c)=bc(a+d)

Prove that R is an equivalence relation.



Sol. Reflexive Sol. Graph of §

tSince,(a,b)R(a,b)(:)ab(b+a)=ba(a+b),Va,beNis clx-3]<1 =-1<(x-3)<1 = 2<x<4
rue. -
Hence, R is reflexive. Similarly, |y -3|<1=2<y<4
Symmetric (a,b) R (c, d) So, S consists of all points inside the square (not on x # 2, 4
o ad(b + ¢) = be(a + d) and y # 2, 4) bounded by the lines x =2, y=2, x =4 and
. be(a+d)=ad(b+c) y=4
& ¢b(d + a) = da(c + b) Graph of E
= (c,d) R(a,b) 4x% +9y* —32x — 54y +109 <0
Hence, R is symmetric. N 4(x? - 8x) +9(y" = 6) +109 <0
Transitive ) )
- -3)% <
Since, (a, b) R(c, d) < ad(b + ¢) = be(a + d) = 4(x —4)" +9(y = 3)" <36
2 )2
o b+c:a+d N (x—4) +(y 3) <1
be ad 32 92
= 1 + 1.1 + 1 So, E consists of all points inside and on the ellipse with
c b d a centre (4, 3) and semi-major and semi-minor axes are 3 and
o r_1_1_1 2, respectively.
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So, R is transitive. Hence, R is an equivalence relation.
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Ex. 32 The sets S and E are defined as given below: [

S={(x,y):| x=3|<1|and|y —3| <1} and
E={(x,y):4x* +9y* —32x —54y +109 <0}.
Show that SC E.

From the above graph, it is evident that the double hatched
(which is S) is within the region represented by E. i.e., SC E



