Sets

Numerical 2023

Question:1 The number of elements in the set
{n € N:10 <n <100and 3" — 3is a multiple of 7} is
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Question: 2
Let A = {1,2,3,4} and R be a relation on the set A x A defined by

R ={((a,b),(c,d)) : 2a + 3b = 4¢ + 5d}. Then the number of elements in R is
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Question:3
LetA ={-4,-3,-2,0,1,3,4}andR = {(a,b) e A x A: b= |a|or
> =a+ 1} be a relation on A. Then the minimum number of elements, that must
be added to the relation R so that it becomes reflexive and symmetric, is
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Question:4
The number of relations, on the set {1, 2, 3} containing (1, 2) and (2, 3), which are
reflexive and transitive but not symmetric, is
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Question:5
The number of elementsinthe set {n € Z : |[n®* — 10n + 19| < 6} is
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Question:6




Let A= {0,3,4,6,7,8,9,10} and R be the relation defined on A such that
R ={(z,y) € Ax A:x — yis odd positive integer or  — y = 2}. The
minimum number of elements that must be added to the relation R, so thatitis a
symmetric relation, is equal to
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Question:7
LetA =1{1,2,3,4,....,10} and B = {0, 1,2, 3,4}. The number of elements in
the relation R = {{a,b) €AxA:2(a—b)>+3(a—b)c B}is
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Question:8 Let S ={1, 2, 3,5, 7, 10, 11}. The number of non-empty subsets of S
that have the sum of all elements a multiple of 3, is
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Question:9 The minimum number of elements that must be added to the
relation R = {(a, b), (b, ¢), (b, d)} on the set {a, b, ¢, d} so that itis an
equivalence relation, is
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Numerical Answer Key

1. Ans. (15)
2. Ans. (6)
3.Ans. (7)
4. Ans. (4)
5. Ans. (6)
6. Ans. (19)
7. Ans. (18)
8. Ans. (43)
9. Ans. (13)




Numerical Explanation

Ans.1

To determine the number of elements in the given set, we need to find how many
natural numbers n between 10 and 100 (inclusive) satisfy the condition that 3" — 3
is a multiple of 7.

Recall that for any integers a and b, a is a multiple of b if there exists an integer k
such that @ = bk. So in our case, we need to find how many n satisfy the equation
3" — 3 = Tkfor some integer k.

Notice that 3" — 3 = 3(3" ! — 1). We want this expression to be a multiple of 7.
Let's explore a few powers of 3 modulo 7:

3! =3 (mod 7)
32=9=2 (mod 7)
3*=27=6 (mod 7)
3*=81=4 (mod 7)
3°=243=5 (mod T7)
3°=729=1 (mod 7)

We observe that 3" (mod 7) follows a cycle of length 6. So, 3" ! (mod 7) also
follows the same cycle, but shifted:

3°=1 (mod 7)
3'=3 (mod 7)
32=2 (mod 7)
33 =6 (mod 7)
3*=4 (mod 7)

3°=5 (mod 7)

Wewant 3(3" ' —1) =0 (mod 7), which meansthat3" > —1=0 (mod 7).
From the cycle above, we see that this is true when n — 1 is a multiple of 6, or
equivalently, when n is one more than a multiple of 6.



Now let's find the multiples of 6 between 10 and 100:
12,18, 24, 30, 36,42, 48, 54,60, 66, 72, 78, 84,90, 96

Adding 1 to each of these values, we get the set of natural numbers n that satisfy
the given condition:

13,19,25,31,37,43,49,55,61,67,73,79,85,91,97

There are 15 elements in this set. Therefore, the number of elements in the given set

is .

Ans.2
2a + 3b=4¢c+5d

Given A = {1, 2, 3, 4}, the maximum value of 2a + 3bis 20, when (a, b) = (4, 4), anc
the minimum value of 4¢ + 5d is 9, when (c, d) = (1, 1). Therefore, the possible
values for 2a + 3b = 4¢ }+ bd are 9, 13, 14, 17,18, and 19.

Now, let's find the combinations of (a, b), (c, d) that satisfy the given equation:
1.2a+3b=9= (a,b) = (3,1) = (¢,d) = (1,1)

2.2a+3b=13 = (a,b) = (2,3) = (c,d) = (2,1)

3.2a+3b=14 = (a,b) = (4,2) = (c¢,d) = (1,2)

4.2a +3b=14= (a,b) = (1,4) = (¢,d) = (1,2)

5.2a +3b=17 = (a,b) = (4,3) = (c,d) = (3,1)
6.2a + 3b =18 = (a,b) = (3,4) = (c,d) = (2,2)

There are a total of 6 elements in the relation R for the given equation with the
specified values of a, b, ¢, and d.



Ans.3
A= {—4, —3,—2,0,1, 3, 4}

R :{(_4! 4):« (_31 3)3 (0?0)1 (13 1)
(3:«3): (4: 4):« (Du 1}: (3= _2}}

Relation to be reflexive (a,a) € RVa € A

= (—4,—4),(—3,—3),(—2, —2) also should be added in R.
Relation to be symmetric if (a,b) € R, then (b,a) € RVa,bec A
= (4,—4),(3,-3),(1,0),(—2, 3) also should be added in R

— Minimum number of elements to be addedto R =3+4 =17

Ans.4
(11 1}‘! (2! 2)1 (3‘! 3) (_: R

Since (1,2),(2,3) € R, (1,3) must€ R

Possible cases :

Case-1:Allof (2,1),(3,2),(3,1) £ R — 1 relation.
Case-2: Only one of (2,1),(3,2),(3,1) € R — 3relations.

Note that exactly two of (2, 1), (3,2),(3,1) € Ris not possible because if two of
these € R, third must € R to make relation transitive.



1.R1={(1,1),(2,2), (3,3), (1,2), (2,3), (1,3)}

Here, none of (2,1), (3,2), (3,1) are in Ry.

2.R2={(1,1),(2,2), (3,3), (1,2), (2,3), (1,3), (2,1)}

Here, only (2,1) is in Ry, and neither (3,2) nor (3,1) are in R2.
3.R3={(1,1),(2,2), (3,3), (1,2), (2,3), (1,3), (3,2)}

Here, only (3,2) is in Rs, and neither (2,1) nor (3,1) are in Rs.
4.R4={(1,1),(2,2), (3,3), (1,2), (2,3), (1,3), (3,1)}

Here, only (3,1) is in Ry, and neither (2,1) nor (3,2) are in Ra.

Ans.8
Elements of the type 3k = 3

Elements of thetype 3k +1=1,7,9
Elements of the type 3k + 2 = 2,5, 11
Subsets containing one element 51 = 1
Subsets containing two elements

Sy =3C, x3C; =9

Subsets containing three elements
S3=°C; x?C;+1+1=11

Subsets containing four elements



Sy =7C3+3C5+°Cy x3Cy =11
Subsets containing five elements

S: =3Cy x3Cyx1=9

Subsets containing six elements Sg = 1
Subsets containing seven elements Sy = 1

= sum =43

Ans.9
R= {{&., b)(b? C] (b1 d)}

S :{a,b,c,d}

Adding (a, a), (b, b), (¢, ¢), (d, d) make reflexive.
Adding (b, a), (e, b), (d, b) make Symmetric

And adding (a, d), (a, ¢) to make transitive

Further (d, a)&(c, a) to be added to make Symmetricity.
Further (e, d)&(d, ¢) also be added.

So total 13 elements to be added to make equivalence.



MCQ 2023 (Single Correct Answer)

Question:1
LetA ={1,3,4,6,9} and B = {2,4,5,8,10}. Let R be arelation defined on A x B such that
R = {((a1,b1), (as,bs)) : @3 < baand by < as}. Then the number of elements in the set Ris
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Question:2

An organization awarded 48 medals in event ‘A, 25 in event 'B' and 18 in event
'C". If these medals went to total 60 men and only five men got medals in all
the three events, then, how many received medals in exactly two of three
events?
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Question:3
Let A = {2,3,4} and B = {8,9,12}. Then the number of elements in the relation
R = {((ai1, by), (ag, by)) € (A x B, A x B) : a; divides by and ap divides b; } is
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Question:4
let A ={1,2,3,4,5,6,7} ThentherelationR = {(z,y) e Ax A:z+y="T}is
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0 reflexive but neither symmetric nor transitive
e transitive but neither symmetric nor reflexive
G symmetric but neither reflexive nor transitive

© an equivalence relation

Question:5

Let P(S) denote the power setof § = {1,2,3,....,10}. Define the relations R; and Rs on
P(S)as AR;Bif(AnBY)U(BNA®) =0and ARsBif AUB =B UASVA,B € P(S).
Then:
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e only Rsis an equivalence relation
G both H; and H» are not equivalence relations
© both R; and Rs are equivalence relations

0 only R is an equivalence relation

Question:6

Let R be arelation on R, given by R = {(a,b) : 3a — 3b + /7T is an irrational number }. Then R
is
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e an equivalence relation
@ reflexive and symmetric but not transitive
e reflexive and transitive but not symmetric

o reflexive but neither symmetric nor transitive

Question:7
Among the relations

S={(a,b):a,beR—{0},2+ 5 > 0}

andT = {(a,b) :a,b € R,a’? — b? € Z},



Question:8

Let R be a relation on N x W defined by (a, b) R (¢, d) if and only if ad(b — ¢) = be(a — d).
Then Ris
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@) symmetric and transitive but not reflexive

G reflexive and symmetric but not transitive

G transitive but neither reflexive nor symmetric

@ symmetric but neither reflexive nor transitive

Question:9
The minimum number of elements that must be added to the relation R = {(a, b), (b, c)} on the
set {a, b, c} so that it becomes symmetric and transitive is :
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Question:10
Let R be a relation defined on M as aRbif 2a + 3bis a multiple of 5,a,b € N. Then R is
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@ =n equivalence relation

G non reflexive

G symmetric but not transitive

© transitive but not symmetric

Question:11
The relation R = {(a,b) : ged(a,b) =1,2a # b,a,b € Z}is:
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o reflexive but not symmetric

G transitive but not reflexive

© symmetric but not transitive

@ neither symmetric nor transitive



MCQ Answers Key

1. Ans. (D)
2. Ans. (C)
3. Ans. (C)
4. Ans. (0)
5. Ans. (C)
6. Ans. (D)
7. Ans. (D)
8. Ans. (D)
9. Ans. (A)
10. Ans. (A)
11. Ans. (D)



MCQ Explanation

Ans.1
Given that the sets are A = {1,3,4,6,9} and B = {2,4,5,8, 10}, for the relation R on the set
A x B, we need to find the combinations of pairs that satisfy the conditions a; << bsand by < as.

We find the number of combinations by considering the possible values for ba for each a; and the
possible values for ag for each by :

Foreacha;in A = {1,3,4,6,9}, the number of valid by values in B = {2,4,5,8,10} are:
-For @a; = 1, there are 5 choices for bo.

-For a3 = 3, there are 4 choices for ba.

-For a; = 4, there are 4 choices for ba.

-For a3 = 6, there are 2 choices for ba.

-For a; = 9, there is 1 choice for ba.

This results in a total of 5 + 4 + 4 + 2 + 1 = 16 possible pairs (a1, ba).
Similarly, for each by in B, the number of valid as values in A are :

- For by = 2, there are 4 choices for as.

- For by = 4, there are 3 choices for as.

-For by = 5, there are 2 choices for as.

-For by = 8, there is 1 choice for as.

- For by = 10, there are no choices for as.

This results in a total of 4 + 3 4+ 2 + 1 4+ 0 = 10 possible pairs (b;, as).

Therefore, the total number of elements in the relation R, which satisfies the given conditions, is
16 = 10 = 160.

So, the correct answer is 160.



Ans.2

We are given the number of medals for events A, B, and C which are 48, 25, and
18 respectively. We are also given that the total number of unique medal
recipients across all events is 60 and that 5 people received a medal in all
three events.

Using the Principle of Inclusion and Exclusion (PIE), we know that the total
number of unique medal recipients can be calculated by adding the number of
medal recipients in each event, subtracting the number of people who
received a medal in any two events (to correct for double counting), and then
adding back the number of people who received a medal in all three events
(since we subtracted these people too much).

Mathematically, this can be represented as :
JAUBUC|=|A|+|B|+|C|-]AnB|-|BNC|-|CNnA|+|]AnBnNC|
However, we want to find the total number of people who received a medal in
any two events (which is represented by |[A N B| + |[BN C| + |C N A] in the
equation).

A B

C

To find this, we rearrange the PIE formula to solve for AN B|+ |[BNC| + |CN
Al:

IANB|+[BNC[+|CNA|=|A|+ [B|+|C|+]ANBNC|-]AUBUC]|

Substituting the given values, we find that the total number of people who
received a medal in any two events is 48 + 25 + 18 + 5 - 60 = 36.

However, this includes people who received a medal in all three events, and we
want to find the number of people who received a medal in exactly two events.
Therefore, we need to subtract the people who received a medal in all three
events from our calculated value.



Since each person who received a medal in all three events is counted three
timesin |AN B| + |B N C| + |C N A| (once for each pair of events), we subtract
three times the number of people who received a medal in all three events
from our calculated value:

Number of people who received a medal in exactly two events = |[AN B| + |[BnN
Cl+|CNnA|-3X|ANBNC|

Substituting the values we know, we find that the number of people who
received a medal in exactly two eventsis 36 - 3 X 5 = 21.

Therefore, 21 people received a medal in exactly two of the three events.

Ans.5
S={1,2,3,...... 10}

P(S) = power setof S
ARB= (AnB)U(ANB)=¢
R is reflexive, symmetric

For transitive
{ﬁ.’]E}U(EHB} — qi':r;{a} =@ = {b}.'.ﬁ =B
BNC)UBNC)=¢ . .B=C

.. A = C equivalence.

A B



Ro=AUB=AUB
Rs — Reflexive, symmetric

For transitive :

A B

d

AUB=AUB= {a,c,d} = {b,c,d}
{a}={b} . A=B
BuC=BuC=B=C

- A=C - AUC=AUC . Equivalence

Ans.6

3a — 3a + +/Tis an irrational number Ya € RR is reflexive
For symmetric :

Let 3a — 3b + +/T is an irrational number

= 3b— 3a + /T is an irrational number

For example, Let 3a — 3b = /T

VT + +/Tis irrational but —/7 + /T is not.

.. R is not symmetric

For transitive :

Let 3a — 3b + /T is irrational and 3b — 3¢ + /7 is irrational.
= 3a — 3c+ VT isirrational.

For example, takea = 0,b = —\ﬁ,c = %

R is not transitive.



Ans.7

For relation T = a® — b? = -1
Then, (b, a) on relation R

= b —at=-1

.. T is symmetric

S={(a,b):a,beR—{0},2+ 2 >0}

=l

<737
If (b,a) € S then
2+ % not necessarily positive

. S is not symmetric

Ans.8
Given, (a, b)R(c,d) = ad(b — ¢) = be(a — d)

Symmetric :

(c,d) R(a,b) = cb(d — a) = da(c — b)
= Symmetric.

Reflexive :

(a,b)R(a b)= ab(b — a) # ba(a — b)
= Not reflexive.

Transitive :

(2,3)R(3,2) and (3, 2)R(5, 30) but
((2,3),(5,30)) R

= Mot transitive.



Ans.9
For symmetric (b, a), (c,b) € R

For transitive (a,c) € R
= (c,a) € R

" (a,b),(b,a) € R

= (a,a) € R
(b,¢c),(c,b) € R

= (b,b) € R,(c,c) € R
7 elements must be added

Ans.10
aRbif2za+3b=5m mel

(1) (a,a) € Ras2a+ 3a =5a,a € N
Hence, R is reflexive

(2)If (a,b) € Rthen2a + 3 = 5m
Now, 5(a + b) = 5n
3a+2b+ 2a+ 3b="5n

~.3a+ 2b = 5(n —m)

- (bya) E R

.. R is symmetric

(3)If (a,b) € Rand (b,¢) € Rthen

2a + 3b = 5m,2b+ 3c = 5n



= 2a + 5b+ 3¢ = 5(m + n)
= 2a+3c=5(m=n-0>)

(a,e) e R

.. Ris transitive

Hence, R is equivalence relation.

Option (1) is comrect.

Ans.11

Given,

(a, b) belongs to relation R if ged(a,b) = 1,2a # b.

Here gcd means greatest common divisor. ged of two numbers is the largest number that divides both of them.
(1) For Reflexive,

InaRa, ged(a,a) = a

.. This relation is not reflexive.

(2) For Symmetric:

Takea = 2,b =1 = ged(2,1) = 1 Also2a =4 #b
Now ged(b,a) = 1= ged(1,2) =1

and 2b should not be equal to a

Butherg, 2b=2=a

= R is not Symmetric
(3) For Transitive:
leta=14, b =19,c = 21

gcd(a,b) =1,2a # b



Numerical 2022

Question:1
Let S = {4,6,9}and T = {9,10,11,...,1000}.1f A = {a, + as + ... + ar: k € N,a,,as,as,...,arS},
then the sum of all the elements in the set T — A is equal to
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Question:2

Let A= {1,2,3,4,5,6,7}and B = {3,6,7,9}. Then the number of elementsintheset {C C A: CN B # ¢}is
JEE Main 2022 (Online) 26th July Evening Shift

Question:3
Let A= {1,2,3,4,5,6,7} Define B={T C A:eitherl ¢ Tor2 € T}and C = {T C A : T the sum of all the
elements of T is a prime number }. Then the number of elements in the set BU C'is
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Question:4
Let Ry and Rz be relations on the set {1, 2, ......., 50} such that

Ry ={(p,p") : pis a prime and n > 0 is an integer} and
Rz ={(p,p"):pis aprimeand n=0or 1}.

Then, the number of elementsin Ry — R2is
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Question:5
LetA={n e M:H.C.F (n,45) =1} and

LetB={2k :k {1, 2, ......, 100}}. Then the sum of all the elements of AM B is
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Question:6
10 10 10 10

Let A= 3 % min{i,j}and B= 3 3 max{i, j} ThenA+Bisequalto
i=1j—1 i=1j=1
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Question:7
The sum of all the elements of the set {a € {1,2,..... ,100} : HCF(a,24) = 1} is
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Numerical Answers Key

1. Ans. (11)
2.Ans. (112)
3. Ans. (107)
4. Ans. (8)

5. Ans. (5264)
6. Ans. (1100)
7.Ans. (1633)



Numerical Explanation

Ans.1

Here S = {4, 6,9}

andT = {9,10,11, ...... , 1000}

We have to find all numbers in the form of 4 + 6y + 9z where z,y,z € {0,1,2, ...... }.

If a and b are coprime number then the least number from which all the number more than or equal to it can be express
asazx + bywherez,y € {0,1,2, ...... bis(a—1). (b—1).

Then for 6y + 92 = 3(2y + 3z)

All the number from (2 — 1) . (3 — 1) = 2 and above can be express as 2z + 3z (say t).

Now 4z + 6y + 9z = 4z + 3(t + 2)

=4r +3t+6

again by same rule 4z + 3¢, all the number from (4 — 1) (3 — 1) = 6 and above can be express from 4z + 3¢.
Then 4z + 6y + 9z express all the numbers from 12 and above.

again 9 and 10 can be express in form 4z + 6y + 9z

Thenset A = {9,10,12,13, ...., 1000}.
ThenT — A = {11}
Only one element 11 is there.

Sum of elementsof T — A = 11

Ans.2
As C M B # ¢, c must be not be formed by {1, 2, 4, 5}

.. Number of subsets of A =27 =128
and number of subsets formed by {1,2, 4, 5} = 16

.. Required no. of subsets =27 —2%=128 —16=112



Ans.3
~(BUC)' =B nc’

B'is a set containing sub sets of A containing element 1 and not containing 2.

And C'is a set containing subsets of A whose sum of elements is not prime.

S0, we need to calculate number of subsets of {3, 4, 5, 6, 7} whose sum of elements plus 1 is composite.
Number of such 5 elements subset = 1

Number of such 4 elements subset = 3 (except selecting 3 or 7)

Number of such 3 elements subset = 6 (except selecting {3, 4, 5}, {3, 6,7}, {4,5,7}or {5,6,7})

Number of such 2 elements subset = 7 (except selecting {3, 7}, {4, 6}, {5, 7})

Number of such 1 elements subset = 3 (except selecting {4} or {6})

Number of such 0 elements subset = 1

n(B'NC')=21=n(BUC)=27—-21=107

Ans.4
Given, Ry = {(p,p") : pis a Prime and n > 0is an integer }

and, set A = {1,2,3.......50}
pis a Prime number which can take 15 values 2,3,5,7,11,13,17,19,23, 29,31, 37, 41,43 and 47

.. We can calculate no. of elements in Ry

R, =(2,29),(2,2),(2,2%) (2,2°%)......(2,2%) = 6 number of ordered pairs
(3,3%),(3,3"),(3,3%) ........ (3,3%) = 4 number of order paris
(5,5%),(5,5"),(5,58%) ........... = 3 number of order paris

(7,7°) ....... (7,7%) eeeene . = 3 number of order paris

(11,11°) and (11,11") = 2 number of order paris



(13,13%) and (13,13") = 2 number of order paris

.-, For the 11 prime numbers (11,13,17,19,23, 29,31, 37,41, 43 and 47), n can only be 0, 1 (two pairs each).
Sn(Ry)=6+4+3+3+(2x11)=238

Ry = (p,p™),wheren=0o0r1

(2,2°), (2,21 (3,3°) (3,31) ..... (47,47°) (47,47")

Two ordered pairs of each element n () = 2 x 15 = 30 elements

Hence By — Ro — 38 — 30 =8

Ans.5

sum of all elements of A M B = 2 [Sum of natural numbers upto 100 which are neither divisible by 3 nor by 5]

—9 [lm;ll}l o 3(33;34} o 5(20;21) +15 (%]]

= 10100 — 3366 — 2100 + 630
= 5264

Ans.6

10 10

PIDIS (]

i=1j-1
={1,1:{1, 2} {1, 3} ... {1, 10}
{2,142, 2} {2, 3} ... {2, 10}

{3,1}43,2} 3,3} ... {3, 10}

{10,1} {10, 2} {10, 3} ..... {10, 10}

10 10

Now, A = 3 5 min{i, j}

i=1j=1
= minimum between i and j in all sets and summation of all those values.
1 10

and B = % Y max{i, j}

i—=1j-1



= maximum between i and j in all sets and summation of all those values.
For1:

1is minimum in sets =

{1,144, 2}, {1, 3}, {1, 4}, {1, 5} {1, 6}, {1, 7}, {1, 8} {1, 9}, {1, 10}, {2, 1}, {3, 1}, {4, 1}, {5, 1}, {6, 1}, {7, 1}. {8, 1}, {9, 1}, {10, 1}
.1 is minimum in 19 sets

1is maximum in {1, 1} sets.

.. 1 is maximum and minimum in total 20 sets.

c.5um of 1in all those sets =1 x 20=20

For2:

2 iz minimum in sets =

12,2},{2, 3512, 41,12, 5}, {2, 6}, {2, 7. {2, 8}, {2, 9}, {2, 10}, {3, 2}, {4, 2}, {5, 2}, {6, 2}, {7, 2}, {8, 2}, {9, 2}, {10, 2}

SO 2 s minimum in 17 sets

2 is maximum in sets = {1, 2}, {2, 1}, {2, 2}

.. 2 is maximum and minimum in 20 sets.
..5um of 2 in all those sets =2 x 20 = 40
Similarly 3 is maximum and minimum in 20 sets.

C.Sumof3in allthose sets =20 x 3=60

Similarly, 10 is maximum and minimum in 20 sets.
c.5um of 10 in all those sets =20 x 10 = 200
JCA+B=20+20 x24+20x 3+ . +20 =10

=2001+2+3+.....+10)

_op x 10x11

2
=1100



Ans.7
The numbers upto 24 which gives g.c.d. with 24 equalsto 1 are1,5,7,11,13,17,19 and 23.

Sum of these numbers = 96

There are four such blocks and a number 97 is there upto 100.
.. Complete sum

=06+ (24 xB+96)+(48 x B+96)+ (72 x 8+ 906)+97

= 1633

MCQ 2022

Question:1
For & € N, consider a relation R on N given by R = {(z,y) : 3z + ayis a multiple of 7}. The relation R is an
equivalence relation if and only if :

JEE Main 2022 (Online) 28th July Morning Shift

Question:2
Let R; and Rs be two relations defined on | by

aR;b=ab>0andaR;b=a>b

Then,

JEE Main 2022 (Online) 27th July Morning Shift

Question:3
LetasetA=AUA; U ... U Ay, where A M A= @ fori #j,1 <j,j < k. Define the relation R from Ato Aby R={(x,y) 1y
e Ajifand only if x € Ay 1 < i<k} Then,Ris:

JEE Main 2022 (Online) 29th June Morning Shift

Question:4
LetRy={(a,b) EN x N:|Ja — b| < 13} and

Ro={(a,b)ENxN:Ja—bl#13} ThenonN:
JEE Main 2022 (Online) 28th June Evening Shift



MCQ Answers Key

1. Ans. (D)
2. Ans. (D)
3. Ans. (D)
4. Ans. (B)

MCQ Explanation

Ans.1

R = {(z,v) : 3z + ayis multiple of 7}, now R to be an equivalence relation
(1) R should be reflexive : (a,a) € R¥a e N

S.3a+aa =Tk

L(3+a)a=Tk

S3ta=Th=a=Tk -3

— Thy+4

(2) R should be symmetric : aRb < bRa

aRb:3a+ (Tk—3)b=Tm

=3a—-b)+Tkb=Tm

= 3(b—a)+Tka=Tm

So, alRb = bRa

.. R will be symmetric fora = Tky — 3

(3) Transitive : Let (a,b) € R, (b,c) € R

= 3a+ (Tk — 3)b = Tkyand

3b + (Tky — 3)c = Tky

Adding 3a + Tkb + (Tkz — 3) c = (k1 + ks)
3a+ (Tka —3)c=Tm

s (a,e) ER

.. Ris transitive

ca=Tk—3="Tk+4



Ans.2
aRib=ab>=0

So, definitely (a,a) € Riasa® = 0

If(a,b) € R; = (b,a) € R,

Butif (a,b) € Ry, (b,c) € Ry

= Then (a, ¢) may or may not belong to R,

{considera = —5,b = 0,e = 550 (a,b) and (b,c) € Ry butac < 0}
50, R, is not equivalence relation

aRsbs=az=h

(a,a) € Ry = soreflexive relation

If (a, b) € Rathen (b, a) may or may not belong to R;

=+ S0 not symmetric

Hence it is not equivalence relation

Ans.3
R={(z,y):ye€ A iffrc ;1 <i>=k}

(1) Reflexive

(a,a)=ac A;iffac A4;

(2) Symmetric

(8, b)=ac A;iffbe A;

(b,a) eERash € A;iffa € A4,

(3) Transitive

(a.b)eR&(b,c) R

=ac d;iffbec 4; &b € A;iffce 4;
=ac A;iffce A;

=(a,c)ER

= RElation is equivalnece.



Ans.4
R, ={(a,b) e N x N:|a—b| <13} and

R; = {(a,b) € N x N : |a—b| # 13}
INnRy . |2—-11| =9<13
(2,11) € Ryand (11,19) € R, but (2,19) ¢ R,
R, is not transitive
Hence R, is not equivalence
InRy:(13,3) € Ryand (3,26) € Rybut (13,26) ¢ Ry (" |13 — 26| = 13)
.". Ry is not transitive

Hence K, is not equivalence.



Sets, Types of Sets, Disjoint Sets,
TOPIC Complementary Sets, Subsets,

6. A relation on the set A = {x : [x| < 3, xeZ},
where Z is the set of integers is defined by

{\ Power Set, Cardinal Number of R={x,y):y=x, X# - 1}. Thenthe I}umber c3f elements in
\ Sets, Operations on Sets Eh)e %c;wer set({)))f Rl 61s: © !gOnllne A(1()11;16142, 2014]
——————————————————————————————————————————————————————— a c
1.  Set A has m elements and set B has n elements. Ifthe total 7.  Let X={1,2,3,4,5}. The number of different ordered pairs
number of subsets of A is 112 more than the total number (Y, Z) that can formed such that Y ¢ X, Z< Xand YN Z
of subsets of B, then the value of m-n is . is empty s : [2012]
[Sep. 06,2020 (I)] @) 52 (b) 33 @ 25 d 53
2. LetS={1,2,3,..,100}. The number 0fnqn—empty subs'ets 8. IfA4, Band C are three sets such that AnB= AN C and
A of S such that the product of elements in A is even is : AUB = ALC. then [2009]
[Jan. 12,2019 (D)] (a)UA s ves ® B-C
50 (~50
(@) 2100 4 (b) 2 (2 —1) © AnB=9 d) A=B
(c) 2501 (d) 259+1 e
3. LetS= > d Venn Diagrams, Algebraic
CtS={xeR:x20an ! TOPIC Operations on Sets, De Morgan’s
2]x =3|+Vx(+/x =6)+6=0.Then S : [2018] ” Il;glfva, Nutmsbir of Elements in
(a) contains exactly one element. e R S
(b) conta%ns exactly two elements. 9. A survey shows that 73% of the persons working in an
© .contalns exactly four elements. office like coffee, whereas 65% like tea. If x denotes the
(d) is an empty set. percentage of them, who like both coffee and tea, then x
4 0+ 2f 1 3 0and cannot be : [Sep. 05,2020 ()]
: ) 3 )T oexrlan @) 63 (b) 36 © 4 ) 38
S={x eR: f{x)=f(—x)}; then S: [2016] 10. A survey shows that 63% of the people in a city read

newspaper A whereas 76% read newspaper B. If x% of the
people read both the newspapers, then a possible value of
X can be : [Sep. 04,2020 ()]
(@ 29 (b) 37 (c) 65 d) 55

(a) contains exactly two elements.
(b) contains more than two elements.
(c) isan empty set.

(d) contains exactly one element.

5. LetP={0:sinb—cosb= ,/2cos6} and Q= {0 : sinb + 50 n
{ V2 } Q= 11. Let UX ;= U Y, = T, where each X, contains 10 elements

cos = /2 sinB} be two sets. Then: i1 izl
[Online April 10, 2016] and each Y, contains 5 elements. If each element of the set
T is an element of exactly 20 of sets X''s and exactly 6 of
—P= i
@ PcQandQ o sets Y/'s, then n is equal to [Sep. 04,2020 (IT)]
(® Q«P (@ 15 (b) 50 (c) 45 (d) 30

(c) P=Q
d PzQ



M-2
12.

13.

14.

15.

LetX={ne N:1<n<50}.If
A= {ne X:nisamultiple of 2} and
B = {ne X:nisamultiple of 7}, then the number of

elements in the smallest subset of X containing both 4
and Bis L [Jan. 7,2020 (ID)]

2

Let Z betheset of integers. IFA= {xeZ: 20672 (x™—5x+6)= 13}
and B= {xe€ Z: -3 <2x— 1< 9}, then the number of subsets
ofthe set A x B, is: [Jan. 12, 2019 (I1)]
(@) 215 (b) 218 (©) 212 (d) 210
In a class of 140 students numbered 1 to 140, all even
numbered students opted Mathematics course, those
whose number is divisible by 3 opted Physics course and
those whose number is divisible by 5 opted Chemistry
course. Then the number of students who did not opt for
any of the three courses is: [Jan. 10,2019 (ID)]
() 102 (b) 42 (© 1 d 38
Let A, B and C be sets such that ¢ # 4N B c C . Then
which of the following statements is not true ?

[April 12,2019 (ID)]
@ BNC=¢
(b) If (A-B)cC,then AcC
() (Cud)n(CuB)=C

(d) If (A—-C)cB,then AcB

16.

17.

Two newspapers A and B are published in a city. It is
known that 25% of the city population reads A and 20%
reads B while 8% reads both A and B. Further, 30% of
those who read A but not B look into advertisements and
40% of those who read B but not A also look into
advertisements, while 50% of those who read both A and
B look into advertisements. Then the percentage of the
population who look into advertisements is:

[April. 09, 2019 (I1)]
(@) 139 (b) 128 (¢ 13 (d) 135
In a certain town, 25% of the families own a phone and
15% own a car; 65% families own neither a phone nor a
car and 2,000 families own both a car and a phone. Consider
the following three statements : [Online April 10, 2015]
(A) 5% families own both a car and a phone
(B) 35% families own either a car or a phone
(C) 40,000 families live in the town
Then,
(a) Only(A)and (C) are correct.
(b) Only(B) and (C) are correct.
(c) All(A), (B)and (C) are correct.
(d) Only(A) and (B) are correct.

EBD 83



(28) 2" =112+2" = 2" 2" =112
=2"2" - =242 -1

m=T,n=4=>mn=28

(b) - Product of two even number is always even and
product of two odd numbers is always odd.

Number of required subsets

= Total number of subsets — Total number of subsets

having only odd numbers
— 2100 _ 250: 250(250 _ ])
() Case-I: x €[0,9]

23 -x)+x-6x+6=0

= x-8/x +12=0=Vx = 4,2
= x=16,4
Since x €[0,9]
x=4
Case-II: x €[9,,]

2(VX =3) +x-6Jx +6=0

= x-4/x=0=x=16,0

Since x €[9,0]

Sox=16
Hence,x=4 & 16
@ f(xx)+2f [lj =3x ...()
X
f(l] +2f(x) = 3 (2)
X X
Adding (1) and (2)
1 1
= f(x)+f[;j =X +; (3
Substracting (1) from (2)
=f(x)— f[lJ = 3 -3x (4
X) X
On adding (3) and (4)

:>f(x)=%—x
X

f(X)Zf(—X)Z>2—X:_—2+X:>X=
X X

x2=2 or x:\/—,—ﬁ

X

10.

Hints & Solutions

(c) sin® —cosB = /2 cosd
= sinB = cosb + /2 cosO

= (W2 +1) cos® = (\/zi_jlj cosf

= (\/5 —1) sin6 = cosO

= sin + cosB = /2 sind
pP=Q

b A={x:|x|<3, xeZ}

A=1{2,-1,0,1,2}

R={(x,»):y=Ix|, x= -1}

R=1{(=2,2),(0,0),(1,1),(2,2)}

R has four elements

Number of elements in the power set of R

=2'=16
() LetX={1,2,3,4,5)
nx)=5

M-3

Each element of x has 3 options. Either in set Y or set Z or

none. (- YNZ=¢)
So, number of ordered pairs = 33
®» - B=(BnA)UB

(AnC)UB

(AUB)N(CUB)

(AuC)n(BUC)
=(A
=(AnC

NB)uC
JucC

®) Given, n(C) =73, n(T) = 65, n(CT)=x

- 652 n(CAT)=65+73-100

= 65> x>38= x#36.

@ Let n(U) =100, then n(4)=63,n(B)=176

n(ANB)=x

Now, n(Av B) =n(A)+n(B)—n(AN B) <100

=63+76-x<100
= x2>139-100= x >39



mM-4

n(ANn B)<n(A)
= x<63
5.39<x<63

@ Jx,-Ur-1

So, EjX,— =500, LnJYi =5n
i=1 i=1
S0 _sn
20 6
12. (29) From the given conditions,
n(4)=25,n(B)=7and n(4 " B)=3
n(4 U B)=n(4)+n(B)—n(4 N B)
=25+7-3=29
13. (@) Letxe A4,then

n=30

S =5x+6) =1 = (x +2)(x —2)(x—3)=0
x=-2,2,3
A=1{2,2,3}
Then, n(4)=3
Letx € B, then
-3<2x-1<9
—l1<x<SandxeZ
B=1{0,1,2,3,4}
nB)=5
nAxB)=3x5=15

Hence, Number of subsets of 4 X B=2"3

Maths

4
SR

14. @

Chemistry

Physics

P= {30, 60,90, 120}
= n(P)=4

15.

16.

17.

 Mathematics|
QO={6n:neN,1<n<23}-P
= n(Q)=19
R={15n:neN,1<n<9}-P
= n(R)=5
S={10mneN,1<n<14}-P
= n(S)=10

n(1)=70—n(P)—n(Q)—n(S)=70-33=37
n(V)=46—n(P)—n(Q)—n(R)=46—-28=18
n(W)=28—-n(P)—n(R)—n(S)=28-19=9

= Number of required students
=140-(4+19+5+10+37+18+9)
=140-102=38

@ (1),(2)and (4) are always correct.

In (3) option,

IfA=Cthend-C=¢

Clearly, ¢ = Bbut 4 — B is not always true.

@
A B

(

% of people whoreads Aonly=25-8=17%

% of people who read B only =20 -8 = 12%

% of people from A only who read advertisement
=17x0.3=5.1%

% of people from B only who read advertisement
=12x0.4=4.8%

% of people from A & B both who read advertisement
=8x0.5=4%

.. total % of people who read advertisement
=51+4.8+4=13.9%

(¢) n(P)=25%

n(C)=15%

n(P'uC')=65%

=n(PuUC)' =65%
n(PUC)=35%
n(PNC)=n(P)+n(C)-n(PuC)
25+15-35=5%

x % 5% =2000
x=40,000

EBD 83
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