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Relations

SOLUTIONS

EXERCISE - O

1. Ans. (C)

n(4d) =m,n(B) =n

=>n(AXB)=mXxXn

. Number of relations from A to B = 2"*®

_ pm
2. Ans. (B)

R=1{123,....,30} > {1,2,3, ..., 30}

R = {(a,b):b = pq, where p,q > 3 are numbers}

No. of possible values of a = 30

Ifp=3,q=3 =b=9
Ifp=3,q=5 or p=54g=3 =b=15
Ifp=3,q=7 or pr=7,q=3 =b=21
Ifp=54g=5 =b=25

So, number of possible values of b = 4

Hence, total number of relations = 30 x 4 =120
3. Ans. (B)

Here, p,p" 6{1,2,3, ........ ,7}

Now p can take values 2, 3,5 and 7.
=R, ={(p,p™)}: pisaprimeandn >0 is an integer}
.. Elements in R, can be,
(2,29, (2,21, (2,22)
(3,39, (3,3
(5,59, (5,51)
(7,79, (7, 71)
=R, ={(p,p™):pisaprimeandn=0or 1}
.. Elements in R, can be,
(2,29, (2,21)
(3,39, (3,31
(5,59, (5,51
(7,79, (7,7Y)
= Ry — R, = {(2,2%)}
So, number of elementsin R, - R, =1
4. Ans. (A)
R:{3,6,9,12} - {3,6,9,12}
A={3,6912}
R ={(3,3),(6,6),(9,9), (12,12), (6,12), (3,9), (3,12), (3,6)}
Hence, foralla € 4; (a,a) € R
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10.

So, R is Reflexive.

Hence, (6,12) € R but (12,6) £ R

So, R is not symmetric.

Also, for all (a,b) € R and (b,c) € R; (a,c) € R wherea, b,c € A.
So, R is transitive.

Ans. (B)

R:{(a,B);a LB}anda,BEL

= For all lines € L; a line is not perpendicular to it self

So, R is not reflexive.

= LetL,,L, € Landif (L,,L,) € L then (L,,L,) € L.

So, R is symmetric.

= LetL,,L,, L3 € Land (L1,L;) € Rand (L,,L3) € R.

then, by definition of relation; L; 1 L, and L, 1 L;

And hence L;||Ls = (L;,L3) ¢ R

So, R is not transitive.

Ans. (D)

Here R={(x,y):|x* —y*|<16}

and given A={1,2,3,4,5}

- R={(1,2)(1,3)(1,4);(2,1)(2,2)(2,3)(2,4);(3,1)(3,2)
(3,3)(3,4);(4,1)(4,2)(4,3);(4,4)(4.5),(5,4)(5,5)}-

Ans. (A)

A={1,2,3,4,5R:A- A

R={(x,y):x,ye A, x+y=5}
R={(1,4),(4,1),(23),(3,2)}

Here, (1, 1) ¢ R. So R is not Reflexive

= Forall (a,b) € R; (b,a) € R (where (a,b € A))

So, R is symmetric

= Here, (1,4)eR and (4, 1)eR,but (1, 1)¢R.

So, R is not transitive.

Ans. (C)

Since x ¢ x, therefore R is not reflexive.

Also x < y does not imply that y < x, so R is not symmetric.
Let xRy and yRz. Thenx < yandy < z= x < zi.e.,, xRz. Hence R is transitive.
Ans. (A)

For any a € N, we find that a is divisible by a, therefore R is reflexive but R is not symmetric,
because aRb does not imply that bRa.

Ans. (A)

xRy x>y is not symmetric relation
XR3y & ;C—/ is not symmetric relation
xRy o x<y is not symmetric relation

2

xRiyext=y is reflexive, symmetric and transitive so equivalence relation

[2]
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11.

12.

13.

14.

15.

Ans. (A)

l1+aa=1+a*>>0,va€S, ~(aa)€ER

~ R isreflexive

(a,b)ER=>14+ab>0 = 1+ba>0=(b,a) ER
~ R is symmetric.

~ (a,b) €R and (b,c) € R need notimply (a,c) € R

Example for transitive check:

Take azl,b=1,0=_—5
2 4 2
Hence, R is not transitive.

Ans. (D)

R:NXN->NXN

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

= Here, forall (a,a) € N X N;(a,a)R(a,a) > axXa=aXa
Which is true.

So, R is Reflexive.

= If (a,b)R(c,d) = ad = bc

so, for (¢,d)R(a,b) = bc = ad

Hence, R is symmetric.

= If (a,b)R(c,d) and (c,d)R(e, f) then ad = bc and cf = de
Taking product of both;

ad X cf = bc X de

- af = be

- (a,b)R(e, f)

So, R is transitive.

Hence, R is equivalence.

Ans. (B)

If R and S be two equivalence relations in aset A, then R N S is an equivalence relation in A.
Ans. (D)

None of the given relations is symmetric relation.

Hence, none of these is equivalence.

Ans. (A)

w = set of words in English dictionary.

RWXW->WxW

R ={(x,y) € W x W : x and y have at least one letter in common
= Here for (x,y),x € W; if both words are same then, it will always have at least one letter in
common

S (x,x) ER

So, R is reflexive.

= If x and y are such that they have atleast one letter in common then (x,y) € R,x,y € W.
Then (y, x) will also have one letter in common. So, (y,x) € R also
Hence, R is symmetric.
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= Forx,y,z € W;if (x,y) € R and (y, z) € R then (x,z) € R.Is not always true. Because one letter
can be common for x and y and a different letter can be common for y and z. But it is also possible
that none of the letter of x and z is common.

So, R is not transitive.

For example:

Let x = man, y = ant, z = toy

(x,y) € Ras'a'is in common

(y,2) € R as ‘t’ is in common

But (x, z) ¢ R as no letter is in common.

EXERCISE - S
1. Ans. (6)
n(A) = 3,n(B) = 4.
~n(AXB)=3%x4=12

So, number of relations = 2"~®
=212
=46

Hence,n=6

2. Ans. (3)

A={123},R:A- A
R = {(a, b); |a* — b*| < 5}
R ={(11),(2,2),(33),(12),(2,1),(23),(3,2)}
Range of R = {1,2,3}
.. No. of elements in R = 3.
3. Ans. (4)
A={2,3,4,5,..,16}
(a,b)=(c,d) = ad = bc
(4,3)=(c,d) = 4d=3c

(c,d)={(4,3),(8,6),(12,9), (16, 12)

No. of ordered pair = 4
4. Ans. (7)

A={123}L,R:A-> A

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

To make R an equivalence relation,

R =1{(12),(23),(2,1),(32),(1,1),(2,2),(3,3),(1,3),31)}

So, minimum number of ordered pairs to be added = 7
5. Ans. (19)

5 even numbers and 3 odd numbers

5C1x3C1+4=19
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6. Ans. (36)
A B

2N
1,b, Qy, b,
N_~7

a, divides b,
Each element has 2 choices
=3x2=6
a, divides b,
Each element has 2 choices
=3x2=6
Total =6 x 6 =36
7. Ans. (7)
R=[(-4,4),(-3,3),(3,-2),(0,1),(0,0), (1,1), (4, 4), (3, 3)}
For reflexive, add = (-2, -2), (-4, -4), (-3, -3)
For symmetric, add = (4, -4), (3,-3), (-2, 3), (1, 0)
8. Ans. (13)
Given R = {(a, b), (b, c), (b,d)}
In order to make it equivalence relation as per given set, R must be
{(a, a), (b, b), (c, c), (d, d), (a, b), (b, a), (b, ¢}, (c, b), (b, d), (d, b),
(a,¢), (a,d), (c,d), (d, c), (c,a), (d, a)}
There already given so 13 more to be added.
9. Ans. (1100)

10 10

A=ZZmin{i,j}

i=1 j=1

10 10

B=ZZmax{i,j}

i-1 j=1
10

A= Zmin(i,l)+ min( j,2)+...min(i,10)
=1

=(1+1+1+...+D+Q2+2+2...+2)+(3+3+3...43) + ..(1) 1times

19 times 17 times 15 times

10
B= Zmax[i,1)+ max( j,2)+..max(i,10)

j=1

=(10+10+...+10)+(9+9+...+9) +..+(1) 1 times

19 times 17 times
A+B=20(1+2+3+..+10)
10x11

= 20x =10x110=1100
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10.

Ans. (6)

A={1,2,3,4}

R ={(a,b), (¢, d)}

2a+ 3b =4c+5d =alet

2a={2,4,6,8} 4c=1{4,8,12,16}
3b={3,6,9,12} 5d = {5, 10, 15, 20}
5,8,11,14 9,14,19,24
7,10,13,16 13,18....
2a+3b = 4c + 5d
9,12,15,18 17,22....
11,14,17,20 21,26....

Possible value of =9, 13, 14, 14,17, 18
Pairs of {(a, b), (c,d)} =6

EXERCISE - JEE (Main + Advanced) PYQ

Ans. (3)
A= {x €7: 2(x+2)(x2—5x+6) — 1}
— 2(x+2)(x2—5x+6) =1=2°
=(x+2)(x*-5x+6)=0
=>x+2)(x—-2)(x—3)=0
=>x=-223
A={-2,2,3}
NowB ={x €z -3<2x—1<9}
=>-3<2x-1<9
=>-34+1<2x—-14+1<9+1
= -2<2x<10
=2 2x_10

2 2 2
=>-1<x<5=2x=0,1234asx €z
So, B ={0,1,2,3,4}
n(4) =3,n(B) =5
n(AxXxB)=3x5=15
Total number of subsets of A x B = 21°
Ans. (2)
R={(x,y):x,yez, x2+ 3y2< 8}
For domain of R-!

Collection of all integral of y's
Forx =0 8

L

3y°<8 ¢
y? gg: y=-1,0,1

Forx =1
12+3y2 <8

[6]
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3y*<7

yzsg = y=-1,0,1
For x=2
2’ +3y*<8
3y*<4
yzsi:yz—l,o,l
3
For x=3
3° +3y*<8
3y? <—1 which is not possible for any value of y

So only possible values of ¥ are {-1,0,1} which will be the domain of R™* (or range of R))

3. Ans. (4)
To checkif R, is transitive

Take a=2+43,b=2-3 and c=1+23
a’+b*=14€Q so (a,b)eR
b*+¢*=20€Q so (b,c)eR

But a2+c2=(2+\/§)2+(1+2\/§)2
=20+8\/§eQ

So (a,c)¢R

R, is not transitive.

To checkif R, is transitive

Take a=1,b=3¢, c=+Z
a’+b*=1+43¢Q so (a,b)eR
b?+c?=3+2¢Q so (b,c)eR

But a*+¢’=1+2=3€Q so (a,c)¢R

R, is also not transitive.

4. Ans. (4)
A={2,3,4,5,..,30}
(a,b)=(c,d)=ad =bc
(4,3)=(c,d)=>4d =3c

(c,d)={(4,3),(8,6),(12,9), (16, 12), (20, 15), (24, 18), (28, 21)}
No. of ordered pair =7
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5.

Ans. (4)

Check R, ={(x,y):xy>0, x,yeR}

= for reflexive X.X>0 which is true
So, (X, X) eR,VxeR, itis Reflexive

= for symmetric if

(x,y)eR =xy=0

So, y.x>0=>(y,x)eR, itis symmetric
= for transitive let x=2, y=0,z=-2
(x,y)eR =xy=0=0

(y,z)eR =yx=0=0

But (x,2)¢R, as x.z=2(-2)=—4<0
R, is not equivalence relation

Check R,

(2,1)e R, as 2>1

But (1,2)¢R, as 1 %2

So, not symmetric
= R, is not equivalence relation.

Ans. (4)
For R to be reflexive = XRX

= 3x+oax=7K=(3+a)x=7K
= 3+o=7A=a=7AL-3=7N+4,K,\,N el

.. when a divided by 7, remainder is 4.
R to be symmetric XRy = yRX

3X+ay=7N,,3y+ax=7N,
=(3+0a)(x+y)=7(N, +N,)=7N,
Which holds when 3+a is multiple of 7
. o=7N+4 (as did earlier)

R to be transitive
XRy & yRz = xRz .

3x+oay=7N, &3y+oz=7N, and 3x+o0z=7N,
S0 3X+7N, -3y =7N,

7N, —ay+7N, -3y=7N,

S 7(N +N,)—(3+a)y=7N,

(3+a)y=7N

Which is true again when 3+a. divisible by 7, i.e. when o divided by 7, remainder is 4.

[8]
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7. Ans. (2)
Number of possible values of a = 60, for b = pq,
Ifp=3,q=3,57,11,13,17,19
Ifp=5¢=5711
Ifp=7q=7
Total cases =60 x 11 = 660

8. Ans. (2)

R, :{(a,b)e NxN :|a—b|s13}
R, :{(a,b)e NxN :|a—b|¢13}.

For R::
Reflexive relation

(a,a)e NxN:la—al<13— itis reflexive
Symmetric relation
(a,b)eR,,(b,a)eR, :lb—al<13— itis symmetric
Transitive relation
(a,b)eR,,(b,c)eR,,(a,c)eR,: (1,3) € Ry, (3,16) € Ry,but (1,16) ¢ Ry
[t is not transitive.
ForR;:
Reflexive relation
(a,a)e NxN:la—al#13
Symmetric relation
If (a,b)eR is |a—bl#13#b-a]
(b,a)eNxN:lb—al#13
Transitive relation
(a,b)eR,,(b,c)eR,,(a,c)eR,
(1,3) € Rz, (3,14) € Rz, but (1,14) ¢ R
[t is not transitive.

9. Ans. (8)
Here, p, p" €{1,2,..50}
Now p can take values
2,3,5,7,11,13,17,19,23,29,31,37,41,43 and 47.
~ we can calculate no. of elements in R, as
(2,2°),(2,21) .. (2,25)
(3,39, ... (3,39)
(5,59, ... (5,52)
(7,79), ... (7,77)
(11,11°), ... (11,111
And rest for all other two elements each

~n(R,)=6+4+3+3+(2x11)=38
Similarly, for R»
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(2,29, (2,21)
(47,47°), (47, 471)
-.n(R,)=2x15=30

n(R,-R,)
. n(Rl)—n(R2)=38—30 =8 {asall the elements of R, are commonto R, }
10. Ans. (4)
A=A UA,U ... U A
And A; N Aj = ¢ i.e no two sets have any element in common.

Every pair of sets is disjoint sets.
NowR = {(x,y):y € A;ifandonlyifx € 4;,1 <i < k}.
So, for every A;, R will have all the combination of (x, y) possible with elements of 4;
LetA = {1,2,3}
Ay = {1}, 4, = (2,3}
R =1{(1,1),(2,2),(23),(32),(33)}
L ]

Every element  Eyery element 4,is related to 4,
of Ais related

to A1

— R will be an equivalence relation

11. Ans. (1)
Check for reflexivity:

As3(a-a)+ \/_ = \/7 which belongs to relation so relation is reflexive
Check for symmetric:

Take a = g,bzo

Now (a,b) e Rbut (b,a) ¢ R

As3(b-a)+ \/7 = 0 which is rational so relation is not symmetric.
Check for Transitivity:

3

Take (a, b) as [? 1

& (b, c) as (1, %j

Sonow (a,b) € R&(b,c) € Rbut(a,c) )&[ R which means relation is not transitive
12. Ans. (1)

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

P(S) = power set of S

AR,B = (ANB)U(ANB)=¢

R; is reflexive, symmetric

For transitive
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(ANB)U(ANB)=¢; {a}=¢={b} A = B

(BAC)U(BNC)=¢..B = C
.. A = C equivalence.
A B

a I b

d
R,=AUB=AUB
R, — Reflexive , symmetric
for transitive

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

LA=C . AuC=AUC
13. Ans. (2)
ForrelationT = a? —b* =-1

Then, (b, a) on relation R
= b*-a’=-1
. T is symmetric

S ={(a,b):a,beR—{O},2+%>0}

2+E>0:>E>—2 , :>9<_—1
b b a 2

If (b,a) €S then

b . .
2+— not necessarily positive
a

.. S is not symmetric
14. Ans. (2)
Let a, =1=5 choices of b;

a, =3 =4 choices of b,
a, =4=4 choices of b2
a, =6=2 choices of b,
a, =9=1 choices of b,
For (a1, b2) 16 ways.

.. Equivalence
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15.

16.

Similarly, b, =2=4 choices of a;
b, =4=3 choices of a;

b, =5=2 choices of a;

b, =8=1 choices of a;

Required elements in R = 160
Ans. (4)

Reflexive : (a,a) = gcd of (a,a) =1
Which is not true for every a € Z.
Symmetric:
Takea=2,b=1=>gcd (2,1)=1
Also2a=4+Db

Nowwhena=1,b=2=gcd(1,2)=1

Alsonow 2a=2=b
Hence a = 2b

= R is not Symmetric
Transitive:
Leta=14,b=19,c=21
ged (a,b) =1

ged (b,c) =1

gcd (a,c)=7

Hence not transitive

= R is neither symmetric nor transitive.

Ans. (4)
A={1,2,3,4,56,7}
R={(x,y)eAxA:x+y=7}
x+y =17
y=7-x

R={(1,6),(2,5),(3,4), (4 3), (5 2), (6,1)}

(a,b) e R = (b,a)eR
= Relation is symmetric
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