Sets

Exercise-1.1
Solution 1:

A well-defined collection of objects is called a set:

The collection of prime numbers is a well-defined collection of objects and is hence a
set.

The collection of easy subtopics in this chapter is not a well-defined collection of objects
and is hence not a set.

The collection of good teachers in your school is not a well-defined collection of objects
and is hence not a set.

The collection of girls in your class is a well-defined collection of objects and is hence a
set.

The collection of odd natural numbers is a well-defined collection of objects and is
hence a set.

Solution 2:

i. A ={January, February, March, May, July, August, October, December}
ii. B ={violet, indigo blue, green, yellow, orange, red}.
iii. C={-3-2-1,0,1,2,3}.
iv.D={-2-1,0,1,2, 3}.

v. Given that, (n- 1)3, n<3,newW

Heren<3andneW meansn=0,1,2
Hence, forn=0, (n-1)3=(0-1)3=(-1)3=(-1)
Forn=1,(n-1)%=(1-1)3%(0)*=0
Forn=2,(n-1)3=(2-1)3=(1)3=1

Hence, E={-1.0,1}



Solution 3

i. We observe that there are 4 elements in set F and the elements are the multiples of natural numbers from 1to 4.
F={x|x=5nneN,n<4}
ii. We observe that the elements in set G are the squares of natural numbers from 3 and 10 and whose perfect square is less than or equal to 81.
G={x|x=n?neN,3<n<10}
iil. We observe that the elements in set H are powers of 5.
sH={xlx=5"neN,ng4]
iv. We observe that the elements in set X are square roots of 64.

=X = {x|x = Square root of 64}

We observe that the elements in set Y are reciprocal of the cubes of natural numbers less than or equal to 5.

Y Y={X|X=i,neN,n55}
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Solution 4:
Let ‘A’ be the set of first five integers whose square is odd.

A={1,3,57,9}
Exercise-1.2
Solution 1:

Singleton sets have only one element:
i A= {x]JX = 16}
Jx =16

Squaring on both the sides, we have,
(V&) - 162
X =206
. A={256)
= {x|vx = 16}is a singleton set

iii. C= {plp el,p® = -8}

'—lh\

- {plp el,p* = -8} is a singleton set



iv. D={ql(q-4)" =0}
(a-4)"=0

q
. q=4
.-.D={4}

i) ={q|(q—4)2=0} is a singleton set
{x]1+2x = 3x, x € W}

{

Ll 2x=3x%,
i Yo B =i 2%
A B b o & |
2 E={x|1+2x = 3x,x € W} is a singleton set

v, E=
E=

oy’

Solution 2:

An empty set has no elements.

i. Let ‘A’ be the set of all even prime numbers

A ={2}; Set A has only one element.

Thus, A is a singleton set.

Hence, A is not an empty set

ii. B = {x|x is a capital of India}

=B = {Delhi}; Set B has only one element.

Thus, B is a singleton set.

Hence, B is not an empty set

iii. F ={yly is a point of intersection of two parallel lines}
The two parallel lines do not intersect each other.
~There are 0 elements in set F

~Hence, F is an empty set.

iv. G={z|]zeN,3<Z<4}

There is no natural number between 3 and 4

~G = ¢and hence G is an empty set.

v. H = {t|triangle having four sides}

A triangle always has three sides and it cannot have four sides.
Hence, H is an empty set.



Solution 3:

Finite sets:
Finite sets are those in which the counting of elements terminates at a certain stage.
Infinite sets:
Infinite sets are those in which the counting of elements does not terminate at a certain stage.
i. A={1.3,5,7.......}
Here the counting of elements does not terminate.
Hence, A={1,3,5,7.......} is an infinite set
ii.B={101,102,103..........1000}.
Here the counting of elements terminates at the number 1000.
Hence, B={101, 102, 103..........1000} is a finite set.
i C={x|x€Q,3<x<5}
Qis the set of all rational numbers.

Since x € Q, there can be infinite rational numbershetween 3 and 5

Hence,C ={ x|x € Q, 3 < x < 5}is an infinite set.
iv. D={yly=3"neN]}

D={3%32,333%,..}

Here the counting of elements does not terminate

&~ D={yly=3"n€ N}is an infinite set.
Solution 4:

Since the number of boys and girls in a class terminates at a certain stage, G and H are
finite sets.

Exercise-1.3
Solution 1:

i. The subset relation between the set A and set C is:
A = The set of all residents in Mumbai



C = The set of all residents in Maharashtra

Since Mumbai is in Maharashtra, every element of Set A is an element of Set C, hence,
set Ais a subset of set C.

But there are some elements in set C which are not in set A, therefore A is the proper
subset of set C.

Hence, Ac C

i.The subset relation between the sets E and D is:

EcD

E = The set of all residents in Madhya-Pradesh.

D = The set of all residents in India

Since Madhya-Pradesh is inindia, every element of Set E is an element of Set D, hence,
set E is a subset of set D.

But there are some elements in set D which are not in set E, therefore D is the proper
subset of set E.

Hence, Ec D

iii. Mumbai, Bhopal, Maharashtra, and Madhya-Pradesh all are in India. Therefore, all
the sets under consideration are the subsets of set D.

Hence, AcD,BcD,CcD,EcD

Therefore Set D can be chosen as the universal set.

Solution 2:

i. B={a}land C ={a, b} are the proper subsets of set A ={a, b, c}.
Here,aeAandaeC
And,aeB,beBandacs(C,beC
Every element of Set B and Set C is an element of Set A, hence, set B and set C are subsets of set A.

Therefore, B ={a}and C = {a, b} are the proper subsets of the set A ={a, b, c}.

But there are some elements in set A which are not in set B.
Thatis,.be A, ceA.
AndbeBandc&B.

Hence, set B is the proper subsetof set A,orBc A



Also there is one element in set Awhich is not inset C.

ThatisceAandcgC.

Hence, set C is the proper subset ofset A,orCc A
ii.Here,aeC,beCandac A beA.

Thus, every element of Set C is an element of Set A.

AndceAandc&C.

Thus, there is one element in set A which is not inset C.

Hence, set C is the proper subset of set A.

And set A is the Superset of set Cor A 2 C.

Solution 3:

A={2 4]}

B={x|x=2", n<5n€eN}

~B={24,8, 16}

C ={xIx is an even natural number < 16}
~C={24,6,8,10,12,14,16}

The Venn diagram will be as given below:

(]

*10




solution 4:

Let x be an element of set A.

Thus, -~ x € A.

Given that A c B.

~ Every element of set A is an element of B.
~X€EB

Also giventhat B c C

=~ Every element of set B is an element of C.
~X€C

~If x € A, then x € C for all x € A.

~ Every element of the set A is an element of the set C.
Hence, A c C.

Solution 5:

All possible subsets of X = {1, 2, 3} are:
{11{2143}.{1, 2},{1, 3}.{2, 3}, {1, 2, 3}.{} or

Exercise—-1.4
Solution 1:

P = {x|x is a letter in the word ‘CATARACT’}
Let us avoid the repetition of letters and write the distinct letters in curly brackets, with
comma as a separator.

~P={C,A T, R}
Q ={yly is a letter in the word ‘TRAC’}
~Q={T,R,A C}

The order in which the letters are listed is immaterial.
~Every element of set P is an element of set Q.
~PiQ.

Also, every element of set Q is an element of set P
~QIP.

All the elements in set P and all the elements in set Q are equal, hence, P = Q.
Solution 2:

The union of pairs of sets A and B is the set of all elements which are in set A or in set
B. It is denoted by A U B.

i.A={2,3,56,7},B={4,5,7, 8}

AuB={23,4,5,6,7,8}

i.C={a, e i o0,u},D={a,b,c,d}



Cub={a,b,c,d e iou}

iii. E= {x|x € N and x is a divisor of 12}
~E={1, 2, 3, 4,6, 12}

F={yly € N and y is a divisor of 18}
~F={1,2,3,6,9, 18}
~EUF={1,23,4,6,9, 12, 18}

Solution 3:

The set of all common elements of A and B is called the intersection of A and B, and it is denoted by A N B.

i.A={1,2,457}.B=(23,438}
tANB={24]

ii.C={6,7,8,9,10}
D=1{56,7,8.9}
+CND={678,9}

iii. E={-1,-2...}

F={1,2,3..}

ENF={ord

Solution 4:
U=Xx=2"neW,n< 8}
~U={20,21 22 23 2425 26 27}
~U={1,24,816,32 64,128}

A={yly=4"neW.n< 4}
~A =149 4142 43
~A=1{1,4,16, 64}

B={z|z=8"neW,n< 2}
»B={80,8%,8%
~B={1,8, 64}
Hence,U={1,2,4.8, 16,32, 64, 128}
A=1{1,4,16, 64}
B={1,8, 64}
i A
A is called the complement of set A.
A is the set of all the elements in U which are not in A.

A={1416.64}andU=1{1,24,8, 16,32, 64,128}

~A'=1{2,8,32,128}



B’
B'is called the complement of set B.

B'is the set of all the elements in U which arenotin B
B={1,8,64landU={1,24,8, 16,32, 64,128}
~B'={2,4,16,32,128}

(AuBy

A={14 16 64}

B={1.8,64}

AuUB={1,4,8,16,64}andU={1,24.8,16,32, 64,128}

(A U B)'is the set of all the elements in U which are notin AU B.

~{AuB)'={2,32,128}

iv. (ANBY

A=1{1,4 16,64}

B={1,8,64}

AN B is the set of all common elements of A and B.
(ANB)=1{1,64}and

U={1,24.8, 16,32 64,128}

(AN B)'is the set of all the elements in U which are notin AN B.

(ANB) ={24,8,16,32, 128}



Solution 5:
i. If Aand B are two sets, then

(AUuB)=ANB'

A={alaisaletterin the word 'college'}
A={colezgl

B ={blbis aletter in the word 'luggage'}
~B={lu,g ace}

U={a,b,c.d efglo,u}
AuB={a.ceglo.u}

(AUB) ={b,d,f}...(2)

A ={a b,d,fu}

B'={b.c,d, e f 0}

A NB'={b,d,f}..(2)

From equations (1) and (2),

(AuB)'=ANB'isproved.
ii. If A and B are the two sets, then

(ANB)y=AUB
A={co.leg}
B={Luzgace}

ANB={le g}

(ANB) ={a,b.c,d.f.o,ul..(3)
A ={a,b,d.f u},

B'={b,c.d.f. o}

A uUB'={a b.c,d.f o,u}.(4)
From equations (3) and (4),

(ANB) =A uB'is proved.



Exercise—-1.5
Solution 1:

A={1,3,56,7},B={4,6,7, 9}
~AUuB={1,3,4,5,6,7, 9}

The number of elements of the set A U B is denoted by n(A U B).
~“nN(AUB)=7

~LHS.=7

Now consider the R.H.S, n (A) + n (B) —n (A N B).
n(A)=5,n(B)=4,n(ANB)=2
~sNn(A)+nB)=5+4=9
sn(A)+n(B)-n(ANB)=5+4-2=7
~L.HS=R.H.S
“NAUB)=n(A)+n(B)-n(ANB)

Hence, verified.

Solution 2:

We know the identity,

n(A U B) =n(A) + n(B) — n(A N B)

Substituting the values n(A) =5, n(A U B) = 9 and n(A N B) = 2 in the above identity, we
have,

9=5+n(B) -2

~nB)=9+2-5

~nB)=11-5

n(B) =6

Solution 3:

Let A be the set of students who drink tea.

~n(A) =60

Let B be the set of students who drink coffee.

~n (A) =60

30 students drink both coffee and tea.

~n(ANB)=30

(A U B) will be the set of students who take at least one drink (tea or coffee or both)
n(AuB)=n(A)+n(B)-n(ANB)

~n(AuUB)=60+50-30

~n(AuB)=80

Hence, there are 80 students who drink either tea or coffee or both. Consider the



following Venn diagram.

Number of students who do not take tea or coffee
- ) =100-(30+30+20)
=20

Coffee

20

Total number of students = 100

-~ Number of students who neither drink tea nor coffee

= Total number of students in the class — number of students who drink either tea or
coffee or both.

=100-80=20

~ Number of students who do neither drink tea nor coffee are 20

Solution 4:

Let A be the set of students who choose blue.

~n (A) =60
Let B be the set of students who choose pink.

(A N B) will be the students who choose both the colours.

Every student has to choose at least one of the colour Therefore,n (AN B)=n (A) +n
(B) — total number of students
~n(ANB)=60+70-110
~n (ANB)=130-110=20
Total number of children=110

60-x+x+70-x=110
130-x =110 x=130-110 = 20




Hence, there are 20 students who choose both the colours as their favourite colour.
Solution 5:

Consider the given equation:
NAUBUC)=n(A)+nB)+n(C)-n(ANB)-nBNC)-n(CNA)+n(ANBN
C)

n(A)=5nB)=5n(C)=4

n(ANB)=2

n(BNC)=2

n(CNA)=2

n(ANBNC)=1

Substituting the values in the given equation,
NAUBUC)=n(A)+n(B)+n(C)-n(ANB)-nBNC)-n(CNA)+n(ANBN
C)

~NAUBUC)=5+5+4-2-2-2+1

~n(AuBUC)=9

From the given figure it can be seen that there are 9 elements in all.

Hence, the equation is verified.



