A bookcase is among the best illustrations of sets. You maintain a set order for your
book collection, whether it be alphabetical, genre-based, or based on personal
preferences. As a result, collections of associated books are kept apart from one
another.
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BASIC CONCEPTS OF SETS

' TOPIC 1
SETS AND THEIR REPRESENTATION

In our day-to-day life, we come across collections of
objects of a particular type, such as days in a week,
months in a year, playing cards in a pack, vowels in the
English alphabet, etc. In mathematics also, we come
across collections, for example, collections of natural
numbers, prime numbers, etc.

There are a few collections given below:

A collection of whole numbers less than 10.
A collection of all the rivers in Uttar Pradesh.
A collection of prime factors of 64.

A collection of prime ministers of India.

We can see these are the collections of well-defined
objects in the sense that we can definitely decide
whether a given particular object belongs to a given
collection or not However, it may not always be
the case. For instance, the collection of the five most
renowned mathematicians of the world, is not well-
defined, because the criterion for determining a
mathematician as most renowned may vary from
persontoperson. Thus,itisnota well-defined collection,
and hence not a set, as defined in mathematics. Any
type of object can be collected into a set, but the
set theory is applied mare often to objects that are
relevant to Mathematics.

Hence, we can say that a set is a well-defined
collection of objects.

Any type of object can be collected into a set, but the

set theory is applied mare often to objects that are
relevant to Mathematics.

Illustration: The collection of the first five prime
natural numbers is a set containing the elements 2,
3.5.7, 1L

Ilustration: The solution of the equation:
x? - 5x + 6 =0, viz, 2 and 3 s a set of solutions.

Illustration: The collection of all states including all

union territories in the Indion Union is o set

Illustration: The collection of cricketers in the world
who were out for 99 runs in a test match is a set

Some more examples of sets used paorticularly in
mathematics, viz.

N : Set of all-natural numbers

Z: Setof allintegers

Z*: Set of all positive integers

Q: Set of all rational numbers

Q*: Set of all the positive rational numbers

R*: Set of all pasitive real numbers

C: Set of all complex numbers.

The following points may be noted:

(1) Objects, elements and members of a set are
SYNanNymous terms.

(2) Sets are usually denoted by capital letters A, B, C,
XY, Z etc.

(3) The elements of a set are represented by small
letters a, b, ¢, x y, z, etc.

(4) If ais an element of set A. we say that "o belongs
to A" and we write 'a € A" Here '€’ (Epsilon) is a
Greek symbol that is used to denote the phrase
'belongs to' Ifb is not an element of set A. We say
that 'b does not belong to A" and we write 'b & A’

& Cautlon

= Swdents should remember that In sets. ¢ means
‘belongs to' and ‘¢ " means “does not belong to”.

Methods of Representation of Sets
A set can be represented in two ways:
Roster Form or Tabular Form

In roster or tabular form all the elements of a set are
listed, separated by commas and are enclosed within
curly brackets { }.

Illustration: Let A be the set of all letters in the
waord 'MATH'. Then, set A can be written in roster form
as

A=[M,A,T.H,S}

Illlustration: Let A be the set of all vowels in the
English alphabet. then A = {a, e, i, 0, u}

@ Important

= In roster form, the order In which the elements are lUsted
Is Immaterial

Set-Builder Form

In set-builder form, all the elements of a set possess a
single common property that is not possessed by any
element outside the set. In this form the descriptions
of the elements of the set is made by using a symbol x
which is followed by a colon 't or a vertical bar | (read
as such that) and then enclosing the whole description
within brackets { }.

Illustration: If B is the set of all even integers then B
can be written in set-builder form as
B={x:x=2xx€e 7}
Or
B={x|x=2xeZ}
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Ilustration: If A is a set of squares of natural
numbers then A can be written in set-builder form as

A = {x x is the square of natural number}
Or A={xx=n?%wheren e Nj}
Example 1.1: Write the following sets in roster
form:
(A) A={x:xisanintegerand-3<x<7}
(B) B={x:xisanatural number less than 6}.

(C) C = {x:x is a two-digit natural number such
that the sum of its digits is 8}.

(D) D= {x:xis aprime number which is a divisor of

60}.

(E)] E = The set of all letters in the word
TRIGONOMETRY.

(F) F = The set of all letters in the word BETTER.

[NCERT]
Ans. (A) A={x:xisanintegerand-3sx<7}
The elements of set Aare -3,-2,-1,0,1,2,3,
4,5 and 6 only.

Therefore, the roster form of set
A=1{-3,-2,-1,01,23,4,5, 6}

(B) B ={x:xisanatural number less than 6}.
The elements of setBare 1,2,3,4 and 5 only.
Therefore, the roster form of set

B=1{1,2 3, 4,5}

(C) C={x:xls atwo-digit natural number such
that the sum of its digits is 8}.

The elements of set C are 17, 28, 35, 44, 53,
62 and 71 only.

Therefore, the roster form of set
C={17,26, 35, 44,53,62,71}

(D) D ={x:x isaprimenumber which Is divisar of

60}
Prime number which are divisor of 60 are:
60+2=30,60+3=20,and60+5=12

Therefore, the elements of the set D are 2, 3,
and 5.

Hence, the roster form of set D = {2, 3, 5}

(E) E = The set of all letters in the word
TRIGONOMETRY

There are 12 letters in the word
TRIGONOMETRY.

Out of which letters T, R, and O are repeated.
Therefore, the roster form of set
E={TLRILG ONMEY}
(F) F=Thesetof all letters in the word BETTER.

There are 6 letters in the word BETTER, out of
which letters E and T are repeated.

Therefare, the roster form of set F={B, E. T, R}

Example 1.2: Write the following sets in the set-
builder form:

®) 3, 6,9, 12} (B) {2, 4, 8, 16, 32}
(©) {5, 25, 125, 625} D) {2, 4,6, ..}

® {1,4,9, ..., 100} [NCERT]
Ans. (A) LetA={3.6.9,12}

All elements of the set A are natural
numbers that are multiples of 3 having
value less than or equal to 12.

. The set-builder form of set A = {x :x = 3n,
neNand1lsns12}

(B) Let B=12.4, 8, 16, 32}

All elements of the set B are natural
numbers that are powers of 2.

~. The set-builder form of set B = {x: x = 2",

ne Nand 1sns 5}
(C) Let C={5, 25,125, 625}

All the elementa of the set C are natural
numbers that are powers of 5.

-. The set-builder form of set C= {x:x = 5",
neNand1lsnsd4)

(D) Let D ={2. 4.6._}

All the elements of the set D are even
natural numbers.

>. The set-builder form of set D = {x: xia an
even natural number}.

(E) Let E=11.4,9,_, 100}

All the elements of the set E are perfect
square numbers.

-. The set-builder form of set E = pc x = n*
and 1 =n =10}

Example 1.3: Let A = {1, 2, 3, 4, 5, 6}. Insert the
appropriate symbol € or £ in the blank spaces:

A) 5..A ®) 8..A
©) 0..A D) 4..A
® 2..A () 10..A

Ans. Given A = {1, 2, 3, 4, 5, 6}, Therefore,
(A) Here, 5isinset A Therefore, 5 € A
(B) Since, 8 is notinset A Therefore. 8 ¢ A
(C) Since, 0is notin set A.Therefore, 0 ¢ A
(D) Since, 4 Is in set A Therefore, 4 € A
(E) Since, 2isinset A Therefore,2 € A
(F) Since, 10is not in set A. Therefare, 10 ¢ A
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TOPIC 2
TYPES OF SETS

Different types of sets are classified according to the
number of elements they hove. Let's now learn the
types of sets in this topic.

Empty Set

A set that does not contain any element is called the
empty set or the null set or the void set It is denoted by
the symbol ¢ (phi) or { }.

Eg, A = {x x is a natural number less than 1}, there is no
natural possibility that it is less than 1. Hence, set A is
anempty ornull set,ie, A =¢dor{}.

Example 1.4: Which of the following are examples
of the null set?
(A) Setofodd natural numbers divisible by 2.
(B) Setof even prime numbers.
(C) {x:xis anatural numbers,x <5 and x> 7}
(D) {y:yis a point common to any two parallel
lines} [NCERT]
Ans. (A) A set of odd natural numbers divisible by
2 is a null set because no odd number is
divisible by 2.
(B) Let A be asetofeven prime numbers

Since, 2 is only even prime number, Le,
A ={2}. Hence, it is not an empty ar null set.

(C) Let A = {x:x is a natural number, x < 5 and
x>7}

There is no natural number possible which is
less than 5 and greater than 7. Hence, A Is a
nullset ie,A={}.

(D) {y:yis a point common to any two parallel

lines} is a null set because parallel lines do
not intersect. Hence, they have no comman

point.
Singleton Set
A set that contains only one element is called a
singletan set.

Ilustration: Let A = {x:x + 5= 0, x € Z} is a singletan
set as set A contains only one integer -5.

A Cautlon

w Students should understand and remember that {0f s a
singleton set not an empty set (] | or ¢).

Finite and Infinite Sets

A set which is empty or consists of a definite number
of elements, is called a finite set otherwise is called an
infinite set.

Example 1.5: State which of the following sets are
finite or infinite:

(A) {x:xeNand(x-1)(x-2)=0}

(B) {x:xeNand2x-1=0}

(C) {x:xe Nandxis prime}
(D) {x:xe Nandxisodd}
Ans. (A) Given set = {1, 2}. Hence, it is finite.
(B) Given set = ¢. Hence, it is finite.
(C) The given set is the set of all prime numbers

and since the set of prime numbers is
infinite. Hence, the given set is infinite.

(D) Since, there are infinite numbers of odd
numbers, hence, the given set is infinite.

Equal Sets
Two sets A and B are said to be equal if they have the

same elements, and we write A = B, otherwise two sets
are said to be unequal sets, ie. A= B.

Equivalent Set
Two finite sets A and B are said to be equivalent,

if they have the some number of elements. ie.
n(A) = n(B) we can write AsBor A & B.

Illustration: fA={1,2,3,4,5}and B ={a.e.L 0. u}
Since, n(A) = n(B) = 5, so A and B are equivalent sets.

n‘.J/\]’ Important

= The number of distinct elements In a finite set ls called the
cardinal number of the set and It Is denoted by n (A). Eg. If

A={1.23.4,5}thenn (4) = 5.

Example 1.6: In the following, state whether
A =B or not:
(A) A=1{2, 4,6, 8, 10}, B = {x: x is positive even
integer and x < 10}.
(B) A={x:xisamultiple of 10};
B = {10, 15, 20, 25, 30, .. .}.
Ans. (A) A=12,4,68, 10}
B= {x : x is o positive even integer and
x< 10}
Positive even integers less than equal to
10=24,6,8,10.
Hence, B =1{2,4,86,8, 10}
Elements of set A =2, 4,6, 8,10
Elements of set B = 2,4, 6, 8, 10
Since, all elements of set A are B are the
same.
Hence, A =B
(B) B={10,15,20,25,30..}
And A = {x: xis a multiple of 10}.
Multiples of 10 are = 10, 20, 30, 40, 50, ...
Therefore, A = {10, 20, 30, 40, 50, .. .}

Here, 15 and 25 are in set B but notin set A,
ie,1525eBbut15,25¢ A

Hence, A= B
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Example 1.7: From the sets given below, select
equal sets:

A=1{2,4,812},B=11,2,3,4,},C=1{4, 8,12, 14},
D={3,1,4,2},E={-1,1}, F={0,a}, G={1, -1},
H={0, 1}. [NCERT]
Ans. A ={2 4,8 12}, n(A) = 4

B={1,2,3,4,n(B) =4

C={4,8,12,14},n(C) =4

D=1{3,1,4,2}1,nD)=4

E={-1,1},n® =2

F={0.a},n(F) =2

G={1-1}nG) =2
H={0.1}n(H) =2
Number of elements in A, B, C, D are the same,
ie, all have 4 elements. So they are comparable.

Now, we see that B and D have the same
elements.

So, B and D are equal sets.

Similarly, E. F, G, H are compaorable as they all
have the same number of elements ie. 2.

Clearly, £ and G have the same elements.

So, E and G are equal sets.

TOPIC 3
SUBSETS AND UNIVERSAL SET

Subsets

Let A and B are two sets. If every element of set A is
an element of set B, then we can say that ‘A is called
a subset of B’ or 'A is contained in B’ Le, A set A is said
to be a subset of a set B if every element of A is also an
element of B and we denote it by writing A < B.

The symbol 'c’is used to denote the phrase ‘is a subset
of” or 'is cantained in"

In notational form, we can write the following as:
AcBifaeA=aeB.
The symbol '="is used to denote the ward 'implies that

So we read the above statement as °A is a subset of B, if
a belongs to A implies that a also belongs to B”.

If there exists at least one element of A which is not an
element of B, then we say that, ‘A is not a subset of B’
or 'A is not contained in B’ and we denote it by writing
AaB.

We may note that for A to be a subset of B all that
is needed is that every element of A is also in B. It is
possible that every element of B may or may not be in
A.If it so happens that every element of B is also in A,
then we shall also have B € A. In this case, A and B are
the same sets so thatwehave AcBand Bc A< A=8,
where " is a symbol for two way implications, and
is usually read as if and only if (briefly written as "iff”).

Ilustrations:

(1) The set Q of rational numbers is a subset
of the set R of real numbers, and we write
QcR

(2) If A is the set of all divisors of 56 and B is the set
of all prime divisors of 56, then B is a subset of A
and we write Bc A

(3) Let A =1{1, 3 5}and B = {x : x is an odd natural
number less than 6}. Then A= B and B c A and
hence A = B.

Let A and B be two sets. fFAc Band A = B, then A, is
called a proper subset of B and B is called superset
of A. For example, A = {1, 2, 3} Is a proper subset of
B=1{1,2 3, 4}.Itis denoted by Ac B.

A subset of a set A can be equal to set A but a proper
subset of a set A can never be equal to set A. A proper
subset of a set A is a subset of A that cannot be equal
to A In other waords, if 8 is a proper subset of A, then
all elements of B are in A but A contains at least one
element that is not in B.

rﬁ Important

= Every set ls a subset of ltself Le. Ac A
- ¢ ls o subset of every set

= The total number of eubseta of a set ls 2”, where n la the
number of elementa contalned In a sec.

Eg Let A ={a. b. c}. n(A) = 3. then total number of saubsats
of set A= 23 = 8. The subsets as follows:

& {a}. [b}. [c}. {a. bl fb. c}. fa. c]. {a. b. ¢}

= The number of proper subsets of A Is one less than the
number of elements In the power the set le 27 - 1 set
itself will not be counted In the proper subset.

Example. 1.8: Let A = {1, 2, {3, 4}, 5}. Which of the
following statements are incorrect and why?

(A) 13,4lcA ® {3, 4}icA

© 1cA O {1,2,5}cA

€ {1,2,3}cA F) ¢eA

@) ¢cA H {o}cA [NCERT)

Ans. Given, set A = {1, 2, {3, 4}, 5}

(A) The statement {3, 4} c A isincorrect because
3 € {3. 4} however, 3 g A.

(B) The statement {{3, 4}} c A is corract because
3.4} e {3. 4}l and {3. 4} € A
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(C) The statement 1 < A is incorrect because an
element of a set can never be a subset of itself.

(D) The statement {1, 2, 5} = A is correct because
each element of {1, 2, 5} is also an element of A.

(E) The statement {1, 2, 3} c A is incorrect because
3 € {1, 2, 3}, however, 3 ¢ A

(F) The statement ¢ € A is incorrect because ¢ is not
an element of A

(G) The statement ¢ = A I8 correct because ¢ is a
subset of every set.

(H) The statement {¢} = A is incorrect because
6 € {¢}; however, ¢ A

Example 1.9: Write down all the subsets of the
following sets:

(A) {a} (B) {1, 2, 3}

©) {-1,0, 1} D) ¢

Ans. (A) Subsets of {a} are ¢, {a}.

(B) Subsets of {1, 2, 3} are a1}, {2}, {3}, {1.2}. {2.
3} {3.1},{1. 2,3}

(C) Subsets of {-1, 0, 1} are ¢, {~1}, {0}, {1}
{-1.0}, {01}, f-1.1}, {-1. 0, 1}

(D) Since, ¢ is a subset of every set, hence, the
subset of ¢ is ¢ ftself
Subsets of Set of Real Numbers
Same important subsets of real numbers are as under:
() Theset of naturalnumbers N={1,2,3_}.
(i) Thesetofintegers Z={. -3,-2.-1,0,1,2_3_}

(i) The set of a rational number

Q= {x:x:E,wherep,quundqan}
q

(iv) The setofirrational numbers T={x:x e Rand x ¢ Q}.
ie, all real numbera that are not rationals.

Thus, the obvious relations among these subsets
are:

NeZcQgcR

Intervals as Subsets of R

Let us now discuss the various types of Intervals which
are subsets of the set R of all real numbers. There are
four types of intervals:

Open Interval

Let g, b € R such that a < b. Then, the set of all real
numbers between a and b excluding both a and b is
called an apen interval from o to b. It is denoted by}(a.
b).

(a.b)=[x:xe Rand a <x < b}.

Semi-Open Interval

(1) Let o, b € Rsuch that a < b, then, the set of all
real numbers between a and b, including a but
excluding b, is called semi-closed interval (left
closed-right open) fram a to b. It is denoted by
[a, b).

[a.b)={x:xe Randa<x < b}.

(2) Let a b e Rsuch that a < b, then, the set of all
real numbers between a and b, excluding a but
including b, is caolled semi-open interval (left
open-right closed) from a to b. It is denoted by
(a. b].

(a.b)=[x:xe Randa<x<b}

Closed Interval

Let a, b € R such that a < b. Then, the set of all real
numbers between a and b including both a and b is
called a closed interval from a to b. In other words, the
interval which contains the end points is also called a
closed interval It is denoted by (g, b].

[a.b]=[x:x e Rand a <x<b}.

On a real number line, vaorious types of intervals

dascribed above as subsets of R, are shown in the figure
below.

(a.b) [a. b]
e A
[a.b) (a.b)

a b _ao_g_

6} Important

= The set [0, «) definea the set of non-negative real
numbers.

= The set (- o, 0) defines the set of negative real numbers.

= The set (- o. ) describes the set of real numbers.

Example 1.10: Write the following as intervals:
(A) {x:xe R -4<xs6}

(B) {x:xe R -12 < x <-10}

C) {x:xeR0<x<7}

(D) {x:xe R 3<x<4} [NCERT]

Ans. (A) {x:xe R-4<x<6}
This set excludes -4 and includes 6, so, this
set can be written as a semi-open interval.
as (-4, 6].
Hence {x:xe R -4 <x<6}=(-4,6]

B) {x:xeR-12<x<-10}

This set excludes both -12 and -10, so. this
set can be written as an open interval. as
(-12,-10).
Hence, {x:x e R, - 12 < x <-10} = (-12, -10).
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(C) {x:xe ROsx<7}

This setincludes 0 and excludes 7, so, this set
can be written as a semi-closed interval. as

[0. 7).
Hence, fcxe R0<x<7}=[0.7).
D) {xxeR3=<x<4}
This set ncludes both 3 and 4, so, this set

can be written as a closed Interval, as [3, 4].

Hence, fx:x e R 3sx<4}=[3.4]

Universal Set

A set that contains elements of all sets under
consideration is called a universal set. It is denoted by U.
For example, for the set of all integers, the universal set
can be the set of rational numbers or, for that matter,

the set R of real numbers.

Ilustration: Let A = {1, 2, 3, 4}, 8 = {2, 4, 6},
C =11, 3,5, 7}, the universal set for these set can be
U=1{1,2,3,.4,5.6,7}

Example 1.11: Given the sets A = {1, 3, 5},
B =12 4, 6} and C = {0, 2, 4, 6, 8} which of the
following may be considered as universal set (s) for
all the three sets A, Band C?

@ {0,1,2,3,4,5,6}
® ¢

© {0,1,2,3,4,56,7,8,9,10}

©) {1,2,3,4,56,7,8}. [NCERT]
Ans. Given sets are A = {1, 3, 5§}, 8 = {2, 4, 6} and
C=10,2. 4,68}

(A) {0.1.2,3,4,5 6}
Elements of A, B and C together
={1.3.52.4,.6,0, 8}
The given set does not contain 8, so it
cannot be a universal set for A, B and C.

®) ¢
Elements of A, B and C together = {1, 3,5, 2,
4,6.0, 8}
Since, ¢ does not contain any element, so, it
cannat be a universal set for A, B and C.

(C) {0.1.2.3.4,5,6.7,8,9, 10}
Elements of A, B and C together = {1, 3, 5, 2,
4,6,0, 8}
Since, the given set contains all the elements

of set A, Band C, so it is a universal set for
A, BandC.

(D) {1.2,3,.4.5.6,7,8}
Elements of A. B and C together = {1, 3. 5, 2,
4,6,0, 8}
Since, the given set does not contain 0, so, it

cannat be a universal set for A, B and C.

TOPIC 4
VENN DIAGRAM AND OPERATIONS ON SETS

Venn Diagrams

Most of the relationships between sets can be
repregented by means of diagrams which are known
os Venn diagram. A Swiss mathematician, named
Euler gave an idea to represent a set by the points in
a closed curve. Later an, British mathematician John-
Venn (1834- 1883) brought this idea to practice. That
is why the diagrams drawn ta represent sets are called
Venn-Euler diagrams ar simply Venn diograms. These
diograms consist of rectangles and closed curves,
usually circles. The universal set is represented usually
by a rectangle and its subsets by circles. In Venn
diagrams, the elements of the sets are written in their
respective circles. Sometimes pictures are very helpful
for our thinking.

In Venn diagrams, the universal set U is represented
by points within a rectangle and its subsets are
represented by paints in closed curves (usually circles)
within the rectangle and the elements of the sets are
written in their respective circles. Also, the elements of
a set are within the circle of the set and represented by
a paint

Illustration: Let U = {1, 2, 3, _, 10} is an universal
set of which A = {2, 4, 6, 8, 10} Is a subset, its \Venn
diagram is shown as:

U

e 1 *3

s 5

*9

L

@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : &

If B = {4, 8} is anather set such that B c A, then its Venn
diagram can be drawn as

Operations on Sets

We are already familiar with the fundamental
operations (addition, subtraction, multiplication, and
division) on numbers. Each one of these operations
was performed on a pair of numbers to get another
number. Similarly, there are some operations that
when performed on two sets give rise to another set.
We will now define certain operations on sets and
examine their properties. Henceforth, we will refer to
all our sets as subsets of some universal set.

For example, suppose you live in a hostel. You, with your
new roommate, decide to hove a party in your hostel
room, and you bath invite your friends. At this party,
two sets are being combined, though it might turn out
that there are some friends that were in both parties
or sets.

Union of Sets

Let A and B be any two sets. Then, the set which
consists of all the elements of A and all the elements
of B, the common elements being taken anly ance is
known as union of A and B. The symbol "' is used to
denote the union

Symbolically, we write the union of Aand Bos AU B
and reads as ‘A union B, also, we can write AU B as
fx:xeAorxeB)

The union of two sets can be represented by a Venn
diagram as

u

A

B
AuB

In the above Venn diogram, the shaded portion
represents A U B.

Some properties of the unlon aperations are:
) AuB=BuUA (Commutative law)
i) AuB)uC=Au(Bul (Associative law)

(i) Audp=A (Law of identity
element, ¢ is the
identity of U)

vy AUA=A (Idempotent law)

) UvA=U (Law of U)

Intersection of Sets

Let A and B be any two sets. Then, the intersection of
sets A and B is the set of all elements that are common
to both A and B. The symbol ‘~' is used to denote the
intersection.

We write the intersection of sets A and B as A n B and
read as 'A intersection B, olso we can write A n B as
{x:xe Aand x € B}

The intersection of two sets can be represented by o
\enn diogram as,

u

A

B

AnB

The shaded portion in the above diagram represents
AnB.

If A and B are two sets such that A~ B = ¢, then A and
B are called disjoint sets.

For example, letA={2,4,6,8}andB={1,3,5,7}.
Clearly. there are no commaon elements in both sets
Aand B, whichmeans AnB=¢

Then, sets A and B are disjoint sets, because there are
no elements. Disjoint sets are represented in the Venn
diagram as shown in diagram below.

u

Let A, B and C be the three sets, then some important
properties of intersection are:

) AmB=BnA (Commutative law)
i) AnB)NC=AnEBNQ (Associative law)
[iioenA=o.UnA=A (Low of p and U)
iVVANA=A (Idempotent low)

W) ANBUO)=ANBU(ANnO

(Distributive law ) Le,, n distributes over U

These intersection properties can be represented in
Venn diagram as follows:

U @9

® BuO @ An(BuUO

@&

(i) (AnB) i) AnQ

L
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U (C) A = {x:xis a natural number and multiple of

=$1.2.9. 4.5}
AnB={3.6.9..}n{L23.4.5}
= {3}

0‘ 3}=13.6,9.. }
"\ B = {x:xis a natural number less than 6}

V) AuBuAL()

Difference of Sets (D) A= {x:xls a natural number and 1 < x < 6}
Let A and B be any two sets. Then, the set of all those =1{2,3,4,5, 6}
elements of set A that are not in set B, Is called the B = §x: xis a natural number and 6 < x < 10}
difference of the sets A and B. 789
Symbolically, we write the difference of A and B as =243
A - B and read as 'A minus B, also, we can write AnB=1{234756}n{7.89}
A-B ={x:xe Aandx ¢ B} ={}ord
7 important ® A={L23} B=4
= Foranytwosets Aand B, we have A-B=AnE. AnB={123}n{}
= Foranytwosets A and B, we have B-A=Bn A" =6
Example 1.12: If A = {1, 2, 3, 4} B = {3, 4, 5, 6}, Since, there are no common elements in
C={5,6,7,8}and D = {7, 8,9, 10}, find: both sets.
(AVAUB B AucC
C)BuC D) BuD Example 1.14: Which of the following pairs of sets
(E]AUBUC (F)AUBUD CIrEdISJOInﬂ
Ejaas i (NCERTY  aj i1, 2,3, 4 and ez isa motarel Aubisrand
Ans. (A) AUB=1{1,234}uU{3 45,6} ()i. ) rs}an {x : x is a natural number an
={1.2.3, 45,6} 5.6
®) AuC=1123,4}uU{5, 6,7 8 (B) {a, e, i, 0,u} and {c, d, ¢, f}
={1,23,4,56,7,8} (©) {x : x is an even integer} and {x : x is an odd
(©) BuC=13,4,56}ui5.6,7 8} integer}
={3,4,56,7, 8} B O o
© BUD =13, 45,6} U{7,8.9, 10} Ans. (A) LetAb_ {1,2,43, 4}0;11 Ei;[)sc.ex is a natural
={3.4,5,6.7.8,9, 10} nupbsranddsxsol=tha
€ AUBUC={L 23 4}U{3.4,5, 6} We know that, two sets are disjoint if they
uiS. 6,7, 8} hove no common element
={1,2,3,4,5,6,7,8} Here, AnB=1{1.234}n{4,56}={4} = ¢
F) AuBuD=1{1,273,4}0{3.4,5,6} Since, there is a common element in both
v {7,8,9 10} sats.

={1,2,3,4.5.6,7,8,9,10}

Hence, the given pair of sets is not digjoint.
(G) BuCuDbD=1{3,4,56}uU{56,7.8}

(B) Let A={ag,e,ioulandB={cd e f}

v {7,.8,9, 10} S
={3,4,5.6.7, 8.9, 10} We know that, two sets are disjoint if they
Example 1.13: Find the intersection of each pair of AT ek
et Here. AnB={a. e loulnicdef}
A)X={1,3,5 Y=1{1,2, 3} =fel ¢
B)A=1{aei0,u} B={ab,c} Since, there is a common element in both

(C) A = {x: x is a natural number and muttiple of 3}
B = {x : x is a natural number less than 6}
(D) A = {x: x is a natural number and 1 < x < 6}.

sets.

Hence, the given sets are not disjoint.

B = {x : x is a natural number and 6 < x < 10} (C) Let A = {x: x is an even integer} = {. .., -4, -2,
E)A=1{1,2,3},B=9¢ [NCERT] 0.2,4,..3}and B = {x : x is an odd integer}
Ans. (A) X=1{1,3,5} Y={123} ={..-5-3,-1,1,35,..}

XnY={1351n{123] We know that, two sets are disjoint if they
@A=ie f.;liii'a}s ={a.b.d have no comman element
AnB ={g,eiou}l niabc} Here, AnB=¢
= {a} Hence, the given pair of sets are disjoint

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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Example 1.15: If A and B are two sets such that
Ac B, then whatis Au B?

Ans. Let A = {1, 2} and B = {1, 2, 3}

Here, every element of set A is in set B. So, A is a
subset of B,ie,AcB

AuB=1{12}u{l, 23}
={1,2.3}
Thus, AuB=8

Example 1.16: Case Based:

After ending the topic ‘Operations on sets, the Maths
teacher Mrs. Gargi Sharma of class Xl wants to check
student’s understandings about the topic that she
taught, so she writes three sets P, Q and R such that P =
{2.4,6,8,10},Q0={3 5 7,9}and R={3,4,6,8, 12} on the
blackboard and ask the students of the class observe
these sets written on the blackboard and te answer the
guestions.

Based on the above information, answer the
following questions.

(A) Assertion (A): The valueof PN Q = ¢
Reason (R): A set that does not contain any
element is called the empty set.

(a) Both (A) and (R) are true and (R) is the correct
explanation of (A).
(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).
(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.
(B) What is the value of P R?

(C) Which of the following is correct for two sets P
and Q to be disjoint?

@PAQ=9¢ BYPNQ=9¢
@PUQ=9¢ dPuU@=¢

(D) Which of the following is correct for two sets P
and R to be intersecting?

(@PNnR=¢ (b)PAR=P
(©PNR=¢ dPnR=R
(E) FindPUQUR.
Ans. (A) (d) (A) is false but (R) is true
Explanation:
={2,4,6,8,10},Q=13.5.7,9}
PnQ={2.4,6,810}{3.57.9}

Here, no elements are common in P and Q.
Therefore, PN Q =¢
(B) P={2,4,6,8 10} and R={3,4, 6,8, 12}
PnR=1{246.810}n{3.4.6.8.12}
PnR=1{4,86 8}
© @PnQ=4%
Explanation:
There is no commean element in P and Q.

Also, we know that two eets are disjoint, if
they have no common elements.

Hence, P n Q = ¢ represent disjoint sets.

D) @PnR=¢
Explanation: If P and R are intersecting, that
means there are some elements comman in

Pand R,
ButPAR=1{4,86, 8} [From B)
So,PAR=¢

(E) Given, P={24,6,8,10}. Q=1{3,5.7,9}aond
R=1{3 4,68 12}
PUQuUR=14246810ju i3 57 9u
{3,4.6,8,12}
So.PUQuUR=1{2,3.45.6.7.89 10, 12}

Complement of a Set

Let U be the universal set and A be any subset. Then the
complement of A is the set of all elements which are in
Ubutnotin A

We can write
A'={x:xeUandxg A ar A'=U-A}

Illustration: Let U = {1, 2, 3, 4, 5. 6, 7, 8, 9. 10} and
A={1.3,5,7,9} then A'= U-A={2. 4. 6,8, 10}

Some Properties of Complement Sets
® Complementlaw:AUA'=Uand AnA'=4¢.

(i) If A and B are any two subsets of the universal set
U, then the complement of the union of two sets
is the intersection of their complements and the
complement of the intersection of two sets is the
union of their complements. (A w B)' = A’ n B’ and
(AnB)=A"uUB
These are caolled De Morgan's lows. These are
named after the mathematician De Morgan

Illustration: Let U = {1, 2, 3 4, 5 6}, A = {2 3}
and B = {3, 4, 5}, then A’ = = {1. 4, 5, 6},
E‘=U—B={1,2.6},Au9—{2,3,4.5},
A'nB'={1,6}and(AuB)'=U-(AuB)={1,6} Hence,
(AUB) =A' B

@) Law of double complementation: (A)" = A

(iv) Laws of empty set and universal set: ¢’ = U and
U= ¢
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(6}’ Important

= |f A [s a subset of the unlversal set U. then its complement

A'ls also a subset of U.

u A

~ The shaded portion represents the complement of set A

Example 1.17: ALl in the blanks to make each of

the following a true statement:

=1{1,2,3,4,5.6,7.8.9}-{2.3,5. 7}
=11,4,6.8,9}
Thus,RHS=A"'nB'={1.3,5,.7.9} ~{1.4, 6, 8.9}
= {19}
Clearlyy, AuByY=A'nB
Hence, verified.
(B) We have to verify that(An B) =A' U B
AnB=1{24,68}n{23, 5 7}={2}
Thus, LHS=(AuB=U-(AnB)
={1,2,3,4,5,6,7,8 9} - {2}
=1{1,3,4,56.7,8,9

(A) AvA=. .. B) ¢nA=_.. A'=U-A=1{1,2,3,45,6,7,89}-{2 4.6,8}
(C) AnA'=... D) UnA=... ={1,3.5,7,8}
Ans. B'=U-B={1,2,3,4,5.6.7.89}-{2.3,5.7}
(A) | AUA"=U U A ket
Andso,RHS =A"UB ={1,3,5,7,9}u{1,4.6,8.9}
={1.3.4.5,6,7,8,9}
AnB) =AUl
— —_— Hence, verified.
! = U— — U
® z , E)'} H Example 1.19: Taking the set of natural numbers
A= as the universal set, write down the complements
Now.¢'mA=UnA= A‘ of the following sets:
. (A) {x:xis aprime number}
©)|[AnA =¢ ‘ U A’ (B) {x:2x+5=9}
‘ (C) {x:xe Nand 2x + 1> 10} [NCERT]
Ans. (A) We have to find complements of {x: x is a
| prime number}
D)UnA=U=U-U U ‘ Natural Number
={i=d / l \
So. U'=¢ ‘
Thus, P nA=$nA =¢| Prime Composite ijn'her
S il [n ) numbers  numbers prime

Example 1.18: f U = {1, 2, 3, 4, 5, 6, 7, 8, 9},

A=12,4,6,8} and B = {2, 3, 5, 7}. Verify that
(A) (AUBY =A'N B’

(B) AnB)y =A"UB’ [NCERT]

Ans. (A) Toverify that(AuB)'=A"nB"
AuB=1{2468tui{235,7}]
={2,3,4,5,6,7, 8}
LHS=(AuB)=U-(AuUB)

={1,2,3,4,5,6,7,8,9}-{2,3,4,5,6,7,8]

= {1,9}
Also, A'= U-A

=1{1,3,5,7,9]}
and B =0U-8B

Get More Learning Materials Here : &

9
g
4
={1,2.3.4,5,6,7,8,9} - {2. 4. 6,8} "
2
2

Eg.2,3,7, Eg.4,6,8,9, nor compasite
11,13 10,12 Eg 1

U is set of natural numbers

{x:xIs a prime number} = {x:x e Nand x is
a camposite number or x = 1}

(B) We have to find complements of {x: 2x + 5
=9}
U=1{1,2134,5,..}
2x+5 =

2x=9-5
2 =

X

=
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x:2x+5=9) ={x:x=2}
={x:xe Nand x = 2}
(C) We have to find complements of {x: x e N
and 2x+ 1> 10} = {x:x € Nand 2x + 1 > 10}
U={1,2.3.4,5...}

2x+1>10
2x>10-1
2x>9
9
x>—
2
x>45
e fx:xeNand2x+1>10={x:x e Nand
x> 4.5}
Thus, {x:xeNand 2x+ 1 >10={x:xe N
and x > 4.5}

={x:x e Nandx <45}
Example 1.20: Show that for any sets A and B,
(A) A=(AnB)U(A-B)
(B) Au(B-A)=(AUB)
Ans.(A) A=(AnB)UA-B)
Consider RHS = (AnB) V(A -B)

AnBuUA-B)
[by def of difference of sets, A-B=An B7]
=An(BuUB)

[by distributive]
=AnU [AUA =U]
=A
=LHS

Hence, A=(AnB)u(A-B)
B) AuB-A)=AUB
Consider, Au (B - A)
=AUuBnA)
[by def of difference of sets. A-B=An B
=(AUB)N(AUAY
[by distributive property]
=AuBnU [:rAUA=U
=AuUB

Example 1.21: In each of the following, determine
whether the statement is true or false. If it is true,
prove it. If it is false, give an example.

(A) fAcBandBeC,thenAeC

Ans. (A) fAcBandBeCthenAeC
Let A = {2},
Since, A c B, element of set A ie, 2 should
be an element of set B taking B = {0, 2}
Also, since B € C ie, whole set B is an
element of set C
Taking C = {1,{0. 2}. 3}
We have to prove that A € C
But, {2} € Cas {2} is not element of C
Hence, A ¢ C
So, the given statement is false.
B) fAcBandBcC thenAcC
Let A = {1},
Since, A c B, dll elements of set A ie, 1
should be an element of set B
Taking B = {1, 2}
Also, B = C, all elements of set B Le, 1, 2
should be an element of set C
Hence, taking C = {1, 2, 3}
We have to prove that Ac C

Since all elementsof Aie,lisinsetC Aisa
subset of C

So, the given statement Is true.

Example 1.22: Show that the following four
conditions are equivalent:
(A) AcB (B) A-B=¢
(C) AuB=8B (D) AnB=A
Ans. Showing condition (A) is equivalent to condition (B)
If A < B, this means that all elements of A are
in B,
So. A has no elements different from B
= A-B=¢
Showing condition (B) is equivalent to candition (C)
A-B=¢
This means A has no elements different from B
So, all elements of A are in B

So, AuB=8
Showing condition (C) is equivalent to condition (D)
AuB=8

This means all elements of A are in B,

So, the common elements of A and B must be
the elements of A

So, AnB=A

Thus, (A) < (B) < (C) < (D)

B) AcBandBc(C,thenAcC [NCERT] Thus, all the four conditions are equivalent.
TOPIC 5
APPLICATIONS OF SETS

If A and B are two finite sets, then there are two cases
that may arise.

Case I: If A and B are disjoint sets then, there will be no
cammon elementinAand B, ie,AnB=4¢%

Thus, n(Awv B) = n(A) + n(B)

OO0
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Case lI: If A and B are not disjoint sets then, there will
be common elementin A and B, then

n(A v B) =n(A)+n(B)-n(AnB)

@o

(AnB)

& Caution

v Students should understand that If A and B are disjoint sets.
then the formula will be written as

n(Aw B) = n(A) + n(B) because for disjoint set AnB = ¢

Some Important results

(1) If A and B are finite sets and A N B = &, then
nAuB)=n(A)+n(B)

(2) If A and B are non-disjoint finite sets, then
n(AuB)=nA)+nB) -n(AnB)

(3) We can see from the above Venn diagram that the
sets A-B, An B and B - A are disjoint and their
union is A U B, therefore, we can write,

n(AuB)=n(A)+n(B)-n(AnB)
We can also write,
n@A)=n(A-B)+n(AnB)
nB=n({B-A)+n(AnB)

(4) IfA Band Carefinite sets,and number of elements
of three sets are given, then
nAuBuQ=n(A) +n(B)+n(O-nAnB)-nBNn Q)

-AnQ+n(AnBNQ

In the following table, we give some verbal descriptions
with their equivalent set-theoretic notation.

_Verbal Description Theoretical Notation
For two sets problems:
Not A A’
Only A AnE

‘ AbutnotB AnB

' OnlyB A'nB
B but not A A'nB

_EitherAc:rEi __iu_B ]
Atleastane of Aand B AuB
AandB AnB B
AorB AuB

_NeitherA_no[ B 3 A'nB B
For three sets problems:

NotA & ]
Only A AnBnNC

Only B ANnBnC
_Onlg_C AnBnNC
;Orig:ﬁ\cndB AnBnC
Only Bg_:md_C A'nBnC
OnlyAand C AnBnC 7
7At Leaston;:afA, B,andC |AuBuC
None of A, B,and C AnBnC

Example 1.23: If X and Y are two sets such that
X U Y has 18 elements, X has 8 elements and Y has
15 elements; how many elements does X N Y have?

[NCERT]
Ans. Given,n(Xu Y) =18
n(X} =8
n(Y) =15
We know that,

nXuY)=nX) +n(Y)-nXnY)
18 =8+15-n(XnY)
18 =23-n(XNY)
nXnY)= 23-18
nXnY)=5
Example 1.24: In a group of 65 people, 40 like
cricket, 10 like both cricket and tennis. How many

like tennis only and not cricket? How many people
only like tennis? [NCERT]
Ans. Let C and T denote the set of people who like
cricket and tennis, respectively.
Number of people in the group
= Number of people who like cricket or tennis
=n(CuT)=65
Number of people who like cricket = n(C) = 40,
Number of people who like both cricket and
tennis=n(CnT)=10
We know that,
nCuT)=n(Q)+n(M-n(CnT)
65 =40 +n(T)- 10
65 =40-10+n(T)

85 =30 +n(T)
65 - 30 = n(7)
n(7) = 35

Therefore, 35 people like tennis (Le, who like only
tennie and also those who like both tennis and
cricket, as depicted below)

People who like tennis

/\

People who like Peaple wha like both
only tennis tennis and cricket

Number of people who like only tennis but not
cricket

= Number of people who like tennis - Number of
people who like both tennis and cricket

L

@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : &

=n(T-Q
=n(N)-n(Tn O
=35-10
=25

Thus, 25 people only like tennis.

Example 1.25: If X and Y are two sets such that
X has 40 elements, X U Y has 60 elements and
X N 'Y has 10 elements, how many elements does
Y have? [NCERT]

Ans. Given
H(XJ =40.HO(UY)=60.H(XF\Y}=10
We know that,
nXuY) =n() +nY)- nXNY)
60 =40+ n(¥)-10
60 =40-10+n(Y)
60 =30+ n(Y)
n(Y) =60-30=30
Thus, the set Y has 30 elements.

Example 1.26: In a survey it was found that 21
people liked product A, 26 liked product B and 29
liked product C. If 14 people liked products A and
B, 12 people liked products C and A, 14 people liked
products B and C and 8 liked all the three products.
Find how many liked product C only. [NCERT]
Ans. Let A, B and C be the sets of peaple who like
product A, product B and product C respectively.
Number of people who liked product A
= n(A) = 21.
Number of people who liked product B
= n(E) = 26.
Number of people who liked praduct C
= .ﬂ(c,) = 29.
Number of people who liked product A and B
= n(A n B:I =14
Number of people who liked product C and A
=n(CnA)=12
Number of peaple who liked product Band C
=nEBnQ=14
Number of people who liked oll three products
A BandC
=nAnBNn(C)=8
Let us draw a Venn diagram

a3

0‘535

Sag!

Number of people who liked product C only
=n(O-n(lCnA)-nBRO+n(AnBN O
=29-12-14+8 =11

Hence, the number of people wha like product C only

is 11.

B

Example 1.27: Case Based:

In @ school. during the new academic session 2021-
2022, in all sections of class XI, out of 200 students,
30 students offered English only, 24 students offered
Sanskrit only, 16 students offered only Hindi, 80
students offered Hindi and English, 40 students offered
Hindi and Sanskrit, 20 students offered English and
Sanskrit, 130 students aoffered HindL

Based on the above information answer the
following questions:

(A) Assertion (A): The number of students who
offered all the three subjects are
7

Reason (R): The diagrams which are drawn
to represent sets are called Venn
diagrams.

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)istrue but (R) is false.
(d) (A)is false but (R) is true.
(B) The number of students who offered English is:

(a) 130 (b) 120
(c) 124 (d) 100
(C) The number of students who offered Sanskrit is:
(a) 56 (b) 62
(975 (d) 78

(D) Find the number of students who offered English
and Sanskrit but not Hindi.

(E) Find the number of students who did not offer
any of the above three subjects.

Ans. Let E, S and H be the sets of students who
offered English, Sanskrit and Hindi, respectively.
Let x be the number of students who offered all
the three subjects, then the number of members
in different regions are shown in the following
diagram.

L
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®

(d) (A is false but (R) is true.
Explanation:
From the above Venn diagram,
We have, the number of students who offered
Hindi.
(B0-x) +x+ (40 -x) + 16 =130 [Given]
= 136 -x =130
= x=6
The number of students who offered all the
three subjects are 6.
(c) 124
Explanation:
From the above Venn diagram,

The number of students who offered English

©

©)

®

=30+ (20-x) +x +(80-x)

=130-x

=130-6

=124 [~ x = 6. fram (A)]
(d) 78
Explanation:

From the above Venn diagram,
The number of students who offered Sanskrit
=244+ (20-X) +x + (40 -x)
=84-x
=84-6=78 [~ x=8, from (A)]
From the above Venn diagram,
The number of students who offered English and
Sanskrit but not Hindi
=20-x=20-6=14
[~ x=6.from (4)]
The number of students who offered any of the
three subjects
=30+24+16 +(20-x) + (B0 -x) +
(40-x) +x
=210-2x
=210-2 x 6= 198~ x =6, from (A4)]
The number of students who did not offer any
one of the three subjects =200 -198 =2

(OBJECTIVE Type Questions)

[ 1 mark]

Multiple Choice Questions

i.

Ans.

Ans.
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fX={8"-7n-1]ne N}and Y = {49n - 49 |
n € N}, then:

(@) XcY (b) Yc X
(©) X=Y d) XnY=¢
[NCERT Exemplar]
(@ XecY
Explanation:

X =1{8"-7n- 1|neN} = {0, 49, 490_. }
Y = {49n - 49|neN} = {0, 49, 98, 147, .. 490, _ }

Clearly, every element of X is in Y but every
element of Yis not in X_

Xe)
The roster form of the following set is a set of
integers between -5 and 5 is:
(ﬂ) {_4l _31 _21 _11 Ol 1r 21 3J 4}
(b) {-5,-4...4,5}
(©) 10,1,2,3,4,5}
(d) none of these
(a) {-4.-3.-2-1,0. 1, 2, 3, 4}

Explanation: According ta the question, we have
to write the integers that come in between -5

Ans.

and 5 means -5, 5 are not included. so the roster
form is {-4, -3, -2,-1,0.1, 2. 3, 4}.

Which of the following set is a finite set ?
(a) Set of concentric circles

(b) Set of letters in English alphabets

(c) xeR:a<x>1}

(d) None of these

. (b) Set of letters in English alphabets

Explanation: From the above options, only
option (b) cantains countable elements, as we
can count the elements of a set of letters in
English alphabets, hence it Is a finite set .

If X = {1, 2, 3}, if n represents any member of x,
then all elements of a set, containing element
n + 6 is given by:

(@) 16,7, 8} (b) {5,6,7}
(©) 17,8,9} (d) 8,9, 10}
(© {7 8 9

Explanation: The elements in a set containing n
+ 6 elements where nex will
1+6,2+6,3+6={7,8 9}

Let S be aninfinite setand S,, S, S,,... , S, be
sets such that S, WS, US;US =8 then

(a) at least one of the sets S, is a finite set

L
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Ans.

6.

Ans.

Ans.

Ans.
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(b) not more than one of the set §, can be

infinite
(c) atleast ane of the sets §, is an infinite set
(d) none of these [Diksha]

(a) at least ane of the sets S, is a finite set

Explanation: S, U S, U S, U S, For S to be an
infinite set, at least one of sets S, must be infinite,
since if all S_i were finite, then S will also be finite.

Two finite sets have m and n elements, The
number of subsets of the first set is 112 more
than that of second set. The values of mand n
are respectively:
(a) 4,7 (b) 7,4
(c) 4,4 7,7

[Diksha, Delhi Gov. SQP 2022]
()7 4
Explanation: Given that the total number of
subsets of the first set is 112 more than the total
number of subsets of the second set.
= 2m-2" =112
=5 TPy =20 T
22=2and (@™""-1)=7
We can say that the value of n = 4

2me_1 =7
= 2m"" =8
= Sl =23|-.'n=4]
= m-4=3
= m=7

Therefore the value of m=7 and n = 4.

The symmetric difference of A = {1, 2, 3} and
B = {3, 4, 5}is:

(a) {1,2} (b) {1,2,4,5}
() 4,3} d) {2,5,1,4,3}
[Diksha]
(b) {1. 2, 4. 5}
Explanation: ANB=(A-B)u (B-A)
A-B={1,2}
B-A={4,5}

So, A-B)u(B-A) ={1245}
letA={x:xe R, x>6}andB=§xe R:x<9}.
Then, A n B is equal to:

(@ (7, 8] (b) (7,8)
© [7,8 @ [7,8]
(®) (7. 8)
Explanation:
A ={x:xeR x> 6}
=A={789...}
B = {xeR:x< 9}
=48,7.8:5:.:4

ANnB ={x:xeR x> B} n{xeR:x <9}
={xxeR x> 6B6andx <9}

9.

Ans.

10.

Ans.

i1.

Ans.

12.

={x:xeR 6<x<9}
(it shows an open interval)
=(7.8)
Let U be the universal set containing 700
elements. If A, B are subsets of N such that
n(4) = 300, n(B) = 400 and n(A n B) = 50.
Then, n(A’ n B’) is equal to:
(a) 400 (b) 650
(c) 300 (d) none of these
(d) none of these
Explanation: Given,
n(A) = 300, n (B) = 400 and n(A n B) = 50
and n (U) = 700
We have,
n(A' N B) =n(A v By
nf(AuwB) =n(A) +n(B)-n(AnB)

=300 + 400-50
=650
n(AwB)y =700-650=50
Thus,
n(A'nB) =50

Let A and B be two sets such that n(4) = 20,
n(B) =10, n(A v B) = 15. Then, n(A n B) is equal
to:

(a) 30 (b) 40

(c) 15 (d) none of these
() 15

Explanation: Given, A and B are two sets such
that

n(A) = 20, n(6) = 10, n(A u B) = 15
We know that.

n(A u B) = n(A) + n(B) - n(A n B)
15=20+10-nA n B)
15=30-n(AnB)

n(AnB) =15

if A and B are two disjoint sets, then
n(A n B) is equal to:

(@0

() n(A) + n(B) - n(A ~ B)

(© n(A) + n(B) + n(A A B)

(d) n(A) n(B)

(@0

Explanation: If A and B are two disjoint sets,

then there will be no common elements set
A and B.

Thus, AnB=4¢

Hence, nfAn B)=0

If A and B are two sets such that n(A) = 50,
n(B) = 20, n(A n B) = 40, then n(A U B) is equal
to:
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Ans.

5.

Ans.

14.

Ans.

i5.

Ans.
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(a) 20 (b) 30
(c) 40 (d) 50
(b) 30

Explanation: Given, A and B are two sets such
that n(A) = 50, n(B) = 20, n(A n B) = 40,
We have,

n(fA v B) = n(A) + n(B) - n(A n B)
Putting the values, we get

n(Aw B) =50+ 20 - 40

n(A v B) =30
Two finite sets have m and n elements. The
number of subsets of the first set is 112 more
than that of the second set. The values of m
and n are, respectively.
(@ 4,7 (b) 7, 4
() 4,4 @77

[NCERT Exemplar]

(b) 7. 4
Explanation: Given that m and n are elements
of two finite sets.
Number of subsets of first set = 2™
Number of subsets of second set = 2"
According to question,

2M_2"=112=2x7
= PRT-N=72' V=1
On comparing, we get

n=4andm-n=3

= n=4andm=7
If S = { x| x is a positive multiple of 3 less than

100} and P ={ x| x is a prime number less than
20}. Then, n(S) + n(P) is equal to:

(@) 34 (b) 31
(c) 33 d) 41

[NCERT Exemplar]
(d) 41

Explanation: S = {x x is o positive multiple of 3
less than 100}
= §$={3.69.12... 99}
=% n(S) =33

P= {x x is a prime number less

than 20}
= P=4235,7,1113,17,19}
n(P)=8
nS)+n(P)=33+8
=41

In a town of 840 persons, 450 persons read
Hindi, 300 read English and 200 read both.
Then the number of persons who read neither
is:

(@) 210 (b) 290
(c) 180 (d) 260

[NCERT Exemplar]
(b) 290

Explanation: Let H be the set of persons who
read Hindi and E be the set of persons who read
English.

Then
n(U) = 840, n(H) = 450, n(E) = 300
n(HNE) =200
Number of persans who read neither
=nH' N E)

=nHNE =nU)-nHUE)
=840 - [n(H) + n(E) - n(H N E))
=840- (450 + 300 -200)
=840-550

=290

16. ¥ A={x:xisa multipleof 3} and,B={x:xisa

multiple of 5}, then A n Biis:
(a) {x:xisamultiple of 3}
(b) {x:xisamultiple of 5}
(c) {x:xisamultiple of 15}
(d) none of the above

Ans. (¢) {x :x is a multiple of 15}

Explanation:
A={36912151821,...}
B ={5.10,15,20,25,30... }
Then,
AnB={3,6,9121518,21,.. }n {5, 15,20,
5.30..}
={15,30,45...} = [x:xis a multiple of 15}

17. An investigator interviewed 100 students

to determine the performance of three
drinks: milk, coffee, and tea. The investigator
reported that 10 students take all three drinks
milk, coffee, and teqg; 20 students take milk
and coffee; 25 students take milk and tea; 20
students take coffee and tea; 12 students take
milk only; 5 students take coffee only and 8
students take tea only. Then the number of
students who did not take any of the three
drinks is

(a) 10 (b) 20

(c) 25 (d) 30

Ans. (d) 30

Explanation: According to the given information,
the Venn diagram is:
Milk Coffee

=)
(ST

Tea

Now,nMuCuT)=12+5+8+10+15+10
+10=70

Now, number of peaple who did not take any of
thedrinksis n(MM'AC A T)=n(MuCuT)
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is.

= nMuCuTl)=N-nMuCuT
= nMuCuTl)=100-70=30

In a class of 175 students, the following data
shows the number of students opting for one
aor more subjects. Mathematics 100; Physics
70; Chemistry 40; Mathematics and Physics
30; Mathematics and Chemistry 28; Physics
and Chemistry 23; Mathematics, Physics and
Chemistry 18. How many students have been
offered Mathematics alone?

(a) 35 (b) 48
(c) 60 (d) 22
Ans. (c) 60
Explanation: Let M, P and C denote the set of
students who opt for Mathematics, Physics and
Chemistry respectively.
Number of students who opted Mathematics
only
=n(M)-n(MP)-nMnQ +n(MnPnC)
=100-30-28+18=60
19. In a room containing 28 people, there are 18
people who speak English, 15 people who
speak Hindi and 22 people speak Kannada.
9 people speak English and Hindi, 11 people
speak both Hindi and Kannada and 13 people
who speak both English and Kannada. Find
the number of people who speak all the 3
languages.
(@) 6 (b) 7
(c) 8 d) 9 [Diksha]
Ans. (a) 6
Explanation:

Get More Learning Materials Here : &

Total number of people = 28
Number of people who speak English = 18
Number of people who speck Hindi = 15
Number of people who speak Kannada = 22
Number of people who speak both English and
Hindi =9
Number of people who speak both Hindi and
Kannada =11
Number of people who speak both English and
Kannada =13
Let, people who speak all 3 languages be x
Total number of people = number of people
speaking (Hindi + English + Kannada) - number
of people speaking (Hindi and English + English
and Kannada + Kannada and Hindi)+x
28=(15+22+18)-(9+ 11 + 13) + x
x=28-55+133
x=6

Assertion Reason Questions

Dire

ction: In the following questions, a statement of

Assertion (A) is followed by a statement of Reason

®.

Choose the correct answer out of the following

chol

(@

®

©
@
20

Ans.

21

Ans.

22

Ans.

ces.
Both (A) and (R) are true and (R) is the correct
explanation of (A).

Both (A) and (R) are true but (R) is not the caorrect
explanation of (A).

(A) is true but (R) is false.

(A) is false but (R) is true.

. Assertlon (A): Theset D = { x: x is even prime
numbert} in roster form is {2,3}.

Reason (R): The set E = the set of all letters
in the word: ‘SCHOOL, in the
roster formis {S, C, H, O, L}.

(d) (A) is false but (R) is true.

Explanation: We can see that 2 is the anly even
prime number here. So,

D = { x x is even prime number} = {2}

Thus, the given roster form of set D is wrong.
There are 6 letters in the word 'SCHOOL out of
which letter O is repeated.

Hence, set E in the roster form is {S, C, H, O, L}.

Assertlon (A): The set {1, 8, 27,. .., 1000} in
the set-builder form is

fxxx=n° wherene Nand1s
n<10}.

In roster form, the order in
which the elements are listed
is immaterial.

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

Explanation: We can see that each member in

the given set is the cube of a natural number.

Hence, the given set in the set-builder form is

{x:x=n* wherene Nand 1<n=< 10}.

Also, in roster form, the order in which the

elements are listed is immaterial

Reason (R):

. Assertlon (A): The set {x : x is a month of
a year not having 30 days}
in roster form is {January,
February, March, May, July,
August, October, December}.

A collection of objects is called
set.

(c) (A) is true but (R) is false.

Explanation: The months not containing 30
days are January, February, March, May, July,
August, October, and December.

So, the roster form of a given set = {January,
February, March, May, July, August, October,

Reason(R):
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December}, which is a well-defined collection of
manths.

R is wrong as mere collection of objects is not o
set the collection should be well defined.

23. Assertion (A): The set A = {g, e, i, 0, u} is a

finite set.

Reason (R): Finite set has finite number of
elements.

. (@) Both (A) and (R) are true and (R) is the

correct explanation of (A).
Explanation: We have a set that is empty or
consists of a definite number of elements is

called a finite set. Here, set A = {g, e, i, 0, u} which
contains 5 elements. So, it is a finite set.

Assertion (A):Let A={2,3,4}and B=1{1, 2, 3,
4} Then AcB

Reason (R): [f every element of set A is also
an element of set B, then Ais a
subset of B.

Ans. (g Both (A) and (R) are true and (R) is the

correct explanation of (A).

Explanation: Since, every element of A is in B
soAcB.

(CASE BASED Questions (CBQs)

[ 4 & 5 marks |

Read the following passages and answer the
questions that follow:

25. To check the understanding of sets, a Math

Get More Learning Materials Here : &

teacher writes two sets A and B having finite
numbers of elements. The sum of cardinal
numbers of two finite sets A and B Is 9. The ratio
of a cardinal number of the power set of A is to
a cardinal number of the power setofBis 8: 1

(A) The cardinal number of set A is:

(a) 2 (b) 3
(e) 6 d) 8
(B) The cardinal number of set B Is:
(a) 2 (b) 3
(c) 6 d) 8
(C) The maximum value of n(A U B) is:
(a) 3 (b) 6
© 8 @9
(D) The minimum value of n (A U B) is:
(a) 3 (b) 6
(©) 8 9
(E) fBc A, thenn (AN B)is:
(@) 3 (b) 6
(c) 8 (d) 6

cucnvene €9

Ans. (A) (© 6

Explanation: Let the cardinal numbers of
sets A and B be n(A) and n(B) respactively.
Given, n(A) + n(B) =9 @)
Also, the cardinal number of the power set
of A=2"W

And the cardinal number of the power set of
8 = 27&)

n{A)
Given, 2 = ﬁ
on(8) 1
= MA)=nif) _ 23
= n(A)-nB)=3 —(@)
On adding (1) and (i) , we get
2n(A) = 12
e n(A)=6
Thus, the cardinal number of set A is 6.
® @®3
Explanation: On subtracting (i) from (i), we
get
2n(B) = 6
= nB =3
Thus. the cardinal number af set B is 3.
@ @9

Explanation: We have,
n(Au B) = n(A) + n(B) -n(AuB)

The value of n(A u B) will be maximum
when n(A n B) will be minimum.

The minimum value of n(A N B) = 0.
So, maximum value of

nAnB)=nA)+nB)=6+3=9
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D) (b)6 Ans. Let M denote a set of students who are reading
Explanation: We have mathematics, P denotes who is reading physics
and C denotes who is reading chemistry.

n(AuB) =n(A) +n(B)-n(Au B

We have,
The value of n(A U B) will be minimum when
n(A N B) will be maximum. n(U)=25,nM) = 15,n(F) = 12.n(Q) =11

The maximum value of n(A N B) = 3. nMnQ=5nMnFA =9 nPnC=4

So, minimum value of nMnPNnQ=3
nfAuB) =n(A)+ nB) -n(An B) (A) The number of students reading only chemistry
(E) ()3 =6+3-3=6 =n(M'nP'nC)
(e)
Explanation: Given Bc A Bt il e P C) st ex B “rv )
= AnB=8 =n(Q-n(MnP)nQ
= n(AnB)=n(B) [since, n(A N B") = n(A) - n(A N B)]
= n(A(nB)=3 =n(Q-n(MAQuUPAQ)
26. In a library, 25 students are reading books =nC)-nMNn Q+n(PNnQ-nMn PN Q)
on physics, chemistry, and mathematics. It TN G

was found that 15 students were reading
mathematics, 12 reading physics and 11 reading (B) The number of students reading only

chemistry, 5 students reading both mathematics Mathematics n(M N P n C)

and chemistry, 9 students reading both physics _

and mathematics, 4 students reading both i S BARRLS il B
physics and chemistry, and 3 students reading =nM) -n(Mn (PN ()

all three subjects. =nM) -n(MAP)uMnC)

=nM) -(rMP)+nMNC)-n(MnPNCQC)
=15-(9+5-3)=4

W T Tr TR
. ‘mvv "1'1 |
. YT

(©) The number of students reading at least one of
the subject=n(MUPuUQ

nMuUPuUQ=nM)+nP) +n(Q)-nMnP)
-nPnQ-nMn O +nMnPnQ
=15+12+11-9-4-5+3

(A) Find the number of students reading only

Chemistry. =41-18=23
(B) Find the number of students reading only The number of students reading none of the
Mathematics. subjects
(C) Find the number of students reading at S .
least one of the subject and also find the =nMnP'nC)=nMuUPUQ
number of students reading none of the But n(Mu Pu Q)
subjects. =n(l) -(MUPUC)=25-23=2
(VERY SHORT ANSWER Type Questions (VSA))
[ 1 mark ]
27.fX={a,b,c,dland Y={f b, d, g}, findX-Y B) (A-B)nE=(AnB)~B
and Y-X. "
Ans. Given, X = {a, b, ¢, &} and Y = {f b, d, g}. =An@Enf
Then, X-Y={a,b,c d}-{f. b, d, g} ={a c} [By Assodative Law]
AndY-X={fb,d g}-la b cd}=4f g} B TR
28. For any two sets A and B, prove that:
(A) (A—E)UB=AUB 29n H'.U={1.2,...10},A={1,2,3,5},B= {2,4,6,7}
B) A-B)nB=¢ and C= {2, 3, 4,8}, find
Ans. (A) (A-B)uB=(AuUB)UB () (BuU C) (B) (C- A
o e [(gg%i}mbuuue Low] Ans. Given that U={12....10} A= (1235}
=(AUB)UU=A\JB B={2,4.6,7}andC={2‘3.4,8}
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30.

Ans.

31.

Ans.

32.

Ans.

33.

Ans.

34.

Ans.
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(A) BuC={2467}uU{23.4,8}={23.4.6.7.8}
Hence, (Bu O =1{1, 5,9, 10}

B) C-A={23.4,8}-{1,23,5}=1{4, 8}.
Hence, (C- AY ={1,2,3,5,6,7,9, 10}

If R is the set of all real numbers and Q is

the set of all rational numbers, then what is
R-Q?

Given that R is the set of all real numbers and
Q is the set of all rational numbers. Then, R - Q

= {x : xeR and x ¢ Q} = set of all irrational
numbers.

If aeN such that aN = {ax: xeN}. Describe the
set 2N N 4N.
We have, aN = {ax xeN}
2N = {2x xeN} ={2,4.6,8....}
and, 4N = {4x:xeN} = {4,8.12,16,...}
Hence. 2Nn4N =1{4,8,12,.. }
= {4x xeN} = 4N

If A=1{2 46,8, 10..}, B =1{1, 3,5, 7, ..}
and N is the universal set, then find
AU ((AuB)n B).
Clearly, AuB NnB =A

[-. A, B are disjoint sets]

AU((AuB)nB)=AUA=N
[the Universal set

Fill in the blanks.

A AUA'=... ®) o' NA. ..
© ANA... DUANA=...
(&) AUA =U B) ¢nA=A
© AnA= O UnA=¢

Which of the following are examples of the

empty set?

(A) set of all even natural numbers divisible
by 5.

(B) Set of all even prime numbers.

(C) {x: x*-2=0and xis rational}.

(D) {x: x is a natural number, x < 8 and
simultaneously x > 12}

(E) {x: x is a point common to any two
parallel lines}.

(). (D) and (E) are examples of empty set

(A) 10, 20, 30... are the elements that are even
and also divisible by 5. So, it Is not an empty
set

(B) 2 is the even prime number. Sao, it is not the
empty set.

© ¥*-2=0,
=xt=2
oD X= \E \E is an irrational number, hence
it is an empty set.

(D) There is no number that is greater than 12
and less than 8, hence it is an empty set

35.

Ans.

36
Ans.

37

Ans.

38.

Ans.

39.

Ans.

Ans.

41.

Ans.

42.

Ans.

(E) There is no common point between two
parallel lines, hence it is an empty set.

Write all the elements of each of the following
sets:

(A) Set of prime number < 11.

(B) {x:xe Zand x > -3.

(A) Set of prime number<11=142,3,57, 11}
(B) {x:xeZandx>-3}={2.-1,0.1,2,...}

List all the proper subsets of the set {g, b, c}
Given set is [g, b, c}.
The proper subsets of the given set are:

¢, {a}. {b}. {c}. {a. b}, fa. c}. fa. c}.

IFA=1{1,2,3, 4},B={3,4,5, 6}.
Find AnBand AuUB.
We have, AnB={3, 4}
AuB=1{12 3475, 6}
Let A=1{a s, d f}, B={a b, ¢, d, e} and
U={ag b, c defs,t}
(A) (AuBYy (B)A'u B [Diksha]
Given:
A={asdfl, B=lobcdelandU={a b cd
ef,sstfAuB=fabcdef, s}
(A AvB)=U-AuUB)
={o.bcdef,stj -{abcdef,si={4
(B) A=U-A=fbcest
B=U-B={fst}
A'uB =ibcestf}
Write the set B = {x : x is a two digit numbers
such, that the sum of its digits is 7}.
[Delhi Gov. QB 2021]
B = {16, 25, 34,43, 52, 61, 70}.
K U-={7 8,9, 10, 11, 12}, A = {8, 9} and
B=1{9,10,11}. Find A'uB".
Al=17, 10,1112}
B ={7,812}
A'vu B =1{7,8,1011,12}

For any two sets A and B, prove that
ANnA' NnB)=AnB.
ANnAnB=AnAY)u(AnB)
[By Distributive Law]
=¢U(ANnB)
=AnB.
Hence, proved.

For any two sets A and B, prove that
ANAUB) =0
AnAuB'=An(A'nB)
[By De Morgan's Law]
=(ANA)YNE
[By Associative Law]
=0NnB=¢.
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Ans.

45.

Ans.

46.

Ans.

47.

Ans.

48.
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Write (-5, 9] in set-builder form.
[Delhi Gov. QB 2021]

The initernal (=5, 9] can be written as S = {x:x €
R.-5 < x < 9) in set builder form.

44.F U = {7, 8, 9, 10, 11, 12}, A = {8, 9} and

B =1{9,10,11}. FindA'U B

Ans.A'=U-A={7 10, 11 12}

B'=U-B=1{7,8, 12}
A'UB ={7,8,10.11. 12}

(SHORT ANSWER Type-I Questions (SA-I) )

[ 2 marks |

IfX=15¢678},Y=1{7809 10}, Z= {3, 4, 5, 6}.

Find:

A) (XnMug

®) (XuY "2

Given, X = {5 6, 7, 8}, Y = {7, 8 9, 10}.

Z=1{3,4,5, 6}

(A) XnY=156.7,8} n{7.8.9.10}=1{7.8}

XnYYuZ=1{7,8}ui{3 45,6}

={3.4.5.6.7.8}

(B) XuY=1{5678} vi{7 89 10}
={5,6,7,8,9,10}

XuY)nZ=1567.8.9, 10} n {3, 4, 5, 6}

=15, 6}

Write the following in roster form.

(A) The set of all even prime numbers.

(B) {x:xe N,x>2and x < 10}

(C) Set of all letters in the word MEERUT.

(D) {x:x is a natural number less than 6}.

(E) {x:xis a positive integer and x* < 40}.

" {2}

(B) {3.4,5.6.7, 8 9}

© {MERUT}

D) {1.2,3,4.5}

(B) {1.2.3.4,5, 6}

Write the following sets in set-builder form:

(A) {5, 25, 125, 625}

(B) {2,4,6...}

(C) set of all even natural numbers

(D) set of all letters in the word ‘TEACHER'.

(A) {x:x=5"xeNandn<4

(B) {x:x=2n,neN)]

(O {x:xisan even natural number}

(D) {x:xisaletter in word "TEACHER}

Given that N = {1, 2, 3,... 100}, then

(A) Write the subset A of N, whose elements
are odd numbers.

(B) Write the subset B of N, whose elements

are represented by x + 2, where x € N.
[NCERT Exemplar]

Ans. Given, N =11, 2,3...., 100} = {x: x = n and neN}

(A) A={x|xe Naondxisodd}=1{1,3,5,7,...99}

®) B={yly=x+2xeNj

The set whose elements are represented by

x + 2 where xeN is obtained by putting x =1, 2.

3 andsooniny =x + 2, we get
y=x+2=1+2 =3
y=x+2=2+2=4
y=x+2=3+2=5
Yy=x+2=4+2=6....
y=x+2=100+2=102

So, the required set willbe A = {3,4, 5,6.... 102}.

For any two sets A and B, prove that:
(A) Au(B-A)=AuUB
(B) AnB)uU(A-B)=A

s

Ans. (A) AUB-A) =AU (BNA)

=(AuBNn(AVA)
[By Distributive Law]
=(AuB nU=AuUB
B ANBUA-B)=AnBU(AnB)
=AnBub)
[By Distributive Law]
=AnU=A

50. Given A = {1, 2, 3, 4, 5}, B = {2, 4, 6} and

C=1{3,5,7}.Find A-(BuC)and A- (BN O).

Ans. Given

A=41,234,5}.8={24,6} and C={3,5.7}.
Then,

BuC=12,4,6}uv{3 5 7}={2,3.4,5,6.7}
BENnC={2.4,6}n{3.5.71=¢

Hence,

A-Bu(0=1{1,2,3,45}-12.3,4,56.7}
=116, 7}

And

A-BAO=1{1.2.3,4,5}-6=1{1,2,3.4, 5}

51. Show that if A U B = A n B it implies that

A=8.

Ans. Giventhat AuUB=AnB8 _(@)

To show A = B.
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Let o € A be any element

= ae AuB [-AcAuB|
=5 aeAnB [Using (1))
=5 aeB
Then, AcB (i)
Let o € B be any element
= ae AuB [-BcAuUB]
= aeAnB [Using (1)]
= aeA
Thus, BcA _(ii})
From (i) and (jii), we get

A=8B.

52. Given that E = {2, 4, 6, 8, 10 }. If n represents

any member of E, then write the sets
containing all numbers represented by the
following:

(A) 2n+2 (B) n?

Ans. (A) Here, E = {2, 4,86, 8, 10}

A set containing elements in the form 2n + 2
fn=2 =2n+2=2x2+2=6

fn=4 >2n+2=2x4+2=10

fn=6 =>2n+2=2x6+2=14

fn=8 =2n+2=2x8+2=18
fn=10=>2n+2=2x10+2=122

So. the required set is {6, 10, 14, 18, 22}

(B) A set containing elements in the form of n?
are

fn=2 =>n'=2=8

fn=4 =>n’=4=64

fn=6 =n®=6=216

fn=8 =n*=8"=512
Ifn=10 = n’ = 10° = 1000

So. the required set is {8, 64, 216, 512, 1000}.

53. If P(A) = P(B), show that A = B.
Ans. Given, P(A) = P(B) vaeA

=5 {alc A

fate PW)

{gleP® [ PA)=P@]
{ale B

falcB

AcB

uuv Uy

Forallb e B

U

{b}jcB
{ble P(B) [-PA)=PB)
{b} € P(A)
ib} e A
fblc A
Bc A

uuv vy

54.

Ans.

55.

Ans.

56

Ans.

Since, AcBandBc A
= A=8B

Aresets A=1{1,2,3,4},B={x:x=Nand5<sx<7}
disjoint? Justify? [Delhi Gov. @B 2021]

Given, A=11,23 4}
And, B={x:x=Nand 5 <x<7}
=1{5.6, 7}

Now, AnB=1{1,234n{56.7}=0¢
Hence, sets A and B are disjoint, because

AnB=¢.

In a class of 60 students, 25 students play
cricket and 20 students play tennis, and
10 students play both the games. Find the
number of students who play neither.

[NCERT Exemplar]

Let U denaote a set of all students in the class.

A denates the set of students who play cricket
and B denotes the set of students who play
tennis.

We have.as per the question,
n(U) = 60, n(A) = 25, n(B) = 20.
n(AnB) =10
Now,
(A’ ~B) = nf(AnB))=n (U) -nAUB)

= n(U) -[n(A) + n(B) - n(A N B)]
= n(U) - n(A) - n(B) + n(A N B)
=60-25-20+10=25.

Hence, the number of students wha play neither
cricket nor tennis is 25.

In a class of 45 students, 25 students like
Hindi, 20 like science and 11 like both. Find the
number of students who like:

(A) either Hindi or science
(B) neither Hindi nor science.
Let U = all the students of the class,
H = students who like Hindi
S = Students who like Science

(A) The number of students who like either
Hindi or science =n(HU §)

We have,n(HUS) =nH)+n(S)-n(HNS)
=25+20-11
=34
B) nH n8)=nHwv Sy
=U-nHuUS)
=45-134
=11

L
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Ans.
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Ans.
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(SHORT ANSWER Type-Il Questions (SA-IID

[ 3 marks |

LetA={1,2,3,4}B= {1,2 3}and C={2, 4}. Find
all sets of X satisfuing each pair of conditions:

(A) XcBand Xz C
(B) XcB X+BandXgC
(C) XcA XcBandXcC
(A) We have,

XecBandXazC

= Xis a subset of B but X is not o subset

of C.

= XeP(B)butX e P(C)

= X={1}{3}{1. 2} {13} {2 3} {1. 2,3},
(B) We have,

XcBX+Band Xz C

= X is a subset of B other than B itself,

and Xis not a subset of C.

XeP (B)

= XeP(B), XeP(C)butX«=B

= X=1{1},{3}.{1. 2}. {1. 3}. {2, 3}
(O We have,

XcAXecB andXeC

= XeP(A), XeP(B) and XeP (C)

= XisasubsetofA, B and C

= X=41{2}
In a town of 10000 families it was found
that 40% families buy newspaper A, 20%
families buy newspaper B, 10% families buy
newspaper C, 5% families buy A and B, 3% buy
B and C and 4% buy A and C. If 2% families
buy all the three newspapers. Find
(A) the number of families which buy

newspaper A only.
(B) the number of families which buy none of

A BandC [Diksha]
Here,
n(A) = 40% n(B) = 20%, n(C) = 10%, n(A n B) = 5%,
nBNnCQ=3%n(CnA)=4%nAnBnNC=2%

We can draw a Venn-diagram using the above

values
A=40%
A B =20%

C=10%

(A) n(A only)
=n(A) - [n(A N B) + n(A n Q)
+nAnBn(Q
=40% - [5% + 4%] + 2%
=40% - [9%] + 2%
=133%
Thus, the number of fomilies who buy
newspaper A anly
=33% of 10000
=3300
(B) The number of families which buy none of

is total families - those who buy either A B
orC

=100% - [n(A) + n(B) + n(C) -n(ANn B)
-nBNQO-nlCnA)+nAnBnQ
=100% - [40% + 20% + 10% - 5% - 3%
- 4% + 2%]
=100% - [60%] = 40%
Number of families, which buy none of A B
and C newspapers out of 10000 families are

40
= 10000 x —
0 OXIOO

= 4000 families

59. There are 230 students. 80 play football,

42 play soccer and 12 play rugby. 32 play
exactly 2 sports and 4 play all three. How
many students play none? [Diksha]

We will calculate the number of students who
play none of the sports by the formula which is
given below:

Totol students = students ploy football +
students play soccer + students play rugby
- (students who play exactly 2 sports) - 2 x
(students who play all three sports) + students
who play none
Putting the values in the above formula, we get,
230= 80+42+12-32-2 x 4 + students who
play none
Students who play none =230-80 -42-12
+32+8
Students who play none = 136
Hence, the number of students who play none
of the sport is 136.

Prove that f Pu Q@ =R and PN Q = ¢ then
P=R-Q

Ans. We have,

RHS=R-Q
=PuQ)-0Q

L
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=PuQne

=Q'n(PuQ)

=@nPAu@nQ

=@nPus

=Q'nP

=PNnQ

=P-Q

=P=LHS [asPN Q= ¢]
Hence, proved.

Let Pand Q be sets, f PN X =Q N X =¢ and
Pu X = Q u X for some set X. Show that

P=0Q.

Giventhat, PnX=QnX=gand PUX=QuUX

To prove, P=Q

Using, PuX=QuX (given)
PRPuX)=Pn@uX

Using distributive property,

PAPPUPNX)=PNnQu(PnX)
PUud=FPnQuU

P=(PnQ) - Ans

Againusing, PuX=QuX
Qn(PUXN=QNQUX
Using distributive propertu,
@NAUEAX=@NQ)U@NX
Q@nPUs=QuU
Q=@nP
0=FPnQ -@
From (i) and (i), we get
P=Q

Hence, proved.

62. If A = {3, 6, 12, 15, 18, 21}, B = {4, 8, 12,

16, 20}, C = {2, 4, 6, 8, 10, 12, 14, 16} and
D = {5, 10, 15, 20}. Find:
(A) A-B
(B) B-C
(C) B-D [Delhi Gov. SQP 2022])
Given, A = {3, 6,12, 15, 18,21}, B={4,8, 12, 16, 20},
C=1{24,6,8,10,12, 14, 16} and D = {5, 10, 15, 20}.
(A) Here,A={3,6,12,15,18, 21} and
B=1{4,8.12,16, 20}
A-B=1{3,615 18. 21}
(B) Here.B=1{4, 8,12, 16, 20} and
C=1{2,4,6,8.10,12, 14, 16}
B-C={20}
(C) Here,B=1{4,8,12, 16, 20} and
D = {5,10, 15, 20}
B-D=1{4,8,12 16}

FA={1,3,5,7 11,13, 15, 17},
B={2,4,6,8,... 18}

And U is universal set then find
A U[AuB)nB]

[Delhi Gov. QB 2021]

Given, A ={1,3,5,7,11, 13, 15,17}.B={2, 4. 6,

8, ... 18} and U is the universal set.

A'={2 4,6 89_16}

AuB={1,35711,1315,17}u{2. 4.6.8_18]}
={1,2,3,4,5.17, 18}

(AuB)nB' ={1,23,4,5_17, 18} n{1,3,5.7,
9_17}
=%1,3,5 7,917}
Now, A" U[[AUB) nB]={2.4.6.8,9_16}
n{1,3.57,9_17}
={1,2,3,4,56..18}
= U = Universal Set

( LONG ANSWER Type Questions (LA) )

[ 4 & 5 marks ]

In a competition, a school awarded medals in
different categories, 36 medals in dance, 12
medals in dramatics and 18 medals in music.
If these medals went to a total of 45 students
and only 4 students got medals in all the
three categories, how many received medals
in exactly two of the categories? [Diksha]

. Let A = set of persons who get medals in dance.

B = get of persons who got medals in dromatics.

C = set of persons who got medals in music.

Given,
n(A) = 36,n(B) = 12, n(C) = 18,
nAuBu(Q)=45andn(AnBn (=4
We know that the number of elements belonging
to exactly two of the three sets A, B, C
=nAnB)+nBNAO+nAnQ-3nAnBnN(C
=nAnB)+nBNnO+nAn0-3x4 @M
Also,
nfAu Bu Q) =n(4) + n(B) + n(C) - n(A n B)
-nBRO-nAnQO+n(AnBnQ
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Therefore,
n(An B) + n(Bn C) + n(A N Q) =n(A) + n(B)
+n(Q+n(AnBNnQ-nAuBu(
From (i),
nfA) +n(B) +n(Q +nAnBNnO-nAuBu(Q
-12
=36+12+18+4-45-12
=70-57=13
There are 2000 students in a school. Out of
these, 1000 play cricket, 600 play basketball
and 550 play football, 120 play cricket and
basketball, 80 play basketball and football
and 150 play cricket and football and 45 play
all three games. How many students play
none of the games? [NCERT Exemplar]
Let U denotes a set of all students in the school
A denotes the set of students who play cricket, B
denotes the set of students who play basketball
and C denotes the set of students who play
football
We have, n(U) = 2000, n(A) = 1000, n(8) = 600,
n(@ = 550, n(A n B) = 120, n(A n C) = 150,
nBuQ=80.nAnBNC) =45
Now, we know that
nANB NnC)=n(U)-n(AuBu(Q
= n(U) - [n(4) + n(8) + n(Q) - n(A ~ B)
-nANnQ-nBNC+nAnBn Q)
= 2000-[1000 + 600 + 500 - 120 -150
- 80 +45]
=205
Hence, the number of students wha play none
of the games is 205.

In a group, 150 students know Hindi and 60
know English and 10 know both Hindi and
English. If there are 30 students who know
neither of the two languages, how many
students are there in the group?

Let U denote a set of all students in the group.
A denotes the set of students who know Hindi
and B denotes the set of students who know
English.
We have, n(A) = 150, n(B) = 60. n(A n B) = 10.
n(A'nB) =30,
Now, n(A' n B) = n[(A’ n B)]
=n(U) -n(A u B)
= n(U) - [n(A) + n(8) - n(A ~ B)]
=n(U) - n(A)- n(B) +n(An B)
n(U) =n(A) + n(B) =n(An B) + n(A' n B")
=150+ 60-10+30=230

Hence, the number of students in the group is
230.

67.

Ans.

68.

Ans.

In a survey of 200 students of a school, it was
found that 120 study Mathematics, 90 study
Physics and 70 study Chemistry, 40 study
Mathematics and Phuysics, 30 study Physics
and Chemistry, 50 study Chemistry and
Mathematics and 20 none of these subjects.
Find the number of students who study all the
three subjects.

Let M be the set of students who study
mathematics, P be the set of students who
study phusics and C be the set of students who
study chemistry.

Then,

n(U) = 200, n(M) = 120, n(P) =90, n(Q) = 70.

nMnP)=40, nP~ Q) =30,n(CM)=50

Also, n(U) -nMu Pu () =20

OrnMuPuC)=200-20=180

nMuPUQ=nM)+nP)+n(Q)-n(MnP)
-nPNCO-nlC nM)+n(MnAPAQ

= 1B0=120+90+70-40-30-50

+nMnPNQ

= 180=160+nMn PN O

= nMnNnPn(C=180-160=20

So, the number of students who study all the

three subjects is 20.

Let A, B and C be sets. Then show that
AuBnCO=AuBNnAvO.
[NCERT Exemplar]

We first show that AU Bn OQc(AuB)n
AuvQ

letxe Au(Bn Q).

Thenxe Aorxe BN C

= xeAor(xeBandxe Q)

= (xeAorxeB)and(xeAorxe ()

= (xeAuBandxe Au(Q

= xe(AuB)nAu

Thus, AuBuQc(AuBnAUl ()]
Now we will show that
(AuB Nn(AuQ c(Au(

let xe(AuB Nn(AuQ
xeAuBandxe AuC
(xeAorxeBland(xe Aorxe Q)
xeAor(xeBandx e (
xeAorkxeBn(Q

xeAuBnQ

Thus, AUB N(AUOcAUBNO (i)
So, from (1) and (ii)

Wehave An(BuQ=(AuB)n(Au(

Hence, proved.

L uuvdui
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69. Let P be the set of prime numbers and let
S ={t| 2*-1is a prime}. Prove that Sc P.

Ans. Now the equivalent contrapositive statement of

xeS=>xePlsxeP=x¢8

Now, we will prove the above contrapositve
statement by contradiction method

Let x ¢ P = x Is a compasite number

Let us now assume thatx € S

= 2*-1=m (where mis a prime number)

= 2=m+1

Which is not true for all composite numbers, say

for x = 4 because 2° = 16 which cannot be equal
to the sum of any prime number m and 1.

Thus, we arrive at a contradiction => x&S.

Thus, when x ¢ P, we arriveatx € S
So, SeP
Hence, proved.

70

Using properties of sets and their
complements prove that

[Delhi Gov. SQP 2022]
A AuBnAUB)=A
B) A-(AnB)=A-B
© AvB-C=A-Qu(@E-0
D)A-(BUO=A-Bn(A-0
B AnB-C=AnB)-(AnQ)
Ans. (A) AuBNn(AuB)=A
LHS=(AuB Nn(AuUB)
=AU (BnB) [By distributive low]

=AU [-BnB =4
=A=RHS
B) A-(AnB)=A-B
LHS=A-(AnB)
=ANAUB)' [+A-B=(AnB)
=A N (A"~ B) [By Demorgan's law]
=ANnAUANB)

[By distributive law]
=0 UANE [-ANnA =¢]
=AnbB
=A-B
=RHS

€ AuB-C=A-Qu(B-Q
letxe (AuB)-C
xe AuBandxege C

Get More Learning Materials Here : & m

xeAorxeBandx g C
xeA-CorxeB-C
xe(A-Qu(B-0
AuB)-Cc(A-QuB-9-0
Now,letxe A-Qu(B-0Q
xe(A-Qorxe (B-0
xeAandxe Corxe Bandx & C
xeAuB)andxe C
xe AuB)-C
A-OQuB-QcAvuB-C _Gj)
From eq. (1) and (ii)
AuBg)-C=A-Qu(B-Q

D A-BuQ=A-Bn(A-0
letxe A-(Bu(O)

xeAandxe (Bu(Q
xeAandxeBorxg C
xeA-Bandxe A-C
xe A-B)n(A-0Q
A-BuQcA-Bn(A-Q -0
Now, letxe (A-B)n(A-Q
xeA-Bandxe A-C
xeAandx ¢ Bandxe Aandx ¢ C
xeAandx g (Bu(Q
xeA-(Bul
>A-B)nA-OQcA-BuvO i
From eq. (1) and (ii)
A-BuQ=A-BnA-Q

B AnB-Q=AnB-AnQ
letxe An(B-0)

xeAandxe B-C
xeAandxeBandx g C
xeAnBlandxe (AnQ
AnB-OcAnB-(AnO)
Now, letxe AnB)-(An(Q
xeAnB)andx g (AnQ
xeAandxeBandxzAandx e C
xeAandxe (B-0
xeAnB-0
> ANOQ-AnOQcAn(E-Q (i)
From eq. (1) and (ii)
AnB-O=AnB-ANnQ
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