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Sets, Relations
and Functions



Session 1

Definition of Set, Representation of Set, Different
Types of Sets, Laws and Theorems, Venn Diagram

(Euler-Venn Diagrams)

Introduction

The concept of set is fundamental in modern
Mathematics. Today this concept is being used in
different branches of Mathematics and widely used in
the foundation of relations and functions. The theory of
sets was developed by German Mathematician Georg
Cantor (1845-1918).

Definition of Set

A set is well-defined collection of distinct objects. Sets
are usually denoted by capital letters
ABCXYZ,....
Examples of sets
(i) The set of all complex numbers.
(ii) The set of vowels in the alphabets of English
language.

(iii) The set of all natural numbers.

(iv) The set of all triangles in a plane.

(v) The set of all states in India.

(vi) The set of all months in year which has 30 days.

(vii) The set of all stars in space.

Elements of the Set

The elements of the set are denoted by small letters in
the alphabets of English language, i.e.a, b, ¢, x, y, z, ... .
If x is an element of a set A, we write x € A

(read as ‘x belongs to A’).

If x is not an element of A, then we write x ¢ A (read as
‘x does not belong to A’).

For example,
IfA={1,2,3,4,5) then3€ A 6¢ A.

Representation of a Set

There are two methods for representing a set.

1. Tabulation or Roster or
Enumeration Method

Under this method, the elements are enclosed in curly
brackets or braces { } after separating them by commas.

Remark
1. The order of writing the elements of a set is immaterial, so
{a b, c},{b a c} {c, a b} all denote the same set.

2. An element of a set is not written more than once, i.e. the set {1,

2,3,4,3,32,1,2,1, 4} isidentical with the set {1, 2, 3, 4}.

For example,
1. If A is the set of prime numbers less than 10, then
A={2,3,5,7}

2. If Ais the set of all even numbers lying between 2 and

20, then
A={4, 6, 8, 10, 12, 14, 16, 18}

2. Set Builder Method

Under this method, the stating properties which its elements

are to satisfy, then we write
A={xP(x)} or A={x:P(x)}

and read as ‘A is the set of elements x, such that x has the

property P’.

Remark
1. “:"or"| " means ‘such that'".
2. The other names of this method are property method, rule
method and symbolic method.
For example,
1. If A={1,2,3,4,5,6,7,8}, then we can write
A={xe N:x <8}

2. Ais the set of all odd integers lying between 2 and 51, then

A={x:2<x <51 x is odd}.



Some Standard Sets

o N denotes set of all natural numbers ={1,2,3,...}.

o Z or I denotes set of all integers
={..,-3,-2,-10,123,...}

o Z, or I, denotes set of all integers excluding zero
={..,-3-2,-1,123,...}.

o Z" or I'" denotes set of all positive integers
={1,2,3,...} =N.

o E denotes set of all even integers
={..,—6,-4-20,246,...}.

o O denotes set of all odd integers
={.,-5-3-1135,..}.

o W denotes set of all whole numbers ={0, 1, 2, 3,...}.

e O denotes set of all rational numbers ={x:x=p/q,
where p and g are integers and ¢ #0 }.

e Q, denotes set of all non-zero rational numbers
{x:x =p/q, where p and q are integers and p #0 and
q#0}
e Q" denotes set of all positive rational numbers ={x : x
= p /q, where pand garebothpositiveornegativeintegers}
e R denotes set of all real numbers.
o R, denotes set of all non-zero real numbers.
e R denotes set of all positive real numbers.
e R —Q denotes set of all irrational numbers.
o C denotes set of all complex numbers
={a+ib:a,be Randi=~~1}.
e C, denotes set of all non-zero complex numbers
={a+ib:a,be R, andizﬁ}.
o N, denotes set of all natural numbers which are less than
or equal to a, where a is positive integer

={1,2,3,...,a}.

Different Types of Sets
1. Null Set or Empty Set or Void Set

A set having no element is called a null set or empty set or
void set. It is denoted by ¢ or {}.

Remark
. ¢is called the null set.

. 0isunique.

1

2

3. ¢is asubset of every set.

4. ¢ is never written within braces i.e., {¢} is not the null set.
5

. {0} is not an empty set as it contains the element 0 (zero).

For example,
1L.{x:xeN,4<x<5}=0
2. {x:xeRx*+1=0}=0

3. {x : x* =25, x is even number} = ¢

2. Singleton or Unit Set

A set having one and only one element is called singleton
or unit set.

For example, {x : x —3 = 4} is a singleton set.
x—3=4 =x=7
{x:x-3=4}={7}

3. Subset

If every element of a set A is also an element of a set B,
then A is called the subset of B, we write AC B (read as A
is subset of B or A is contained in B).

Thus,

Since,

ACB & [x€e A = x¢€ B]

Remark
1. Every set is a subset of itself
ie., ACA.
2. fAcB BcCthenAcC

For example,
1.IfA={2, 3, 4and B={5, 4, 2, 3, 1}, then AC B.
2. The sets{a},{b},{a b}, {b,c} are the subsets of the
set{a, b,c}.

4. Total Number of Subsets

If a set A has n elements, then the number of subsets
of A=2".

Example 1. Write the letters of the word ALLAHABAD
in set form and find the number of subsets in it and
write all subsets.

Sol. There are 5 different letters in the word ALLAHABAD
ie., A,L,H,B,D, then set is {A, B, D, H, L}, then number of
subsets = 2° =32 and all subsets are
o, {A}, {B}, {D}, {H}, {L}, {A, B}, {A, D}, {A, H}, {A, L}, {B, D},

{B, H}, {B, L}, {D, H}, {D, L}, {H, L}, {A, B, D}, {A, B, H},
{A,B,L},{A, D, H}, {A, D, L}, {A, H, L}, {B, D, H}, {B, D, L},
{B,H, L}, {D, H, L}, {A, B, D, H}, {A, B, D, L, {B, D, H, L},
{A,D,H, L} {A B, H L} {A B D,HL

5. Equal Sets

Two sets A and B are said to be equal, if every element of
Ais an element of B, and every element of B is an element
of A.If A and B are equal, we write A= B.



It is clear that Ac Band BC A < A=B.
For example,
1. The sets {1, 2, 5} and {5, 2, 1} are equal.
2.{1,2,3}={x:x° —6x* +11x —6 =0}

6. Power Set

The set of all the subsets of a given set A is said to be the
power set A and is denoted by P (A) or 2.

Symbolically, P(A) ={x: x C A}

Thus, xe€ P(A) © xCA.

Remark
1. ¢ and Aare both elements of P(A).

2. If A= ¢, then P (¢) = {0}, a singleton but ¢ is a null set.
3. If A={a}, then P(A) = {0, {a}}
Forexample, If A={a b, c}, then
P(A) or 2" = {0, {a} {b}, {c} {a b} {b, c}.{c. & {a b, c}}
Also, n(P(A) or n(2*) =2°=8

4. Since, P(0) = {0}
P(P(0) = {0, {0}}
and PP(P(O)) = {d {0}, {{0}}, {0, {0} }}

5. If Ahas nelements, then P(A) has 2" elements.

7. Super Set

The statement A C B can be rewritten as B D A, then B is
called the super set of A and is written as B D A.

8. Proper Subset

A set Ais said to be proper subset of a set B, if every
element of A is an element of B and B has atleast one
element which is not an element of A and is denoted by
AC B(read as “A is a proper subset of B”).
For example,
1. If A={1,2,4} and B=1{5,1,2,4,3}, then AC B
Since, 3,5 ¢ A.
2. If A={a,b,c} and B =/{c, b, a}, then A B (since, B
does not contain any element which is not in A).
3.NcIcQcRcC

9. Finite and Infinite Sets

A set in which the process of counting of elements comes
to an end is called a finite set, otherwise it is called an
infinite set.
For example,
1. Each one of the following sets is a finite set.
(i) Set of universities in India.

(ii) Set of Gold Medalist students in Civil Branch,
sec A in A.M.LE. (India).
(iii) Set of natural numbers less than 500.
2. Each one of the following is an infinite set.
(i) Set of all integers.
(i) Set of all points in a plane.
(iii) {x:xe R1<x <2}
(iv) Set of all concentric circles with centre as origin.

10. Cardinal Number of a Finite Set

The number of distinct elements in a finite set A is called
cardinal number and the cardinal number of a set A is
denoted by n(A).

For example,

If A={-3,-1,8,9,13,17}, then n(A) =6.

11. Comparability of Sets
Two sets A and B are said to be comparable, if either
AC Bor BC Aor A =B, otherwise A and B are said to be
incomparable.
For example,
1. The sets A = {1,2,3} and B = {1,2,4,6} are
incomparable (since AZ Bor BZ Aor A#B)
2. The sets A ={1,2, 4} and B ={1, 4} are comparable
(since BC A).

12. Universal Set

All the sets under consideration are likely to be subsets of
a set is called the universal set and is denoted by Q or S
orU.

For example,

1. The set of all letters in alphabet of English language
U={ab,c,..., x,y,z}is the universal set of vowels in
alphabet of English language.
ie., A={a,ei,0,u}.

2. The set of all integers I ={0, £ 1, £2, +3,...}is the
universal set of all even integers
ie, {0,t2,+4, £6,...}

13. Union of Sets

The union of two sets A and B is the set of all those
elements which are either in A or in B or in both. This set
is denoted by AU Bor A + B (read as ‘A union B’ or ‘A
cup B’ or ‘A join B’).

Symbolically, AU B={x:x€ Aor xe B}

or AUB={x:x€e Avxe B}

Clearly, x€AUB & x€ A or x€B



For example,
1. If A={1,2,3,4} and B ={4,5,6},
then AU B=1{1,2,3,4,4,5,6} ={1,2,3,4,5,6}
2. fA={12,3}, B=12,3,4,5}, C={7,8},
then AU BU C=1{1,2,3,4,5,7,8}
Remark

The union of a finite number of sets A, Ay As ..., A, is represented
n
by AuA uAsu...UAor vu1A/.
i=

n
Symbolically, ‘\_Jw A ={x:x € A for atleast one /}

14. Intersection of Sets

The intersection of two sets A and B is the set of all
elements which are common in A and B. This set is
denoted by A Bor AB (read as ‘A intersection B’ or ‘A
cap B’ or ‘A meet B’).
Symbolically, AN B={x:x€ Aand x € B}
or ANnB={x:x€e AAx€e B}
Clearly, xe AnB & xe Aandxe B
For example,
1. If A={1,2,3} and B ={3,4,5,6}, then An B={3}.
2. If A={1,2,3}, B=1{2,3,4} and C = {3, 4,5}, then
AN BN C={3}

Remark

The intersection of a finite number of sets A, A, A; ..., A,
represented by

ANnAnAn...nA, or ;
=1

Symbolically, ,61 A ={x:x eAdorall i}

15. Disjoint Sets

If the two sets A and B have no common element.

ie, AN B =@ then the two sets A and B are called disjoint
or mutually exclusive events.
For example, If A={a,b,c} and B={1,2,3},then AN B=¢

Hence, A and B are disjoint sets.

Remark
IfS ={a,a a, ..., a} so

u
number of ordered pairs of disjoint sets of S is 3 2+ 1.

(.-each element in either (A) or (B) or neither
.. Total ways = 3" i.e., A= B, iff A= B = ¢ (1 case) otherwise A
and Bare interchangeable.
. Number of ordered pairs of disjoint sets of
S=1+ E = @ '
2 2

16. Difference of Sets

If A and B be two given sets, then the set of all those
elements of A which do not belong to B is called difference
of sets A and B. It is written as A — B. It is also denoted by
A~Bor A\Bor C,B (complement of Bin A).
Symbolically, A—B={x:x € Aand x ¢ B}
Clearly, xe A-B & xe€ Aand x ¢ B.

Remark

1. A-B#B-A

2. The sets A— B, B— Aand An Bare disjoint sets.
3. A-BcAandB- AcB

4. A-—p=Aand A-A=¢

For example,
If A={1,2,3,4} and B=1{4,5,6,7}, then A — B={1,2,3}.

17. Symmetric Difference of Two Sets
Let A and B be two sets. The symmetric difference of sets
Aand Bis the set(A—B)U (B—A)or(Au B) - (AN B)
and is denoted by AA Bor A® B (A direct sum B).

ie, A®B orAAB=(A-B)uU(B-A)
and A®B or AAB=(AuU B)-(AN B)
Remark

1. AAB={x:x e Aand x ¢ B}
or AAB={x:xeBandx ¢ A}
2. AA B=B A A(commutative)

For example,

Let A={1,2,3,4,5} and B={1,3,5,7},

then A-B=1{2,4},B—A={7}
AAB=(A-B)uU(B-A)=1{2,4,7}

18. Complement Set

Let U be the universal set and A be a set, such that Ac U.
Then, the complement of A with respect to U is denoted
by A" or A® or C(A) orU — A.

Symbolically, A" or A or C(A) ={x:x€U and x ¢ A}.

Clearly, xe A" & x¢gA.

Remark
1. U'=¢and ¢’'=U
2. AuA=UandAnA=¢

For example,
LetU ={1,2,3,4,5,6,7}and 4 ={1,3,5, 7}.
Then, A'=U — 4={2,4,6}



Laws and Theorems

1. Idempotent Laws
For any set A,
(i) AUA=A (i) AnA=A
Proof
(i) Letxe AUA & xe Aorxe A
& xeA
Hence, AUA=A
(if) Letxe AN A & xeAandxe A
& xeA
Hence, AN A=A
2. Identity Laws
For any set A,

() AUO=A (i) AN o=
(i) AUU =U (ivVANU=A
Proof

(i) Letxe AU © x€e Aandx e ¢

& xeA

Hence, AU ¢=A

(ii) Let xe AN O © x€e Aandx€ ¢
& xed
Hence, AN ¢=0

(iii) Let xe AU © x€ AorxeU
& xeU
Hence, AuU=U
(iv) Let xe ANU S xe Aand xeU
S xe A
Hence, ANU =A
3. Commutative Laws
For any two sets A and B, we have
(i) AuB=BU A (i) AnB=BnNn A
Proof
(i) Letxe AUB & xe€ Aorx€e B
& xe€eBorxe A
& xeBUA
*“ x€eAUB & xeBUA
Hence, AU B=BU A
(ii) Let xe ANB & x€ Aand x€ B
& xe€Bandxe A
& xeBNA
xeANB & xeBNA
Hence, AN B=BnN A.
4. Associative Laws
For any three sets A, B and C, we have
(i) Au(BuC)=(AuB)LUC
(i) An(BNC)=(AnB)NnC

Proof
(i) Letxe AU(BUC) & xe Aorxe BUC

< x€eAor(xeBorxe ()
o (xeAorxeB)orxeC

& xe AUBorxeC
< xe(AUB)UC
xeAU(BUC) & xe(AuB)UC
Hence, AU(BU C)=(AuU B)uUC.
(ii) Letxe AN(BNC) & xe Aandxe BN C
< xe Aand(x € Band x € C)
< (xeAand xe B)and xe C
< xeANnBandxeC
S xe(ANB)NC

Hence, AN (BN C)=(An B)n C.

5. Distributive Laws
For any three sets A, B and C, we have

(i) AuUBNC)=(AUuB)N (AU C)

(i) An(BUC)=(ANnB)U (AN C)

Proof

(i) Letxe AU(BNC) ©® xe Aorxe BN C
o xeAor(xeBand x e 0)
< (xeAorxe B)and(xe Aor x € ()

o xeAUBandxe AUC
s xe[(AUB) N (AU 0)]
" xeAUBNC)exe(AUB)N(AUC)
Hence, AU(BN C)=(Au B)Nn (AU C).
(ii) Let xe AN(BUC) © xe Aandxe BUC
o xeAand(x€ BorxeC)
<(xeAand xe€ B)or(x € Aand x € C)
SxeANBorxe ANC
Sxe(ANB)U(ANC)
"xeEAN(BUC)oxe(ANB)U(ANC)
Hence, AN (BUC)=(AN B)U(ANC).

6. For any two sets A and B, we have

(i) P(A)n P(B)=P(AN B)

(i) P(A)u P(B)c P(AuU B)

where, P(A) is the power set of A.

Proof

(i) Let x € P(A)n P(B) < x € P(A) or x € P(B)
&SxCAorxCB
SxCANB
< x€ P(AN B)

Hence, P(A) N P(B) = P(AN B)



(ii) Let x € P(A) U P(B) & x € P(A) or x € P(B)
S xCAorxCB
&SxCAUB
< xe P(AU B)
Hence, P(A) U P(B) C P(AU B)
7. If Ais any set, then (A")' = A
Proof Letxe(A')Y ©oxg A o xeA
Hence, (A") = A
8. De-Morgan’s Laws
For any three sets A, B and C, we have
(i) (AUuB)Y=A"NnB’
(i) (AnB)Y=A"UB’
(iii) A—-(BUC)=(A-B)n (A-0C)
(iv) A= (BN C)=(A-B)U (A -C)
Proof
(i) Letxe (AUB) ©x¢g AUB
<x¢ A andx¢ B
& xeA andxe B
oxe ANB’
xe(AUB)Y ©@xeA'NnB’
Hence, (AU B)'=A"N B’
(ii) Letxe (AN B)Y ©x¢& AN B
Sx¢gAorx¢gB
o xeAorxeB’
&xe AUB’
xe€(ANB)Y &@xe A UB’
Hence, (AN B) =A"U B’

(iii) Let xe A—-(BUC)exe Aandx¢g BU C
& xeAand(x ¢ Band x ¢ C)

S (xe Aand x ¢ B)and (x € Aand x ¢ O)
< xe(A-B)andxe(A-C)
oxe(A-B)n(A-0)

Hence, A—(BUC)=(A-B)n(A-C).

(iv)Letxe A-(BNC)esxeAand x ¢ (BN C)
o xeAand(x ¢ Bor x ¢ O)
&(xeAandx ¢ B)or(xe Aand x ¢ C)
o xe(A-B)orxe(A-0)
oSxe(A-B)U(A-0)

Hence, A—(BN C)=(A-B)U(A-C).
Aliter
A-(BNC)=An (BN C)’
=ANn(B'NnC)’
=(ANB)YU(ANC)
=(A-B)U(A-0)

[A-B=AnNB’]

More Results on Operations on Sets

For any two sets 4 and B, we have

1. ACAUBBCAUB ANBCA ANBCB
2.A-B=AnNB’

Proof

Letxe A-Bo xe Aandx ¢ B

o xeAand x € BY
o xe AN B’

Hence, A—B=AnN B’
3.(A-B)UB=AUB

Proof (A-B)UB=(ANnB’)UB

=(AU B)N(B"U B) [from distributive law]

=(AUB) N U

=AU B

Hence, (A-B)UB=AUB
4. (A-B)nB=¢

Proof (A—-B)nB=(ANnB’')NB

=AN (BN B) [from associative law]
=AN0=0

Hence, (A—B)n B=¢

5. ACB&B' CA’

Proof Only if part Let AC B (1)
To prove B'C A’

Let x€B = x¢B

= x¢ A [~ AC B]
= x€e A

Thus, xeEB' =xe A’ [*-BcC A]
Hence, B'Cc A .(id)
If partLet B'C A’ ..(iii)
To prove AC B

Let xeEA=>xg A’

= x¢&B’ [from Eq.(iii)]
= x€eB

Hence, ACB ...(iv)

From Egs. (ii) and (iv), we get AC B& B C A’
6.A-B=B - A’

Proof A-B=(ANnB’)
—B'NA=B'N(A’Y=B'-A’
Hence, A-B=B"—-A’

7.(AUB)N(AUB’)=A
Proof (AUB)N(AUB’)=AU(BN B’)
[by distributive law]
—AUO=A
Hence, (AUB)N(AUB’)=A
8. AUB=(A-B)U(B-A)uU (AN B)
Proof (A-B)uU(B—-A)U (AN B)
=[(Au B)-(An B)]JU (AN B)



10.

11.

=[(AUB) N (AN B) ]JU(AN B)
=[(AuU B)U(ANn B)]N[(An B)"U (AN B)]
=(AuB)NU =AU B

Hence, AUB=(A-B)uU(B—A)U (AN B)

.A-(A-B)=ANB

Proof A—-(A-B)=A—-(ANnB’)
=ANn(ANnB")
=AnN(A"U B)
=(An A")U (AN B)
=0U(ANB)=AN B

Hence, A—-(A-B)=ANnB

A-B=B-A & A=B

Proof Only if part Let A-B=B-A (i)

To prove A=B

Letxe A & (xe Aand x ¢ B) or(x € Aand x € B)

o xe(A-B)orxe (AN B)

S xe(B-A)

or xe AN B [from Eq. (i)]
&(xeBand x ¢ A)or(xe Band x € A)
& x€EB

Hence, A=B

If part Let A=B
To prove A-B=B-A

Now, A-B=A-A=0 B=A]
and B-A=A-A=¢ =A]
A-B=B-A

Hence, A=B—=>A-B=B-A

AUB=ANB&A=B
Proof Only if part Let AUB=ANB

Now, xeEA=>xe AU B

= x€ANB ["AuU B=An B]
= x€B

Thus, ACB (i)
Again, yeEB=yc AUB

= ye AN B [*"Au B=AnN B]
= yeA

Thus, BcC A ..(id)

From Egs. (i) and (ii), we have A =B

Thus, AUB=ANB=A=B.

If part Let A=B ...(1ii)
To prove AUB=ANB

Now, AUB=AU A=A [ B=A]..(iv)
and ANB=ANnA=A ["B=A]...(v)

From Egs. (iv) and (v), we have AU B=AN B

Hence, AUB=ANnB< A=B

Sol. Given,

Example 2. Let A, B and C be three sets such that
AuB=AuCand AnB=AnNC. Show that B =C.

Sol. Given,

AUB=AuUC ...(1)

and ANB=ANC ...(ii)

To prove B=C.

FromEq. (i), (AUB)NnC=(AuC)nC

= (ANC)Uu(BNC)=(ANnC)u(Cu)

= (ANnB)U(BNC)=(AnC)ucC
[wANC=AnNB]

= (AnB)U(BNC)=C [-ANnCCcC]

Thus, C=(ANnB)U(BNC) ..(iii)

Again, from Eq. (i),(AUB)NB=(AuUC)NB

= (AnB)U(BNB)=(ANB)u(CNB)

= (ANnB)UB=(ANB)uU(BNC)

= B=(ANB)U(BnNC)
[-AnBcB]

Thus, B=(ANB)U(BNC) .(iv)

From Eqs. (iii) and (iv), we have B = C.

Example 3. Let A and B be any two sets. If for some
set X, AnX=BNnX=¢pand AuX=BU X,
prove that A=B.

Sol. Given,

ANX=BnNnX=9¢ ..(1)
and AuX=BuUX ...(ii)
From Eq. (ii), AN(AuU X)=AN(BUX)
= A=(ANB)U(ANX)

[VACAUX ~"AN(AUX)=A]
= A=(ANB)Ud [ANX=0]
= A=(ANB)
= ACB ...(iii)
Again, AUX =BUX
= BN(AuX)=BnN(BUX)

= (BNA)U(BNX)=B8B
["BZCBuUX ..BNn(BuUX)=B]

= (BNA)UO=B [“BNX =¢]
= BNA=B
= BC A ...(iv)

From Eqs. (iii) and (iv), we have A = B.

Example 4. If A and B are any two sets, prove that

P(A)=P(B) = A=B.

P(A)= P(B) (1)
To prove A = B

Let x € A = there exists a subset X of A such that x € X.
Now, XCcA = XePA)

= X € P(B) [from Eq. (i)]



= XCB
= xX€B
Thus,

[ xeX]
x€A = x€B

ACB

Let y € B= there exists a subset Y of Bsuch thatyeY.

(i)

Now, YCB = YeP(B)

= Y e P(A) [~ P(B) = P(A)]
= YCA

= yeA [vyeY]
Thus, yEB = ye A

- BC A ...(ii)
From Eqs. (ii) and (iii), we have A = B

Use of Sets in Logical Problems

M = Set of students which have Mathematics.

P = Set of students which have Physics.

C = Set of students which have Chemistry.
Applying the different operations on the above sets, then
we get following important results.
M’ =Set of students which have no Mathematics.
P’ =Set of students which have no Physics.
C’=Set of students which have no Chemistry.
M U P =Set of students which have atleast one subject
Mathematics or Physics.
P U C =Set of students which have atleast one subject
Physics or Chemistry.
C U M =Set of students which have atleast one subject
Chemistry or Mathematics.
M N P =Set of students which have both subjects
Mathematics and Physics.
P N C =Set of students which have both subjects Physics
and Chemistry.
CN M = Set of students which have both subjects
Chemistry and Mathematics.
Mn P’ =Set of students which have Mathematics but not
Physics.
P N C’=Set of students which have Physics but not
Chemistry.
CN M’ =Set of students which have Chemistry but not
Mathematics.
(M U P)’ =Set of students which have not both subjects
Mathematics and Physics.

(P U C)’ =Set of students which have not both subjects
Physics and Chemistry.

(CuU M)’ =Set of students which have not both subjects
Chemistry and Mathematics.

(M N P C)=Set of students which have all three
subjects Mathematics, Physics and Chemistry.

(MU Pu C) =Set of all students which have three
subjects.

Cardinal Number of Some Sets

If A, B and C are finite sets and U be the finite universal
set, then
(i) n(A") =n(U) —n(A)
(ii) n(A U B) =n(A) +n(B) —n(An B)
(iii) n(A v B) =n(A) + n(B), if A and B are disjoint
non-void sets.
(ivy (AN B”")=n(A) —n(AN B)
v)n(A"nB")=n(AuU B) =n(U) —n(AU B)
(vi)n(A"U B")=n(An B) =n(U) —n(AN B)
(vii) n(A—B) =n(A) —n(AN B)
(viii) (AN B) =n(AuU B) —n(An B") —n(A" N B)
(ix) (AU BU C) =n(A) + n(B) + n(C) —n(AnN B)
—-n(BNC)-n(CNnA)+n(AnN BN C)
x)IfA,, A,, As,.., A, are disjoint sets, then
n(Ay UA,UA; U...UA),)
=n(A;)+n(A,)+n(As)+...+n(A,)

Example 5. If A and B be two sets containing 6 and 3
elements respectively, what can be the minimum
number of elements in AU B ? Also, find the maximum
number of elements in AU B.
Sol. We have, n(A U B)=n(A)+ n(B)—n(A N B),
n(A U B) is minimum or maximum according as n(A N B)
is maximum or minimum, respectively.

Casel If n(A M B)is minimum i.e., n(A N B) = 0 such that
A={abc,de, fland B={g, h,i}
n(AuUB)=n(A)+n(B)=6+3=9
Casell Ifn(A N B)is maximum i.e., n(A N B) =3, such

that
A={ab,c,d e fland B={d, a c}

S n(AUB)=n(A)+n(B)—n(ANB)=6+3-3=6

Example 6. Suppose A}, A,,..., A, are thirty sets

each with five elements and B,,B,,...,B,, are n sets

each with three elements.
30 n

Let () A,‘ = Bj =S
i=1 =1

j
Assume that each element of S belongs to exactly ten
of the A;’s and exactly to nine of the B;’s. Find n.



Sol. Given, A’s are thirty sets with five elements each, so
30
2 n(A;)=5x30=150 ()
i=1

If the m distinct elements in S and each element of S belongs
to exactly 10 of the A;’s, so we have
30

_;ln(Ai) =10m ...(ii)

. From Egs. (i) and (ii), we get 10m = 150
: m=15

...(iii)

Similarly, X2 n(B;) =3n and Z n(B;)=9m
j=1 j=1

9
3n=9m = n=7m=3m

=3X15=45
n =45

[from Eq. (iii)]

Hence,

Example 7. In a group of 1000 people, there are 750
who can speak Hindi and 400 who can speak Bengali.

How many can speak Hindi only? How many can speak
Bengali only? How many can speak both Hindi

and Bengali?

Sol. Let H and B be the set of those people who can speak
Hindi and Bengali respectively, then according to the
problem, we have

n(H U B) = 1000,
n(H) = 750, n(B) = 400
We know that,
n(H U B)=n(H) + n(B) — n(H N B)
1000 = 750 + 400 — n(H N B)
n(H N B) = 150
. Number of people speaking Hindi and Bengali both is

150.

Also, n(H N B’)=n(H)—n(H N B)
=750 - 150
=600

Thus, number of people speaking Hindi only is 600.
Again, n(Bn H’)=n(B) - n(Bn H) =400 — 150 = 250
Thus, number of people speaking Bengali only is 250.

Example 8. A survey of 500 television watchers
produced the following information, 285 watch
football, 195 watch hockey, 115 watch basketball,

45 watch football and basketball, 70 watch football
and hockey, 50 watch hockey and basketball, 50 do
not watch any of the three games. How many watch all
the three games? How many watch exactly one of the
three games?

Sol. Let F, H and B be the sets of television watchers who
watch Football, Hockey and Basketball, respectively.

Then, according to the problem, we have
n(U) =500, n(F) = 285, n(H) = 195,
n(B) =115, n(F N B) = 45,
n(F N H)=70,n(H N B) =50
and n(F" U H U B’) =50,
where U is the set of all the television watchers.
Since, n(F’ WH’ UB")=n(U)-n(FUH U B)

= 50 =500 —n(F WU H U B)
= n(F U H U B) = 450
We know that,

n(FUHUB)=n(F)+n(H)+n(B)-n(F NH)
-n(HNB)—n(BNF)+n(F nH N B)
= 450 =285+ 195+ 11570 — 50 — 45+ n(F N H N B)
n(FNH N B)=20

which is the number of those who watch all the three
games. Also, number of persons who watch football only

=n(FNH NB")
=n(F)—n(F "nH)—-n(F N B)+n(F N H N B)
=285—70—45+20 =190

The number of persons who watch hockey only
=n(HNF N B
=n(H)-n(H N F)—n(H N B)+n(H N F N B)
=195—-70-50+20 =95

and the number of persons who watch basketball only
=n(BNH NF’)
=n(B)—-n(BNH)-n(BNF)+n(H NF N B)
=115—-50—45+20 =40

Hence, required number of those who watch exactly one of
the three games

=190+95+ 40 =325

Venn Diagrams
(Euler-Venn Diagrams)

The diagram drawn to represent sets are called Venn
diagrams or Euler Venn diagrams. Here, we represent the
universal set U by points within rectangle and the subset
A of the set U is represented by the interior of a circle. If a
set A is a subset of a set B, then the circle representing A is
drawn inside the circle representing B. If A and B are not
equal but they have some common elements, then to
represent A and B by two intersecting circles.



Venn Diagrams in Different Situations

1. Subset
% U

AUB
2. Union of sets
U U
E= =2 EA =)
A O B, when A O B, when
AnB=¢ neither AOB norBJ A
3. Intersection of sets
)

0l0)

A n B, when
A n B = @ (no shaded one)

A n B, when neither
AOBnorB1 A

4. Difference of sets

% ° U
A - B, when neither A-B, when
AOBnorBd A A-B=¢
5. Complement set
u

A' = shaded one

6. AUu(BuC)and (AU B)u C

Hence, AU (Bu C) =(AuU B) U C which is
associative law for union.

7. AN (BN C)and (AN B)n C

ANB

Hence, AN (BN C) =(AN B) N C which is
associative law for intersection.

8. Distributive law
(i) AUBNC)=(AuB) N (AU C)
(i) AN(BUC)=(ANB)U(AN ()

(i)

(ADB) ADC)
It is clear from diagrams that
AU(BNC)=(AuB) N (AU Q)

(ii)

It is clear from diagrams that
AN(BUC)=(ANB)U(ANC)




9. Symmetric difference

u u
s = 1=—
A A B, when neither A A B, when
AOBnorBd A AnB=¢
andAnB#@
Remark
Remember with the help of figures.
A B v

Example 9. A class has 175 students. The following
table shows the number of students studying one or
more of the following subjects in this case.

Subjects Number of students
Mathematics 100
Physics 70
Chemistry 46
Mathematics and Physics 30
Mathematics and Chemistry 28
Physics and Chemistry 23
Mathematics, Physics and Chemistry 18

How many students are enrolled in Mathematics alone,
Physics alone and Chemistry alone? Are there students
who have not offered any one of these subjects?

Sol. Let P, C and M denotes the sets of students studying
Physics, Chemistry and Mathematics, respectively.

Leta b, c, d, e, f, g denote the elements (students)
contained in the bounded region as shown in the diagram.

Then, at+d+e+g=170
c+d+ f+g=100
b+te+ f+g=46
d+g=30
e+ g=23
f+g=28
g=18
After solving, we get g =18, f =10,e =5,d =12, a = 35,
b=13and c=60
at+tb+c+d+e+ f+g=153

So, the number of students who have not offered any of
these three subjects = 175 — 153 = 22

Number of students studying Mathematics only, ¢ = 60
Number of students studying Physics only, a = 35
Number of students studying Chemistry only, b= 13
Aliter

Let P, C and M be the sets of students studying Physics,
Chemistry and Mathematics, respectively. Then, we are
given that

n(P)=70,n(C) = 46, (M) = 100
n(M N P)=30,n(M N C) =28
n(PNC)=23
and n(MNPNC)=18
.. The number of students enrolled in Mathematics only
=a(MNP ' NC)=n(MN(PUC))
[by De-Morgan’s law]

n(M)=n(MnN(PuUC))
n(M) = {n[(M N P) U (M N C)]}

[by distributive law]
=n(M)-n(MNP)—-(MNC)+n(MNPNC)
=100—-30—28 +18=160

Similarly, the number of students enrolled in Physics only,

n(PAM NnC’)
=n(P)-n(PNM)—n(PNnC)+n(PNnMnNC)
=70-30—-23+18=35

and the number of students enrolled in Chemistry only,

n(CAM NP )=n(C)-n(C "M)-n(CP)+n

(CNAMANP)



=46—-28-23+18=13
and the number of students who have not offered any of
the three subjects,
n(M"NP’"NC")=n(M N PnC) [by De-Morgan’s law]
=nU)-n(MUPuUC)
=n(U) - {n(M)+ n(P)+n(C)—n(M N P)
—n(MNC)—-n(PNC)+n(PNnC M)}
=175— {100 + 70 + 46 — 30 — 28 — 23 + 8}
=175—-153=22

Example 10. In a pollution study of 1500 Indian rivers
the following data were reported. 520 were polluted by
sulphur compounds, 335 were polluted by phosphates,
425 were polluted by crude oil, 100 were polluted by
both crude oil and sulphur compounds, 180 were
polluted by both sulphur compounds and phosphates,
150 were polluted by both phosphates and crude oil and
28 were polluted by sulphur compounds, phosphates
and crude oil. How many of the rivers were polluted by
atleast one of the three impurities?
How many of the rivers were polluted by exactly one
of the three impurities?

Sol. Let S, P and C denote the sets of rivers polluted by

sulphur compounds, by phosphates and by crude oil

respectively, and let a, b, ¢, d, e, f, g denote the elements
(impurities) contained in the bounded region as shown in

the diagram.
o
\/

P C

u

Then, a+d+e+ g=520
c+d+ f+g=425
bte+ f+g=33 = d+ g=100

e+g=180 = [+ g=150
g=28
After solving, we get
g=28 f=122e=152b=33,d =72, c =203 and a = 268

The number of rivers were polluted by atleast one of the
three impurities

=(at+b+c+d+e+ f+g) =878

and the number of rivers were polluted by exactly one of
the three impurities,

a+b+c=268+33+203 =504

Aliter

Let S, P and C denote the sets of rivers polluted by sulphur
compounds, by phosphates and by crude oil, respectively.

Then, we are given that
n(S) = 520, n(P) = 335, n(C) = 425, n(C A S) = 100,

n(SNP)=180,n(PNC)=150and n(SNP N C) =28
The number of rivers polluted by atleast one of the three
impurities,
n(SUPUC)

=n(S)+ n(P)+n(C)—n(SNP)

-n(PNC)—-n(CNnS)+n(SNPNC)
=520 + 335 + 425 — 180 — 150 — 100 + 28 =878

and the number of rivers polluted by exactly one of the
three impurities,

n{(SNP' ' NnCHYU(PNC' NS )Yu(CNP'NS’")
=n{SN(PUC)TU{PN(CUS)TU{CNPUS)}
=n(SN(PUC))+n(PN(CUS))+n(CN(PUS))
=n(S)—-n(SNP)-n(SNC)
+n(SNPNC)+n(P)—n(PNC)—n(PNS)
+n(SNPNC)
+n(C)—-n(CNP)—n(CNS)+n(SNPNC)
=n(S)+n(P)+n(C)-2n(SNP)-2n(SNC)
-2n(PNC)+3n(SNPNC)
=520+ 335 + 425 — 360 — 200 — 300 + 84 =504



10.

11.

Exercise for Session 1

IfX={"-3n-1:neNyandy ={9(n —1):n € N}, then X UY equals

(a) X (b)Y (c)N (d) None of these

If N, = {an :n € N}, then N5 N N7 equals

(@N (b)Ns () N7 (d) N3s

If Aand B are two sets, then A n (A UB) equals

(a)A (b)B (c) o (d) None of these

If U be the universal setand AuB UC =U, then[(A-B)u(B-C)u(C - A)]equals

(@) AuBUC (b AnBNC (d)Au(BNC) (d)An (BUC)

If Aand B are two sets, then (A-B) U (B — A) U(A N B)equals

(a)AuB (b)AnB (c)A (d)B’

If A={x: x is a multiple of 4} and B = {x : x is a multiple of 6}, then A c B consists of all multiple of

(a) 4 (b) 8 (c)12 (d) 16

A set contains 2n + 1elements. The number of subsets of this set containing more than n elements equals
(a) 2n—1 (b) 2'7 (C) 2!7 +1 (d) 22[1

If A= {0, {¢}}, then the power set of Ais

(a)A (b) {0, {0}, A

(c) {d, {8}, {{0}}, A (d) None of these

Givenn(U)=20,n(A)=12,n(B) =9, n(A nB) =4, where U is the universal set, A and B are subsets of U, then
n((AuB)’) equals

(a)3 (b) 9 (c) 11 (d) 17

A survey shows that 63% of the Indians like cheese, whereas 76% like apples. If x % of the Indians like both

cheese and apples, then x can be
(a) 40 (b) 65 (c) 39 (d) None of these

In a class of 55 students, the number of students studying different subjects are 23 in Mathematics, 24 in
Physics, 19 in Chemistry, 12 in Mathematics and Physics, 9 in Mathematics and Chemistry, 7 in Physics and
Chemistry and 4 in all the three subjects. The number of students who have taken exactly one subject is
(a)6 (b) 7 ()9 (d) 22



Answers

Exercise for Session 1
1.(b)y 2.(d) 3.(c) 4. (b) 5. (a) 6. (c)
7.(d)  8.(c) 9. (a) 10.(c)  11.(d)
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