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SETS AND VENN DIAGRAMS

Venn diagrams are the diagrams that are used to represent the sets, relation between the sets and
operation performed on them, in a pictorial way. Venn diagram, introduced by John Venn
(1834-1883), uses circles (overlapping, intersecting and non-intersecting), to denote the
relationship between sets.

A Venn diagram is also called a set diagram or a logic diagram showing different set operations such
as the intersection of sets, union of sets and difference of sets. It is also used to depict subsets of a
set.

For example, a set of natural numbers is a subset of whole numbers, which is a subset of integers.
The relation between the sets of natural numbers, whole numbers and integers can be shown by
the Venn diagram, where the set of integers is the universal set. See the figure below.

Here, W represents whole numbers and N represents natural numbers

The universal set (U) is usually represented by a closed rectangle, consisting of all the sets. The sets
and subsets are shown by using circles or oval shapes.

What is a Venn Diagram?

A diagram used to represent all possible relations of different sets. A Venn diagram can be
represented by any closed figure, whether it be a Circle or a Polygon (square, hexagon, etc.). But
usually, we use circles to represent each set.
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In the above figure, we can see a Venn diagram, represented by a rectangular shape about the
universal set, which has two independent sets, X and Y. Therefore, X and Y are disjoint sets. The two
sets, X and Y, are represented in a circular shape. This diagram shows that set X and set Y have no
relation between each other, but they are a part of a universal set.

For example, set X = {Set of even numbers} and set Y = {Set of odd numbers} and Universal set, U =
{set of natural numbers}

We can use the below formula to solve the problems based on two sets.

n(XUY)=n(X)+n(Y)=n(XNY)

Three Sets

Check the Venn diagram of three sets given below.

The formula used to solve the problems on Venn diagrams with three sets is given below:
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NAUBUC)=n(A)+n(B)+n(C)-n(ANB)-n(BNC)-n(ANC)+n(ANBNC)

Symbols

The symbols used while representing the operations of sets are:

e Union of sets symbol: U
e Intersection of sets symbol: N

e Complement of set: A’ or A°

How to draw a Venn diagram?

To draw a Venn diagram, first, the universal set should be known. Now, every set is the subset of the
universal set (U). This means that every other set will be inside the rectangle which represents the
universal set.

So, any set A (shaded region) will be represented as follows:

Figure: 1

Where U is a universal set.

We can say from fig. 1 that

AuU=U

All the elements of set A are inside the circle. Also, they are part of the big rectangle which makes
them the elements of set U.

Venn Diagrams of Set operations

In set theory, there are many operations performed on sets, such as:

e Union of Set
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e Intersection of set
e Complement of set
e Difference of set
etc. The representations of different operations on a set are as follows:

Complement of a set

A’ is the complement of set A (represented by the shaded region in fig. 2). This set contains all the
elements which are not there in set A.

Figure 2:

It is clear that from the above figure,
A+A=U
It means that the set formed with elements of set A and set A’ combined is equal to U.
(A=A
The complement of a complement set is a set itself.
Properties of Complement of set:

e AUA'=U

e ANA'=¢@

e (AUB)=A'NB

e (ANB)=A"UB'

e U's= 0]

° (p' =U

Intersection of two sets

A intersection B is given by: AN B={x:x €A and x € B}.

This represents the common elements between set A and B (represented by the shaded region in
fig. 3).

Figure 3:
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Intersection of two sets

Properties of the intersection of sets operation:

e ANB=BNA

e (ANB)NC=AN((BNC)

e PNA=@;UNA=A

e ANA=A

e AN(BUC)=(ANB)U(ANC)
e AU(BNC)=(AUB)N(AUC)

Union of Two Sets
A union B is given by: AUB = {x | x €A or x €EB}.
This represents the combined elements of set A and B (represented by the shaded region in fig. 4).

Figure 4:

Union of two sets

Some properties of Union operation:

e AUB=BUA
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e (AUB)UC=AU(BUC)
e AUugp=A
e AUA=A
e UUA=U

Complement of Union of Sets

(A U B)’: This is read as complement of A union B. This represents elements which are neither in set
A nor in set B (represented by the shaded region in fig. 5).

Figure 5:

=

Complement of AUB

Complement of Intersection of Sets

(A N B)’: This is read as complement of A intersection B. This represents elements of the universal
set which are not common between set A and B (represented by the shaded region in fig. 6).

Figure 6:
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Difference between Two Sets

A - B: This is read as A difference B. Sometimes, it is also referred to as ‘relative complement’. This
represents elements of set A which are not there in set B(represented by the shaded region in fig.

7).
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Figure 7:

Difference between Two Sets

Symmetric difference between two sets

A © B:This is read as a symmetric difference of set A and B. This is a set which contains the
elements which are either in set A or in set B but not in both (represented by the shaded region in
fig. 8).

Figure 8:

Symmetric difference between two sets

Solved Problem

Example: In a class of 50 students, 10 take Guitar lessons and 20 take singing classes, and 4 take
both. Find the number of students who don’t take either Guitar or singing lessons.
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Guitar Singing

“X” students take neither Guitar nor
singing lessons.

Solution:

Let A = no. of students who take guitar lessons = 10.
Let B = no. of students who take singing lessons = 20.
Let C = no. of students who take both = 4.

Now we subtract the value of C from both A and B. Let the new values be stored in D and E.

Therefore,
D=10-4=6
E=20-4=16

Now logic dictates that if we add the values of C, D, E and the unknown quantity “X”, we should get
a total of 50 right? That’s correct.

So the final answerisX=50-C—-D-E
X=50-4-6-16
X=24
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