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VENN DIAGRAMS

~ ¢ Venn Diagrams and Set Operations  *  Associative Laws

es of Cardinal Numbers

A Introduction 3.

John Venn (1834-1923), an English mathematician,

introduced the concept of pictorially representing
sets by elements bounded within a closed figure. This
is why these geometrical figures are known as Venn
diagrams.

Some of the basic facts about Venn diagrams are:
1. The universal set is represented by a rectangle.
All the elements of the sets under consideration
 lie in the interior of this rectangle.

.

9. A set is represented by a circle or an ellipse. All
the elements of the set lie in the interior of this
circle and are written inside the circle. The name
and cardinal number of the set are written on
the boundary of the circle.

e Distributive Laws
e De Morgan’s Laws

If two circles of equal radii describe two sets,
this does not necessarily mean that the sets are
equal. The boundary of a circle only describes
the limits of the set, just as curly brackets do, n
set notation. Equal sets are represented by the
same circle, as shown below.

To highlight the relation between sets, or to
describe the result of an operation on sets,
particular areas are shaded.
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Venn Diagrams and Set
“Operations

Disjoint Sets
Let &= {x | x is a letter of the English alphabet},

A= {aeiou},andB={p,q,1s,t}
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g by Sop

Now observe the following operations represented
by Venn diagrams:

AuUB 3 ANB 2
A B A )

{a,ei,o,u,pq,rs,t} {}ord

A-B = B-A 2
A B A B
{a, e, i, 0, U}

{p,q,r,s,t}

A’ g B’ 3

o

{bl ci dll f! g! I.II' .ii kl Il m! ni' {at bl c! dl Bl fr g! hr ir i! k:I
P,qnstvwXxy,z} l,m,n,0,uVv,wWXY, 2z}
A -B Mo

{b,c,d,f, g h,jkl m,
nv,wxy,z}

{6,c,d,f,g,h,j, k|, m,
nv,wXxY,z}

Intersecting Sets

Let £ ={1,2,3,4,5,6, 7,000
11,19, 13, 14 180
A={3,4,5,6,7,8,9}, and
B=7/879:10/ 11719, 13}

22

14 15

Now observe the following operations represented
by Venn diagrams:

AuUB § AnB E

E A )
{3,4,5,6,7,8,9, 10, {7, 8, 9}

11,92 1387

A-B E B-A g
A B A )
{3, 4, 5, 6} {10, 11, 12, 13}

A = B &

{1, 2,40, 11512:13 14, 15} {1,2,3,4,5,6, 14, 15}
A -B 3 B’ -A 3

{1, 2, 14, 15}

{1, 2, 14, 15}

Subset

Let & = {x | xis an even number, -
x <20 and x € N},
A= {x | x is a multiple of 4,
x £20 and x € N}, and
B = {x | x i1s a multiple of 8,
x £ 20 and x € N}
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Now observe the following operations represented

by Venn diagrams:
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We shall now verify the properties of cardinal
numbers by constructing Venn diagrams for the
given sets for different operations.

1. n(A U B) = n(A) + n(B) - n(A N B)

ANnB

L 3= 857.8,9)

T T YT VN {2, 4, 6,10, 12, 14, 18, 20}

APl (IBTRBD 1) B'—A 5

{2l sl 10! 14! 1 {2: 61 10! 14! 18}

P_roperties of Cardinal Numbers

Let & = {0,1,2,3,4,5,6,7,8,9, 10},

A

Il

{1,2,3,4,5,6, 7}, and

o
L

F -

11

n(A v B) 3 n(A) g

9 7
{1,2,3,4,5,6,7,8,9} {1,2,3,4,5,6, 7}
n(B) g n(A N B) g
A B
+ -1 (8
5 3
{5, 6, 7, 8, 9} {5,6,7}

The last area n(A N B) has been taken twice in the
union of A and B. Thus, n(A N B)is subtracted once.

9. () n(A-B)=n(A)-n(ANB)
n(A - B) £

4
1,23, 4}
n(A) g n(A N B) 2
A 2]
7 3
1,2,3,4,5,6,7} {5, 6, 7}
i) n(B—-A)= n(B) — n(A N B)
n(B - A) 3
2 nAnB) &
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3. ) n(A) = n®) - n(A) Tryhist - T
n(A") E “Ler tE ix I X is ah oﬂd numbzr X <2§5
‘.’ '5 *‘{#1xisumdf+gsleof3x<25
e find n(E). n(A) and (A}
{0, 8, 9, 10} 25
n(€) E n(A . et |
_— L s (iv) n(A - B) = n(f) - n(A — B)
% @ 7 @ n(A _ B)’ g
7
10152 3 4-5. 8 7, {1,2,8.4,5,6,7}
8, 9, 10} 7
{0,5,86,7,8,9, 10}
(i) n(A U B)Y =n(E) - n(A U B) n() : nA-B) &
SRR Al A B
nAuB)y & :
et s B
(0 .o) :
{0,1,2,3,4,5,86, {1,2 3, 4
7,8,9,10}
{0, 10}
- nAUB) & ( 5 Operations on Three Sets
= h A B
= @ @ Let us now consider 3 sets.
Example 1: From the Venn diagram given below,
9

find the results of the following operations and show

10,61,:2::8, 4, 95,8, 7, 8, 11,2, 3,4, 5, 658, 9}

9, 10} the result in a new Venn diagram by shading the
(i) n(A N BY =n(E)—n(A N B) 2 Sl :
n(A A B)’ 3
S
{0,1, 2,3, 4,8,9, 10}
n(g) : nAnB) &
A B A B
Y Bl imeer
| A U B U Cisrepresented in the Venn diagram
3 by the total area bound by the sets A, B and
{0,1,2,3,4,5,6,7,8, 5,6, 7} C. ThusAUB O Q51,345 789 10

9, 10} 11, 12,113, 15, 1@, 2

124
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P R iy

= Thus AUB) NC = {8, 11, 12, 13}
iv) (AuB)-C
We have identified the area that represents
(A U B) in the above example. From this area,
we exclude the area that is common with set C.

Thus (AUB)-C = {3,5,7,9, 10, 15, 20}

§

@) AnBNC
A N B N C is represented in the Venn

diagram by the area that is common to all the
three sets A, B, and C. Thus AN B N C

=1

20 &

A Associative Laws

8 1. Union of sets is associative.
18 s K 3 A g
: A 3
19
(i) (AUB)NC B C B C |
11 U
First we find the total area bound by sets P . (B9 .3
A and B. A A |
e, 8,9, 10,11, 12,13;°15, 20}.
Then we find the area that is commonto AU B -
and set C.
B c B G
(AuB)uUC Au (BuC)

AuBUC=AUBUCQ()

9. Intersection of sets is associative.

A 3 A B =
Kf%é%il ai%é%fm
(A B) (B ~ C)
A g g
l@ B@C
{ﬁ AAB)AC A~ (B~ C)

L2
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ANB NC=ANBANC)

Distributive Laws
1. Union of sets is distributive.

A - A g A 5
S o)
g X /o B" e B c
(BN C) (A U B) (AU C)
A = | A g
| B b, S0 __:\ ____/ é; B.\m.__ x___ﬂj C
Au (BnC) AuB) Nn(AuC)
AUBNCO=AUB NAUVQC

2. Intersection of sets i1s distributive.

A 18 A eI A -
(((j} IEND
B \.H___} JJC B(\ﬁ/)c Bk\ C
(BuC) (AN B) (AN C)
A ¥R~ A &
| =
{y\ {
BK JC B\ C
An (BuQC) (AnB)u (AnC)
ANBuUC) =AnBUANQC)

De Morgan's Laws

1. The complement of unions is the intersection
of the complements.

BRI S A g A 3
f’_‘g a3
_%@C B C B C
AuB A B
AUB'=A"NB

(A v B)’

2. The complement of intersections is the union
of the complements.

A - A g H R .§_l1 3
B& C B C B C
AnB A B
' A = A .
B C B C
(AN B) A'uB
ANB'=A"UB

{"} Word Problems
Example 2: In a colony of 178 houses, 108

households own colour televisions and 96 households
own music systems. If 28 households own neither a
colour TV nor a music system, find how many
households own both colour televisions and music
systems.

n(E) = 178

28 “‘H-/z

Given n(T) = 108, n(M) =96, n(€) = 178 and
n(T UM)” =28
nTUM) =nE) -nTuUM) =178 -28 = 150

n(T " M) =n(T) + nM) —n(T UM)
=108 + 96 — 150 = 54

Thus, 54 households own both colour televisions and

music systems.

Example 3: 75% of students in a class chose to
participate in a Drama Fest and 50% of the students

Downloaded from https:// www.studiestoday.com




Downloaded from https:// www.studiestoday.com

chose to participate in a Sports Meet. If 24 students
“have chosen to attend both and 6 students have
chosen to attend neither of the two events, how many
students study in that class?

Let there be x number of students in the class.
Given: Number of students who participate in both
drama as well as sports

=n(D N S) = 24

Number of students who participate neither in
drama nor in sports

=nDuUS) =6
£
; n(E) = X
6
Now D=75%of x= in = —
ow —500){-100—4

Thus, number of students who participate only in
drama but not in sports = n(D — §)

LR o
-+
50x X
- 0 —
NOW S 50 %o ofx 100 9

Thus, number of students who participate only in
sports but not in drama = n(S — D)

o= 3_24
n€=x=nDNS)+nDuUS) +nD-5)
+ n(S - D)
= 24+6+%——24+%—24
3x X Ix X
= X—T+E+3O—48=>x—T—2
=-18
4x - 3x - 2x e
= 2 =-18 = T4 =-18
S x= 18x4 =72
(multiplying both sides by —4)
Thus, n(§) =72 -

Thus, there are 72 students in the class.
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Example 4: In a residential complex with 300

3

households, = owned cars, 15 owned motorcycles,
1

and 2 owned bicycles. 26 households owned cars

as well as motorcycles while 25 households owned
cars as well as bicycles. 30 households owned

1
motorcycles as well as bicycles. It = of all the

households owned all three types of vehicles, find
the number of households with only one type of
vehicle and the number of households with no
vehicles.

Let car owners be represented by set C

1
Then n(C)= ¢ X300 = 50

Let motorcycle owners be represented by set M

3
Then nM)= 75 X 300 =90

Let bicycle owners be represented by set B

1
Then nB) =3 X 300 = 150
K
n() = 300
|
5
>
Given n(C N M) =26
n(C N B) = 25
nM N B) = 30

nCN"MnNB)= % x 300 = 20
From the Venn diagram it can be observed that
() Number of households with cars and
motorcycles, but no bicycles
=nCNM)-nCA"MnNB)=26-20=06
(i) Number of households with cars and bicycles,
but no motorcycles

=nlCNB)-nCNMnNB)=25-20=5

7
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(i) Number of households with bicycles and
motorcycles, but no cars

Number of households with only
motorcycles = 90— (6 + 20 + 10)

=nMNB)-nCNMnNB)=30-20=10 = 90— 36 = 54
Let us draw a fresh Venn diagram showing the = Number of households with only bicycles
cardinal numbers calculated above. = 150 — (10 + 20 + 5)
3 = 150-35=115
g Thus, number of households with
only one vehicle = 19+ 54 + 115
= 188
Total vehicle onwers= 188 +6 + 5 + 10 + 20
= 229
| Households with no vehicles = 300 — 229
= 71
Thus, number of households with
only cars =30 —(6:+ 20 + 5)
= 50-31=19
Exercise 3.1
1. From the Venn diagram given below, () A (iv) B’
St ) A By
: (vi1) A (viil) B —
(1 )A’ﬁB (x)Ar'\B’
3. Given that
&= £50; 51 52,535,851 55, 50657, I8, S U
A = {31, 339301, 90 . and
find the following: e 5?’ et :
i) AUB (i) AN B draw Venn diagrams and find the following:
) (AUBY (vi) (A N BY 5 3 e ¥
i) A—B (viii) B — A N
L , Show that A—B=Aand B— A = B.
e S 4. Given that
2. Given that '

E = {x| x<20andx€ N},

A = {x | xis a multiple of 2, x <20 and

x € N}, and

{x | x is a multiple of 3, x <20 and

x € N},

draw Venn diagrams and find the following:
1) AuB (i) AN B

B

©

& = {x | xis a multiple of 2, 20<x<40

and x € N},
- A = {x | xis a multiple of 4, 20 < x <40
and x € N}, and
B = {x | x is a multiple of 8,20 <x <40
and x € N},
draw Venn diagrams and find the following:
1) AUB ) AnB
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(i) A’
v) A-B
Show that B — A = A’.

(iv) B’

5. From the Venn diagram given below,

<
n(§) =13

find the following:

1) AUuB ) Av G

() BU G iv) AUBULCG
v) AnB (vi) AN C
(vii) BN G (vii) ANBNC
A BuG x) A-C)NB

(xi) AUBUCQCY (xii)) (A N C N BY

6. Shade the given Venn diagrams to describe the

following sets:

0 i i D CB)"’
(A N B) B’
11 1 A :
e
A-B = "
(A-B)ynC
v) 2 i :
C
7
B C
| Au (BN C) (AnC)-B

. In a shopping mall, 36 employees are wearing
ties and 25 employees are wearing caps. If there

are 55 employees in all, find the number of

employees who are wearing a tie as well as a

cap if

8.

10.

(i) all the employees are wearing either a cap
or a tie
(ii) 5 employees are wearing neither a cap nor
a tie
S

- of all students in a hostel read an English

3
newspaper while = of all students read a Hindi

newspaper every day. If 82 students read
newspapers in both languages, while 16 students
do not read a newspaper at all, find how many
students stay in the hostel.
In a birthday party, out of 53 children,
8 children have neither an ice cream nor a cold
drink. If 30 children have ice cream and
23 children have cold drinks, find:

(i) how many children have only ice cream
(i) how many children have only cold drinks
(iii) how many children have both cold drinks

as well as 1ce creams

— ir

A _'.-'ﬁ.r.-:‘ T,
‘r q : b 1 .‘:'u- 3 i e ]
| T e B L s
- i " b
' . =

There are 74 farmers, 36 teachers, and

40 graduates in a village. 12 farmers are teachers

as well and 14 farmers are graduates too. If

there are 16 graduate teachers in the village and

4 graduate teachers do farming as well, find:

(i) the number of farmers who are neither

graduates nor teachers

(i) the number of teachers who are not
graduates

(iii) the number of non-graduate teachers who
are not farmers

(iv) the number of graduates who are neither
farmers nor teachers

(v) the number of graduate teachers who are

not farmers
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Revision Exercise 3

l. Represent the following sets in Venn diagrams. 4. 95 boys of a school appeared for a physical test for

E={x|x=n,n<40,ne N} selections in NCC and Boy Scouts. 21 boys got |
A={x|x=6n,n<6,ne N} selected in NCC as well as Boy Scouts, 44 boys ’
B={x|x=3n,n<13,ne N} were not selected in Boy Scouts, and 20 boys were '
2. If x = {x | is a prime number, x < 29} and. not selected only in Boy Scouts. Draw Venn
A = {x | xis a prime factor of 210}, represent A in diagrams and find:
venn diagram and find A’ (1 how many boys did not get selected in NCC
3. The following Venn diagram shows intersecting sets and Boy Scouts
A and B. Write the sets for the following in roster (1) how many boys did not get selected only in
form. NCC

(1) how many boys got selected in NCC
(iv) how many boys got selected in Boy Scouts
(v) how many boys got selected in NCC but not
Boy Scouts
(Hint : Solving the question will be easter if you begin
with a Venn diagram for boys who did not get selected.)

@) AUB (b) AnB () A-B  (d)B-A
(e) A H B’ (8) AUB) (h)(AnBY
@ A-B) () B-A)
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