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Sets and Functions

Students’ learning outcomesg
(' At the end of the unit, the students will be able to;j

» Recall: ! »

. Describe mathematics as the study of patterns, structure apq
relationships.

. Identify sets and apply operations on three sets (Subsets overlapping

sets and disjoint sets), using Venn diagrams.

Solve problems on classi

>
diagrams for scenarios involving two sets and three sets. Further
application of sets. .
> Verify and apply properties/laws of union and intersection of three
sets through analytical and Venn diagram methods.
e Apply concepts from set theory to real-world problems (such as in
ategorizing products in shopping malls)

demographic classification, ¢
1, binary relations and its domain and range.

> Explain produc
an be represented by a table, ordered pajr

Recognize that a relation ¢

and graphs.

> Recognize notation and determine the value of a function_and its
domain and range. ' : ;

r Identify types of functions (into, onto, one-to-one, injective,

surjective and bijective) by using Venn diagrams,

N = The set of natural numbers = {1,23,:.}
W = The set of whole numbers = LA S
7 = The set of integers™ = {0,#1, £2,...}
0 = The set of odd integersy, = {£1,£3.£5....}
E = The set of evenintegers = {0, £2, +4,...}
P = The set of primenumbers = {2,3,5,7,1 LIZET, .}

Q = The set of all )
x|x=%Xwhere p,geZ and q#0

rational numbers = q

Q' = The set of all
irrational numbers =

{.\'l v# L where pgeZ and 47 0}
q

R The setof all real numbers=Q U Q’ _/

fication and cataloguing by using Vep, .

) 8

B

~ Equal sets:

|
J ]
| / | : 3
. with only one element is called a sipglor.. ——
gleton set, For

A set
le, {3} {a}, and {Saturday} are singlet
examp On sets. The et

with 1 elements (zero number of elements) is calleq 4,
emp

get, null set, or Void set. The empty set is denoted by the $YImbe
mbol

gor{}

The set {0} is a singleton set having zero
as its only element, and not the empty set.

Two sets A4 and B are equal if they have exactly the
same elements or if every.element of set 4 is an element of set B
If two sets A4 and B are equal, we write A=B. Thus, the sets
(1,2,3} and {2,1; 3} are'equal.

Equivalentsets: Two sets A and B are equivalent if they have
the sameé number of elements. For example, if 4 = {a, b, ¢, d e}
and*B.=1,2, 3, 4, 5}, then 4 and B are equivalent sets. The

‘symbol ~ is used to represent equivalent sets. Thus, we can write

A~ B. :
Subset: If every element of a set A is an element of set B

Symbolically this is written as A < B (4 is a subset of B). In

" such a case, we say B is a superset of 4. Symbolically this is

written as:
B D A (Bis a superset of A).

The subset of a set can also be stated as follows:
AcBiff Vxed=xeB :

gropert s:bs'et: If A is a subset of B and B contains at least one
ement that is not an element of 4, taen A is sai

subset of B. In such a case, we write: i
A < B (A is a proper subset of B).

" Improper subset: If 4 is a subset of B and 4 = B, then we say

;‘ﬁﬁ, A is an improper subset of B. From this definition, it also
imp(;zvs thatbeverlzf set A is a subset of itself and is called an
per subset. For example, let A = {d, bchB={calbd
C ={a, b, ¢, d}, then clearly ! mCt o0
AcC, BcC but A4=8B.

s
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to distinguish between  prope, g
¥ «
use the symbol < for the rcl{“io"*llild‘ é
' .

do not want
s S setls, We may
improper subsets, yu
It is easy to S¢€ that:t NcWcZc (0] .c R
Notice that cach of sets 4 and B is an improper subset of the
other because 4 2 ins all objects or el
Universal set: The sct that contains all 0bjec ements yyg,
consideration 1S called the universal set or the Univerge .

i i d by U. : _
(Ij’lj:?el:'rssi}ft';‘;:e:g\t:er s);t of a set S denoted by P(S) is ¢,
containing all the possible subsets of S. For Example: -

@) IfC={abc d}, then )

BIC) = { @, {a). b, {ch, {d. (@ B). fa &b fa & (b et gy
d), {c.d}. {a. b.c}, {a b} {a, c. d}, {1’ ¢ d} {a b c dy
Gy IfD= {a}, then P(D) = { D, {a} .

If S is a finite set with n(S) = m reprefe.mmg the number o
elements of the set 5, then n{P(S)} = 2" 1s the number of p

elements of the power set.

EXERCISIﬂ' L ‘

Write the following sets in set builder notation:
@  {1,4,9,16,25,36, ..., 484}

i)  {2.4,8,16,32,64,...,150} "

40, + 1, +2, ..., £ 1000}

€ se1

—

(i)
@) 6,12,18,...,120}

) {100,102, 104;.., 400}

~vi)y  {1,3,927,81,...} :

(vii) {1,2,4,5,10, 20, 25, 50, 100}

(viii) {5, 10415, ..., 100} o

(ix)  The set of all integers between
Solution: Here are the sets written in set-builder
() {14,9.16,25,36,..,484)

This is the set of all peffcct squares up 10

A={xix=n%neNalgn<22

notation:

484. '

(i)

(i)

(i)

v)

inclusive.

- (vi)

(vii)
(viii)

(ix)

82

—

(2,48 16,32,64, ...,150) T —
This is the set of all powers of 2 less than or cqual 1o 1
| B:{x|x=2",nEN/\152"5150} -
(0,+1,+2, ..., +1000}
This is the set of all integers from 0 to 1000.
C={x|1x€ZA0<x<1000}
{6,12,18, ..., 120}
This is the set of all multiples of 6 up to 120.
DI={_x|x=6n,nENAISnSZO}
{100,102,104, ..., 400}
This is the set.of all even numbers between 100 and 400,

E={x|x=100+2,n€NAO<n <150}
{1,3,9,27,81,... }
This is the set of all powers of 3.
, F={x|x=3"new}
{1,2,4,5,10,20,25, 50,100}
This is the set of all divisors of 100.
: G = {x | x is adivisor of 100}
{5,10,15, ...,100}
This is the set of all multiples of 5 up to 100.
H={x|x=5n,n€NA1<n<20}
The set of all integers between —100 and 1000
I={x|x€ZA—100 < x <1000}
Werite each of the following sets in tabular forms:
(i) {x | x is a multiple of 3 A x < 35}
(i)’ {x|xeRA2x+1=0}
(i) {x|xePAx<12}
(iv)  fx|xis a divisor of 128}
v) {x|x=2",ne NAn<8}
i) {x| xeNAx+4=0}

L———a—
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(vii) {x|xNAx=x}

(viii) {x|x€ZA3x+] =0}

of 3AX <35}

Itiples of 3 less than 35:
24,27,30,33}

(M {x | x is a multiple
Sol.  This is the set of mu
{3,6,9,12,15,18,21,

(xlxeRA2x+1 = 0}
he equation:

(i)

Sol. Solve forx from t .’ L
spat=e = Bemels SIS
Thus, the set is: 2
(-2
i) f{x1=x ePAx <12}
This is the set of prime numbers less than 12:
' {2,3,5,7,11}
vy f{xlxisa divisor of 128}
The divisors of 128 are: '
{1,2,4,8,16,32,64,128}
(v) {xlx=2",nENAn<8} .
This is the set of powers of 2 where n is anatural namber
less than 8:

: {2,4,8,16,32,64,128}
(vi) {xIxEN/\x+4=0} _

This is an impossible equation for natural numbers, as no
natural number x satisfies x + 4= 0. x=—4,—4 ¢ N. Hence, the
setis { }.

(vii) {xIxeNAx=x}
This set is simply the set of all natural numbers:
‘ N={1,2345,..} '
(viii) {x|x€ZA3x+1=0}

Solve for x from the equation: :

3x+1=0 = 3x=-1 = % =

} . 1 )
: .. . )
Since x = ——is not an integer x & Z, the set 15 {

/_\

Write two proper subsets of eacm
() {a, b, c} (i)  {0,1} iy N s:
iv) 2 v) 0 i) R
i) {x|x€QA0<x<2} .

!:.;\

Solution: Here are two proper subsets for each of the given sets:

(i) {a,b,c}
Proper subsets are subsets of the given set that are not

equal to the original set. Two proper subsets:
' {a,b},{b,c}
{0,1} |
Two\proper subsets:
, B 0}, {1}
@iii) . N (Set of natural numbers)
" Two proper subsets:
S ; {1,2,3},{5,10,15} g
(iv)  Z(Set of integers)
' Two proper subsets:
: {—1,0,1},{—10,-5,5}
v) Q (Set of rational numbers)
Two proper subsets:
' 1:2 3
- el
(vi) R (Set of real numbers)

Two proper subsets: «
{xeR|x>0}{xeER|x<1}

(vii) {x|x€QO0<x<2} (Set of rational numbers

between 0 and 2, inclusive)
Two proper subsets:

Iz

(i)

.

————_
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\

4.

5

Is there any set whic

name that set.
Solution: Yes, there is a set
set, denoted by @ or {3

Explanation:

S.olution: The sets {a,
different because they

h has no proper subset? If gq
that has no

A proper subset of a set A is any subset of A that is not
itself. . 47

= g ‘tll set @ is a subset of every set, lnclud.mg itself

:lhe ZTg y@ d contain any elements, so it cannot

owever, : (
have a subset that is different from 1tls)elt;.
Thus, the.empty set has no proper Su sets.
' ifference between {a,

he b} and {{a, b}}?
What is the d b} and {{a, b} are fundamentally
contain diffe

oes not

rent elements.

Explanation:
Set {a, b}:
c.) This set contains twWo elements: a and b. |
o . Example:Ifa= 1 and b = 2, then {a,b} ={1,2}.
Set {{a,b}}: : A
; T;is{get cc})znains only one element, which is itself a set:
a, b}. : _
o) l{Sxample: Ifa =1andb = 2, then {{a, b}} = {{1.2}}.
6 What is the number of clements of the power set of

ca;ch of the following sets?

(i) 401}
7 ) 10,1,2,3,4,567

@
i) '{la, b}, (b, c}, {ds )}

{}
i)  {1,2,3,4,56
v) {a{be}}

Solution:

@

{J

The empty set hasn = 0 elements.
The power set has 2° = 1 element.
Power set: P (1).

Answer: | element.

(ii)

{0,1):
The set has n = 2 elements.

The power set has 22 = 4 elemcnts/

) -

[r’

proper subset: the emmy

““Answer: 4 elements.

et set: {310}, {13, (0,13).

P
r: 4 elements.

o
nswe
g") {1,2, 3, 4, 5, 6, 7}:
A The set has n = 7 elements.
The power set has 27 = 128 elements.

[
Answer: 128 elements.

(0,1,2,3,4,5,6,7):
i The set has n = 8 elements.

-, - Theé power set has 2® =256/elements.
Answer: 256 elements, o
w  {a b))’

Theset Has'n = 2 elements (a and {b, c} are distinct

(iv)

elements).
. ‘The power set has 22 = 4 elements.

. Power set: {{}, {a}, {{b, c}}. {a,{b,c}}}.

(vi) {{a b},{b.c},{d,e}}:
. The set has n = 3 elements ({a, b}, {b, c}, and {d, e} are

distinct elements).
) The power set has 23 = 8 elements.

"o~ Power set:

(0. {{a, b}}, {{b, c}}, {{d. e}, {{a, b}, {b, }}. {{a, b}. {d,
e {{b,c}.{d, e}, {{a b}, {b,c},{d, :}}}}}.{{a }.{d, e}},

An§wer: 8 elements. -
'3 Write down the power set of each of the following

sets:
o H11 (i) {+-x,+}
(i) {¢} (iv) f{a, {b, c}}
Solution: -

®  {9,11}:
The set has 2 elements: 9 and 11. The power set contains

22 = 4 subsets.

l’OWer set:
{0, {9}, {11}, {9.11}}

oo O
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e "

(i) {+, —=x,+)

The set has 4 elements: +, =X, ~- The power set contajpg
2* = 16 subsets.

Power set:
(0 (4. (3, 09 (3 (X0 (D 22D 2 sy
{+-x%L{+ =} {(+%,+} {(=x+}{+H -%,+}}

(iii) {} (empty set):

. 0 s . .
The set has no elements. The power set contains 2° = 1 subget

Power set:

{3
{a,{b,c}}:

The set has 2 elements: a and {
contains 22 = 4 subsets.

Power set: {{},{a} {{b.c}}.{a{b.c}}} -

Properties of union and intersection . :
We now state. the fundamental properties of union’ and

intersection of two or three sets. .

e b, c}. The power set

rties _ W
(I',)rOI:feu B=BUA (Commutative/property of Union) :
i ANB=BNA (Commutative property nl'h'ncrscchon)
i) - (Associative property of Union)

(iii) AUBU(O)= AuB)uC
(iv) AN(BNO)= (4N B)NnC
(v) AuBn ()= (AuB)N(Av jjivi
(vi) 4 A(BU C)= (40 B)yU (40 €) (Distributivity
wii) (AuB)=A'N B'J

(viii) (Af\B)"vA'UB' .
Example 1: Consider the adjacent Venn diagram

two non-empty sets, A and B.

(Associativesproperty of Interscetion)

CyuDistributivity of Uni

of intersection over Union)

(De Morgan’s Laws)

illustrating

ts common to Sets AandB

(@)  Determine the number of elemen i
(b)  Identify all the elements exclusively in set 5 and no ,
(c) Calculate the union of sets 4 and B.

/

on over intersection)

—

()

¥

————

/\ X

0

\$/ % Ju
o/ w /
. O

Voo

(s
g

.
N

9 I 13

Solution: From the information provided in the Venn diagram
we have: Let U={1,2,3,4,5/6,7,8,9,10, 11,12, 13, 14. 1 5.
A={12,3,4:568) n

7 B=1{5,6,7,8,9 10,12}

(a) The elements in\both sets A and B are the intersection of
the sets: A N B ={3;6, 8}

(b) _The elementsithat are only in set B, not in set A, is the
sets' differences. B —4 = {7, 9, 10, 12}

(©. - 4B ={1,2,3,4,5,6,8} U {56,7,8,9,10,12)
F ={1,2,3,4,5,6,7,8,9, 10, 12}

Example 2: Consider the adjacent Venn diagram representing
. the students enrolled in different courses in an IT institution.
-U = {Students enrolled in IT institutions}
A = {Students enrolled in an Applied Robotics}

G = {Students enrolled in a Game Development}
W= {Students enrolled in a Web Designing}

(a) How many students enrolled in the applied Robotics
course? ‘

(b) Determine the total number of Students enrolled in a

: Game Development.

(c) ‘ .How many students are enrolled in the Game
development and Web designiﬁg course?

(d)  Identify the students enrolled in Web develoﬁment but

 not Applied Robotics, | .
(€)  How many students are enrolled in IT institutions?

L How many students enrolled in all three courses?
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Solution:

he total number of students enrolled in

Set A represents t
rogram.

70 + 205 + 125 +2
udents in the Applie

(@
the Applied Robotics p
Total =3

So, the total>number of st
is'940.
b T

Development is repr
Total =

Thus, the Students enrolled in a

40 =940
d Robotics course

he total number of students enrolled in a Game .

esented by the set G.
205 + 125 + 270 +425 =1025

Game Development is 1025

~ Total students are enrolled in both the Game development
urse is the intersection of G and W.

=125+ 270 =395
in. sboth

(c)
and Web designing. The co
GnW
Therefore, 395 students are enrolled
development and Web designing Course.
(d)  The students who are enrolled in
not in Applied Robotics is the sum,of values
W.
Total = 336 + 270 = 606 ”
So, there are 606 students, who enro

courses but not in Applied Robotics. :
(¢)  The total number of students enrolled in all three courses

is represented by all the values inside the circles. -
Total = 370 + 205+ 125 + 240 + 425 + 270+ 336 = 1971

There are a total of 1971 students enrolled in IT [nstitutions-
e courses are the

( f) Thc students who enrolled in all thre
intersection of all the circles are represented by the value 125.

the Game

Web dévelopment but
336 and 270 in set

lled in Web d_evelopment

S

:;nple 3: There are 98 secondary school studentx :

club. 58 students join the swimming club, and 58'?‘5. in a sporg
war club. How many students participated in bOthJOm the tug-of.
Solution: Let U = {total student in a sports club o fgames?

A = {students who participated in swimming club} o

i {fpess A articipated in tug-of-war club} Fr
statement of problems, we have n(U) EN O3 ='980r:($e

58, n(B) = 50.

LI

We want to find the total number of students who participated in

' both.clubs.

WANB) =7
Using the principles of inclusion and exclusion for two sets:

n(d U B) =n(4) + n(B) —n(4 N B)
= n(4 N B) =n(4)+ n(B) —n(4 U B)
=58 + 50 — 98

k1o

;l:us,dl-o students participated in both clubs

e adjacent Venn diagram sho .

e ws the number of students in

Exa - V

.1 hn(:ple 4: Mr.. §aleem, a §chool teacher, has a small library in

- use confammg 150 books. He has two main categories for

is]ase.books: islamic and science. He categorized 70 books as

thatmlc.books and 90 books as science books. There are 15 books

Hownelther belong to the islamic nor science books category
many- books are classified under both the islamic anci

Scie ;
categories?
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From the Statement of problems, we have .
n(U) = 130, n(G) =57, n(C) = 50, n(E) = 46, n(G n () ~ 3
(G N E)=25,n(C~E)=21and (G C N E)=12, '
(a) We want to find the total number of customers wh, have
bought at least one of the products: garments, cosmetics, or

electronics.

We are to find n(G U C U E).
Using the principle of inclusion and exclusion for three sets:

n(Gu C VE) =n(G) + n(C) + n(E) —n(G N C) - nG NE)
-n(CNE)+nGNnCNE)
=57+50+46-31-25-21+12=88

Thus, 88 customers bought at least one of the producis:
garments, cosmetics, or electronics. -

(b)  Customers who bought only garments.

=n(G) —n(GNC)—n(GNE) +n(GNCNE)
=57-31-25+12

=13

s
RV

Customers who bought only cosmiétics .

=n(C) —n(GNC)=n(CNE) + (GACNE)
=50-31-21+12=10

Customers who bought only electronics

=n(E) =n(GNE) -n(CNE) + n(GACNE) .
=#6-25-21+12=12

Therefore, the customers bought only one of the products:
garments, cosmetics, or electronics = 13 + 10 +12 =35 :

—

AP——" e 4
© Since the total number of Customerg Surye

and 88 customers bought at least one of the producys.
cosmetics, or electronics, The Customers whg djg nm- }L):rmrm
the three products can be calculated a5- ke
n(Gu CUE) =n(U) -nGy Cuf)
=130 - 88 =42

So, 42 customers did not buy any of the three products.

EXERCIS@

1. Consider the universal set U=i:xis multiple of 2
and0<x<30},4={x:xisa multiple of 6} and

B ={x:x'is.a multiple of 8}

@ List all elements of sets A and B in tabular form

(i) Find AN~ B (iii) Draw a Venn diagram
Solution: '

Given:
. Universal set U = {2,4,6,8,10,12,14,16,18,20,22,24.26,28}
. A = {x: x is a multiple of 6}

® B = {x: x is a multiple of 8}

(i) List all elements of 4 and B:

ELEMENTS OFA:

yed V/a:,m

e Multiples of 6 in U: 6,12,18,24.

. n(A) = {6,12,18,24}
ELEMENTS OF B:

* - Multiples of 8 in U:-8,16,24.
. B = {8,16,24}

TABULAR REPRESENTATION:
' Set | Elements
A |{6,12,18,24}
B {8,16,24}

_—
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(i)  Find An B:
I'he intersection of 4 and B is the set of elements COMMmon (o

both A and B.

AnB =?
ANB = {6,12,18,24,30} N {8, 16, 24)
= {24)

(i) Draw a Venn Diagram
: > o
. ,,l/ : /, ;
. X ‘i“'zu
‘2. Let, U= {x: x is an integer and 0 <x< 150},
= {x : x = 2™ for integer m and 0 <m <12} and

H {x : x is a square}
List all elements of sets G and H in tabular form

(iii) Find GnN H

Y

0]
(i) FindGuU H
Sol (i) Tabular Form

g={1,23%4 ... 150}

G ={l, 2,4,8, 16 32,64, 128}

H ={1,4,9, 16,25, 36,49, 64, 8] ]00 121 144}

(i) Find GUH:
GUH={1,2,4,8,16,32, 64, 128}u{1 4 9 16 29,

36, 49, 64, 81, 100. 121, 144}
- GUH= {124891625 3236496481 100

121, 128, 144}

(iii) FindGNH:
GNnH={1,2,4;8, 16, 32 64, 128}n{1 4,9, 16 25,

Sol.
36, 49, 64, 81, 100, 121, 144}
GrH={(1,4,16, 64}
3. Consider the sets P = {x : x is a prime numbezl-ﬂ?vd

0 <x <20} and Q= {x: x is a divisor of 210 and 0<x<
(i) FindPn Q (ii)

—_—

Find P Y 0
/ A

/
s lution:
P

(i)

(ii)

4.

W(, are working with the sets: S ———

(x: x is a prime number and 0 < x < 20

Q={xx is a divisor of 210 and 0 < x < 20
P ={2,3,5,7,11,13,17,19}

Q ={1,2,3,56,7,10,14,15}

Find P N Q:
The intersection P N Q is the sét of elements common 1o

both P and Q.

- pnQ=1(235711131719.0(1,23567,10,14.15)

PN Q={2357)

Find P U Q: <
" The union.P U Qs the set of elements that belong to

either P, Q, eor both..

. PUQ = {2357,11,13,17,19} U{1,2,3,5,6,7,10,14,15)

“PUQ ={1,2,3,5,6,7,10,11,13,14,15,17,19}
Verify the commutative properties of union and

intersection for the following pairs of sets:

() A={1,2,3,4,5},B={4,6,8,10}
A={x|x€eRAx}, B=R

) NZ (iii)

Solution: The commutative properties of union and

mtersectlon state that:

Union: AUB=BUA
Intersection: ANB=BNA
We will verify these properties for the given pairs of sets.

A={1,2,3,4,5},B={4,6,8,10}

@
VERIFY UNION:
AUB ={1,2,34,5} U {46810} = {123456810}
BUA = {4,6,8,10} U{1,2,3,4,5} = {1,2,3,4,5,6,8,10}
~AUB=BUA.
VERIFY INTERSECTION:
ANB = {12345} {46810} = {4}
BnA={46810}n{1,2,3,45} = {4}
~“ANnB=BnNA. '
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() A=n (natural numbers), B = Z (integers) .,

VERIFY UNION:
AUB=NUZ=Z
BUA=ZUN=L

~AUB =BUA. '

VERIFY INTERSECTION:
AnB=NNnZ=N
BnA=ZnN=N

~ANB=BnA. :

(iii) 'A={x|x€Rand x>0},B=R

NOTE ON A:

Theset A={x|x € Randx >0}
’ then, if 4 = R:

° Union AUB=RUR=R
. Intersection: ANB=RNR=R.

- AuUB=BUAdand ANB=BNA
Q.. LaU a, b, c, d, e, f; g Iy i, j}

{a- bc d g h},B={cd, e/, j}
Venfy De Morgan’s Laws for these sets. Draw Venn

diagram. . . 7
Sol. U={abcdefghij}
A ={a b dg h} : )
B ={c de )]}

De Morgan’s Laws : '
(i) (AuB)'—A'nB’ (i) @UNBY=A'UVE
=U-4
—mbcdefgh,ﬂ—mbcdgm
—kflﬂ
=U-8 ’
={abcdefghij-{cdel
={abcdefghj}
AVB={a becdghuicdelfJ}
g {G, b' & d- e'fg' h’j}

|

— \
— 4 nB={abcdghnicder)
= {c, d}
UUBy=A'NE

@ AUBY =U-AUB
: ={a bcdefghijl—{abcdefghij
={i}
A'nB’={efzj}n{abght}
=
AUB)=4A'NB"
(ii) ANB)=A"UB
AnB)=U-40B
—{abc,defg,htj} {cd}
={ab c defghilj}
AOB={e fijiviabcdefghj}
v={abcdefghil}
% ANBY=A'UPB :
Hence, verified De Morgan s Laws

' |[>

AUBY=A'AB (ANBY=A"U B

Q6. IfU={1,2,3,...,20} and A ={1,3,5, ... ,19}, verify

the following:
() AUA=U (i) AnU=A4 (i) And'=9¢
() Aud=U

Sol. A=U-4
={1,2,3,..,20} —{1,3,5, ..., 19}
| = {2,4,6, ..., 20}
Aud={1,3,5,..,19} U {2,4,6, ..., 20}
S ={1,2,3,...,20}
=U

“Hence, proved that 4 U A=U

—

,__——f”f‘L‘
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/__\

5,19} A (1,23, .20}

Sol. AnU={13,5.
L3S ... 19

.

(i) AnA'=¢
Sol. A=U-4
’ .20 - {1,3,5, ..., 20}

={1,2,3
={2.4,6,....,20}
13.5..,19)n{2,4,6,...,20}

o B
Hence, proved that 4 N A'=9¢ :
34 like to play cricket ang 3

In a class of 55 students,
Also each students likes to play at leagt

How many students like to play both

7.
like to play hockey.

one of the two games.
games? : ) A
Solution: We can solve this problem using the principle of

inclusion-exclusion. Let's define: :
C as the set of students who like to play cricket, b

H as the set of students who like to play hockey.
From the problem, we know: . ' -
Total number of students in the class =55~ -,
Number of students who like cricket | C.=3
Number of students who like hockey.| H1=.30
Every student likes at least one of the two games, so
| CUH |=55. :
The formula for the union of two-sets is:

: ICUH |=| C|#+IHI-ICNHI
Where | C N H_| represents the number of stu
like both cricket-and Hockey. '
Substitute the known values into the formula:

55=34+30—-|CNHI

dents who

Simplifying:

| 55=64—|CNHI

Solvingfor |CNH |: ‘
ICNH|=64-55=9

So, 9 students like to play both crickeia‘rl_i}fﬂ/

e

e

~[n a group of 500 employees, 250W
:l glish, 50 can speak Punjabi, 40 can \peakuL:(Siﬁ
and English, 30 can speak both English and Punjab; 4pq “:]
can speak both Urdu and Punjabi. How many can speai 4,

three 1an ‘
Solution: To solve this problem, we can use the principle of

inclusion-cxclusion. Let’s define the following:
U as the set of employees who can speak Urdu,
E as the set of employees who can speak English,
P as the set of employees who can speak Punjabi.
We are given-the following information:
| U |= 250 (employees who can speak Urdu),
- | E-]= 150 (employees who can speak English),
[ P |= 50 (employees who can speak Punjabi),
.U N E |= 40 (employees who can speak both Urdu and

English),
| E n P |= 30 (employees who can speak both English

n spcak En

guages?

and Punjabi),
| Un P |= 10 (employees who can speak both Urdu and

Punjabi).
We need to find | U N E N P |, the number of employees
who can speak all three languages. We can use the
inclusion-exclusion formula for three sets:
|[UVUEUPI|=IU|I+IE|+IPI=-IUNE|-IENPI|—
|UNP|I+IUNENP]|
Since there are 500 employees in total, we know that:
|[UVEUP |=500

-+ Now substitute the known values into the formula:

. 500 = 250 + 150 + 50 —40—-30—10+|UNENP |
Simplifying:

500 = 450 —80+|UNENP I

500 = 370+ UNENP|
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Solving for | U nE np I: \
|UNE NP |=500-370 = 130

Thus, 130 employees can speak all three languages.
9. In sports events, 19 people wear blue shirts, |5 -
green shirts, 3 wear blue and green shirts, 4 wear 5 cap a:(;
blue shirts, and 2 wear a cap and green Shirts. The totg] -
number of people with either a blue or green shirt or cap jg
27. How many people are wearing caps? :

Solution: ; i
Let 4, B and C be three showing people who wear

blue shirts and cap respectively.
15 wear green shirts = n(4) = 15

19 wear blue shirts =n(B) =19

8reen,

Let x wear caps = n(c) =x
3 wear blue and green shirts =n(4 N B) =3
4 wear cap and blue shirts = n(B N C) =4

2 wear cap and green shirts = n(4 N C)=2

34 wear either blue, green or cap
n(AuBuUC) =34

According to information no one wear all the three items,
So, nAnBnC) =0 .
Using bﬁnciple of inclusion and exclusion:
n(AUBUC) =n(A)+n(B)+n(C)-n(AvB)-n
(BNC)-n(ANC)+n(ANnBNC)
34=15+19+x-34-2+0
34=34+x-9

}4—}4+9=x

|

=.
Thus 9 people are wearing cap,

10.  In a training session, 17 participants haye laptops, 1
have tablets, 9 have laptops and tablets, 6 have laptops ;nd
books, and 4 have both tablets and'books, Eight participang
have all three items. Thg total number of participants wity,
laptops, tablets, or'books is 35. How many participants have -
books?
_ Sol:

Let's define'the sets:
L represents the set of participants with laptops.
T"represents the set of participants with tablets.
. B represents the set of participants with books.
i Given information:
. | L |= 17 (participants with laptops)
‘| T |= 11-(participants with tablets)

"I LNT |=9 (participants with both laptops and tablets)
ILNB I=6 (participants with both laptops and books)
I'T N B |= 4 (participants with both tablets and books)
I LNT N B |= 8 (participants with laptops, tablets, and
books) . : j
JLUTUB |= 35 (total number of participants with

laptops, tablets, or books)

We need to find | B |, the number of participants with

books. .
Step 1: Use the inclusion-éxclusion principle.
. The inclusion-exclusion formula for three sets is:
ILUTUBI|=IL|I+ITI+IB|=ILNT|=ILNB|-
ITNB|+ILNTNB]| -
Substitute the known values:
35=17+11+|B|-9-6-4+8
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. i

" /
Simplifying: 35=36-19+/BI T
| 35 =174 B |
|B =35~ 17
|B =18
Conclusion: |
ants who have books is ‘

. A shopping mall h to 3
:':present:ng l:ll:e Universal set U. The employees fall ¢ the
following cam:goneS-40 employees with a salaryv range of 30k

Set A:
) 45k, labelled from 50 tf’ 89.
Set B: 50 employees with a salary range of i

) 80k, labelled from 101 to 150.

The number of particip
as 150 employces labelled | ¢ 15, ‘
|

Set C: 60 employees with a salary range . |

s 100k-150Kk, labelled from 1 to 49 and 90 to 19y,
@ Find (4'VB)NC (b) Find n{An(B'nC")
tion:
A U={1,234.-..- 150}, n(U) =150
A ={50,51,52, ..., 89}, n(4) =40
B = {101, 102, 103, ..., 150}, n(B) =0

a
I

@ Find( A’ UB)NC
A =U-4 .
© ={1,234,5,...,150} #50,51,52,...,89}
={1,2,34,...,49790,91,92, 93, ..., 150}

Now, B'=U-B 0

={1,2,3;4,.,150} — {101, 102, 103, ..., 150}
B ={1,23,4,...,100} _
Now, 4’ U B ={1,2,3,4, ...,49, 90, 91, 92, 93,_...,150}
u{l,2,3,4,..,100}

AUB={1,2,3,4,..,150}

‘ Now, ,
A UB)NC={1,2,3,4,...,150} N {1,2,3,4 -
91,92, ..., 100}

49,90

UUB)NC={1,2,3,4,...49,90,091,93, ..., 100

a0

/‘—-—”_“
Find n{A N (B’ N (")} \

® B =U-B
B =1{1,2345,..150} - (101,102,103, 150
={1,2,34,...,100) .
Now, C"' =U-C
C" ={1,234,...,150}-{1.23 42499919 |,
Now, .
B NC =1{50,51,52,..89=u
Now,
ANB'NC") =ANnA4
ANBNC) =4

n{(AN(B'NC")} = n(4) =40
12. In asecondary school with 125 students participate in
at least one of the following sports: Cricket, football or
hockey.
60 students play cricket.
70 students play football.
40 students play hockey.
25 students play both cricket and football.
15 students play both football and hockey.
10 students play both cricket and hockey.

(a)  How many students play all three sports?
- (b) Draw a Venn diagram showing the distribution of

sports participation in all the games.
Solution: Let's solve the problem step-by-step.
Given Data:
. Total students: 125
. Students who play cricket (C): 60
. Students who play football (F): 70
[ ]

Students who play hockey (H): 40
Students who play both cricket and football (C N F): 25

Students who play both football and hockey (F N H): 15
Students who play both cricket and hockey (€ N H): 10
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lay 8
y students i ’ : "
3 ber of students W ho play all three Spo

all three sets: cnFnN .H.
usion and exclusion to c“"‘lllalc
one sport,

Part (a): How man
We need to find the numbe
which is the intersection of ”
We will use the principle of incl i
the total number of studm]\;sl gg?gx'i‘LUSlON: l
FORMULA FO_l-{ ::g)L:. ~n - (Y- a(€ 0 F) = n(r “ |
n(CUFUH):n(CnH)+n(CnFnH) |
i gi(\: Zt;eji:l)orlg;]t::l number of students)
n

° n(C) =60

s Tl(F) =70

El n(H) =40
n(CNF)= 25 |
s n(FAH)= 15 ; | . L
e - n(CnH)=10

We need to find n(C N Fn H

all three sports. .
SUBSTITUTING INTO THE FORMULA:

125 =60+ 70 +40—25—15 -10

SR 25 = 17050 A@OFN )
125 = 120 +n(C NF.N H)
n(C FaH) =125 — 120

: . n(CNnFNH)=5

So, 5 students play all.three sports.

Part (bj: Draw a Venn diagram

. 30 students play only cricket.

B 35 students play only football.

. 20 students play only hockey.

» 20 students play both cricket and footbal
hockev :

), the number of students whoglay

+n(ChfﬂH)

1, but

’ 10 students play both foothall and hackey b pn
cricket.
“ 5 students play all three sports.
.4 5
[ Crickes ‘L’i\:""’;"ﬂ){ ’
\ e /\:: / \ ) ‘
& N\ ™
‘llm‘h) /,’ ,
\3‘// |
13. A survey was conducted in which 130 people were
asked about their favourite foods. The survey results showed
the following information:
. 40 people said they liked nihari.
. 65 people said they liked biryani.
e 50 people said they liked korma.
° 20 people said they liked nihari and biryani.
® 35 people said they liked biryani and korma.
. 27 people said they liked nihari and korma.
° 12 people said they liked all three foods nihari,

biryani and korma.
(a) At least how many people like nihari, birvani or
korma? i
(b)- How many people did not like nihari or korma®
(c) How many people like only one the following foods:
nihari, biryani or korma?
(d) Draw a Venn diagram.

~ Sol.  Let's solve the questions step by step using the principle

of inclusion-exclusion.

Given:
. Total number of people: 130
o People who like:

o Nihari (N): 40
0 Biryani (B): 65

/AL
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\ S ———

<OD Kf)rma (K): 50 \
‘ N'lhari and Biryani (N N B): 20

° Biryani anqg Korma (B N K): 35

Nihari ang Korma (N N K): 27
- All three foods(NNB N K): 12
a LEAST HOW MANY PEG
PEOPLE LIKE NJ
BIRYANI, OR KORMA? ' 38 e

(0]

{

i
l

To find the number of people who like at least one of the ,

- three foods, we use the inclusion-exclusion principle: -

INUBUKI:INH-IBl+lKl—.anBl—'anKi— ‘

INNK|+INNBnK|
Substitute the given values: :
'NU‘BUKl=’40+65+50—20'—35—27+12'
Now, calculate: ,
lNuBUK|=40+65+50—20e35;27+1z=85
So, at least 85 people like Nihari, Biryani, or Korma, "
(b) HOW MANY PEOPLE DID NOT LIKE'NIHARI OR
KORMA?. SRERALO SRR o '
People who did not like Nihari or Kormfia'= 130 — 85
.- . - : # ='45 M
So, 45 people did not like'Nihari.or Korma.
(c) HOW MANY PEOPLE LIKE ONLY ONE OF THE
FOLLOWING FOODS: NIHARI, BIRYANI, OR KORMA?
To find the number-of people who like only-one of the foods, we
need to subtract the-people who like two or more foods from the
total number of people who like each food. :
®  People who like only Nihari:
INI=INNB|-=INNK|+INnBN
40-20-27+12=5
. People who like only Biryani:
|BI-INnB|—IBNKI+IN

Kl

nBNKI

£

. People who like only Korma:

"Now, add the people who like only.one of the fooqs-

e t——
——

IKI=INNKI=IBAK 41Nng,,,
50-27-35412=9 |

5 (only Nihari) + 22 (only Biryani) + 0 (only Korma) = 77
So, 27 people like only one of the foods: Nihari, Biryani, or

Korma.
Draw a Venn diagram

U 95

Example 7: Let ci, c}, c3 be three children and m;, m: be two
men such that the father of both C; C is m; and father of c3 is m>.

Find the relation {(child, father)}
Solution: C = Set of children = {c|, c2, ¢3} and F = set of fathers

= {ml, mz} 8

- The Cartesian pmduét of C and F:

C x F = {(c1, m), (c1, m2), (c2, m1), (c2, m2), (c3, m), (c3, m2)}
r = set of ordered pairs (child, father)
= {(Cl, MI), (Qr M|), (c3s mZ)}

Dom r = {c1, ¢2, ¢3}, Range r = {m, mz}. ‘
The relation is shown diagrammatically in adjacent figure.
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EXample 8 .

1ple 8: Let 4 = {1, 2 i i

;ry gy { »2, 3}. Determine the relation r Such thy,
olution: A x -

: A={(1,1),(,2),(,3), 2

(3, 1), 3, 2), (3. 3)) ).(1,2),(1,3). 2 1).(2,2), 2,3

fl_early, required relation is: |

Exafrfl’lz)’ (1,3), (2, 3)}, Dom r = {1, 2}, Range r = {2,3}

. ﬁmct[.) e9:If4={0,1,2,3,4}and B={3,5,7,9, 11}, def;

<o th1eonfl.A —)B,f.= {x,9)|y=2x43,x € Aand y ; B} -

i j/a ue of function f, its domain, codomain and range :

ion: Given: y=2x+3;x e Aand y € B, then valueii:

function,
/=1(03),(1,5),(2,7),(3,9). (4, 11
Dom /= {0, 1,2, 3,4} = A S

= Co-domain /= B and

=  Rangef={3,5,7,9,11} € B
(P.J)xam ,;? 11)0: If fx) = 2x —1.and g(x) = x* - 3, then find:

i i) f(-3) (i) @) )
(v) g(-3) (vi) g4 ; s
Solution: (i) /(1)=2x1-1=1 '
G) fEH=2LxEH-1=-7
Gii) f()=2x7-1=13 (iv) g1)=@1)2~3=

| =@ I7-3
) gE3)=(3P-3=6 () g@=-@P=3=13
Example 11: Consider f{x) = ax + b+ 3, where g and b are
constant numbers. If A1) = 4 and'/{5) = 9, then find the value of 2
and b. Solution: Given functionf{x)=ax +b+3 '

If - f(1)=4
Then ax1+b+3=4
= a+b=1 ...(i)
Similarly, A 5)=9
= 146+3=4
= Sa+b=6 - ...(ii)
get.

) from equation (ii), W€
(5a+b)-(a+@}=6—l

byt o B D e

Subtract equation (i

.

|
|
1'
|

|

4a = S=ua =,2
, 4
Substitute =3— in the equation (i)

Z+b=l

5 1
_2 and b=——
a= 2

'EXERCIS@

llowing relations in A.

Thaus,

For A = {1, 2, 3, 4}, find the fo
main and range of each relation.

(ii) {(x,p)| y+x=5}
{(x,p)| x+y>5}

1.

State the do
@ =nly=x
i) {(oplx+y<s @)

Sol:  Let's go through each of the given relatio
finding the domain and range for each.

Relation: {(x, y)ly=x}
1I pairs where the second com

nent (x). Since A = {1,2,3,4}. the

ns one by one,

@
This relation represents a ponent ()
is equal to the first compo

relation will consist of pairs where x = -

{(1,1),(2,2).(3.3). (44}
T S

Relation:

o Domain: The set of all possible s
first elements, which is A4, ie., 3 o(44)
{1,2,3.4}. 3 «33)
. Range: The set of all second - e
1 (L.l
Bl ) 203 4 57

elements, which is also
Ale., {1,2,3.4}.

N
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(i)

Relagi
l‘hu‘ relation ren. L&, “ e iy .
- |CDI‘CSCI\(\ all pairs where the f
n \(\l\ S (\r y ln lCl'ms Of x: Sun] S and y iS 5‘
(ll\m = y S -
. ,:’or il 2,3,4), we will check the pairs;
. F‘\”‘.\;y‘-s—l=4 \othcpmrls(l't)
. For;x . y=§=-2= = 3, 50 the pair iy (2,3).
. me\{y $~3= 2\olhcpalr|s(32)
Relation. yY=5-4=) mxhepmrl? 4,1),
(9.3, 32, 4.y i
Domain: The set of al| possible z
first elemen ments, \\hnch is \
{1234 >
|
0

» Range: The set of all second
elements, which ; 1s also

{+.3,2,13. '

(i)  Relation: {(x,y) | x + y < 5} T

This rel
— ;e ation represents al pairs wherc the sum of x and y.isless

We check each possible pair:

. For x = 1, y can be 1,2,3 (since 1 + 42 5 which is not
. less than 5). o \
. Forx = 2, ycanbelZ(sin’ce2+3-5 which is not
. less than 5). :

. For x = 3, y can only be 1 (smce 3+2= 5 whlch is not.
‘ - less than 5).

] For x = 4, no valuesof y work because all pairs give .

sums greater. than or equal to 5.

Relatlon.
{(1,1),(1,2),(1,3),(2,1), (2,2),(3,1)}
a ‘Domain: The set of all possible
- first elements, which is {1,2,3}.
. Range: The set of all second
* elements, which is {1,2,3}).

o Range: The set of all second

(iv)  Relation: {(x,y) | x 4+ y > 5) ——

This relation represents all pairs where the U Of 7 ang

greater than 5. Vis

We check each possible pair:

. For x = 1, no values of y shorkbecsuse 51 p——
than or equal to 5. €3y

B For x = 2, no values of y work because 211 SIS 218 feng
than or equal to 5,

¢ Forx =3, ycanonlybe 234 (since 3+ 2 = 5,

3+¥3=6and3+4=7)
o Forx'=4;ycanbe 234 (since4+2 =5 4+ +3=7,
and 4+ 4 =8).

" Relation:

}_
E9.63.69,60.63.60) |
'Domain: The set of altpossible | 3 x x

first elements, which is {2,3,4}. "

L

elements, which is {4, 3,2}. EEEERE

2, Which of the following diagrams represents functions
and of which type?

e (2]

Solution: Fig (1) -
’—{123}3 {abcd}

- R={(1,a),(1,5), 2 0), 3, d)} _
Smce first elements in first two ordered pairs are same
ie,1,1,sothe relation i~ ~~¢ a function. ; 3 o
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So,

Sol:

()

(ii)

Fig 3}
C i {a'. b C} D =
R = S (1.3.5)
Rang.e (R) = -{(a,31)§ }(b= ?ls)), (c, 5)}

relation is g b; 10 and one-one funcyj,,
. Jective fu 0. So,
ig (3) nction the
il
E > 4), (23 b)a 3a ;

Ransge (R) = {a, b, C} = F ( C)}

Ince, the relation is o oti ’
the relation s  bijective funetion. " " " Rt

ective function,

Fig (4) .
L G={lm n}, H={x y 2}
. R = {(l,x), (m, x), ({'x, zy)}Z}
Range (f) ={x 2}z H =~ - .
' Slpce, range (f) c H, So, function ihto'fuhction.
_ If.g(x) =3x+2and h(x)=x+ 1, then finds.
O () ) g3

i g@ W) A

) K-y iy h(f %)
Let's compute the values for each of the give
expressions: P :
Given: N\
g(x) =3x+2
h(x) = x* +1
g)
" Substitute x = 0 into g(x): _
(D) = 30) +2 =042
'g(-3) , oy _
Substitute x = —3 into g(¥): gigdz =T

e R i

" Sol.

i) 9() 2
~ Substitute x = 7 into g(x):
9(3)=3(3) 1=z e =s

@(iv)- . h(1) :

" . Substitute x = 1 into.h(%):

; h(1)=1+1=1+1=2
v) h(-4) :

~ Substitutex = —4 into h(x): :

: h(-4)=(-4)*+1=16+1=17

>\ 1 e

(vi). “h (— ;)

Substitute x = —§ into h(x):
il B i By L85
P visfons fnlul
4. . Given that fix) =ax+ b + 1, where a and b are
constant numbers. If /{3) = 8 and f{6) = 14, then find the
values of @ and b. ;
- We are given that f(x) = ax + b + 1, and we are also
given the following values:
f@d)=8
f(6) =14
We can use these values to form two equations and solve
- foraand b. :
Step 1: Use f(3) =8 :
Substitute x =3 into the function f(x) = ax + b + 1:
fB)=aB)+b+1=8
3a+b+1=8
3a+b=7 (Equationl)

: Step 2: Use f(6) = 14

Substitute x = 6 into the function f(x) = ax + b + 1:
f6)=a(6)+b+1=14
6a+b+1=14
6a+b =13 (Equation2)
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Step 3. '
P 3: Solve the system of equations
€ now have the system of equations:

3a+b=7
" 6a+b =13
To eliminate . subtrac
» Subtract Equation 1 from Equat;
(6a+b) - (3a+b)=13-7 R ik
6a—-3a=6 :
| 3a=6
Step 4: Find p =z '
Now “substitute a = 2 into Equétion 1:
3)+b=7
6+b=7
5. ' Given. bl "
s ven that g(x) = ax + b + 5, where a and b are

constant numbers. If g(-1) = 0 and g(2) = 10, find the valueé

of @ and 5.
Sol. ‘We are given that :
; 9(x)=ax+b+5 ;
given the following values: -5, and we are al'so -
g(-1)=0 ' N R 1:
9(2) =10 ‘  (
We can use these values to f; T B
for a and b. o th equations and solve

Step 1: Use g(-1) = 0. \,
Substitute x = —1 into the function g(x) =ax+b +5:
g(-1)=a(=1)$b+5=0
" +—a +Sb +5=0
—_ a= . - ;
Step 2: Use g(2) =10 : i SR
Substitute x= 2 into the function g(x) = ax + b + 5;
9(2) =a(2)+b+5=10 "
.2a+b+5=10 ‘
2a+b =5 (Equation 2.
Step 3: Solve the system of equations

We now have the system of equations:
. . L ———— e ———

—a+b=-5

. 2a+b==5 a=10

3a =-10 : | 3
To eliminate b, subtract Equation I\from Equation 2-

“ 10 ba5=p
3 .

3 -3 ‘ '

6. (_«Consider the function defined by f{x) = 5x + 1. If fix) =
32, find the x value. & 4 ‘ :
Solution: 'We are given the function f(x) = 5x + 1 and the
eqdatibn f(x) = 32. We need to find the value of x that satisfies

. this equafion. -
'~ Step 1: Set up the equation

" f(x) =32
Substitute f(x) = 5x + 1'into this equation:
. S5x+1=32
Stép 2:.Solve for x - :

. Subtract 1 from both sides: .

' Sx=32-1
5x=31

. Now,«divide bothsides by 5: * -

-x'—31‘—62

““% Consider the function SIx)=cx®+d,wherecand d are
‘constant numbers. If (1) = 6 and f{-2) = 10, then find the

values of ¢ and d. _ ‘
Sol.  We are given the function f (x) = cx? + d, where ¢ and
d are constant numbers. ‘We are also given: :

L =t
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e

¢ f=)=10 |

We can use these values to form two equations and solve

for ¢ and d.

Step 1: Use f(1) = 6 :
Substitute.x = 1 into the function f(x) = cx®+d:

F) =c(1)?+d=6 »
c+d=6 (Equationl) '
Step 2: Use f(—2) = 10
Substitute x = —2 into the function f(x) = cx? + d:
f(-2) =c(-2)*+d =10 :
- 4c +d =10 (Equation 2)
Step 3: Solve the system of equations
We now have the system of equations:
e c+d=6 ,
o 4c+d=10" -
To eliminate d, subtract Equ

(4c+d)—(c+d)=10~6

4c—c=4
3c=4
C—-3- .

Step 4: Find d |
. . 4 B .
Now substitute C = 5 into Equatlon .

+

4

4+ d=6
3 n : .
“bais
t R |
' To subtract the fractions, express 6 as 1;81
18- 4_14

ation 1 from Equation 2:

E

ncircle the correct option.

: 1
" The set builder form of the set {l,-3—,

"REVIEW EXERCISE |}

ptions are given against each statement.

L }
Ve g
7

.{x|x=—r]'-,neW} (lé)‘ {x|x=2n1+l,neW}

Four ©

(a)
1 ;
£ ne =2n+l,neW
© {xlx n+1’"EW} C)) {xl_x . }
i (CIfAl= { }, then P(A) is:
K\ (] BNORIERY:
© un . @ ¢
il fU=1{1,23,47554= {1,2,3} and B={3,4,5},then
U-(4 n B)is: L .
C@ {1,245 ®) {23}
@© - {1.3,45} @ -{1,23}
v If A and B are overlapping sets, then n(4 — B) is equal to:
(@  n(4) : (b) . n(B)
(c) ANB ' (d) n(A)—n(ANB)
v. IfA < Band B—A4 # ¢, then n(B—A4)
' @ e - (b n(B)
SR () nA4) (@ n(B)-nA)
Vi " If n(AVB) =50, n(A)=30 and n(B)=35,
- then n(ANB)= i
(@ 23 () 15
c -9 ’ (d) - 40 i ,
vii. IfA={1,2, 3,4} and B= {x, y, z}, then Cartesian
: _ product of 4 and B contains exactly elements.
@ 13 b 12
. c) 10 @d 6
viii. . If fix) = »2 - 3x +2, then the value of fla + 1) is equal to:
@ a+l by &+1
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. . (c) @+2a+1 d a*-a
IX. Given that fx) = 3x + |, if fix) = 28, then the value of i

(a) 9 (b) 27
(c) 3 (d) 18
X. Let4={1,2.3)and B= {a, b} two non-empty sets and

f:4 > B be a function defined as /= {(l,a), (2,6), (3,1,)}’_
then which of the following statement is true? ,

(@) fisinjective (b) - fis surjective

(¢) fisbijective (d) fisinto on]y

() | b |G)| c [Gi))|] a [Gv] d (v) n

i
|
(o) [ b [(iD][ b [(vii)] d || a | ®) [ 5
2 Write each of the following sets in tabular forms:
@ . fxlx=2nneN} G {xlx=2m+lmeN)
(i) {x|x=llnneW rn<ll}
(iv) f{x|xeEnrd<x<6}(v) {x|xeOA5<x<T}
(vi) {xlxeQarx’=2} (vi) {x|xeQArx=—x)
(viii) {x|xeRrxgQ"} ;
Solution:
(i) {x| x=2n,n€ Nj _ A
This set represents all even natural numbers.
Since N ={1,2,3, ... }, the elements are:
{2,46,810,12,... }
(i) {xlx=2m+1,meN} .
This set represents 4ll odd natural numbers,
Since N =11,2,3, ... }, the clements are:
{3,57911,13,.. }
(iii) {xlx=1IlnneWarn< 11}
This set represents all multiples of 11, where
W =1{0,1,23,..}, and n < 11, The elements arc:
{0,11,22,33,44,55,66,77,88,99,110}

(iv)

W)

(vi)

(viii)

3.
B={1,

. oee

(xlx€EAd<x<,,

This set represents the elements from

: t Sikan
typically E or the set of natura) even }rlnemsnel;:s(“hlch N
between 4 and 6. No even numbers in thig r:m‘hat ru
elements are: -

{¢}
(xlxeOA5<x<7)
This set represents the odd numbers between 5. The only
odd number in this range is:

{5}
{xlxEQAX?=2)
This set represents the rational numbers whose squares
are equalto 2. However, there are no rational numbers
whose square is 2, because V2 is an irrational number.
Therefore, the set is empty:
; 0
xlxeQAx=-x) p
This set represents the rational numbers that are their own
negatives. The only number that satisfies this condition is
0, as x = —x implies x = 0. Thus, the elements are:

{0}
{xlIxeRAxg Q)
This set represents all real numbers that are not rational.
These are the irrational numbers. The set can be

represented as:
{irrational numbers} {0’}

For example, it includes numbers like V2,7, ...

LetU=({1,2,3,4,5,6,7,8,9,10}, 4 = {2, 4, 6,8, 10},

2,3,4,5)and C={1,3,5,7,9}

List the members of each of the following sets:
(i) A (i) B (i) AUB
(ivy A-B (v) AnC (vi)j AUC'
(vii) A'OC (viii) U’
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& 1
.l- Let's find the members of each set:
Given:

U={12345678910)
. A= (24,6810

. B ={1,2345)

. C ={13579)

o <€

Selution: £ =U-4
={1.23435.6,7.89, lO\—{2468 10}
= {13579

(i B

Selutien: 5'=U-8
={12345,6.789,10} - {1,23.45}

——

= {6,7.8.9.10}
(i) AUB
Selution:
AuB={2468,10} U {12,345}
={1,2,3,4,5.6,8,10}
@) A-B
Solution:
 A-B ={2,4,68,10} - {1,234 0
= {6, 8, 10}
vy AnC
Solution:
AN C=%2,4/6,8, IO}n{l 3,5,7, 9}
=¢
wi) AvC

Solution: A'=U-A4

— {1,2,3,4,5,6,7,89,10} - {2,4,6,8,10}

A ={1, 3,57 9}

Now, C'=U-C : L R

~{L23456789105- 11,375,
3 Jy }

C'={2,4,6,8,10)
Now, AV C' ={1,3,5,7, 9y v {2,468, 10}
AvC={1,2,34,. - 10}
(viip A'VC
Solution: A’ =U~4
—{123456789101—’2 4,6,8,10;
A ={1,38,7.9)
Now, A"V C={l,3,57,9}U{1,3,5,7,9;
- AV € #74108,5,7,9}
(viii) U
Solution: ' U =U-U
—{12345678910‘-{1,2,34
=¢
4. Using the Venn diagrams, if necessary, find the single
sets equal to the following:

@ A () ANB Gii) AU
(v) Aug(v) ¢ng
n 4 :

Solution: A4'=U-A

Horizontally lined region shows A".

(i) 4nB
Solution:
ANnB
‘AnE=E . (rdcU)
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. \
(i) 4oy ———r
Solution:
AvU=y (- AcU) - g s S
Solution: : ’ Solution: .
V)  dng : =
Solution: & iz
png =4 )
5. Use Venn diagrams to verify the following: =
() A-B=AUB' (i) (4-B)NB=B Figl
" Solution: ' ( | ! (A B)' B is shown §y regions of squares (4 — B) N B
(i) A-B=AUB' . . -.is shown by region of square.
Solution: A-B = AUB'" : ' RHS =B ’
LHS=4-B ,
| \
_ Fig. I
an l A Regions sbowmg (A- B) N B and B are same so,
A — B is shown by reglf)n of horlzontal line segments. . (A—BY \B=B .
RH.S =AzvE — . i 6. Verify the properties for the sets A, B and C given
B D — | below:
7 . ‘ T (1] Assoc!atlvxty of Union
£ y/ : (ii)  Associativity of iptersection
= Giii)  Distributivity of Union over intersection
<k F I e e " (iv)  Distributivity of intersection over union.
3 ig. S 4 -
= 4),B={3,4,5,6,7,8},C=1{5,6,7,9, 10}
4 CS and hOﬂZOHtal llﬂe (a) A {ls 2’ 39 ’ ot
f? is shown by reglon of squar _ | o 4=0, B0}, C={012}
segments d . i F P
A A B is shown by region of squares. From fig. (i) an f:: () 4A=NB Z,f o
¢ aresame,SO (@) A4={1,23,4
Fig. (ii) regions showing (4 — B)- and (A N B) ; N @) B %3’ 45678
A-B=ANPB _ —_— . C=1{5,6,7,9,10}

L
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(i) _
Solution; Associativity of Union

@iii)  Distributivity of Union over intersection
Sol: AU(BNC)=(AUB)N(AUC)
LHS= Au(BhC)

— AU({3,4,5,6,7,8}1{5,6,7,8/9,10})

= {1,2.3,430(5,6,7)

—(,2,3,4567_ @
RHS =(AUB)AMAYC)
(AU B)={1,23,3/0[3,4,5,67,8)
(A1 I'B) = {1.2;3'45678}

duBuc-= Au(BuC)
LHS =4uBuc
= ({1,234} U {3,4,5,6,7,8}) U C.
={1,2,3,456,7,8) U {5,6,7,9,10}
={1,234,56,789,10} ~ ..(1)
- Now,RHS=(4UB)UC ML TR
—Au({345678}u{567910})
= {1,234} U {3,4,5,6,7,89,10}

—{12345678910} @ . :
Fd O)adls) (7 e . Now, 4UC= {1234}u{567910}

LHS. =RHS. i \ ;—{1234567910}
AUB)UC=4AUBUC) 5 'Nov_v, (AuC)n(AuC)
(i)  Associativity of intersection ; « = 2.3,4;5,6,7, 8}n{l 2,3,4,5,6,7,9,10}
Sol:  (AnB)AC= AN@BNC) vt N (G

SE (TN

} | .-.—{1234567} @)
LHS=(ANB)AC | BTG Nt & From(l)and(u),LHS RHS
=({1,2,3,4}n{3,4,5,6,7,8})nC. ' e -t ' Au(BnC) (AuB)n(AuC) Hence proved
={3,4}n{5,6,7,8,9,10} . e : , { : (lV) Dlstrlbutmty of intersection over union
=0 @ £\ smmneis @ 4=0234,B=0345678),
RES=4nEAC) 93¢ (2,N T | : E O ~{5,6,7,9,10}
=4N({3,4,5,6,7, 8}n{56 7 9, 10}) | 'Sql: _ An(BuC) (AnB)u(AnC)
_-{1234}n{567} ‘ e N 5 .‘»f.,LHs An(BuC)
={} (i) _ ‘ ; s _ —An({345678}u{567910})

. . : {123 ,4,5,6,7,8,9,10
From (i) and (ii) LH.S =R.H.S ) =(1,2,34 03,4 - )

(ANB)YNC=An(BAC) ' i R i
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Now, RH.S =(AnB)u(ANC)
(AN B)={1,2,3, 4}_n{3,4,5,6,7,8}

(AN B)={3,4}
Now, (ANC)={1,2,3, 4n{5,6,7,9, IO}

=13
Now, (AnB)u(AnC)={3,4}U{.} :

={3,4)____ (ii)

From (i) and (ii)
LHS=RHS
An(BuC) (AnB)u(AnC)

b A=9, B={0}, C={0,1,2}
) Associativity of Union
AuBuC= =AuUBuv0)
LHS.=(AuB)uC
=({ }{0)uC
= {0} U {0,1,2}

={0,1,2) \ -

. ReHS:= Au(BuC’)
=4 U ({0} 00, 1, 2})
={ Jpo{0:L,2}

=00l €)% @)

From.(1) and (2) L.H.S =RH.S

AUBUC=4UBUO) i

(ii) ~~Associativity of intersection
ANBINC=ANn(BNC) ‘
LHS.=AnB)NC
={ }In{0})nC
={ }n{0,1,2}

() “jxu.

.' , RHS.= An(BnC)

=40 ({0} n{0,1, 2})' o

={ }n{0)
={) .(2)
From (1) and (2) L.H.S = R.H.$
ANBNC=4An(BNC)
Hence proved.
(iii)  Distributivity of Union over intersection
Solution:
AUBNC)=AuUBA(AUC)
LHS =AU (BN O
=AU ({0} {0,1,2})
{yo{oy={0} ..(1)
AuBNAU0)
=({ }u{hn }v {0, 1,2}
={1n{0,1,2}
= {0} «.+(2)
From (1) and (2), L.LHS=R.H.S
Au(BnC) AuB)n4 uC)
Hence proved.
(iv) Dlstrlbutmty of intersection over Union

R.H.S.

'Solution:v
ANBUC) =ANB)UANC)
LHS=4n(Bu0)
={}n({ }u{012})
={}n{0,1,2}
=iy (1)
RHS=AnB)udnC()
=({ }n{Ohu( }n{0,1,2})
={In{}
=59 (2

From (1) and (2) L.H.S =R.H.S

~AnBUC) =(AnBUAN()
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NchQ,

BN ON ASSOCIatIVI(y of union
L Solutlon

(AUB)UC =4U(BUC)
LHS MAuBuC

=WNu2uQ
L =2Zug

=@, - i L1

RHS=40BuUC)
=NU(@ZuQ)
=NuQ - 23

» =9 » (2

From (1) and (2) LH.S = RHS

AuBLC=40BUC)
Hence proved.

(ii) Assoclatlwty of i mtersectlon :
Solutlon

(AnB)nC An(BnC)'
LHS =@ABNnC
=WVNn2)no
wNnE

e . 5.-...(1).'.'

RHS=4aBAC)
=Nn@ZnQ)
=NnZ 4 i
=N : -(2)
From (1) and (2) L.H.S. RHS
ANB)NC=4nBAC)
Hence proved.

(ni) Dlstnbutmty of union over intersection
Solution: - :
Au(BnC) (AuB)n(AuC)
.LHS= Au(BnQ :
=NUEn Q)
- =NUZ \
L =Z0 e y...(0)
RHS (AuB)n(AuC)
—annwu@"
'~—NuQ "1}
<0 &% .7 .4
From (1) and (u) LHS= R.HS
Au(BnC) (AuB)n(AuC)

Hence proved

N ~(@iv) Dlstnbutmty of mtelsectlon over union

. Solutlon .

’ An(BuC’) (AnB)u(AnC)

- LHS= An(BuC)
=Nn@uY -
'-NnQ- R

R SUEEEEEE ™

RHS= (AnB)u(AnC)
'—WnauWn@_
.=N.UN" - 4 i s

- =N - . i),

" From (i) and (i), LHS =RHS -

ANBUO=ANBUUANO) -

Hence. proved. . -

——
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1. Veri —
Pt 2\,’3erlfy ;)Oe} Morgan’s Laws for the following sets:
Y 9 cee ,A 2 4 6 :
Solution: : 20} and B=41,3,5, .19y,
U= {13 29 3{ veey 20}
A=1{2,46,...,20}
. B={135,..19)
@i (AUBY=A'NB"
Solution:
(AUB) =A'NE
LH.S = (4 U BY

(AUB)={2,46,...,20} U {1,3,5,...,19}
={1,2,3,4,56....,19.20}
Now, (4 U B)'=U—(4 U B) ‘
={1,2,34,...,20}) - {1,2,34 .,20}
=% - : (1)
Now, RHS =4'NB T
=l A , £
A = {1234,5,...,20) = {246 420} 1 o0
= {1357,..,19) N\
‘Now, B =U-B: ; :
B ={1234,. 20} {1,35 19}
. ={2,4,6,8,. 20} :
RHS=A'NB
={1,3,5,.. l9}n{2,46 ., 20}
={} -(2) : ~
From (1) and (2); LHS RHS |
(AU By =A' ~B" S
Hence proved.
(i) UNBY=A"UB
LHS=(AnB) ‘
(AnB)—{246 20}(\{135 ., 19}
Now, (AnB)’—U (AN B)
o= {1,2,3,4.
={1,2,3,4, .

grotin
20k el

RHS =A'UB

A=U-4
A=(1,2,3,4,..,20} - {2,4,6, ..., 20}
= (1,3,5, .-s 19} :
Now, B'=U-B
B=1{1,2,3,4 ..., 20} — {}§3,5, ..., 19
= {2,4,6, ...,20}
Now, A4’ UB'={1,3,5, ..., 19y & {2, 4,6, ... 20}
= (1,2, 3,45, %20} .2

From (1) and.(2), L.HS=RH.S
(ANBY FAIB
8.  Considerthe set P= (x| x=5mme N} and

20={x|x= 2m,meN} Find PNO.
_“Sol. P={x|x=5m, meN}

~P=1{5,10, 15,20,25, ...}
0={x|x=2mm € N}
0=1{2,4,6,8,10, 20
Finding PN Q ‘
PN QO ={5,10,15;20, 25,..} N {2,4,6,8,10, .3}
= {10, 20, 30, 40, 50, 60, ...}
9.  From suitable properties of union
deduce the followmg results:
@) AN(AUB)= Au(AnB)
(ii) Au(dnB)= AN(AVUB)
Ans. To prove the glven set identities, we will use the

- propertles of union and intersection.
@ Nn(AUB) = =AU (ANB)
PROOF
Left-hand side: AN (AU B)
This represents the set of elements
inAUB.Since AUB includes all elemen

and intersection,

'.
that are both in A and

ts from A as well as B,

TS -
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the intersection A N (4 U B) will snmply be all elements of 4,
_because every element in A is also in-A U B.

 Hence, N
| Anmum -4

. Right-hand side: A U (AN B)
' ~ This represents the set of elements that are either in A or
" inboth A and B. Since the intersection A nB eontams elements
 that are in both A and B, the union of A and A N B is just 4,
" because the elements of A N B are already mcluded in A.

Hence,
AU (A n B) = A

Smce both sides are equal, we have proved
"An(AUB) = Au(AnB)

(i) Au(AnB)= An(AUB)

- PROOF: :

e Left-hand snde AU (A n B)
- This represents the set of elements that are either in 4 or

in both A and B. Since the intersection A N B contains elements
_ that are in both 4 and B, the union of A and A N B will be
' exactly A, because the elements of ANB are already included in
Hence, gy SAENIG
AU(ANB)= A |
e Rrght-hand side: AN 4 UB) A
: This represents the set of elements that are.in both Aand
- BAUB.Since AUB mcludes all elements of A, the mtersectnon

An (AU B) will srmply be 4, because every elcment inAisalso

.inAUB.
Hence,
AN (A (VR B) A
Smce both sides are equal we have. proved
AU(AnB) An(AuB)

If glx)=Tx - 2 and s(x) = 8x? —'3 find:

" i 1 (iii) ( 5

i 80 iy &1 2| 3)
| | )

) () v 59 (vi) s( E)

. s for each of the given

Let's calculate the value

~ expressions step by step-

Given Functions:

. gx)=7x—2 . s(x) =8x*-3

@i 900 ' |

To find g(0); substitute x = 0 into g(x):
g(O) 72(0)—2=0— 2=~2

Sol.

i 91D
To find g(—1), substitute x = —1 into g(x):
' (-1 = 7(-1)=2==7~ 2=-9
16 9(-3)
‘ To find g (—— substitute x = — = mto g(x):
145 - 35 _ __3_5_ 3 E _ _ﬂ
g(—§)=7('§)_ - agmle=Ty 3
: 5 41 .
s, g (-3) =%
@iv) ‘'s(1)
. i 1 into s(x):

To find s(1), substitute x =
s(1) =8(1)?-3=8(1)—3=8-3=5
V) s(=9 _
To find s(—9), substitute x = —9 into s(x):
s(=9) = 8(—9)? — 3 =B8(81) — 3 = 648 —3 = 645

" 7
b s(3)
7 . 7.
To find s (;), substitute x = = mto s(x):
7 7\2 49)' 392
- = - - = —_—] - =—=3= 98 — 3= 95
s(2)=3(3) -3=8(3)-2=%
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11.  Given that f{x) = ax + b, where @ and b are cm

numbers. If {-2) =3 and f{(4) = 10, then find the values of a anq

Sol.  We are given the function f(x) =ax+ b, where a anq b‘
are constants. The conditions provided are:

¢ f(-2)=3
» f®W=10

Step 1: Use the condition f(-2=3
Substitute x = —2 into the equation f(x) = ax + b:

f(=2) = a(-2)+b= —2a+b=3" "
Thus, we get the equation: . LR 3
—2a+b=3 =~ (1)

Step 2: Use the condition f(4) =10
Substitute x = 4 into the equation f(x) = ax + b:

f(4)=a(#) +b=4a+b=10

Thus, we get the equation:
4a+b=10 2)

Solve the system of equations
We have the system of two equations:
o —2a+b=3 . 4a+b=10

To eliminate b, subtract equation (1) from equation (2):
(4a+b)—(—Za-Fb):-4'-' 10-3..
* Simplifying: Ve -
4a+b+2a-b=7
Y . 6a=7
Solving for a:

Step 3:

a=

(=¥ FUN .

Step 4: Substitute a = ‘% into one of the original equations.

Substitute a = -:- into equation (1):

2 (7) +b=3
z =
* Simplifying: ‘
| e +b=3
6 -}

— - -
-3 +b=3
Now, add  to both sides:
' 7 9 7 16
b=343=5"3"3
12.  Consider the function defined: by k(x)=Tx-5. If k(x)=
100, find the value of x.
ionk(x) = 7x — 5 and the

Sol. . We are given the functi
equation k(x)'= 100. We need to find the value of x.

Step 1: Set the equation equal to 100
' 7x —5=100

Step 2:Solve forx
First, add 5 to both sides: -

“7x =100+ 5
' “Tx =105
. Now, divide both sides by 7:
105
xr=-—
7
=15

13. Consider the function g(x) = mx? + n, where m and n

_are constant numbers. If g(4) = 20 and g(0) = 5, find the

values of m and n.
Sol. We are given the function g(x) = mx? + n, where m

and n are constant numbers. We also know the values
g(4) = 20and g(0) = 5. We need to find the values of

m and n.
Step 1: Use g) =5
Substitute x = 0 into the function:
g(0) = m(0)2+n=>5
0+n=>5
n=>5
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Step 2: Use g(4) =20
Substitute x = 4and n = 5 into the function:
g4) = m(4)2+5=20
16m+5 =»20

Subtract 5 from both sides:
16m =15
Now, divide by 16:
¥ 15
o ol

14. A shopping mall has 100 products from varioyg

categori
The products are categorized as follows:
Set A: Electronics, consisting of 30 products labeled

from 1 to 30.
Set B: Clothing comprises 25 products labeled from
31 to S5. '

" Set C: Beauty Products, comprising 25 products
labeled from 76 to 100.

Write cach set in tabular form, and find

sets.
Sol. Tabular Representation of the Sets

Set A: Electronics (Products labeled from 1 to 30):
A= (123,430}
O Set B: Clothing (Products labeled from 31 to 55):
B = {31,3233,....55}
“ Set C: Beauty Products (Products labeled from 76 to
100):

the union of all three

C = (76,77,78, ...,100}

Finding the Union of All Three Sets
AUBUC =(123,...30} U (31,3233, ,55}
v (76,77,78, ...,100}
AuBuUC ={123,..3031,3233,.. 55,76,77,78, ..,100}

es labeled 1 to 100, representing the universal set [,

15. Out of the 180 students who appeared in the annya)
examination, 120 passed the math test, 90 passed the science
d 60 passed both the math and science tests.

test an s
(a) How many passed either the math or science test?

(b)  How many did not pass either of the two tests?

(©) How many passed the sciencetest but not the math test?

(d) How many failed the science test?
We are given the following information:
. Total numbér of students: 180
Number of students who passed the Math test: 120
. Number of students who passed the Science test: 90
- Number of students who péssed both Math and Science:

60
Let’s define the sets:
Let M represent the set of students who passed the Math

test.

. Let S represent the set of students who passed the Science

test. ;
Sol. Using the principle of inclusion and exclusion:

The formula for the number of students who passed either

the Math or Science test (i.e., the union of sets M and )

is:
IMUSISIM|+ISI-IMNS|

Where: :
. | M | is the number of students who passed the Math test.
. | S | is the number of students who passed the Science
test. >
. | M N S | is the number of students who passed both tests.

Now, let’s solve each part of the problem:
(a)  How many passed either the Math or Science test?
Using the inclusion-exclusion principle:
[MUS|=120+90-60= 150
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(b)

(©)

(d)

16.
developers, a survey was conducted to

programming languages are liked more. Th

I

Thus, 150 students passed either the Math or them

test.

How many did not pass either of the two tests?
The total number of students is 180, and the number of

students who passed either the Math or the Science tegt ;
s

150. Therefore, the number of students who did not pa
either test is: K
180 — 150 = 30

Thus, 30 students did not pass either of the two tests
How many passed the Science test but not the Mgt
test? !
The number of students who passed the Science test bu
not the Math test is given by the difference between the

- total number of students who passed the Science test and

the number of students who passed both tests:

IS\MI=IS1-IMNnS|=90-60=30
Thus, 30 students passed the Science test but not the
Math test. :
How many failed the Science test? -
The number of students who failed the Science test is the
complement of the students who passed the Science test.
Therefore, the number of stiidents who failed the Sclence
test is:

180—175=.180 — 90 = 90

Thus, 90 students failed the Science test.

In a soffware house of a city with 300 software
determine which

e survey revealed

the following statistics:

150 developers like Python.
130 developers like Java.
120 developers like PHP.

“ 70 developers like both Python and Jaya,
. 60 developers like both Python and PHp.
. 50 developers like both Java and PHP,
o 40 developers like all three languages: Python, Java
and PHP.
(a)  How many developers use at least one of these
languages?
(b) How many developers use only one of these
. languages?
(c)© How many developers do not use any of these
languages?
(d) How many developers use only PHP?
Sol.
(a)  How many developers use at least one of these
languages?
'I'he number of developers who use at least one of these
languages is given by the union of the sets P, /, and H.
Using the principle of inclusion and exclusion:
[PUJUHI=IPI+I]JI+IHI=IPnJI=IPNH|-I]JNnH
A +PNJNH|
Substituting the given values:
|PUJUH |= 150 + 130 + 120 — 70 — 60 — 50 + 40
|PUJUH |= 400 — 180 + 40 = 260

Thus, 260 developers use at least one of these languages.
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~(b)

B

How many developers use only one of these

languag:s?
The number of developers who use only one language

can be calculated as follows:
Developers who use only Python: | P\(JUH)I=IP |~

Pnjl=IPNHI+IPn]JnHI|=150 =70 - 60+ 40 = 60

Developers who use only Java: | ] \(PUH) |=| ] | =|

PAJI—IJnHI+IPNJNH|=130~-70-50+40 =50

Developers who use only PHP: | H\ (PU)]) I=I1H | -]

PNH|=IJAH|+IPNnJNHI|=120-60—50+ 40 =50

Now, summing up the developers who use only one language:

Total = 60 + 50 +50= 160

Thus, 160 developers use only one-of these languages.

(c)

How many'develop.ers do not use any of these

languages? . ' " , ' :
The number of developers who do not use any of these

languages is the complement of the developers who use at
least one language:

Developers who do not use any language = 300 — 260 = 40

(d)

Thus, 130 dev'elopers do not use any of these languages-

How many developers use only PHP?
We already calculated this in part (b). The number of
developers who use only PHP is:
Only PHP = 50
Thus, 50 developers use only PHP.
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