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e Describe mathematics as the study of patterns, structure, and relationships.
e  Identify sets and apply operations on three sets (Subsets, overlapping sets and disjoint
sets), using Venn diagrams.
» Solve problems on classification and cataloguing by using Venn diagrams for scenarios
involving two sets and three sets. Further application of sets.
» Verity and apply properties/laws of union and intersection of three sets through analytical and
Venn diagram methods.
Apply concepts from set theory to real-world problems (such as in demographic classification,
categorizing products in shopping malls)
Explain product, binary relations and its domain and range.
Recognize that a relation can be represented by a table, ordered pair and graphs.
Recognize notation and determine the value of a function and its domain and range.
Identify types of functions (into, onto, one-to-one, injective, rsu:;[ectwgmd bm&hve} by using
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In this unit, we W\Tl\mlsb ‘aume basu: concepts of set theory and functions, beginning
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Venn diagrams.

with mathe\‘mpﬁi%& as an essential study of patterns, structure, and relationships.
Students will learn to identify different types of sets, the laws of union and intersection
for two and three sets, and their representation using Venn diagrams. Additionally, they
will apply set theory to real-world problems to enhance their understanding of
demographic classification and product categorization. Classification develops an
understanding of the relationship between various sets. Students will also explore
binary relations and functions and their representation in various forms including
tables, ordered pairs, and graphs.

3.1 Mathematics as the Study of Patterns, Structures and

Relationships 7&, \ €© T
Mathematics is the science of pglte w \rglaf‘; onships, comprising
é\\o j s loglcal and quantitative aspects.

various branches that expj&r&

e an
The strength of mathef:nat‘ iﬁ@\ba&g upon relations that enhance the understanding
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between the patterns and structure in, mathematlcal pattern is
a predictable arrangem@( nsﬂ?{s@s}t&i symbols that follows a specific rule
a are the key to learning structural knowledge

or re]atlonsh]p ﬁ
involvin land geometrlcal relationships. For example, look at the following
numerical pattern of the numbers

I"term  2"term  3"term  4"term  5"term
o ACAZ R
+3 +3 +3 +3
In the above pattern, every term is obtained by adding 3 in the preceding term. This

predictable rule or pattern extends continuously, making it a sequence where each term
increases at a constant rate.

Consider another example of a famous
geduetice 0, 1, 1; 2, 8, 5,8, 13, 21 s
known as the Fibonacci sequence. This
sequence starts with two terms, 0 and b)
Each term of the sequelgﬁ i
adding the prewous
formula fi 1 sequence is
Fo=Fna+Fs2 where Fn=0 and F1=1 are the first and second terms respectively. This
recursive pattern occurs more frequently in nature.

The study of mathematical structure is essential for mathematical competence. A
mathematical structure is typically a rule of a numerical, geometric and logical
relationship that holds consistency within a specific domain. A structure is a collection
of items or objects, along with particular relationships defined among them. Consider
a triangle made up of smaller triangles, as illustrated in Figure (ii1).

X

Fi WS = Fi . i =
1gure I\?—N j\ O\’ igure (ii) igure (iii)
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Mathematics - 9 Unit— 3: Sets and Functions

The pattern of arranging smaller triangles to form a larger trlangleJ.sg ?;u We can
easily recognize the implicit structure: the | ger tr ang{& o ﬁi & k(conmqtmg of
several rows, where each row contgln z \a}i}l mber of smaller triangles (e.g.,

7 triangles in the first rc@\ t{tﬁ??\(:ﬁ@&, ﬂf third, and 1 at the top).

The repetltlon of Pﬁ \the spatial relationships
between  thin: tuangles are critical structural
features. The ahgnment of the smaller triangles creates a
sense of congruence as each row is made up of triangles
of the same size. At the same time, the arrangement
illustrates parallel and perpendicular relationships when
viewed in relation to the base of the larger triangle, as

.-p .

shown in Figure (iv). We can develop logical reasoning
by understanding these patterns and structures and : ;% :
preparing them for more complex geometric concepts in Fignse (iv)

various fields of mathematics. Similarly, we can establish a relationship between two

sets when there 1s a correspondence between the numbers of these sets.
~ \\"\ 5

@4\541\9}&? Wwis a German

\ \
We arc familiar with the notion of as\et SH:lc mét}lbn?auc 1

the word is frequeml}(_)usﬁ{d iR, ﬁ\y@@{d@i‘ \Who” “'g“'fﬁca“ﬂy

speech, for mstanz:? ater set, Ma et and developtreit of set
sofa set. l@ﬁ;%%nd\er that mathematicians | feory. a key area
have developed this ordinary word into a | in mathematics. He

mathematical concept as much as it has | showed how to
compare two sets

by matching their members one-to-one.

_ ) Cantor defined different types of infinite sets
of sets helps in understanding the conceptof | ;4 proved that there are more real numbers

relations, functions and especially in | than natural numbers. His proof revealed that
statistics we use sets to understand | thereare many sizes of infinity. Additionally,

probability and other important ideas he introduced the concepts of cardinal and
ordinal numbers, along with their arithmetic

operatlons

clements, so that we may be able to deud

whether the object belongs to the cﬁllfe i&ﬂjr\n i\\,\

Capital letters 4, B, C, )(C X W } & generally used as names of sets and small letters
2.0,.6.% z CI%IW$ d\a mber% or elements of sets.

39 U

3.1.1 Basic Definitions Georg/Cant\qr

contributed to the

become a language that is employed in most
branches of modern mathematics. The study

A set is described as a well-defined
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or instance, the set

There are three different ways of descrlbmg a s@k E\HA}&

(i) The Descriptive for \@ ords
of all vowels of the En li h\ m?;l ‘ -

(i) The T }@N&uﬁ é

brackets. A 1s the set mentioned above, then we may write:

et may be described by listing its elements within

={a, e, 1, 0, u}

The tabular form is also known as the Roster form.

(iii)  Set-builder method: It is sometimes more convenient or useful to employ the
method of set-builder notation in specifying sets. This is done by using a symbol
or letter for an arbitrary set member and stating the property common to all the
members. Thus, the above set may be written as:

A = {x| x is a vowel of the English alphabets}
This is read as 4 is the set of all x such that x is a vowel of the English alphabets.
The symbol used for membership of a setis . Thus, ae 4 means «a is an element of

A or a belongs to 4. ¢ ¢ A means c does not belong 7o 4 or ¢ is not-a member ( f\,ﬁf\.
Elements of a set can be anything: people, coum:nes‘“ rlv\e{s ‘]é\sﬁ bf/ ﬁ‘tdught In
algebra, we usually deal with sets of numb?pﬂz 'T“{]’B éf;t& ako }nglfh their names are
given below: - ‘r)\ ) !

N =The set of natural n qubeim\\\\ JREn {'1 2 3 }

W = The sct ofliple AR - ={0,1,2, ...

% =The et ol tiagess 041,42, .}

O = The set of odd integers =bk], £33, &85, v}

E =The set of even integers ={0,+2, 44, ...}

P = The set of prime numbers =42,3,5,7,11, 13,17, .

O = The set of all rational numbers = {x |x= g wherep, g€ Z and g # 0}

Q" = The set of all irrational numbers = {x Ix= L2, wherep.ge Zand g = 0}
q

R = The set of all real numbers =i kg

A set with only one element is called a singleton set.

For example, {3}, {a}, and {Saturday} are singleton | 1. ‘0}, &f”“‘ﬁ . ‘l-sg,\j
sets. The set with no elements (zero number —of sqvﬁ'&&d element,
J'ah}]t{ Eﬁjf hg jm set.

elements) is called an empty set, null set 15/2%“3) S_‘\
The empty set is denoted by th@l X\
gt
S RN
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Equal sets: Two sets 4 and B arc equal if they have exactly the same elements or if
every element of set 4 is an element of set B. If two sets 4 a B?are ?q@@é\wlte

A=B. Thus, the sets {1,2,3} and {2, 1, 3\ ara:gq}la‘\\ \(&i{'\ \\L

Equivalent sets: Two scts \1{ a\[}ehgj\f have the same number of
elements. For example, if A%{S—f&e\ and B = {1,2,3,4,5}, then 4 and B are
cquivalent sets. 'LQW used to represent equivalent sets. Thus, we can write
A~B.

Subset: If every element of a set 4 is an element of set B, then 4 is a subset of B.
Symbolically this is written as 4 B (4 is asubset of B). g

In such a case, we say B is a superset of 4. Symbolically | The subset of a set can
this is written as: also be stated as follows:
ACB iff VxEA=>x€EB

B DA (B is a superset of A).

Proper subset: If 4 is a subset of B and B contains at Ieast one element that is not an
element of 4, then A4 is said to be a proper subset of B. In such a case, we write:

A < B (4 is a proper subsct of B).

Improper subset: If 4 is a subset of B and A = B, | When we do not want to distinguish
; : . between  proper— and n‘o er

then we say that 4 is an improper subset of B. From‘ s 13#/1’3 ) theﬁ (5 IQ:

this definition, it also follows that every set 4-13 a| \\f&r\th‘e i e\l At\anha R el

subset of itself and is called an u’{lproper subs?&.\. (\ \thar WA L

For example, let A = {a, b, ¢} E}ﬁ {d,a‘ \}j\a&ﬁ/ NelWeie=de=k

={a, b, ¢, d}, thengl Mj\“
WNN l _
AcC, Be=C but A=2B.
Notice that each of sets 4 and B is an improper subset of the other because 4 = B.

Universal set: The set that contains all objects or elements under consideration is
called the universal set or the universe of discourse. It is denoted by U.

Power set: The power set of a set S denoted by P(S') is the set containing all the
possible subsets of §. For Example:

(1) IfC={a b c d},then
P(C) = {¢, {a}, (b}, {c}, {d}, {a, b}, {a, ¢}, {a, d}, b, ¢}, {,d}, {c, dj,
{a,b,c}, {a, b,d}, {a,c,d}, {b,c,d}, {a,b,c,d}}.
(i) If D= {a},then P(D)={¢, {a}} & \g\y\a

If S is a finite set with n(S) = m representmg tbe ]b\ef \Gf@l {1( ?he set S, then
n{P(S)} =2 is the number of the eler fﬁo

— W j}\; J ~—
< F\ ”
YOOI
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(EXE CISE 3.

1; Write the follo@)l :{{ \\ E)Bl,l cr/tfotatff:m
(1) {1 , 484} (ii) {2,4, 8, 16, 32, 64, ..., 150}
M@ +1000} (iv)  {6,12,18, ..., 120}
{100, 102 104 ., 400} wi) {1,3.9,27,81,...}

(vu) {1,2,4,5,10, 20, 25,50, 100}  (viii) {5,10, 15, ..., 100}
(ix)  The set of all integers between — 100 and 1000

2. Write each of the following sets in tabular forms:
(1) {x|x isamultipleof 3 A x <35} (i1) {x|xe RA2x+1=0}
(1) {x|]xe Prnx<12} (iv)  {x|x isadivisorof 128}
(V) fx|x=2" . ne Nanx8) (vi) {x|xe NAx+4=0}
(vil)  {x|xe NA x=x} (viil) {x|x€ZA3x+1=0}
3. Write two proper subsets of each of the following sets:
(1) {a, b, c} (ii) {0, 1} (i) N (iv) Z
. ‘-\\
v)y O (vi) R (vii) {x IIxKe:}QA Jﬁg&“ﬁﬁ}u

: [s there any set which has no proper § subset»? '\Tf'fsq \hélr@hm\se“\f o
5. What is the dlffergnce betv%&éc/rr {dﬂﬂ‘ aqﬂa ‘b%

6. What is the numbt:if _g)/f—%lﬂém!;w the power set of each of the following sets?
QIR N \“‘\\«(ri 0,1y (i) {1,2,3,4,5.6,7}
{@U\\‘}o, ,2 3, 4.5.6,7] &) {a, {b,c}}

(vi)  {{a, b}, {b,c}, {d, e} }
7. Write down the power set of each of the following sets:

(i) {9, 11} (1)  {H-x ) (i) {ép  (v)  {a {bc})
3.2 Operations on Sets

Just as operations of addition, subtraction etc., are performed on numbers, the
operations of union, intersection etc., are performed on sets. We are already familiar
with them. A review of the main rules 1s given below:

Union of Two Sets

The union of two sets 4 and B, denoted by AUB, is the set of all elements which

belong to 4 or B. Symbolically; f\(L
AU B= w \{ \ @90 -
Thus if 4 = {1,2, 3}, B zﬂ\g/}? \r 3,4, 5}
4 V@ .

WYY >
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Intersection of Two Sets ~ G if\\

The intersection of two sets 4 and B, denote@ by_\ ﬂﬁ/\ st \é set’ APa:ﬂ elements
that belong to both 4 and B. S bohca\ S

An b= {x rf;ég’}ié . The symbol ¥ means or.
Thus, for the abW;@ﬁ d) B, An B={2, 3}. The symbol A means and.

Disjoint Sets

If the intersection of two sets is the empty set, the sets are said to be disjoint. For
example, if

S, = The set of odd natural numbers and S, = The set of even natural numbers, then

S, and §, are disjoint sets. Similarly, the set of arts students and the set of science

students of a college are disjoint sets.

Overlapping Sets
If the intersection of two sets is non-empty but neither is a subset of the other, the sets

~—
g

are called overlapping sets, e.g., if ~ ~E\0N

\_}}\-

={2,3,4,5,6 and M= {5,6,7,8,9, 10; then L, ?ﬁdfﬂéfémerl\appmgsets

Difference of Two Sets | ST\ '\ ( \\ U,\\
The difference between the §ets A‘ﬂn\d B ‘denoted by A-B, consists of all the elements
that belong to 4 k%u\,cﬁq ‘ﬂbtﬂﬁelong to B.
Symbolically, 4— B = {x|xe Anx¢ B} and B—A={x|xe BArxg A}
For example, if 4 = {1,2,3,4,5} and
B =1{4,5,6,7,8,9, 10},
then A—~B=11,2,3} and B—-4-=46,7, 8,9, 10},
Notice that: 4 —B # B —A.

Complement of a Set

~—
\
|

The complement of a sct 4, denoted by A" or A€ ; .
. . o . ) ' In view of the definition of
relative to the universal set U is the set of all complement and difference sets it is

elements of U, which do not belong to A. | evident that tforany, ggtﬁx\f{/%br A

Symbolically: X '. AR
A ﬁ{»l\xezvx \&L\\ Y

\ |\ D )
For example, if U=Z, the:nw i\g\&,\ Bo=

\J\
For example, If D@&@Et of alphabets of English language, C = Set of consonants,
W = Set of vowels, then C'=Wand W'=

4 43 .
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3.2.1 Identification

Venn diagrams are very ug m«d“ R

relationships between se

me dthematlua%q]&fﬁ@ﬁ“(

In the adjoining figures,

of Sets U§1 N

1@95\&
1834 to 1883 A.D).

Unit— 3 Sets and F{uﬂlons
%{#ﬁf

Ni1e basic concepts of sets and
%ﬁls were ﬁrst used by an English logician and

the rectangle represents the

universal set U and the shaded circular region represents a
set 4 and the remaining portion of the rectangle represents
the 4" or U—-A.

Below are given some more diagrams illustrating basic operations on two sets in
different cases (the lined region represents the result of the relevant operation in each
case shown below).

Disjoint sets Overlapping sets AcB
U -- U =
/AP B 5
p ) -"%
UB —_—— \
— —— =
S\
v ArB =¢ s ANB = d) 5 r"") ,"‘Ak\)f\ﬁ b\Y‘ M\ .\\ \\: I,l
o1 (AUB) = n(A) + (B) ° r’_{( AMB) w’("’fA\i} ('5{ \( *d iuBJ B F en(aUB) = n(4)
.._\“1,\\L,\‘\\\'_I
\\l ' \U 5o 3 4 B v )
= :'nl
ANB ﬂlﬂ @
*ANB = “ANB = ¢ «ANB =4 «ANB =B
n(AMB)=0 *n(AMB)= n(4) *n(AMB) = n(B)
U U U U —
= : P A~
| E i 0:
N — d
*A4-B=4 « "(A—B)=n(4)-n(ANB) A-B=1¢ *A-B = ¢ .
«n(A-B) = n(A) *n(A-B)=0 *n(A-B ) = n(A)y-n(B)
rar-\Iga= :
Bl “a-' O ¥
o= = ‘— “.'(7 Il'lf\ LY
“B-A-B %( \ﬂt{i}_\hb ) B~ ¢ “B-A=¢
n(B—4)=n(B) _§\) \ YV en(B—A)=n(B)—n(4)  *n(B-4)=0
GV
4 44 A |
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3.2.2 Operations on Three Sets
If A, B and C are three given sets, operatlons of unlon a mtei;s t @@gl’pel -formed

on them in the following ways: ,\(\ \\\ \ 7// fﬁym
. \/’ @’Q o™ g
i) A4U@BUO) r&s;}f ro)\ (i) AN (BUO)
(iv) (AmB)mf\!\” \ ’/Tu(Bm C) vi) AnCQuBn(C
(vii) (4 Qipé (viii) (AN B)UC (ix) (4UC) N BUCO

3.2.2.1 Properties of union and intersection
We now state the fundamental properties of union and intersection of two or three sets.

Properties
1) AuUB=BUA (Commutative property of Union)
(1) AnB=BnNn A (Commutative property of Intersection)
(i) AvBUCO)=AuB)UC (Associative property of Union)
(iv) An(BNnC)=AnB)NC (Associative property of Intersection)

(v) AuBNC)=(AUB)N(4uC) (Distributivity of Union over intersection)
(vif ANn(BuC)=(AnNnB)u(An () (Distributivity of intersection over Union)

(vii) (AU B) =4 (B’ o
(viii) (4N BY =A'U B’ o ?"[.”ﬁgi’.'i‘ﬂ IZAAES

\\\ (\\ 'l\ [ A

Verification of the Propertles U§}ng Sets\ ) j\Bje )
Let 4 ={1,2.3}, B= gz\B\ % \}ﬁﬁd"é {3,4,5,6,7,8)

(i) AuBI:_\—_\KE\L|31\\ 9%45} . BUA=1{2,3,4,5) U (1,23}
\l—i.JJH, .3,4,5) . ={1,2,3,4,5)
~ AUB=Bu4
) ANB={1,2,3)n{2,3,4,5 : BnA={2345 n{1,2,3)
= 12,3} ={2.3}
ANB=BN A

(ii1) and (iv) Verity yourself.
V) AuBnNnO={1,2,3tv [{2,3,4,5} n {3,4,5,6,7,8}]
={1,2,3} U {3,4, 5}

={1,2,3,4,5) ()
i BYrs (iCy=[{1,2, 3% w £2,3.4.5)] i [£1.2, 3} i3, 4,51\@%8}
- {1, 2345}m{12r345§§h23}#; @@ N\

\ IIK/

=11,2,3,4,55n 2 ¢ K\ LGy
From (i) and (ii), 4 U ( e )@\kﬁﬁ\)w
3@\ o

(vi)  Veritfy you rsejlf
-NR‘U\J\-’ = 45 N |
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(vit)  Let the universal setbe U= { 1,2,3,4,5,6,7,8,9,10}
AUB ={1,2,3}U{2,3,4,5}={1,2,3,4,5}_ &\ c©
(AuB) =U-(4UB) ={6,7, 8, 9,30} \\\\ \\ o8~
- U- A—p{ \sﬂb@l

wf\

B ~U- 70809 103
@ﬁ&%ﬁf\%”m 9,10} ~ {1,6,7,8,9, 10}
8,9, 10} ...(11)

From (l) and (ii), (A W B)Y = A'NnB'
(vii1)  Verify yourself.

Verification of the properties with the help of Venn diagrams

(i) and (ii): Verification is very simple, therefore, do it by [¢

AT
yourself. [ | l
(iii):  In Fig. (1), set 4 is represented by a vertically lined PLCrSTaN
region and BUC i1s represented by a horizontally lined F\_R-f 151,;, ?"j
region. The set 4 U (B w C) is represented by the region ‘%’
lined either in one way or both. —a\’\ (] | ;‘ \ (C Jl"lé ()

'\ F\F\\\\JL MU

In Fig. 2) A U B is repre\seq’(éd )qy\h\ hbnzontally lined
region and C b% a \ITqrttlpally hhéﬁ region. (4 v B) u Cis
represented\ﬁy\ the region lined in either one or both ways.

From Fig (1) and (2) we can see that

AvBUO)=AuB)uUC

(iv) In Fig. (3), the doubly lined region represents
AN(BNC)

In Fig. (4), the doubly lined region represents {4 N B

Since in Fig. (3) and Fig. (4), the ):ﬁlaﬁ-s fI@ é
(e

therefore, 4 N (BN C) =¢ W@,

‘||--./

W N\JNNJ o\
4 46
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(v) In Fig. (5), A U (BN C) is represented by the region U
which is lined horizontally or vertically or both ways ES=E

@ N7 ¢
’\(fﬁﬁ&il W

Nﬁﬁgﬂ] Fig. (5)
In Fig. (6 )N (4 U C) is represented by the doubly

lined region. v Pl Hin N
Since the two regions in Fig (5) and (6) are the same, f;" ’i;,
therefore. i f |!
AU BAC)=(AUB) A (AUC) =l
(vi)  Verity yourselves. Fig. (6)
e . RSO A i ’
(vi1) InFig. (7), (4 U B)' is represented by a vertically lined =
region. —===

T
.....

In Fig. (8), the doublig ﬂ\m\w}msam’s ANB i

NG e

The two (7) and (8) are the same, therefore,
(AUBY=A'AB'

(viii) Verify yourselves.

||||||
T

Note:

Only overlapping sets have been considered in the Venn diagrams above. Verification for other cases
can be conducted similarly.

Example 1: Consider the adjacent Venn diagram illustrating two non-empty sets, 4
and B.

(a) Determine the number of elements common
to sets 4 and B.

(b) Identify all the elements exclusively in set B
and not in set 4. o Q§§ .
(c) Calculate the union of W
_ o\
\
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Selution: From the information provided in the Venn diagram, we have: \1
Let U={1,2,3,4,5,6,7,89,10,11,12 13, 14, 15} ~k,t\ (@ih/vi

—mz3456& \\
- {5,6,7,8,940, | /\g\@j\ (\X

(a) The elements in both seF A\ xd%:u)re the intersection of the sets:

4m3ﬂ @@N

(b)The elements that are only in set B, not in set A, is the sets' differences.
B-A4 =1{7,9,10, 12}
(c) AwB ={1,2,3,4,5,6,8}{5.6,7, 8,9, 10,12}
={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}

= {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 |{

. ; 0
applied Robotics course? \ \ 7.8 \//'\ﬁ', \‘\ J

(b) Determine the total nu% l’ 0 S‘tﬁde\ﬁs\émolled in a Game Development.

l"/

(¢)  How man lfdﬁiitﬁ a‘ure\en}ofled in the Game development and Web designing
course? W\ I\

(d)  Identify the students enrolled in Web development but not Applied Robotics.
(e) How many students are enrolled in IT institutions?
() How many students enrolled in all three courses?

Solution:

() Set A represents the total number of students enrolled in the Applied Robotics
program.
Total =370 + 205 + 125 + 240 = 940
So, the total number of students in the Applied Robotics course is 940.
(b) The total number of students enrolled in a Game Development is ;esep\ted
Sl

by the set G. X (6

Total =205 + 12

Thus, the Students ; é%f lg;\megt?%jzs

e @\R 5\)\ -
;\J\J\U

\\’\I
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(c) Total students are enrolled in bmh%% @‘é@@fﬁ% designing

d m\\‘
I

The course is the mters@c&"i\mfo

270=1395
Thtf:refqgﬁlio"?ﬁr \%ﬂh{%ﬂt@ are emolled in both the Game development and Web
designing"Course.
(d)  The students who are enrolled in Web development but not in Applied Robotics
is the sum of values 336 and 270 in set V.
Total = 336+270 = 606
So, there are 606 students who enrolled m Web development courses but not in
Applied Robotics.
(e) 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 Institutions.

(f) The students who enrolled in all three courses are the intersection of all the
circles are represented by the value 125. S\ @0 T
\ \\\_) I -

3.2.2 Real-World Applications, " ﬁ \\p\ \(% \\\ [(0)o=

\}1\( |

In this section, we will learn t@pplyfcd@e\pts\ﬁto\ﬁl Seb thec cory to rcal-world problems,
such as solving problems a1 clas\siﬁcaﬁon ’c’md cataloging using Venn diagrams. We
will also explo\e;« \ﬂfqmd Iré r‘Fe situations, such as demographic classification and
categorizing prosu}t:ts in shopping malls.

For this purpose, we use the concept of cardinality of a set. The cardinality of a set is
defined as the total number of elements of a set. The cardinality of a set is basically the
size of the set. For a non-empty set 4, the cardinality of a set is denoted by n(4).

If4=1{13,5 7,9, 11}, then n(4)=6. To find the cardinality of a set, we usc the
following rule called the inclusion-exclusion principle for two or three sets.
Principle of Inclusion and Exclusion for Two Sets
Let 4 and B be finite sets, then

n(A v B)=n(4) + n(B)—n(4 N B)
and AU Band AN B are also finite.
Principle of Inclusion and Exclusion for Three Sets K_,ﬁ o @Cﬂ\w
If A, B and C are finite sets, then /
nAvBUC)=n(d)+nB)+ i;:@\ )?\I:Xfmi({')-l- nAnNnBnN C)
and AUBUC, AN B, Amé‘g\B@d“"a g}\\ n&i’mc are also finite.
g = N o —

IN
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Example 3: There are 98 secqny Wm@ ffs clﬁb 58 students join
the swimming club, and 50 JOlE’ tg'% {3 b How many students participated
in both games? \J’\'\J
Solution: L& = {total student in a sports club of school}

A = {students who participated in swimming club}

B = {students who participated in tug-of-war club}
From the statement of problems, we have U
n(U) =n(4 U B) =98, n(4) = 58, n(B) = 50. A B
We want to find the total number of students

who participated in both clubs. " =
n(An B) =?
Using the principles of inclusion and exclusion
for two sets:
n(A U B) = n(A) + n(B) — n(A N B) ) ﬂ(;_‘\ /:@@Q
= n(4 N B)=n(A)+ n(B)— n(4 U B) o Ny Tx;\jﬁﬁ:@:’ ,"'I CAL
=58+50-98 o ~ '\ \\/7 \'f l\&\\,- e
=10 T\\x‘\\\ \\\\«‘*’

Thus, 10 smdentsw chbdt\eﬁ anJoth clubs.

The adjacent Ven‘h diagram shows the number of students in each sports club.
Example 4: Mr. Saleem, a school teacher, has a small library in his house containing
150 books. He has two main categories for these books: islamic and science. He
categorized 70 books as islamic books and 90 books as science books. There are 15

books that neither belong to the islamic nor science books category. How many books
are classified under both the islamic and science categories?

Solution: Let U = {total number of books in library}
A ={70 books in Islamic category}
B ={90 books in Science category}
C ={15 book that does not belong to any category | @ (f \

f o
x = number of books that belon%{&cy botSq gﬁ X (;IQ%S
The adjacent Venn diagram qho the nu lagsified under both

the islamic and science catcgo%y\J\ \Q) \_./‘

4 [\ .
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As, n(U) =150
So, 70—x+x+90—x+15= 150( ;
= Il x=150] \ﬂ“g \§
= x=0 \\\\

\
Thus, 25 W@Jﬁ%mﬁed under both

islamic and science categories.

Example 5: In a college, 45 teachers teach mathematics or physics or chemistry. Here

is information about teachers who teach different subjects:

» 18 teach mathematics * 12 teach physics

= 8 teach chemistry = 6 teach both mathematics and physics

* 4 teach both physics and chemistry

= 2 teach both mathematics and chemistry.

= How many teachers teach all three subjects?

Selution: Let U = {total number of teachers in the collegeL 8 ,ﬂ\’;’&"f\\

K/\\ \_/

M = {teachers who teac(h mat‘hemai;les }F \‘ (CAL N2
P = {tea(%laers who\iéﬂ@ I?h)bsmé‘}v W
¢ = Qfaiﬁ'\hrs who—te'aéﬁ chemistry}

From the stﬁ{ﬁﬂétﬁg b*i\problems we have

n(MU P U C) =45, n(M) =18, n(P) = 12, n(C) =8, (M~ P) = 6,
nPnO)y=4,n(Mn (C)=2
We want to find the total number of teachers who teach all the subjects.
n(MNPNC) =?
Using the principle of inclusion and exclusion for three sets:

n(MuPUC)=nM)+ n(P)+n(C)—n(Mn P)—n(P N C)—n(Mn C)
+n(Mn PN C)

A

=  n(MNPNC) = n(M P UC ) n(M)—-n(P)—-n(C) + ;;(Mm g)wl@ BN O

f—\&\ C)\

+n(Mn C) X\ .
=45 —,12'“\8 @4\“ \\Y\
o

Therefore W\lﬁﬁérs teach all three subjects.

4 51 .
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Example 6: A survey of 130 customers in a shop \['u;lu&eh)m Wthl]
93

they were asked about buying (Bw{eren \ \fq \
The survey result showed the @@g& istics:

o 57 cust rments
e 50 cust&ers bought cosmetics
e 46 customers bought electronics
e 31 customers purchased both garments and cosmetics
e 25 customers purchased both garments and electronics
e 21 customers purchased both cosmetics and electronics
e 12 customers purchased all three products 1.e. garments, cosmetics, and
electronics.
(a) How many of the customers bought at least one of the products: garments,

cosmetics or electronics.

(b) How many of the customers bought only one of the products: garments, (L A

\ \
Ls“

Cosmetics or electronics? = "f‘\ rC O

(c) How many customers did not buy. any E%P thcthré\%}c\au'gﬁ‘f &/ \o2

Solution: Let U = {total numﬁep Qﬁs@r\‘l\e{‘s@}weyed in the shopping mall}
@%Qm\?t

- I N
N\ \E'\—J?Customel who bought cosmetics }

= {Customer who bought electronics}

0 bought garments}

From the statement of problems, we have
n(U) = 130, n(G) = 57, n(C) = 50, n(E) = 46, n(G ~ C) = 31,
n(GNE)=25nCn E)y=2land n(GN Cn E)=12.

(a) We want to find the total number of customers who have bought at least one
of the products: garments, cosmetics, or electronics.

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

n(Gu CUE)=n(GyHn(C)+n(E)—n(G N C)—n(GN E)—n(C N E)Ytn(G fé’(\“@
=S57+50+46-31-25-21+12=88 ¢ ,§ (&) @

Thus, 88 customers bought at leas ne?ﬁf\@fé p
or electronics. g% \S\
I \IT\ 52

afments cosmetics,
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(b) Customers who bought only garments. 0O \‘S j (e, \f“‘\?
— n(G) - n(G N o—n(Gn@ (@ ‘\ng

= 57— 31|\— 25+ %M\W'\ X\ NS AVA
NG,

Custe \N@; ought only cosmetics
—n(C) n(GNC)—n(CNE)+n(GN CN E)
=50-31-21+12

=10 Challenge!
Customers who bought only electronics The Venn diagram above

=wE)-mGCAE)-nmCAE)+nGn CAE illustrates ~ the  scenario

AE)—~u( ) ( ) ( ) presented in Example 7. Can
=46—-25—-21+12=12 you provide a justification for
Therefore, the customers bought only one of the each value within the circles?

products: garments, cosmetics,
or ¢lectronics = 13 + 10+ 12 =35
(c) Since the total number of Customers surveyed was 130, and 88 customers
bought at least one of the products: garments, cosmetics, or electrm?u:q The
customers who did not buy any of the three produc\ts can'be; qalqﬂ?ateel Qq
n(GUCUEY =n(U )—n‘(GuGuE«)W q \\\;\ \\j\‘ \,1 |~ o

—1309\8&*?@ \ * {\ AN
So, 42 customers d‘uﬂ otk \bﬂyﬁ ahy\of the three products.

WWW A {(Exercise 3.2))

1 Consider the universal set U= {x: x is multiple of 2 and 0 < x < 30},

A= {x:x1samultiple of 6} and B = {x : x 1s a multiple of 8}

(1) List all elements of sets 4 and B in tabular form
(11) Find4n B (i11)  Draw a Venn diagram
2. Let, U = {x: xis an integer and 0 <x <150},

G={x:x=2" forintegermand 0<m<12} and

= {x: x is a square}

(1) List all clements of sets G and H in tabular form =
(i) FindGUH (i) Find G H 1) @@ﬁ? N
3. Consider the sets P= {x: x 1S—§ pﬁinwg /]s\exlﬂif\\ﬁz x=<2 %}
0= {x:xisa dms&ﬁm%\d\g QAM
(1) me é\ “() FindPuQ
-NM\N 53 —
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10.

L1

Verify the commutative properties of union and intersection for the following
pairs of sets: - \ Cf’r\\\‘\\L

_f< J

(i) = {1,2,3,4,5), yi)\}g prz
(iii) A={x|x wjfn g}w \%}H }
Let U= {a \cg“da L h :,,J;

A#{b“‘\bcdg,h} =lc,d e, f.j},
Verify De Morgan's Laws for these sets. Draw Venn diagram
fUu=4{1,2,3,...,20} and 4= {I1,3,5, ..., 19}, verify the following:
(i) AuA=U (i) AnU=4 (i) An A =¢
In a class of 55 students, 34 like to play cricket and 30 like to play hockey.

Also each student likes to play at least one of the two games. How many
students like to play both games?

In a group of 500 employees, 250 can speak Urdu, 150 can speak English, 50
can speak Punjabi, 40 can speak Urdu and English, 30 can spea.k both English
and Punjabi, and 10 can speak Urdu and PunJ&bl Hm;w méﬁw;ah speak all three
languages? 0 f\%( \\" \ ‘\\\, 14,’ =

In sports events, 1¢ p&ﬁ@fa \*ea\r ‘hTue Shu‘ts 15 wear green shirts, 3 wear blue
and green s}hl{tﬁgé weara" cap and blue shirts, and 2 wear a cap and green shirts.
The thmﬁ‘ n{lmber of people with either a blue or green shirt or cap is 25. How

many people are wearing caps?

In a training session,17 participants have laptops, 11 have tablets, 9 have
laptops and tablets, 6 have laptops and books, and 4 have both tablets and books.
Eight participants have all three items. The total number of participants with
laptops, tablets, or books is 35. How many participants have books?

A shopping mall has150 employees labelled 1 to 150, representing the
Universal set U. The employees fall into the following categories:

« Set A: 40 employees with a salary range of 30k-45k, labelled from 50 to 89.
+ Set B: 50 employees with a salary range of 5%8({1(;1&‘@&@&33 from 101 to

150. ﬂl o\ \o\2

+ SetC:60 empl%e\es /A;gg 6% [00k-150k, labelled from 1 to 49
and 90 to 100 w\\,\\
N M\Jﬁm %A uB)mC (2)  Find n{ A (B nCC)

4 54 .
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12. In a secondary school with 125 students participate in at least one of the
following sports: cricket, football, or hockey [’_R_J,;_\.‘ (F”/@)\T\Q
+ 60 students play cricket. \ \ AL
70 students play footbali \ fz\ (Q \\\ )
40 students pl%
iixl 1% l b Bth cncket and football.
5

ents 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.
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
* 50 people said they liked korma
* 20 people said they liked nihari and biryani AKEN P AN
* 35 people said they liked biryang \and, kpi;lﬁa J/ NCA \o2~
* 27 people said they llke;d mﬁarl anql ‘k}dt‘ma L j /
s 12 people sérd t\wm l\{kédalkﬂlree foods nihari, biryani, and korma
(a) \IA\? ipast\hew many people like nihari, biryani or korma?
\\(bﬂ \J"How many people did not like nihari, biryani, or korma?
(¢c) How many people like only one of the following foods: nihari,
biryani, or korma?
(d) Draw a Venn diagram.

3.3 Binary Relations

In everyday use, relation means an abstract type of connection between two persons or
objects, for instance, (teacher, pupil), (mother, son), (husband, wife), (brother, sister),
(friend, friend), (house, owner). In mathematics also some operations determine the
relationship between two numbers, for example:

>:(5,4) ; square: (25,5) ; Square roat: 0. ,ffaqlﬂm@g%iz 4).
In the above examples >, square, s 7 ‘{5 L(a\l\re/e( a’r}npics of relations.
q‘;ﬁk b\tdét:e\d’

Mathematically, a relatlgjl pairs. The relationship between the

components of an or g\aﬁ \may or may not be mentioned.

WNJ@\J 53 “_——
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(1) Let A and B be two non-empty sets, then the Cartem ro;:ll,lgt)\ls\ﬂle set of all

ordered pairs (x, y) such that repi ‘i:ﬁenoted by Ax B .
Symbolically wed&p wmcaltka%ﬁ% :xf xe A and ye B}
\\C

(11) Any subset ,Qf :4 &\leg aélTeJ a binary relation, or simply a relation, from 4 to
B. Qﬂ?@jﬂéﬁﬂ\ ]a\rclatlon will be denoted by the letter r.

(iii)  The set of the first elements of the ordered pairs forming a relation is called its
domain. The domain of any relation r is denoted as Dom r.

(iv) The set of the second elements of the ordered pairs forming a relation is called
its range. The range of any relation r is denoted as Ran r.

(v) If 4 is a non-empty set, any subset of 4x A4 is called a relation in 4.

Example 7: Let ¢, ,¢,,c, be three children and m , m, be two men such that the father

of both ¢,c, is m, and father of ¢; is m, . Find the relation {(child, father)}

Selution: C = Set of children = {c,.c,,c,} and F = set of fathers = {m mz}

o -—wf':_ﬁgl ‘ \\\

The Cartesian product of C and F : ) e JUUL

\
-\, _\\1\‘.\_‘ =

Cow F= L(Cisml) (Clsmv) (Cgsm' )a (%m{)&’(c’x\»m[l‘)i\(‘ﬁﬂ@)}
O
= set of ordered\paﬁ? i(?c:hlltgl ) %ner)
- “qﬁ(‘l\’fﬂb\'(\c” m, ) (e 1,0}

Dom = {Cl’ 02903}'3Range = ‘:n1]9 mz }

The relation is shown diagrammatically in

adjacent figure.

Example 8: Let 4 = {1, 2, 3}. Determine the relation » such that x » y iff x < y.
Selution: A4 xA4={(1.1),(1,2),(1,3),(2.1).(2,2),(2,3).(3,1),(3.2),(3,3)}
Clearly, required relation is:

r=1{(1,2),(1,3), (2, 3)}, Domr= {1, 2}, Ranger = {2, 3}

3.3.1 Relation as Table, Ordered Pair and Graphs

We have learned that a relation in mathematlcs is any bsat th@@rté\qi‘én product,
which contains all ordered pairs. Eagh erd p§1 o@s f*fwo coordinates, x and
y. The x coordinate is- Jpﬁilled/&bf s\\a au 4he Y coordmate is ordinate, often
representing an input \?nﬁ\a}im &Ltput ~Now, we describe the relation in three different

ways. ’\J\l ["\\ N
- 56 A
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Ordered Pairs: A relation can be represented by a set of ordered pairs. | F example,
consider a water tank that starts with 1 lltre of water a f 3; \’Bhé inute, 1
additional lltre of water is added tg\theja qtua}@bp

relation r= x , Y | y{l\-}rl-}’“/»ﬂ\? QY i*s. \ﬁ/lmber of minutes (time) that have

¢ represented by the

passed since th 7 sta aftté and Vis the total amount of water (in litres) in the tank.
Whe&m\é\y— landx=1,y=2
In order pair this relation is represented as:
{0, 1), (1, 2), (2, 3), (3, 4), (4,5), (5, 6)}
The above relation in table form can be represented as given below:

Table
X (time in minutes) | y=x+1 (water in litres)

0 y=0+1=1

1 y=1+1=2

2 y=2+1=3

3 y=3+1=4 PP
—= — U f\."'\'\.

4 ,Iv=4tiﬁﬁ¢\GQQNL“

8 ‘;f\ ’D\f \\F\q\i?‘—l—rltﬁl\ﬁ

l / ,' \\ '\ ,l \ A

Graph: We can also 1e;{;t¢§\er§t\the rgh\ﬁ‘ms v1sually by A
drawing a g\ra‘[%h "M\Hraw the diagram, we use ordered
pairs. Eaéﬂ mldéred pair (x, y) is plotted as a point in the
coordinate plane, where x is the first element and y is the
second element of the ordered pair.

The relation is represented graphically by the line N S
passing through the points,

2-19 12345678
{(O, 1),(1,2), (2,3), (3.4),(4,5), (5, 6)} as shown in the adjacent Figure.

— D th Oy )
O AR TGl TR M S |

3.3.2 Function and its Domain and Range

Functions
A very important particular type of relation is a function defined as bclow

Let A and B be two non-empty sets such that:

(1) fis a relation from A4 to %th;it i’ {\, W b{ai Gﬁ;{@@w
(ii) Domamé;: g\ B Q A
. ,\\fﬁﬂ\ “ —
\[ O
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(iii)  First element of no two pairs of / are equal, l;hefr& sta@f@\ﬁ@ a function

from 4 to B. P O B

The fun{,}gj f 11-.\&159 \f&

'3.\/\*

\\\ \ﬁi\s\ /

V 7\5&? A—B

Which is ré@@é\sf\lg hj}'unctwn from 4 to B. The set of all first elements of each ordered
pair represents the domain of £, and all second elements represent the range of /. Here,

the domain of f'is 4, and the range of fis B.

If (x, v) is an element of / when regarded as a set of ordered pairs.

We write y = f(x). y is called the value of ffor x or the image of x under f.

Example 9: [f 4= {0,1,2,3,4} and B={3,5,7,9, 11}, define a functionf: 4 — B,
=14x,v)|y=2x 13, x € 4 and y € B}, Find the value of function £, its domain, co-

domain and range.

Seolution: Given:y =2x+3 ; x € Aand y € B, then value of function,
F=0,3,(L,9,@7,GN9 @&} a6

Domf=1{0,1,2,3,41=4 ~

[_) =

= Co-domainf =Band |\ ~7\( 0\ U

\/ “’\ '.‘\

— Range f = .3\\5, ;x 9 1 B

Types of fuqctﬁm’lsw oL
In this sectm‘n we discuss different types of
functions:
(i) Into Function
If a function f': 4 — B 1is such that
Range f < B i.e., Range f# B, then

fis said to be a function from 4 into

B. In Fig. (1), fis clearly a function.

But Range f # B. Therefore, fis a
function from 4 into B.

(ii) (One - One) Function (or
Injective Function) O (\

o
[f a function f from A4 into g\gs” '{Lk:lf) l

that second elemen\ b(@ﬁvb otits

Fig. (ii)

orderefl\qumaﬁgiréiéa e, then it is
- 58
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function shown in Fig. (iii) is such
a function.

ﬂrﬂ

ROEIGH

(iii) Onto Functlonm\ﬁ
function) \ 3\ J\BASA

-

If a\@{q&\d&lﬁ W25 B is such that
Range f=B1i.e., every element of B

Fig. (iii)

is the image of some clement of A4,
then fis called an onto function or
a surjective function.

(iv) (One — One) and onto Function (or
Bijective Function)
A function f from A4 to B is said to be
a Bijective function if it is both one-
one and onto. Such a function is also
called (1 — 1) correspondence between

the sets A and B. -“\ |
e ‘f 1@ 2), (b, %), (¢, »)}
f\ J \ \

(a, z), (b, x) and c,y) areﬂt}_qu Qt’fn;i;’;

g=

(e, my), (¢, m), (¢, m,)}

corresponding clemémfb\ I&, ,\lﬁ Jthiis case S= {(a, 2), (b, x), (¢, y)} which is a
bljectlﬁ fqmitrﬁn or fl == l) correspondence between the sets 4 and B.

3.3.3 Notation of Function

We know that set-builder notation is more suitable for infinite sets. So is the case with
respect to a function comprising an infinite number of ordered pairs. Consider for

instance, the function

F=1-11),0,0),(1,1),(2,4).3,9),416), ...}

Domf={-1,0,1,2,3,4,..
Range /= 10.1.4,9, 16, ...

.} and

j

This function may be written as:
f={xy) |y =x’ xe N}
The mapping diagram for the function

is shown in the Fig.(v). o

Fig. (v)

Domain f

i ‘\]’K\]_[‘\I .-f‘.\) )

o \]\I NINIAN -
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3.3.4 Linear and Quadratic Functions

The function {(x, y) | ¥ = m x + c} is called ng kc{j@l@gause its graph
(gcomectric representation) is a s rai @ tﬁafJ t an cquation of thc form
y = mx + ¢ represents 3 3«\1 \ctf’n {(x, p) | y=ax*+ bx + ¢} is called a
quadratlc leIlCthIL\ \‘YEL\, ﬁ; elr geometrlc representation in the next chapter.

IRIHC | o ) — a3, e Rl

(1) f(1) (i) f(=3) (A7)
(iv)  g(l) (v) g(=3) (vi)  g4)
Solution: @ f(1)=2x1-1=1 (1) f(-3)=2x(3) - 1 =7
iy (HN=2x7—=1=13 (iVg()=(1)’-3=-
V) g(3)=EBY-3=6 (vi)g@)=@y-3= 13
Example 11: Consider f(x) = ax + b + 3, where a and b are constant numbers. If
f(1)=4 and f(5) =9, then find the value of @ and b.
Solution: Given function f(x)=ax+ b+ 3
If f(1)=4
Then ax1+b+3=4 o -j,':;-.\\“ﬁ'ﬁ\
SO R N AN C O
Similarly, f(S \— /-f \'1‘ b \\\i \ ) \L —
:Q@ X £ RS \3\ JS |
0\ \\sﬁ VNS (i)
Subtract, \?qpajqﬂjﬁ@ ?rom equatlon (11) we get.
N Ga+b)—(a+b)=6-1
Sa+tb—a-b=5

da=35 =a=

Blw

: 5. L
Substitute a = i in the equation (i)

2+b:
4
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® (\j\
{ EXERCISE3I D).

W\ J
. For 4= {1, 2,8) M&@E&@&gﬁelatmm in A. State the domain and

M Ty =x} (i) {(x, p) | y+x =5}
(i) {(x,y)|x+y<5} iv){(x,y) | x+y> 5}

2. Which of the following diagrams represent functions and of which type?

3. If g(x) = 3x + 2 and k(x) = x> + 1, then find:

; i 2

1) g0 (i) g(=3) (iii) g[g}

(iv) A(1) (v) h(4) (vi) h(—%]
4. Given that f(x) = ax + b +1, where a and b are constant numbers. If f(3) =

and f(6) = 14, then find the values of a and b.
5. Given that g(x) = ax + b + 5, where g and b are constant numbers. If g(—1)=0

and g(2) = 10, find the values of a and b.
6. Consider the function defined by f(x)= Sx + @ e x value.

(o
¢ constant numbers. If

7. Consider the function f Wﬁ
f(H)=6 and%b\e& 4Tues of cand d.

NNNJo 61 “—
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(Q MVIW?M%;EP_E& “\m )j

1. Four options are v‘s% %gei)\nﬁ;aéh statement. Encircle the correct option.

(1) Wh&ﬁv\‘)mlder form of the set< L, = l l is:
3°5"9"

(a) {x|x=l,ne W} (b) {x|x= l , NE W}
n 2n+1 )
(c) {.?clx:L,ne W} (d) {x|x=2n+1, ne W}
n+l1
(i) If4={},then P(4)is:
(@)1} (b) {1} ©) {1 3} (d) ¢

() IfU={1,2,3,4,5},4={1,2,3} and B={3,4, 5}, then U— (4 N B) is:

(@ {1,2,4,5} (b) {2,3} (c) {1,3,4,5} (d) {1, 2 3}
(iv)  If 4 and B are overlapping sets, then n(4 — B) is c?ngl to_ %) \ \ A\ A

(@) ) ) ) 0\ @AN B G S ) = B
(vy IfA4cBand B:A # mmeﬁ/ ;\1(5 @4§4QequaTtw

@0 1\ \\ (o) WB" (o) nt) (d) n(B)—n(4)
(v1) \JI\11: mﬁﬁ Qjﬁ ‘50 n(A) 30 and n(B) = 35, then n(4 N B) =

(:zf) 23 (b) 15 (©) 9 (_d) 40
(vil) If4=1{1,2,3,4} and B = {x, y, z}, then cartesian product of 4 and B

contains exactly elements.

(a) 13 (b) 12 (c) 10 (d) 6
(viii) If f(x) = x* — 3x + 2, then the value of f(a + 1) is equal to:

(@) a+1 (b) a*+ 1 (c) @+2a+1 (d)d*—a
(1x)  Given that f{x) = 3x+1, if f(x)=28, then the value of x 1s:

(a) 9 (b) 27 (c) 3 (d) 18

(x) LetAd ={l, 2, 3} and B ={a, b} two non-empty sets and f: A — Bbea

a function defined as f= {(l, a), (2, b), (3, b)}, the @ﬁi@ollowing
statement is true? m gﬂi N~
(a) fis mjectlve\ (b) fj\:{}g\ ():)\i,l ctive (d) fis into only

Write each of th \A\g\sets 1n tabular forms:

2. (1)\‘\J \ﬁ;ﬁﬂ\j 2 ne N} (i) {x|x=2m+1, me N}
— & |
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10.

LL.

12.
13.

(i)  {x|[x=1ln,ne WaAan<l11} (iv) {xIYEE/\4<r<5}
(v)  {x|]xe OA55x<T} (w) ’ﬂi@@ %f@\pg‘d

J&h A€ RAx € 07)
Let U= {l, 23%\5\@7\,\§\§ A=1{2,4,6,8,10} , B={1,2,3,4, 5}

and C\f{\y\[ﬁ\!\ Z, \*

Llst\tﬂlé‘members of each of the following sets:

(1) A (i1) B (i) AUB (ivy A-B
(v) AnC (vi) AducC (vi) AucC (vii) U
Using the Venn diagrams, if necessary, find the single sets equal to the
following:

i 4 () ANU (i) AoU
(iv) Aud (V) ¢

Use Venn diagrams to verify the following:

(vii)  {x|xe QA x=-

(1) A-B=AUB (i) (A-B) nB=B8
Verify the properties for the sets 4, B and C given below: . \w?
(1) Associativity of Union - ( 11) A§$prgfw;ty@fm{ersectlon.

(iii)  Distributivity of Unm{lfg‘\sfer’ rqt&irg,eot /\(}n,_ )/ [~
(iv) D1str1but1@t~5x of\lmerswtjﬂhﬂvel union.

ORI M20102,3,4}, B=(3,4,5,6,7,8}, C={5.6,7,9, 10}

N beji\” A=¢, B= 0} C= (0, 1,2}

(c) A=N,B=2C=0
Verify De Morgan's Laws for the following sets:
U=14{1,2,3,....,20}, 4=1{2,4,6,....,20}and B={1,3,5, ....,19}.
Consider the set P={x| x=5m,meN } and O={x| x=2m,m e N}. Find Pn Q
From suitable properties of union and intersection, deduce the following results:
(1) AN (AuB)=Au(4 N B) (i) AuAnB)=An(AuUB)
If g(x) = 7x — 2 and s(x) = 8x> — 3 find:

(1) g(0) (1) g(-1) (i) g(—g) (v) s(I) (v) S(—9) (Vi) s(%]
Given that f(x) = ax + b, where aang

Y;i ”Bh/tmmb%r Iff(— 2)=3 and
f(4) = 10, then ﬁndﬁhe valuas 2{ ék \\)
Consider the f'unc | x) Tx — 5. If k(x) = 100, find the value of x.

Con\%fz_@x{ ctlon g(x) mx2+n where m and n are constant numbers. If

4 63 .
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14.

L3

16.

g(4) =20 and g(0) = 5, find the values of m and n.

A=l
A shopping mall has 100 produ%s frg:gg\? go_fg slabeled 1 to 100,

representing the umversal set ﬁﬁ”]‘ tegorlzed as follows:

*  Set 4: Elec‘u%“ s\l\gm 3”0 products labeled from 1 to 30.

*  Set B: ’\I?ﬂ]glg comprises 25 products labeled from 31 to 55.

. M cauty Products, comprising 25 products labeled from 76 to 100.
Write each set in tabular form, and find the union of all three sets.

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

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

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

(c) How many passed the science test but not the math test?

(d) How many failed the science test?

[n a software house of a city with 300 software developers, a survey was
conducted to determine which programming langmggs are h:keti\fmme The
survey revealed the follow1p,g st(ajlsftﬂ:s(\\ \\ 0 \\ n e,h

77\ \\\ _‘u'*’.

* 150 developers hkc*P th\dp\ 2

130 dsfmelqperé\hke Java.
\{l\% tﬁevelopers like PHP.
+ 70 developers like both Python and Java.
* 60 developers like both Python and PHP.
+ 50 developers like both Java and PHP.

-

-

* 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? 1 /“‘\ (0) “\“g\g\l

\
W\\\) g\ X\B ; l



