UNIT

SETS AND FUNCTIONS

» Operations on Sets
» Binary Relation
p Function

After completion of this unit, the students will be able to:

» Recall the sets denoted by N.Z,W.E.O,P and Q.
» Recognize set operations (U, .\,...).

» PPerform the following operations on sets:
¢ Union,
* Intersection,
» Complement.

» Verify the following fundamental properties of union
and intersection of two or three given sets.
* Commutative property of union and intersection,
e Associtive property of unmion and intersection

» Use Venn diagram to represent
* Union and intersection of sets,
» Complement of a set,
» Use Venn diagram to verify
o Commutative L s for nmon and intersection ol sets,
8 Assoctative livws Tor undon and mtersection ol sels,
o D& Morgan's laws.
» Define binary relation and identify its domain and range.
» Define function and identify its domain and range.

» Demonstrate the following
« Into function,
s One-one function,
o Inte and onc-vne function (injective function).
» Ot funetion (stirfective tunetion).
o Oig-ope and onto function (bijective function).
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8.1 SET

Every thing in the universe whether living or non-living is called an

object. We give name to particular type of collection of objects such
as “hockey team”,"herd of cattle” “bunch of flowers" etc.

A set means a collection of well-defined objects i.e. the collection of
objects is given in such a way that it is possible to tell without doubt,
whether the given object belongs to the collection or not.

A collection of well defined distinct objects is called a *“Set .
Sets are usually denoted by capital alphabets 4,B,C. -, X.Y.Z.

The objects in a set are called its members or elements. Elements
are denoted by small letters or numbers.

Forexample:
(i) A={l345)}

(i) B = {aeiou)
(i) C = {13579 -~ } areallsets.

Ifan objectxbelongs to aset “4 7, we writeitas x e 4 , it means that xis an
elements of set “4”.

If an object “x” does not belong to a set 4, we write it as x ¢ A.

IMPORTANT SETS
Set of Natural Number

Counting numbers are called natural numbers, for example /,2,3 and
so on. Thus set of natural numbers denoted by N is:

N = {12345, .}

Set of Whole Numbers
The setof whole numbers denoted by ‘#’is :

W = {0,1,2,3.4,5, } J
: J=,— ' ' | Not for Sale-PESRP

.
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Set of Integers
The setofintegers denoted by ‘Z'is:

Z - {.cc '—3|—2,—],0,112131 ) )i

Set of Even Numbers

The set of even numberdenoted by ‘E’is :

E={~ ,-4-202468 } "

Set of 0dd Numbers
The set of odd number denoted by ‘O’is:

O = {w,—3—1,1,3,5, =}

Set of Prime Numbers

The set of prime numbers denoted by ‘P’is:

P = (2357101317«

Prime numbers means the number, which is divisible by / and itself.

Set of Rational Numbers

The set of rational numbers denoted by ‘Q’is::

Q~”;’ q#0 pge}

8.1.1 Operations on Sets

Like operations, addition, subtraction, multiplication and division on
numbers in Arithmetic, there are certain operations on sets Ilke unlon,
intersection and complement etc. : .

Union of Sets

If 4 and B are the two non-empty sets, then the union of 4 and B
means the set of all those elements which are either present i indor
in B or in both, It is denoted by 4 U B.

lllfior sale-PESRP _
ME*_J.. I = - ..' :‘, ,}I‘.’. '

1 mienseTy:
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Thus AUB = {x:xedorxeB}
i ' fgf_f.examble_: Let A = {1,2345)}and
1 : B =/246810/then

AUB = {1,2,3,4,5} U {2,4,6,8,10}

 ={1,23456810
LEXAMPLES _

(i) Find AUB, if .

A= {a.b ¢} B = {aeiou}
-,.-Gmen A = {abc} B = {aciou
‘-""t Then AVUB = {abc} L faeiou)

= {a b,c,ei,o,u}

IJ “{esitd

-D (67}
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Intersection of Sets

The intersection of two sets 4 and B denoted by 4 ~ Bis the set ofall those
elements which are common to both 4.and B.

Thus ANB = {x:xed A xeB}
EXAMPLE :
Find A~ B, if

(i) A= {23,571}, B =G0 79

(i) A ={36912151821,24} , B = {4,8,12,16,20,24,28,32}
(ii) A ={1,234612} B ={123460918) |
SOLUTION: e

() Given A = {235711},B = {1,3,57,9}
ANnB = {2,35711! n {13,579}

£3,5,7)
(ii) Given A = (3,69,12,15,1821,24} , B = {4,8,12,16,20,24,28,32)
ANB = {3,6912,1518,21,24} N {4,8,12,16,20,24,28,32)

= {12.24) ‘ 2
(i) Given A = {1234612} B = {}2346918} 550 ANl !

ANB = (12346190(1.23,46918 «
UL = (12,346 e niitat S
~ Universal Set . | Erui

~|f there are some sets un_'__lqerfeons'i'dﬁ '
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bea sub-set of a unwersal set U, then the complement of 4

with réspect to U, denoted by 4’or U — 4 or A°is the set of all those
?elements of U, which are not in 4.

3 . Thus A’ = fx|xeUnxg4}
s ‘ xed' = x¢ A I
o ,- b and x€A = xg A’ ‘

—U-4
U=U-U=¢¢'=U-¢ =U
@A) =U-4'= 4

"r\r

fii(“ 57)ﬁndA'AuA LAnA’

t‘f—

\el.t R T -

ol isnov

il
'I = Sfl'lﬂ-" B S 7
) 2 . ﬁ mﬂ “:'P
el bahgu
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and AnA'-{2357}n{1463; Ui 2zihoa0 00 8 '
={} as Wi ipinmo .
= ;
ie. AUA'=Uand AnA' = ®
EXAMPLE-3 o) | ool

IfU = {1,23...,20}, B = {9,10,11,12,...,20}then find B, BUB' BB,
SOLUTION: B'=U-B '
= {1,2,3,..,20} = {9,10,11,12,...,20}
= {1,2,3,4,5,6,7,8}

ot
Now BUB'= (9,10,11,12,...20}{1,2,3, 45678}
i 1G4
= {1,2,3,4,5,67,8,9..,20} i
= U . : ;
and BAB' = {9,10,11,12....200{1,2.3,4,5.6.7.8} Ve
= { ‘l . « L't
=D '.'J '
ie. BUB' =UandBAB =® et
Difference of two sets |

] “ p
@) Let A={2345} B={2468
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e AUB = BuA
PI'OOf! Let AUB = {x:xe Aor xe B}
ol ,_ i S S fixeBorxe A)
0 = BuUA

Hence 4uUB =BuUA4

ree sets 4,8and C .
‘ oy (AUB)UC = AUBUC)
( ? B)UC = {x.:xe(idQB)orxeC}
={x:(xeAorxeB)orxeC}
= {x:x€Aor(xeBorxeC)}

={xixedorxe(BuC)

phly yis
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®) AUBUC = (1234} L (78910 U 26
= {1,23,47,89.10} U {2.6)
= {1,23,4,67.89,10).......0)

ABUC) = 1234 U ({78,910} U 12,6} :

= (1,234} U (2,67,8,9,10} .

= {1,23,467,8,9,10)......(3) "

From(ijand (iij (AUB)C = 4 (BwC)

Properties of Intersection of Sets

Commutative Law
Forany two sets 4 and B,

Proof: Let 4B - {x: xeAandxeB}

= {x:xeBand xe A} :
x:xe(BnA)} : AT i
=BnA i S 3

Thus ANnB =BnNnA
Associative Law

I

Forany three sets 4,Band C, ¥
L (AﬁB)ﬁC Aﬁ(BhG) |r|1
 Proof: Let (AnB)NC e
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8.1.3 Venn Diagram

1 ‘ To express a relationship among sets in a perspective way, we
represent the sets by means of diagrams, known as Venn diagram.

They were first used by an English logician and the mathematician
John Venn (1834 to 1883 A.D).

In a venn-diagram, the universal set is usually represented by a
rectangular region and its subsets are represented by closed
bounded regions inside this rectangular region.

For example: U = {1,2,3,4,5,6,}and 4 = {3,4,5},

The rectangular region shown
| in the figure represents the

. universal set U and the region

1_ ' enclosed by a closed circle
inside the rectangular region
represents the set .1.

The dotted region of U/ outside A represents complement of /., i.e.
thus 4 = {1,2,6}

Ilnlon und lmomdion of Sets

{2, 4, 5, 6} beits two sub-sets.

3 }:' and B**
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8.1.3.4 Commutative Laws for Union and Interseclion
of Sets by Venn Diagram.

When two Sets are Disjoint

In the given figure, the lined
portion and the dotted portion
represents 4 U B. Also the dotted
portion and the lined portion
represents B 4 . Thismeans

that the same portion represents Bu .{and AU B ,thus AUB = BU 4

When two Sets are Qverlapping

In the given figure, the dotted
portion, dotted and lined portion
and the lined portion represent,

Av B . Also the lined portion, lined
and dotted portion and the dotted
portion represent BuU 4.

Thus AUB = BU A.

When two Sets are Disjoint

In the given figure, the lined
portion represents the set 4,
whereas the dotted portion
represents the set B. That is
no part of U represents 4n B

and BN A. Thus AnB = BN A.

When two Sets are Overlapping

In the given figure, the dotted and -
the lined and dotted portion

; rgpresents A, whereas the lined -

and the dotted and the lined _

~ _ortion represents B. The lined ' |

d dotted portionis common to

the sets which represents
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Associative Laws for Union and Intersection of Sets

(1 by Venn Diugrum.

{je :

, i Wlnn tllree Sets are Disiolm ' e ]
i In the figure shaded portion EL'E E *—’5

] represents ; = i

(AUB)UC and AU(B. :()
Thus (AUB)UC = AU(BUC)

: _ Wllon three Sets are Overlapping

y In the given figure the lined

-~ portion represents
(AUB)UC , AU(BUC).
Thus(AUB)UC = AU(BUC).

o mm%““"""’" I.

e -I;hus.Ani(’B‘nC) =.(A.m'13)r={

b e L

~
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De Morgan’s Laws

When 4 and /3 are any two sub-sets of a universal set U, then

() (AUB) = A NB B R Il
or (AUB)’ = A° N B¢ — =
) [ [ _A B.—
(i) (ANB) = A UB 7
or ‘(AnB) = A“UB* : 'HT

In the given figure AU B is represented by = lines, where as(4V B)’
is represented by |[||| lines. '

In this figure checked ‘##' region U e
represents4’ M B'. Therefore in "

two figures we see that the ‘||||’ || 4 B=
region and the region ‘# 'are J

same therefore( 4. B ) =A'NB’ SEpaztszaan :

The second part of this is left as an exercise forthé students.
EXAMPLE
if U = {1.23.4,506,7 891051128
A = {2,3,4,68910}, Ny
and B = (2,3.57,:9)then i it et A R
verify De Morgan’s Law. et —
SOLUTION: Given A = {2,3,4,6,7,8,9,10} i v vl
B=(23579 T
(@  AUB = (23467.8910/Uf

%
= /2.3



A =U-4
= {1,5,11,12}

-b

14,6,8,10,11,12}

BB ATpioM o0
e B oD MOITUIOL

11
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=

4.

_20 AR 5 M)Buc iy
(i) AnC W) An@BAQ)

- and B = /6,8,9} then

' and B = {1,3,6,7,8} then
verify (AUB)* = A° N B¢
.FI" in the blanks:

e ————

F XERCISE _ 8.1 e |

IfA={14738} B={46829}and C = {3457}Flnd

v) (AvB)LC (Vi) AnB)NC
If 4 ={1,7,11,1517,21}, B = {11,17,19,23} and C = 1235 aiieato |
Verify that: (4NB)NC = AN(BNC) SRR o
If A4 = 24,6}, B= {3,692} and C = {4,6,8.,10}. SR o
Verify that: AUBUC) = (AUB)UC ° L e SR
If4=¢23579) B= {1,357 and C= {23,456} | e
Verify that: (ANB)NC = AnBNC)
f U ={7,891011,121314},

A ={7101314)
and B = {7,8,11,12} then
verify (4N B)S = AU B°
f U ={468910}

A = {46}

5 I
i - A -
e A e R NN N

verify De Morgan'’s Law.

If U ={1,23456789
A = {2369
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8.2 BINARY RELATION

Consider the two non-empty sets 4 = {1,2} and B = {3,4}, then

AxB = {(1,3),(1,4).(2,3),(2,4)}. where 4x B is called cartesian product
from 4 to B. The elements (1,3), (1,4), (2.3) and (2,4) of Ax B are called
ordered pairs.

SimilarlyBx 4 = {(3.1),(3,.2),(4,1),(4, 2)}, is acartesian product from B to 4.
Ingeneral 4x B # Bx A.Allthe following sub-sets of .4 x B are called binary
relations from 4 to B.

Ry={ } R, ={(L3)}, R, = {(1,4))

R, ={(2,3)). Ry = {(2.4)}, R, = [(1,3),(1.4),

Ry = {(1,3).23)}, Ry = {(1,3),(2,4)}, Ry = {(1,4),(2,3)}

Ry = {(1.4),(2,4)), Ry = [12.3).02,4)), R, ={(1,3).(1.4).23))
R; = {(1,3),(2,3),(2,4),, R, = {(1,4),(2,3).2,4)},

Ris = 113,149,229} Ry = ((1,3).01,4).02,3).2,4)}.

The set of the first elements of the ordered pairs of a binary relation is
called its domain.

The set of the second elements of the ordered pairs of a binary relation is
called range. Now consider the following examples:

A={1,23), B ={34)
A%B = {(1,3),(1,4),(2,3).(2,4).(3.3).3.4);
we take a sub-setof 4x Bas
R, = {(1,3),(2,4).(3.4)}
R, Is called arelation or binary relation.
Domainof R, = {1,2,3}
Rangeof R, = {34}
=/ ! then
i ,f:-x A' 15;:#. :??4 514,615, 4),(3,5),(5.6),(6.4).(6.5). " HI
We take a relation ‘R* as any sub-set of 4x 4such that:
Domainof R = {456/
~ Rangeof R={436

Not for Sale-pggpp
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EXAMPLE =4 Gt
If C = {1,2}.,then write the number of bmary refat:ons in Cx C M
SOIUTJOH.

Given C = {12}
Then CxC = {(1,1),(1,2),(2,1),(2,2)}
The number of binary relations in CxC is equal to2* or I6.

8.3 FUNCTION

gny binery relation “ /" between two non-empty sets 4 and B such '_
at: .

() Domain f = A

(i) There should be no repetition in the first element of ordered pairs 1
contained in /. e o e

ol [ -
N l: L
T

Then “f”is called a funchon from A to B and expressed as f A —»E

EXAMPLE | e
A={1,23}, B= {xnz | |
AxB = {(1,%), (2.), (3%), (Ly), (23), 3y), (1,2), (22), B.2)}

Nl ..:-..:',r.{.;i B \
Consider the following two binary relations. f -

f; = (12,202} =

fo = {L0).(2%),3.))}
Bmary relation f, :

(i) f,cAx B.

oty e (i) Bom_f:,a&A i

; 3t
i
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Binary function f, : 7
(i) f,cAxB.
() -Dom f, = {1,2,3}) = 4 1 x
(iii)  First place elementsin =2 =
ordered pairs of f, are not repeated. 5 7 S 3
. f; isafunction from 4 to B.
Into Function  Range(f,) = fx y}< Bbut Range f,) = B
If “f*is a function from 4 to B such that
Range() <« B and Range () # B
Then “/is called 4 into B function.
For example:
Let A ={t,mn) B = (357 ¢ S 3
AXB = {(t,3),(L,5),(L,7), m >3 5
(m' 3)' (ma 5)} (m, 7): n 7
(n,3).(n,5),(n,7)} A B

Consider a binéry relation “f" given by

S = {(t.5).(m5),(n,5)}

Clearlly - ) fc axB

(i) Dom(p) = {t,mn} = A
A irs of “f” are not
(i§)  First elements of any two ordered pairs O :
repeated or in other words, every element of set 4 is
mapped to only one element of set 3.

(iv) Range() =(5} c B but Range() * B

Therefore, 1 is 4 into B function.

flife 1141

unt far Saia-PERRP

|
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We consider another relation ’given by
= {((.7). (m,3). n.3)).

—>r—>

i) rcAxB. 4 3
—m 5

(i) Dom(r) = {t,mn} = A = ;
A B=

(ii)) Every element of set 4 is associated with one and only one
element of set B i.e. to say no repetition in the first element

of any two ordered pairs of r takes place.
(iv Range(r) = {3,7} # B

.. ris A into B function.

Let us consider another binary relation s from 4 to B.

— {(&. 3), (&’5), (m' 7)' (n’3)).
&‘ SoerS =P
e
I A
; (l:, SCAXB. " 3 i :

(ll) : de(s) = {timn} = Aﬂ“

There |sarepet1
g 43), (b3)<s le.
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Into and (one — one) Function (Injective Function)

If fisa function from 4 into 2 such that no second elements of any two

ordered pairs of f are equal, then it is called an injective i.e. (one

and into function,

L UNT g
— one)

eg. A={23 B=fabe), f= [2,a).(3.b)) .
() Domf =23} = 4

(iY) ~ No first place members in ordered pairs of fare repeated,
- (i) Range() = B

/
«» fis 4 into B function, .
2 o
(1v) No second place =
: elements in ordered ! ="
=i pairs of / are equal g c
- (repeated). [ 4 D

Therefore fis an injective function.

it

-
-f'b‘_ ‘e
2 IT e

b a ey

y." I':'**.-,-A."I V)=

"h'f‘lff_ojn-'-'s‘_e_t_A to set B that range [ is same as that
'then fis onto function, e.g.
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Example:
Let C = {p.q.7}
D = {2,3} et
== /
CxD = {(p.2).(9.2).(r,2).
(p.3).(q.3).(r.3)} r 3
g = {(0.2).(¢.2.(n3)} ¢ L

(i) Dom(g) = {p.q.1}

(i) No first place elements of any two ordered pairs of g
are repeated. Therefore, g is C into D function

Range (g) ={2.3}.
(iii) Range(g) = D

Hence, g is a C onto D function.

Example:

Let 4 = {3,5,7}

B = {x!y; Z}
Ax'B = {(3.).(3,).(3.2),(5,%), ———
(5!y)! (5! Z), (7,-x), (75}’).(7,'2_)}, i ..' : .-.,,“a_'

- f = _{(3,x),(5,y)!(7'z)}
. @ Dom() ={3.5.7} = o

) Nofirst place elements
" repeated. Therefo
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~ One-One and onto Function (Bijective Function)
If fis a function from set 4 to B such that:
~ {) fis an’onto fuﬁction f
(i) fis one-one function, ] a
then it is called bijective -
function. 2 > b
s In the given figure f'is one-one 3 g
.- and onto function for binary A B
- relationf={(1,a),(2,5),(3,0)}

 EXAMPLE

o not repeated.

O T T AT

oo e
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E XERCISE - 8.2 | =

I- If4={356}B={l3}, Find 4 x B and B x 4 and also the ; |
domains and ranges of the two binary relations established |
- at our own for each case. :

2- If A= {-2 1,4}, then write two binary relations in 4 also write their
domains and ranges.

3- Write the number of binary relations possible in each of following
cases.
(i) InC x Cwhen the number of elementsin Cis 3. :
(ii) In A x B if the number of elements in set 4 is 3 and inset Bis 4. Iy

thatR={(xy)/xeL,yeMAy<x}.
Also write Dom(R) and Range (R).

_4- If L = {1,2,3}, and M = {2,3,4} ,then write a binary relation R such ik E |
|

5- If X ={0,3,5}.and Y = {2,4,8}, then establish any four binary
relationsin X xY.
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Review Exercise — 8
i 1= Encircle the correct answer.
g ! | () If 4 and B are two non-empty sets, then 4UB =2
b ot @ o b BuA © AnB @ B4
! u ’ (i) If 4 and B are two non-empty overlapping sets, then 4~ B =?
| ; 6 o 6) B4 © AnB @ BUA
1 __
l ?; J ; (iij) For any two sets 4 and B, AU B =BuU 4 is called:
' :f 'i‘: : I (&)  commutative law (b)  associative law
i ﬁ 'Il I (¢) De-morgan’s law (@  complement of two sets
-I"I II“’- :“ i 1 .
(s 4
| i 4v@UC)=@uB UC s called
il i (a) . commutative law (b) associative law
1 (c) De-morgan’s law (d) intersection of sets
| @ WU=(1234), 4=(4), then 4 =2
N 7 /R T (e i1} (@ (1234

) WU={1,23}, A={I},then U~ A4 =2

© {13}
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2-
(i)
(ii)
(iii)
(iv)
)

(vi)

(vii)
(viii)
(ix)

()

4.

| 4. write the number of binary relati
e follovingicases,

Fill in the blanks. 3 — |

(AU B)' =

(ANB)'=?

AVUBUC)=

ANBNC)=
If 4 and B be the two non-empty sets, then4UB=BU 4 is called |
the

If 4 and B be the two non-empty sets, then4dnB=Bn4 I8
called the

Any sub-set of a cartesian product is called a

If R, ={(1.2).(3.4).(5.6)} , then domain of R, is

If R, =¢(1.2).(3.4).(5.6)} , then range of R, is

If f : A— B, then every element of a set A has its image |
ns: = kIR . L;-
If A=/1.2.3, 4 5.6}, B={2,3.4.6) and C={2,3,4,7,8,9}. Venfy that
(AnBYNC =4 mr,{mg )

If A={2,3,4}, B={3,6,9,12} and C={4,6,8, 10) Verlfy that
AUBUC)=(ANnBUC = 002 O

f 4={2.3,4) and B=(L3}. Find Ax Band Bx 4. Also establisht o "l'r
AT mm b




SUMMARY

+ A collection of well-defined distinct objects is called a set.
N = {1,2,3,..}, is called set of natural numbers.
W = {0,1,23,..}, is called set of whole numbers.
Z= {.-1,0123,..), is called set of integers.

0= {fl,p,q €Z.q#0}, is called set of rational numbers.

Q = A setof irrational numbers.
R = QUQ' = A set of real numbers.

4+ If there are some sets under consideration there happens to
be a set, which is a superset of each one of the given sets,
such a setis called the universal set denoted by U.

+  Let4 beasubset of a universal set U. Then compliment of 4
denoted by 4’ or 4°or U-A is the set of all those element of U
which are notin 4 is called complement of a set.

4 Let4and B any two sets, then any subset of the cartesian
product 4x Bis called a binary relation from 4 to B. i

+  Any binary relation /’ between two non-empty sets 4 and B
- such that:

() Dom f=4

() First elements in any two of the ordered pairs of fare
not repeated, then fis called a function from 4 to B.

<4 The union of 4 and B means the set of all those elements

which are either presentin 4 orin Borin both, itis denoted by
AU B. : '
4  Theintersection of twosets 4 and B denoted by A~ Bis the set
~ ofallthose elements which are common to both 4 and B.
If 4 and B are two non-empty sets, then 4 difference B is the
set of all the.elements of set 4 which are not present in B,
symbolicallyitiswrittenas4-B. e
‘-'_ : — . m— e — ”["Mnr
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