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in {bijectiv ,
¢ function)

@ Examine whethera given relat
o ?1i'll"crcnli ate between On:‘i ation is a function or not
® Includes i Lw=One corm 7
ufficient exercise to clar; fﬁmﬂ:nﬂ:c ol s it
flerentiate between th :
cabove concepts

Why'it’s important

Perhaps the sin

gle most i
heart of the function concc:n
Correspondences be
exampletoeach ite

F'f:'rtant concept |

: . pt in mathematics i

ptis the id atics is that of a functi

tween two sets ;? gi;ﬂz?:r Espund;nce between two se(t:glgfr'l l;i%teglse

minsu occur freque : G :
permarket there corresponds a p:filce ;‘Hgﬂ:'f;;lze fay life. For

N,Z,W,E,D.PandQ-
)

)

| @ Recallthe sets denoted by

Il ® Recognize operationonsets (s b -

i @ Perform operation onsets

i - 5 mkd. -

I o intersection,

i o difference,

1 o complement.
@ Give formal proofs 0

three sets. f
Commutative property of union,
ection,

Commutative property of inters
Associative property of union,
Associative property of intersection,
Distributive property of union over intersection,
Distributive property of intersection over uniof,

De Morgan's laws.
] Vcrifythefundamcntal propert
- @ UseVenndiagram to represent
o union and intersection of sets,
_ o complement of a set.
@® Use Venndiagramto verify
o commutative law for union and intersection of sets,
! o De Morgan's Law,
H : o associative laws,
o distributive laws. ;
irs and Cartesian product. 2 .
j - e

and intersection of two or

f the following fundamental propertics of union

o000 000

ies for given sels.

Y s

N = Set of natural numbers = e W
W = Set of whole numbers = {0,1,2,3, ...}

\ Z = Set of integers "={0,£1,%2,..}
E=Setof even integers = {0, £2, t4,..}

NPT~ = TR

SEDGUINR] [BUGHEL]
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Operation on sets

(a) Union of two sets

I£A and B two sets then union of set Aand s¢

both Aand B,and it is denoted by AUB. In set builder form,
AUB={x|xedor X€ B}

A={1,2,3} andB= (3,456}

AUB = {I; 20 3} W {3, 4! 516}
= {l. 2, 3, 41 5: ﬁ}

Example ﬁ 1f
then

(b) Intersection of two scts
If Aand B are two sets then i
are common to both A and B and itis den

AnB={x|xednr xeB}

(c) Disjoint sets
If A and B are disjoint sets then

AnB=¢
Example Let A={2345,B={4% 5,6,7)
2 c={511,12}, D={& 9, 10}

Then

t B consists of all elements insetA

ntersection of setAandsetB consists of
oted by ANB symbolically.
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orinsetBorin

all those elements which

AnB={1,2,3,4,5} n{3,4,5,67}= (3,4,5}
and BnC:{3,—4,5.6,?}n{5,11_,12}={5}

AnD=11,2.3,4,5 n{8.910}={ jor®

Clearly here A and D are disjoint sets.

(d) Difference of two sels
If A and B are two sets then their difference consists of all those
elements of A which are not in B and it is denoted by A\BorA-
B. In set builder form
o, A\B={x|xeAnxeB}
Example
L™ If A={506,7,8}, B={7,8,9,10}
Then AB={5678}\{7, $,9,10}

= {5, 6}
and
B\WA= {7,8,9,10}1{5,6,7, 8}
= {9, 10}
(¢) Complement of a set

If U is a universal set and A is subset of U then U\ A is called
complement of the set Aand is denotedby A'orA‘ie. A'=U\A

oy your Inﬂn-miiﬂ_phi;:
George Boole (1815-1864)
introduce a symbolic
approach to the-study of
logic.

This allowed him to clarify
difficult logical problems
in symbolic forms based
on sets.

The algebra of sets having
union and intersection
as its basic operations
is known as Boolean
Algebra.
Today Boolean Algebra is
used widely as a tool to aid

sound reasoning.

\
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. Unit 5 Sets and functions

32 h4.5.6)
v 5

ﬂIld Bz#‘ﬂhen ﬁnd
(i) &

1. IfA= =
{1,2,3}, B=1{0,1} and C = {1, 3, 4} then find

o X ¥
E:E) Aﬁg (ii),. AnB (ii). AuC
" : - u
2. Find A \ B and B e e
(f}: A={1,3,5,7},B={3,4,5,6,7,8}
. A= {0,+1,£2,+3} B= {—l,-'z i,
Ifl:ll'_] A={l,2,3,4,...},B={1 3'5 ! }
1. [1,3,‘[: {1,2,3,...20},A={2,4,6 ; 2,0), Toazall
B - {1,:, 5,...19}and C= ¢ then find
it ¢ ii
(L:r:;. A'nB' ((:rlt:; .E‘rnB o
’ ]f(”:]ﬂ r cnc o BUC (vii). A'wC
; = = set of natural numbers up to 15
a:d g = set of even numbers up to 15
= set of
i 0. odd numbers up to 15
R.}}' 2 Uf (i), A'NB @ii). U
. Bn (vi). BUB (vii). ANA

S ; i
m Properties of union and intersection

(a) Commutative property of union

If A and B are any two sets then
_ AUB=BUA
Proof Let xe AuUB

= xeAor xeB

= xeBorxeA

= xeBUA

AUBCcBUA ()

(iv). A'UPB
(viii). AnC’
(iv). o

(viii). AUB



e
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~ (b) Commutative properly of intersection

Conversely
Let xe BUA
= xeBor xehA
= reBorxeh
= xerr-:cEB
= xe AUB
Hence BuUAc AUB
From(i) and (ii), we have
AuB= BUA

(c) Associative property
If A, B and C are any three sets then
Au(BUC)=(AUBVC

Proof

-xeAu{BuC)
= xeAoOrXxe BuwC
= xEAoerBorxeC
— xe AuBor xeC ’
— xe(aAuBWC

Hence AU(BUC};U‘.UB)UC

Conversely,

Let XE {AUB}\JC

ye AuBor xeC

xeAor xeBor xeC

yehor X€ BuwC

xe Au(BUC)

Hence (AUBWVCE Au(BUC)

From (i) and (ii), it follows that
Au(BUC)=(A uB)uC

(d) Associative property of intersection
If A, B and C are any three sets then
ANn(B AC)=(ANB)NC

Let x€ An(BNC)
— yeAand x€ BNC
— xeAand xeBand xeC
= xe AnBand xeC

— xe(ANnB)NC

Hence An(BAC)c(ANB)NC

g ULy

Proof

Mathematies X

E o
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(i)

®

(i)

r

(¢) Distributive property of union oy
cr

Proof
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Conversely,

Lt xe(Anpnc

¥€AnBand xeC

XeAand xeR
a
xeAand IEB::E‘EC

xe An(BnC
Hence (AnB)nCc Aﬁ)(Bm C)

From (i) and (ii),it follows (ii)

Yoy

If A, B and C are any three sets then intersection

AU(BNC)=(Au B)n(AuQ)

Let xeAu(Bn(Q

xeAor xe BnC

xeAor xeBand xeC
xeAor xeBand xeAor xeC
xe AuBand xe AUC

xe(AUB)N(AUCQ)

Proof

Lusuy

Hence AU(BNC)c(AuB)n(AuCQ) (i)

Conversely,

Let xe (AUBIN(AU Q)
xe AuBand xe AuC
xeAorxeBand xeAor xeC

xEApr xeBand xeC
xeAor xeBnC

xe AU(BnC)
Hence (AUB)N(AUC)cAUBNO (i)
From (i) and (ii), it follows
b Au(BNC)=(AUB)NAUC)
A E!:l';::lgwc property of intersection over union
d are any three sets then
An(BUC)=(AnBJU(AN 0]

buouuy

Let xeAn(BuO

— xeAand xe BUC
= xyeAand xeBor xeC
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= xeAand xeBor xeAand.!x-eC
= xe AnBorxe ANnC
= xe(AnBUANC .
Hence Ah(BuC]g{AnB)u{A ~C)
Conversely,
Let xel(AN Bu(AnQ
xe AnBorxe AnC
yeAand xeBor yeAand xeC
yeAand xeBor xeC
xeAand xe BUC
. re An(BuC) e
Hence (AnB)u(A AC)c An(BUC) (i,

From (i) and (ii),

suuul

An(BuC}ﬂAmB]u(A ~C)

De Morgan's Laws
(g) IfU js-universal set and A and B are any

i) (AUB =ANE (i) (AABY =A'UE

Proof
0] Let xe(AUB)
xe AuUB
yeAand xeB
ye A and xé B
xe A'nB
Hence (AUB) c ANB
Conversely,

Let xe AnB
ye A' and xe B’
xeAand xeB
xe AUB

= xe(AUB)
Hence A'NB'c(Av B) (ii)
From (i) and (ii), it follows .

(AUB) =ANB'

two subsets of U then;

Ly v

(i)

IR

it5S :
Uni ets and functions . = .‘9 3

Proof (ii) ¢ e “‘-r‘\B}' . } i | .
= XEAnB
= xéAand »
xeB
= xeAorxe B’
= xe Aup
Hence (ANB) cA
Conversely )
Let xe Aup’
YeAoryxep
XeAand xgR
xe AnB
xe(AnB)
Hence A'UB'c(AnBY

From (i) and (ii}, it follows

R

A i (ii)

i Verification
| ; of fundamental properties of union and intersecti
{a) Commutative property of union =

For any two sets A and B
. AUB=
li Example E i

[_Solution | If A ={1,.23}
B={4,5,6}, then
AUB={1,23 Ju{ 456} ={1,2.3.4,
and  BuA={456 }ju{123}={1,2,3.4,

Hence AUB=BuUA

(b) Commutative i i
nmutative property of intersection
!'{‘l' anvibwngole A gd P A ~R-R~ A

b Exaniple 6 |
\Solution | If A= {a b c}
B= {b c.d e}, then ,
ANB ={a, b, cjnib. e d, e}m
9 :

and BnA={cd einfa. b, c}

={b,c}

AnB=BNA

h La
.

Hence
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¢) Associative property of union -
For any three sets A, B and C,
i Example [l
If A={345}

e _(AuBWC
and C= ES 9,10}, then prove that Au(BYC) =(A

[oa=itha AuBUC) =34 syu[ {5, 6. T}V {8,9,10}]
={3,4,s}u{s,6.7,3,9,_m}
: ={3,4,5,6,7,s,9,10} 0-
wi (AUBUC=[{ 45056 7}]o s 910}
={3,4,5.6, 7} {89 10}
-{3,4,5.6.7.8% 10}

(Buc)=(AUB3UC

Hence, ﬁu(BUC):(AUB}UC _

jati .ty of intersection
Associative property © i ol
lPt‘ixjr ansy three sets A, B and i, An(BNC) (ANB) B

iy Example [}
' If A={123}
B={234}

= £
C={3,4,5}, then prove that AABAC)=(ANB)N

and
Hi e AnBnO={,23n[{3 40, 4, s}]
={,2,3}n{3.4)
= {3
amd  AnBINC=[{,2.3}n 3, 4}]n {3, 4,5}
={2,3}n{3,4,5}

e . = {3}
U LAABAC)=(AnB)NC.

Unit 5 Sets and functions
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(&) Distribuive Property of union -

-

Over intersection

I Example (B} Let A={1234) UB)N(AUC)

‘B= {5'6,?} :
R

then prove that AU(BAC) = (AUB)N(AUC).

For any three sets A, Band¢

|_Solution

AU(BNC)={,2,3, 4.6, 7)1 7.8,9)]
={,2,3,4}u {1}

={1,2,3,4, 7}

:[{l, 2,3,4}uf5, 6, ?}1n[{1, 2,3,4}017,8, 9}]

={.2,3,4,5,6,7}n{1,2,3,4,7,8,9}

={1,2,3,4,7}

ar;d (AUB)ﬁ(A UC)

Hence,

AUBNO=(AUB)N(AUC).
(f) Distributive property of intersection over union
For any three sets A, B and C,An(BUC)=(A nB)U(AnC)
i Example %] Let A= {a b,c} '

B={cd e}
and C={efg)
then prove that An(BUC)=(ANB)U(An Q).
_Solution |
ANBUC) ={a, b, c}n[{c, d, epule. 1. &}]
={a,b,c}nfc.d,¢ . 8}

={c}
and (AN B)u(ANC) -—'[{a‘ b, cjnies d; ‘-’}]"-"[{"s b,c}nie /. 3}]
=fepo{ }
)

Hence,
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i Example ([T}

fion—- 5,6
( Solution=s If U ={1,z,}3_ 4,5,6}

@

(g) De. Morgan’s laws
" For any two sets A and B wh

e

e = R Urlit.SSers and functions

of U
ichare SWDSEET  {B)

() (AUB =ANE 20

A={23
£ B= {3-. 4: 5}
AuB={2 3}u{3'4- L
~{2,3,4.5}
)' _UMAV B)

234,560 4,5}

(AuB5={l*
(AUB:E 5{" 6]
A':U"‘Azlll’z’g’

:{],4s5:6} 4 5}
5 6}\{3‘ ?

f = —B:{Itzi‘}'d’ i *

al.'l.d- B =U :

={1,2.6}
A nB'= [1= 4,5, 6}ﬁ {1’ 2, 6}
A B ={1,6}
y and (ii) it follows; _
ran e (AU B) =A'N B
cH Now
L AnB= {2.3}“{3; 4;5}
=3}
(AnB) =U-(ANB)
(AnB) ={,2.3,4,5 6)\{}
={1,2,4,5,6} :
o A'UB'={1,4,5600{1,2,6) (i)
={,2,4,5,6} - (ii)
From (i) and (it), it follows;  (Au B)=A'nB

4' 53 6} \{2, 3}
also

(i)

 Mathematics X |

i =S
Unit 5 Sets and functions ; : T— : - -

v Exercise52
T ———

I, Verify corlmjltative property of union and intersection for the following sets.
(1). =112 3,.....12},3:{2’4, 5,8, 10, 12}

Y gk 5 2
(ii) N »B={x|x €N A x is an even integer}
(iif). A =Set of first ten prime numbers,

B = Set of first ten composite numbers,

2. Verify associative properties of union and i : d
: nt
(i), A={ahb,c,.....2} ersection for the following sets.

B={a,e,i,o,u}
C={a,d,i,l,m,n,o}
Gi).  A={1,2,....100}
B=1{2,4,6,.... 100}
E=P.3.5. 000 99}

3. Verify distributive properties of union over intersection and intersection over u
(). A= {0, 1,2}
B={0}
C=g¢g
(ii). A= {0,+1,42, +3, +4, 5}
B={-1,-2, -3, -4, -5}
C={-1,-2, +3,+4}

4. Verify De. Morgan’s laws for the following sets.
(). U= {x|xe NAl<x<20}

A={2,3,57,11,12,13,17}
B={1,4,6,8,10, 14,17, 18}
(). If U={1,2,3,....10}
A=1{2,4,6,8,10}
B={1,3,51, 9}

m Venn diaorams

A Venn diagram is a visual way to show the relationships among or between sets ti
something in common. Usually, the Venn diagram consists of two or more ove
circles, with each circle representing a set of elements, or members and univers
Iepresented by a rectangle. If two circles overlap, the members in the overlap belon;

Sets; if three circles overlap, the members inthe overlap belong to all three sets.
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I Unit 5 Sets and functions . - . .:
. d B/A when; Pr—
. fi rAUBrA'ﬁB Mgta:els (i) AcB ) m
= . 5 10! isjoin ; e
= Venn diagram® ” B are dis) - When A and B are overlapp;
|y Example 2 Dﬁwl pping S¢S (i) A2l PPIng sets. When A and B are disjoinfs sets.
: overla S '
(1. ot PO diagrams of union- (iiy When A and B are disjoint sets. ¥
— i 1
__ Solution..J Ve overlapping St
(i) WhenAand Bare U m I i\ B
!
- i
AUB JI

B (Shaded a
AV When AcB.

(ifi) When ASB

i —
\ &

Y = Venn diipra

s

When A and B are overlapping sets. When A and B are disjoints sets.

!; ' A L 'r A )
o \_/
B\A B\A

T i,
e

B E When A ¢ B.
' {
(iii) When ACB . f
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I A i Boare anv iwo epte 1
F WO 2Els then

(i) (AUB) =A AP

g scls

pverlappin (i) (AnB) =A'UB’

N\
\

(AUB) (Fig. 1)

When A and B ar¢
Venn diagrams of (A B)

Where U is universal set and A and B are overlapping sets of U. Here AUB
is white partand (A U B) is shaded part.

e Venn diagrams of A’ B’

cts then draw Venn diagrams of

i three $
If A, B and C are a0y (BUC)
X AC) and AN | ;
= I:Al"‘lB)ﬁci AU{B |

| Solution_J
() AU(BUC)

%583
||||||||||||||||||

In Fig. 2,
A'=U\A s represent by vertical lines.

B' = U\Bis represent by horizontal lines.

Therefore, A'nB' is represented by ~ lines i.e. horizontal and vertical lines

cross each other as shown in figure. (AUB) = ANB’
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Yerification of flundame . . :

ey - amental propertics with the help of Venn dingrams
Example B |¢ A=(1,2,3,4)
0 B=1{3,45¢
Flg ¥ Ty ly }
7 encs from Fig 127 C={3,4,7,3)

o o ” {.I-:mn :‘ﬁf; til;itjlizwing with the help of Venn diagrams.
; (i) AV(BUC)=(AUB)uUC
N (v) _&Q{BHCF(AHBJH(AUC)
" Solution
\ (i) AuB={1,2,3,4}u{3,4,5,6}
={1,2,3,4,5, 6}
and  BUA={3,4,56}U{1,2,3,4}

={1,2,3,4,5,6}
Venn diagrams are

Venn

() AnB=BnNA :
(ivi An(BNC)=(AnB)nC
i} An(BuUC)=(AnB)A(ANC)

U A B
=
= : ‘.ﬁ =
==
A UB (Fig 2) "~ B UA(Fig. b)
' It is clear from Fig. (a) and Fig. (b), that both regions_representing AUB and BuUA are
are identical therefore
AuB=BuA
(ii) AnB=11,2,3,4}u{3,4,5,6} ={3,4}
and BnA={3,4,56n{,2,3,4 ={3,4}
InFig-4, g b
f : A' is represented by yertical lines
I — ik
! B is mpwgented 'IJ]‘ hOﬁZOﬂ'iﬂl lines d:‘gl
o ither lines.
F AUB is feprSB‘i'ltEd bb’*’ﬂ -
ih Hence From fig 3 and fig 4, we se It is clear from Fig. (a) and Fig. (b) that both regions representing AN B and :

R © | areidentical. Therefore,
(Ar\B)-IﬁUB : AnB=BNA
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4,23 ao[B.45 Ui 4T 8}] | U F £
.-:{1,2, 3, 4}'-J {3,4,359 6,7 } ’ (v) F: '“:'r [ 3 - .__.__,____...
= 4,5, 6, ?; v Bﬁ s : : ; -"T ;
o) 4,56V AT 8} C);{{I'-;- 3, 4)u[B.4,5,6)n 83 : )
“Casopy
={,2,3, a}

(AUB)VC =[{u2 3, 4}V &
={,2.3 4,5,6}V

{1,234 678}

(AUB)N(AuC)=
VO=[{.2.3,4}uf3, 4,5, 6}[{t. 2,3, 4}
»2,3,4}03,4,7,8)] "

={1,2,3,4
L Y ?5‘6 A
={1,2,3,4) 3n{1,2,3,4,7,8}

and

{3.47 8}

i

~o@uC) Figd) (AUB)

C represented by horizontal lines.

It Fig. (a) A is represemed by vertical lines and BW
The region which is fined either in one or both ways rcpresented AU(BUC). In Fig. (b)
A'“.’B .is Tcpms?ntec! by yertical lines and Cis represented by horizontal lines. The region | It is clear fin (AUB
w!nch is lined either 1n on¢ or both ways represents Au(BUC). Itis clear from Fig. (a) and (AUB) r from Fig. (a) and Fig )N(AUC)  (Fig)
Fig. (b) both the regions representing Au(BU C)and (AuB}uC are identical. Therefore, N(AUC) are identical - (®) that both regions represe
g nting A U(BA
) An(BUC -
UC t—}
)={,2,3,4}n[{3,4,56)u,4,7 8}]

AUBUC)=(AY B)uC
(3,456} {347 8}]
={1,2,3,4}n{3,4,5,6,7,8}

n' (iv) AABAO)=1{,2 3,430
TS )={L?s,;}n{s.4}={s,4}
imilarly, (ANB)NC=134 ={3,4}
(AnB)U
ANB)U(ANC)=[{1, 2,3, 4}nf3,4,5,6]]U[{L. 2
= {3.4}'..){3’ ¢} {l- 13 -1}('\{3_ g5 3]]
={3,4}

()

An(BUC)  (Figa)

i ~ An(BNC)  (Figa)
t is clear from fi

; g.(a) and i
(AnB)NC are identica)[_ and fig.(b) that both regi (Bn{;]aﬂd |

Therefore, An{BNC)=(AnB)NC

ons represent'mg AN
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(vi) A'nB ={1,2,3, 4, T} {4,5,6,7}= {47}

1
ArﬁB' ’.

(viii) A'UB'={1,3,4, )0 {4,5,6,7}={1,3,4,5,6,7}

‘ From (v) and (vi), it is proved that
' : [ (AUB) =A'NB'
' . and from (vi) and (viii), it is proved that
\ 9 (AnB) =A'UB’

\

<O

«) (AUB) =UMuUB =123
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5‘3 :
3 _E_E_EE}E-—_—D”

B=2367h

5} and

= 1,2,3,4r ng.
l'ie:mi‘wwdiagmns for the followW g . A n:g 2

r = {5,0,7 "

- ’Wz 4,5,6} ={3,4,567 ) and C=

= 1'2, T R oy g‘fﬂms = c
Lgﬁ.:w:rifywuhthehelpﬂ Vmi (i) Aﬁ[ﬁﬁc) (ANB)N

; BuC}ﬂ[ﬁUB]U o uC)=(ANB)U(ANC)

IS aupnavo ey

(ii). AV(BNC)= yandB= (3,45

< = l, 2, 3!4 & t
3fU={1,23% 56, T’}J: B'{ AUB, ANB' and also :-fenfl‘f ‘1}1;
w Venn diagrams for Byt (i) (ANBY = AV .
ra ' i 3, 4) then draw Venn diagrams for

Gl UBI=KOE,
LfU={abo L2354 ' :

A, B, A\B and B\A. i
5. 1fU=(abodeh ghA= {a,b,c}an
with the help of Vent diagrams.

[05.1.5] Ordered pairs and Cartesian product

Ordered Pairs ,
An ordered pair (3, b) conswtts of oy
;nhi‘gme;aﬁl?{icg::ﬁ ;:c, d) are equal if, and only if,a=¢ andb=d.
Note that (a, b)and (b, a) are not equal unlessa=b.
i i =(6,2)
smple [ Find xand y given (2x,x+Y) (6, .
et {m lifand only if the correspondin,

E.“S'o‘l“ution_] Two ordered pairs aré equa
equal. Hence, we obtain the equations:

e (i)

{c,d, €} then verify De Morgan’s laws

H " 3 t
sq and “b" | ch “a” is the first elemen
two elements <" and “b” In whi

g components are

andx+)r=2 P 1] et ; el
Solving equation (i) we get x =3 and when substituted in (i) we gty
Cartesian Product Of Two Sets =
3y 3 “ [)fdsr
The Cartesian product of Aand B, denoted A % B (read “A cross B”)is the setofa
pairs (2, b), whereais inAandbisinB.
Symbolically: AxB={(a,b)ac Aandbe B} '
H =
iy (i) Axd=*A

(i) A xB#B x A for non-empty and unequal sets A and B

Unit 5 Sets and functions

Binary Relation;

Let A and B be sets, A (b; )
subsetofAxB, - (binary) refation RftomAtoBisa

When (a,b)€R, we sayaisrelateq tobb
Otherwise if (a, b) £ R, we write aKb
I Example IfA= {a, b} andp = {1, 2} then

AxB= {(a,1),(a,2), (b, 1),(5, 2))
Number of elements in A x B=2x2=4
Number of a]] Possible subsets of
Since every subset of i

subset of A x B is a bina lati

B. Therefore, here we have | binarynr'cr{:aﬂggflf:l?;:hi:g

Relationships betwccn'
elements of sets oceur in

many contexts. Every day
we deal with relationships
sucl_'l as those between a
business and its telephone
number, an employee and
his or her salary, a person
and arelative, and so on. In
mathematics we study
relationships such as those
between a positive integer
and one that it divides,

areal number and one that

¥ R, written aRb.

Solution

ga::n below. is iabxf:r than it, a real

b R,={(a, 1)} number x and the value
P P g Jiﬂ S‘:‘;Tf is a function,
R =1{(b, 2)} R, ={(a,1 FENote

=ial),(a, 2

R, ={(a,1),(5, 1)} 6~ iiges 2

: R ={(a, 1)(b, 2)} If set A has m elements and
R, ={(a, 2)(b, 1)} Ry={(a,2),(5,2)) set B has n elements then A

Bhasm nelements,

R, ={(b, 1),(b, 2)}

R‘I! ={{ﬂ, ]},{G‘, 2),(6, I)}
By =Ua, 1,5, 0,(6,2} R, ={(a,1),(a,2),(5,2))
: ‘:Tl'lil:-' {(a) 2)9(b! l)r(b! 2)} R|5 - {(a: l)r(a’ 2]'(6! ]]1(5’ 2]}
Similarly, _tf:-tal number of binary Telation in B x A=2'=1¢
VExample [ LetA=(1,2), B={1,2,3)
Then A x B ={(1, 1), (1,2), (1,3), (2, 1), (2, 2), 2, 3)}
. Write any five relations from A to B.
. Selution
Let
Ri={(1,1), (1, 3), (2, 2)}
R={(1,2), (2, 1),(2,2),(2,3)}
Ry={(1, 1)}
R=A xB
. RS:G
All being subsets of A x B are relations from A to B.




Do
The domain
whichbelongt®

symholicaﬂy:

Rrange Of A Relation
mAtoB ig the s€

The rang

s-_,m'c-o'lica‘lly:

(| Example B Let

Then
(i

|__Solution .

Arrow D
Let

The arrow diagram of R is:

main Of A Relation
‘om AtoB 1S the

of a relation
RdenotedDQmERl
Al (ab) €R}

¢ of a relation
whichbelongtoR

R)= {a€

Range(R) = ¥

Define a binary relation
|a<b}

R={(ab) AXP
rdered pairs inR.

set of all first €l

Unit 5 Sets ond functions

ements of the ordered pairs

ments of the ordered pairs

A= {12} B= 1,2,3}
! J {Rfrom)\toB as follows:

y Find the o
in and Range of R.

(ii) Find the Domat
(ii) Is

1R3, 2R2?

| Given A= {12} B={12
AxB={1LD,

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

(2,2), @3}

= (a,b)eAxBHa‘ib}

@ R=f
R = {(12), (1), @)

(i) Dom(R)= (1,2} and Rang

gince (1,3)€ R sp 1IR3

(iii)
But(2,2) ¢Rso2 is not

jagram Of A Relation

A= {1,2,3},B= {x, ¥} and
R={1y), 2x), 29, (3.}
be a relation from A t0 B.

e(R) = (2,3}

related with 3.

Unit 5 Sets and functions

1.1 = '
fA[j} {la i }! { } t 1 ' |
I 2,31L,B= .4‘ 5} then |
rite three bm&r)" rclatic-ns from A Q
W to B,

(11). Write fi

our hin :

(iii).Wri nary rela

) Wite four binary relationg gp . "
SonA. '

{1v). Write two bi
0 bina ;
2.IfA= Ty relatio
ih {,1’2.'3,4},B={1 3 e
g Dcn write it in tabular fon:n 3 and R
. Domain of a bi e
T .:,f: bfnar}' relation R = {(x, )|
binary relation R = {{,; )'T =H) Isthe oot {0
P y+l=222) £
is set

521 Functions

re two non- mp SCIS,lhEnEb a nl'lilﬂlixlIlllA B
d E a WO I L ts’ ]ﬂar)r relahﬂrlfissald lﬂbe fll
to

{{x ._P:' Xii r}'
to B

4 8}, find Range of R.
N. Find its range.

= Domjf=A
@ Thereshould
be no repetition i
petition inthe first element of all ordered
pairs contained in £

Symbolically, we write it as

: A —
and say fis function frr')fmA toB :
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- - ol Unit 5 Sets and functions \ D e =S : D %a Lo
. - : m omain, Co-domain and Range of 4 funcﬁn- il
™ ' 5 Let f: A—B be a function, then the sey 4 ; 1
- a . o A H ety
ke 2 - jowing are functions? 't;l; mcﬁ?ig:'j::;?;mi; ln;’).h 15 called domain of I (or set of first elements of
g 1lowi € 5€ of fand the
B Ex‘!‘?‘_l?'_l'r’ @ {a bc d} then which of the fo called range of the function, Rangesizt;l)\ir;:: :uﬂsﬂ?e?ts ek ot O
ol nd B=1a 9 & etof co-domain, l.e.
A= ) Example: ie. Range/C B.
fi=a (2' 5,6, .6, ) Let  A={1,2,3) and B={1,2,3 43 6)
= @)y = Ll ke . ! 3Ty oy
f=1{0,0) .0} S :A— B as shown in the following diagram.
o= (00 DO '
= (2, a)s [3’ d |
fu={Q,a) |
o . giaorams. -
|_SolutioR=5 <hown in the followioé M fho, B ' .
The given relations 2 B d

A i

domain co-domain

| In this diagram, the set A is domain, the set B is co-do
| subset of B is range of the function f,

Kinds of a function

main and that set {2, 4, 6} whichisa

' Into function

| Let f be a function from A to B, then f is into function if Rangef =B
It can be written as

¢ B f: A-=B
: t condition | Xample:
i.e. it does not satisfy the firs ction is 0Ot LetA= {1, 2,3} and B = {g, b, c} then a function from A to B is defined by
s nota funtion besause Domfi = {1 TV 200 B copiion of being & EE e ion ~{0,0,2,a,6,b)
e nction. ;s lsonota function DecaUSE S oL o oo repeated. /515 il e e a), 5, b} .
'oemﬁed- first element 2 € A of ordered pairs €0 o Sollwing figis Diostoas Mtk i
isfied 1.e. .
;‘::‘;use I A _ r B
ii) There is o repetition in the first el::.ment o s
i ordered pairs contained inf3. Itcan be written as ' b
fi:A—B S
£, is a function because o - .
i = =A ee that fis into function because
)] Domf‘ 1,2, 3} Rangef= i o :

i ition i t of all
\ There is no repetition in the first a:le_rnen
A ordered pairs contained infa. It canbe writtenas
' fitA—B



:on, if there is no repetition inthe second

| One-one fUN¢ i
( n -one i
fbe function 1O il mfl::du - This means tha-; deﬂ‘::; :i' PR
clement of al orde 31[1‘;0 fthesetB-Jtcan bl '
associated with 01 oge-£*

et

£ aamp
s i B
c :
- (0,0 h)r;{?’ }::ates ihe functionf

B= {ﬂ, b“ G} e

Unit 5 Sets and functions

The following gure illus P
ri 1{___>r’/"’) a \\II
\ 3 ("-’L_&"y Cc '_’I
W s
From figure it is clear thatf is one = one fpf'lciion._
m‘;into aﬁﬂ;ﬁé_-ﬁné function (Injective function)
Let fﬁelxlamncﬁon fromAtoB, thenfis into one-one or injectix'c function, if
O Toue s nd element of all ordered pairs contained inf. '

(i)  Thereisno repetition in the seco

t can b written as injective
f: Am B

Example:
deﬁnﬂd by,

 1,2,3) and B a;b, dy and isa foncten i

1= {(,a), 2.3 o)}
The following figure illustrates f.

A )
ot )
A f

3

nﬂ'ﬂw

(=

Here we see that f is injective function because
(1) Range:f= {a,b,c} #B
(ii) There is no repetition in the second element of all ordered P

|
|

\
|

T L—
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m

(ﬂ] Onto functi
(@) ct jectiv
100 (Surjective functiun)

Letf be i
o ]‘i a function from A 1o B, th i
it/ B » then £ is onto fynet;
Range/=B : unction if
f: }’L onto B

i )_,:‘ One-one and on
. to function (bijective f;
¢ lunction)

Let f be a function fi
fom
one-one and onto. AW, then

S is one-on
i i
and onto (bijective) function if it is both
ie. f: —____%hij“"
Example: s .m ;
LetA={3
{3,4,5) andB={d, e, h} thena function

Jr= {(3 d) I:4 c) (
R BUE AT S 5, h fﬁomﬂ i
The following figure illustrme]si,{ to B is define by

Here we see that f is onto function
% Range f= {d,e,h} =B
1s one — one function bec
::: ie s i.s e ol da:s; for each xe 4 there is unique y 8.
e € A there is unique e€ B
e = zi Tht.‘.‘l'(’: is unique he B
ce " is bijective function.

Ty
Differenan? g
Vesle _;Et'\-‘.-_,-,:??‘ s
B . one — one correspondence and one —one function
. are two 1
non-empty sets thena rule for which each element of A is paired with one

aIldOIﬂ 0

. Yone elem

IS¢y d ent of B and each element i i Vi

]Ie e ; i enl of B |spg|1-ed“1&10ncandunlyoueclcmentofﬁ|.

Ifth xists a0 °- ox - F | _

Ctwo set ere ¢ - |

CE: i i i |

$aIme pyyy are finite and ifthere cxistsa one-one OMes R i |
berofelements. 4
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g - les
1 osxaIﬂP
- leal the following
is ¢l
= - a one—one
g} thent
= 3 andB= (a,5: & } i
={, : P
Ic:::ttsp:ndenc is give by}.ass 28 g
{1, 9) (2,%) (3, (4,9 :

ith one and only one element

- - i .atcd‘-

none one ction every element of the get Al: a550C1 N
altoset

; thatRaugefma notbe edyd

fsel&'[h y

N re.
: }3 n in the following figu
: 2 : - : c, }' !an one function, as show
! 2,b 3 S
ll ¥ l]l( H] } it
f @ ) f
1 a
2 b
3 [+
5el.SC
ndence th‘-‘-"f.‘rﬁll

From figure, it is clear that theré does not exist o
rom

andDbecausedeDisunpaired

i ion is not
(a) Note that fa+N#f@F £ (3). Function notation 18 1!
distributive law. |
(b) Note that f () #f - x. The use of parentheses 1
multiplication.

S A
n function notation di

|
t.

1
|

e ——
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* Exercise 5.5
“_______‘;__'.
1. A: {];2-_-39 4} aﬂdB: {6,?}

and . :
whether these are functions or pog the following are the relaions from A to B, then state

o nd of functions are these?
RZ =~ {I:I: 6}: (25 6]9 (3! ?:'s (4! ?:'}
Rs={(1,6),(2,6),3,6), (4, 6)}

2. Which of the following relations on set

functions as well {a, b, ¢, d} are functions? State the kind of

(). {(a,b), (c, d), (b, d),(d, b)}

Gii). {(d, <), (e, b), (2,b), (¢, @) (). {(2,b), (b, ¢), (c, b), (d, a)}

3. IfA=1{0,1,2,3} andB= {x,y,2, p} then stat : i
exist one —one correspondence b:ﬂiee state whether following relations show that there

l nthe elements of set Aand B, If not, give reasons.
(1} {(D: .l':l, (2, Z), (31 }']r {I: P)} ﬁ.i'-!- {{nt-ﬂs [11 Z), (2,}’): [3.2]}
4. IfA={a,b,c} and B = 12,3,4,5) the
oty y F5 Ty ﬂsmte,wh&th 1 1
there exists one—one correspondence between the ele::l;:nmt: .ur?]]:’;\:]g relayans et t!:m
ofthe relations they are? e Nt

(). (@ 2), (b, 3), (c, 4)} (i) {(a,3), (b, 4),(c, 3)}
5 IfX=1{1,2,3,4} and Y= {5, 6,7, 8} then write
{i). afunctionfromXtoY.

{i). {(b,a), (¢, b), (3, b), (d, d))}

(ii). aone-onefunctionfromXtoY.

(iti). arelation which shows that there exist one —one correspondence between X and Y.
(iv). afunction whichis onto from YtoX.

(v). bijective function from Y to X.

(vi). afunction from X to Y which is neither one- one nor onto.

® LetA= {12345}, Check whether the followingsets are functions on . Incae these are
Nctions, indicate their ranges. Which function s onto.

(t} {(l! S], {2’ 3). (3‘ 3)’ {4' 2]) (5, ”} [;ii’l-. {(Ll), (2, 4}, (3, 2)! ':4. l:') (5, 3)}

(). {(1,2), 2, 1), 3, 1), (4, 4). 5. 5)
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e Jae sﬂs pedungion 1 Unit 5 Sets and functions &“
sIf U={1,2,3,5¢67 B
Awdd g " } =
o : il only s
— —_ orrect circle . I i - '
R g Then verify De-Morgan's laws wigh e |
ch questions four cir (1,4, @ ), (3 3y et : 6.1f U={L2-. 10} ‘help of Venp diagram
At the end of € x 55{4,5}“&11*{ ; ;\ﬁlncllmnﬁomAmA . A={1,2,3,4) 5.
). WA= (123 emAWB g ‘an onto function from AtoB g = g 4,5, 6}
i 1 1 H ! ] 41 ?; 8
= Not a function Jements, then aumber of binary relations in Then verify distribu{' :
4 ctementsand BhasH1EC  TLetA={-2-1,0 Ve laws with the help of veny 4
;. TfADastwoclemeT=? : o2 | TLeA=(2-1012}B=fapeg Vean diagrams
L AXB'S"—H-;E 7 o 3 P function. In case of a function, ;ngl}t‘ionﬂenn'“ﬁ Wwhich sets of ordered pai :
O 2x3 0 iganexamplﬂﬂf disjoints d 2468) | ﬁ.m_:;uon. . "l one-one function, onto i pair represent a
.. Whichone ofthe following {0‘2,4,6} and {2.4,0 ' ; (i). {(=2, a), (-1, a), (0, b), (1, ¢) @4 ction and bijective
W (0,23 and L) 6y O (048,12} and {6,10.14,15) (i) {2 ), (0,2), (-2,8), (1, o), 1 b EL 0,0, (2,01, 0, ) @
{l}3619} and {9,16,25; ; \ sthan 30} R={1,5,T},ahd | 8.LetA={1,2,3.4 5} chiecle »€), ( .E)} {{"2. b) CLb LRSI Y b]}
O {03 - sitive oddinteger s ; | b oo 191, C whether the followin +=1,),(0,a), (1, d), (-2 &)
& 1fmeunivmﬂl “'U:mﬂsapﬁ,memsare in(R AS)? ! : » Indicate their ranges, Which functionafesl‘:“ are functions op A_ Incase :hgse’
L e T L A 2 i (041,51 2,3),3,3), 4,2, 5, 1)} e N
pouan 4 ) i 1)
o 15 O 13 i i A : (i) 1(1,2), (2, 1), 3, 1), (4, 2,65, 5)) 5(2.4).(3,2), 4, 1), (5.3)}
1ffisa function fromAtoB, then 113 O Dom f=A el ¥= {H», ~5,-4,-3) (1,2),2,3),(1,4,3,5)
) % A om = =1{1,2,3,4} thenwrit
O Rangef=B BN 4 pairs contained in fis not repeated: (i). Aone—one functionril‘ : :
d element of all ordered pat (iid). A fonct inction from X toY. i), Onto function f :
() secon pomR=___—— e Elﬂl'l which is one — one 3 om X to Y.
2).(10,3),(14,12)}, then (iv). A function fro and onto from X 1o Y,
i) 1fR=1(0,0), 8, ),(10,2); 5.10.4) O (0,10} o ! m X to Y which is neither one — ope n
ety OISR s (2,5),(-1,0), 0 R
Al s \ = -,.—, i !I),and 2’5 ]
,f U= {Nat}q-alnumbersup to 100} 20) \ : \ this function are switched tgm }]'S.a function. If the x-values and y-values of
= vennumbersup o ex I { » the relation that results is not a fun .
A= {positivee 0100} ample of a function that wil stil be a function i te x-valucs st "
! B= {positive odd numbersup are switched, ction if the x-values and y-values
!. Thﬂ'.ﬁ.!'ld. }_ AF m B

i (i), AVE (ii). A'NB' i) ANB (v
‘- 1 1fA=11,2,3,5,7),B= (2:4,6),C= 2,59} then verify-
(). Associative property of union

(i), Associative property of i.me_:sectinn ' .
B! (i1, Distributive property of union over intersection.

{iv). Distributive property of union over union.
- 4 U= {xhxeﬁalﬂxﬁ%}

A= {1,6,11,16,21,26,31)
B={2,5,8,11,14,17,20,23,26,29, 32}

then verify De. Morgan’s laws.
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distinct ob)

efined

octs, sets are represented by capital
¢ represented by small English
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. . oy

.__ﬁ ]anl'.I.d B aret
S Two non-gmpt
Pty sets, lh:EII a bii’lalj’ rclatinn fl$ i
r said to b a i
'] ﬁin on

to B, if
B Domjf=A
= There should be ng re
J-Symbolically f: o,

® Asetis? “-:;o'llecﬁgﬂ Ef Weuddz and elements of sets ar i s B
o . + alohabets, A By . : - = > Bbea funct
E{;lgl":;ﬂia;?ﬂ, ,Cyon e sonof set Aand s€ consists Fallclemiesis AR R .‘])_;fa“d the set of second ;::r:l;:::(;:g?‘l ? 'S called domain of £ ser
® 1fAand Bare two sets thent mﬂde[lﬂie by AUB. symhohca“}ﬂ _ erange is subset of co-domain : ;l ordered pairs W“win:.:ti B ;; called co-domain
= getBorinbo h andB,s00 } ‘@ Let fbea function from A to B th o s called range of 1
& : - : »then fisj :
AuB={x|x€ AorX ? conofse AandsetB consists of_ alllfihose elements @ Let fbe a function from A to B, , fis l.ntn function, ifRange /=B
are two sets, (B 42 denoted by AnB, Symbolically unique yehB, ie. there i » then fis one-one function g
©® [fAand B (hA ndB.ﬂnd tisde e ere is no repetition ; unction, if for each
= Jhichareco ontobo . contained in /. on in the second elem xed there exist
AnB={x1x€ AarIEB} (© Let/beafunctionfromAtoB,th i ent of all ordered pairs
; o B ~B=0 : ; - Menfis injective (;
(® Twosels AandB Mdl;]:m;::}scwfu then UNA is called complement of set Aandis 513] %:mgc f£B Jective (into and non- one) function if
— . . tand A1S ' 11). There is et
@ U munwcl‘fﬂl;‘f ; : : hose elements of Awhichare | ‘© : norepetitionin the second elements of al]
ity 2 .sets thentheirdiﬁerence consists GEETRO: ; o Letfbea function from A to B, then fis onto functi i
4 w0 ngi::fi:wiriieno;cdbﬂ\ﬁ" orA-Bymbolicall @ Let/be function from A to B, then fis R i
i .I;l\ p={x|xedorx ¢ B} } (€ ;’::-0110 and onto, 2 one-one and onto (bijective) function ifitis both
(@® Foranytwo sets Aand B, T rule z;-nd B are two non-empty sets then one-on
LA m AnB= BnA or which each element of set A e correspondence between A
s 4JuB=BuA4 Z A(‘\(BﬁC)=(AnB)ﬁC | each clement of B is paired with is paired with one and only one elem andBisa
n AU[BUC}z(AU ByuC A B)u(4 ) members of any set rem with one and only one element of A, ent of B and
N (AUB}F\(AUC) 8 An(BVY o)=(4n one correspondence bolt?ms unpaired. It is also known as one-to-one rand none of the
. Au{B?C}Q S (A= Y B it explained = sets Aand B have same number ofelements unction. In one-
m (ALY = AN T : difference 015€ §,C .
Concept of sets i"'“mm’m‘e’fswmn’complem:' = lms asetisusually represented®” Wh 9 ~
- = casilywiththehelp of Venn diagrams. Inthese m%fﬂ ' at IS
acircleand universal setis represented by arectang’e: ¢aset or of different sets, WheTE Ca ‘tesi .
® (.b)iscalled ordered pair of WO EmETE andbats Irtesian Product?
~ isthe firstelementandb s the second element. 2 5 - '
chiss
| [aa b] * (b' d:l o jan mduc‘l_, Wh!-Ch 15 a A E
i @ IfAandB aretwonon-empty sets then A x B is called C:r::ll ai?belﬂﬂgs toset A" .
I = ofall ordered pairs such that the first element of each orde i 'ﬁ -‘ I
i: ! second elementof each ordered pair belongs to set B symbolically: ik X ’ Y ;
| s AxB={(x))|xedmdyeBl ® If A#B, e Axnon-emp‘%"’aw' fR ! | Ga [
] (® AnysubsetofAx Biscalled binary relation, where Aand Bar¢ “’"‘L} s Jomain f1:'?.13‘ 5 k')
H [fR is binary relation from set Atoset B, 1.¢. R={(xy)|x€ Any *%m:; R, Rang® 0
is set of first elements of all ordered pairs in R andis dennteg(‘iﬂgy «pange R e

rsinR,and is denot

set of second elements of all ordered pai




