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@ ‘Recall the sets denoted by N and Q-
{ ® Recognize operation on sets
i @ Performoperationon sels
e o umon, -
',} o intersection,
i o difference,

o complement.
@ Give formal proofs of th

three sets.
Commutative property of union,
Commutative property of intersection,
Associative property of union,

Associative property of intersection,
Distributive property of union over intersection,
Distributive property of intersection over union,

De Morgan's laws.
@ Verifythe fundamental propertics for givensets.

. @ UseVenndiagram1o represent
o union and intersection of sels,

o complement of a set.

@ Use Venn diagramfo venfy
o commutative {aw for union and intersection of sets,

o DeMorgan's Law,

perties ofunion and intersection of two or

¢ following fundamental pro
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i Eﬁﬁ Some importhnt sets
N = Set of natural numbers = {1,2,3, ...}
W = Set of whole numbers = {0, 1,2,3, ...}

o associative laws,
l Z = Set of integers ={0, 1, £2,...}

o dlislributive laws.
b ()] R.ccngni?.cordm-ﬂ.pairsandCaﬂcsinnpwducL - v d B
i ® Define binary relation and identify its domain and range. L T ' =Setofeven integers = {0, £2, £4, ...}
@ Define functionand identfy itsdomain, co-domain and range b | O=§ ; P
& Demonsiatéthe v ge. et of odd integers = = {1l 3. % it
i i inlo function, P=Set of prime numbers = {2.3,5,7
e 'Jsfu.}'gt:t‘ldn. prime numbers ={2,3,5 711, ...}
t'q,im‘:}:'pn'é-nne function (injeclive functi =
2 i netion), Q = Set of rational numbers = {
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=Ly Operation on sets

{a) Union of two sets

If Aand B two setsthen unionof setAands

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

Example [} 1 A={1,23)andB= (3,4, 5, 6}
hen AUB={1,2,3} U (5,4,5.6)
- {1,2,3,4,5,6)

(b) Intersection of twa sels

If A and B are two sets then intersection

are common to both A and B and itis den
AnB={x|xedn xeB}

(c) Disjoint sets
If A and B are disjoint scts then
AnB=g
Example Let A={1,2,34 53, B={3,4,5.6.7)
# c={511,12} D= {89, 10}
Then

et B consists of all elements insetA

ofsetAandsetB consists of
oted by ANB symbolically.

Unit 5 Se_fs._tm?i‘-'*““i"“;

orinsetBorin

all those elements which

AnB={1,2,3,4,5} n{3,4,567}= (3,45}
and BnC={3,-4.5.6,'?}n{S,ll_*12}={5}

ARD=11,2,3,4,5 n{8,9 10 ={ }or®

Clearly here A and D are disjoint sets.

(d) Difference of two seis
If A and B are two sets then {heir 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

A\B={x|xe4 axeB}

Example

- If A= {5,6,7,8}, B={7,8,9,10)

Then AB={5,6,7,8}\{7,8,9,10}
= {5, 6}
and
B\A={7,8,9,10} \ {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
complementofthesetAandis denotedby A'orA’ie. A'=U\A

For youn I||i'ln‘ml'lt'iﬂ'li'}'.—:
George Boole (1815-1864)
introduce a symbolic
approach 10 the-study of
logic.

This allowed him to clari iy
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 toaid

sound reasoning,

™

Hence
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Exﬂmpl{;" E If U=‘-{
=4

45 5! 6}

; and B=4, then find
(i) B

A=
[~Solution (M 4

" ExerciseS1

LIfA= =
1. IfA {1,2,3},3—{0,1}31111{3:{1’34}mcnﬁnd

(i) AUB s
(iv, AnC R‘; g:‘g (i), AuC
(vi) AnMA

2. Find A \B and B\ A when
G). A={1,3,57) B=
" 1 fy Ay ] "{3.4,5,6
“" A= {ﬂ,il,ilil’.},B:{—[.jf}_}
: (iit). A={l,2,3,4,...},B={1 3'5 £
3. flé:{l,Q,J, ...20},A={2,4,6,..'.2‘0)’1"'}
= 1{1,3,5,... 19} and C= ¢ then find

4 ]f(s.vijl']_cﬁc (x). BuC (vif), AWC (viil). -AnC
- : = set of natural numbers up to 15
and A = set of even numbers up to 15
and B = set of odd numbers up to 15
then find. , -
{:.}l AlUBI o ] 4
: : ). AnB i U ' '
(v, BAA (vi) BUPB (vii). ANA i, AL

- . (viii). AwB
EEE! roperties of union and intersection :

(@) Commutative property of union

If A and B are any two sets then
AUB=BUA
Proof Let xeAUB

= xeAor xeB

= xeBorxeA

= xeBUA

AUBcBUA (i)




¥
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() Commutative properly of interscetion

Conversely
Let xe BuUA
= xeBor xehA
= yeBor xeA
— xeAorxeB
= xe AUB
Hence BuAc AUB
From(i) and (ii), we have
AuB=BUA

(¢) Associative property of union
If A, B and C are any three sets then
Au(BuC)=(AuB)uC
Let -Xx€ Au(BU O
— xeAorxe BuwC
— xehorxeBor xeC
— xeAuBorx eC ’
— xe(AuBWC
Hence Au(BUCIcl/ uBuC
Conversely,
Let xE{AuB}uC
re AuBor xeC
ceAor xeBor xeC
xehor X€ BuC
e Au(BUC)
Hence (AUBUCCS Au(BUC)
From (i) and (ii), it follows that
Au(BUC)=(A uB)uC

Proof

yuuy

(d) Associative property of intersection
If A, B and C are any three sets then
An(BNC)=(AN B)nC

Let x€ An(BNC)
— yeAand xe BnC
— xeAand xeBand xeC
= i€ ArBand xeC

— rxe(ANnB)NC

Hence An(BAC)c(ANB)NC

Proof

Unit 5 Sets and jun:tl:ms.

(i)

(1)

(i)
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Conversely,
Let Ye(AnB)~e

S I
and xeR
= Y¥eAand ye B?_i:g:xec

= xe An(Bnc
Hence (ANB)nCc An)(Bn C)
From (i) and (i), it follows
An(BNC)=(A NB)AC
(e) Distributive property of uni
¥ ol union
If A, B and C are any three sets the::vcr

Prool
Let xeAu(Bn(Q

xeAorxe BAC
xeAor xeBand xeC

xe AuBand xe AuC
xe(AUB)N(AULCQ)

LU Ul

Hence AU(BNC)c(AUBN(Au()

Conversely,
Let xe(AUBN(AU QO
ye AuBand xe AuC

::EApr xeBand xeC
xeAor xe BnC

xe Au(Bn(C)
Hence (AuB)N(AUC) cAUBNO)
From (i) and (ii), it follows

Uy

i AuU(BAC)=(AuBINAVC)
) Distributive property of intersection over union

I

fA, B and C are any three sets then

Proof
Let xeAn(Bul)

— yeAand ye BUC
— yeAand veBor xeC

intersection

AU(BNC)=(A UB)n(AuUQ)

xeAor yeBand xeAor xeC

xeAor xeBand xeAor xeC

An(BUC)=(AnBJU(AN Q)

(i)

(i)

(i1)
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* Unit 5 Sews ond funetion? Proof (i) Let xe (A~ py
= XeAnB
= xeAandxeBoerA‘md;x'EC = Y€Aand ygp
— re AnBorxeAnC = "‘E-‘al'or_{re‘[a-
= xe(AnBW(ANC) n = xe AUR'
Hence AN(BUC)c(AnBIUANT) Hence (ANBY c AL g 2
Conversely, | Conversely (i)
Let re(An BU(ANO | Let xe AUR'
— reAnBorxe ANC = xeAorrep
. veAand xeBor xeAand xeC l = x€Aand x¢B
— yehAand xeBor xeC i = x¢ AnB
= xeAand xe BUC . ! = xe(AnB
= xe An(BUC) (i) | Hence A'UB' c(AnBY
Hence (AnBYU(ANC)ISANBLC) o J From (i) and (ii), (ii)
From (1) and (i), i i and (1), it follows  (ANBY =A'UR’
8 Verification of funda
m £ g
L An(BUC=(ANBIUA nC) {2) Co s ental properties of union and intersection
| De Morgan's Laws | %), L-ommutetive praperty of anidn
i 17 then- | For any two sets A and
ﬁ . (g) WU s universal set and A and B are any 1wo subsets of U then; . X E ndB, AUB=BUA
| _ i ol i ‘= AUB i
‘ (i) (Av B = ANnB Gy (An B) & ; . | [_Solution_ | If A= {I.E.E}
Proofl . ‘ i
@ Let xe(AuB _ ‘ B=14,5,6}. then
> xeAUB AUB={123 Ju{ 456}={1.2.3.4.5.6)
veAand ¥# ; _ :
1 = '.EA'aﬂ .1“ B . I and  BuA={456 ju{1,23}=1{1.2,3,4,5.6}
| — xeAand xeB : i o
i = xe A'NB . B0 ¢ g‘\.u B=BuA
-' Hence (AUB) c ADB (i) ' ommutative property of intersection
F C vcrscly | Foranv twn sofe A and P4 A= B A
on ; -
I 1
Let xeAnB Example 6 |
= xeA' a:d 1- ZB' . l L_Sﬂi_!.!_t_i£|_1:_'1 If A= {g. b, L‘}
= xghAand X¢
[ - xgAUB | B= {b.c.d e}, then
- xe(AUB) AnB ={a, b, ey b, e.d. e}
| . e}
'nB'c(AUB i
i Hence A'nB'c(AUB) (ii) . and  BnA ={hedejniad e}
From (i) and (ii), it follows ‘ j {,r }
i =40 C
(AUB) =ANB Hisa ek
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. |
¢) Associative property of union
For any three sets A, B and C, AV
i Example [l
If A={345}
B={567}
and C= {8,9,10}, {hen prove that

( Solution_-|

Unit 5 Sets uﬁd jumﬁons

(Buc)-;u\uﬂ)uc

Au{BuC)z[AUB]U C

AUBUC) =4 syu[ {5, 6. IV B 5 10}]
=345} 5.6,7,8,9,10}

and [AuB}uC=[{3, 4,50
={3,4,5,6, 7}u {8, 9 10}

= {3! 4* Sv 6! ?b 8! 91 ID}

Ll Au(BUC)=(AV B)uC

(d) Associative property of imcrsccu?; e
For any three seis A,BandC, AN

| Example B
' if A={1.23}

B={234}

= nC
C ={34,5}, then prove that An(BNAC)=(ANB)

and
- e An(BNC)=1{,2 3} 2,3, 43, 4, 5}]
={1,2,3}n 3, 4}
= {3}
- and (AnB)nC=[{,2,3}n{2.3, af]n .4, 5}
={2,3}n{3,4.5}

ey =8
'Heuce,‘-;";.-.- 3
AABNC)=(ANB)NC.

Unit 5 Sets and functigns : : .

s tributive
(e) Distributive Property of unign over intersecti ’
section

l?c sets A, B and C.AU{B-"\C): (AUB)A(AULE)
I Example |[B§ Let A={12 34)

‘B= {5'6,?'} -
and C= {7,3_9 },

then prove that AU(BAC) = (A U B)n(AuUC).

For any

|_ Solution_

AVBNC)={1,2,3,4)u[ 5,6, T} 1,8, 9}]
={.2,3,4}u{7)

={,2, 3,4,7}

=[fL23.4)uf5, 6 70]n[f1,2.3.4)ufr, 8, 9]

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

={,2,3,4,7}

ElI:LL'] (AUB)n(A uC)

Hence,
AUBNO=(AUB)N(AUC).
(fy Distributive property of intersection over union
For any three sets A, B and C,An(BUC)=(A nB)U(ANnC)
I Example f‘nﬁj Let A={a b c}
' B= '{c, d, e}
and C={e /gl
then prove that An(BUC)=(AnB)U(ANC).
|_Solution |
ANBUC) ={a, b, }r[{e. d. e}uie. /. )]
— {{.'_ b, C}H{Q d:- e, f‘ g}
=
and (AnBU(ANC) =[{a, b c}nies &, ef]ul{a. b, c}nfe. 1. 8]]
={C}u{ }
{e}

I

Hence,

AH(BUC)ﬁ(AnB)u(AC}.

NOT FOR

B =y )
= -A-?b-adj:., e
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- (g) De. Morganl’s' laws
e any two seis A and

U
B which ar¢ subse!.?. of

@) (AuB = AnE @

iy Example [{I§

(s g' = 5,6
“solutioneg If U ={1.?-,}3,4| }

A={23
p=0.45}
AuB={ 3p B4 5
-02,3,4,5}

 and (ii) it follows; '
il (AuB) =A'NB
{u) No:ﬁ B'-'_' {2.31{“{31 4p5}
=3
(AnB) =U-(ANB)
(AnB) ={, 2,345 63\ 3}
={1,2.4,5,6}
a0 A'UB'={1,4,5600{1,2,6)
={,2,4,5,6)
From [I} and (i1), it follows; (AU B)r ~A'AR

T
| M nthematics 2 |
s i =

. B}'ﬁ HUB'

—

—
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I. Vc?x;y conlm:uta;ive property of union and intersection for the following sets.
i, ={ ,2.3......12},3:{2,4, 5,8,10,12}

{'” S »B={x|x eN 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
(i) A={ab,c,...... z}
B={a,e,i,o0,u)
C={a,d,i,1,m,n, o}
(i)  A={1,2,....100}
B={2,4,6,.... 100}
C={L3,5,....... 99}

and intersection for the following sets.

3. Verify distributive properties of union over intersection and intersection over u

). A={0,1,2)
B={0}
C=¢

(). A= {0,£1,£2, 3, 44, 45}
B={-1,-2, -3, -4, -5}
C={-1,-2, +3,+4}

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

A={2,3,57,11,12,13,17}
B={1,4,6,8, 10, 14, 17, 18}

(i) If U={1,2,3,.... 10}
A={2,4,6,8, 10}
B=1{1,3,5,7, 9}

m YVenn diagrams

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, themembers in the overlap belong o all three sets.
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e d B/A when;
; = pA/Ban 2
I . (i) AcB.
= W siagrams r A und 1 are disjoint 515 S
A  Example Draw Vwi ey (i)
il
(ij AandBare overlapP o when A and B are disjoint sets.
i jagrams 0 (i)
S— | Venn diagr —
_Sotution.. erlapping

(i) When A and B are OV

—

(i) When A and B are overlapping scts.

\\
(iii)When ACB ' | Oj

AnB

Unit 5 Sets and Junctions ! .

T i
fhl-l\u .,r.J;;I-:...*i.' ji.

When A and B are overlapping sets.

[T

When Ac B.

A\B

G Ve diigraisar 5. )

When A and B are overlapping sets.

When A and B are disjoints sets.

u T .




wWhen A and B are gverl

\ Example {E} 1FA. B

|_ Solution__J
(i) Au(BUC) ;

(AnBINC, Au(

—-pping SClS

Venn diagrams of AW (BuC),

and C are any
o BAC) and AN

iy (AnB)NC

-

(AmB)ﬁC

AU(BUO)

(i) Au®BnC)

(vi) AnBYE)

Unit 5 Sets and functions

e e any two sets then
(Il (AUB) =A NP
Venn diagrams of (A B)'

(i) (AnB) =A'UB'

VWT“ )
Nk,

Y

(AuB)

(Fig. I)

Where U is universal set and A and B are overlapping sets of U. Here AUB

is white partand (A B)' is shaded part.

Venn diagrams of A' AR’

T
||||||||||||||||

A'NB (Fig. 2)

InFig.2,
A"=U\A is represent by vertical lines.

B’ = U\B s represent by horizontal lines.

Therefore, A'~B' is represented by -f lines i.e. horizontal and vertical lines

cross each other as shown in figure.

(AUB) = AnB'
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Verification of fundamentg) prope

rtics with the help of Venn diagrams
Example [ 17 - (1,2,3,4)

B=1{3,4,5,6)
Thou verify thllpple g
0 verily the following with the help of Ven di
o die p n diagrams.

(i) AV(BUC)=(AUB)uC
(v)  AU(BNC)=(AnB)n(AuC)
Solution
A (i) AuB={1,2.3,4}u{3,4,5’5}
={1,2,3,4,s,6}
and BuA={3,4,S,&]u{1,2,3,4}

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

() AnB=BnA
(ivi An(BNC)=(AnB)nC
(i) An(BUC)=(AnB)N(ANC)

U A B
= |
A UB (Fig.a) - B UA(Fig. b)
1 It is clear from Fig. (a) and Fig. (b), that both regions_representing A\B and BUA are
are identical therefore
AUuB=BuUA
(ii) ANB={1,2,3,4}u{3,4,5,6} ={3.4}
and BrA={3,4,56}n{,234} ={3.4}
z u
InFig-4, ) U a B A B
A" is represented by vertical lincs A ‘
B is rﬂ.pmented by hﬂﬁmﬂfﬂ] lines % | qml
=
- ither lines. .
. AUB is re.pl‘ESE‘l'ltEd bﬁ"ﬁ‘l :

Hence From fig 3 and fig 4, we se€ that regions representing ANBand BN Aare

~ Itis clear from Fig. (a) and Fig. (b) that both
AT | are identical, Therefore,
(Anm—&uﬂ g

NOT FORS




Unit 5 Sets and functions

au@uo =2 (B4 > g s 8}
ASTERE 6,78}

= {1) y =1
={,2,345 6,7,8}
3, aju 34 gfluis 4T 8}

and (AY B)uC =[{L2
={,2.3:4 5,6}u{3,4,?,8}

L]

1,545 67,8}

\

AuBUC) (Fig. a) (AUB)V C (Fig.-b)
It Fig. (a) A is represemed by vertical lines and BUC reprcsented by horizontal lines.
The region which is lined either in 0n€ or both ways rcprescmed AU(BUC).In Fig. (b)
AuUB is represented by vertical lines and C is represented by horizontal lines. The region
which is lined either in one or both ways represents AW (BUC). Itis clear from Fig. (a) and
Fig, (b) both the regions representing Au(BuC)and (AuB)UCare :dentical. Therefore,
AuBuC)= (A B)wC
iv) -An®MO={23 [ 45 63N {47 8]

={1,2 3,4)n{3.4 = (3,4}
similarly, (AnB)NC={ 4}

"~ AnBAO)  (Figa)
It is clear from fig.(a) and fi
: . A(b) t i i
(AnB)NC are identical. B kg represemmghn
Therefore, An(BNC)=(ANB)NC.

Unit 5 Sets and function l 8 :
(v) . [ - ._-f-‘:_-
AU(BAC)= . -
J: {1,2, 3,430 f,4, 5, 6}n{3, 4 - '
={.23,4)u(3,4) o
={1.2,3,4}

(AUB)A(AL C)=[{,2,3, 43Uf3, 4,56

={1-2345
s 4 5,601
={1,2,3,4) n{t.2

}][{l’ 2,3, 4}UE3, 4,7 S}J o

3,4,7,8)

AU(BAC) (Fi
ig.a) (AUB)N(AULC) (Fig.b)

It is clear from Fi
Fig. (a) and Fi
ig. (b) that both regi
gl

[JLUB}' "{AUC
) are identi epresenting A
ntical, t g U[BHC} an

(i) An(BUC)={],2,3,4
12,3,4}n 3,4,5,6)u
j ?3 : i,}a, 41n {[3, 4, 5,53. s}{-l o
(AnB]u(AnC);[{liz 3,4
L 4}._;{'3%4}{3' 4,5,6}]u[{L.23.4)n,4,7,8)]
={3,4}

2
AN

An(BuC)  (Figa)

u

(AnB)U(ANC) (Fig.6)
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(vi) A'OB = {1,2,3,4, 7} {4, 5,6, 7}={4,7}

From (v) and (vi), it is proved that
| (AUB) =A'NB
and from (vi) and (viii), it is proved that

(AnB) =A'UB’




—
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g

Ue
4B= {2367
1t A= (L2380 e llowing A B
¢hen draw Venn diagrams O 2 w0t
(i) P*L;S 45,6),B= (1456 gy and C= {307 70
={l,2,H%" ’ g i
l'ﬁn\,e{ﬁf}rwitblhchdp°wmdmgmms il AH(B'"'C):(A ~B)NC
C
. A u(BUC)=(AUBIY . UC)=(ANB)U(ANC)
iy ({Bnc)—(AuB}h(AuC) {:-.},{3.&:5(?
(iii). AV . T # andB={3%21
3.!{U= {L 2, 3,4,5. 6'?,}*,!'\.— l{lﬁfé' } th' End 3150 VEnf'y ﬂ'la.'t

w Venn diagrams for' 1 B, |
Dfam. (AUB)= AP I;} - 8 wiia T
3,4}, AT %
4.1fU={a,b& 1,2,3
A, B A\B and B\A.
5. 1fu={abt defg
with the help of Vend diagrams.

[75.1.5 Ordered pairs and € artesian product

Ordered Pairs .
An ordered pair (3, b) COEISIS:S of
“bi ond element. ) I i
a'lr‘llgz ::dfrglde::cirs (a, b) and (¢, d) are equal ﬁi and only if,a=¢ and b
Note that(a, b)and (b, a) arenotequal unlessa= b.
Exomple [[[] Find x andy given (2, +¥)= (6,2) '
lifand only if the correspondin

[~solu ﬁo'g_t] Two ordered pairs are equa
equal. Hence, we obtain the equations:

3, 4} then

d, e} then verify De Morgan’s laws

¢ g A= (.6} nd B0

5" s a0 de the first element
two elements “q" and “4" in which “a is th

g components 21

2526 vevrversrermeeanss (i)
andx+)’=2 ......,H.....{ll) . |
Solving equation (j) we get x=3 and when substituted in (i) wegety =~
Cartesiau Product Of Two Sets et of all ordered

The Cartesian product of A and B, denoted A * B (read “A cross B”) is the s
pairs (2, b), whereais inAandbisinB.
Symbolically:  AxB= {(a,b)]ac Aandb e B}

Remarks:
(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, i
subsetofAxB, - 5 A (binary) relation R from A toBisa

When(a,b)€R, wesayaisre latedto b

Otherwise if (, b) & R, we write 4 i,

h Example [ 1fA= {4, 5) ang B = {1,2)the

— 7 ; n
y AXB= {(a,1), (@,2), (b,1),, 2)}
umber of elements in AxB=2x2=
Number of al| Possible subsets of -
Since every subset of A x‘?i)f e
[ 15a bi i

B. Therefore, here we have |6 bi;$§:32§: \EFTI?JTl:K -

dare

Relationships between
elements of sets oceur in
many contexts, Every da
we deal with rclalio;yshipj;
such as those between a
business and its telephone
number, an employee and
his or her salary, a person
and arelative, and so on. In
matl_:cmatics we study
relationships such as those
tween a positive integer
and one that it divides,
areal number and one that

byR, writtenaR b,

Solution

given below.
R=¢ E]S iabrf:r than it, a real
= um

o Mlen B

R = {fb‘ 2} Ry ={(6, 1)} and so on, h
M R ={(a,1),(a, 2)}

R.= 3 1 vy
= (e, 1,06, 1) Re@B) o

set B has nelements then A
Bhasm nelements,

R, = (a, 2)(b, 1}
Ry ={(b,1).(b, 2)

R[D = {(G, 2}!{b1- 2}}
R, ={(a,1).(a, 2),(8, 1)}
Ry =la, 1),(b,1),(6,2)}  R,={(a,1),(a,2).(5, 2))
S-.'@sf {(a, 2),(5,1),(6,2)} R, ={(a,1),(a, 2),(b,1),(5, 2)}
= imilarly, f?tal number of binary Telationin B x A=2'= |6
! Example [} Leta=41,2), B={1,2,3}
Then A x B = {(1, 1), (1,2), (1,3),(2,1),(2,2
Write any five relations from A to B. N

L_Solution

Let
Ri={(1,1), (1, 3), 2, 2)}
R={(1,2), (2, 1),(2,2),(2,3)}
Ra={(1, 1)}
Ri=A xB

Kb

Il being subsets of A x B are relations from A to B.




Unit 5 Sets and functions

main Of !}R‘:E::[i):n fromAto B 1S the set of all first clements of the orGeIed peles
nota

Rdenﬁ‘ed pom(R)
pom (R) =1

Do

The domai

whichbelnngto

Symholicauy:

Rrange Of A Relation .

¢ of arelaliunR cml:h }10 B is the 5¢
n(R).

ments of the ordered pairs

The rang
which belong 1@

| Example 1)

Rden

Range(R) = {be
LE-t A= {1,2}
Define a bi

R = {(a,b) €A B

Bl(ab) € R}
,B=1{1 2,3}
relation R from A 10 B as follows:
|a<b}
Then .
(i) Find the ordered pairs inR.

(i) Find the pomain and Range of R.
(i) Is 1R3, 2R2?
en A= (1,2} B= 1,23}

AxB={(L1) (1,2), (1,3), (2,1)
(1] R= {[a.b}c—:A x»B| a<b}
(i) Dom(R)={1.2} and Range(R) = (2,3

__Solution._| G
(2.2), @30

(iii) Since (1,3)eRsp 1R3
But (2,2) ¢R 50 2 is not related with 3.
Arrow Diagram Of A Relation
Let

A=1{1,2,3} B = {x,y}and
R = (Ly), 2x), @), (3.}
be a relation from A to B.

The arrow diagram of R is:

B S e

-

Unit 5 Sets ond functions
AR * Exercisesq . .
(1) Write “_-' bing o
ree binary relations from At
o B.

(11). Write four bi
). Write four binary relations
{111).Wri e
Write four binary rclat;zns o
onA,

(iv). Write two bi
2. If A= LAy teletin
] {,I‘2'3’4}!B={] 3 ns on B.
3 then ‘.\.fl‘lte il in labuiar fo 3=y 5} and R =
3. Domain of a binary rclatirs:g («
={(x

{{X, } Xii
¥ I.v < } I5a binal b mlatiﬂn ﬁ‘ﬂm A. B
to A

|}'J i
|¥=2x} is the set {0, 4, 8}, find Ran f
¢ ze of R,

d. Don]‘u
|na!|_l' +
[}! a lD ]clat on R X + X 5 5et N [ md ins
£€

(515l Functions

Dom f=A
There should be
no repetition i
repetition in the first element of all ordered pai
airs contained in /.

Symbolically, we write it as

‘ A —
and say fis function frr;fmA to B :
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g : functions?
" U % 1B = (a b I 0" hich of the following %
I{A:{l‘l,a} an = 14, Uy e

hi= {Q, a), (2 b)}
fls {u- ﬂ],':.z' b]s(?‘) C),[S. d)}
fi= {1, a) (2 b), 3- N
fa= L a), (2, @) (3 d)}

g:ams.

Solution ; ing dia
| womr = the follow1ng
2 lations arc shown 10 3 B
The given e f B A f —
A ) a
= b 1 i
Y/ 2=\ _e
3 ad
A
Ja B
Ay b B 2
- 3
; e X dition of
1,2} #Ale 0t does not satisty the first (:E,On jsnot

;s a function

se Dom f, = { t ;
T ??a?uso nota ﬁ.u{;ction because second condition of beng afu
dinf; s repeated. /3

fisnota functio
rdered pairs containe

being a function.
satisfied i.e. first element 2 e Aofo
because
() Dom f;={L2,3}=4A
(ii) There is no repetition in the first element of all
ordered pairs contained inf. It canbe writtenas
f,: A—B

{, is a function because

(i) Domf, ={1,2,3}=A
(ii) There is no repetition in the first element of all
ordered pairs contained infa. It canbe writtenas

' fit A—D

Unit 5 Sets and functions

m Domain, Co-domain ang g,
Let/: A—>B be a function g
P ,th ;
the ordered pairs contained in jfﬂ the set A is called B
The set B is co-domain of fand the et " (or set of first elements of

called range of the functi ctofsecondel
unction. Rangeis always asub:::ztt!:::;aﬁ ordered pairs contained in fis
omain. i.e. Range fc B

geofa fum:tiu;

Example:
Let A={1,2,3} and B={1,2,3,4,5,6)

f:A—B i
as shown in the following diagram

A f B
! 2
zJ‘L’s

4

L

” ngc

domain co-domain

In this diagram, the set A is domai
s omai :
subset of B is range of the ﬁ.m-::tio:}.the EiRlesag

5517 Kinds of a function
Into function

Let f be a function fro
mA t isi P
B i s itens o o0 B, thenf is into function if Rangef = B

f: A8

mainand thatset {2, 4, 6} whichisa

Example:
LetA =
- {1,2,3} and B= {a, b, ¢} then a functionf from A to B is defined b
i /=101, a),2,0),3,b)} '
¢ following figure illustrates the function f.

& T X
@

\ _J
b

W, =
€ see that fis into function because
Ranggf: {ﬂ‘. b} =B



W One-one function is one-one functions ifthere isno repetitioninthe second
1fbe aﬁmcliﬂ ;; tameﬁ inf. This me s that Lﬂel‘pefl'i nf.lhe domain set A is
o e e donlyon fthesetB jt can be wrtten as
associated with Y
f A_______..-"?‘B I
R .
1A= th 2,3} andB= {;:}.‘u. ¢} then
(L, @G ‘
T‘l{e fo%‘sowing figure ({lustrates the function f- /
. "

_”. 1.€___>V,_Z—)a N '
1(,-‘1!“;‘_;1’ \ I
N an

¢ —one funclinn. I
(Injective function) |
|

orinjective function, if

¢ clear that f is on
) fqlncﬁuﬂ
then fisintoOne -pne

From figure iti
m {nto and one-0n¢
Let fbeafunction fromAtoB,
(iy  Range [#B

(in ~ There is 10 TEPE
t can b written as

ition in the second element of all ordered pairs contained in f.

injective
——B

Example:
A= {1,2,3) and B = {a,b,d} netion from A 10 B defined bY:
£={(1,4), (2,9, G.0)

The following figure illustrates f.

and f isafu

A % B
1 a
2 [ v
e |
d

ined 1 X

Here we see that £ is injective function because
irs cont®!

(i) Rangef={a,b,c}#B

(i There 2 e
ii) There is no repetition in the second element of all ordered p?

—
Unit 5 Sets and functions |

Unit 5 Sets and functions

Onto function (surjeetive fy cti
nction)

Letf be a function
fi
Range f'=B romAtoB, 1
It can be written as

hen [ §
;_’ s onto function if

f:.l"l-—c:nli_,a

(3}] One-one
and onto function (bijective f
Y& lunction)

Let/ be a function from A to B, th
» HIER

one-one and onto At
: 15 One-o
ne and onto (bijective) function if
n if it is both

Example: Rl bij—'——*)mﬁve B

LetA={3,4,5) and
R B={d
=10,4d), (4,¢), (é, }3} h} then a function

The i ,
he following figure illustrates f.

Jf from A to B is define by

He

re we SE}?_ that f is onto function
- ange [= {d,e,h} =B
. ne — one functi
i mnction because fi
o iE el or cach x €4 there is unique y 8.
i € 4 there is unique ec B
HenccEA' :Iu::‘re is unique he B

i [ is bijective function
erenze hetwe : .
L el O —
one — one correspondence and ane — one function

IfAq

nd B are

an two non-

° donly one e]emcn(:':]:g'm}' sets then a rule for which each element of A is paired with on

called ope. and each elementof B is paired with o
P oneand only one element of A

they have the

Ifih
Elwg
set # petween them
ame sare fin i orrespond
i ite and i
Imbf:rufclcnu.‘l;'es PSP : - =
.
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ent
Cl
A 15 as

entof the set
ge frnaynotbe e

tosetB-

e following fIgUTe:

does not gxist oné —
++ s clear that theré
From figure, 1tisc

and DbecausedeD isunpaired.

a5 5
tion notation 18 not t

(&) Note that /(8 + 3) 2 @ £(3). Fune
distributive law. .
(b) Note that f (<) #S* . The use of parentheses 1
multiplication.

. (0. (D). (¢, ), (b, d), (&, by)

. 3. IfA=1{0,1,2,3} and B= {x,y,

. “[
ot 'lmg
i oes il
funct.loﬂ nﬂtat'lﬂ“ d
n

———

Unit 5 Sets and functions

* Exercisess
__-_-"..- X
1. A={1,2,3,4} and B= {6, 7} ang i '
whether these are f'unctions,ur}not? K fellowmg e Fo e
If these are functiong then

RI i {(I ] 6}1 (2I ?}n {3: 6)} b Whlch kjﬂd of flj]'";tioﬂs are Ihﬂsﬁ"

RI = {(1’ 6}- (2I 6]! {31 ?.:ll [4: -":'}
RJ = {(lr 5)! {2v 6)! (3| 6.:'- (4l ﬁ:'}
2, Which of the following relations on sel

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

{). {(b,a), (¢, b), (a, b), (d, d)}

(). {(a,b), (b, ¢), (c, b), (d, a)}

. Z,pj then state whether following rel tions shy

| existone—one correspondence between the elements of set AanﬁrBe. ?t' n:f ;i\?:r re?sa;nﬁ;m
I (. 100,x), (2,2),(3,y), (1, p)} tn. 10,2),(1,2), (2, y), (3, 2))

| 4. IfA={a,b,c}and B= (2,3, 4,5)

. 1 a, b, +3, 4, 5} then state, whether the following relati

| there exists one—one correspondence between the elements of se!.smflg Bﬁ?; nn:t ﬁlfa‘:kig

(iiiy. {(d, ¢), (. b), (a, b), (d, d)}

of the relations they are?

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

{i). afunctionfromXtoY.
{ii). aone-one function fromXtoY,

(iii). arelation which shows that there exist one —one correspondence between X and Y.
(iv). afunctionwhichisontofromYtoX.

(v). bijective function from Y to X,

(vi). afunction from X toY which isneitherone-onenoronto.
b Leta=(12345 1. Check whether th following sets are functions on A. I case these are

functions, indicate their ranges. Which function s onto.

5,3
0. {1,5),(23),6,3),&2.60 G {('-.')-(1‘”’”’2)'(4‘”'( 4
Gii). {(1,2), 2, 1), 3, 1), (4. 4). (5.5}
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— = i correct circle only.

- ircles are given. Fill in the pANBES
aestion, four € (1,4, 2 5), (s

¢nd of cach @ ~ (4,5} and R™ C') A fanction from AtoA

B : oB
A= 2 Sgl;ﬁuon from A0 O Anonto function frot.n At o
then number of binary relationsin

O 26 O 21

1 Atthe
(@)

A x
() Nota funchion S
[fAhastWo lementsand
(i) : .
AxBls_.-—-""r—r—r. 7 .k a9
g2 of disjoint sets:
O 2x3 e fo11owingisanexample 02,46} and 12.4,6,8)
i Wh-lﬂhﬂﬂﬂo o {0 4,8‘12} aﬂd {6.10.14,18}

2.1,0}
LZPE} Bﬂd {3; g by
ger'l.essthan 30}, R= {15, 7},and

Q {0369 d 9162576 i
(i) [fthe universal ; in(RNS)”

setU= {xixisa -
i,3,7 11,13} hnwmanyelememsarel

s= Rk } 2 ? 3

0 15

o 1§ fis a funct

O Rangef=
O second ele
3),(14,

o IfR= {0,0;(3,2),{10,
Ml(t;— {u{a 10,14} 0 {02,312} O {8,104}

100}

— {Natural numbers up 0

| xh liF {{]:mitivc gven numhcrsumol]o%ﬂ}}

! B= {pnsiti\reodd pumbers up 1o

| Theafind 3 ' .1 A'NB

I @ AUB (). A'nB (iid). ANB (v).
] : -

! 3. 16A=11,2,3,5,71.B= 12, 4,6),C=12, 5,9} then verify.

i ’ (i Associative property of union

i. A ssociative property of intersection -

1 “'H'. Distributive property of union over ml:emctm ;
iy | Distributive property of union over union.

.4 1f U= {xhxeanSxE‘iﬂ}

A= {1,6,11,16,21,26,31}

B={2,58,11,14, 17,20, 23, 26, 29, 32}

then verify De. Morgan’s laws.

x 9 Dom f=4A

contained in £15 not repeated.

g O Rang'i‘-f* .
d pairs

ent of all ordere %
: 12)}, thenDomR=_——

O (0,10}

Unit 5 Sets and functions

5. 1f U={|.2,3,$‘6=7} . -
A={2,5,6)
B={l1,2,3}
Then verify De-Morgan's Jaws wi
6.1f U={l, 2. 10) e help of Venn diagrams
A=1{1,2,3,4)
B={3,4,

Then verify distributive laws with
the help of v i
T-Lot A={-2-1,01.2} B={abode) peserm: enn diagrams,
function. In case of a function, mentio ne which s
function. N one-one funetig
(1). {(=2,a), (-1, a),
[ ] { g ﬂ;ﬂ( Eg :), Lok @l (et 90,0, i i
8.LetA={1,2,3,4,5) ;hecici;iiﬂ;f.].;‘}‘ ,E,J} G2, b) (-1, b, (0,9) ( g )3.-;}
: B i Rk ] e & : a4l L, d), (=2,
functions, indicate their ranges. Which ﬁigct?::: :f:::; are functions on A, I case these are
840, 5), (2, 0.
”1{5(1 ; (2 3): (3: 3:}! (4' 2)1 {5: I}} T ), {(], ]:l. l:z. 4)‘ {3' 2]‘ {4 l) (5 3}}
(RTIEN B ); (2, IJF{3| |J‘ (4‘ 4), (5‘ 5)} {(I 2) [l3 LELF R o
9.0 X={-6,-5,-4,-3) 531, 4),6,5)
¥Y=1{1,2,3,4} thenwrite
(i). Aone - one function from X to Y

€ts of ordered pair represent a
1, onto function and bijective

: incti (9 Onto functi >
;.L” ). : Enclmn which is one — one and onto from X to Y, e
iv). nction fi ich is nei .

g rom X to Y which is neither one - one nor onto.

e (52, 5),(=1,0), (0, 1), and (2, 5
( \ this function are switched, 5
example of a function
are switched,

) is a function. If the x-values and

: - Ifthe. y-values of
thg relaanon that results is not a function. Provide an
that will still be a function if the x-values and y-values

I E:"B

T
) | (2 3
‘ B

[ AR
(%2) j (v3) |

i i

@) )/

(3

_\[\z,lj
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. g ) : Unit 5 Sets and functians - Unit 5 Sets and functions
' © IfAandBare |
L2 ¢ : i
) to B, if W n0n~cmp1y sets lh ) -.. = . . 1 .
i . oots, Sels A€ represented by capi " Domf=A »Henabinary relation fis saiq -I |
. distinet objects: apital = Theres ' Ssaldto be :
Asetisa® collection of well*ﬂﬁzﬁ:ﬁ clements of sets are represented by small English f Sy:lgt?" I-dI ]bc N0 repetition in a function from A
4 e : : ica . nthe fi
English alphabets: & = (® Letf: Yy fiA—p rstelement
b w.a.h.c.---z- ist ofa'-ldemf':ntsin t 3 — ‘A—>Bbe : ! sofall orde ;
® silfp:a anZB are twosets, e union of sema.“ij;ts cn?l:zllicsa‘l\y serfertn " nfs:c?;‘; “:m' thenset A js ca red pairs contained in
; : - ; e
= setB 'nbnihAaﬂdB. ditisden® dby4 Y _ The range is subset of ements of al| ord o domain of £, set B
setBori or xeB) ® Letfbeafincti co-domainje, R ered pairs Gomair:ejt-B is called co-domain
AuB=1x |x€ .0 ofsetAand et B consists of all those elements - mnction fromAto Bt angefc B, infis called ran
@ 1fAandBare™® sets, then ! ‘“’;"ﬁ.ﬁiﬁ?ﬁs denoted by ANB; Symbolically © Letfbea function from A 1 > enfisinto funetion, ifp o
= whicharecommont® gk, unique yeB, ie. there is 0B, then fis one-one f s
_AnB-ﬁ{Il-‘E dor +eB) contained in £, N0 repetition in the Se::ﬂmn. if for each xe 4 th
: coiptif AN B=9 e Let/be a functi nd element there exist
@ Twosets AandB are disjointif _ ; ) onfromAtoR of all ord 3
.~ 7 ement of | ; 0B, th eI ered
® iU < upiversal setand A1 subsetof U, then U\ Ais called compleme yptAandis (i). Rangef=B enfis injective (into and non =
—_— ' 3 ii . ThB 1 il z une:l ﬁmcl" 1
denotedby 4 or - g : \ements of A which P (11). There is norepetition i s
® 1fAandBae two sets, then {heir difference c{i:lsll‘stz ﬁ:—fnll those elements ichare | ® Letfbeafunctionf in the second elements of all org
= qotinB,and visdenoted by A\BOr A~ BV s | (® Letybes TomAto B, then is onto functi Ordered pairs contained iny!
L unction fr ction if Range /=
. ‘onc-one and onto, omA 0B, then is one-one and o :ge," =
(® IfAandB are two non-e nto (bijective) function ifit is both
mpty sets then one-one correspond
e
ncebetween Aand Bisa

A\B={x|xedor xe B}
® Furanyrtwosetsﬁandﬁj —
o s AnB=50 :
s AuB=BuA rule for which

s gu(BUC)=(4Y B)VC et mC]:(AﬁB)ﬁfA C) .' each cfcmcl:l j?g: ?s]c;"mldofm‘a‘is paired with one and

guC)=(ANBIV N members of ¢ ired with ne and onl

s An( ) one cmrr:;;i:éy set remains “"Paire{:f‘;t?fgﬁly one element ﬁ?‘ijﬁg‘int of B and

ence both sets A and B have samek::lfm“: as ‘f] “IHHue fu ﬂcti:seg :t[': the

erof elements. . ne-

u Au{BnC}:[duB}n(Aqu}
s (AUB) =ANB and (ANB) = AuUB

Concept of sets i.e.union, plement, di

intersection, com ‘
= casilywiththehelp of Venn diagrams. Inthese diagrams, &
acircleand

universal set isrepresented by arectangle. ‘
@_ (a,b)is called ordered pair of two elements & andbofasetor of diffe
is the first element andbisthe

second element.
(a, b)# (b, @)

i

’f @ IfAandBaretwonon
L by of all ordered pairs such th
i second elementof each ordered pair
! B AxB= {(x,y}]xez!andyeB}

® AnysubsetofAxBis called binary relation,
If R is binary relation from setAto setB,ie.R=
is set of first elements of all ordered pairsin R an
set of second elements ofall ordered pairs inR,and

fference of setS: caubﬂexplaimd

setisusually represame;dby '
here® What 1S
where C ‘ . |
artesian Product?

rent setls,

whichiss®

empty sets then A x B is called Cartesian pr
rdered pair pelongs 1©

at the first element of each ©
belongstosetB sg.rmbolically.
a If A#B,then AxBathA
where Aand Bare twonon-emPty sa;:ﬁfll |
(y)lxedry<E: endor oiR®
dis denoted mR”. Ran®
is denoted by &




