SETS AND FUNCTIONS

A collection of well defined distinct objects is
called set. It is denoted by capital letters A, B,
C ete.

Some Important Sets:

The following are commonly used notation for
sets on the real line, which will be used
subsequently. In set theory, we usually deal
with the following sets of numbers denoted by
standard symbols:

The set of natural numbers

N ={1,2,3,4,...}

The set of whole numbers

W ={0,1,2,3,4, ...}

The set of all integers

Z ={0,%xl1,£2,£3, ...}

The set of all even integers

E ={0,%2,+4, ...}

The set of all odd integers

O ={=Il,#3, 45, ...}

The set of prime numbers

P =(2,3,57,11,13,17, ...}

The set of all rational numbers

Q={xx :E, where m, neZ and n # 0}
n

The set of all irrational numbers

0 =1 x| xi—rr—], where m, ne Z and n # 0}
n

The set of all real numbers

R =Qu(

Recognize Operations On Sets
(N, U, \, ...)

(a) Union of sets:

The union of two sets A and B written as
A U B (read as A union B) is the set
consisting of all the elements which are either
in A or in B or in both. Thus
AU B = {x|xe A or xe B or xe A and B both}
For example, if A = {1, 2, 3, 4} and
B={4,5,6,7},then Au B ={1,2,3,4,5,6,7}

(b) Intersection of sets:

The 1ntersection of two sets A and B, written
as AMB (read as ‘A intersection B’) is the set

consisting of all the common elements of A
and B. thus

ANB={xjxe Aand x € B}

Clearly xe AN B = xe Aand xe B
For example, if A = {a, b, ¢, d} and
B={c,d,e,f}, then AN B = {c,d}

(c) Difference of sets:

If A and B are two sets, then their
difference A — B or A\B is defined as:
A-B={xxe Aand x ¢ B}
Similarly B-A={x|xe€ Bandx g A)
For example, if
A=1{1,2,34 5} and B = {2,4,5,6.8}, then
A-B={1,2,3,4,5}-{2,4,5, 6, 8)
={1,3)
Also B-A={2,4,5,6,8})-{1,2,3,4.5)
= {0, 8)



(d) Complement of a set:

It U is a universal set and A is a subset of
U, then the complement of A is the set of
those elements of U, which are not contained
in A and is denoted by A" or A®,
A=U-A=(xjxe Uandx ¢ A)
Forexample, if U= {1,2,3, ..., 10} and
A= {2,4,6, 8}, then
A'=U-A
={1,2,3,...,10} - {2,4, 6, 8}
={1,3,5,7,9, 10}
It U={1,2,3,...., 10},
A={2,3,5,7},B=1{3,5,8}, then
Find () AUB (1)) ANB

(i) A-B (iv) A’and B’
Solution:
(1) A uB={2,3,5,7}U{3,5,8)}
=1{2,3,5,7,8}
(i) A NB={2,3,5,7}"{3,5,8}
={3,5}
(ili) A —B={2,3,5,7} -{3,5,8}
=1{2,7)
iv)A'=U-A
={1,2,3....,10}—{2,3,5,7}
=1{1,4,6,8,9,10}
B'=U-B
={1,2,3.....,10}—{3,5,8)
=1{1,2,4,6,7,9,10}

EXERCISE 5.1

Q1 If X=({1,4,7,9} and
Y ={2,4,5,9} then find:
1) XuY (1) XNnY
(i) YUX (v) YnX
Solution: ,
(1) XuY = {1,4,7,9} u{2,4,5 9}

= {1,2,4,5,7,9}

(i) XnY = {1,4,7,9} n{2,4,5,9}
= {4,9)

(i) YuX = {2,4,5,9}u {1,4,7,9}
= {1,2,4,5,7,9}

Gv) YNX = {2,4,5,9}n{1,4,7,9}
= {49}

Q.2 If X = Set of Prime numbers less

than or equal to 17.

Y = Set of first 12 natural numbers,

then find.
(1) XuY (i) XNnY
(1) YUX (v) YNnX
Solution:

X ={2,3,5711,13,17}
Y ={1,2,3,4,...,12}
(i) Xuy
={2,3,5,7, 11,13, 17} u {1,2,3,4,....12})

=1{1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 17}
(i) YUX
= {1234, ...,12} U {2,3.5,7, 11, 13.17)
={1.2,3,4,5.6,7,8,9, 10, 11. 12. 13, 17)
(iii) XNY
={23.57.11,1317)A(1,2.3.4,5. .12}
={2,3,5.7, 11}
(iv) YNnX
={1.2.3.5, ... 12}A{2.3.5.7.11.13, 17)
={2,3,5,7, 11)



Q3 It X=¢,Y=2"T=0" then find.
M NOY (i) XuUT (i) YUT

(iv) XnY (v) XAT (vi) YNT
Solution:

1) NuUY = ¢UZ+

= Z'=Y
(i) XUT = ¢uO*
= 0" =T
(i) YT = Z*u Ot
= {1,2,3,4,5....}u{l,3,5, 7,....}

= (1.2,3,4,5,..)=2"=Y
(iv) XNY = ¢nZ
= =X
(v) XnT = 6N 0"
= 0=X
(vi) YNT = Z"nO*
= {1,2,3,4,5 ..} {1,3,57, ...}
= {1,3,5,7,...}=0"=T
Q4 If U={xlxe Na3<x<25}
X = {x| x is Prime A 8 < x < 25}

Y ={xlxe WAd<x<17}
then find the value of:
(i) (XUY) (i) X'nY’
(1) (XNY) (v) X'uY
Solution:
U=1{4,5,6,7,...,25}
X={11,13, 17,19, 23}
Y =1{4.5,6,7, ..., 17}
(i) (XuY)
XY =(11,13,17,19,23}U{4, 5,6,7,....17)
=(4,5,6,7,8,9,10,11, 12,13,14,15,16, 17,19,23}
(XUY) = U-(XUY)
=14567,...,25}-{4,5,6,7,8,9, 10, 11,12,
13,14,15,16,17,19,23)
={18, 20,21, 22,24, 25}

(i) X'nY

X' = U-X

={4,5,6,7,...,25}-{11,13,17,19, 23}

= {4,5,6,7,8,9,10,12,14,15,16,18,20,21,22,24 25}

Y = U-Y

{4,5,6,7, ...,25}-{4,5,6,7,..., 17}

{18, 19, 20, 21, 22, 23, 24, 25}

{4,5,6,7,8,9,10,12,14,15,16,18,20,21,
22,24 251{18,19,20,21,22,23,24 25}

= {18, 20,21, 22, 24, 25)
i) XnNnY)

X'NY’

XAY = {11,13,17,19.23}1(4,5,6,7, ..., 17}
= (11,13, 17)
(XAYY= U—(XANY)
={4,5,6,7,...,25} —{11,13,17}
={4,5,6,7,8,9, 10, 12, 14, 15, 16,
18,19, 20, 21, 22,23, 24 25)
iv) X uY
X =U-X={45,6,7,...,25})-{11,13,17, 19,23}
={4,5,6,7,8,9,10, 12, 14, 15,16,
18,20, 21, 22, 24, 25)
Y = U-Y
= {4,5,6,7,...,25} - {456,7,...,17)
{18, 19,20, 21, 22, 23, 24, 25}

]

X'uY’ {4,5,6,7,8,9,10, 12, 14, 15,

16, 18, 20, 21, 22, 24,25} U

{18,19,20, 21,22, 23,24, 25}
{4,5,06,7.8,9,10,12, 14, 15,
16,18, 19,20, 21, 22,23, 24,25)

1l



Q.3 It X={2,4,6,...,20) and
Y={4, 8§, 12,...24) then find the
following: (i) X-Y (i) Y-X
Solution:
W NX=Y={2,4,6,8.10, 12, 14, 16,18,20} -
{4. 8,12, 16, 20, 24}
=1{2.6, 10, 14, 18}
(Y-X= {4, 8,12, 16, 20, 24} -
12.4,6,8,10, 12, 14, 16, 18, 20)
= {24}
Q.6 If A=N and B = W then find the
value of
(1) A-B  (i1)) B-A
Solution:
() A~-B= N-W
= {1,2,3,...}-{0,1,2,3, ...}

= {}

(i) B-A = W =N
= {0,1,2,3, ...} ={1,2,3,...}
= {0}

Properties of Union and Intersection:

(a) Commutative property of union:
Forany twosets Aand B, AUB=BUA s
called commutative property of union .
Proof:

Letxe AUB

= x€ A or x€ B (by definition of union of sets)

= xe Bor xe A

= xe BUA

— AUBCBUA . ... (1)

Now lety e BUA

— ye B or ye A (by definition of union of sets)

— ye Aor ye B

= ye AUB

— BUACAUB ... (11)
From (i) and (ii), we have AuB= BUA
(by definition of equal sets)

(h) Commutative property of intersection:

For any two sets A and B,AnB=B A s

called commutative property of intersection.

Proof: Letx e ANnB

=>x€ A and xe B (by definition intersection of scts

= xe€ B and xe A

= x€ BNA
ANBcBMA

Nowlet ye BMA

=y e Band ye A (by definition intersection of s

—> ye Aand ye B

> vye ANnB
Therefore, BN ACANB .......... (11)
From (i) and (ii), we have AnB=BNA
(by definition of equal sets)

(¢) Associative property of union:

For any three sets A,B and C,(AuB)uC=AU(BUC)

is called associative property of union.

Proof: Letx e (AuB)UC

xe (AUB) or xe C

(x € Aor xe B)or xe C

xe Aor (xe Bor xe )

xe Aor xe BuUC

xe AU(BUC)

(AUB)UC c AUBUC).cooeieea L. (1)

Similarly Au(BULC) < (AUB)UC ...... (11)
From (i) and (i1), we have
(AuB)uC=AuB U

(d) Associative property of intersection:
For any three sets A, B and C,

(ANB)N C=AN (B NC)is called

associative property of intersection.

Proof: Letxe (ANB)NC

xe (AnB) and xe C

(x€ Aand xe€ B) and x e C

xe Aand (xe B and € O

xe Aand xe BNnC

xe AnNBnNO

(ANB)NC ¢ AnBNO)...... (1)

Similarly An(B m C) < (A N B)NC ... (ii)
From (1) and (i1), we have
(ANB)NC=ANnBNAQC

yuyuil

yuu il



(¢) Distributive property of union over
intersection:

LEAB and C are three sets then
AUBAC)=(AUB)NAUQ)s called distributive
property of union over intersection

Proof: Let x € AU (B Q)
xe BNC
= X€ Aor (xe Bandx e Q)
= (x€ Aor xe B)and(x e Aorxe Q)
= xe AuBand xe Au C
= x€ (AUB) N (AU
LAUBNO c(AuUBY N (AU
Similarly, now let ye (AUB)N(AuUCQ)

ye (AuB)andye (AuC)
(y € Aor y e B)and (ye Aor ye Q)
ye Aor(ye B and ye O)

-
f—)
f—
—ye Aor ye BnC
=
p—
=

—> X< A or

ye Aor (Bn(C)
ye Au (Bn(C)
AUBN(AuCO cAuUuBMNO)...... (i1)
From (1) and (i1), we have
AUBNO)=(AuC)Nn (AU
(f) Distributive property of intersection

over union:
If A, B and C are three sets then
AN (BuC) =(An B)U(An C) is called
distributive property of intersection over union.
Proof: Let xe An(Bu()
— xe Aand xe BuC
— xe Aand (xe Borxe C)
— (x e Aand xe B)or(xe A and xe C)
— (xe AnB)or(xe AnNC)
— xe (ANB)UANC)
Hence by definition of subsets
AnBuUCO c(ANnB)UANC)....(»)

Similarly
(ANBYUANC cAN (BuC)..... (1)
IFrom (i) and (i1), we have
ANBUC)=(ANB)UANC(C)

{
/ '(g) De-Morgan’s laws:
/

If two sets A and B are the sub sets of U then
De-Morgan’s laws are expressed as
(1) (AUB)Y=A"NnB’
(i1) (ANBY=A"UB’
Proof: ‘
G AuB)Y=A"NnB’
Let x € (AUBY
= x ¢ AU B (by definition of complement of set)
= x¢ A and x¢ B
= xe A'and xe B’
= x € A’n B’ (by definition of intersection of sets
=> (AUBYCc AAnB ... (1)
Similarly AN B 'c(AUB)............ (11)
Using (1) and (i1), we have
(AU B) =A'N B’
(i) ANBY=A"UB’
Let xe (AN BY
x¢ ANB
x¢ A or xg B

xe A'UB’

(ANBY cA"UB.............. (1)
Letye A"UB’
ye Alor ye B’
= yeAor yeB -
= ye AnB
= ye (ANBY
AuUB c (AnBY
From (1) and (i1) we have proved that
(ANBY=A"UB’

_—
j—
= xe€ A'or xe B’
j—
j—

U

U



EXERCISE 5.2

Q.1 If X={1,3,5,7,.....19)

the following:
(1 Nu(Yw?)
(1) Xn(YN2)

() (XUY)UZ
(1v) XNY)nZ
(V) XUAYAZ)  (vi) (XUY)A(XUZ)
VD XAYUZ)  (viil) (XAY)U(XAZ)
Solution:
i) XU(YUZ)
=X U ({0,2,4,6 8, 10, 12, 14, 16, 18, 20}
U (2,3.5.7, 11, 13, 17, 19, 23))
= {1,3,5,7,9,11,13,15, 17,19} U
(02.3,4,5,6,7,8,10, 11,12, 13, 14,
16, 17, 18, 19, 20, 23}
(0.1,2,3,4.5,6,7.8,9, 10, 11, 12,13,
14,15,16,17,18,19,20,23 ]
(i) (XUY)UZ
= ((13.5.7....191U{0.2.4,6.8,....20 U Z
= (0.1,2,3,4,5,6,7,...,20) U
(2.3.5.7.11, 13, 17, 19, 23}
—0.1.2.3.4.5.6,7,...,20, 23]
(i) XN (YNZ)
_ X ({02468, ...,20} A
(2.3.5,7, 11, 13, 17, 19, 23))
— 13,57, ., 191 1 (2]
-
(iv) (XNY)NZ
(11357, ,19}(02,4,6,8..20)) " Z
- (123,57 11,13,17,19,23)

= 0

(v) Xu(YNZ)
=XuU({0,2,4,6,8,...,20} N
{2,3,5,7,11,13, 17,19, 23})
= {1,3,5,7, ..., 19 u{2}
= {1,2,3,57,...,19}
(vi) XuY)IN(XUZ)
XuY ={1,3,5,7,...,19}L{0,2,4,6,8, ..., 20}
={0,1,2,3,4,5,...., 20}
XUZ =(1,3,57, ..., 19}0{2,3,5,7,11,13,17, 19, 23}
={1,2,3,5,7,9, 11,13, 15,17, 19, 23}
(XUY)N(XUZ)
=1{0,1,2,34, ...,20}n{1,23,5,7,9,11,13, 15,17, 1923}

=1{12,3,5,7,9, 11, 13, 15,17, 19)

(vii) XN(YUZ)

XN(YuZ)

= XM({0,2,4,6,8, ....,20}{2,3,5,7,11,13, 17,19,23})

={1,3,5,7,...,191n{0,2,3,4,5,6,7,8, 10,11,

12,13,14,16,17,18,19,20,23}

=1{3,5,7,11,13,17, 19}

(vil) (XNY)u(XNZ)

XNY ={1,3,57,...,19}n{0,2,4,6,8, ..., 20}
={}

XMZ={1,3,5,7,...,191M{2,3,5,7,11,13,17, 19.23)

= {3,5,7, 11,13, 17, 19)
(XNY) U(XNZ)={ }uU {3,5,7,11,13, 17,19)
={3,5,7,11, 13,17, 19}

Q.2. If A={1,2,3,4,5,6)

B =1{2,4,6,8} C = {1, 4, 8) Prove the
following identities:

(i) AnB =BNA
(11) AuB = BUA
(AN (BNC) = (ANB) LU (ANC)
(iv)AU (BNC) = (AUB) N (ALQ)



Solution:
1) ANB = BNA
LHS=A"B

=112, 3,45, 61 (2,4.6,8)

=1{2,4,6})

R.H.S =BnA
={2.4.6,8})n(1,2,3,4,5, 6}
=1{2,4,6)

LH.S=R.H.S, so

ANB =BNnA

(i) AUB =BUA
LHS = AUB
= {1,2,3,4,5,6} U {2,4,6,8}
= {1,2,3,4,5,6, 8}

R.HS = BUA
2,4,6,8} U {l1,2,3,4,5,0}
= {1,2,3,4,5,6,8}
L.HS=RH.S,

So, AUB =BUA

(iii) AN (BUC) = (ANB) U (ANC)
L.H.S = An (BUO)
=AN({2,4,6,8} u{l,4,8})
=1{1,2,3,4,5,6} n{1,2,4,6, 8}
=1{1,2,4,6}

R.H.S = (AnB) U (ANC)

AnB =1{1,234,56} M {24,638}
={2,4,6)

ANC =11,2,3,4,56}n{l 4,8}
= {1, 4)

(ArB) U (ANC) =1{2,4,6} U (1,4}

={1,2,4,06}
[L.LH.S =R.H.S
So. AN (BUC) = (ANB) U (ANC)

(iv) AU (BNC) = (AUB) N (AUC)
L.H.S = AN (BNC)
=AU ({2,4,6,8) n(l,4,8))
{1,2,3,4,5,6) U {48}
=1{1,2,3,4,5,6,8)
R.H.S =(AUB) N (AUC)
AUB =(1,2,3,4,5,6}U{2,4,6,8)}
={1,2,3,4,5,6, 8)

AUC ={1,2,3,4,56}u({l,4,8)}
={1,2,3,4,5,6,8}

(AUB) N (AUC)
={1,2,3,4,5,6,81n{1,2,3,4,5,6,8}
= {1,2,3,4,5,6,8}

L.HS=RH.S,
So, AU (BNC) = (AUB) N (AUC)
Q3 1fU={1,2,3,4,5,6,7,8,9, 10}

= {la 33 5’ 7’ 9}, B = {2, 3, 5, 7} then
verify the De Morgan’s laws 1.e.,

(AUB)'=A’"B’ and (ANB)" = A"UB’

Solution:
(i) (AUB)Y=A"NB’
LHS = (AUBY
AUB={1,3,5,7,9} U {2,3,5, 7}
=1{1,2,3,5,7,9}
(AUB)'=U - (AUB)
={1,2,3,4,...,10} - {1,2,3,5,7.9})

= (4,6,8,10)............ (i)
RH.S = A'nB’

A=U-A
=(1,2,3,4,...,10) = {1.3.5.7.9)
=1(2,4,6,8, 10)

B'=U-B



={L 23,45 ..., 10} ={2,3,5,7) Solution:

={1,4.6,8,9, 10} (i) X-Y=XNnY’
A'MB = {2,4.6,8, 10} N (1,4, 6,8,9,10) LH.S=X-Y

= {4 6,8, 10)........... (i1) ={1,3,7,9, 15, 18,20} -
From (1) and (11) {1,3,5.7,9, 11,13, 15,17}

LHS = RILS =(18,20}........... (i)
AUBY < A'mB’ R.HS =XNY’
Y'=U-Y

(i) (ANB)Y=A"UB’

L.H.S = (AnBY

ANB ={1,3,5,7,9}n{2,3,5,7}
={3,5,7}

= {1,2,3,...,20}- {1,3,5,....,17)
= {2,4,6,8,10,12,14,16,18,19,20)
XAY’ =(1,3,7,9,15,18,20) n
(2,4,6,8, 10, 12, 14, 16, 18, 19, 20}

LAﬁB)': U—(A(’\B) = {18, 20} ........... (11)
From (i) and (i1)
={1,2,3,4,...,10} - {3,5,7}
LHS=RH.S,
={1,2,4,6,8,9,10}......... (1) ,
So, X-Y =XNnY
R.HS =A"UB (i) Y-X =YX’
AT =U-A LHS=Y-X
={1,2,34,5,...,10) = {1,3,5,7.9} = (1,3.,5,...,17}-{1,3,7,9,15,18,20}
=1{2,4,6,8,10} ={5 11,13, 17}........... (i)
B'=U-B RHS =YX’
={1,2,3,4,5, ...,10) - {2,3,5,7) X' =U-X

=(1,2,3, ...,20})-{1,3,7,9,15,18,20}
={2,4,5,6,8,10, 11,12, 13, 14, 16,
17, 19)
YNX =(1,3,5,7,9, 11,13, 15, 17} N
(2,4,5,6,8,10, 11, 12, 13, 14,

={1,4,6,8,9, 10}
A"UB'=1{2,4,6,8,10} u {1,4,6,89,10}

={1,2,4,6,8,9,10}......... (i)
From (1) and (11)

L.HS = RH.S
o 16, 17, 19)
So (AnB) = A’UB
= {5 11,13, 17}........... (i1)
={1,2,3,...,20 : ¥
Q4If U={ , 20) From (1) and (ii)
— 15, 18, 20
X=1{1,3,7,9, ) LHS=RH.S

Y ={1,3,5, ..., 17} then show that,
(i) X=Y =X"Y" (i) Y-X =YX’

So, Y-X=YNnX’



erification of Fundamental
Properties of Sets

(a) Commutative Property of Union i.c.,
AUB = BUA
For example A = {1,3,5,7} and

B=1{23,5,7)

Then AUB = (1,3,5,7}U{2,3,5,7)
={1,2,3,5,7)

and  BUA ={2,3,5,7} uU(l,3,5,7)
={1,2,3,5,7)

Hence, verified that AUB = BUB
(b)Commutative property of ilntersection
i.e., AnB =BnA
For example A= {1, 3, 5,7} and

B=1{23,5,7)

Then ANB = (1,3,5,7) N (2,3,5,7)
= (3,5,7)

and BNA =1(2,3,5,7}n {1,3,5,7)
- (3,5,7)

Hence, verified that AnB = BNA

(c) Associative Property of Union
i.e., (AuUB)UC = Au( BUC).

Suppose A={1,2,4,8},B={2,4,6}
and C = {3, 4, 5,6} then

L.H.S = (AuB)uC
=({1,24,8}u{2,4,6})U{3,4)5, 6}
=1{1,2,4,6,8}u{3,4,5, 6]}

=1{1,2,3,4,5,6, 8}

and R.H.S = Au(BuC(C)
={1,2,4,8}u({2,4,6}U(3,4,5,6})
={1,2,4,8}0{2,3,4,5,6}
=1{1,2,3,.4,5,6,8}

[L.HS =R.H.S

Hence. union of sets is associative

(d) Associative Property of intersection
i.e., (ANB)NC=AN(BNC)
Suppose A = {1, 2, 4, 8)
B={2,4,6}
and C={3,4,5, 6}
Then L.H.S = (AnB)NC
=({1,2,48}n {2,4,6}))n{3,4,5, 6}
={2,4}n{3,4,5, 6}
= {4}
and R.H.S = An(BNC)
={1,2,4,8}n ({2,4,6)"{3,4,5,6})
=1{1, 2,4, 8}N({4, 6} ‘
{4}
L.HS= RH.S

Hence, intersection of sets 1s associative law.

(e) Distributive Property of Union over
Intersection

i.e., AU(BNC) = (AUB)N(AUB):
Suppose A = {1, 2, 4, 8}
B={2,4,6} and
C={3,4,5, 6}
Let L.H.S= Au(BNC)
={1,2,4,8} u({2,4,6}n {3,4,5,6})
= {1,2,4,8} u {4, 6}
{1,2,4,6,8}
RH.S = (AUB) N (AUC)
(AUB) = ({1,2,4,8} U {2,4,6})
={1,2,4,6, 8}
(AUC) =({1,2,4,8}u{3,4,5,6})
={1,2,3,4,5,0, 8}
(AUB) N (AUC)
={1,2,4,6,8}N{1,2,3,4,5,6, 8)
={1,2,4,0,8)
L.HS =R.H.S



(D) Distributive Property of Intersection
over Union

Le, AN (BUC) = (ANB) U (ANC)

Suppose

A={1.2,34.5 ..,20)
B ={5. 10, 15, 20, 25, 30)
C=1{3,9.15.21, 27, 33)

LH.S = AnBuUO)
= A N({3. 10.l3.20,23,30}&){3,9,15,'21,27,33})
={1.234,5.....20} m

{3.3.9,10. 15, 20, 21, 25, 27, 30, 33}

L. H.S={3,5,9.10, 15, 20}
R.H.S = (AnBYU(ANC)
(ANB)={1.2,34, .., 20}n{5,10,15,20,25,30}

= {5, 10, 15, 20}
(ANC)={1,2,34,5,...,200n{3,9,15,21,27,33)

= {5,10,15,20) U {3,9, 15}
(3,5,9,10, 15, 20)
LHS=RHS

(g; De Morgan’s laws

[t set A and B are the subsets of universal set
[ then De Morgan’s laws are expressed as.
(1) (AUB)Y = A'’nB’
(1) (AMB) = A"UB’
Proof:
(i) (ANUB) = A'NB’
SUDPOSse
=11, 2,5 4 ..., 104

A=12,4.68 101 = A={1,3,57,9}

B={12.3.4,5 6)=B=(7,89,10]

LHS = (AUBY

(AUB)=(2.4.6.8, 10} U (1,2, 3,4,5,6
=(1,23.4.5.6,8, 10

L.H.S = (AUBY
=U-(AUB)
={1,234,...,10}-{1,2,3,4,5,6,8,10}
LHS= {7,9} .............. (1)
R.H.S = A’nB’
={1,3,57,91n{7,8,9, 10}
={7,9} ... (i1)
From (i) and (i1)
L.HS=RH.S
(ii) (ANB) = A’UB’
Suppose

U={1,2,3,4,..., 10}

CA=1{2,4,6,8 10} = A'=(1,3,5,7,9}

B=1{1,2,3,4,56}=B={7,8,9,10)
LetL.H.S = (AnBY
ANB=({2,4,6,8, 10} n {l,2,3,4,5,6}
= (2,4, 6)
L.H.S = (AnBY
= U~ (AMB)
= (1,2,3,4, ., 10) — {2.4.6)
=1{1,3,57,8,9,10}............... (1)
R.H.S = A"UB’
={1,3,5,7,9) U {7, 8.9, 10)
={1,3,57,8,9,10}............. . (1)
From (1) and (11)
LHS=RIHS



enn Diagram

British mathematician John Venn (1834-1923) introduced rectangle for a universal set U and
its subsets A and B as closed tigures inside this rectangle.
(2) Union and intersection of sets

Disjoint scts Overlapping sets Subsets (A< B3)
: : - >
AUB _—_.—-é% {g‘f%‘ B
ST 2 —
D S—
Fig.1 Fig.2 Fig.3
u U U
ow | A (A0 B>

Fig.4 Fig.5 Fig.6

Regions shown by horizontal line segments in figures 1 to 6 shows AUB and ANB

(b) Complement of a set U
U - A = A" is shown by Shaded area. A’@
Use Venn diagram to verify:
Commutative law for union and intersection of sets.
o Commutative Law for Union:
U U
P ¥ v
SEE (AT D
A+ B is shown by horizontal B A is shown by vertical
line segments line segments

The region shown in both cases are equal. Thus AUB = BUA.

» (Commutative Law for Intersection:

AN B is shown by horizontal BN A is shown by vertical
line segments line segments

The regions shown in both cases are cqual. Thus AnB = BNA



(¢)  De Morgan’s laws
(1) (AUB)Y = A'nB’ (i) (AnB) = A'UB’

M (AUB)Y = A'NB’
tr ] t
=] ||| Qe ||| s

Fig. 3: A" B isshown by squares

Fig. 2 : W isshown by vertical line segments

Fig. t: A isshownby horizontallinesegments

= ///

Fig.5 :(.«\ B ) isshownbyslanting linesegments

Fig.4: A v Bisshownbyhorizontal linesegments

Regions shown in figure 3 and 5 are equal thus (AUB) = A'mB".

(i) (ANB) = A'UB’
U iini

CAQB D ‘

A’U B’is shown by squares, horizontal
and vertical line segments.

A=

»

U-)AnB(=)AnB( is shown by shading

Regions shown in fig. 6 and fig. 7 are equal.
Thus (AnB) = A’'UB’

(d) Associative law of Union and Intersection:
(i) Associative law of Union: (AUB)UC = Au(BUC)

D | | 5D
N= LN
= v v U
Fig-1 Fig-2
(AUB)UC is shown in the above Fig-1.Au(BUC) is shown in the above Fig-2
Regions shown in Fig. | and Fig. 2 by different ways are equal.

Thus (AuUB)UC = Au(BUC)



(i) Associative law of Intersection: (ANB)NC = AN(BNC)

S,
. il

Fig. 3 Fig. 4
(ANB)NC is shown in figure 3 by double AN(BNC) is shown in figure 4 by double
crossing line segments. crossing line segments.

Regions shown in Fig 3 and Fig. 4 are equal.
Thus (ANB)NC = AN(BNC)
(e) Distributive law:

Fig. 1 Fig. 2

Fig. I: Au(BMNC) is shown by horizontal line segments in the above figure 1.
Fig. 2: AUB is shown by horizontal line segments in the fig. 2.
U 1T
|: 11T B
C
Fig. 3 Fig. 4

Fig. 3: AuC is shown by vertical line segments in fig.3

Fig. 4: (AUB)N(AUC) is shown by double crossing line segments in fig. 4.
Regions shown in fig 1 and Fig.4 are equal. Thus AU(BNC) = (AUB)N(AUC)
Distributive Law of Intersection over Union:

U U U
A D | [Ca

Fig.5 Fig.6 Fig. 7
Fig. 5: BUC is shown by vertical line segments in Fig 5.
Fig. 6: An(BUC) is shown in Fig.6 by vertical line segments.
Fig. 7: (AnB)U(ANC) is shown in fig. 7 by slanting line segments.
Regions displayed in Fig. 6 and Fig. 7 arc cqual.
Thus AN(BUC) = (AnB)u(ANC)



EXERCISE 5.3

Q.l It U={1,2,3,4, ooy 10}

A={L 3579}, B={1,4,7, 10}
then verity the following questions:
\olutlon

RHS = ANB
B'=U - B={1,2.3, ... 10} — {1, 4,7, 10)

2.3
ANB = {1,3,

From (1) and (i1)
L.HS =R.H.S
A-B = AnB’
(ii) B-A =BNA’
LHS=B-A={147,10}-(1,3,5,7,9)
= {4, 10}............... (1)

RH.S =BnA’

A=U-A=(123,...,10} -{1,3,57,9)
. =1{2,4,6,8, 10}

BnA" =(1,4,7,10} n {2,4,6,8, 10}
={4,10}............... (i1)

From (1) and (11)

L.HS = R.H.S

B-A = BNA’

(iii))  (AuB) = A'NmB’

L.H.S=(AuUB)

AUB =1{1,3,5,7,9} u{l1,4,7, 10}

=1{1,3,4,5,7,9, 10}

(AUB) =U - (AUB)
={17273,....,10}-(1,3,4,5,7,9,10}
={2,6,8} ... (1)

RH.S=A"MNB’

A=U-A=/{

2.3, 101-1{1,3,5,7,9)
4, ( 8 10}
B=U-B=1{123,....,10}-{1,47,10}
,3,5,6 8,9}
L60,8, 101 (2,3,5,6,8,9)
S U (i1)
From (1) and (i1)

[LH.S5 =R.H.S

A B'=(2,
{2,

(iv)  (AnB)’=A"UB’
L.HS = (ANB)
ANB ={1,3,5,7,9} " {1,4,7, 10}
={1,7}
(AnB) =U - (AnB)
={1,2,3,...,10} - {1,7)

T ={2,3,4,5,6,8,9,10} ...... (1)
RHS = A'UB’
A=U-A={123,...,10} - {1,3,5,7.9)

=1{2,4,6, 8, 10}

B'= U-B=(123,...., 10} - {1, 4,7,10)
=(2.3.5.6,8,9)

A'UB’ =(2. 4, 6.8, 10} U {2.3.5.6.8.9)
=1{2,3,4,5,6,8,9,10)....... (ii)

From (1) and (i1)

L.HS = R.H.S

(v) (A-B)Y’ = A"UB

L.H.S = (A-BY’

A-B={1,3,57,9}-{1,4,7, 10}
={3,5,9}

(A -B) =U-(A-B)

={1,2,3,....,10} - {3, 5, 9)
=1{1,2,4,6,7,8,10}....... (i)

RH.S = A'UB

A'=U-A=(123,...,10} - {1,3,5,7.9)

, 10}

,6,8,101 U {l1,4,7,10)
,4,6,7,8,10}....... (11)
From (1) and (i1)
LH.S = R.HS

(vi)  (B-A) =B'UA

L.H.S = (B-AY
B-A=(1,4710}-({1,3,5,709)
= {4, 10} .

(B-A) =U - (B-A)
={1,2,3,....,10} = {4, 10)
={1,2, 3,5,6, 7,8,9)....... (1)
R.H.S = B'UA
B=U-B={1,234,...,10} - {1.4, 7. 10}
={2,3,5,6,8,9)
B'UA ={23,506.89)u U {l,3,5.7.9)
={1,2,3,5.6,7.8.9}....... (1)
From (1) and (i) -
LHS = R.ILS



Q21t A =1{L1,3,5,

C={L358, 10}
Then verily the following:
Solution:

(1) (AUB) UC = AUBUC)
LHS=AuBULC
= LIST9M0{14.7,10) U {1,5.8,10)
45.7,9,10) U {1, 5,8, 10}
.4,*7\‘910} ....... (1)
U(BuUC)
Oro({1.4,7,10) u {1,5,8,10})
} ' {1,4,5,7,8,10}
4 >, 7,8,9, 10} ... (11)
From (1) and (11)
LHS=RHS
(11) (ANB)NC = AnBNO)
LHS=(AnB)NC
=({1,3,5,7.91n{1,4,7,10}) n {1,5,8,10}

‘o0 L2

={1,7}n{1.5,8, 10}

={1y ... (1)

R.H.S = An(BNC)

={1.3,57 9}(‘\({14710} {1,5,8,10})
={1.3,5,7.9) m {1, 10}

={1y ... (11)

From (1) and (i1)

L.HS = RHS

(iiiy AUBNC) = (AUBIN(AUC)
L.H.S = Au(BNnC)
={1,3.579hu0{1,4,7,10} n {1,58,10})
=1{1,3,5 7,9 u {1, 10}
={1.3.5,7,9 10} ... (1)
P.H.S =(AUuB)n(ALC)

AUB ={1, 3, 5. 7,90 1,4, 7,10}
={1,3,4,5,7,9,10}
A\u(,‘:{l,\"ﬁ.\;ﬁ 9w {1,5,8, 10}

={1,3,5,7,8,9, 10}

P

Mow (AUB)AALC)
ST 345791000 13,575,910}

O T Ty 5 2 O (1)
Crorn (1) and (1)
SIS = ROFLS

7.9 B ={1,4,7,10)

(iv) An(BUC) =(AnB)UANC)
L.H.S = An(BuC)

=(1,3,5,7,9)n({1,4,7,10)u

(1

5,8, 10})

=1{1,3,5,7,9)n {1,4,5,7,8, 10}
={1,5,7) ... (i)

R.H.S = (AnB)U(ANC)

ANB ={13,579) " {1,4,7, 10}

={1.7}

ANC ={13,5,7,9} N

Now (AnB)U(ANC)
=1{1,5,7}

={1,5}

From (1) and (i1)
LHS = R.HS

(3.3 If U =N, then verify De-Morgan’s
laws by using:

(1,5,8,10)

={1,7

yof{l.5)

A=¢,B=P
Solution:
A=1{}
B=1{2,3,57,...}
U={1,2,3,4,5,6,7....}
(i) (AUB)Y = A'NB’
LHS = (AuBY
AUB={1w({23,57,....)
={2,3,5,7,....}
(AUB)Y =U — (AUB)
={1,2,3,4567 ...} -2 3.57
={l,4,6,....} ... (1)
RH.S=ANB’
A=U-A={1,2,3,4.5067...)-1{)
={1.2,3,4.5,6,7....)
B'=U - B={1.2,3,4.5.6.7....)-{2.3.5.7
= {1, 4.6, ...}
ANAB=(123456.7 Y {1.4.6
={l.d.o0 00y (11)

Tiom (1) and (1)

l.

.S = RILS



(il) (:\mB)l = -‘\’UB’ = { l’ 2» 37 43 }

L.H.b: = (ANBY B'=U - B={1,2,3,4,5,6,7....) — {2.3,5.7....}
(ANBY={ 1} (2.3.5,7,..}

- = (1,4,6, ...)

(AMBY= U (ARB) A'UB'= (1234567 .1 U{1,4,6, ..
=(1,2,3,4,5,6,7...1 - () = (1,2,3,4, .. e (i)
={1,2,3,4,5,6,7...}....... (i) From (i) and (ii)

R.-H.S = A'UB’ LHS = RH.S

Q4 Ifu={1,2,3,4,....10}, A=(1,3,5,7,9} and B = {2,3,4,5, 8} then prove the following
questions by Venn Diagram.

Solution: A "B = {1,3,5,7,9}"{2,3,4,5, 8] = (3, 5)

So given sets A and B are overlapping sets

(1) A-B = AnB’

U U
) B
4
Fig: 1 (A-B) Fig: 2)A B
* A - B s shown by horizontal line segments in fig. 1.
* B’is shown by vertical line segments and squares in fig. 2.
*  ANB’is shown by squares in fig. 2.
Regions shown in fig. 1 and fig. 2 are equal, thus A - B = AnB’
(ii) B-A = BNA’
U W
( A CEIB
Fig. 1 (B-A) Fig: 2 (BnA))

* B — A is shown by horizontal line segments in fig. 1.
* A’isshown by vertical line segments and squares in fig. 2.
s BNA’isshown by squares in fig. 2.
Regions shown in fig. | and fig. 2 are equal, thus B — A = BNA’".



(i) (AUB) = A’nB’ (De-Morgan’s Law)

+

o

Iig.| Iig.2

* AUB is shown by horizontal line segments in Fig. 1. \
. (AQB)’ is shown by shaded area in Fig. 1.
A'is shown by horizontal line segments and squares in Fig. 2.
* B’is shown by vertical line segments and squares in Fig. 2.
* A’mB’is shown by squares in Fig. 2.

Shaded area shown in Fig. 1 and square area shown in Fig. 2 are equal.

thus (AUB) = A'’nB’
(iv)  (AnB) =A'UB’

H

>

Fig. | Fi

({C
8]

(

¢ AMB is shown by horizontal line segments in Fig. 1.

* (AmB)’ is shown by shaded area in Fig. 1.

e A’is shown by horizontal line segments and squares in Fig. 2.

¢ B’isshown by vertical line segments and squares in Fig. 2.

e A’UB’is shown by squares, horizontal and vertical line segments in Fig. 2.
Shaded area shown in Fig. 1 and area of squares, vertical and horizontal line segments shown in
Fig. 2 are equal. thus (AMB)" = A'UB’ | o

(v) (A-B)Y= A’UB - p :

U |

Fig. |

» A-B is shown by horizontal line segments in Fig. I.
» (A-B) is shown by shaded area in Fig.1.
» A’ is shown by squares Fig. 2.
»  A’UB is shown by squares and horizontal line segments in Fig. 2.
Shaded area in Fig. 1 and area of squares & horizontal line segments in Fig. 2 are equal.

thus (A —B) =A"UB



(Vi) (B=A)Y'= B'UA

(e

e e e e e
Fig. 1 Fig. 2

B—A is shown by horizontal line segments in Fig. 1.

* (B-A)Y is shown by shaded area in Fig.1.

* B’is shown by squares in Fig. 2.

* B'UA is shown by squares and horizontal line segments in Fig. 2.

Shaded area in Fig. 1 and area of squares & vertical line segments in Fig. 2 are equal.
thus (B -A) =B'UA

Ordered Pairs and Cartesian Product:

(a) Ordered pairs

Any two numbers x and y, written in the
form (x y) is called an ordered pair. In an
ordered pair (x, y) the order of numbers is
important, that is, x is the first co-ordinate and
y 1s the second co-ordinate. For example, (3, 2)
1s different from (2, 3).

[t 1s obvious that (x, y) # (y, x) unless x=y.
Note that (x, y) = (s, t), iff x=sand y =t
(b) Cartesian product:

Cartesian product of two non-empty sets A
and B denoted by A x B consists of all ordered
pairs (x, y) such that x € A and y € B.

AxB={(x,y)lxe Arye BJ

[ReTaE If A = {1, 2, 3} and B = {2, 5},

then find A x Band B x A

Solution:

AxB =1{1273} % {2,5)
AxB={(1,2),(1,5),(2,2),(2,5),(3,2)(3, 5)}

Since set A has 3 elements and set B has 2
elements.

Hence product set AxB has 3x2=6 ordered
pairs. We note that

BxA ={(2,1).(2.2),(2,3),(5,1),(5,2), (5,3)}
Evidently AxB# B xA




EXERCISE 5.4

Q.1IfA={a,b} and B = {c, d}, then find
AxBand Bx A

Solution:
AxB={a, b} x{c,d}
= {(a, ¢), (a, d), (b, ¢), (b, d)}
B xA=/{c,d} x{a,b}

= {(c, a), (¢, b), (d, ), (d, b)}

Q21If A={0,2,4}, B ={-1,3},

then find Ax B, BxA,AxA,BxB
Solution:
AxB={0,2,4}x{-1, 3}

={(0,-1),(0,3),(2,-1),(2,3),(4,-1),(4,3)}

BxA={-13}x{0,2, 4}
= {(-1,0),(-1,2),(-1,4),(3,0),(3,2),(3.4)}
Ax A=1{0,2,4} x{0,2,4)
={(0,0),(0,2),(0,4),(2,0),(2,2),(2,4),(4,0)(4.,2),(4,4)}
BxB={-1,3} x {-1, 3}

= {(-1,-1), (-1,3),(3, -1), (3, 3)}
Q.3 Find a and b if
Solution:
(i) (a-4,b-2)=(2,1)

a—-4=2 , b-2=1

a=2+4 , b=1+2

0= . b=3
(i) 2a+5,3) = (7,b-4)
20+ 5

7 ., 3 = b-4
5

2a = T - 3+44 =D



(111) (3-221.b—1):(a—7,2b+5)

3-2a=a-7, b-1=2b+5
3+7=a+2a, -1-5=2b-b
10 = 3a S -6=b
10
TZL\. :—6
3 .
10
a=—
3

Q.4 Find the sets X and Y if

XxY = {(a, a), (b, a), (¢, a), (d, a)}
Solution:

XXY = {(a, a), (b, a), (c, a), (d, a)}

XxY ={a, b, c,d} x {a}

X ={a, b,c,d}

Y= {a} :
Qs If X ={a,b,c}and Y = {d, e}, then find
the number of elements in

(1) XxY (i) YxX (iii)) X x X
Solution:

No. of elements in X =3

No. ofelementsin Y =2

(i) No. of Elements in XXY = 3x2=06

(i) No. of Elements in YxXX =2x3=06

(ii1) No. of Elements in XxX =3x3=9

If A and B are any two non-empty sets,
then a subset R € A x B 1s called binary
relation from set A into set B, because there
exists some relationship between first and
second element of each ordered pair in R.
Domain of relation denoted by Dom R is the
set consisting of all the first elements of cach
ordered pair in the relation.
Range of relation denoted by Rang R is the
set consisting of all the second elements of
each ordered pair in the relation.

Example 1: IS

A={2,3,4,5)and B={(2,4,606,8)

Form a relation

R:A—B={xRyly=2xforx e A,y e B}
R ={(2,4),(3,6),(4,8))}

Dom R=1{2,3,4} c A and

Rang R=1{4,6,8} B
m Suppose
A=1{1,2,3,4}and B= {1, 2, 3, 5}
Form a relation
R:A—B = {x Ry I x+y=6 for x € A, ye B}
R = {(1,5),3,3),42)
Dom R = {1,3,4} c A and

(1) Suppose A and B are two non-empty sets,
then relation f : A — B is called a function if
(1) Dom f=A (ii) every X € A appears in
one and only one ordered pair in f.

Alternate Definition:

Suppose A and B are two non-empty sets,
then relation f : A — B is called a function if
(1) Dom f=A (ii) ¥ x € A we can associate
some unique image element y = f(x) € B.
Domain, Co-domain and Range of Function:

If f: A — B is a function then A is called
the domain of f and B is called the co-domain
of f.

Domain f is the set consisting of all first
elements of each ordered pair in f and range f
1s the set consisting of all second elements of
each ordered pair in f.

Suppose A={0,1,2,3}and B = {1,2,3,4,5)
Define a function f: A —»B
f={(x,y)|y=x+1Vxe A ye B}
f=1{(0,1),(1,2),(2,3),(3,4)
Domf={0,1,2,3) = A

Rang f={1,2, 3,4} cB.

f

-

SetA Sel B



The  tollowing  are  the examples  of
relations but not tunctions.
£ 18 not a function, because an element ae A
has two images in set B.
And his not a function because an element d

€ A has no images in set B.

d

Set A Set

Demonstrate the following:

(a) Into function:

A function f: A — B is called an into
tunction, if at least one element in B is not an
image of some element of set A i.e, Range of
f < setB.

Set A Sct B

For example, we define a function f:A— B
such that.
f : A — B such that
f=1{0, 1), (1, 1),(2,3),3,2)
where A=1{0,1,2,3)and B={1, 2, 3, 4}
f1s an into function.
(b) One- one function:
A function f : A — B is called one — one
function, if all distinct elements of A have
distinct images in B, 1.e:
f(xy)= f(x3) Xj=x>€ A or

T Exe A f(x)) # [(x2)

Forexample, if A = {0, 1,2, 3}
and B = {1, 2, 3, 4,5}, then we definc a

function f: A — B such that
fF={(x,y)|ly=x+1,Vxe A ye B}
= [(0, 1),(1,2),(2,3),(3,4)}

Ser
f is one-one function

(c) Into and one - one function: (Injective
function)

The function f discussed in (b) is also an into
function. Thus f is an into and one-one
function. .

(d) An onto or surjective function:

A function f : A— B is called an onto
function, if every element of set B is an image
of at least one element of set A i.e, Range of
f=B

For example, if A = {0,1,2,3} and B =
{1,2,3}, then f: A — B such that

f = {0 1),(L2),(@2,3),(3,2)}

Here Rang f={1,2,3} = B

Thus f so defined is an onto function.
1

=3

—%

W =

W N =

Ser A Set B

(e) Bijective function or one to one

correspondence:
A function f :
function if function f is one- one and onto.
e.g, ifA={1,2,3,4} and B={2, 3,4, 5)

/

A — B is called bijective

We define a function : A = B such that
[={(x,y)|y=x+1, Vxe A, ye B)
Then [={(1,2),(2,3), (3, 4), (4. 5}



Evidently this function is one-one because

distinct elements of A have distinct Images in

B. This is an onto function also because every

element of B is the image of at least one

element of A.

Note: (1) Every function is a relation but

converse may not be true.

(2) Every function may not be one — one.

(3) Every tunction may not be onto.

m Suppose A = {1, 2, 3}
B={1,2,3,4,5, 6}

We define a function

f:A—=B={(X1y)]|y=2x, VxeA, yeB}

Then f = {(1, 2), (2,4), (3, 6)}

Evidently this function is one-one but not an

onto.

Ser A Set B
Examine whether a given relation is a
function:
A relation in which each x € its domain, has a
unique image in its range, is a function.
Differentiate between one-to-one
correspondence and one-one function:
A function f from set A to set B is one-one if
distinct elements of A has distinct images in B.
The domain of fis A and its range is contained
in B.
In one-to-one correspondence between two
sets A and B, each element of either set is
assigned with exactly one element of the other
set. If the sets A and B are finite, then these

sets have the same number of elements, that is,
n(A)=n(B).




EXERCISE 5.5

Q.1 IfL ={a, b, ¢}, M = {3, 4}, then find two
binary relations of LxM and MxL.

Solution: L = {a, b, c}, M= {34}
LxM = {a, b, c} x {3, 4]}

= {(a 3),(a,4), (b, 3), (b, 4), (c, 3), (c, 4))
Two binary Relations:

Ri={( 3) (a4}

Ry ={(b,4), (c,3), (c, 4)}

MxL ={3,4} x {a, b, ¢}

={(3, 2),(3,b),(3, ©),(4, ),(4, b),(4, ¢)}
Two binary Relations:

Ri={(3,a), (3, b))}

Rz = {(4,b), (4, )}

Q.21If Y ={-2, 1, 2}, then make two binary
relations for Y x Y. Also find their domain
and range.

Solution: Y = {-2, 1, 2}

YXY ={-2,1,2}x{-2, 1,2}

={(-2,-2),(-2,1),(-2,2),(1,-2),(1,1),(1,2),
(2,-2,) (2,1),(2.2)}

Ri={(-2,1),(2,2),(,-2)}

Domain R, = {-2, 1}

Range R, = {1, 2, -2}

Ry={(1, 1), (2,-2), (2,2)}

Domain Ry = {1, 2}

Range R, = {1, -2, 2}

Q3IfL ={a,b,c}and M = {d, e, f, g}, then
find two binary relations in each.

(i) LxL (i) LxM  (iii) MxM
Solution: L = {a, b, ¢} .M ={d.c.{. ¢}



() LxL = {u, b, ¢} x{a,b,c)
LxL:{m,u),(n,b),(u,c),(b,‘d),(b,b),(b,c),
(€.a), (¢, b),(c, ©))
‘Two binary Relations:
Ri={( a) (a,b), (a0}
Ry={(b, ), (¢, ), (¢, b)}
(11) LxM
LxM={a,b,c} x {d, e, f, g}
= Ha.d).(a.e),(a,0),(a,g),(b.d).(b,e).(b.D),
(b,2), (¢, d), (¢, &), (c, 1), (c, g)}
Two binary Relations:
Ri={(a,d), (a,e), (a0}
Ry = {(b, d), (b, e), (b, )}
(iii) MxM
MxM = {d, e, f, g} x {d, e, f, g}
={(d,d),(d.e),(d,D,(d,g),(e,d),(e.,€),(e,0),(e.8),
(£.d).(f.e).(£5),(f.2),(g.d).(g.€).(g.,D,(g,2)}
Two binary Relations:
Ri={(d,e), (d. 1), (d, g)}
Ry = {(f. d), (g, d)}

Q.4 If set M has 5 elements then find the
number of binary relations in M.

No. of binary relations in M=2"""=2%

QSIfL={x]xeNAx<5},

M = {ylye P, y < 10}, then make the
following relations from L to M. Also write
Domain and Range of each Relation.

(i) Ry ={(x,y) |y <x},
(i) Ry = {(x,y) | y = x}
(iii) Ry = {(x, y) | x + y = 6}
(iv) Rey={(x,y) |y —x =2}

Solution
L={1,2,3,4,5},
M={2,3,57)
LxM={1,2,3,4,5}) x{2,3,5,7)
= {(1,2),(1,3),(1,5).(1,7),(2,2).(2,3).(2.5),
(2,7),(3,2),(3,3),(3,5),(3,7),(4,2),(4,3),(4.5),
(4.7),(5,2),(5,3),(5,5),(5, D}
@) Ry={(x,y)|y<x}
R ={3,2),4,2),4,3),(5,2),(5,3))
Domain R; = {3, 4, 5}
Range R| = {2, 3}
(i) Rz = (x,y) |y = x}
R:=1{(2,2),(3,3), (5,5}
Domain R; = {2, 3, 5}
Range R, ={2, 3, 5}
(i) Rz ={(x,y) [ x +y = 6}
R;={(1,5), (3,3), 4,2)}
Domain R3 = {1, 3, 4}
Range R3 = {5, 3, 2}
(iv) Ry = {(x, y) |y - x =2}
Ry ={(1,3),(3,5), (5, N}
Domain Ry = {1, 3, 5}
Range Ry = {3, 5, 7}

Q.6 Indicate relations, into function, one-
one function, onto function, and bijective
function from the following. Also find their
domain and the range.

Ry ={(1,1),(2,2),(3,3), (4, 4))
Domain Ry = {1, 2, 3, 4}
Range Ry = {1, 2, 3, 4)



Ser A

Ser B
It 1s a bijective function.

() Ra = {(1,2),(2,1), (3, 4), 3, 5)}

Domain R» = {1, 2, 3}

Yy =~

Range R, = {1, 2, 4, 5)

2
3

122

W s N -

Ser A Set B

[t 1s a relation. As 3 has no distinct image.
(ii1) Ry = {(b, a), (¢, a), (d, a)}
Domain R3 = {b, c, d}

Range R; = {a}

p—

Ser A Set B

[t 1s an onto function.
(iv) Ry={(1,1),(2,3),(3,4), (4,3),(5,4)}
Domain Ry = {1, 2, 3,4, 5}

Range Ry = {1, 3, 4}
;

I

[—————— |

—

Set A
[t 1s an onto function.

Set 8

(v) Rs = {(a, b), (b, a), (¢, d), (d, ¢)}
Domain Rs = {a, b, ¢, d}
Range Rs = {a, b, d, e}

[t is a bijective function.

Set A Set B

(vi) Re = {(1, 2), (2,3), (1, 3), 3, 4))}
Domain R = {1, 2, 3}
Range R¢ = {2, 3, 4}

[t 1s a relation. As 1 has no distinct image.
!

Set B

Set A
Domain Ry = {1,3, 5}

Set B

Range Ry = {p, 1, s}

R5 1s one-one function.

(vili) Rg= ‘
| — ‘
’ =

Domain Rg= {1, 3,7}

Range Ry ={a, b, c)

[Lis arelation. As 5 has no distinet image.



Q.1

iscellaneou

Multiple  choice questions.  Four

possible answers are given tor the following

questions.

Tick mark ( ) the correct

Answer,

L.

19

(9]

wn

The ditferent number of ways to describe
aset are

(@ 1 by 2

() 3 (d) 4

The set {x/xe W Ax <101} is
(@) infinite set  (b) subset
(¢)  Null set (d) finite set

A collection of well-defined distinct
objects is called

(a) subset (b) power set

(c) set (d) none of these
If Ac Bthen AU Bisequal to
(a) A (b) B

0

A set 0= %Ia,be ZAb#0 is called a

set of
(a)  Whole numbers

(b) Natural numbers

(c) Irrational numbers

(d) Rational numbers

If Ac Bthen A- Bisequal to
(a) A (b) B

(c) ¢ (d) None of these
If A and B are disjoint sets, then AU B is
equal to

(a) A (b) B

(c) ¢ (d) BUA

The number of elements in power set
{1,2,3} is

(a) 4 (b)y 6

(c) 8 (d) 9

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Qs TP oy

Exercises - §

A set with no element is called
(a)  subset (b) empty set
(¢) singleton set (d) super set

It Ac Bthen An Bisequalto

(a) A (by B

(c) ¢ : (d) None of these
The set having only one element is called
(a) Null set (b) power set

(c) singleton set (d) subset

The relation {(1,2),(2,3),(3,3)(3,4)} 1s
(a) onto function
(b) 1into function
‘;,(c)/" not a function
(d) one-one function
If AcB and BC A , then
(a) A=B (b) A #B
(c) AnB=¢ (d) AuB=¢

Power set of an empty set is
(@) ¢ (b) 4]
(©) {eda}} @ {9}

If number of elements in set A is 3 and in

set B 1s 4, then number of elements in
AxB is

(a) 3 (b) 4

(c) 12 (d) 7

Point (-1,4) lies in the quadrant

(a) 1 (by 1I

The domain of R
={(0,2),(2,3),(3,3)(3,4)} is

(@) {0,3.4) (b) {0,2,3)

() {0,2,4)} (d) {2.3.4)

The point (=5, =7) lies in ... quadrant
(a) 1 by TI

(c) I (dy 1V



19.

()
9]

27.

28.

Lt number ot elements mse Ais 3 and in

set B o1s 2

relations i AxB iy

w2 (b 2°

(©) 2 (d)y 2

(1w ByuCisequal to

() ANBUC) (b) (AUB)N(O)
(©) AU(BUCO) (d) AN(BNC)

It AmMB=¢, then set A and B are . sets.
(@) sub (b)
(¢)  disjoint (d)
AU(BNC)isequal to
(@) (AuB)N(AU0)
(b AN(BNC)

(c) (ANB)N(ANC)
(d) Au(BuU(C)

The range of {(a,a), (b,b), (c,c)} is......

over lapping
power

(@) {ab) () fab.c)
(¢) {a} (d) ¢

The complement of ¢ is ......
(a) U (b) ¢

(c) 1mpossible (d) union
ANA“ = ..

(a) U (b) A

(c) AS (d)y ¢

Venn diagram was first used by.......
(a) John Venn

(b) Netwon

(¢c) Arthur Cayley

(d) John Napier

Theset{ xIxeAandxe B }is......
(a) AuUB (by ANnB

(cy A-B (d)y B-A

The Range of R
=[(1,3).(2.2),(3,1)(44)} 1s

(a) [1.2.4} (b) {3.2,4)

(c) [1,2.3.4} () (1,34}

2, then number of binary

30.

31.

32.

33.

34.

35.

36.

37.

38.

NUW=_....
(@) (b) {0}
(¢c) N (d W
y co-ordinate of every pint on x — axis is..
(a) +ve (b) -—ve
(c) zero (d) 1
By definition, which of the following is a
set? ‘
(a) {a,b,c,a} (b) {1,2,3,2}
{ ,m, 1,0} {0,1,2,3,1}

The domain of {(a,b), (b,c), (¢,d)} is...

(a) {abyc} (b) {b,c,d}
(c) {ab} (d) {ab,c.d,}
The complement of U is ....

(@) U b) ¢~

(c) 1impossible (d) union

AUA" = ...

(a) U (b) A

© A () ¢

Which of the following is true?
(a) PcNcZcW
(by PcNcWcZ
(c) PcWcNcZ
(dy PcZcNcW

W-N=......

(@ ¢ (b {0}
©) N d W
N-W=... -

(@) ¢ (b). {0}
©) N d W

The relation {(a,b),(b,c),(u,d).} 1S, ..

(a) afunction  (b) nota function

(c) range (d)  domain gsen)

x co-ordinate of every pint on y — axis is..
(a) +vc M) —ve

(¢) zcro (d)y 1



40.

+41.

44.

46.

47.

48.

Which of the following is true?
W Wc N

by ZcWw

() NcP

b Pcw

A subset of AXA is called. ... .. i A,
() set (b) relation

(¢)  tunction (d) nto function

Which of the following is true?
(1) NandWcZ

(b) PandOc W

(¢c) OandEcW

(d) PandEc N

It xe A and xe€ B, then {x} is equal to

(a) A-B (b) A°

(c) ANnB (d B

The point (4, —6) lies in .... Quadrant
(a) I (b)y 1I

(c) III (d) 1V

If A — B and range of f # B, then f is

(a) into function

(b)  onto function

(c)  bijective function

(d) function

If A — Band range of f =B, then f is

(a) 1nto function

(b) onto function

(c) bijective function

(d) function

[f set A has all its elements common with

set B then set A 1s called....set.

(a) sub (b) overlapping
(c) disjoint (d) super
OUE=.....

(a) o (by O

(c) E (d)y 7

49.

50.

51.

53.

54.

55.

Which of the following is commutative
law?

() Au(BuC)=(AuB)uC

(b) AN(BNC)=(AnB)nC

(¢c) AnB=BnNnA

(d) JAUB( =A“NB"

Which of the following is associative law
of intersection?

(@) Au(BuC)=(AuB)uC
(b) An(BNC)=(AnB)nC
() Au(BNnC)=(AUB)n(AULC)
() An(BuC)=(AnB)u(AnC)

Which of the following is distributive
property of intersection over union?

(1) Au(BuC)=Au(BuC)

(b)) AN(BNC)=(AnB)nC

(c) Au(BnC)=(AuB)n(AULC)
(d) An(BuC)=(AnB)uU(ANC)
NaW=....

(@) o (®) 0]

(c) N (d) W

If A is subset of U, then (AC )C = ...
(1) A (b) A°

(c) o° @ U

If two sets have some elements common
but not all are called....sets.

(a) sub (b)
(c) disjoint (d).
Which of the following is De-Morgan’s

overlapping

super

law?

(a) (AUB)UC=AU(BULC)

(b) JANB("=A“UBC

(©) AU(BNC)=(AUB)N(ALC)

() AN(BUC)=(ANB)U(ANC)



]
'Os

60.

61.

Which of the tollowing is associative law

S 62. If xeU and x¢& A, wen yay is equal
of union?
(@) (bUC):(AUB)u |0 I )
, C
B AmBAO)-(anInC W v oA
. d) A-U
(¢) -\u(BmC):(AuB)m(AUC) 6 (;) \ @
. NL=......
(Ln (BUC):(A('\B)U(A(’\C) (d) q) (b) 0
O-E=....... (c) E d) Z
kﬂ: 0 b O 64. Aand ACare........ sets
<) E (dy Z iversal b 1appi
It union and intersection of two sets are (@) u§1y§15d (d) ovel épplng
equal then sets are ...... sets. () digjoint ( )'supel. o
(2) disjoint (b) overlapping 65. Which of the following is distributive
(©) equal (d) super property of union over intersection”?
Which of the following is complete @) Au(BUC)=AU(BUC)
description of Real numbers? (b) An(BNC)=(AnB)NC
(;1) NuUW=R (b) OuUE-=R @) Au(BmC):(AuB)m(AuC)
(c) PuQ=R (@ QuUQ =R
E-0< d) An(BuC)=(AnB)u(AnC)
@ o b)) O 66. If xe Aand x¢ B, then { x } 1s equal
(¢c) E (dy Z to..........
Two sets having no common element, are (a) A-B (b) B-A
called ............ sets. ¢
ANB d A
(a) subet (b) overlapping () AN ()
(c) disjoint (d) super
ANSWER KEY
1 cl 2T7d[3]c]a]b|ls5|dle]c|]7]d] s8] c]
9 b 10 a 11 C 12 C 13 a |14 | d 15| c |16 | b
17 | b |18 | ¢ |19 b |20 c |21 ] c |22] a |23 b |24 a
25 d 26 a 27 c | 28 c |29 | d |30 | c [ 31| c |32]| a
"33 | b | 34| a |35 |b |36 |b|37]a|38|b|[39]|c|4]|d
41 b 42 a 43 c | 44 | d | 45 a |46 | b | 47 | a | 48 | d
49 c 50 b 51 d | 52 c | 53 a |54 | b | 55| b |5 a
57 [ b |58 | c |59 d |60 ]cf6lfc|62]Db|63]a]6d]c
63 C 66 a



Q.2 Write short answers of the tfollowing
questions.
(1) Define a subset and give one example,
Subset: 1t A and B are two sets and every
clement of A is an element of B then set A is
called subset of set B. It is denoted by AcB.
Example: A={1,2},B={(1,2,3,4)
As all elements of Set A are also present in Set
B. Theretfore AcB.
(ii) Write all subsets of the set {a, b}
Solution:

All subsets (2" = 27 = 4)

{ 1. {a}, {b], {a, b}
(iii) Show AnB by Venn Diagram when

A cB.

Solution:

[fAcBthenAnB=A

%B

ANB

U

Horizontal line segments show ANB
(iv) Show by Venn Diagram An(BLC)
Solution:

AN(BUC) by Venn diagram

» Horizontal line segments and squares
show BuUC.

s Ar(BUC) is shown by squares.

(v) Define intersection of two sets.

Intersection of two sets:

The intersection of two sets A and B, written

as ANB (read as A intersection B) is the set

consisting of all the common elements of A

and B.

(vi) Define a function.

Function: Suppose A and B are two non-

empty sets, then relation f : A—B is called a

function 1f

(i) Domf=A

(i1) Every x € A appears in one and only and
ordered pair in {.

(vii) Define an one — one function.

One - one function:

A function f : A — B is called one — one

function, if all distinct elements of A have

distinct images in B, 1.e:

f(x1) = f(x2)

VX #x2€ A

X1=X,e A or
f(x) # f(x2)
(viii) Define an onto function.
Onto function:
A function f : A — B is called an onto
function, if every element of set B 1s an image
of at least one element of set A.
i.e. Range of f =B
(ix) Define a Bijective function.
Bijective function:
A function f : A — B is called bijective
function iff function f 1s one-one and onto.
(x) Write De Morgan’s law.
De Morgan’s Law:
If two sets A and B are the sub sets of U then
De-Morgan’s laws arc expressed as

(1) (AUBY=A"NB’

(i1) (ANB)Y=A"UB’



Q.3 Fill in the Blanks

L.
1.
11,
.,

V.
V1.

VL.

V1L

1X.

X1.

X11.

X111.

X1V.

XV.

XVI.

lt A= Bthen AUB=

It AN B = ¢then A and B are
It A< B and B < Athen
ANBUO) = -
AUBNC)=

The complement of U is

The complement of @is
ANMA =

AUA =

The set {.\".\'e Aand x¢ B}=____
The point (-5, -7) lies in

quadrant.
The point (4,-6) lies in
quadrant.
The y co-ordinate of every point is
On X-axis.
The x co-ordinate of every point is
on y-axis.

The domain of {(a,b), (b,c), (c,d)} is

The range of {(a,a), (b,b), (c,c)} 1s

xvil. Venn-diagram — was  first  used

by :
xviil. A subset of A x A 1s called the in
A.
xix. If /1 A——> Band range of t=B, then
fisan function.
xXx. The relation of {(a,b), (b,c), (a,d)} 1s
function.
Answers:
(1) B (11) Disjoint sets
i) A=B  (iv) (AnB)U(ANC)
v)  (AuB)n(AUC)
(vi) ¢ (vit) U
(viii) & ax) U
(x)  A\B (xi)  Ilrd
(xi1)  IVth
(xiii) Zero (xiv) Zero

(xv) {a,b,c}
(xvi) {a,b,c} (xvii) John venn

(xvii1) Binary relation
(xix) onto (xx) not



