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Exercise 2.3

Verify the commutative properties of union and intersection for the
following pairs of sefs: -

A={1,2345)} B={4,28,10} ii.
A={x|xeYRA Xx=0),B=R iv.

Solution

il

A=(12345)8B={4,68,10}
Commutative property of Union.
AUB = BUA
L.H.S = AUB = {1,2,3.4,5} U {4.6,8,10}
={1,2,3.4.5,6,8.10}
R.H.S = BUA = {4,6,8,10} U{1,2,3.4.5)
=(1,2,3.4,5.6.8,10)

Hence, AUB = BUA

Commutative property of intersection.

ANB = BNA

L.HS = AnB = {1.2,3.4.5) n {4.6.,8,10}

= {4}

R.HS = (BnA) ={1,2,3,.4,5} n {4,6.8,10})
= {4}

Hence, ANB = BNA
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ii. A

A= N; B=1

Commutative property of union.
AUB = BUA

LHS =AUB=NUZ=1

RHS =BUA=IUN=1

Hence, AUB = BUA

Commutative property of intersection.
ANB = BNA

LHS =AnB=Nn=N

RHS =BnA=7InN=N

Hence, ANB = BNA

={x|xeYRA x=0) B=R

Commutaotive property of union
AUB = BUA
LHS=AUB={x|xeYy RA x=0}=R

RHS=BUA={|xeYy RA x=20}=R

Hence, AUB = BUA

Commutative property of intersection

ANB = BNA
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LHS=ANB={x|xeY RA x=20}nR
={x|xeY RA x =0}
RHS=BNA=Rn{x|xeY RA x=0}

={x|xeY¥ RA x 20}

Hence. ANB = BNA

Q2. Verify the properties for the sets, A, B and C given below:
I. Associativity of Union

. Associativity of intersection.

iii. Distributivity of Union over intersection.

iv. Distributivity of intersection

a.A={1,234) B={345678), C={56,79.10}

b. A={)} B = {0}, C={0,1.2)

c.NZQ

Solution:

a. A=(1234): B=(345678) C=(56,7"910)

I Associativity of union
(AUB)UC=AU(BUC)
L.H.S = (AUB) UC
AUB = {1,2,3,4)U(3.4,5.6.7.8)
={1,2,3,.4,5,6,7.8)

(AUB)UC = (1,2,3,4,5,6,7.8) U (5,6,7,9,10)
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={1,2.3,4,5,6,7.8,9,10}
R.H.S = AU(BUC)
BUC = {3.4,5.6.7.8.9.10)
= {3.4,5.6.7.8.9.10)
AU(BUC) ={1,2,3,4} U {3.4,5.6.7.8.9.10)
={1,2,3,4,5,6,7,8.9,10}

Hence Proved (A UB)UC=AU (BUC)

il Associativity of intersection

(ANB)NC = An(BNC)

LLHS = (AnNB)NC
ANB = {1,2,3,4} n {3,.4,5.6,7.8}
=1{3.4}
(ANB)NC = {3.4} n {5,6,7,8.9,10}
=i{}

R.H.S = An(BNC)
BNC = {3.4,5.6.7.8} n {5,6.7.9.10}
= {5.6,7)
An (BNC) ={1,2,3,4) n {1,2,3,4n(5.6.7) = {}

Hence Proved (ANB)INC = An (BNC)

iii. Distributivity of union over intersection,

AU(BNC) = (AUB) n (AUC)
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LHS =AU (BNnC)
BNC = {3.4,5,6,7.8}n {5,6,7,9,10}
= {5.6.7}
AU(BNC) = {1,2,3.4}U{5.6.7)
={1.2,3,4,5.6,7)

RHS AUB = {1,23,4}U{3.4,5,6.7.8}
={1.2,3,4,5,6.7.8}

RHS = (AUB)n (AUC)
AUB = {1,2,3.4} U {3.4,5,6,7,8}
={1,2.3.4.5.6,7.8)
AUC = {1,2,3,4)U{5.6,7.9.10}
={1.2,3.4.5.6.7.9.10}
(AUB) n (AUC) ={1.2,3,4,5.6,7,.8} n {1,2,3,4,5,6,7,8,9,10}

Hence Proved, AU (BNC) = (AUB) n (AUC)

b. A={} B ={0). C={0,12}
I. Associativity of union
(AUB) UC = AU (BUC)
RHS = (AUB)UC
AUB = {} U {0} = {0}
(AUB) UC = {0}V {0,1,2} = {0,1,2}
RHS =AU(BUC)
BUC = {0)U{0.1,2} = {0,1,2}
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AUBUC)={} U {0.1.2} ={0,1,2}
Hence Proved, (AUB)UC=AU (BUC)

ii. Associativity of intersection.
(ANB)NC = An (BNC)
LHS = (ANB)NC
ANB={}n{0}=1{}
(ANB) NC = { In{0,1,2} ={}
RHS = An(BNC)
BNC = {0)n{0.1.2} = {0}
ANBNC)={} U {0} ={)

Hence Proved, (ANB)NnC=An (BNC)

iii. Distributivity of union over intersection.

AU(BNC) = (AUB) n (AUC)
LHS =AU (BnC)
BNC = {0}n {0.1.2}

= {0}
AU(BNC) = { }U{0}
= {0}
R.H.S AUB = { }U{O}
= {0}

AU={}U{0,1.2)
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= {0}

Hence Proved, AU (BNC) = (AUB) n (AUC)

iii. Distributivity of intersection over union.

L.H.S

R.H.S

AN(BUC) = (AnB] U (ANC)
= An (BUC)

BUC = {0} U {0,1.2}

= {0,1,2}

AN(BUC) = { }n{0.1.2}
=)

= (ANB) U (ANC)

ANC ={}n{0.1.2}

={}

ANB = { }n{0}
={1,2,3,4,5,6.7.9,10)
(ANB) U (ANnC) = {} U{}

Hence Proved, A n (BUC) = (AnB)U (ANC)

C. A=N:B=Z,C=Q

R.H.S

(AUB) UC = AU (BUC)
= (AUB)UC
AUB=NUL =1

(AUB) UC = IUQ=Q
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RHS = AU(BUC)
BUC =ZUQ = Q

Hence Proved, (AUB)UC = AU(BUC)

ii. Associativity of intersection
(ANB)NC = An(BNC)
L.H.S = (AnB)nC
(ANBNC = NNQ =N
R.H.S = An(BNC)
(BNC) = InQ =7
AN(BNC) =NnZ =1

Hence Proved, (AnNB)NC = An (BNC)

iii. Distributivity of union over intersection.

AU(BNC) = (AUB) n (AUC)

LLHS =AU (BNnC)
BNC=1InQ=17
AU(BNC) = NUZ = Z

R.HS = (AUB) n (AUC)
AUB = NUZ=Z
AUC=NUQ=Q
(AUB) N (AUC) =In Q=1

Hence Proved, AU (BNnC) = (AUB) n (AUC)
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Distributivity of intersection over union,
AN(BUC) = (ANB) U (ANnC)

LLHS =An (BUC)
BUC=2ZUQ=Q
AN(BUC) = NNQ =N

RH.S =(AnB) U (AnC)
ANC=NNQ=N
ANB = NNZ =N

(ANB) U (ANC)=NUN=N

Hence Proved, An (BUC) = (AnB)U (ANC)

Q3.

Verify De Morgan'’s Laws for the following sefs:

U={1,23,...,20}, A ={24.,5,..20} and B ={1,3,5,19}

Solution:

(AUB) = A'nB’
LHS = AUB = {2,4,6.....,20}U{1,3.5...... 19}
={1.2,3.....20}

(AUB) = U - [AUA) = {1,2.3......20}- {1,2.3......

=Q
R.HS ANB
A'=U-A={1,23...,20}-(1.3.5...19)
={2.4,6,....,20}

B'=U-B={123...20}-{24.6.....20}

www.topstudyworld.com

20}

Mathematics



www.topstudyworld.com Mathematics

=£1,3:9::::.19}
A'nB ={13,5...19} n{24,5,....,20}
=Q
Hence Proved
(ANB)' =
L.H.S = (AnB)'
ANB ={2,4,6,....20} n {1.,3,5......19} = @
(ANB) = U - (ANB) ={1,2,3.....20} = { }
={1,2.3.....20)
A=U-A={1.,234)5...20}-{24.%6....20}
= 1],2.3...::.:, 19)
B'=U-B={1,23.....20} - {1.2.3....... 19)
={2.4.6.......20}
R.H.S =(AnB)' = {1.2,3.......19} - {2.4,6....,20}
={1,2,3.4.5....,20}

Hence Proved.

Q4. LetU =The set of the English alphabet.

A={x|xis vowel}, B ={y|yis a consonant)},
Verify De Morgan’s Law for these sefs.

Solution:
I. (AUB) = A'nB’

L.H.S = (AUB)’
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AUB = {xix 1s c vowel} U {y |y iIs a consonant}
= The set of the English alphabet

(AUB) = U - (AUB) =The set of the English alphabet - The set of the
English alphabet

=0
R.HS =A'NB

A'=U - A = The set of the English alphcbet
= {xIx iIs ¢ vowel}

B"= U -B = The set of the English alphabet - {y | y is 6 consonant}
= {x| xis a vowel}

A'NB’ = (yly Is consonant) n {xlx i1s a vowel)
=0

Hence proved, (AUB) = A'nB’

i. (AnB)' = A'UB'
L.H.S = (ANB)’
ArB = {xix is a vowel) n {Ay is a consonant)
=Q
(ANB)' = U - (ANB) = The set of the English alphabet - @
(ANB)' = The set of the English clphbet
R.H.S = A'UB’
A" =U - A =The set of the English alphabet - {x| xis g vowel)

= {y |y is © consonant)
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B"=U - B =The set of the English alphabet - {xix Is ¢ consonant}
= {x|x 15 a vowel}

A'UB = {yly is c consonant} U {x| x 1s ¢ vowel}

= The set of the English alphabet

Hence proved: (ANB)' = A'UB

Q5. With the help of Venn diagrams, verify the two distributive properties in the
following cases w.r.t union and intersection.

I. ACB, AnC = 2 and B and C are overlapping.

ii. A and B are overlapping; B and C are overlapping but A and C are disjoint

Solution:

Prove, Distrnibutive of union over intersection
AU(BNC) = (AUB) n (AUC)

LHS =AU (BNC)

RHS = (AUB)n (AUC)

AUB

www.topstudyworld.com



www.topstudyworld.com Mathematics

(AUB) n (AUC)

Hence Proved, AU (BNnC) = (AUB) n (AUC)
Prove, Distributive of intersection over union
AN(BUC) = (AnB) U (AnC)
LHS =An (BUC)

AN(BUC)

RHS =(AnB)U (ANC)

ANB
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ANC

Hence Proved, A n (BUC) = (AnB)U (AnC)

ii. A and B are overlapping; B and C are overlapping but A and C are disjoint

(A(s()

Prove, Distnbutive of union over intersection
AU(BNC) = ([AUB) n (AUC)
LLHS =AU (BNC)

BNC
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AUB

(AUB) n (AUC)

Hence Proved, AU (BNC) = (AUB) n (AUC)

Prove. Distributive of intersection over union
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AN(BUC) = (AnB) U (ANC)
LHS =An (BUC)

BUC

R.HS =(AnB) U (AnC)

ANC

ANB

((;

(ANnB) U (ANC)
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Hence Proved, A n (BUC) = (ANB)JU (AnC)

Q6. Taking any set say A =(1,2,3,4,5) verify the following:-
. A=A ii. AnA = A

Solution:
I Alo=A
RHS=AUe=A=RHS

Hence, Proved

i, AUA=A
R.HS AUA = AUA=A =RHS

Hence, Proved

il AnA = A

RHS AnA=A=RHS

Hence, Proved

Q7. KU=(1,234,..20)and A=(13,5.....19), verify the following.
I. AUA'=U i AnU =A iilL ANDA'= o
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. AUA'=U
LH.S = AUA’
A" = U-A ={1,2,3......20} - {1,3,5......19}
= {2.4.6......20)
AUA' ={1,3,5......19) U {2.4,6.....20}
=(1,2,3.4,....,20)

Hence, Proved

i, AnU=A
LHS=ANU
AnU={1,235...19}1n{1.23.....20}

={1,3,5......19} = A = R.H.S

Hence, Proved

Iii. ANA'=p
L.H.S = AnA’
A=U-A=(123...20)-(1.35...19) = {2. 4. 6...... 20
ANA' = (1,3,5,.....19)n{2,4,6,....20} ={ } = R.H.S

Hence, Proved

Q8. From suitable properties of union intersection deduce the following results:
i An (AUB) = AU(ANB)
il AU(ANB)=An (AUB)
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Solution:
. AN(AUB) = AU(ANB)
L.H.S. = An(AUB)
= (ANA) U (ANB)
(Distnbutive property of intersection over union)
= AU(ANB)’ {- AnA = A}
= R.H.S

Hence, Proved An(AUB) = AU(ANB)

i. AU(ANB) = An(AUB)
L.H.S = AU(AUB)
AU(ANB) = (ANA)U{ANB)
(Distributive property of intersection over union)
= An(ANB) {'. AUA = A)
= R.H.S

Hence Proved: AU(ANB) = (AnA)U{ANB}

QY. Using Venn diagrams, verify the following results.
L ANB = Aiff AnB=o

i. (A-B)U B=AUB

ii. (A-B)nB=o

iv.  AUB' = A U(A'nB")

Solution:
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I AnB' = Aiff AnB=o
it ANB= @

Then LHS = ANB

’.- dl

Hence, Provec
ANB = A iff AnB=@
Conversely

ANB=oiff ANB' = A
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[O1O,

Hence Proved, ANB= o iff ANB = A

ii. (A-B)UB=AUB

LHS = (A-B)UB

A-B

R.HS =AUB

Hence Proved (A-B) UB = AUB

i. (A-B)NnB=g

LHS=(A-B)nB

A-B
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| ‘.’
RHS=@ -
B)NnB=
nce Proved (A
He

AUB = A U(A'NB')
Iv.

RHS =AU(ANB)

B = U-B

A = U-A
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