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)



