X € A and xe BNC

—

= X € A and [x € Borx e C}

= [xe Aandx e B]or[x € A and x € C}

=> [x € AN Bj or[x € An (]

=3 xe(ANnB)U(Au()

Hence by def. of subsets

AN(BuC)c(AnB)U(ANn () (1)

Similarly (ANB)U(ANC)cAn(BuUC) (i1)

From (1) and (11)), we have K AN(BUC)= (ANnB)U(AN ()

(g) De-Morgan's laws
For any two sets A and B, prove that

() (AuB)=A'NnB

Proof: “Let x € (A U B)

=> xeg AUB (by definition of complement of set)
= X € A and x¢gB |

= X € A" and X € B

= xeA'NB (by definition of intersection of sets)
=> (AuB) c(AuBY) (1)

Stmilarly A’ B'c (AU B) (11)

Using (i) and (i1), we have (A U B) =A' " B’

(1) Let x € (AN BY

x€ANB

xg AorxegB

xeA'orx € B’

xA'"UB'

(ANB)Y cA'"UPB (1)

et yeA'NB

ye AnB

ye Aorxe B

ye AnB

y € (AN B)

(AANB)Y cA'NnB (11)

rom (i) and (11) we have proved that
(ANB)Y=A"UB

SOLVED EXERCISE 5.2

U U | | ol | A IO R T |

w

1. If X={13.5,7,...,19}, Y ={0,2,4,6,8,...,20}
Z=1{2,3,5,71113,17,19,23}, then find the followi»:.

() XuU(YUZ)
Solution:
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YUZ={0,2,4,6,8,..20} U {2,3.5,7 11, 13,17, 19, 23)
={0,2,3,4, ..., 17, 19, 20, 23}
Xu(YuZ) =(1,3,57,.,1910{0,23,4,..,17, 19,20, 23)
={0,1,2,3, ..., 30, 33)

(i) XuY)YuZ
Salution;
XvuY ={1,3,57,.,19) U {0,2,4,6,8, ..., 20)
={0,1,2,3, ..., 19, 20}
(XuYuZ ={0,1,23,.,19,201U{23,5711,13,17,19, 23}
={0, 1,2, 3,., 20, 23}

(ili) XN(YNZ)
Solution
YNZ ={0,2,4,6,8,...,20) " {2,3,5,7, 11,13, 17, 19, 23)

=¢
XN(YN2Z)
XAY ={1,3,57,...,19) "¢
=¢
(iv) XN"Y)NZ
Solution: |
XNY ={1,3,5,7,...,19) " {0, 2, 4, 6, 8, ...20}
=¢
(XNY)NZ =6én{2,3,5711,13,17,19,23}
=¢

(v) Xu(YnZ)
Solution:
YNZ ={0,2,4,68,..20}n{2,3,57,11,13,17,19, 23}
= {2}
Xu(Ynz) ={1,3,5,17,..,19} v {2}
=1{1.2,3,5,7,.,19}
(vi) XuY)Nn(XUZ)

Solution:

1,3

0,1,2,3,.,19,20} |

1.3.5,7,.., 19} U {2.3,5,7, 11,13, 17, 19, 23}
3

19,200~ {1,2,3,5,7, ..., 17,19, 23)
7, ....19)

(vii() X"N(YU Z)
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' 8,...,200 U {2,3,57,11,13,17,19, 23}
3; 6; oois 19, 20,23}

., 193 M {0, 2,3,4,5,6, ..., 19, 20}

\ 19}f‘\{02463 ., 20}

XnZ ={1,3,57 .19 n{2,3,5,7. 11,13, 17,19, 23}
={3.5.7.11, 13, 17, 19}

(viii) XNYYu(XNZ)
XNnY=41,3,57,..,19}n{0,2.4,6,8, ..., 20}

¢
{1,3,5,7,..., 19} n {2,3,5,7,11, 13,17, 19, 23}
{3,5,7, 1 J3H|%

2. If4={1,2,3,4.5,6},B={2,4,6,8}, C-{]1,4,8,|.
Prove the following identities:

i) AnNB=BNA

Solution:

LHS =AnB
=1{1,2,3,4,5,6} " {2,4,6.8}
={2.4,6} (1)

F.HS. =BnNnA

={2,4,6,8} n{l,2,3,4,5, 6}
= {21 41 6} ________(II)
From (1) and (it), we have
L.H.S=R.H.S.

Hence proved.

(i) AUB=BUA

Solution:
LHS.=AUB
={1,2,3,4,5,6} {246, 8}
={1,2,3,4,5,6, 8} (1)
RHS.=BUA
=1{2,4,6,8} U {l,234,5:,6}
={1,2,3,4.5,6, 8) (i1)
From (1) and (i1), we have
LHS=RH.S.

Hence proved.

(iii) AU(BUC)=(ANB)U(AN ()
Solution:

CamScanner


https://v3.camscanner.com/user/download

o

R.HS. =

ll 2.3.4,5.6) N (]2.4,6.8) n{l, 4. 8))
(1,2,3,4,5.6,} 0 {1,2.4.6. 8!

{1,2.3.4,5, 6} (1)

~-(ANB)UAU(0)

=({1,2.3.4,5.6}n {2.4.6.8})U(}1,2.3,4.5.6} n {l, 4, 8})
{2.4.6} U {1, 4}

={1,2.3.4.5.6} (i)

From (1) and (i1), we have
L.HS =R.H.S.
Hence Proved.

(iv) AUBNC)=(AUB)~ (AU C)

Solution:

LHS. =AU(BNC(C)

—

- =1{1,2,3,4,5,6. 8}
RHS. =(AuB)n(AULC()

{1,2,3.4,5,6} w({2.4,6,8} n {l,4,8})
{1,2,3,4,5.6,} u{4, 8}

()
({1,2,3,4,5.6} U {2,4.6,8})n({1,2,3,4,5,6} n{l,4, 8})
{(1,2,3,4,6.8) N {1.2,3.4.5.6, 8}

{(1,2,3,4,5.6, 8 (i)

From (1) and (ii), we have

L.HS=R.H.S.
Hence Proved.
3. If U={1.2,3,4, 5,6,7,8,9, 10} A={13,5,7,.9}, B=1{2,3,5, 7}, then
verify the De-Morgan's Laws
i.e., (ANB)=A'UDB and (AUB)=A"NnB'
Solution
L.HS. =A"UB’
= -(ANB)
={1,2,3,4,5,6,7,8,9, 0}-—({] 3, 5 7,9}h{2,3,5,7})
={1,2,3,4,5.6,7,8.9. 10} - {3.5
=£{1,2,4,6,8,9, 10} (1)
RHS. =A'"UPB .
=[u-A]u (v -B]
=({1,2,3,4,5,6,7.8.9,10} - {1.3.5.7.9})
u ({1, 2 3,4,5,6,7.8.9,10} - {2.3.5.7})
= {2.4,6,8,10} U {1.4.6.8.9. 10}
=1{1.2,4,6,8.9, 10, (11)

From (1) and (11). we have

L.

H.S = R.ILS.
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() (AUB)=A"NnB

LHS. =A'"UB
= -(AuvB)
={1,.2,3,4.5,6,7,8,9, 10} - ({1,3,5,7.9)n {2,3,5.7})
={1,2,3,4,5,6,7,8,9,10} - {1,2.3,5.7,9}
={4,6,8,9,10} (i)

RHS. =A'"nB

=[u-A]N[u-B]

=({1.2,3,.....10} = {],3,5, 7,9 ({1,2.3....... 10} -1{2,3,5.7})
={2,4,6,8,10) N {1,4,6, 8,9, 10}

={4,6, 8,9, 10} (1)

From (i) and (1), we have

L.HS=R.HS.

4 IfU={,2,3..20), X=1{1,3,7,9,15, 18, 20} and
Y={13,5,...,17)}, then show that

1) X-Y=XNnY

Solution:

LHS =XNnY'
= (1.3,5.7.9. 15, 18.20) A (U~ Y)
=(1,2,5,7,9.15, 18.20} A ({1, 2,3....20} - {1.3.5. ....17})
={1,3,5,7,9,15, 18,20} n {2,4,6,8.10, 12, 14, 16. 18, 20}

= {18, 20} ()
From (1) and (i1), we have
L.HS=R.H.S.

Hence Proved.

(i) Y-X=YNX

Solution:
LHS. =Y-X
={1,3,5,......17} - {1, 2,5, 7.9, 15, 18, 20}
={5.11,13, 17} (i)
RHS. =YNnX
=Y N (U-X)
={1.3,5, ..., 17}\n({1.3,...... 20} - {1.3.5. 7.9, 15, 18. 20}
={l,3.5...“...17}ﬂ{2.4.5.6,8.lﬂ 11, ]" 13. 14. 16, 19}
= {5, 11, 13,17} (1)
From (1) and (i1). we have
L.HS=R.HS.

Hence Proved.

Verify the fundamental properties for given scts:

(a) A and B arc any two subsets of U, then A u B =B u A (commutative law).
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For example 0
A={1,3,57}and B={2,3,,5,7}
then AuB={1,3,5710({2,3,57}=1{1,2,3,5,7)}
and BUA={2,3,5,70LU{1,3,5,7}={1,2,3,5.7}
Hence,_veriﬁed that AUB=B U A.

(b) Commutative property of intersection
For example A={1,3,5,7Yand B=12,3,5, 7}
Then ANB={13,57} N {2,3,57}={3,57)
and BnNnA={23517n{1357=(3,57)
Hence, verified that AN B=B N A

(c) If A, B and C are the subsets of U, then (AUB)UC=A U (BuU Q).
(Associative law)

Suppose A={1248}, B={24,)}
And C={3,4,5,6)
Then L.H.S. = (AuB)uUC

=({1,2,4,8} U {2,4,6}) U {3.4,5,6}
= {1,2,4,6,8} L {.3,4,5.6}
={1,2,3,4.5,.6,8)}
and R.H.S. =AuU (Bu()
={42.4.8} U ({2,4,6} U (3,4,5,6})
={1,2,4,8} U {234, 5, 6}
= {42,3,4, 5, 6,8}
L.H.S.=R.H.S.
Hence, union of Sets 1s associative.

(d) If A, B and C are the subsetsof U,then (ANB)NC=ANn (BN C)
(Associative Law).

Suppose ., A={1,24,8};5={2.4,6}andC={34.5, 6}
then LH.S, =(ANB)NC
' =({1,2,4,8} N {2,4,6})N {3, 4,5, 6}
={2,4} " {3.4,5,6} = {4}
and R.H.S. = AN (BN C)
=1{1,2,4,8} n({2,4,6}) N {3,4,5, 6})
= (1,2, 4, 8}; = {4, 6} — {4)
L.H.S.=R.H.S.
I—Té'nce, intersection of sets is associative.

Distributive laws

(e) Union is distributive over intersection of sets
If A, B and C are the subsets of universal set U, then A U(BNC)=(A U B)n (A U C).
Solution: Suppose A =1{1,2,4,8},B=1{2,4,6}and C {3, 4,5, 6}
then LHS =Au(BnC(Q)
: = {1,2,4.8}U ({2,4,6) N {3,4,5.6})
={1,24,8) U {4,6} - {1,2,4,6,8)
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and RHS =(AUB)N(AUC)
=({1,2,4,8} U {2,4,6}) " ({1, 2, 4,8} U {3,4,5, 6})
=(12,4,6.8) N {1,2,3,4,5,6,8)
= {1,2,4,6,8)
LHS =RHS

(f) Intersection is distributive over union of sets
ToprovedN(BUC)=(ANB)U(ANB)
Suppose A=1{1,23,4.5,...,20}
B={5,10,15.20,25,30}
C={3,9,15,21,27,33}
LHS.=AnBuC()
={1,2,3,4,5, ...,20} n({.5, 10, 15, 20, 25, 30} U {3,9, 15,21,27,33})
={1,2,3,4,5,...,20} n {3,5,9, 10, 15, 20, 21, 25, 27, 30, 33}
= {3,5,9,10,15,20}
RHS. =(AnB)u(AnC)
=({1,2,3,4, ...,20} n {5, 10,15, 20,25, 30})
v({1,2,3,4,5,...,,20} n {3,9,15,21, 27, 33})
= {5, 10, 15,20} U {3,9, 15} ={3, 5,9, 10, 15,20} _
L.H.S.=R.H.S.

(g) De Morgan's Laws(ANB)' =A'UB'and (AU B)'=A'" B’

Suppose U={1,2,34,..., 10}

A=1{24,68.10} = {1,3,5,7,9}
B={1.2,3,45,6}] = B'={7,8.9, 10}
Now considlerANB ={2,4,6,8,10} n{l1,2,3,4,5,6)}
, = {2.4, .6}

Then LHS.=(AnB)=U-(ANnB)
={1,2,3,4,...,10)- {2, 4, 6}
={1,3,5,7,8,9,10}

and R.HS. =AUB
={1,3,5,7,9} v {7,8,9,10}
={1,3,5,7,8,9,10}

L.H.S.=R.HS.
(AUBY=A'NnPB .
Suppose U={1.2,3,4,..., 10}
A={24,6,8, 10} =>A'={-1,3,5,7,9}
B={1,2,3,4,56} =B={72829,10)
Now consider ALUB ={2,4,6,8, 10} U {1,2,3,4,5, 6)
-={1,2,3,4,5,6,8,10)
LHS. =(AuB)=U-(AuB)
={1,2,3,4,...,10} - {1,2,3,4, 5,6, 8, 10}
= {1 3)
and RHSA' =B'={l,3,5,7,9} n {7.8,9, 10}
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=1{1.9]
L.HS=RHS.

Venn Diagram:

Briti‘sh mathematician John Venn (1834 — 1923) introduced rectangle for a universal set U
and its subsets A and B as closed figures inside this rectangle.

Use Venn diagrams to represent:

(2) Union and intersection of sets
Disjoint sets

Fig 4 Fig. S Fig.6
(Regtons shown by horizontal line segments in figures | to 6.)

(b) Complement of a set

- ol — S  w— ———

U — A =A'is shown by horizontal line segments.

Use Venn diagram to verify:

() Commutative law for union and intersection of sets.
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AuB

A U B is shown by herizontal line B U A is shown by vertical line
segments, segments.
The regions shown in both cases are equal.

Thus AUB=BuUA,, .

A N B is shown by honzontal line segments. B M A is shown by vertical line segments.
The regions shown in both cases are equal.
Thus ANB=BnA.

(b) De Morgan's laws
(|) (AUB)=A'NnB (ii)

Fig. l A' is shown by horizontal line segments Fig. 2: B’ is shown by vertical line segments

G RN B O R D 4 R SR A 4 D AR D 8 p—— s sy - - -
SngESEeSSENSNISANARESUNEENA e PITE E ]
ll.lf -;f 5 o . & . e "I-‘. -If ]

B2 == » “=- SAIEESADS 7 .
e b - -1 rr!"' - o ,"_lf-!‘/‘, L ' -
. LT .!=!55= G, lag, o __,_{{Fﬁ_,;: l
A e e
'- ’/' ‘ L% (7" LA
' lj e I ' 4
| 3 41‘ / . f/r
. . - _ =E?Hf - +-‘ i (] ' ..:-; .-"' ‘ﬁl
. 9 o . = : _:}:Lu "J

Flg 3: A'n B' is shown by squares Fig. 4: (A v B) is shown by slantmg Iln

segments

Regions shown in Fig. 3 and Fig. 4 are equal.
Thus (AU B) = A'Nn B’ |

(ANB)=A'"UB
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.'IHIIII- II.I.IIIIIIIII..III
LASEERYES AR EROUREBDREERU]

I I“III AL IIIITIITTTITITITT
II.-II EIBENE . uEAGREN)

I:.': I it

::: -Ii
w

_IIII
7 ARy 45§ 8

fﬁ}}ghdf L8

{ .F }- I-.I - '51
IIIIIIIIII.:Il-."F'"-l::::::
S

....-. Ta0REEaNO A BED -l l

1 T T I .‘l.l - r..n tﬁL \ mﬁﬁlh

Fig. S A’ U B' is shown by squares, Fig.6 U -(A N B)=(ANB)

horizontal and vertical line segments. is shown by squares, horizontal

Regions shown in Fig. 5 and Fig. 6 are equal.
Thus (ANnBY=A'"UB

(¢) Associative law:

‘,.'g.,'gial.._ .

-5 P I—-qu

T 'turgm

Fig. | Fig. 2
(A u B)u C is shown A v (5w C)isshown
in the above figure, in the above figure.

Regions shown in fig. | and fig. 2 by d ifferent ways are equal.
Thus(AuB)uC=AuBUC()

A . 13

Fig. 3
(A N B)~ C is shown in figure 3 by double
A A (B n C) is shown in figure 4 by double crossing line segments

Regions shown in Fig. 3 and fig. 4 are equal.
Thus (ANBYnC'=ANn(BNC)

(d) Distributive law:
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Fig. 2: A u B is shown by horizontal line

Fig. I: A U (B N C) is shown by horizontal
segments in the above figure.

line segments in the above figure.

Fig. 4. (AvuB)Nn(AU C) is shown by

Fig. 3: A U C is shown by vertical line oy
double crossing line segments in Fig. 4.

segments in Fig. 3, |
Regions shown in Fig. 1 and Fig. 4 are equal.
Thus AuBNCO)= (A UB)N(A v C)

Fig. 6: AN (B U C) is shown in Fig. 6 by

Fig. 5:B U C is shown by vertical line
vertical line segments.

segments in Fig. 5.

- Ll

L

Fig. 7: (AN B)uU (AN C)is shown in
Fig. 7 by slanting line segments.
Regions displayed in Fig. 6 and Fig, 7 are equal.
Thus AN(AUC)=(ANnB)VU(ANC)

SOLVED EXERCISE 5.3

(1) A
L.H.S.

,3,5,7,9)-{1,4,7, 10}
: ) (i)
RHS =AnNnPB
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