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Sets and Functions

Mathematics-10
Unit5-5.2

Properties of Union and Intersection

of Set (K.B)

e Commutative property of Union
AUB=BUA

e Commutative property of intersection
AnB=BnNA

e Associative property of union
Au(BuC)=(AuB)uC

e Associative property of intersection
AN(BNC)=(AnB)NnC

e Distributive property of union over
intersection
AU(BNC)=(AUB)N(AUC)

¢ Distributive property of intersection over
union

AN(BuUC)=(ANnB)U(ANC)
e De-Morgan’s laws

(AUB) =A'nB’

(AnB) =A'UB’
Commutative Property of Unio

(K.B + U.B)

For any two sets A and B, prove
that AUB=BUA.
Proof
Let xe AUB
—=>xeAor x € B (by definition of union of sets)
—>xeBor xeA

= xe( BUA)
= (AUB)c(BUA) —(i)
Now let ye(BUA)

= ye BoryeA (bydefinition of union of sets)
—>yeAoryeB

= ye(AUB)
=(BUA)c(AUB) —(ii)

From (i) and (ii), we have AUB=BUA.
(by definition of equal sets)

(MTN 2014) (K.B + U.B)
For any two sets A and B, prove
that AnB=BNA
Proof

Let xe(ANB)

= xeAand xeB
(by definition of intersection of sets)

— xeBand xeA

= xe(BNA)
~.(AnB)c(BNA)— (i)
Now let ye(BNA)

= yeBand yeA

(by definition of intersection of sets)

—> yeAand yeB
= ye(ANB)
Therefore, (BNA)< (ANB)— (ii)
From (i) and (ii), we
have AnNB=BNA (by definition of equal sets)
Associative Property of Union

(K.B + U.B)
For any three sets A, B and C, prove that
(AUB)UC=AuU (BUCQC)
Proof
Let xe (AuB)uC
= xe (AUB) orxeC
=(xeAorxeB)orxec

(Associative property)

= xeAor(xeBorxeC)

= xeAorxe(BUC)

= xeAu (BuUC(C)

= (AUB)UCc AU (BUC) —>(i)
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Unit—5 Sets and Functions
Now let y e AU(BUC) Let xe AU(BNC)
= yeAorye(BuUC) = xeAorxe(BNC)
:yerr(yeBoryeC) = xeAor (xeB and xeC)
:ye(AoryeB)oryeC = (xeAorxeB) and (xe AorxeC)

= xe(AuUB)and xe ( AUC)
=ye(AUB)oryeC

= xe (AUB)N (ALC)
:yE(AUB)UC Therefore

S AU(BUC)c (AUB)UC —(ii)
From (i) and (ii), we have
(AuB)UC=AuU(BUCQC)

Associative Property of Intersectio
(K.B + U.B)
For any three sets A, B and C, prove that

(ANB)NC=AN(BNC)
Proof
Let xe(AnB)NC

= xe(ANB) andxeC

= (xe Aandxe B)and xeC
= xeAand (xe Band xeC)

= xeAandxe(BNC)

= xe An(BNC)
=(ANB)NC c An(BNC)— (i)
Now let y e An(BNC)

= yeAandye(BNC)

= yecAand(yeBandyeC)
=(yeAandyeB)andyeC
=ye(AnB)andyeC
=ye(AnB)nC

. AN(BNC)c(ANB)NC — (ii)
From (i) and (ii), we have
(AnNB)NC=AN(BNC)
Distributive Property of Union ove

Intersection (K.B + U.B)
For any three sets A, B and C, prove

that AU(BNC)=(AuB)N (AUC)
Proof

AU(BNC)c (AUB)N (AUC) — (i)
Similarly, now let y € (AUB) N (AUC)
= ye (AuB) and ye (AUC)

= (yeAoryeB)and(yeAor yeC)

= yeAor (yeBand yeC)

= yeAorye(BNC)

= yeAU(BNC)

= (AUB)N (AUC)c AU(BNC) — (i)
From (i) and (ii), we have
AU(BNC)=(AUB)" (AUC)
Intersection over Union[( - JRTN-)

For any three sets A, B and C, prove that
AN (BUC)=(ANB)U(ANC)
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Proof
Let xe An(BUC)

= xeAandxe(BUC)

= xeAand (xeB orxeC)

= (xeAand xeB)

or (xe Aandxe(C)

= xe(AnB) orxe(ANC)

= xe(ANB)U(ANC)

AN (BUC)c(ANB)U(ANC) — (i)
Now let

= ye(AnB)U(ANC)

= ye(AnB) orye(ANC)

or (ye Aand yeC)

= (yeAand yeB)

= yeAand (yeB or yeC)

= yeAandye(BUC)

ye An(BuUC(C)

(ANB)U(ANC)c AN(BUC)—(ii)
From (i) and (ii), we have

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

(K.B + U.B)

(LHR 2016, MTN 2016, SGD 2015, BWP
2016, D.G.K 2016)

For any two sets A and B belonging from
universal set U.

(AUBY=A'nB — (i)

(ANB)'=A'UB - (ii)

(i) Proof

Let xe (AuB)'

= x& (AU B) (by definition of complement of set)
= x¢Aand x¢ B

= xeA'and xeB’

= xeA'NB' (by definition of intersection of sets)
= (AUB)cA'NB — (i)

Let ye AnB'

= yeA'and yeB'

= y¢Aand y¢B

= y& (AUB) (by definition of union of set)
ye(AuBY

A'nB c(AUB) - (ii)

Using (i) and (ii), we have
(AUB)=A'NB

(ii)  Proof

Let xe(ANB)’

= x&ANB  (by definition of complement of set)
= xgAorxeB

—>xeAorxeB

= xeA''\UB' (by definition of union of set)

=(ANB)'cAUB - (i)
Let ye AUB’

= yeAoryeB

= yeAoryeB
= y¢ANB

= ye(AnB)’
= AUB'c(ANB)' —(ii)

From (i) and (ii), we have proved that
(ANB)'=AUB

Q.1 Given X={1,357,...,19} (A.B)
Y ={0,2,4,6,....,20}

7Z=1{2,3,5,7,11,13,17,19,23}
To Find

(i) Xu(YuZ)

i (XuY)uz

(i) Xn(YNZ)

(iv) (XNY)nZ

v) Xu(YNZ)

vi) (XUY)n(Xuz)

(vii) Xn(YUuZz)

(vii) (XNY)u(XNZ)

Solution:

(i Xu(Yuz) ®rwp205 (A.B)

=01.8,57, e 194
({0,2,4,6,....,20}{2,3,5,7,11,13,17,19,23})
={135,...,19}U
{0,2,3,4,5,6,7,8,10,11,12,13,14,16,17,18,19, 20, 23}
={0,12,345,6,7,89,10,1112,1314,1516,17,18,19,20,23}

(by definition of intersection of sets)
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i) (Xwy)uz (A.B) (viii) (XNY)u(XNZ) (A.B)

XuY={1,3,5,7.,...,19}U{0,2,4,6,....,20} XnY={1,35,7,...,19}1{0,2,4,6,...,20}
={0,1,2,3,....,20} ={}

(XuY)uZ XriZ= {1,355 :..,19)

={0,12,3......,20} | }{2,3,5,7,11,13,17,19, 23}
=025 i 20,23}

(iii) XN(YNZ) (A.B)
YNZ={02456,..20}{2,3,5,7,11,13,17,19,23}
={2}
XA(YNZ)={1,35,7,....,19} {2}
={}
(iv) (XNY)nZ (A.B)
XnY={L35,7,...,19} {0, 2,4,6,....,20}
={}
(XﬁY)ﬁZ ={}"{2,3,5,7,11,13,17,19,23}
={}
V)  Xu(Ynz) (A.B)
YnZ={0,246,..,20}n{2,3,57,11,13,17,19, 23}
={2}

Xu(YNZ)={135,7,...,19} {2}
={1,2,3,5,7,:...18

vi) (XuY)n(Xuz) (A.B)

XUY ={1,35,.,19}U{0,2,4,....,20}

={0,1,2,3,...., 20}
XuUZ={135,..,19}{2,3,5,7,11,13,17,19,23}

={1,2.8,5,7,...,419,23}
(XuY)n(Xuwz)={0,123..,20}

{1,2,3,5,7,.....,19,23}

={1,2,3,5,7,....,19}

(vii) Xn(YuZz) (A.B)
YUZ={0,2,4,6,...,20}

2,85, 7.11,13.37,18,23
={0,2,3,4,5,6,7,8,10,11,12,13,14,16,17,18,19, 20,23}
XN(YUZ)={1357;..419
{0,2,3,4,5,6,7,8,10,11,12,13,14,16,17,18,19, 20,23}

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

{2,3,5,7,11,13,17,19,23}
={3,5,7,11,13,17,19}
(XmY)u(Xr‘\Z) ={}u{3,57,11,13,17,19}
={3,5,7,11,13,17,19}
Q.2 Given A ={1,2,3,4,5,6}
(A.B + K.B)
B={2,4,6,8}
C=1{1,4,8}
To Prove
(i) AnB=BnA
(ii) AUB=BUA
(i) AN(BUC)=(ANB)U(ANC)
(ivy AuU(BNC)=(AuB)n(AUC)

Proof
(i) ANB=BNA (A.B + K.B)
LHS=AnNnB
={1,2,3,4,5,6} n{2,4,6,8}
={2,4,6} —(i)
RHS=BnNA
={2,4,6,8}{1,2,3,4,5,6}
={2,4,6} —(ii)
From equation (i) and (ii)
L.H.S=R.H.S
ANB=BNA
Hence Proved
(i) AUB=BUA (A.B + K.B)
Proof
LHS =AUB

={1,2,3,4,5,6}\{2,4,6,8}
= {L2,3,4,5,6,8} — (i)
R.H.S =BUA
= {2,4,6,8} u{1,2,3,4,5,6}
:{L2,3,4,5,6,8} —(ii)
From equation (i) and (ii)
LHS=RHS

AUuB=BUA
Hence Proved
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(iii) ANn(BuUC)=(AnB)U(ANC) RH.S =(AUB)n(AuUC)
(A.B + K.B) ={L2,3,4,5,6,8}m{],2,3,4,5,6,8}
Proof

L.HS = An(Bu()
BuC={2,4,6,8}u{L4,8}
:{l, 2,4,6,8}
An(BuCQ)
={],2,3,4,5,6}m{],2,4,6,8}
:{L 2,4,6} —>(i)
RHS =(AnB)U(ANC)
AmB:{],2,3,4,5,6}m{2,4,6,8}
{2 4, 6}
{LZ 3,4,5, 6} {L4,8}
={1.4]
(ANB)U(ANC)=1{2,4,6} {14}
={1,2,4,6} —(ii)
From equation (i) and (ii)
L.H.S=R.H.S
An(BuC)=(ANB)U(ANC)
Hence Proved
(ivv AuU(BNC)=(AUB)N(AUC)
(A.B + K.B)

ANC

Proof
L.HS =AuU(BNC)

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

LH.S =AU(BNC)
={1,2,3,4,5,6} L{4,8}
={1,2,3,4,5,6,8} —(i)

RH.S =(AUB)N(AUC)

AUB={1,2,3,4,56}U{2,4,6,8)

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

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

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

I

AuC

I

={1,2,3,4,5,6,8} —(ii)
From equation (i) and (ii)
L.H.S=R.H.S
AU(BNC)=(AUB)N(AUC)
Hence Proved
Q3 Given U={1,2,3,...,10}
(A.B + K.B)
A={1,35,7,9}
B = {2,3,5,7}
To Prove
() (ANB)=A"UB
(i) (AUB)=A'NB
() (ANB)=A"UPB

Proof
LHS = (ANnB)

ArB ={135,7,9}{2,35,7}
5.7}

(AnB) =U—-(ANB)

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

RHS=A'UB
A" =U-A
={1,2,3,..,10}~{1,3,5,7,9)
=1{2,4,6,8,10}
B'=U-B
={1,2,3,...,10}-{2,3,5,7}
={1,4,6,8,9,10}

A'UB' ={2,4,6,8,10}U{1,4,6,8,9,10}
={1,2,4,6,8,9,10} —» (ii)

From equation (i) and (ii)
L.H.S=R.H.S

(ANB) =A'UB'
Hence Proved
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) (AUB)=ANE (AB+KB) | @ YoX=voX' o (AB+KE)
roo
LHSfE‘Z“iB)‘ LHS=Y-X
A.U.B - hasndulns ={1,3,5,....,17} —{1,3,7,9,15,18,20}
_(12,35,7.9) ={5,11,13,17} — (i)
I Stk LHS=YNX'
X'=U-X

LHS =(AUB) =U-(AUB)
={12,3,...,10}-{1,2,3,5,7,9}
=1{4,6,8,10} — (i)

RHS=A'NB
={2,4,6,8,10} {1,4,6,8,9,10}
={4,6,8,10} — (ii)

From equation (i) and (ii)

L.H.S =RH.S
(AUB) =A'NB
Hence Proved

Q.4 Given
U=1{123,..,20}
X = {1,3,7,9,15,18,20}
Y = {135,...,17}

To Prove
i X-Y=XnY
i) Y-X=YnX'
Proof
@ X-Y=XnY
LHS=X-Y
={1,3,7,9,15,18,20} —{1,3,5,...;,17}
={18,20} — (i)
Y=U-Y
142,3;:5520} —41,3,5,5:4517}
={2,4,6,.....,18,19, 20}
RHS=XNY
= {1,3,7,9,15,18,20} n{2,4,6,....,18,19,20}
={18,20} — (ii)
From equation (i) and (ii)
L.H.S =RH.S
X-Y=XNY'
Hence Proved

(A.B + K.B)

(A.B + K.B)

= {L 28 20} — {], 3,7,9,15,18, 20}
= {2, 4,5,6,8,10,11,12,13, 14,16,17,19}
YmX'= {L3,5,....,17}
0{2,4, 5,6,8,10,11,12,13,14,16,17, 19}
= {5,1L13,17} —> (ii)
From equation (i) and (ii)
L.H.S =R.H.S

Y-X=YnX'
Hence Proved
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