Class 11

Set

“A well- defined collection of distinct objects is
called a set.”

*Set are usually denoted by capital English
alphabets such as A,B,C,....X,Y,Z

*the objects of a set are called its elements
denoted by small letters such as a, b, c, ... x, y, z.

e.gA={anb,c}
There are three different ways of describing a set.
1. Descriptive method.

A method of describing a set in words is known as
“Descriptive Method” e.g.,

A set of all vowels of English alphabets.

2.Tabular Method of describing a set by writing
the elements of the set within brackets is known as
“Tabular method”e. g,

A={a,el,o0,u}
0 ={%1,43,4£5,%7..}
3.set-builder Method

A method of describing a set in which the element
of a set are denoted by an arbitrary variable (say
X) starting common property or properties
possessed by all elements of the set is knownfas
set- builder Method

A = {x|x is vowels of English alph@bets}
0 = {x|x is an odd number}
The symbol used for membefship©f a set is €
and € means member not belong to a set.
Some important sets.
N = the set all natural numbers
N ={123,..}
W = the set of all whole numbers
W ={0123,..}
Z = the set of all integers
Z={0,+1,+2,43 ...}
z' = the set of all negative integers
z'={-1,-2,,-3...}
O = the set of all odd integers
0 ={+1,43,£5...}
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E = the set of all even integers
E =1{0,12,1+4,16,..}

Q = the set of all rational numbers

Q={x|x=gwherep,qEZandq¢0

Q' = the set of all irrational numbers

Q' = {x|x qtg where p,q € Z}

R = the set of real numbers
R =QUQ’

KINDS OF SETS

Null set:

A set which contains no element is called null or
empty set. It is depoted by® or { }

Order of a Sét:

The number of €l€ment present in a set is called
order of asset.

Numfer®er element in a set A is denoted by n(A)
ed.,

ITA{1,2,3}, n(A)=3
So order of set A=3
Singleton Set:

A set having only one element is called singleton
sete.g.,

A={4},B={x|]x e N N1 <x <3}
Finite Set:

A set in which element are countable or finite is
called finite Set.

eg.,A={1234},B={x|xeEN N6 <x<9}
Infinite Set:

A set in which element are uncountable or infinite
set.

e.g.,
A={x|x ERA0O<x <1}
B ={1,2,3}
Equal Sets:

Two sets A and B are equal i.e A=B if and only if
they have the same elements ,that is, if and only if
every element of each set is an element of the
other set.
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Mathematically if A=B
iffASBand B<S A
e.g.,
A=1{123},B={213}s0A=B
Note;

Two sets A and B are said to b equal if they have
i)same order ii)same elements

One —To-One correspondence.

One —to one correspondence between two sets A
and B is defined as

Each element of A can be paired with one and
only one element of B and each element of B can
be paired with one and only one element of A.

.9,

let A={a,b,c,d}

B={1,2,3,4}

Example:

If A{1,2,3} subset of A are

{15 {23{3}{1.,2},{1,3}.{2,3}{1,2,3}
Proper subset of A are

{02333 {1.2},{1.3} {2.,3}

*if A is proper subset of a finite set B i.e,
AcC B thenn(4) <n(B)

ab c d
I 717 I}there is (1-1yeesrespondence

12 3 4
between A and B.

*(1-1) correspondence cannot be established
between a finite and infinite set.

Equivalent Sets:

Two sets A and B to be equivalent if(1-1)
correspondence can be made between them e.g.,

A{2,4,6} ,B={ab,c} areequivalent Sets.
And A={1,2,3..} and B={2,4.6....100}

Are not equivalent sets.

Note:

If A'is equivalent to B it is written as A~B or A =
B

*Two equal sets are necessary equivalent.
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*Two equivalent set may or may not equal.
Subset:

Any set A is said to be subset of a set B if every
element of the set A is also an element of B
mathematically

ACB iffxeA->x€B

*if A is a subset of B then it is denoted by
A € B and read as “A is a subset of B”
*if A is a subset of B then n(4) < n(B)

*every set is subset of itself and empty set is
subset of every set.

If ACSB then we may read it in two ways.
i)AC B i.e., Alisasubset of B

ii)BCS A i.e., B 15y subset of A

Note:

Possible subset'@f a set can be calculated by the
formufa 23 (2no. of elements present in the set)

elg.41t.A{1,2,3} then there will be 8 subsets of A
are

(U 11{23.{3}{1,2},{1,3}.{2,3}{1,2,3}
~23=8
Types of Subset:
There are two types of subset
i)proper subset
iil)Improper subset
i) Proper subset

If A is a subset of set B such that at least one
element of B does not belong to A, then A is
called proper subset of B denoted by A= B

*all the subsets of any set (except the set its self)
and its proper subsets.

*there is no of an empty and singleton set.
Improper subset:

If A is subset of set B such that A=B then A is
called improper subset of B denoted by AC B

€.,
if A={1,2,3,4,5}and B={5,3,4,1,2}
then A=B
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*we may say that two equal sets are also improper
subset of each other.

*every set has one and only one improper subset

Power set:

The collection of all possible subset of any set A
is called power set of A denoted by P(A)

Example:

B={1,2,3}

Then
P(0)={{}{1}{2}{3}{1,2}.{1,3}.{2,3H{1.2,3}}
Universal Set:

“The supper set of all the sets under discussion is
called universal set and is denoted by U”

*universal set is also called universe of discourse.

Exercise 2.1

Q.1: Write the following sets in the set builder
notation:

i) {1,2,3,. .. ,1000}
={x|xeNAx <1000}

i) {0,1,2,3,. . . ,100}
={x|xe WAx <100}

iii) {0,+1,+2,43,. . . ,+1000}
={x|xeZ A<x <1000}

iv) {0,—1,-2,-3,. .. ,— 500}
={x|xeZ A—500<x <0}

v) {100,101,102,. . . ,400}
={x|xeNA 100 < x <400}

vi) {~100,-101,-102,. . . ,—500}
={x|xeZA—-500<x<-100}

vii) {Peshawar, Lahore, Karachi, Quetta}
= {x |x is a capital of a province of pakistan}

viii) {January, june, july}
= {x |x is a month of the calendar year beings with j}

ix) The set of all odd natural numbers
= {x |x is an odd natural number}

x) The set of all rational numbers

={x|xeQ}
xi) The set of all real numbers between 1 and 2
={x|lxeRA1>x>2}
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xii) The set of all integers between —
100 and 1000
={x|xeZ A —100 < x <1000}

Q.2
Write each of the following sets in descriptive
and tabular forms:

i) {x|xeN Ax <10}

Descriptive form: The set of first ten natural number
Tabular form:{1,2,3,4,5,6,7,8,9,10}

ii) {x|xeN A 4<x<12}

Descriptive form:The set of natural num. between 4
& 12

Tabular form:{5,6,7,8,9,10,11 }

iii) {x|xeZ A—5<x<5}

Descriptive form:The set of integers between —
5and 5.

Tabular form:{—4,+3,-2,-1,0,1,2,3,4}

iv) {x|xeE A2 <x <4}
Descriptive form:TheSet of even numbers between 2
and 5.

Tabular,form: {44

Vatx [xelP A x <12}

Descriptive form: The set of prime numbers less than
12,
Tabular form:{2,3,5,7,11}

vi) {x|xe0O A 3<x<12}

Descriptive form:The set of odd integers between 3 and 12.
Tabular form:{5,7,9,11}

vii) {x|x€eE A 4 <x <10}

Descriptive form:The set of Even integers from 4 to
10.
Tabular form:{4,6,8,10 }

viii) {x|x€E A 4 <x< 6}

Descriptive form:The set of even integers between 4
and 6.

Tabular form:{ }

ix) {x|xe0OA5<x<7}
Descriptive form:The set of odd integers from 5 upto 7.
Tabular form:{5,7 }

x) {x|xe0O AS5<x<7}
Tabular form:{ }

xi) {x|xeN A x+ 4 =0}
D.F:The set of natural numbers x satisfyingx+4 =0
Tabular form:{ }

xii) {x|xeQ A x? =2}
D.F:The set rational numbers x satisfying x*> = 2
Tabular form:{ }
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xiii) {x|xeR A X =X}

D.F:The set of real numbers x satisfying x =
x

Tabular form: R

xiv) {x|xeQ A x=-x}

D.F:The set of rational numbers x satisfying x = —x
Tabular form:{0}

xv) {x|xeR A x # 2}

D.F:The set of real numbers x satisfying x # 2
Tabular form: R — {2}

xvi) {x|xeR A x# Q}

D.F:The set of real numbers x which are not rational.
Tabular form: Q'

Q.3: Which of the following sets are finite or
infinite.
i) The set of your students in class.

Finite

ii) The set of all schools in pakistan.

Finite
iii) The set of natural numbers between 3
and 10.

Finite

iv) The set of rational numbers between 3
and 10.

Infinite

v) The set of real numbers between 0 and 1.
Infinite
vi) The set of rational numbers betweén 0
and 1.
Infinite

vii) The set of whole numbers between 0 and 1.

Finite

viii) The set of all leaves of trees in pakistan .

infinite
ix) P(N) Infinite
x) P{a,b,c}. Finite
xi){1,2,3,. ...} Infinite
xii) {1,2,3,. .. .100000000} finite
xiii){x|x € R Ax#x} Finite
xiv){x|x € R A x* =-16} Finite
xv){x|x€Q Ax*=5} Finite

xvi){x|x€Q A 0<x<1} Infinite
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Q.4:Write two proper subsets of each of
the following sets.
i) {a,b,c}
SOLUTION:
{a,b},{c}

ii) {0,1}

SOLUTION:

{0}, {1}

iii) N
SOLUTION:

{1}, {2}

iv)Z
SOLUTION:

{1}, {2}
v) Q
SOLUTION:
{324
wi) R
SOLUTION:
{13,{2}
vii) W
SOLUTION:
{13,{2}
viii) {x|xeQA0<x<2}
SOLUTION:
{13,(2)
Q.5:Is any set which have no proper set.
SOLUTION:
Yes, @ is a set has no proper subset.
Q.6:what is the dif ference between {a, b}and
{{a,b}}?
SOLUTION:

{a, b} is a set containing two elements a and b.

{{a, b}} is a set containing only one element {a, b}

Q.7:Which of the following sentences are true
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and which of them are false? {—x} {— =} {x,=} {(+ = x}, {+ ==} {+x,+},
SOLUTION: {=x+}h{+ %=}
i {1,2}={2,1} True
i) oc{{a}} True iit) {0}

iii) {a} 2 {{a}} False P(A) = {0,{0}}

iv) {a}€{{a}} True
iv) {a,{b, c}}

P(4) = {0, {a}, {{b, c}},{a, {b, c}}}

Q.10: Which pairs of sets are equilent?

v) ac{{a}} False
vi) 0 € {{a}} False

Q.8:Which is the number of elements of the
Which of them are also equal?

power set of the given sets?

SOLUTION:
i){a,b,c},{1,2, 3}
FORMULA: No.of elements in power set =
2" ,where n is the no.of elements in a set. These two sets age equilent becuase each set

DA={} has three elgmermnts:

Power set of { } has element =2 = 20 =1

ii)A=1{0,1} ii) The'setof fiest 10 whole numbers,

Power set of {0,1} has element 2" = 22 = 4 {041,2)3,4,5,6,7,8,9}

iii)A=1{1,2,3,4,5,6,7} Tiese two sets are equal becuase each set has

Power set of A ={1,2,3,4,5,6,7}  has eleméht same ten elememnts.

2" =27 =128
iv)A=1{0,1,2,3,4,56,7} iii) Set of angles of quadrilateral ABCD,

Set of sides of the same quadrilateral.

Powersetof A ={0,1,2,3,4,5, 6,7} bas élément
These two sets are equilent becuase each

= 2" = 28 =256
set has same number of elememnts.

)A ={a,{a,b}}

Power set of A = {a, {a, b}} has element = 2" =
22 =4

vi) A = {{a,b},{b,c},{d, e}}

iv) Set of sides of hexagon ABCDEF ,
Set of angles of the same heagon.

These two sets are equilent becuase

Power set of 4 = { {a, b}, (b, c},{d, e}} has each set has same number of elememnts.
element=2"=23=38

Q.9: Write down the power set of each of
v){1,2,3,4, ...}, {2,4,6,8, ...}

the following sets:
These two sets are equilent becuase there is 1 —

i){9,11} 1 correspondance between the elements

P(4) = {9,{9},{11},{9,11}} of the sets.

i) {+, =%, +} vi){1,2,3,4, ...
P(A) = {@,{+} {=} {x}, (=} {+, -} {(+x} {++},
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These two sets are equilent becuase there is 1 —

1 correspondance between the elements of the sets.

vii)
{5,10,15,20, .. .55555}, {5,10,15,20, ...

These two sets are not equilent becuase the
first set is finite while the second is infinite.

2.2 Operation on Sets

Union of the two sets:

Union of two sets A and B, denoted by AU B is
the set of all elements, which belong to A or B

Symbolically,

AUB ={x|x € AVvx € B}
Example:

If A={1,2,3} and B={2,3,4,5}
Then AUB = {1,2,3,4,5}
Intersection of two sets:

Intersection of two sets A and B, denoted by
ANB is the set of all elements, which belong to A
and B

Symbolically,

ANB = {x|x € ANx € B}
Example:

If A={1,2,3} and B={2,3,4,5}
Then AN B = {12,3}
Disjoint Sets:

If intersection of two sets A and B is empty set
then seta and A and B are called disjoint sets.

Example:

one = @ wher O is the set of odd and E
is the set of even intergers.
Overlapping Set:

If the intersection of two sets A and B is non
empty set but neither is subset of the other, the
sets are called overlapping sets.

Example:
If A={1,2,3,4} and B={,3,4,5,6}
Then A N B = {3,4} overlapping set.
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Complement of a set:

If U is universal Set then U\A or U-A is called
complement of A, denoted by A'or A€ thus

A=U-A

Symbolically, A" = {x|x e U Ax & A}
Example:

If U=Nthen E' = 0 and 0’ =E

Examplel.

If U= set of alphabets of English language
C= set of consonants, we set of vowels then
C'=Wand W' =C

Difference of two sets:

The difference A-B OfAYB of two sets A and B is
the set of elements,which belong to A, but not
belong to B.

Symbaglieally,
A—B={x|x €A ANx & B}
Example2:
if A=1{1,2,3,4,5}and B = {4,5,6,7,8,9,10}
A—B=1{123}and B—- A = {6,7,8,9,10}
Noticethat A—B # B — A

2.3 Venn Diagrams:

(named by JOHN VENN” The English logician
and mathematician(1834- 1883 A.D)

“if the picture representation of given sets in the
form of rectangle and circles”

*in Venn Diagram, rectangular region represent
given sets

Venn diagram of given sets.

When A and B are Disjoint sets ANB =
1)

Results

n(AUb) = n(4) +n(B)
n(AnNB) =

n(A—B) = n(A)

n(B — A) = n(B)
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n(B) <n(AUB) n(ANnB) <n(B)
n(4) <n(AUB) n(A —B) =n(4) +n(B) —n(ANB)
A—B

(a) (e ;

n(B — A) =n(B) —n(ANnB)

n(AnB) =n(A) +n(B) —n(AUB)

[CICIEE
L

Result:

n(U B) = n(B)

n(A N B) = n(4)

When A and B are overlapping (A N B @ n(4) < n(B)

AUB n(A-—B)=0

n(B — A) = n(B) —n(4)

2 ®

‘ e

n(AuB) =n(4A)+n(B) —n(ANB)

Results

n(A N B) < n(4)
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Note Shaded area gives required region or required result

Exercise 2.2
Exhibit AUB and A
B N B by venn diagrams in the following cases:

i)AC B

SOLUTION:

when Bis subset of A(B € A)
u
Result:

n(B U A) =n(4)

n(A n B) = n(B)

n(B) < n(4)
n(B—A4)=0

AUB

A
LUTION

n(A — B) = n(4) —n(B)

A-B)

iii)AU A’

SOLUTION:

@
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iv)A and B are disjoint sets

SOLUTION:

a

) ()

v)A and B are overlapping sets

SOLUTION:

Q.2:Show that A — b and
B — A by venn diagram when:

i)A and B are overlapping sets

u
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Q,3:
Under what conditions on A and B are the

following statements are true ?

i) AUB=A if BCSA
iil) AUB=B if ASB
iii) A—0=90 if A=0
iv) AnNB=B if BSA

v) n(AUB) =n(4) +n(B) if ANB=0

vi) n(AUB)=n(A)+n(B) if ASB

vii) A—B =4 if ANB=
® or B=0
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viii) n(ANB) =0 if ANB=¢@

ix) AUB=U
B=A

if A=B" or

x) AUB=BUA it is always true

When BCA

ifU=A

xi) n(AUB) =n(B)
xii) U—A =0

Q.4:LetU =1{1,2,3,4,5,6,7,8,9,10},
A=1{2,468,10},

B={1,2345}, C={1,3,579}

List the members of each of the following sets:

i) A€
A =U-A=1{1234,5,6,789,10} — {2,4,6,8,10}
={1,3,5,7,9}
ii) B¢
B¢ =U-B ={1,2,3,45,6,7,89,10} — {1,2,3,4,5}
= {6,7,8,9,10}
iii)y AUB
AUB ={2,4,6,810} U {1,2,3,4,5}
={1,2,3,4,5,6,7,8,9,10}
iv) A—-B
A— B =1{2,4,68,10} — {1,2,3,4,5}
= {6,8,10}
v) AnC
ANnC =1{246810}n{13579}={}
vi) A°UC*
ACuCc=U-AuU-0)
= ({1,2,3,4,5,6,7,8,9,10} — {2,4,6,8,10})
v ({1,2,3,4,5,6,7,8,9,10} — {1,3,5,7,9})
={1,3,5,7,9} U {2,4,6,8,10} = {1,2,3,4,5,6,7,8,9,10}
vii) A°UC
AAuC=U-4AucC

= ({1’2l3’4’5l6l7l8’9’10} - {2’4l6’8’10})
v {1,3,5,7,9}

={1,2,3,4,5}
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viii) U¢

Uue=U-U

={1,2,3,4,5,6,7,8,9,10} — {1,2,3,4,5,6,7,8,9,10}
={}=0

Q.No.5 using the Venn Diagram if

necessary find the singleton set equal to
the following.

i)Ac =U-A

Shaded area ShoWws A°¢
NANU

solutiondANU = A

Shaded area shows A N U
ii)AuU

solution: AU =U

Shaded area shows A U U
iv) AU @

solution: AU QP =A

Shaded area shows A U @

10| Page
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v)ONQO
solution: N @ = {}

Venn diagram is not necessary.

Q6. Use the Venn diagrams to verify

)A—B=ANB¢

Solution:

i)A— B = An B Fig.(i)

Frem Tig(li) and fig(iii)
(A-B)NB

Now from (ii) andgfige(iti) From fig (iii) and fig(iv)

Fig.(iv) We conclude that

(A-B)NB=B
Properties of Union and Intersection:

i) Commutative property of Union
AUB=BUA
proof:

letxe AUB
Hence from fig (i) and fig. (iv)

= x€Aorx€B

We conclude that = x€Borx€A

= xX€EBUA asx€AUB->x€BUA

A—B =AnNB° SOAUBCSBUA..(1)

B Conversely,

iN(A—-B)NB=B8B
letyeBUA

= y€BoryeA

= y€Aory€eB

11| Page
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= y€A oryeB->y€eAUB
= asy€EBUA—->yeAUB
SOBUACAUB..(1)
From (i) and(ii) we conclude that
AUB=BUA

i) Associative property of Union
AUBUC)=(AUB)UC
Proof:

Letxe AU (BUC)

x€Aorx € (BUC)
x€Aor(x € Borx € ()
(x € Aorx € B)orx € C
x€(AUB)orx eC
x€(AuB)ucC

448403

x € (AUB)orx €C

x€(AUB)UC

as x€E(AUB)UC »x€AU(BUC)

soAU(BUC)S (AUB)UC...(0)

conversely,

letye (AUB)UC

yE(AUB)oryeC

(yeAory €eBlory€ecC

ye€Aor(y€EBoryc€()

yEAorye (BUC)

yEAU(BUC)

asy€E(AUB)UC»y€eAU(BUC)

so(AUB)UC S AU (BUC) .. (i)

from (i)and (ii)we conclude that
AuBUC)=(AUB)UC

iii) Commutative property of imtersection

AnB=BnC

448030

=
=
=
=
=
=
=

Proof :
letx e AN B

xE€EAandx €EB

XEBandx €A

XEBNA

xEANB->x€EBNA

soANBSBNA..(Q)
Conversely,

letyeBNA
yEBandy €A
yE€Aandy €B
yeEANB
asyEBNA—->y€EANB
soBNA<S AnB..(ii)
From (i) and (ii) we conclude that

AnNnB=BnC
iv) Associative property of intersection
An(BnNnC)=(AnB)NC
Proof:

LetxeAn(BNC)

=

8804040003833

4484800038373

x€Aorxe(BnNnC(C)
x€Aor(x e Borx€C()

(x € Aorx € B)orx € C

x € (ANB)orx €C

x€ANB)NC

x € (ANnB)orx €C

x€EANB)NC

as xEAN(BNC)-»xe€(ANB)NC
soAN(BNC)S(ANnB)NC..(~I)
conversely,

letye (AnB)NC
yeE(ANB)oryeC

(yeAory eB)oryecC
y€Aor(yeEBorye()
y€eEAory€e (BnC)
yeEAN(BNC(C)
asye(AnB)NC->yeANn(BNC)
so(ANBYNC S ANn(BNC)..(ii)
from (Pand.(il)we conclude that

An(BAC)=AnB)NnC

v)

4402380138

4

Distributive of union over
Intersection
AuBNC)=(AuB)N(ANnC)

letxe AU(BNC)

x€Aorxe(BnNn<C)
x€Aor(x€Bandx€C)
(x€Aorx €B)and(x e Aorx € ()
x€(AUB)and x € (AU 0)
x€(AUB)N (AU )

asx EAU(BNC)->xe(AUB)Nn
(AnC)

soAU(BN C)S(AUB)N(AU

C) ... (ii)

Conversely,

=
=
=
=

letye (AUB)N(ANC)

yE€E(AUB)andy e (ANC)
(yeAory€eB)and (yeE Aory € ()
y€EAor(yeBandy€C(C)
yeEAU(BNC)
asye (AUB)N(ANC)
CAU(BNC).. (i)

From (i) and (ii) we conclude that
AUBNC)=(AUB)N(ANC)

Distributive of intersection over

Union
An(BuC)=(AnB)Uu(An0)

12| Page
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letxe An(BUC) letx € (ANB)'

x€Aand x € (BUC) x¢€(AUB)

x€Aand (x e Borx € C) x¢Aandx € B

(x€eAand x € B)or(x € Aand x € C) XEA"’deEB'
x€(ANB)orx€(ANC) xe@VB) .
x€(ANB)U(ANC) Asxe (AUB) - xe (A'nB’)

ANB) cA UB' ..(i
asx€AN(BUC)—»>x€(ANB)U Convers(ely ) ®
(AnC) |

soAN(BUC)S(ANB)U(AN lety e A UB'
€) ... (ii) yEdoryEB’
Conversely, y&Aory¢B
letye (ANB)U(ANC) zigggg,

= ye(ANB)andy € (ANC) Asye(A'UB)->y€e(ANB)
= (yeAandy € B)or(y € Aand y € C) = s0A"UB S (ANB) ..(1D)
= yeAand (y€ Bory€ () From (i) and (ii) we conclude that
= y€(AuB)nC (AnB) =A'UB'
asyeE(AnB)u(BnNnC(C)

C(AuB)NC..(ii)

440303030

4

Verification ofsthe properties with the help of Venn

Diagram.

From (i) and (ii) we conclude that Q) AUBSBUA
(AuB)NnC=ANB)UANC) AUB

DE Morgan’s Laws

vi) (AuB) =A'nB’ U
vii) (AnB) =A"UB’

Proof:

Vi) (AUB) =A'N B’

let x € (AU B)'

x¢(AUB)
xé&Aand x € B
x€Aand x € B’

xeANB .

Asxe (AUB) - xeA nB’

(AuB) €A nB' ..(1)
Conversely,

lety €A NB (JANB=BnA
y€Aandy € B’
y&Aandy &B
yé& (AUB)
y € (AUB) U
Asye (AnB)Y->ye(AUB)
= soA'NB S (AUB) ..(ii)
From (i) and (ii) we conclude that

ANB

(AuB) =A'nB’

Now (AnB) =A"UB’
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(i(ilAu(BuC)=(AuB)UC

fig(ii)

fig (iii)

From fig.(ii) and fig(iv)

We conclude that
AUuBuUC)=(AuB)uUC
(iVVAn(BNC)=(ANnB)NnC

Chapter 2

fig. (ii)

From fig(ii) and fig(iv) it is verified that
An(BnC)=(AnB)NnC
VAuBNC)=(AUB)N(AUC)
BncC fig.(i)

AN(BNC) fig.(ii)

u
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fig(iii)

From fig(ii) and fig(v) it is verified it is
AUBNC)=(AUB)N (AU
(vjAn(BUC)=(ANnB)u@AnL)

BuC fig.(i)

r

>
S

An(BUCO)

>
X

o

fig. (iii)

Chapter 2

=%
S

U
Cc

o

\/

2

(ANnB)U(ANO)

o

From fig(ii) and fig{@fft is verified that
AN (BWC)=(AnB)U(ANnC
(vi)(AUB) =A'nB’

AY B

U

(AuB)

5 D

fig(ii)

U »

A fig(iii)

B

15| Page



Class 11 Chapter 2

Exercise 2.3

Q.1:
Verify the poperties of uninon and
intersection for the following pairs of sets:
i)A=1{1,2,3,4,5} , B={4,6,8,10}
SOLUTION:
Commutative Property of Union
AUB=BUA
LHS=AUB
={1,2,3,4,5} U {4,6,8,10}
= {1,2,3,4,5,6,8,10}
R.HS=BUA
= {4,6,8,10} U {1,2,3,4,5}
From (ii) and (v) it is verified that (AUB)' =A'n B’ = {1,2,3,4,5,6,8,10}
Commutative Property of intersection
(vii)(AnB) =A'"UB’ ANB=BnNnA
={1,2,3,4,5} n {4,6,8,10}
= {4}
R.HS=BnNA
= {4,6,8,10§N {4,278,4,5}
= {4}
fig(ii) ii)A=AN , B=¥{Z
SOLULION:
Commutative Property of Union
AUB=BUA
LHS= NuUZ
=7
R.HS=BUA
=ZUN
=7
Commutative Property of intersection
ANB=BNA
LHS=NNnZ
=N
R.HS=BnNnA
=ZNN
fig-(iv) =N

fig(iii)

iiDA={x|xeR Ax >0}, R

SOLUTION:
A = Set of all + ive real numbers
B =R = Set of all real numbers
Commutative Property of Union

AUB=BUA
LHS=AUB

=B
R.HS= BUA

=B

Commutative Property of intersection
ANB=BNA
L.HS= ANB
. . o - =A
From fig(ii) and fig(v) it is verified that (4nB)’ =
=A
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Q.2:Verify the propeties for the sets A, B, C given below
i) Associativity of union
ii) Associativity of intersection
iii) Distributivity of union over
intersection
iv) Distributivity of intersection over union
a)A=1{1,2,3,4}, B={3,4,5,6,7,8},
€C=1{5,6,7,910}
i) Associativity of union
(AuB)UC=AU(BUCO)
L.HS=(AUB)uUC
= ({1,2,3,4} v {3,4,5,6,7,8}) U {5,6,7,9,10}
={1,2,3,4,5,6,7,8} U{5,6,7,9,10}
={1,2,3,4,5,6,7,8,9,10}

RHS=AUBUC)={1234}u({3,456,78}u
{5,6,7,9,101)

={1,2,3,4} u {3,4,5,6,7,89,10} = {1,2,3,4,5,6,7,8,9,10}
ii) Associativity of intersection
ANnB)NC=An(BnC0C)

L.HS=@ANB)NC=({1234}N{345,6,78})N
{5,6,7,9,10}

={3,4}n{56,79,10} = {}
RHS=ANn(BNC)

={1,2,3,4}n ({3,4,5,6,7,8} N {5,6,7,9,10})
={1,2,3,43n {567} = {}

iii) Distributivity of uniooverimtersection
AUBNC)=(AUB)N(AuC)
LHS=AUBnNC(C)=
{1,2,3,4} v ({3,4,5,6,7,8} N {5,6,7,9,10})
={1,2,3,4}u {5,6,7} = {1,2,3,4,5,6,7}
RH.S=(AUB)N(AUC)
=({1,2,3,43U{3,456,7,8) n ({1,234} U {5,6,7,9,10})
=1{1,2,3,456,7,8n{1,2,3,4,5,6,7,89,10} = {1,2,3,4,56,7}
Hence L.H.S=R.H.S

iv) Distributivity of intersection over union
AN(Bul)=ANB)uAncC)
LHS=An(BUC)
={1,2,3,4} n ({3,4,5,6,7,8} U {5,6,7,9,10})
={1,2,3,4} n {3,4,5,6,7,8,9,10}

= {34}
RHS=(ANB)UANC)

= ({1,234} N {3,4,5,6,7,8) U ({1,2,3,4} n
{5,6,7,9,10})

={84}n{}
= {3,4}
Hence L.H.S=R.H.S
b)A=0 or {}, B={0}, C={0,1,2}

i) Associativity of union
(AUB)UC=AU(BUC)
L.HS=(AUB)UC
= ({3u{opu{o1,2}={0}u {012}
={0,1,2}

R.H.S =AU @Bw )

= {}u ({0} Uea2))
={} U {ome}= {0,122}

Hen¢éegL.H.S =R.H.S
i) Associativity of intersection
(ANnB)NC=An(BNC)
LLHS=AnNB)NC
={3n{0)n{0,12}={}n{0,1,2} ={ }
RHS=ANn(BNC)
={3n{03n{0,1,2D) = {}n {567} ={}
Hence L.H.S=R.H.S

iii) Distributivity of union over intersection

AUBNC)=(AUB)N(AUC(C)
LHS=AuBnC)={}u{0}n{0,1,2})
={}u {0} = {0}
RHS=(AUB)N(AuUC()
={u{ohn{}ui{o1z2})
={0}n{0,1,2} = {0}
Hence L.H.S=R.H.S

iv) Distributivity of intersection over union

An(BUuC)=(ANnB)U(ANC)
LHS=ANn(BUC) =
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{3n{o}u{0,12) ={3n{0,12}={}
RHS=ANB)UANC)
={@3n{opuIn{o12h ={}n{}={}
Hence L.H.S=R.H.S

JA=N, B=7Z, C=Q OR

A={123,.. .}, B={0,+1,+2,43,.. .}

C= {x|x=§,wherep,q € Z and q # 0}

i) Associativity of union
(AUB)UC=AU(BUC)
LHS=(AUB)UC=(NuZ)uQ=2ZuQ=2Q
RHS=AU(BUC)=NU(ZUQ)=NuQ=¢Q
Hence L.H.S=R.H.S
ii) Associativity of intersection
(AnNB)NnC=An(BnC)
LHS=MAnNB)NC=(NNZ)NQ=NNQ=N
RHS=AnNn(BNC)=NN(ZnNQ)=NNnZ=N
Hence L.H.S=R.H.S

iii) Distributivity of union over intersection
AUBNC)=(AUB)N(AUC(C)
LHS=AUBNC)=NUZNQ)#ENZ =%
RHS=(AUB)N(AUuC()

=(NUZ)N(NUQ)=ZNnQ=2

Hence MH.S = R.H.S

iv) Distributivity of intersection over union
ANBUC)=MANB)UANC)
LHS=ANn(BUC)=NnNn(ZuUuQ)=NnQ=N

RHS=ANB)UMANC)=(NNZ)UNNQ)
=NUN
=N

Hence L.H.S=R.H.S

Q.3:Verify De Morgan's Laws for the
following sets:

U=1{1,23,...
B ={1,3,5,

20}, A={2,4,6,. ..
,19}

, 20},

SOLUTION:

De Morgan's Laws: (AUB) =A'nB’
L.HS= (AuB) =U-(AUB)
={1,2,3, ,20}
—({2,4,6, ,20} U {1,3,5,
={1,2,3, ,20} —{1,2,3,
RHS=ANB =U-A4)nU-B)
= ({1,2,3, ,20} — {2,4,6,
n ({1,2,3,
...,19)
={1,3,5, ,19}n {2,4,6,
Hence L.H.S=R.H.S
De Morgan's Laws: (AnNB) =A"UB’
L.HS= (AnB) =U—-(ANB)
={1,2,3,... ,20}
—({2,4.6, ,203n{1,3,5,
={1,23,... ,20}—{}
={1,2,3, ,20}
RHS=AUB =U-4)UU-B)
= ({123, 20} — {2,4,6,
U {1,2,3,
N9}
»9} U {2,406,
={1,2,3,
Hence ToH.S =R.H.S
Q.4 Us=The set of English alphabets ,A
= {x|x is avowel}, B
= {y|y is a consonant}
Verify De Morgan's Laws for these sets:
SOLUTION:
U=
{a,b,c,d,e,f,g,hi,j,k l,mmno,p,q,r,stuv,wxy,z}
A=A{a,e i, o,u}
B ={b,c,d,f,g,hj k Lmmnnpqr,stvwxyz}
De Morgan's Laws: (AUB) =A'nB’
L.HS= (AUB) =U—-(AUB)=U—-U={}
RHS=ANB =WU-AnNU-B)=BnAd={}
Hence L.H.S=R.H.S
De Morgan's Laws: (AnNB) =A"UB’
LLHS= (AnB) =U—-(ANB)=U—-{}=U
RHS=AUB =(U-AUWU-B)=BUA=U
Hence L.H.S =R.H.S
Q5. With the help of Venn diagrams, verify the
two distributive properties in the following cases
w.r.t union and intersection

,193)
20} = {}

,20})
;20} - {1;315;

203 ={}

,193)

,20})
20} — {1,3,5,

={1,3,5, ,20}

20}

JASB,ANC =
@ and B and C are overlappimg

@AUBNC)=(AUB)N(AUC)
From given information we have Venn diagram as

A S B,AnC = @ B and C are overlapping
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(HAN(BUC)=(ANB)U(ANCO)
BucC fig.(i)

@O

AN(BUO) fig.(ii)

"

ANB

0

D

ANC~ANnC=20 fig.(iv)

(AUB)N (AU )

From fig(iii) and (v)

It is verified that
ANn(BUC)=(ANB)U(ANC)
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(iii) A and B are overlapping, B and C are
overlapping but A and C are disjoint.

(@)Au (BNC)=(AUB)Nn (AU ()

According to given information we have Venn
diagram as

ANB+0,BNC=0,ANnC=0

Fig(iii)

From fig(ii) and fig(v)

It is verified that

AU (BNnO)AVUB)M (AU )

b)) AR B WC)= (ANB)U(ANC)
B G fig(i)

U

fig. (iii)

U
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From fig(ii) and fig(iv) it is verified that

An (BUC)=ANB)U(ANC)

Q.6:Taking any set,say

A ={1,2,3,4,5} verify the following:

SOLUTION:

HDAUVUp=A
LHS=AU0={12345}u{}={12345}=4
ii)AUA=A

L.HS=AUA=1{12345}U{12345}=
{1,2,34,5} = A

iii)AnA=A
LHS=AnA={12345}n{12345}=4A
Q.7:1fU={1,2,3,4, ...,20}and
A={1357 ...,19}
Verify the following:
SOLUTION:

i)AUA'=U

LHS=AUA =AU —-A)

={1357, ...,19}
u{1234, ...7 20} #1357, ..., 19)

={1,3,57, ...,193u {246, . ..,20}
={1,234, ...,20}=U=R.H.S
Hence L.H.S=R.H.S

i)ANnU=A4

LHS=ANnU

={1357, ...,19}n{1,23,4, ... ,20}
=A

=R.H.S

Hence L.H.S=R.H.S

li)AnA =9

LHS=ANA

=AnU—-A)

Chapter 2

={1,357 ...,19}
n{1234, ...,20y—{1357, ...,19)

=0

=R.H.S

Q.8: From suitable properties of union and
intersection deduce the following results:
SOLUTION:

i) An(AuB)=AU(ANnB)
L.HS=ANn(AUB)

=(ANnA)U(ANB)

=AU(ANB)

=R.H.S

Hence L.H.S = R.H.S

ii) AU(ANnB)=AN(AUB)

L.H.S =AU NB)

=(AJA)n (AUB)

=fA »(A'B)

= RwH.S

Hence L.H.S=R.H.S

Q.9 using Venn diagram, verify the following
results.

MWANB ' =A iffANB=¢
Suppose ANB' = A fig.(i)

§OJO,

We are to provethat AN B = @ from fig (i)A N
B'=A

Showing A and B are disjoint. soANB =0
Conversely,

Suppose AnB =¢
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= A and B are disjoint So, (A — B) NB=0
= A will be subset of B’

= SoANB' = A as shown mflg (lll) IV)A UB=AU (A ﬂB)

consider A and B are overlapping sets, then

U
@ AUB figfi)

ANB' =A
iiJA—-B)uB=AUB
consider A and B are overlapping sets, then

A—B fig(i)

fig(iii)

From fig(ii) it is clear that(4 — B) u B 4%
B

iii)
(A—-B)NB =9

Consider A and B are overlapping sets
then From fig(i) and fig(iv) it is verified that

fig.(i) AUB=AU(A'nB)

Induction:
A result on the basis of limited observations is
called induction.

Deduction:
A result or (conclusion) on the basis of well-

From fig.A — B and B having nothing common So known facts is called deduction.
nothing will be shaded to show (A — B) n Proposition:

B as shown in fig. (i) Any statement which is either true or false but not

both is called proposition are denoted by

P1, 91,71 -
Negation:
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Negation of a proposition means to rejects that
proposition. If p is proposition variable then
negation of p is denoted by ~p
Note:

if pistrue ~pis false

Chapter 2

if pis false,~pis true

if ~pistrue,pis false

if ~pis false,pistrue

the truth table is

Conjunction:

Let P and q be two proposition then their
conjunction is denoted by p A g and read as
“pand q”

*A conjunction is true only if both p and q are
true.

*A conjunction is false if at least one of p and q is
false.

The truth table is given
as

Disjunction:

P
T
T
F
F

Let P and q be two
proposition then their disjunction is denoted by
pV q andread as

“pand q”

*A disjunction is false only if both p and q are
false

*A disjunction is true if at least one offp and q'is
true.

The truth table is given as

Implication or conditional:
let p and q be two proposition, then p implication
g is denoted by p —
q and read as “p implis q"(or if p

then q} where p is called hypothesis or
anticedent
while q is called consequent or conclusion.
*A conditional statement is false only when
hypothesis is true, otherwise conditional
statement is always true.
The truth table is given below.

Bi conditional:

The propositionp - g A q —

p is shortly written as

p < q read as p if and only if q is called bi conditional
or equivalent statement.

*A bi conditional statement is true if both p and g are
true.

*a bi conditional statement is true if both p and q are
false.

*A bi conditional statement is false when any one of
p, q is false.

We draw up its truth gable as

P = q
T T T
T F F
F T T
F F T
Conditionals related with a given conditional
Converse:
ket p — q be a given conditional then
q = pis called the converse of p = q
Inverse:
Let p = q be a given conditional then
~p = ~q is called the inverse of p = q
Contrapositive :
Let p = q be a given conditional then
~q = ~p is called the contrapositive of p — q
The truth table is given as

P ~p

T
T
F
F

conditional | converse | inverse | contrapositive|

pP—4q q—p |~p—™~q ~q—=~p

T

T
F
T

T
T F
F T
T T T

Note:

i) From the table it is clear that convers and inverse are
equivalent to each other.

ii) From the table it is clear that any conditional and its
contrapositive are equivalent to each other.
Tautologies:

a tautology.

. p | ~p |pv~p]
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T F T
F T T
From p vV ~q is true for all cases.
SO0 pV ~pis tautology
Contradiction:
A statement which is necessary false for all the cases is
called contradiction.

~p

pA~p
F F

T F
From the table we observe that p A ~p

Is a contradiction.

Contingency:

A Statement which is neither tautology nor contradiction
called contingency.

e.g., (» = q) A(pVq) is contingency.

i) Quantifiers: the word or symbol which convey the ided
quantity or number are called quantifiers.
There are two quanrifiers.

Universal quantifiers: the symbol

V is called universal quantifiers.
ii)Existential Quantifiers: the symbol
3 is called existential quantifiers.
ii)p— (@ VvVaq
pVq

T
T
T T
F F T
Since all the entries in the last column are T,
hence it is a taotology.

iii) ~(p — q)—p

p—q

p—(PVvVaq

T
T

~ (=9 |~ @ "q)—p
F T

T T

F T

F T

Since all the entries in thegldst column are T,
hence it is a taotology.
V~qgAN@P — q)—~p
pla|~p|~q|r— |~ad\p —
q )

Fo|T F
T |F F
Fo|T F

FIF|T T T T
Since all the entries in the last column are T,
hence it is a taotology.

Q.4: Determine whether : each of the followin
is a tautology, a contigency, or an absurdity
DpA~p

~p |[pA~DP
F F
T F
Since all the entries in
the last column are F,

TIT[F
TIF[F
FIT]T

Chapter 2

hence it is an absurdity.

of

iDp — (q—p)
q—p
T

T
F

Since all the entries in the last column are T,
hence it is a taotology.

iii)q V (~qVp)
P 19 ~q
T T
T F

T
F
T

~qVp | gV (~qVDp)
T T
T T
F I T F T
F F | T T T
Since all the entries in the last column are T,

hence it is a taotology.

F
T
F

Exercise 2.4
Q.1:

Write the converse)inverse and contrapositive
of the following.,conditionals

Part | conditig inverse

S nal
i) ~P
= q

q—p

conversé contrapositiiy

q—~p | p—~q ~q—p

ii)

p—4q | ~q— | ~p—~q

~p
p—4q

~p—~q | ~go

P
~p_)~
q

Q.2: Construct the truth table for the

following ststements
=2~V =9

P=>~p| P -~V
=q | —q)

q—p

iv) | ~g—~p q—op p—q

~P

F
F
T

T

(» A ~p) —q
=

T
T
T

iii) ~ (p—q) < (p—~9)
p|q|~q|p—q

~

(p—q)

F
T
F
F
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Q.3
Show that each of the following ststement
is a tautology:
)Na)—q
pAq| (pAg)—q
T T
F T
F T
F T
Since all the entries in the last column are T,
hence it is a taotology..
i)p—>@Vvae
pva |p—(pVa

T T
T T
T T
F F T
Since all the entries in the last column are T,
hence it is a taotology.

iii) ~(p — q)—p

ii)p —(q—p)

q—p

T

T
T |F
FIT

Since all the entries in the last column are T,
hence it is a taotology.
iii) qV (~qV p)

p |9 | ~q |[~qVp |[qV(~qVDp)

T |T |F T T

T |F |T T T

FIT |F [F T

F |[F |T T T

plglp—q|~@—o9 |~ (@ —9—p

T

T
T
F
F

T
F
T
F

F T
F T T
T F T
T F T

Since all the entries in the last column are T,
hence it is a taotology.
iv)~qA(p 2 q@) o~ p

~q|p—= |~qA\(p —
q o))

F|T F T

F F T

T T

T T T T

Since all the entries in the last column are T,
hence it is a taotology.

Q.4: Determine whether each of the
following

is a tautology, a contigency, or an absurdity
DpA~p

~P |pPA~DP
F F
T F
Since all the entries in
the last column are F,
hence it is an absurdity.

Since all the entries in the last column are T,
hence it is a taotology.

b|d

d~

b~

I~
S
)
~
o~
<
Qo
(=)
o
I
s
=
7]
7]
I~
=]
<
o~
I~
Q
~
=~
=
%)
I
?U
=
%]

(b~vd~)ad=(bvd)A(bvd~)Ad:Ipyz aao.d:S-0

(bvd)A(bvd~)ad | (b~vd~)ad | bvd | b~vd~
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Exercise 2.5

Convert the following theorems to logical and prove them by constructing truth tables:
Q.1:(AnB) =A'"UB’

SOLUTION:

Given theorem: (ANB) =A"UB’

and

Logical form: ~(pAq) =~pV~q

~p

~q

pAq

~(@AqQ

~pV~q

T

T

T
T
F

F

T

T

Q.2:(AUB)UC=AU(BUC)
Given theorem: (AUB)UC =AU (BUC)

SOLUTION:
r)

Last two columns show that L.H.S =R.H.S

and

a~]

pvq

qVvr

vavr

pVv(@qVr)

el T NI S R Ry

I I T b

R N R N N e s N N

T T Y e )

I I N T T

I I e e e

Q.3:(AnB)NnC=An(BNC)

SOLUTION:

Last two columns show that L. HxS

N A= ||

Logical form: (pvgq)Vr=pVv(qV

Given theorem: (ANB) N CGEAQ (BN C) and Logical form: (p AgQ)AT =pA(qAT)

pAg

qAT

(P AQ AT

pA(GAT)

T

T

T

T

b e e R e R o]

N e A e e A s R )

|| |[A(T|(A|T|H|=

F

F

Q4AUBNCNC=(AUB)N(AU)

SOLUTION:
Given theorem:
Logical form:

Last two columns show that L.H.S=R.H.S

AUBNC)=(AUB)N(AUC(C)
pV@ATr)=@Vg@A(PVr)

qAT

pVq

<

pVvV(gAT)

(v AV

T

T

T

b e A R R R e R ]
i A A e D e R e

||| A|=

F

F

|| H|<

N R E T Y R T

T
T
T
T
F
F
F

Last two columns show that L.H.S =R.H.S
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Relation / Binary relation: f:A - B and defined as;

Let A and B be two non-empty sets and A X B be )Domf = A
their Cartesian product then relation from A and B

is subset of 4 X B. ii) No two ordered pairs of f have first elements equal

Domain: Example:

The set of the first element of the ordered pairs ) let A ={1,2,3}and B = {a, b, c}and

forming a relation is called its domain. f={1),(2,2), (3,0}
here Domf = {1,2,3} = A also two ordered pairs

Range:
of fhave first element equal. hence f is function.

The set of the second element of the ordered pairs o )
forming a relation is called its range. Onto(Surjective ) function:

Note: if f:A - B be a function such that
Ingeneral AXB +#B X A Range of f = B then f is called on to function.

Into Function: (1-1)and Onto(bijective)Function:

if f+A - Bbeonto function further more
If f: A - B be function such that Range of f is There is no repletiomin the second element of any two
proper subset of B then f is said to be function ordered pairs@f f then f is said to be an one-one and
from A into B. onto function.

Set BuildegNatation for A function:

Thesfunction' f = {(x, y)|y = mx + c}is called a
linear fnction.

if wedraw a liner function then its graph will be a
straight line.

The function f = {(x,y)|y = ax? + bx + c}

Is called quadratic function.

Inverse of a function: If we draw a quadratic function its graph will be a
parabola.

(1-1) And into (injective) function:

if f:A - B beinto function further
More there is no repetition in the second element
any two ordered pairs(i.e; each element of A have
distinct image in B) then f is said to be (1-1) and
into function.

if f:A — B be a bijective functionthenyits
inverse is denoted by £~ and defihethas
ffL:A->B

In this case Domain of =& Range of f

Range of f~! = Domain of f
Example:
let f ={(x,y)ly =mx+c}

= ft={(xy)|lx =my+c}
In other words:

f~1 can be obtained by interchanging
components of ordered pairs of f

Inverse of a function is not necessary a function.
Function:

Let A and B be two non-empty sets, then f is called
function from A to B written as
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Exercise 2.6

Q1

For A =1{1,2,3,4}, find the folloing relations in A.State the domain and range of each relation. Also draw

the graph of each.

D{x»ly=x}

SOLUTION:A = {1,2,3,4}

AxA={(1,1),(1,2),(1,3),(1,4),(2,1),(2.2),(23),(2,4),
(31),(3.2),(33),(3,4), (41),(4,2), (43), (44)}

Let R ={(1,1),(2,2),(3,3), (4,4)}

Domain R = {1,2,3,4}

Range R = {1,2,3,4}

i) {(x,y)|x+y =5}
SOLUTION:
AxA={(11),(12),(1,3),(14),(21),(2.2),(23),(24),

(3,1),(3,2),(3,3),(34), (41),(4,2), (4,3), (4,4)\@

Let R ={(1,4),(2,3),(3,2),(4,1)}

Domain: R =1{1,2,3,4} QO
iii) {(x,y)| x + y < 5} @

SOLUTION:

Range: R ={1,2,3,4}

AxA=1{11),01,2),(013),(1,4),21),(22),(2,3),(24),

(31,(,2),(3,3),(34), (4.1), (42), (4,3), (4.4)}
Let R =1{(11),(1,2),(1,3),(2,1)(2,2),(3,1)}
Domain: R ={1,2,3}

Range: R ={1,2,3}
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iv) {(x,y)| x +y > 5}

SOLUTION:

AxA={(11),1,2),(13),(14),(21),(22),(23),(24),
(3.1),(3,2),(3,3), B4, (41),(4,2), (4,3), (4.4}

Let R ={(24),(33),(34), (42)(43),(44)}

Domain: R = {2,3,4}

Range: R =1{2,3,4}

Q.2:Repeat Q — 1 when A = R ,the set of real numbers.Which of the real lines are functions ?

Solution:

GivenA = R = set of real no.s

i) R={(xyly=x}
DomR =R
No two orderer pairs of r have first elemeiit equal.
So R is a function.
R={(x,y)|x+y=5}
DomR =R
No two orderer pairs of R have firstielement equal.
So R is a function.
R={(x,y)|x+y<5}
DomR =R
there are so many orderer pairsof R(i.e (1,2),(1,3),(3,1),(2,2),(3,0), ...
having first element same.
So Ris a function.
iv) R= {(x,y)|x+y> 5}
DomR =R
there are so many orderer pairs of R(i.e (1,5),(1,6),(3,3),(4,4), ...
having first element equal.
So R is not a function.
Q.3: Which of the following diagrams represent functions and which type?

i) Solution:
Here f = {(1,a),(1,b),(2,¢),(3,d)}
Domf =1{1,23}=A4A
Rang f = {a,b,c,d} =B
ordered pairs (1,a)and (1, b)have first element equal.
so f is not not a function.

Solution:
Here f = {(a,1),(b,3),(c,5)}
Dom f ={a,b,c} =A
Rang f ={1,3,5} =B
f is one — one and also onto function
so f is bijective function.
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iiii)
Solution:

here f = {(1,a),(2,b),(3,¢)}
Domf={123}=A
Rang f ={a,b,c} =B

f is one- one as well as onto function. So f is bijective function.

iv) Solution:
here f = {(I,x),(m,y), (n, 2)}
Domf={Ilmn}=A4
Rang f ={x,y,z} =B
So f is into function.

Q4. Find the inverse of the following relation. Tell whether each kelation and its inverse is

a function or not
) {(2,1),(3,2),(4,3),(5,4),(6,5)}
SOLUTION:
The inverse is

{(1,2),(2,3),(34),(4,5),(5,6)}
which is a function.
i) {(1,3),(2,5),(3,7),(4,9),(5,11)}
SOLUTION:
The inverse is

{(3,1),(52),(7,3),(94),(11,5)}

which is a function.
iii) {x,y)|ly=2x+3,x €ER}

solution:
The inverse is
{x, ) |x=2y+3,x R} R}
iv) {(x,y) | y?* =4ax,x =07}

SOLUTION:

the inverse is

{y) | x* =4ay, y 20}

s~ x? =4ay - x = +\/4ay
For each x there is unique element y so it is function.
v) {(xy) [ ¥*+y* =9, |x|<3, |yl<3}
SOLUTION.
The inverse is

{Gey) [ x*+y*=9, Iyl <3, |x| <3}
which is not a function. .. for each x ,3 two y.so ordered pairs will have first element equal
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Binary Operation:
Let G be a non- empty set then binary operation
on G (is a function) denoted by % (read as star)
and is defined as
¥ GXG-G ieforalla,beG axbeG
Remember i) G,%) will be a non empty set.
ii)if =
is a binary operation onG then G is said to
be closed under binary operationx
residue classes Module:
consider “x "be a binary operation on a non-
empty setS. leta,b € S nowwefinda % b
i If a x b < nthenwetakea + b as
ordinary sum a % b of aand b.
Ifaxb >nthenwetakeaxb=r
Where r is the remainder obtained
after dividing a + b by n. then binary
operation % is called addition modulo
“p
Properties of binary operation:
if Va € S there exist e € S such that a x e
=exa
then e is called identity w.r.t x.
Existence of inverse of each element:
if Va € S there exist a’ € Ssuch that
axa =a xa=e
The a'is called inverse of aw.r.t %

Exercise 2.2

Q.1:Complete the table,indicatingby a
tick mark those propertiés

which are satisfied by thefSpecified set of
numbers.

Chapter?

Set of Natura | Whol | Integer | Rationa | Real
numbers— | e s | s
Propertyl

Closure
+

X

Associative
+

X

Identity
+

X

Inverse No No
+

X No No No

Commutativ Yes Yes Yes
e +

X yes yes yes

Q.2:What are the field axioms?

In what respect does the field of real
numbers dif fer from
that of complex numbers?
SOLUTION:
Anon —
empty set F under two binary operations is said
to be a field if the following axioms are satisfied
i) F is an abelian group under ' +'
ii) F — {0} is an abelian group under ' x'
iit) Distributive law holds.

Q.3:Show that the adjoining table is that of
multiplicatio of the elements of the set of residue
classes modulo 5.

* 0 1

SOLUTION:

the xero in C, amd R, are obtained by multiplying
of 1,243,4,with 0
= “tisa x table.
= @gEvery element is less than 5. So the table is a
'x" table of
the set of element residue classes module 5.

.4: Prepare the table of addition of the
elements

of the set of residue classes modulo 4.
SOLUTION:

Clearly {0,1,2,3} is the set of residues classes module 4.
Q.5:Which of the following binary operations

shown in tables (a)or (b)is commutative ?
(a) (b)

Solt
In take (a)
axc=b-(1)
Andcxa=b- (2)
By(l)and (2)axc#cxa
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So binary operation is not commutative.

In take (b)

axb=c- (1)

Andbxa=c- (2)

By(l)and (2)axb=bxa

So binary operation is commutative.

Q.6:Supply the missing elements of the third row of
the given table so that operation * may be associative.

* d
a d
b d
C
d

d

We want to find
cxa=? ,cxb=? , cxc=?, cxd=?
wc=d=x*b
cxa=(d=*b)x*a
=d=*(bxa) (~ associative)
cxa=dxb=c—->c*xa=c

c=d=*b
cxc=(d=*b)*b
=d=x*(bxb)
dxa=d
cxb=d
Alsoc=d=x*b
cxd=(dxb)xd
=d=*(bx*d)
=dxd=0b
cxd=0»>b
So third row will be completed as
c C d c d

Q.7:What operation is represented byshe adjoining table?

Name the identity element ofsthe relevent set,if it
exists.Is the operation assacidgtive?

Find the inverse of 0,1, 2, 3. Ifithey exist.

2|3

3
Solution:
i) The operation used the set of residue
class mod 4 is ‘+’
i) The identity element is zero.
+0+0=0, 0+1=1, 0+2=2, 0+3=3
iii)  The operation is associative e.g;
(1+2)+3=1+(2+3)
3+3=1+1
= 2=2
Similarly, it can be verified for any other choice
of elements.

iv) w 1+3=3+1=0
inverse of each other
24+2=0also

1and 3 are

0+0=0
Groups:

Grouped:
A non-empty set which is closed under given
binary operation = is closed is called grouped. It
is denoted as (S,*)
Example:
The {E, 0} is closed under addition.
“E+E=E; 0+e=0
E+0=0;, 0+0=E
~ {E, 0}is groupoid
Semi-Group:
A non-empty set is called semi group if
i) it is called under binary operation
givem
i) Theshinaky operation is associative.
Example;
The set of natural numbers “N” under binary
operaflons®’ 1s semi-group.
1) 1.e.; B.O ‘+’ is defined in N
1) for any three elements
a,b,c €N
(a@a+b)+c=a+(b+c)
ie.; associative law holds.
= Both conditions for semi-group are
satisfied.
Monoid:
A non- empty set is called Monoid.
)] It is closed w.r.t given binary operation
*
i) Binary operation * is associative
iii) The set has identity element w.r.t
Binary operation
Example:
if Z' ={0,1,2,3..}
i) Z'is closed w.r.t +
i) binary operation+is associative.
iii) 0" is idenetity element w.r.t Binary
operation”+”
=~ given set is monoid.
Group:
A non -empty set G is called a group w.r.t Binary
operation if
)] it is closed under binary operation *if
ile;va,beG;a*xb €G
i) Binary operation is associative
VabeG;(a*xb)xc=ax(bx*c)
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iii) G has identity element w.r.t Binary
operation*
i.e.;Va € G thereexiste € G s.t
a*xe=exa
= a then e is identity element
iv) Every element of G has an inverse in G
w.r.t Binary operation i.e.;
wherea*xa' =a' xa=-e
where a' € G is called inverse of a € G w.r.t
Binary operation *
Abelian Group:
A group G under Binary operation xis called
abelian group if binary operation is commutative.
i.eVabEeGQaG;
axb=bxa
Finite Group:
A group G having finite number of elements is
called finite group.
Infinite Group:
A group G having infinite number of element is
called infinite group.
Left cancellation Law:
If a, b, c are elements of group G then
ab=ac=>b=c
Proof:
ab = ac
= a (ab) = a (ac)
= (a 'a)b = (a ta)c
associative law)
= eb=-ec(vala=e)
= b = cproved
Right Cancellation Law
if a,b,care element of"group/G then
ba =ca=>%= ¢
Proof:
ba = ca
(ba)a™! = (ca)a™t
b(aa™) = c(aa™)
assocaitive law.
= be=ce (vaal=¢e)
= b+ c Proved,
Reversal Law of inverses:
If a, b are elements of a group G, then show that
(ab)"' = b~ 1aq7t
Proof :
(ab)(b™ta ) = a(bb™Ya™! (asoc.law)
=aea?!
=aa?!
=e
also (b™*a V) (ab) = b~ (a ta)b
= b~ theb

=
=

Chapter 2

=b71b
=e

= ab and b~ta™! are inverse of each

other.

= inverseofabis b la™?

i.e(ab) "t =b"1a?
Solution of linear Equation:

a,b being elements of a group G, solve
the following equations:
Solution:

)] ax=>b

= a (ax) =a b

= (ala)x =a b

= ex=a"lb

= x=a"'b

)] xa=>b

(xa)a™! = ba™?
x(aa )% ba?
xe = bagl

x=Dba”

(assoc.law)
( a—la — e)

(Assoc. Law)

1

Exercise 2.8

Qi1;

Operation’

+_performed on the two member set

G ={0,1} is shown in the adjoinig table.

i) Name the identity element ,if it exists?

ii) What is the inverse of 17

iii) Is the set G,under the given operation a

group?

Abelian or non — abelian?

SOLUTION:

i) Name the identity element,if it exists?
@ 0 1
0 0 1
1 1 0

Here 0 is identity in G.

ii) What is the inverse of 17

14 1=0(i.eidentity element))

soinverseof 1is 1

iii) Is the set G,under the given operation a

group?

Abelian or non — abelian?

e G isclosed under"+"

e G isassociative w.r.t “+”

e o €ECGisidentityw.r.t+
inverse of each element exist in G
ie0+0=0s001=0

1+41=0s01"1=1
Commutative law hold in G
iel+0=0+1
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= So G is abelian Group under “+”
Q.2:
The opperation @as performed on the
set{0,1,2,3}is shown
inthe adjoining table, show that set is an
abelian group.

0 2

S is closed under “+” (it is clear from

table)

It is clear the set of Associative

w.rt’+”

“0” 1s identity element.

Each element has inverse
“14+3=3+1=0and
0+0=0and2+2=0

v1,0e6={0123},1+0=0+

1=1
G is abelian
Q.3:For each of the following sets, determin
whether or not the set forms a group
w.r.tindicated operation.

i)

v)

The set of rational numbers undex
the operation’' x'
SOLUTION:
Q
= set of rational no'sis not.a'gfoup w.r.t" x
v inverse of O w.r.t Xdges not exist.
i) The set of rational no*ss#"
Solution:

4

(Q,+)is a group.

iii) The set of +wve rational numbers” x "
Solution:

Itis group w.rt" x "

iv) The set of integers s" + "

Solution:

It is group w.r.t “+”

V) The set of integers " x "

Solution:

It is not group

 inverse of '0' does not exist.
Q.4:Shown in the adjoining table represents
the sums of the elements of the set{E,0}.
What is the identity element of the set?
Show that this set is an abelian group.

(@ [E O]

Chapter 2

e

E E
O | O
Solution :
i) E +E =E (even)
E+ 0 = 0(odd)
0 + 0 = E(even)
Here E is identity element.
i) Table show the set satisfies the closure
law w.r.t “+” - all elements of table €
{E, 0}
The set is associative law w.r.t “+”
(0+E)+0=0+(E+0)
0+0=0+0
E=FE
Eis identity € {E, 0}
each element has inverse (0 +e =E +
Oand E+E =0and 0+ 0 = 0)
e commuttive law holds (0+ E =E +0)
So set {E, Ojisabelian group.
Q5.
Show that the'sét {1,w,w?} , whenw? = 1
is anfabelian group w.r.t ordinary
madtiplication.
Solutioh:
LetS = {1,w,w?},wherew3 =1
) Clearly from table S is close " X

0
E

1,w,w?2 €S
(L.w).w? =1.(w.w?)
w.w? =1.w3
w3 =w?3
2> 1=1
~ Assoc.Law hold under X
1 is identity element under “ x ”
Inverse of each element exists.
aslxl=1=>11=1
wxw?i=1=2w1=w?
W2xw =1=>Ww?)1=w
Commutative law holds under”x

”»

i)

i)

Iv)

v)

(clear from table)
= S is an abelian group under " x "
Q.6:1f G is a group under the operation *
and a, b €G,
find the solution of the equations
raxx=b, xxa=bhb.
SOLUTION:
Given that G is a group under the operation *.
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SinceaeG so a leG
Da*xx=b
Pre multiplying by a™*
alx(axx)=alxb
(alxa)xx=alxb
exx=alxb
x=alxb
iiy)xxa=»
Post multiplying by a™
(x*xa)xa l=bxal
x*x(axa)=bx*xa”
xxe=bxal
x=hbxal
Q.7
Q.7: Show that set consisting of elements of the
froma+ V3b (a,b being a rational),is an
abelian group
with respect to addition.
Solution:

1

1

let G = {a+ bV3|ab € Q}
G is closed w.r.t “+”
Letx = a4+ bV3
a,b,c,d €Q
y=c+dV3
sox,y€EG
now

x+y=(a+bV3)+(c+dvV3)
=(a+c)+V3(b+d)EG
“(a+C),(b+d)eQ
i) Associative law w.r.t.”+” hold in G
letx=a+bV3 y=c+dy3
andz=e+ fV3
Thenx,y,z€ G
x+(@+2)=(a+bV3)+ (ctdVB fe+fV3)
= a+bV3 +[(c+)#VB({ + 1]
=(a+c+e)+\V3DFd+/[)
=[(a+c)+V3(b+d+f)]
=[(a+c) + V3 + D]+ (e + fV3)
=(x+y)+z
iii) 0+ v30€Gisidentityw.r.t."+"
iv)  for (a++V3b)€G,thereexist
—a—+V3bEG
v (a++3b) + (—a—+3b) = 0++30

2

w
w 2

1
1
w

W2

w? 1 w

i.e inverse of each element of G exists.
V) Commutative law w.r.t “+”

holds inG.

i.ex+y=y+xVx,y€G
As
x+y:(a+b\/3—)+(c+d\/§
x+y=(a+c)+V30b+d)
= (c+a) +V3(d +b)
=y+x
= G is Abelian group.
Q.8: Determine whether (P(S),x), where
* stands for intersection
is a semi — group, a monoid, or neither.
If it is monoid specify its identity.
SOLUTION:
Given that

P(S) = power set of set S
here * means N
P(S) =isclosedw.r.t *
Let Sy, S, € P(S)
then S| xS, P(S)
i.eSyNS, € P(S)
P(S)holds dssociative law w.r.t
letS,,S, € P(S)
them§y#* (Sy * S3) = (51 * S2) * S3

S1NS,NS3)=(51NS)NS3
P(S)has no identity element
SoP(S)'is semi group under * but P(S) is not monoid
Underx*
Q.9: Complete the following table to obtain a
semi — group under ' *'
* b c
A a b
B b c
C - a
Solution:
From table

axa=c- (i)
Now
cxa=(axa)*xa by(i)
=ax(ax*a) (Assoc.Law.)
=a*c
=b fromtable
= c*xa=»hb
Also
cxb=(axa)*b by (i)
=ax(axbh)
=axa fromtable
=c by (D)
= cxb=c
= So the third row becomes as.
lc [b [c [a |
Q.No10
See example at page 46#solved.
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