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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. 𝑔 𝐴 = {𝑎, 𝑏, 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, 𝑒, 𝐼, 𝑜, 𝑢} 

𝑂 = {±1, ±3, ±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 known as

set- builder Method

𝐴 = {𝑥|𝑥 𝑖𝑠 𝑣𝑜𝑤𝑒𝑙𝑠 𝑜𝑓 𝐸𝑛𝑔𝑙𝑖𝑠ℎ 𝑎𝑙𝑝ℎ𝑎𝑏𝑒𝑡𝑠} 

𝑂 = {𝑥|𝑥 𝑖𝑠 𝑎𝑛 𝑜𝑑𝑑 𝑛𝑢𝑚𝑏𝑒𝑟} 

The symbol used for membership of a set is ∈ 

and ∉ 𝒎𝒆𝒂𝒏𝒔 𝒎𝒆𝒎𝒃𝒆𝒓 𝒏𝒐𝒕 𝒃𝒆𝒍𝒐𝒏𝒈 𝒕𝒐 𝒂 𝒔𝒆𝒕. 

Some important sets. 

𝑁 = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑎𝑙𝑙 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

𝑁 = {1,2,3, … } 

𝑊 = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑤ℎ𝑜𝑙𝑒 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

𝑊 = {0,1,2,3, … } 

𝑍 = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 

𝑍 = {0, ±1, ±2, ±3 … } 

𝑧′ = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠

𝑧′ = {−1, −2, , −3 … . }

𝑂 = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑜𝑑𝑑 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 

𝑂 = {±1, ±3, ±5 … . } 

𝐸 = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑒𝑣𝑒𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 

𝐸 = {0, ±2, ±4, ±6, … } 

𝑄 = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

𝑄 = {𝑥|𝑥 =
𝑝

𝑞
 𝑤ℎ𝑒𝑟𝑒 𝑝, 𝑞 ∈ 𝑍 𝑎𝑛𝑑 𝑞 ≠ 0 

𝑄′ = 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑟𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

𝑄′ = {𝑥|𝑥 ≠
𝑝
𝑞  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 denoted by∅ 𝑜𝑟 { }  

Order of a Set: 

The number of element present in a set is called 

order of a set. 

Number or element in a set A is denoted by n(A) 

e.g.,

If A{1,2,3}, n(A)=3 

So order of set A=3 

Singleton Set: 

A set having only one element is called singleton 

set e.g., 

𝐴 = {4}, 𝐵 = {𝑥|𝑥 ∈ 𝑁 ∧ 1 < 𝑥 < 3} 

Finite Set: 

A set in which element are countable or finite is 

called finite Set. 

e.g., 𝐴 = {1,2,3,4}, 𝐵 = {𝑥|𝑥 ∈ 𝑁 ∧ 6 < 𝑥 < 9}

Infinite Set: 

A set in which element are uncountable or infinite 

set. 

e.g.,

𝐴 = {𝑥|𝑥 ∈ 𝑅 ∧ 0 < 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 

𝑖𝑓𝑓𝐴 ⊆ 𝐵 𝑎𝑛𝑑 𝐵 ⊆ 𝐴 

e.g.,

𝐴 = {1,2,3}, 𝐵 = {2,1,3}𝑠𝑜 𝐴 = 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. 

e.g.,

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

B={1,2,3,4} 

Example: 

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

{},{1},{2},{3},{1,2},{1,3},{2,3}{1,2,3}   

Proper subset of A are 

{},{1},{2},{3},{1,2},{1,3},{2,3} 

*if A is proper subset of a finite set B i.e,

A⊏ 𝐵   𝑡ℎ𝑒𝑛 𝑛(𝐴) < 𝑛(𝐵) 

{
 𝑎   𝑏     𝑐    𝑑
↕     ↕   ↕    ↕

 1  2  3  4 
}  there is (1-1) correspondence 

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={ a,b,c}   are equivalent 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.

*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 

 𝐴 ⊆ 𝐵  𝑖𝑓𝑓 𝑥 ∈ 𝐴 → 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(𝐴) ≤ 𝑛(𝐵)

*every set is subset of itself and empty set is

subset of every set.

If A⊆B then we may read it in two ways. 

i)A⊆ 𝐵 i.e., A is a subset of B

ii)B⊆ 𝐴 i.e., B is a subset of A

Note: 

Possible subset of a set can be calculated by the 

formula 2n (2no. of elements present in the set)

e.g., if A{1,2,3} then there will be 8 subsets of A

are

{},{1},{2},{3},{1,2},{1,3},{2,3}{1,2,3}   

∴ 23 = 8

Types of Subset: 

There are two  types of subset 

i)proper subset

ii)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 A⊑ 𝐵 

e.g,

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(b)={{},{1},{2},{3},{1,2},{1,3},{2,3}{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 |𝑥 𝜖 ℕ Λ 𝑥 ≤ 1000} 

 𝑖𝑖) {0,1,2,3,.  .  .    , 100} 
= {𝑥 |𝑥 𝜖 𝕎 Λ 𝑥 ≤ 100} 

 𝑖𝑖𝑖) {0, ±1, ±2, ±3,.  .  .    , ±1000} 
= {𝑥 |𝑥 𝜖 ℤ  Λ ≤ 𝑥 ≤ 1000} 

 𝑖𝑣) {0, −1, −2, −3,.  .  .    , − 500} 
= {𝑥 |𝑥 𝜖 ℤ  Λ − 500 ≤ 𝑥 ≤ 0} 

 𝑣) {100,101,102,.  .  .    , 400} 
= {𝑥 |𝑥 𝜖 ℕ Λ  100 ≤ 𝑥 ≤ 400} 

 𝑣𝑖) {−100, −101, −102,.  .  .    , −500} 
= {𝑥 |𝑥 𝜖 ℤ Λ − 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 |𝑥 𝜖 ℚ} 
𝑥𝑖) 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 1 𝑎𝑛𝑑 2 
= {𝑥 |𝑥 𝜖 ℝ Λ 1 > 𝑥 > 2 } 

 𝑥𝑖𝑖) 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 −
100 𝑎𝑛𝑑 1000 
= {𝑥 |𝑥 𝜖 ℤ  Λ − 100 < 𝑥 ≤ 1000} 

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

𝒊)  {𝒙 | 𝒙 𝝐 ℕ  𝚲 𝒙 ≤ 𝟏𝟎} 

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

  𝒊𝒊)  {𝒙 | 𝒙 𝝐 ℕ  𝚲  𝟒 < 𝒙 < 𝟏𝟐} 
 𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑚: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑛𝑢𝑚.  𝑏𝑒𝑡𝑤𝑒𝑒𝑛 4 
 & 12   
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {5,6,7,8,9,10,11 } 

  𝒊𝒊𝒊)  {𝒙 | 𝒙 𝝐 ℤ  𝚲 − 𝟓 < 𝒙 < 𝟓} 
 𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑚: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 −
5 𝑎𝑛𝑑 5.  
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: { −4, −3, −2, −1,0,1,2,3,4} 

  𝒊𝒗)  {𝒙 | 𝒙 𝝐 𝔼  𝚲  𝟐 < 𝒙 ≤ 𝟒} 
𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑚: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑒𝑣𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2 
 𝑎𝑛𝑑 5.   
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {4 } 

  𝒗)  {𝒙 | 𝒙 𝝐 ℙ  𝚲  𝒙 < 𝟏𝟐} 

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

  𝒗𝒊)  {𝒙 | 𝒙 𝝐 𝕆  𝚲  𝟑 < 𝒙 < 𝟏𝟐} 

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

  𝒗𝒊𝒊)  {𝒙 | 𝒙 𝝐 𝔼  𝚲  𝟒 ≤ 𝒙 ≤ 𝟏𝟎} 

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

  𝒗𝒊𝒊𝒊)  {𝒙 | 𝒙 𝝐 𝔼  𝚲  𝟒 < 𝐱 < 𝟔} 
𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑚: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑒𝑣𝑒𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 4 
 𝑎𝑛𝑑 6.   
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {  }  

  𝒊𝒙)  {𝒙 | 𝒙 𝝐 𝕆  𝚲  𝟓 ≤ 𝒙 ≤ 𝟕} 
 𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑚: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑜𝑑𝑑 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 𝑓𝑟𝑜𝑚 5 𝑢𝑝𝑡𝑜 7.  
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {5,7 } 

  𝒙)  {𝒙 | 𝒙 𝝐 𝕆  𝚲  𝟓 < 𝒙 < 𝟕} 

 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {  } 

  𝒙𝒊)  {𝒙 | 𝒙 𝝐 ℕ  𝚲  𝐱 + 𝟒 = 𝟎} 
 𝐷. 𝐹: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑥 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑥 + 4 = 0 

 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {  } 

  𝒙𝒊𝒊)  {𝒙 | 𝒙 𝝐 ℚ  𝚲   𝒙𝟐 = 𝟐} 

𝐷. 𝐹: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑥 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑥2 = 2
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: {   } 
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  𝒙𝒊𝒊𝒊)  {𝒙 | 𝒙 𝝐 ℝ  𝚲  𝐱 = 𝐱} 

 𝐷. 𝐹: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑥 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑥 =
𝑥   
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚:     ℝ 
  𝒙𝒊𝒗)  {𝒙 | 𝒙 𝝐 ℚ  𝚲  𝐱 = −𝐱  } 
 𝐷. 𝐹: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑥 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑥 = −𝑥 

 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: { 0 } 
  𝒙𝒗)  {𝒙 | 𝒙 𝝐 ℝ  𝚲  𝐱 ≠ 𝟐} 
 𝐷. 𝐹: 𝑇ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑥 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 x ≠ 2 
 𝑇𝑎𝑏𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: ℝ − {2 } 

  𝒙𝒗𝒊)  {𝒙 | 𝒙 𝝐 ℝ  𝚲  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 𝒃𝒆𝒕𝒘𝒆𝒆𝒏 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  𝚲 𝐱 ≠ 𝐱}      𝐹𝑖𝑛𝑖𝑡𝑒 

 𝒙𝒊𝒗) {𝒙 | 𝒙 ∈  ℝ  𝚲   𝒙𝟐 = −𝟏𝟔}     𝐹𝑖𝑛𝑖𝑡𝑒 

 𝒙𝒗) {𝒙 | 𝒙 ∈ ℚ   𝚲 𝒙𝟐 = 𝟓}      𝐹𝑖𝑛𝑖𝑡𝑒 

 𝒙𝒗𝒊) {𝒙 | 𝒙 ∈ ℚ   𝚲   𝟎 ≤ 𝐱 ≤ 𝟏}  𝐼𝑛𝑓𝑖𝑛𝑖𝑡𝑒 

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: 

 {1}, {2} 

 𝒗𝒊)  ℝ 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

  {1}, {2} 

  𝒗𝒊𝒊)  𝕎 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

  {1}, {2} 

 𝒗𝒊𝒊𝒊)  {𝒙 | 𝒙 𝝐 ℚ  𝚲  𝟎 ≤ 𝒙 ≤ 𝟐} 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

   {1}, {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 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 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 ? 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

𝒊)       {𝟏, 𝟐} = {𝟐, 𝟏}  𝑻𝒓𝒖𝒆 

𝒊𝒊)      ∅ ⊆ {{𝒂}}  𝑻𝒓𝒖𝒆 

𝒊𝒊𝒊)    {𝒂} ⊇ {{𝒂}}  𝑭𝒂𝒍𝒔𝒆 

𝒊𝒗)     {𝒂} ∈ {{𝒂}}  𝑻𝒓𝒖𝒆 

𝒗)       𝒂 ∈ {{𝒂}}  𝑭𝒂𝒍𝒔𝒆 

𝒗𝒊)     ∅ ∈ {{𝒂}}  𝑭𝒂𝒍𝒔𝒆 

𝑸. 𝟖: 𝑾𝒉𝒊𝒄𝒉 𝒊𝒔 𝒕𝒉𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒆𝒍𝒆𝒎𝒆𝒏𝒕𝒔 𝒐𝒇 𝒕𝒉𝒆 

 𝒑𝒐𝒘𝒆𝒓 𝒔𝒆𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒈𝒊𝒗𝒆𝒏 𝒔𝒆𝒕𝒔 ? 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

 𝑭𝑶𝑹𝑴𝑼𝑳𝑨: 𝑵𝒐. 𝒐𝒇 𝒆𝒍𝒆𝒎𝒆𝒏𝒕𝒔 𝒊𝒏 𝒑𝒐𝒘𝒆𝒓 𝒔𝒆𝒕 =

𝟐𝒏 , 𝒘𝒉𝒆𝒓𝒆 𝒏 𝒊𝒔 𝒕𝒉𝒆 𝒏𝒐. 𝒐𝒇 𝒆𝒍𝒆𝒎𝒆𝒏𝒕𝒔 𝒊𝒏 𝒂 𝒔𝒆𝒕. 

  𝒊) 𝑨 = { }      

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

  𝒊𝒊) 𝑨 = { 𝟎, 𝟏} 

Power set of {0,1} has element  2𝑛 = 22 = 4 

𝒊𝒊𝒊) 𝑨 = {𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕 } 

Power set of  𝑨 = {𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕 }   has element 

2𝑛 = 27 = 128 

𝒊𝒗) 𝑨 = {𝟎, 𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕 } 

Power set of 𝑨 = {𝟎, 𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕 } has element 

= 2𝑛 = 28 = 256 

)𝑨 = {𝒂, {𝒂, 𝒃}} 

Power set of 𝑨 = {𝒂, {𝒂, 𝒃}} has element = 2𝑛 =

22 = 4 

𝒗𝒊) 𝑨 = { {𝒂, 𝒃}, {𝒃, 𝒄}, {𝒅, 𝒆}} 

Power set of 𝑨 = { {𝒂, 𝒃}, {𝒃, 𝒄}, {𝒅, 𝒆}} has

element = 2𝑛 = 23 = 8 

𝑸. 𝟗: 𝑾𝒓𝒊𝒕𝒆 𝒅𝒐𝒘𝒏 𝒕𝒉𝒆 𝒑𝒐𝒘𝒆𝒓 𝒔𝒆𝒕 𝒐𝒇 𝒆𝒂𝒄𝒉 𝒐𝒇 

 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒆𝒕𝒔: 

𝒊) {𝟗, 𝟏𝟏}   

 𝑃(𝐴) = {∅, {9}, {11}, {9,11}} 

 𝒊𝒊) {+, −,×,÷} 

  𝑃(𝐴) = {∅, {+}, {−}, {×}, {÷}, {+, −}, {+,×}, {+,÷}, 

{−,×}, {−,÷}, {×,÷}, {+, −,×}, {+, −,÷}, {+,×,÷}, 

{−,×,÷}, {+, −,×,÷} 

 𝒊𝒊𝒊) {∅}   

 𝑃(𝐴) = {∅, {∅}} 

 𝒊𝒗) {𝒂, {𝒃, 𝒄}}   

𝑃(𝐴) = {∅, {𝑎}, {{𝑏, 𝑐}}, {𝑎, {𝑏, 𝑐}}} 

𝑸. 𝟏𝟎: 𝑾𝒉𝒊𝒄𝒉 𝒑𝒂𝒊𝒓𝒔 𝒐𝒇 𝒔𝒆𝒕𝒔 𝒂𝒓𝒆 𝒆𝒒𝒖𝒊𝒍𝒆𝒏𝒕 ? 

𝑾𝒉𝒊𝒄𝒉 𝒐𝒇 𝒕𝒉𝒆𝒎 𝒂𝒓𝒆 𝒂𝒍𝒔𝒐 𝒆𝒒𝒖𝒂𝒍 ? 

𝒊) {𝒂, 𝒃, 𝒄}, {𝟏, 𝟐, 𝟑} 

 𝑇ℎ𝑒𝑠𝑒 𝑡𝑤𝑜 𝑠𝑒𝑡𝑠 𝑎𝑟𝑒 𝑒𝑞𝑢𝑖𝑙𝑒𝑛𝑡 𝑏𝑒𝑐𝑢𝑎𝑠𝑒 𝑒𝑎𝑐ℎ 𝑠𝑒𝑡 

ℎ𝑎𝑠 𝑡ℎ𝑟𝑒𝑒 𝑒𝑙𝑒𝑚𝑒𝑚𝑛𝑡𝑠.  

 𝒊𝒊) 𝑻𝒉𝒆 𝒔𝒆𝒕 𝒐𝒇 𝒇𝒊𝒆𝒔𝒕 𝟏𝟎 𝒘𝒉𝒐𝒍𝒆 𝒏𝒖𝒎𝒃𝒆𝒓𝒔 , 

 {𝟎, 𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕, 𝟖, 𝟗} 

 𝑇ℎ𝑒𝑠𝑒 𝑡𝑤𝑜 𝑠𝑒𝑡𝑠 𝑎𝑟𝑒 𝑒𝑞𝑢𝑎𝑙 𝑏𝑒𝑐𝑢𝑎𝑠𝑒 𝑒𝑎𝑐ℎ 𝑠𝑒𝑡 ℎ𝑎𝑠 

𝑠𝑎𝑚𝑒 𝑡𝑒𝑛 𝑒𝑙𝑒𝑚𝑒𝑚𝑛𝑡𝑠. 

 𝒊𝒊𝒊) 𝑺𝒆𝒕 𝒐𝒇 𝒂𝒏𝒈𝒍𝒆𝒔 𝒐𝒇 𝒒𝒖𝒂𝒅𝒓𝒊𝒍𝒂𝒕𝒆𝒓𝒂𝒍 𝑨𝑩𝑪𝑫 ,

𝑺𝒆𝒕 𝒐𝒇 𝒔𝒊𝒅𝒆𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒒𝒖𝒂𝒅𝒓𝒊𝒍𝒂𝒕𝒆𝒓𝒂𝒍. 

 𝑇ℎ𝑒𝑠𝑒 𝑡𝑤𝑜 𝑠𝑒𝑡𝑠 𝑎𝑟𝑒 𝑒𝑞𝑢𝑖𝑙𝑒𝑛𝑡 𝑏𝑒𝑐𝑢𝑎𝑠𝑒 𝑒𝑎𝑐ℎ 

𝑠𝑒𝑡 ℎ𝑎𝑠 𝑠𝑎𝑚𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑚𝑛𝑡𝑠. 

 𝒊𝒗) 𝑺𝒆𝒕 𝒐𝒇 𝒔𝒊𝒅𝒆𝒔 𝒐𝒇 𝒉𝒆𝒙𝒂𝒈𝒐𝒏 𝑨𝑩𝑪𝑫𝑬𝑭 ,

𝑺𝒆𝒕 𝒐𝒇 𝒂𝒏𝒈𝒍𝒆𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒉𝒆𝒂𝒈𝒐𝒏. 

 𝑇ℎ𝑒𝑠𝑒 𝑡𝑤𝑜 𝑠𝑒𝑡𝑠 𝑎𝑟𝑒 𝑒𝑞𝑢𝑖𝑙𝑒𝑛𝑡 𝑏𝑒𝑐𝑢𝑎𝑠𝑒 

 𝑒𝑎𝑐ℎ 𝑠𝑒𝑡 ℎ𝑎𝑠 𝑠𝑎𝑚𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑚𝑛𝑡𝑠. 

 𝒗) {𝟏, 𝟐, 𝟑, 𝟒,   .  .  . } ,   {𝟐, 𝟒, 𝟔, 𝟖,   .  .  . } 

 𝑇ℎ𝑒𝑠𝑒 𝑡𝑤𝑜 𝑠𝑒𝑡𝑠 𝑎𝑟𝑒 𝑒𝑞𝑢𝑖𝑙𝑒𝑛𝑡 𝑏𝑒𝑐𝑢𝑎𝑠𝑒 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 1 −

1 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠  

𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑡𝑠. 

𝒗𝒊) {𝟏, 𝟐, 𝟑, 𝟒,   .  .  . } ,   {𝟏,
𝟏

𝟐
,

𝟏

𝟑
,

𝟏

𝟒
,   .  .  . } 
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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 A∪ 𝐵 is 

the set of all elements, which belong to A or B  

Symbolically,  

𝐴 ∪ 𝐵 = {𝑥|𝑥 ∈ 𝐴 ∨ 𝑥 ∈ 𝐵} 

Example: 

If A={1,2,3} and B={2,3,4,5} 

Then 𝐴⋃𝐵 = {1,2,3,4,5} 

Intersection of two sets: 

 Intersection of two sets A and B, denoted by 

A⋂𝐵 is the set of all elements, which belong to A 

and  B  

Symbolically,  

𝐴⋂𝐵 = {𝑥|𝑥 ∈ 𝐴 ∧ 𝑥 ∈ 𝐵} 

Example: 

If A={1,2,3} and B={2,3,4,5} 

Then 𝐴 ⊓ 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 ⊓ 𝐵 = {3,4} overlapping set. 

Complement of a set: 

If U is universal Set then U\A or U-A is called 

complement of A, denoted by 𝐴′𝑜𝑟 𝐴𝑐  𝑡ℎ𝑢𝑠

 𝐴𝑐 = 𝑈 − 𝐴

Symbolically, 𝐴′ = {𝑥|𝑥 ∈ 𝑈 ∧ 𝑥 ∉ 𝐴}

Example: 

If U=N then 𝐸′ = 𝑂 𝑎𝑛𝑑 𝑂′ =E

Example1. 

If U= set of alphabets of English language  

C= set of consonants, we set of vowels then 

𝐶′ = 𝑊 𝑎𝑛𝑑 𝑊′ = 𝐶

 Difference of two sets: 

The difference A-B or A/B of two sets A and B is 

the set of elements which belong to A, but not 

belong to B. 

Symbolically, 

𝐴 − 𝐵 = {𝑥|𝑥 ∈ 𝐴 ∧ 𝑥 ∉ 𝐵} 

Example2: 

𝑖𝑓 𝐴 = {1,2,3,4,5}𝑎𝑛𝑑 𝐵 = {4,5,6,7,8,9,10} 

𝐴 − 𝐵 = {1,2,3} 𝑎𝑛𝑑 𝐵 − 𝐴 = {6,7,8,9,10} 

Notice that 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 𝑨⋂𝑩 =

∅ 

Results 

𝑛(𝐴 ∪ 𝑏) = 𝑛(𝐴) + 𝑛(𝐵) 

𝑛(𝐴 ∩ 𝐵) = 

𝑛(𝐴 − 𝐵) = 𝑛(𝐴) 

𝑛(𝐵 − 𝐴) = 𝑛(𝐵) 

ea
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𝑛(𝐵) ≤ 𝑛(𝐴 ∪ 𝐵) 

𝑛(𝐴) ≤ 𝑛(𝐴 ∪ 𝐵) 

When A and B are overlapping (𝐴 ∩ 𝐵 ≠ ∅) 

𝐴 ∪ 𝐵 

𝐴 ∩ 𝐵 

Results 

𝑛(𝐴 ∪ 𝐵) = 𝑛(𝐴) + 𝑛(𝐵) − 𝑛(𝐴 ∩ 𝐵) 

𝑛(𝐴 ∩ 𝐵) ≤ 𝑛(𝐴)  

𝑛(𝐴 ∩ 𝐵) ≤ 𝑛(𝐵)  

𝑛(𝐴 − 𝐵) = 𝑛(𝐴) + 𝑛(𝐵) − 𝑛(𝐴 ∩ 𝐵) 

𝐴 − 𝐵  

𝑛(𝐵 − 𝐴) = 𝑛(𝐵) − 𝑛(𝐴 ∩ 𝐵)  

𝑛(𝐴 ∩ 𝐵) = 𝑛(𝐴) + 𝑛(𝐵) − 𝑛(𝐴 ∪ 𝐵) 

𝐵 − 𝐴  

When A is subset of B(𝐴 ⊆ 𝐵) 

𝐴 − 𝐵  

Result: 

𝑛(∪ 𝐵) = 𝑛(𝐵)  

𝑛(𝐴 ∩ 𝐵) = 𝑛(𝐴)  

𝑛(𝐴) ≤ 𝑛(𝐵)  

𝑛(𝐴 − 𝐵) = 0  

𝑛(𝐵 − 𝐴) = 𝑛(𝐵) − 𝑛(𝐴) 

𝐴 ∪ 𝐵 

A B 

U 

AUB 

A B 

U 

A⋂B 

A B 

U 

A−B 

A B 

U 

B−A 

A B

U

A B

U

A B

U

A B
U

B 
A

U

B 
A

U

B 
A

U

ea
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𝐴 ∩ 𝐵 

𝑤ℎ𝑒𝑛 𝐵𝑖𝑠 𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝐴(𝐵 ⊆ 𝐴) 

Result: 

𝑛(𝐵 ∪ 𝐴) = 𝑛(𝐴)  

𝑛(𝐴 ∩ 𝐵) = 𝑛(𝐵)  

𝑛(𝐵) ≤ 𝑛(𝐴)  

𝑛(𝐵 − 𝐴) = 0  

𝐴 ∪ 𝐵  

𝐴 ∩ 𝐵 

𝑛(𝐴 − 𝐵) = 𝑛(𝐴) − 𝑛(𝐵) 

𝐴 − 𝐵)  

𝐵 − 𝐴 

Note Shaded area gives required region or required result 

Exercise 2.2 
𝑬𝒙𝒉𝒊𝒃𝒊𝒕 𝑨 ∪ 𝑩  𝒂𝒏𝒅 𝑨

∩ 𝑩 𝒃𝒚 𝒗𝒆𝒏𝒏 𝒅𝒊𝒂𝒈𝒓𝒂𝒎𝒔 𝒊𝒏 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒄𝒂𝒔𝒆𝒔: 

 𝒊) 𝑨 ⊆ 𝑩 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

𝒊𝒊) 𝑩 ⊆ 𝑨 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵 

𝒊𝒊𝒊) 𝑨 ∪ 𝑨′ 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

B 
A

U

A 
B

U

A 
B

U

A 
B

U

A 
B

U

 B A

U 

A⊔B 

 B A

U 

A⋂B 

 A B

U 

A⊔B 

 A B

U 

A⋂B 

U 

A 
A 

ea
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𝒊𝒗)𝑨 𝒂𝒏𝒅 𝑩 𝒂𝒓𝒆 𝒅𝒊𝒔𝒋𝒐𝒊𝒏𝒕 𝒔𝒆𝒕𝒔 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

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  

𝒊𝒊)    𝑨 ⊆  𝑩 

𝒊𝒊𝒊)    𝑩 ⊆  𝑨 

Q,3: 

𝑼𝒏𝒅𝒆𝒓 𝒘𝒉𝒂𝒕 𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒔 𝒐𝒏 𝑨 𝒂𝒏𝒅 𝑩 𝒂𝒓𝒆 𝒕𝒉𝒆 

 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒕𝒂𝒕𝒆𝒎𝒆𝒏𝒕𝒔 𝒂𝒓𝒆 𝒕𝒓𝒖𝒆 ? 

 𝑖)        𝐴 ∪ 𝐵 = 𝐴  𝑖𝑓     𝐵 ⊆ 𝐴 

 𝑖𝑖)      𝐴 ∪ 𝐵 = 𝐵   𝑖𝑓    𝐴 ⊆ 𝐵 

 𝑖𝑖𝑖)    𝐴 − ∅ = ∅     𝑖𝑓   𝐴 = ∅ 

 𝑖𝑣)    𝐴 ∩ 𝐵 = 𝐵     𝑖𝑓   𝐵 ⊆ 𝐴 

 𝑣)     𝑛(𝐴 ∪ 𝐵) = 𝑛(𝐴) + 𝑛(𝐵)   𝑖𝑓   𝐴 ∩ 𝐵 = ∅ 

 𝑣𝑖)    𝑛(𝐴 ∪ 𝐵) = 𝑛(𝐴) + 𝑛(𝐵)   𝑖𝑓    𝐴 ⊆ 𝐵 

 𝑣𝑖𝑖)   𝐴 − 𝐵 = 𝐴  𝑖𝑓  𝐴 ∩ 𝐵 =

∅   𝑜𝑟  𝐵 = ∅ 

U 

A 
A’ 

  A B 

U 

A⊔B 

A B 

U 

A⋂B 

A    B 

U 

A⊔B 

A⋂B 

A B 

U 

A−B 

B 

U 

B−A A 

B A 

U 

A−B 

B 

A 

U 

B−A 

A 

B 

U 

A−B 

A B 

U 

B−A ea
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 𝑣𝑖𝑖𝑖)  𝑛(𝐴 ∩ 𝐵) = 0       𝑖𝑓    𝐴 ∩ 𝐵 = ∅ 

 𝑖𝑥)    𝐴 ∪ 𝐵 = 𝑈  𝑖𝑓    𝐴 = 𝐵′      or      

𝐵 = 𝐴′ 

 𝑥)     𝐴 ∪ 𝐵 = 𝐵 ∪ 𝐴       𝑖𝑡 𝑖𝑠 𝑎𝑙𝑤𝑎𝑦𝑠 𝑡𝑟𝑢𝑒 

 𝑥𝑖)    𝑛(𝐴 ∪ 𝐵) = 𝑛(𝐵)     𝑊ℎ𝑒𝑛    𝐵 ⊆ 𝐴 

𝑥𝑖𝑖)  𝑈 − 𝐴 = ∅  𝑖𝑓 𝑈 = 𝐴

𝑸. 𝟒: 𝑳𝒆𝒕 𝑼 = {𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕, 𝟖, 𝟗, 𝟏𝟎}, 

𝑨 = {𝟐, 𝟒, 𝟔, 𝟖, 𝟏𝟎},   

 𝑩 = {𝟏, 𝟐, 𝟑, 𝟒, 𝟓}, 𝑪 = {𝟏, 𝟑, 𝟓, 𝟕, 𝟗} 

𝑳𝒊𝒔𝒕 𝒕𝒉𝒆 𝒎𝒆𝒎𝒃𝒆𝒓𝒔 𝒐𝒇 𝒆𝒂𝒄𝒉 𝒐𝒇 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒆𝒕𝒔: 

 𝒊)   𝑨𝒄 

 𝐴𝑐 = 𝑈 − 𝐴 = {1,2,3,4,5,6,7,8,9,10} − {2,4,6,8,10} 

= {1,3,5,7,9} 

  𝒊𝒊)   𝑩𝒄 

 𝐵𝑐 = 𝑈 − 𝐵 = {1,2,3,4,5,6,7,8,9,10} − {1,2,3,4,5} 

= {6,7,8,9,10} 

 𝒊𝒊𝒊)   𝑨 ∪ 𝑩 

 𝐴 ∪ 𝐵 = {2,4,6,8,10} ∪ {1,2,3,4,5} 

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

 𝒊𝒗)   𝑨 − 𝑩 

 𝐴 − 𝐵 = {2,4,6,8,10} − {1,2,3,4,5} 

= {6,8,10} 

 𝒗)   𝑨 ∩ 𝑪 

 𝐴 ∩ 𝐶 = {2,4,6,8,10} ∩ {1,3,5,7,9} = {  } 

𝒗𝒊)   𝑨𝒄 ∪ 𝑪𝒄 

 𝐴𝑐 ∪ 𝐶𝑐 = (𝑈 − 𝐴) ∪ (𝑈 − 𝐶) 

= ({1,2,3,4,5,6,7,8,9,10} − {2,4,6,8,10}) 

∪ ({1,2,3,4,5,6,7,8,9,10} − {1,3,5,7,9}) 

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

 𝒗𝒊𝒊)   𝑨𝒄 ∪ 𝑪 

 𝐴𝑐 ∪ 𝐶 = (𝑈 − 𝐴) ∪ 𝐶 

= ({1,2,3,4,5,6,7,8,9,10} − {2,4,6,8,10})

∪ {1,3,5,7,9} 

= {1,2,3,4,5} 

 𝒗𝒊𝒊𝒊)   𝑼𝒄 

 𝑈𝑐 = 𝑈 − 𝑈 

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

= {  } = ∅ 

Q.No.5 using the Venn Diagram if

necessary find the singleton set equal to

the following.

i)Ac =U-A

Shaded area shows Ac

𝑖) 𝐴 ∩ 𝑈  

𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛: 𝐴 ∩ 𝑈 = 𝐴 

Shaded area shows 𝐴 ∩ 𝑈 

𝑖𝑖𝑖) 𝐴 ∪ 𝑈 

𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛: 𝐴 ∪ 𝑈 = 𝑈 

Shaded area shows 𝐴 ∪ 𝑈 

𝑖𝑣) 𝐴 ∪ ∅  

𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛: 𝐴 ∪ ∅ = 𝐴  

Shaded area shows 𝐴 ∪ ∅ 

U 

A 
Ac

U 

A 

U 

A 

U 

A 
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𝑣) ∅ ∩ ∅ 

𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛: ∅ ∩ ∅ = { } 

Venn diagram is not necessary. 

Q6. Use the Venn diagrams to verify 

𝑖)𝐴 − 𝐵 = 𝐴 ∩ 𝐵𝑐

Solution: 

𝑖)𝐴 − 𝐵 = 𝐴 ∩ 𝐵𝑐  Fig.(i)

Fig.(ii) 

Now from (ii) and fig.(iii) 

Fig.(iv) 

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

We conclude that  

𝐴 − 𝐵 = 𝐴 ∩ 𝐵𝑐

ii)(𝑨 − 𝑩)𝒄 ∩ 𝑩 = 𝑩

fig.(i) 

Fig.(ii) 

   (𝐴 − 𝐵)𝑐 

= 𝑈 −

(𝐴 − 𝐵)

Fig.(iii) 

B 

From fig(ii) and fig(iii)     Fig.(iv) 

(𝑨 − 𝑩)𝒄 ∩ 𝑩

From fig (iii) and fig(iv) 

We conclude that  

(𝑨 − 𝑩)𝒄 ∩ 𝑩 = 𝑩

Properties of Union and Intersection: 

i) Commutative property of Union

𝐴 ∪ 𝐵 = 𝐵 ∪ 𝐴
proof: 

 𝑙𝑒𝑡 𝑥 ∈ 𝐴 ∪ 𝐵 

 𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ 𝐵

 𝑥 ∈ 𝐵 𝑜𝑟 𝑥 ∈ 𝐴

 𝑥 ∈ 𝐵 ∪ 𝐴    𝑎𝑠 𝑥 ∈ 𝐴 ∪ 𝐵 → 𝑥 ∈ 𝐵 ∪ 𝐴
So 𝐴 ∪ 𝐵 ⊆ 𝐵 ⊔ 𝐴 … (1)

Conversely, 

𝑙𝑒𝑡 𝑦 ∈ 𝐵 ∪ 𝐴 

 𝑦 ∈ 𝐵 𝑜𝑟 𝑦 ∈ 𝐴

 𝑦 ∈ 𝐴 𝑜𝑟 𝑦 ∈ 𝐵

A B 

U 

A−B 

A B 

U 

Bc=U−B 

A B 

U 

A

Type equation here.

A B 

U 

A∩Bc

A B 

U 

A−𝐵

A B 

U 

A B 

U 

A B 

U 
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 𝑦 ∈ 𝐴   𝑜𝑟 𝑦 ∈ 𝐵 → 𝑦 ∈ 𝐴 ∪ 𝐵

 𝑎𝑠 𝑦 ∈ 𝐵 ∪ 𝐴 → 𝑦 ∈ 𝐴 ∪ 𝐵
So 𝐵 ∪ 𝐴 ⊆ 𝐴 ⊔ 𝐵 … (1)

From (i) and(ii) we conclude that

𝐴 ∪ 𝐵 = 𝐵 ∪ 𝐴 

ii) Associative property of Union

𝐴 ∪ (𝐵 ∪ 𝐶) = (𝐴 ∪ 𝐵) ∪ 𝐶
Proof: 

Let 𝑥 ∈ 𝐴 ∪ (𝐵 ∪ 𝐶) 

 𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ (𝐵 ∪ 𝐶)

 𝑥 ∈ 𝐴 𝑜𝑟(𝑥 ∈ 𝐵 𝑜𝑟 𝑥 ∈ 𝐶)

 (𝑥 ∈ 𝐴𝑜𝑟𝑥 ∈ 𝐵)𝑜𝑟𝑥 ∈ 𝐶

 𝑥 ∈ (𝐴 ∪ 𝐵)𝑜𝑟𝑥 ∈ 𝐶

𝑥 ∈ (𝐴 ∪ 𝐵) ∪ 𝐶 

 𝑥 ∈ (𝐴 ∪ 𝐵)𝑜𝑟𝑥 ∈ 𝐶

 𝑥 ∈ (𝐴 ∪ 𝐵) ∪ 𝐶

 𝑎𝑠  𝑥 ∈ (𝐴 ∪ 𝐵) ∪ 𝐶 → 𝑥 ∈ 𝐴 ∪ (𝐵 ∪ 𝐶)

 𝑠𝑜 𝐴 ∪ (𝐵 ∪ 𝐶) ⊆ (𝐴 ∪ 𝐵) ∪ 𝐶 … (𝑖)

𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑒𝑙𝑦 ,

𝑙𝑒𝑡 𝑦 ∈ (𝐴 ∪ 𝐵) ∪ 𝐶

 𝑦 ∈ (𝐴 ∪ 𝐵)𝑜𝑟 𝑦 ∈ 𝐶
 (𝑦 ∈ 𝐴 𝑜𝑟𝑦 ∈ 𝐵)𝑜𝑟 𝑦 ∈ 𝐶

 𝑦 ∈ 𝐴 𝑜𝑟 (𝑦 ∈ 𝐵 𝑜𝑟 𝑦 ∈ 𝐶)

 𝑦 ∈ 𝐴 𝑜𝑟 𝑦 ∈ (𝐵 ∪ 𝐶)

 𝑦 ∈ 𝐴 ∪ (𝐵 ∪ 𝐶)

 𝑎𝑠 𝑦 ∈ (𝐴 ∪ 𝐵) ∪ 𝐶 → 𝑦 ∈ 𝐴 ∪ (𝐵 ∪ 𝐶)

 𝑠𝑜 (𝐴 ∪ 𝐵) ∪ 𝐶 ⊆ 𝐴 ∪ (𝐵 ∪ 𝐶) … (𝑖𝑖)

𝑓𝑟𝑜𝑚 (𝑖)𝑎𝑛𝑑 (𝑖𝑖)𝑤𝑒 𝑐𝑜𝑛𝑐𝑙𝑢𝑑𝑒 𝑡ℎ𝑎𝑡

𝐴 ∪ (𝐵 ∪ 𝐶) = (𝐴 ∪ 𝐵) ∪ 𝐶 

iii) Commutative property of intersection

𝑨 ∩ 𝑩 = 𝑩 ∩ 𝑪
Proof : 

𝑙𝑒𝑡 𝑥 ∈ 𝐴 ∩ 𝐵 

 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑥 ∈ 𝐵

 𝑥 ∈ 𝐵 𝑎𝑛𝑑 𝑥 ∈ 𝐴

 𝑥 ∈ 𝐵 ∩ 𝐴

 𝑥 ∈ 𝐴 ∩ 𝐵 → 𝑥 ∈ 𝐵 ∩ 𝐴

 𝑠𝑜 𝐴 ∩ 𝐵 ⊆ 𝐵 ∩ 𝐴 … (𝑖)

Conversely, 

 𝑙𝑒𝑡 𝑦 ∈ 𝐵 ∩ 𝐴

 𝑦 ∈ 𝐵 𝑎𝑛𝑑 𝑦 ∈ 𝐴

 𝑦 ∈ 𝐴 𝑎𝑛𝑑 𝑦 ∈ 𝐵

 𝑦 ∈ 𝐴 ∩ 𝐵

 𝑎𝑠 𝑦 ∈ 𝐵 ∩ 𝐴 → 𝑦 ∈ 𝐴 ∩ 𝐵

 𝑠𝑜 𝐵 ∩ 𝐴 ⊆ 𝐴 ∩ 𝐵 … (𝑖𝑖)

From (i) and (ii) we conclude that  

𝑨 ∩ 𝑩 = 𝑩 ∩ 𝑪 

iv) Associative property of intersection

𝐴 ∩ (𝐵 ∩ 𝐶) = (𝐴 ∩ 𝐵) ∩ 𝐶
Proof: 

Let 𝑥 ∈ 𝐴 ∩ (𝐵 ∩ 𝐶) 

 𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ (𝐵 ∩ 𝐶)

 𝑥 ∈ 𝐴 𝑜𝑟(𝑥 ∈ 𝐵 𝑜𝑟 𝑥 ∈ 𝐶)

 (𝑥 ∈ 𝐴𝑜𝑟𝑥 ∈ 𝐵)𝑜𝑟𝑥 ∈ 𝐶

 𝑥 ∈ (𝐴 ∩ 𝐵)𝑜𝑟𝑥 ∈ 𝐶

 𝑥 ∈ (𝐴 ∩ 𝐵) ∩ 𝐶

 𝑥 ∈ (𝐴 ∩ 𝐵)𝑜𝑟𝑥 ∈ 𝐶
 𝑥 ∈ (𝐴 ∩ 𝐵) ∩ 𝐶

 𝑎𝑠  𝑥 ∈ 𝐴 ∩ (𝐵 ∩ 𝐶) → 𝑥 ∈ (𝐴 ∩ 𝐵) ∩ 𝐶
 𝑠𝑜 𝐴 ∩ (𝐵 ∩ 𝐶) ⊆ (𝐴 ∩ 𝐵) ∩ 𝐶 … (𝑖)

𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑒𝑙𝑦 ,

𝑙𝑒𝑡 𝑦 ∈ (𝐴 ∩ 𝐵) ∩ 𝐶

 𝑦 ∈ (𝐴 ∩ 𝐵)𝑜𝑟 𝑦 ∈ 𝐶
 (𝑦 ∈ 𝐴 𝑜𝑟𝑦 ∈ 𝐵)𝑜𝑟 𝑦 ∈ 𝐶

 𝑦 ∈ 𝐴 𝑜𝑟 (𝑦 ∈ 𝐵 𝑜𝑟 𝑦 ∈ 𝐶)

 𝑦 ∈ 𝐴 𝑜𝑟 𝑦 ∈ (𝐵 ∩ 𝐶)

 𝑦 ∈ 𝐴 ∩ (𝐵 ∩ 𝐶)

 𝑎𝑠 𝑦 ∈ (𝐴 ∩ 𝐵) ∩ 𝐶 → 𝑦 ∈ 𝐴 ∩ (𝐵 ∩ 𝐶)

 𝑠𝑜 (𝐴 ∩ 𝐵) ∩ 𝐶 ⊆ 𝐴 ∩ (𝐵 ∩ 𝐶) … (𝑖𝑖)

𝑓𝑟𝑜𝑚 (𝑖)𝑎𝑛𝑑 (𝑖𝑖)𝑤𝑒 𝑐𝑜𝑛𝑐𝑙𝑢𝑑𝑒 𝑡ℎ𝑎𝑡

𝐴 ∩ (𝐵 ∩ 𝐶) = (𝐴 ∩ 𝐵) ∩ 𝐶 

v) Distributive of union over

intersection

𝑨 ∪ (𝑩 ∩ 𝑪) = (𝑨 ∪ 𝑩) ∩ (𝑨 ∩ 𝑪) 

Proof : 

𝑙𝑒𝑡 𝑥 ∈ 𝐴 ∪ (𝐵 ∩ 𝐶) 

 𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ (𝐵 ∩ 𝐶)

 𝑥 ∈ 𝐴 𝑜𝑟 (𝑥 ∈ 𝐵 𝑎𝑛𝑑 𝑥 ∈ 𝐶)

 (𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ 𝐵)𝑎𝑛𝑑(𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ 𝐶)

 𝑥 ∈ (𝐴 ∪ 𝐵) 𝑎𝑛𝑑 𝑥 ∈ (𝐴 ∪ 𝐶)

 𝑥 ∈ (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶)

 𝑎𝑠 𝑥 ∈ 𝐴 ∪ (𝐵 ∩ 𝐶) → 𝑥 ∈ (𝐴 ∪ 𝐵) ∩
(𝐴 ∩ 𝐶)

 𝑠𝑜 𝐴 ∪ (𝐵 ∩  𝐶) ⊆ (𝐴 ∪ 𝐵) ∩ (𝐴 ∪
𝐶) … (𝑖𝑖)

Conversely, 

𝑙𝑒𝑡 𝑦 ∈ (𝐴 ∪ 𝐵) ∩ (𝐴 ∩ 𝐶) 

 𝑦 ∈ (𝐴 ∪ 𝐵)𝑎𝑛𝑑 𝑦 ∈ (𝐴 ∩ 𝐶)

 (𝑦 ∈ 𝐴 𝑜𝑟 𝑦 ∈ 𝐵)𝑎𝑛𝑑 (𝑦 ∈ 𝐴 𝑜𝑟 𝑦 ∈ 𝐶)

 𝑦 ∈ 𝐴 𝑜𝑟 (𝑦 ∈ 𝐵 𝑎𝑛𝑑 𝑦 ∈ 𝐶)

 𝑦 ∈ 𝐴 ∪ (𝐵 ∩ 𝐶)

𝑎𝑠 𝑦 ∈ (𝐴 ∪ 𝐵) ∩ (𝐴 ∩ 𝐶)

⊆ 𝐴 ∪ (𝐵 ∩ 𝐶). . (𝑖𝑖) 

From (i) and (ii)  we conclude that 

𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∩ 𝐶) 

vi) Distributive of intersection over

Union

𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪) 

Proof : 
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sy

no
tes

.pk



Class 11   Chapter 2  

13 | P a g e

𝑙𝑒𝑡 𝑥 ∈ 𝐴 ∩ (𝐵 ∪ 𝐶) 

 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑥 ∈ (𝐵 ∪ 𝐶)

 𝑥 ∈ 𝐴 𝑎𝑛𝑑 (𝑥 ∈ 𝐵 𝑜𝑟 𝑥 ∈ 𝐶)

 (𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑥 ∈ 𝐵)𝑜𝑟(𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑥 ∈ 𝐶)

 𝑥 ∈ (𝐴 ∩ 𝐵) 𝑜𝑟 𝑥 ∈ (𝐴 ∩ 𝐶)

 𝑥 ∈ (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶)

 𝑎𝑠 𝑥 ∈ 𝐴 ∩ (𝐵 ∪ 𝐶) → 𝑥 ∈ (𝐴 ∩ 𝐵) ∪
(𝐴 ∩ 𝐶)

 𝑠𝑜 𝐴 ∩ (𝐵 ∪  𝐶) ⊆ (𝐴 ∩ 𝐵) ∪ (𝐴 ∩
𝐶) … (𝑖𝑖)

Conversely, 

𝑙𝑒𝑡 𝑦 ∈ (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

 𝑦 ∈ (𝐴 ∩ 𝐵)𝑎𝑛𝑑 𝑦 ∈ (𝐴 ∩ 𝐶)

 (𝑦 ∈ 𝐴 𝑎𝑛𝑑 𝑦 ∈ 𝐵)𝑜𝑟(𝑦 ∈ 𝐴 𝑎𝑛𝑑 𝑦 ∈ 𝐶)

 𝑦 ∈ 𝐴 𝑎𝑛𝑑 (𝑦 ∈ 𝐵 𝑜𝑟 𝑦 ∈ 𝐶)

 𝑦 ∈ (𝐴 ∪ 𝐵) ∩ 𝐶

𝑎𝑠 𝑦 ∈ (𝐴 ∩ 𝐵) ∪ (𝐵 ∩ 𝐶)

⊆ (𝐴 ∪ 𝐵) ∩ 𝐶. . (𝑖𝑖) 

From (i) and (ii)  we conclude that 

(𝐴 ∪ 𝐵) ∩ 𝐶 = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

DE Morgan’s Laws 

vii) (𝑨 ∪ 𝑩)′ = 𝑨′ ∩ 𝑩′

viii) (𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′

Proof: 

vii) (𝑨 ∪ 𝑩)′ = 𝑨′ ∩ 𝑩′

𝑙𝑒𝑡 𝑥 ∈ (𝑨 ∪ 𝑩)′

 𝑥 ∉ (𝐴 ∪ 𝐵 )

 𝑥 ∉ 𝐴 𝑎𝑛𝑑 𝑥 ∉ 𝐵

 𝑥 ∈ 𝐴′𝑎𝑛𝑑 𝑥 ∈ 𝐵′

 𝑥 ∈ 𝑨
′
∩ 𝑩

′

 As 𝑥 ∈ (𝑨 ∪ 𝑩)′ →  𝑥 ∈ 𝑨′ ∩ 𝑩′

 (𝑨 ∪ 𝑩)′ ⊆ 𝑨′ ∩ 𝑩′ … (𝟏)
Conversely, 

𝑙𝑒𝑡 𝑦 ∈ 𝐴′ ∩ 𝐵′

 𝑦 ∈ 𝐴′𝑎𝑛𝑑 𝑦 ∈ 𝐵′

 𝑦 ∉ 𝐴  𝑎𝑛𝑑 𝑦 ∉ 𝐵

 𝑦 ∉ (𝐴 ∪ 𝐵)

 𝑦 ∈ (𝐴 ∪ 𝐵)′

 As 𝑦 ∈ (𝐴′ ∩ 𝐵′) → 𝑦 ∈ (𝐴 ∪ 𝐵)′

 𝑠𝑜 𝐴′ ∩ 𝐵 ⊆ (𝐴 ∪ 𝐵)′ … (𝑖𝑖)
From (i) and (ii)   we conclude that

(𝑨 ∪ 𝑩)′ = 𝑨′ ∩ 𝑩′

 𝑵𝒐𝒘    (𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′

𝑙𝑒𝑡 𝑥 ∈ (𝑨 ∩ 𝑩)′

 𝑥 ∉ (𝐴 ∪ 𝐵 )

 𝑥 ∉ 𝐴 𝑎𝑛𝑑 𝑥 ∉ 𝐵

 𝑥 ∈ 𝐴′𝑎𝑛𝑑 𝑥 ∈ 𝐵′

 𝑥 ∈ (𝐴′ ∪ 𝐵)
 As 𝑥 ∈ (𝑨 ∪ 𝑩)′ →  𝑥 ∈ (𝑨′ ∩ 𝑩′)

 (𝑨 ∩ 𝑩)′ ⊆ 𝑨′ ∪ 𝑩′ … (𝒊)

Conversely, 

𝑙𝑒𝑡 𝑦 ∈ 𝐴′ ∪ 𝐵′

 𝑦 ∈ 𝐴′𝑜𝑟 𝑦 ∈ 𝐵′

 𝑦 ∉ 𝐴  𝑜𝑟 𝑦 ∉ 𝐵

 𝑦 ∉ (𝐴 ∩ 𝐵)

 𝑦 ∈ (𝐴 ∩ 𝐵)′

 As 𝑦 ∈ (𝐴′ ∪ 𝐵′) → 𝑦 ∈ (𝐴 ∩ 𝐵)′

 𝑠𝑜 𝐴′ ∪ 𝐵 ⊆ (𝐴 ∩ 𝐵)′ … (𝑖𝑖)
From (i) and (ii)   we conclude that

(𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′

Verification of the properties with the help of Venn 

Diagram. 

(i) 𝑨 ∪ 𝑩 = 𝑩 ∪ 𝑨

𝐴 ∪ 𝐵 

𝐵 ∪ 𝐴 

(ii)𝐴 ∩ 𝐵 = 𝐵 ∩ 𝐴

𝐴 ∩ 𝐵 
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𝐵 ∩ 𝐴 

(iii)𝐴 ∪ (𝐵 ∪ 𝐶) = (𝐴 ∪ 𝐵) ∪ 𝐶

𝐵 ∪ 𝐶 fig(i) 

𝐴 ∪ (𝐵 ∪ 𝐶) fig(ii) 

𝐴 ∪ 𝐵 fig (iii) 

(𝐴 ∪ 𝐵) ∪ 𝐶 fig(iv) 

From fig.(ii) and fig(iv) 

We conclude that  

𝐴 ∪ (𝐵 ∪ 𝐶) = (𝐴 ∪ 𝐵) ∪ 𝐶 

(iv) 𝑨 ∩ (𝑩 ∩ 𝑪) = (𝑨 ∩ 𝑩) ∩ 𝑪

𝑩 ∩ 𝑪    fig.(i) 

𝑨 ∩ (𝑩 ∩ 𝑪)          fig(ii) 

𝐴 ∩ 𝐵      fig.(iii) 

(𝑨 ∩ 𝑩) ∩ 𝑪              fig.(iv) 

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

 𝑨 ∩ (𝑩 ∩ 𝑪) = (𝑨 ∩ 𝑩) ∩ 𝑪 

(v)𝑨 ∪ (𝑩 ∩ 𝑪) = (𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪)

𝐵 ∩ 𝐶 fig.(i) 

𝑨 ∩ (𝑩 ∩ 𝑪) fig.(ii) 
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𝐴 ∪ 𝐵 fig(iii) 

𝐴 ∪ 𝐶 fig(iv) 

(𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪)   fig(v) 

From fig(ii) and fig(v) it is verified it is 

𝑨 ∪ (𝑩 ∩ 𝑪) = (𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪) 

(vi) 𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪)

𝐵 ∪ 𝐶           fig.(i) 

𝑨 ∩ (𝑩 ∪ 𝑪)  fig(ii) 

𝐴 ∩ 𝐵 fig.(iii) 

𝐴 ∩ 𝐶  fig(iv) 

(𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪)     fig(v) 

From fig(ii) and fig(v) it is verified that 

𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪  

(𝒗𝒊𝒊)(𝑨 ∪ 𝑩)′ = 𝑨′ ∩ 𝑩′

𝐴 ∪ 𝐵  fig(i) 

(𝐴 ∪ 𝐵)′     fig(ii) 

𝐴′              fig(iii) 

𝐵′              fig(iv) 
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𝐴′ ∩ 𝐵′      fig(v) 

From (ii) and (v) it is verified that  (𝐴 ∪ 𝐵)′ = 𝐴′ ∩ 𝐵′

(viii) (𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′

𝐴 ∩ 𝐵   fig(i)

(𝑨 ∩ 𝑩)′  fig(ii) 

𝐴′   fig(iii) 

𝐵′  fig.(iv) 

𝑨′ ∪ 𝑩′   fig(v) 

From fig(ii) and fig(v) it is verified that (𝑨 ∩ 𝑩)′ =

𝑨′ ∪ 𝑩′ 

Exercise 2.3 
𝑸. 𝟏: 

 𝑽𝒆𝒓𝒊𝒇𝒚 𝒕𝒉𝒆 𝒑𝒐𝒑𝒆𝒓𝒕𝒊𝒆𝒔 𝒐𝒇 𝒖𝒏𝒊𝒏𝒐𝒏 𝒂𝒏𝒅  

𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝒇𝒐𝒓 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒑𝒂𝒊𝒓𝒔 𝒐𝒇 𝒔𝒆𝒕𝒔: 
𝒊) 𝑨 = {𝟏, 𝟐, 𝟑, 𝟒, 𝟓}  ,   𝑩 = {𝟒, 𝟔, 𝟖, 𝟏𝟎} 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 
 𝑪𝒐𝒎𝒎𝒖𝒕𝒂𝒕𝒊𝒗𝒆  𝑷𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝑼𝒏𝒊𝒐𝒏 

    𝐴 ∪ 𝐵 = 𝐵 ∪ 𝐴 

 𝐿. 𝐻. 𝑆 =  𝐴 ∪ 𝐵  

    = {1,2,3,4,5} ∪ {4,6,8,10} 

    = {1,2,3,4,5,6,8,10} 

  𝑅. 𝐻. 𝑆 =  𝐵 ∪ 𝐴  

    = {4,6,8,10} ∪ {1,2,3,4,5} 

    = {1,2,3,4,5,6,8,10} 
𝑪𝒐𝒎𝒎𝒖𝒕𝒂𝒕𝒊𝒗𝒆  𝑷𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 

 𝐴 ∩ 𝐵 = 𝐵 ∩ 𝐴 

 𝐿. 𝐻. 𝑆 =  𝐴 ∩ 𝐵 

    = {1,2,3,4,5} ∩ {4,6,8,10} 

    = {4} 

  𝑅. 𝐻. 𝑆 =  𝐵 ∩ 𝐴 

    = {4,6,8,10} ∩ {1,2,3,4,5} 

    = {4} 
𝒊𝒊) 𝑨 = 𝑵   ,   𝑩 = 𝒁 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 
 𝑪𝒐𝒎𝒎𝒖𝒕𝒂𝒕𝒊𝒗𝒆  𝑷𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝑼𝒏𝒊𝒐𝒏 

    𝐴 ∪ 𝐵 = 𝐵 ∪ 𝐴 

 𝐿. 𝐻. 𝑆 =  𝑁 ∪ 𝑍  

       = 𝑍 

  𝑅. 𝐻. 𝑆 =  𝐵 ∪ 𝐴 

    =  𝑍 ∪ 𝑁 

    = 𝑍 
𝑪𝒐𝒎𝒎𝒖𝒕𝒂𝒕𝒊𝒗𝒆  𝑷𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 

   𝐴 ∩ 𝐵 = 𝐵 ∩ 𝐴 

  𝐿. 𝐻. 𝑆 =  𝑁 ∩ 𝑍 

       = 𝑁 

  𝑅. 𝐻. 𝑆 =  𝐵 ∩ 𝐴 

    =  𝑍 ∩ 𝑁 

    = 𝑁 
𝒊𝒊𝒊) 𝑨 = {𝒙 | 𝒙 ∈ ℝ  𝚲 𝒙 ≥ 𝟎}  , ℝ 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 
  𝐴 = 𝑆𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 + 𝑖𝑣𝑒 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

  𝐵 = ℝ =  𝑆𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

 𝑪𝒐𝒎𝒎𝒖𝒕𝒂𝒕𝒊𝒗𝒆  𝑷𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝑼𝒏𝒊𝒐𝒏 

    𝐴 ∪ 𝐵 = 𝐵 ∪ 𝐴 

 𝐿. 𝐻. 𝑆 =  𝐴 ∪ 𝐵  

    = 𝐵 

  𝑅. 𝐻. 𝑆 =  𝐵 ∪ 𝐴 

    = 𝐵 
𝑪𝒐𝒎𝒎𝒖𝒕𝒂𝒕𝒊𝒗𝒆  𝑷𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 

    𝐴 ∩ 𝐵 = 𝐵 ∩ 𝐴 

 𝐿. 𝐻. 𝑆 =  𝐴 ∩ 𝐵  

    = 𝐴 

  𝑅. 𝐻. 𝑆 =  𝐵 ∩ 𝐴 

    = 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, 𝟐, 𝟑, 𝟒},   𝑩 = {𝟑, 𝟒, 𝟓, 𝟔, 𝟕, 𝟖},  

 𝑪 = {𝟓, 𝟔, 𝟕, 𝟗, 𝟏𝟎} 

  𝒊) 𝑨𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 

 (𝐴 ∪ 𝐵) ∪ 𝐶 = 𝐴 ∪ (𝐵 ∪ 𝐶) 

 𝐿. 𝐻. 𝑆 = (𝐴 ∪ 𝐵) ∪ 𝐶  

= ({1,2,3,4} ∪ {3,4,5,6,7,8}) ∪ {5,6,7,9,10} 

= {1,2,3,4,5,6,7,8} ∪ {5,6,7,9,10} 

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

 𝑅. 𝐻. 𝑆 = 𝐴 ∪ (𝐵 ∪ 𝐶) = {1,2,3,4} ∪ ({3,4,5,6,7,8} ∪

{5,6,7,9,10}) 

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

𝒊𝒊) 𝑨𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏  

 (𝐴 ∩ 𝐵) ∩ 𝐶 = 𝐴 ∩ (𝐵 ∩ 𝐶) 

  𝐿. 𝐻. 𝑆 = (𝐴 ∩ 𝐵) ∩ 𝐶 = ({1,2,3,4} ∩ {3,4,5,6,7,8}) ∩
{5,6,7,9,10} 

= {3,4} ∩ {5,6,7,9,10} = { } 

 𝑅. 𝐻. 𝑆 = 𝐴 ∩ (𝐵 ∩ 𝐶)  

= {1,2,3,4} ∩ ({3,4,5,6,7,8} ∩ {5,6,7,9,10}) 

= {1,2,3,4} ∩ {5,6,7} = { } 

𝒊𝒊𝒊) 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 𝒐𝒗𝒆𝒓 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 

𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

𝐿. 𝐻. 𝑆 = 𝐴 ∪ (𝐵 ∩ 𝐶) = 

{1,2,3,4} ∪ ({3,4,5,6,7,8} ∩ {5,6,7,9,10}) 

= {1,2,3,4} ∪ {5,6,7} = {1,2,3,4,5,6,7} 

𝑅. 𝐻. 𝑆 = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

= ({1,2,3,4} ∪ {3,4,5,6,7,8}) ∩ ({1,2,3,4} ∪ {5,6,7,9,10}) 

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

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

  𝒊𝒗) 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝒐𝒗𝒆𝒓 𝒖𝒏𝒊𝒐𝒏 

  𝐴 ∩ (𝐵 ∪ 𝐶) = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

𝐿. 𝐻. 𝑆 = 𝐴 ∩ (𝐵 ∪ 𝐶)  

= {1,2,3,4} ∩ ({3,4,5,6,7,8} ∪ {5,6,7,9,10}) 

= {1,2,3,4} ∩ {3,4,5,6,7,8,9,10}  

= {3,4} 

  𝑅. 𝐻. 𝑆 = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

= ({1,2,3,4} ∩ {3,4,5,6,7,8}) ∪ ({1,2,3,4} ∩
{5,6,7,9,10})  

= {3,4} ∩ { }  

= {3,4}  

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝒃) 𝑨 = ∅  𝒐𝒓  { },   𝑩 = {𝟎},   𝑪 = {𝟎, 𝟏, 𝟐} 

  𝒊) 𝑨𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 

 (𝐴 ∪ 𝐵) ∪ 𝐶 = 𝐴 ∪ (𝐵 ∪ 𝐶) 

 𝐿. 𝐻. 𝑆 = (𝐴 ∪ 𝐵) ∪ 𝐶  

= ({ } ∪ {0}) ∪ {0,1,2} = {0} ∪ {0,1,2} 

= {0,1,2} 

 𝑅. 𝐻. 𝑆 = 𝐴 ∪ (𝐵 ∪ 𝐶) 

 = { } ∪ ({0} ∪ {0,1,2}) 

= { } ∪ {0,1,2} = {0,1,2}  

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝒊𝒊) 𝑨𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏  

   (𝐴 ∩ 𝐵) ∩ 𝐶 = 𝐴 ∩ (𝐵 ∩ 𝐶) 

  𝐿. 𝐻. 𝑆 = (𝐴 ∩ 𝐵) ∩ 𝐶  

= ({ } ∩ {0}) ∩ {0,1,2} = { } ∩ {0,1,2} = {  } 

 𝑅. 𝐻. 𝑆 = 𝐴 ∩ (𝐵 ∩ 𝐶) 

 = { } ∩ ({0} ∩ {0,1,2}) = { } ∩ {5,6,7} = { } 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝒊𝒊𝒊) 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 𝒐𝒗𝒆𝒓 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 

   𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

  𝐿. 𝐻. 𝑆 = 𝐴 ∪ (𝐵 ∩ 𝐶) = { } ∪ ({0} ∩ {0,1,2}) 

= { } ∪ {0} = {0} 

  𝑅. 𝐻. 𝑆 = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

= ({ } ∪ {0}) ∩ ({ } ∪ {0,1,2}) 

= {0} ∩ {0,1,2} = {0} 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝒊𝒗) 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝒐𝒗𝒆𝒓 𝒖𝒏𝒊𝒐𝒏 

  𝐴 ∩ (𝐵 ∪ 𝐶) = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

  𝐿. 𝐻. 𝑆 = 𝐴 ∩ (𝐵 ∪ 𝐶) = 
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{ } ∩ ({0} ∪ {0,1,2}) = { } ∩ {0,1,2} = { } 

  𝑅. 𝐻. 𝑆 = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

= ({ } ∩ {0}) ∪ ({ } ∩ {0,1,2}) = { } ∩ { } = { } 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

) 𝑨 = ℕ ,   𝑩 = ℤ,   𝑪 = ℚ     𝑶𝑹 

 𝑨 = {𝟏, 𝟐, 𝟑, .  .  . },   𝑩 = {𝟎, ±𝟏, ±𝟐, ±𝟑, .  .  . }, 

 𝑪 = {𝒙|𝒙 =
𝒑

𝒒
, 𝒘𝒉𝒆𝒓𝒆 𝒑, 𝒒 ∈ ℤ 𝒂𝒏𝒅 𝒒 ≠ 𝟎} 

  𝒊) 𝑨𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 

 (𝐴 ∪ 𝐵) ∪ 𝐶 = 𝐴 ∪ (𝐵 ∪ 𝐶) 

 𝐿. 𝐻. 𝑆 = (𝐴 ∪ 𝐵) ∪ 𝐶 = (𝑁 ∪ 𝑍) ∪ 𝑄 = 𝑍 ∪ 𝑄 = 𝑄  

 𝑅. 𝐻. 𝑆 = 𝐴 ∪ (𝐵 ∪ 𝐶) = 𝑁 ∪ (𝑍 ∪ 𝑄) = 𝑁 ∪ 𝑄 = 𝑄   

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆  

 𝒊𝒊) 𝑨𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏   

   (𝐴 ∩ 𝐵) ∩ 𝐶 = 𝐴 ∩ (𝐵 ∩ 𝐶) 

  𝐿. 𝐻. 𝑆 = (𝐴 ∩ 𝐵) ∩ 𝐶 = (𝑁 ∩ 𝑍) ∩ 𝑄 = 𝑁 ∩ 𝑄 = 𝑁  

 𝑅. 𝐻. 𝑆 = 𝐴 ∩ (𝐵 ∩ 𝐶) = 𝑁 ∩ (𝑍 ∩ 𝑄) = 𝑁 ∩ 𝑍 = 𝑁 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝒊𝒊𝒊) 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 𝒐𝒗𝒆𝒓 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 

   𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

 𝐿. 𝐻. 𝑆 = 𝐴 ∪ (𝐵 ∩ 𝐶) = 𝑁 ∪ (𝑍 ∩ 𝑄) = 𝑁 ∪ 𝑍 = 𝑍 

  𝑅. 𝐻. 𝑆 = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

= (𝑁 ∪ 𝑍) ∩ (𝑁 ∪ 𝑄) = 𝑍 ∩ 𝑄 = 𝑍 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝒊𝒗) 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝒐𝒗𝒆𝒓 𝒖𝒏𝒊𝒐𝒏 

  𝐴 ∩ (𝐵 ∪ 𝐶) = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) 

  𝐿. 𝐻. 𝑆 = 𝐴 ∩ (𝐵 ∪ 𝐶) = 𝑁 ∩ (𝑍 ∪ 𝑄) = 𝑁 ∩ 𝑄 = 𝑁 

𝑅. 𝐻. 𝑆 = (𝐴 ∩ 𝐵) ∪ (𝐴 ∩ 𝐶) = (𝑁 ∩ 𝑍) ∪ (𝑁 ∩ 𝑄) 

= 𝑁 ∪ 𝑁 

= 𝑁 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝑸. 𝟑: 𝑽𝒆𝒓𝒊𝒇𝒚 𝑫𝒆 𝑴𝒐𝒓𝒈𝒂𝒏′𝒔 𝑳𝒂𝒘𝒔 𝒇𝒐𝒓 𝒕𝒉𝒆 

𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒆𝒕𝒔:  

  𝑼 = {𝟏, 𝟐, 𝟑, .  .  .  , 𝟐𝟎}  ,   𝑨 = {𝟐, 𝟒, 𝟔, .   .  .  , 𝟐𝟎}  , 

 𝑩 = {𝟏, 𝟑, 𝟓, .  .  .  , 𝟏𝟗} 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

  𝑫𝒆 𝑴𝒐𝒓𝒈𝒂𝒏′𝒔 𝑳𝒂𝒘𝒔:   (𝑨 ∪ 𝑩)′ = 𝑨′ ∩ 𝑩′ 

  𝐿. 𝐻. 𝑆 =  (𝐴 ∪ 𝐵)′ = 𝑈 − (𝐴𝑈𝐵) 

= {1,2,3, .  .  .  ,20} 

−({2,4,6, .   .  . ,20} ∪ {1,3,5, .  .  . , 19}) 

= {1,2,3, .  .  .  ,20} − {1,2,3, .  .  .  ,20} = { } 
 𝑅. 𝐻. 𝑆 = 𝐴′ ∩ 𝐵′ = (𝑈 − 𝐴) ∩ (𝑈 − 𝐵) 

= ({1,2,3, .  .  . ,20} − {2,4,6, .   .  . ,20})

∩ ({1,2,3, .  .  . ,20}  − {1,3,5,

.  .  .  , 19}) 

= {1,3,5, .  .  .  , 19} ∩ {2,4,6, .   .  .  ,20} = { } 
𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝑫𝒆 𝑴𝒐𝒓𝒈𝒂𝒏′𝒔 𝑳𝒂𝒘𝒔:   (𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′ 

  𝐿. 𝐻. 𝑆 =  (𝐴 ∩ 𝐵)′ = 𝑈 − (𝐴 ∩ 𝐵) 

= {1,2,3, .  .  .  ,20}  

−({2,4,6, .   .  .  ,20} ∩ {1,3,5, .  .  .  , 19}) 

 = {1,2,3, .  .  .  ,20} − { } 

= {1,2,3, .  .  .  ,20} 
 𝑅. 𝐻. 𝑆 = 𝐴′ ∪ 𝐵′ = (𝑈 − 𝐴) ∪ (𝑈 − 𝐵) 

= ({1,2,3, .  .  . ,20} − {2,4,6, .   .  . ,20})

∪ ({1,2,3, .  .  . ,20}  − {1,3,5,

.  .  .  , 19}) 

= {1,3,5, .  .  .  , 19} ∪ {2,4,6, .   .  .  ,20}

= {1,2,3, .  .  .  ,20} 
 𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

𝑸. 𝟒: 𝑼 = 𝑻𝒉𝒆 𝒔𝒆𝒕 𝒐𝒇 𝑬𝒏𝒈𝒍𝒊𝒔𝒉 𝒂𝒍𝒑𝒉𝒂𝒃𝒆𝒕𝒔 , 𝑨

= {𝒙|𝒙 𝒊𝒔 𝒂 𝒗𝒐𝒘𝒆𝒍}, 𝑩

= {𝒚|𝒚 𝒊𝒔 𝒂 𝒄𝒐𝒏𝒔𝒐𝒏𝒂𝒏𝒕} 
 𝑽𝒆𝒓𝒊𝒇𝒚 𝑫𝒆 𝑴𝒐𝒓𝒈𝒂𝒏′𝒔 𝑳𝒂𝒘𝒔 𝒇𝒐𝒓 𝒕𝒉𝒆𝒔𝒆 𝒔𝒆𝒕𝒔: 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 
  𝑈 = 
{𝑎, 𝑏, 𝑐, 𝑑, 𝑒, 𝑓, 𝑔, ℎ, 𝑖, 𝑗, 𝑘, 𝑙, 𝑚, 𝑛, 𝑜, 𝑝, 𝑞, 𝑟, 𝑠, 𝑡, 𝑢, 𝑣, 𝑤, 𝑥, 𝑦, 𝑧} 

 𝐴 = {𝑎, 𝑒, 𝑖, 𝑜, 𝑢} 

 𝐵 = {𝑏, 𝑐, 𝑑, 𝑓, 𝑔, ℎ, 𝑗, 𝑘, 𝑙, 𝑚, 𝑛, 𝑝, 𝑞, 𝑟, 𝑠, 𝑡, 𝑣, 𝑤, 𝑥, 𝑦, 𝑧} 
  𝑫𝒆 𝑴𝒐𝒓𝒈𝒂𝒏′𝒔 𝑳𝒂𝒘𝒔:   (𝑨 ∪ 𝑩)′ = 𝑨′ ∩ 𝑩′ 

  𝐿. 𝐻. 𝑆 =  (𝐴 ∪ 𝐵)′ = 𝑈 − (𝐴𝑈𝐵) = 𝑈 − 𝑈 = { }  
 𝑅. 𝐻. 𝑆 = 𝐴′ ∩ 𝐵′ = (𝑈 − 𝐴) ∩ (𝑈 − 𝐵) = 𝐵 ∩ 𝐴 = { } 
  𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 
 𝑫𝒆 𝑴𝒐𝒓𝒈𝒂𝒏′𝒔 𝑳𝒂𝒘𝒔:   (𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′ 

  𝐿. 𝐻. 𝑆 =  (𝐴 ∩ 𝐵)′ = 𝑈 − (𝐴 ∩ 𝐵) = 𝑈 − { } = 𝑈 
 𝑅. 𝐻. 𝑆 = 𝐴′ ∪ 𝐵′ = (𝑈 − 𝐴) ∪ (𝑈 − 𝐵) = 𝐵 ∪ 𝐴 = 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

i)𝑨 ⊆ 𝑩, 𝑨 ∩ 𝑪 =

∅ 𝒂𝒏𝒅 𝑩 𝒂𝒏𝒅 𝑪 𝒂𝒓𝒆 𝒐𝒗𝒆𝒓𝒍𝒂𝒑𝒑𝒊𝒎𝒈

(a) 𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶)

From given information we have Venn diagram as 

𝐴 ⊆ 𝐵,𝐴 ∩ 𝐶 = ∅ B and C are overlapping 
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𝐵 ∩ 𝐶 fig(i) 

𝐴 ∪ (𝐵 ∩ 𝐶) fig.(ii) 

𝐴 ∪ 𝐵 Fig.(iii) 

𝐴 ∪ 𝐶 fig.(iv) 

(𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) fig(v) 

From fig.(iii) and (v) we verified that 

𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶) 

(𝒃)𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪) 

𝐵 ∪ 𝐶 fig.(i) 

𝐴 ∩ (𝐵 ∪ 𝐶)      fig.(ii) 

𝐴 ∩ 𝐵 fig(iii) 

𝐴 ∩ 𝐶 ∴ 𝐴 ∩ 𝐶 = ∅ fig.(iv) 

(𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪) fig(v) 

From fig(iii) and (v) 

It is verified  that  

𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪)
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(iii) A and B are overlapping, B and C are

overlapping but A and C are disjoint.

 (𝒂)𝑨 ∪ (𝑩 ∩ 𝑪) = (𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪) 

According to given information we have Venn 

diagram as 

𝐴 ∩ 𝐵 ≠ ∅, 𝐵 ∩ 𝐶 = ∅, 𝐴 ∩ 𝐶 = ∅ 

𝐵 ∩ 𝐶 fig.(i) 

𝐴 ∪ (𝐵 ∩ 𝐶) fig.(ii) 

𝐴 ∪ 𝐵 Fig(iii) 

𝐴 ∪ 𝐶   fig(iv) 

(𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪)              fig.(v) 

From fig(ii) and fig(v)  

It is verified that  

𝑨 ∪  (𝑩 ∩ 𝑪)(𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪) 

(b) 𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪)

𝐵 ∪ 𝐶           fig(i) 

𝐴 ∩ (𝐵 ∪ 𝐶)           fig(ii) 

𝐴 ∩ 𝐵 fig.(iii) 

𝐴 ∩ 𝐶          𝐴 ∩ 𝐶 = ∅ 
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From fig(ii) and fig(iv) it is verified that 

 𝑨 ∩ (𝑩 ∪ 𝑪) = (𝑨 ∩ 𝑩) ∪ (𝑨 ∩ 𝑪) 

𝑸. 𝟔: 𝑻𝒂𝒌𝒊𝒏𝒈 𝒂𝒏𝒚 𝒔𝒆𝒕, 𝒔𝒂𝒚 

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

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

 𝒊) 𝑨 ∪ ∅ = 𝑨 

 𝐿. 𝐻. 𝑆 = 𝐴 ∪ ∅ = {1,2,3,4,5} ∪ { } = {1,2,3,4,5} = 𝐴 

  𝒊𝒊) 𝑨 ∪ 𝑨 = 𝑨 

 𝐿. 𝐻. 𝑆 = 𝐴 ∪ 𝐴 = {1,2,3,4,5} ∪ {1,2,3,4,5 } =
{1,2,3,4,5} = 𝐴 

 𝒊𝒊𝒊) 𝑨 ∩ 𝑨 = 𝐴 

 𝐿. 𝐻. 𝑆 = 𝐴 ∩ 𝐴 = {1,2,3,4,5} ∩ {1,2,3,4,5} = 𝐴 

𝑸. 𝟕: 𝑰𝒇 𝑼 = {𝟏, 𝟐, 𝟑, 𝟒,   .  .  .  , 𝟐𝟎} 𝒂𝒏𝒅  

𝑨 = {𝟏, 𝟑, 𝟓, 𝟕,   .  .  .  , 𝟏𝟗} 

𝑽𝒆𝒓𝒊𝒇𝒚 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈:  

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

  𝒊) 𝑨 ∪ 𝑨′ = 𝑼 

   𝐿. 𝐻. 𝑆 = 𝐴 ∪ 𝐴′ = 𝐴 ∪ (𝑈 − 𝐴) 

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

∪ ({1,2,3,4,   .  .  .  , 20} − {1,3,5,7,   .  .  .  ,19})  

= {1,3,5,7,   .  .  .  ,19} ∪ {2,4,6,   .   .  .  , 20} 

= {1,2,3,4,   .  .  .  , 20} = 𝑈 = 𝑅. 𝐻. 𝑆 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

  𝒊𝒊) 𝑨 ∩ 𝑼 = 𝑨 

  𝐿. 𝐻. 𝑆 =  𝐴 ∩ 𝑈 

= {1,3,5,7,   .  .  .  ,19} ∩ {1,2,3,4,   .  .  .  , 20} 

= 𝐴 

= 𝑅. 𝐻. 𝑆    

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

  𝒊𝒊𝒊) 𝑨 ∩ 𝑨′ = ∅ 

  𝐿. 𝐻. 𝑆 =  𝐴 ∩ 𝐴′ 

= 𝐴 ∩ (𝑈 − 𝐴) 

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

∩ ({1,2,3,4,   .  .  .  , 20} − {1,3,5,7,   .  .  .  ,19}) 

= ∅ 

= 𝑅. 𝐻. 𝑆 

𝑸. 𝟖: 𝑭𝒓𝒐𝒎 𝒔𝒖𝒊𝒕𝒂𝒃𝒍𝒆 𝒑𝒓𝒐𝒑𝒆𝒓𝒕𝒊𝒆𝒔 𝒐𝒇 𝒖𝒏𝒊𝒐𝒏 𝒂𝒏𝒅 

 𝒊𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝒅𝒆𝒅𝒖𝒄𝒆 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒓𝒆𝒔𝒖𝒍𝒕𝒔: 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

 𝒊)   𝑨 ∩ (𝑨 ∪ 𝑩) = 𝑨 ∪ (𝑨 ∩ 𝑩) 

  𝐿. 𝐻. 𝑆 = 𝐴 ∩ (𝐴 ∪ 𝐵) 

= (𝐴 ∩ 𝐴) ∪ (𝐴 ∩ 𝐵) 

= 𝐴 ∪ (𝐴 ∩ 𝐵) 

= 𝑅. 𝐻. 𝑆 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

 𝒊𝒊)   𝑨 ∪ (𝑨 ∩ 𝑩) = 𝑨 ∩ (𝑨 ∪ 𝑩) 

  𝐿. 𝐻. 𝑆 = 𝐴 ∪ (𝐴 ∩ 𝐵) 

= (𝐴 ∪ 𝐴) ∩ (𝐴 ∪ 𝐵) 

= 𝐴 ∩ (𝐴 ∪ 𝐵) 

= 𝑅. 𝐻. 𝑆 

𝐻𝑒𝑛𝑐𝑒   𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 

Q.9 using Venn diagram, verify the following

results.

(i)𝑨 ∩ 𝑩′ = 𝑨      𝒊𝒇𝒇 𝑨 ∩ 𝑩 = ∅

Suppose 𝐴 ∩ 𝐵′ = 𝐴          fig.(i) 

We are to prove that 𝐴 ∩ 𝐵 = ∅ 𝑓𝑟𝑜𝑚 𝑓𝑖𝑔 (𝑖)𝐴 ∩

𝐵′ = 𝐴 

Showing A and B are disjoint. so 𝑨 ∩ 𝑩 = ∅ 

Conversely, 

Suppose 𝑨 ∩ 𝑩 = ∅  

As 𝑨 ∩ 𝑩 = ∅ 
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 A and B are disjoint

 A will be subset of B’

 So 𝐴 ∩ 𝐵′ = 𝐴 𝑎𝑠 𝑠ℎ𝑜𝑤𝑛 𝑖𝑛 𝑓𝑖𝑔. (𝑖𝑖𝑖)

𝐴 ∩ 𝐵′ = 𝐴 

ii)(𝑨 − 𝑩) ∪ 𝑩 = 𝑨 ∪ 𝑩 

consider A and B are overlapping sets, then 

𝑨 − 𝑩 fig(i) 

(𝑨 − 𝑩) ∪ 𝑩 fig(ii) 

From fig(ii) it is clear that(𝑨 − 𝑩) ∪ 𝑩 = 𝑨 ∪

𝑩  

iii) 

(𝐴 − 𝐵) ∩ 𝐵 = ∅ 

Consider A and B are overlapping sets 

then  

𝐴 − 𝐵 fig.(i) 

From fig.𝐴 − 𝐵 and B having nothing common So 

nothing will be shaded to show (𝐴 − 𝐵) ∩

𝐵 𝑎𝑠 𝑠ℎ𝑜𝑤𝑛 𝑖𝑛 𝑓𝑖𝑔. (𝑖𝑖) 

So, (𝐴 − 𝐵) ∩ 𝐵 = ∅ 

iv)𝑨 ∪ 𝑩 = 𝑨 ∪ (𝑨′ ∩ 𝑩)

consider A and B are overlapping sets, then 

𝐴 ∪ 𝐵 fig(i) 

𝐴′ = 𝑈 − 𝐴 fig(ii) 

𝐴′ ∩ 𝐵 fig(iii) 

𝑨 ∪ (𝑨′ ∩ 𝑩)  fig(iv) 

From fig(i) and fig(iv) it is verified that 

𝑨 ∪ 𝑩 = 𝑨 ∪ (𝑨′ ∩ 𝑩)  

Induction: 
A result on the basis of limited observations is 

called induction. 

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

known facts is called deduction. 

Proposition: 
Any statement which is either true or false but not 

both is called proposition are denoted by 

𝑝1, 𝑞1, 𝑟1 …  

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 𝑝 𝑖𝑠 𝑡𝑟𝑢𝑒 ~𝑝 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒  

𝑖𝑓 𝑝 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 , ~𝑝 𝑖𝑠 𝑡𝑟𝑢𝑒  

𝑖𝑓 ~𝑝 𝑖𝑠 𝑡𝑟𝑢𝑒 , 𝑝 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 

𝑖𝑓 ~𝑝 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 , 𝑝 𝑖𝑠 𝑡𝑟𝑢𝑒 

𝑡ℎ𝑒 𝑡𝑟𝑢𝑡ℎ 𝑡𝑎𝑏𝑙𝑒 𝑖𝑠   

Conjunction: 
Let P and q be two proposition then their 

conjunction is denoted by 𝑝 ∧ 𝑞 and read as 

“p and 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: 
Let P and q be two 

proposition then their disjunction is denoted by 

𝑝 ∨ 𝑞 and read as  

“p and q” 

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

false

*A disjunction is true if at least one of p and q is

true.

The truth table is given as

Implication or conditional: 
let p and q be two proposition, then p implication 

q 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 proposition 𝑝 → 𝑞 ∧ 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 q 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 table as

Conditionals related with a given conditional 
Converse: 
Let 𝑝 → 𝑞 𝑏𝑒 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑡ℎ𝑒𝑛  
𝑞 → 𝑝 𝑖𝑠 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 q ~𝑝 ~𝑞 

T T F F 

T F F T 

F T T F 

F F T F 

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 statement which is necessary true for all the cases is called

a tautology.

p ~𝑝 𝑝 ∨ ~𝑝 

conditional 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑒 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑐𝑜𝑛𝑡𝑟𝑎𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 

𝑝 ⟶ 𝑞 𝑞 ⟶ 𝑝 ~p⟶∼q ∼ 𝑞 ⟶ ~𝑝
T T T T 

F T T F 

T F F T 

T T T T 

p ~𝑝 

T F 

F T 

p 𝑝 𝑝 ∧ 𝑞
T T T 

T F F 

F T F 

F F F 

p 𝑝 𝑝 ∨ 𝑞 

T T T 

T F T 

F T T 

F F F 

p 𝑝 𝑝 →  𝑞 

T T T 

T F F 

F T T 

F F T 

P 𝑝 𝑝 →  𝑞 𝑞 → 𝑝 𝑝 ↔ 𝑞 

T T T T T 

T F F T F 

F T T F F 

F F T T T 
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T F T 

F T T 

From 𝑝 ∨ ~𝑞 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑐𝑎𝑠𝑒𝑠. 
S0 𝑝 ∨ ~𝑝 𝑖𝑠 𝑡𝑎𝑢𝑡𝑜𝑙𝑜𝑔𝑦 

Contradiction: 

A statement which is necessary false for all the cases is 

called contradiction. 

p ~𝑝 𝑝 ∧ ~𝑝 

T F F 

F T F 

From the table we observe that 𝑝 ∧ ~𝑝  

Is a contradiction. 

Contingency: 

 A Statement which is neither tautology nor contradiction is 

called contingency. 

e.g., (𝑝 → 𝑞) ∧ (𝑝 ∨ 𝑞) 𝑖𝑠 𝑐𝑜𝑛𝑡𝑖𝑛𝑔𝑒𝑛𝑐𝑦.
i) Quantifiers: the word or symbol which convey the idea of

quantity or number are called quantifiers.

There are two quanrifiers.

Universal quantifiers: the symbol

∀ 𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑞𝑢𝑎𝑛𝑡𝑖𝑓𝑖𝑒𝑟𝑠.
ii)Existential Quantifiers: the symbol

∃ 𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑒𝑥𝑖𝑠𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑞𝑢𝑎𝑛𝑡𝑖𝑓𝑖𝑒𝑟𝑠.
𝒊𝒊) 𝒑 ⟶ (𝒑 ∨ 𝒒)

p q 𝑝 ∨  q 𝑝⟶(p ∨ q) 

T T T T 

T F T T 

F T T T 

F 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 ⟶ q ∼ (𝑝 ⟶ q) ∼ (𝑝 ⟶ q)⟶p 

T T T F T 

T F F T T 

F T T F T 

F F T F T 

 𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝑇, 
 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑡𝑎𝑜𝑡𝑜𝑙𝑜𝑔𝑦. 
iv) ∼ 𝒒 ⋀ (𝒑 ⟶  𝒒) ⟶∼  𝒑

p q ∼p ∼q 𝑝 ⟶
 q 

∼ q⋀(𝑝 ⟶
q)

∼ q ⋀ (𝑝 ⟶
q)⟶∼ p 

T T F F T F T 

T F F T F F T 

F T T F T F T 

F F 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 
𝒊) 𝒑 ⋀ ∼ 𝒑 

p ∼ 𝒑 𝑝 ⋀ ∼ 𝒑 
T F F 

F T F 

𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 
 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝐹,   
 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎𝑛 𝑎𝑏𝑠𝑢𝑟𝑑𝑖𝑡𝑦. 

𝒊𝒊) 𝒑 ⟶ (q ⟶ p) 
p q 𝑞 ⟶ p 𝑝 ⟶ (q ⟶ p) 
T T T T 

T F T T 

F T F T 

F F T T 
𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝑇, 

 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑡𝑎𝑜𝑡𝑜𝑙𝑜𝑔𝑦. 
𝒊𝒊𝒊) 𝒒 ⋁ (∼q ⋁ p) 

p q ∼q ∼q ⋁ p 𝑞 ⋁ (∼q ⋁ p) 
T T F T T 

T F T T T 

F T F F T 

F F T T T 
 𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝑇, 

 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑡𝑎𝑜𝑡𝑜𝑙𝑜𝑔𝑦. 

Exercise 2.4 
Q.1:
𝑾𝒓𝒊𝒕𝒆 𝒕𝒉𝒆 𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒆, 𝒊𝒏𝒗𝒆𝒓𝒔𝒆 𝒂𝒏𝒅 𝒄𝒐𝒏𝒕𝒓𝒂𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆

𝒐𝒇 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒂𝒍𝒔

𝑸. 𝟐: 𝑪𝒐𝒏𝒔𝒕𝒓𝒖𝒄𝒕 𝒕𝒉𝒆 𝒕𝒓𝒖𝒕𝒉 𝒕𝒂𝒃𝒍𝒆 𝒇𝒐𝒓 𝒕𝒉𝒆 
𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒕𝒔𝒕𝒆𝒎𝒆𝒏𝒕𝒔 

(𝑝 → ~𝑝) ∨ (𝑝 → 𝑞) 

p q ~𝑝 𝑝 → ~𝑝 𝑝
→ 𝑞

(𝑝 → ~𝑝) ∨ (𝑝
→ 𝑞)

T T F F T T 

T F F F F F 

F T T T T T 

F F T T T T 

𝒊𝒊)   (𝒑 ⋀  ∼p) ⟶q  

p q ∼p 𝑝 ⋀  ∼p (𝑝 ⋀  ∼p) ⟶q 

T T F F T 

T F F F T 

F T T F T 

F F T F T 

𝒊𝒊𝒊) ∼ (𝒑⟶q) ⟷ (p⟶∼q) 

p q ∼q p⟶q ∼ 
(p⟶q) 

𝑝 ⋀  ∼q ∼ (𝑝⟶q)
⟷
(p⟶∼q)

T T F T F F T 

T F T F T T T 

F T F T F F T 

F F T T F F T 

Part
s 

conditio
nal 

𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑒 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑐𝑜𝑛𝑡𝑟𝑎𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

i) ∼ 𝑝
⟶ 𝑞

q⟶∼p p⟶∼q ∼ 𝑞 ⟶ 𝑝

ii) 𝑞 ⟶ 𝑝 𝑝 ⟶ 𝑞 ∼q⟶
∼p

∼p⟶∼q

iii) ∼p⟶∼q ∼q⟶∼
p

𝑝 ⟶ 𝑞 𝑞 ⟶ 𝑝 

iv) ∼q⟶∼p ∼p⟶∼
q

𝑞 ⟶ 𝑝 𝑝 ⟶ 𝑞 
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Q.3

𝑺𝒉𝒐𝒘 𝒕𝒉𝒂𝒕 𝒆𝒂𝒄𝒉 𝒐𝒇 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒕𝒔𝒕𝒆𝒎𝒆𝒏𝒕

𝒊𝒔 𝒂 𝒕𝒂𝒖𝒕𝒐𝒍𝒐𝒈𝒚:

𝒊) (𝒑 ⋀  𝒒) ⟶ 𝒒

p Q 𝑝 ⋀  q (𝑝 ⋀  q)⟶q 
T T T T 

T F F T 

F T F T 

F F F T 

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

𝒊𝒊) 𝒑 ⟶ (𝒑 ∨ 𝒒) 

p q 𝑝 ∨  q 𝑝⟶(p ∨ q) 

T T T T 

T F T T 

F T T T 

F 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 ⟶ q ∼ (𝑝 ⟶ q) ∼ (𝑝 ⟶ q)⟶p 

T T T F T 

T F F T T 

F T T F T 

F F T F T 

𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝑇, 

 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑡𝑎𝑜𝑡𝑜𝑙𝑜𝑔𝑦. 
iv) ∼ 𝒒 ⋀ (𝒑 ⟶  𝒒) ⟶∼  𝒑

p q ∼p ∼q 𝑝 ⟶
 q 

∼ q⋀(𝑝 ⟶
q)

∼ q ⋀ (𝑝 ⟶
q)⟶∼ p 

T T F F T F T 

T F F T F F T 

F T T F T F T 

F F 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 

𝒊) 𝒑 ⋀ ∼ 𝒑 

p ∼ 𝒑 𝑝 ⋀ ∼ 𝒑 
T F F 

F T F 

𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 

 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝐹,   

 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎𝑛 𝑎𝑏𝑠𝑢𝑟𝑑𝑖𝑡𝑦. 

𝒊𝒊) 𝒑 ⟶ (q ⟶ p) 

p q 𝑞 ⟶ p 𝑝 ⟶ (q ⟶ p) 
T T T T 

T F T T 

F T F T 

F F T T 
𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝑇, 

 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑡𝑎𝑜𝑡𝑜𝑙𝑜𝑔𝑦. 
𝒊𝒊𝒊) 𝒒 ⋁ (∼q ⋁ p) 

p q ∼q ∼q ⋁ p 𝑞 ⋁ (∼q ⋁ p) 
T T F T T 

T F T T T 

F T F F T 

F F T T T 
 𝑆𝑖𝑛𝑐𝑒 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑟𝑒 𝑇, 

 ℎ𝑒𝑛𝑐𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑡𝑎𝑜𝑡𝑜𝑙𝑜𝑔𝑦. 

𝑸
.𝟓

:𝑷
𝒓

𝒐
𝒗

𝒆
 𝒕𝒉

𝒂
𝒕 :𝑝

∨
(~

𝑝
∧

𝑞
)

∨
(𝑝

∧
𝑞

)
=

𝑝
∨

(~
𝑝

∧
~

𝑞
) 

p
 

q
 

∼
p

 
∼

q
 

∼
p

∧
∼

𝑞
 

p
∧

 𝑞
 

𝑝
∨

(~
𝑝

∧
~

𝑞
) 

𝑝
∨

(~
𝑝

∧
𝑞

)
∨

(𝑝
∧

𝑞
)

T 
T 

F 
F 

F 
T 

T 
T 

T 
F 

F 
T 

F 
F 

T 
T 

F 
T 

T 
F 

F 
F 

F 
F 

F 
F 

T 
T 

T 
F 

T 
T 

𝑳
𝒂

𝒔𝒕 𝒕𝒘
𝒐

 𝒄𝒐
𝒍𝒖

𝒎
𝒏

𝒔
 𝒔

𝒉
𝒐

𝒘
 𝒕𝒉

𝒂
𝒕   𝑳

.𝑯
.𝑺

=
𝑹

.𝑯
.𝑺
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Exercise 2.5 

𝑪𝒐𝒏𝒗𝒆𝒓𝒕 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒕𝒉𝒆𝒐𝒓𝒆𝒎𝒔 𝒕𝒐 𝒍𝒐𝒈𝒊𝒄𝒂𝒍 𝒂𝒏𝒅 𝒑𝒓𝒐𝒗𝒆 𝒕𝒉𝒆𝒎 𝒃𝒚 𝒄𝒐𝒏𝒔𝒕𝒓𝒖𝒄𝒕𝒊𝒏𝒈 𝒕𝒓𝒖𝒕𝒉 𝒕𝒂𝒃𝒍𝒆𝒔: 

𝑸. 𝟏: (𝑨 ∩ 𝑩)′ = 𝑨′ ∪ 𝑩′  

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵:   𝐺𝑖𝑣𝑒𝑛 𝑡ℎ𝑒𝑜𝑟𝑒𝑚:   (𝐴 ∩ 𝐵)′ = 𝐴′ ∪ 𝐵′      and  𝐿𝑜𝑔𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚:  ∼ (𝑝 ∧ 𝑞) = ∼ 𝑝 ∨ ∼ 𝑞 

P q ∼p ∼q 𝑝 ∧ 𝑞 ∼ (𝑝 ∧ 𝑞) ∼ 𝑝 ∨ ∼ 𝑞
T T F F T T T 

T F F T F T T 

F T T F F F F 

F F T T F T T 

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

𝑸. 𝟐: (𝑨 ∪ 𝑩) ∪ 𝑪 = 𝑨 ∪ (𝑩 ∪ 𝑪) 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵:   𝐺𝑖𝑣𝑒𝑛 𝑡ℎ𝑒𝑜𝑟𝑒𝑚:  (𝐴 ∪ 𝐵) ∪ 𝐶 = 𝐴 ∪ (𝐵 ∪ 𝐶)     and    𝐿𝑜𝑔𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚:  (𝑝 ∨ 𝑞) ∨ 𝑟 = 𝑝 ∨ (𝑞 ∨

𝑟) 

P q r 𝑝 ∨ 𝑞 𝑞 ∨ 𝑟  (𝑝 ∨ 𝑞) ∨ 𝑟  𝑝 ∨ (𝑞 ∨ 𝑟) 
T T T T T T T 

T T F T T T T 

T F T T T T T 

T F F T F T T 

F T T T T T T 

F T F T T T T 

F F T F T T T 

F F F F F F F 

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

𝑸. 𝟑: (𝑨 ∩ 𝑩) ∩ 𝑪 = 𝑨 ∩ (𝑩 ∩ 𝑪) 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵:   𝐺𝑖𝑣𝑒𝑛 𝑡ℎ𝑒𝑜𝑟𝑒𝑚: (𝐴 ∩ 𝐵) ∩ 𝐶 = 𝐴 ∩ (𝐵 ∩ 𝐶)   and    𝐿𝑜𝑔𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚:  (𝑝 ∧ 𝑞) ∧ 𝑟 = 𝑝 ∧ (𝑞 ∧ 𝑟) 

p q r 𝑝 ∧ 𝑞 𝑞 ∧ 𝑟 (𝑝 ∧ 𝑞) ∧ 𝑟 𝑝 ∧ (𝑞 ∧ 𝑟) 
T T T T T T T 

T T F T F F F 

T F T F F F F 

T F F F F F F 

F T T F T F F 

F T F F F F F 

F F T F F F F 

F F F F F F F 

     𝑳𝒂𝒔𝒕 𝒕𝒘𝒐 𝒄𝒐𝒍𝒖𝒎𝒏𝒔 𝒔𝒉𝒐𝒘 𝒕𝒉𝒂𝒕   𝑳. 𝑯. 𝑺 = 𝑹. 𝑯. 𝑺 
𝑸. 𝟒: 𝑨 ∪ (𝑩 ∩ 𝑪) ∩ 𝑪 = (𝑨 ∪ 𝑩) ∩ (𝑨 ∪ 𝑪) 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 
  𝐺𝑖𝑣𝑒𝑛 𝑡ℎ𝑒𝑜𝑟𝑒𝑚:   𝐴 ∪ (𝐵 ∩ 𝐶) = (𝐴 ∪ 𝐵) ∩ (𝐴 ∪ 𝐶)  

  𝐿𝑜𝑔𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚:     𝑝 ∨ (𝑞 ∧ 𝑟) = (𝑝 ∨ 𝑞) ∧ (𝑝 ∨ 𝑟) 

p q r 𝑞 ∧ 𝑟 𝑝 ∨ 𝑞 𝑝 ∨ 𝑟 𝑝 ∨ (𝑞 ∧ 𝑟)   (𝑝 ∨ 𝑞) ∧ (𝑝 ∨ 𝑟) 
T T T T T T T  T 

T T F F T T T  T 

T F T F T T T  T 

T F F F T T T  T 

F T T T T T T  T 

F T F F T F F    F 

F F T F F T F    F 

F F F F F F F    F 

     𝑳𝒂𝒔𝒕 𝒕𝒘𝒐 𝒄𝒐𝒍𝒖𝒎𝒏𝒔 𝒔𝒉𝒐𝒘 𝒕𝒉𝒂𝒕   𝑳. 𝑯. 𝑺 = 𝑹. 𝑯. 𝑺 
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Relation / Binary relation: 

Let A and B be two non-empty sets and 𝐴 × 𝐵 be 

their Cartesian product then relation from A and B 

is subset of 𝐴 × 𝐵. 

Domain: 

The set of the first element of the ordered pairs 

forming a relation is called its domain. 

Range: 

The set of the second element of the ordered pairs 

forming a relation is called its range. 

Note: 

In general 𝐴 × 𝐵 ≠ 𝐵 × 𝐴  

Into Function: 

If 𝑓: 𝐴 → 𝐵 be function such that Range 𝑜𝑓 𝑓 is 

proper subset of B then f is said to be function 

from A into B. 

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

𝑖𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑖𝑛𝑡𝑜 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. 

Inverse of a function: 

𝑖𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑎 𝑏𝑖𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑡ℎ𝑒𝑛 its 

inverse is denoted by 𝑓−1 and defined as

𝑓−1: 𝐴 → 𝐵

In this case 𝐷𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑓−1 = 𝑅𝑎𝑛𝑔𝑒 𝑜𝑓 𝑓

𝑅𝑎𝑛𝑔𝑒 𝑜𝑓 𝑓−1 = 𝐷𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑓

Example: 

𝑙𝑒𝑡 𝑓 = {(𝑥, 𝑦)|𝑦 = 𝑚𝑥 + 𝑐} 

 𝑓−1 = {(𝑥, 𝑦)|𝑥 = 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  

𝑓: 𝐴 → 𝐵  and defined as; 

i)𝐷𝑜𝑚𝑓 = 𝐴

ii) No two ordered pairs of f have first elements equal

Example: 

i) Let 𝐴 = {1,2,3}𝑎𝑛𝑑 𝐵 = {𝑎, 𝑏, 𝑐}𝑎𝑛𝑑

𝑓 = {(1, 𝑎), (2, 𝑎), (3, 𝑐)} 

ℎ𝑒𝑟𝑒 𝐷𝑜𝑚𝑓 = {1,2,3} = 𝐴 𝑎𝑙𝑠𝑜 𝑡𝑤𝑜 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑝𝑎𝑖𝑟𝑠 

𝑜𝑓  𝑓ℎ𝑎𝑣𝑒 𝑓𝑖𝑟𝑠𝑡 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑒𝑞𝑢𝑎𝑙. ℎ𝑒𝑛𝑐𝑒 𝑓 𝑖𝑠 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 

Onto(Surjective ) function: 

𝑖𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 

Range of 𝑓 = 𝐵 𝑡ℎ𝑒𝑛 𝑓 is called on to function. 

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

𝑖𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑜𝑛𝑡𝑜 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓𝑢𝑟𝑡ℎ𝑒𝑟 𝑚𝑜𝑟𝑒 

There is no repletion in the second element of any two 

ordered pairs of 𝑓 then 𝑓 is said to be an one-one and 

onto function. 

Set Builder Notation for A function: 

The function 𝑓 = {(𝑥, 𝑦)|𝑦 = 𝑚𝑥 + 𝑐}is called a 

linear function. 

If we draw a liner function then its graph will be a 

straight line. 

The function 𝑓 = {(𝑥, 𝑦)|𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐}

Is called quadratic function. 

If we draw a quadratic function its graph will be a 

parabola. 
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Exercise 2.6 

Q.1

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

 𝒕𝒉𝒆 𝒈𝒓𝒂𝒑𝒉 𝒐𝒇 𝒆𝒂𝒄𝒉. 

 𝒊) {(𝒙, 𝒚)| 𝒚 = 𝒙}       𝒚 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 𝑨 = {𝟏, 𝟐, 𝟑, 𝟒}  5 

 𝐴 × 𝐴 = {(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), 4 

  (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)} 3 

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

 𝐷𝑜𝑚𝑎𝑖𝑛 𝑅 = {1,2,3,4} 1 

 𝑅𝑎𝑛𝑔𝑒   𝑅 = {1,2,3,4}                           0 1 2 3 4 𝑥

𝒊𝒊) {(𝒙, 𝒚)| 𝒙 + 𝒚 = 𝟓} 𝒚 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵:  5 

 𝐴 × 𝐴 = {(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), 4 

  (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)} 3 

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

 𝐷𝑜𝑚𝑎𝑖𝑛:    𝑅 = {1,2,3,4} 1 

 𝑅𝑎𝑛𝑔𝑒:   𝑅 = {1,2,3,4} 0 1 2 3 4 𝑥

𝒊𝒊𝒊) {(𝒙, 𝒚)| 𝒙 + 𝒚 < 𝟓}   𝒚 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵:  5 

 𝐴 × 𝐴 = {(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), 4 

  (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)} 3 

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

 𝐷𝑜𝑚𝑎𝑖𝑛:    𝑅 = {1,2,3} 1 

 𝑅𝑎𝑛𝑔𝑒:   𝑅 = {1,2,3} 0 1 2 3 4 𝑥

(1,1) 

(2,2) 

(3,3) 

(4,4) 

(1,4) 

(2,3) 

(3,2) 

(4,1) 
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𝒊𝒗) {(𝒙, 𝒚)| 𝒙 + 𝒚 > 𝟓} 𝒚 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵:  5 

 𝐴 × 𝐴 = {(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), 4 

  (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)} 3 

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

 𝐷𝑜𝑚𝑎𝑖𝑛:    𝑅 = {2,3,4} 1 

 𝑅𝑎𝑛𝑔𝑒:   𝑅 = {2,3,4} 0 1 2 3 4 𝑥 

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

 Solution: 

Given 𝑨 = ℝ = 𝒔𝒆𝒕 𝒐𝒇 𝒓𝒆𝒂𝒍 𝒏𝒐. 𝒔 

i) 𝑹 = {(𝒙, 𝒚)|𝒚 = 𝒙}

𝑫𝒐𝒎𝑹 = ℝ
𝑵𝒐 𝒕𝒘𝒐 𝒐𝒓𝒅𝒆𝒓𝒆𝒓 𝒑𝒂𝒊𝒓𝒔 𝒐𝒇 𝒓 𝒉𝒂𝒗𝒆 𝒇𝒊𝒓𝒔𝒕 𝒆𝒍𝒆𝒎𝒆𝒏𝒕 𝒆𝒒𝒖𝒂𝒍.

So R is a function.

ii) 𝑹 = {(𝒙, 𝒚)|𝒙 + 𝒚 = 𝟓}

𝑫𝒐𝒎𝑹 = ℝ
𝑵𝒐 𝒕𝒘𝒐 𝒐𝒓𝒅𝒆𝒓𝒆𝒓 𝒑𝒂𝒊𝒓𝒔 𝒐𝒇 𝑹 𝒉𝒂𝒗𝒆 𝒇𝒊𝒓𝒔𝒕 𝒆𝒍𝒆𝒎𝒆𝒏𝒕 𝒆𝒒𝒖𝒂𝒍.

So R is a function.

iii) 𝑹 = {(𝒙, 𝒚)|𝒙 + 𝒚 < 𝟓}

𝑫𝒐𝒎𝑹 = ℝ
𝒕𝒉𝒆𝒓𝒆 𝒂𝒓𝒆 𝒔𝒐 𝒎𝒂𝒏𝒚 𝒐𝒓𝒅𝒆𝒓𝒆𝒓 𝒑𝒂𝒊𝒓𝒔 𝒐𝒇 𝑹(𝒊. 𝒆 (𝟏, 𝟐), (𝟏, 𝟑), (𝟑, 𝟏), (𝟐, 𝟐), (𝟑, 𝟎), …

𝒉𝒂𝒗𝒊𝒏𝒈 𝒇𝒊𝒓𝒔𝒕 𝒆𝒍𝒆𝒎𝒆𝒏𝒕 𝒔𝒂𝒎𝒆.

So R is 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, 𝒄), (𝟑, 𝒅)}

𝑫𝒐𝒎 𝒇 = {𝟏, 𝟐, 𝟑} = 𝑨

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.

ii) 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. 

a
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iii) 

Solution: 

𝒉𝒆𝒓𝒆 𝒇 = {(𝟏, 𝒂), (𝟐, 𝒃), (𝟑, 𝒄)} 

𝑫𝒐𝒎 𝒇 = {𝟏, 𝟐, 𝟑, } = 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 = {(𝒍, 𝒙), (𝒎, 𝒚), (𝒏, 𝒛)}

𝑫𝒐𝒎 𝒇 = {𝒍, 𝒎, 𝒏} = 𝑨  

𝑹𝒂𝒏𝒈 𝒇 = {𝒙, 𝒚, 𝒛} = 𝑩 

So 𝒇  is into function. 

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

a function or not 
𝒊) {(𝟐, 𝟏), (𝟑, 𝟐), (𝟒, 𝟑), (𝟓, 𝟒), (𝟔, 𝟓)} 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

The inverse is 

    {(1,2), (2,3), (3,4), (4,5), (5,6)}  

𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.  
𝒊𝒊) {(𝟏, 𝟑), (𝟐, 𝟓), (𝟑, 𝟕), (𝟒, 𝟗), (𝟓, 𝟏𝟏)} 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

The inverse is 

 {(3,1), (5,2), (7,3), (9,4), (11,5)} 

  𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 
𝒊𝒊𝒊)  {(𝒙, 𝒚) | 𝒚 = 𝟐𝒙 + 𝟑 , 𝒙 ∈ 𝑹 } 

 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏: 

The inverse is 

{(𝑥, 𝑦) | 𝑥 = 2𝑦 + 3 , 𝑥 ∈ 𝑅 }     𝑅 } 

𝒊𝒗)  {(𝒙, 𝒚) | 𝒚𝟐 = 𝟒𝒂𝒙 , 𝒙 ≥ 𝟎 }  

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

   𝑡ℎ𝑒 𝑖𝑛𝑣𝑒𝑟𝑠𝑒  𝑖𝑠 

        {(𝑥, 𝑦) | 𝑥2 = 4𝑎𝑦 , 𝑦 ≥ 0 } 

∴ 𝑥2 = 4𝑎𝑦 → 𝑥 = ±√4𝑎𝑦  

For each 𝑥 there is unique element 𝑦 so it is function. 

𝒗)  {(𝒙, 𝒚) | 𝒙𝟐 + 𝒚𝟐 = 𝟗  ,   |𝒙| ≤ 𝟑 , |𝒚| ≤ 𝟑 } 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

The inverse is 

 {(𝑥, 𝑦) | 𝑥2 + 𝑦2 = 9  ,   |𝑦| ≤ 3 , |𝑥| ≤ 3 } 

  𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. ∴ 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑥 ,∃ 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 

⋇∶ 𝐺 × 𝐺 → 𝐺   i.e, for all 𝑎, 𝑏 ∈ 𝐺    𝑎 ⋇ 𝑏 ∈ 𝐺 

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 operation⋇

residue classes Module:

consider “⋇ "be a binary operation on a non-

empty set S. let 𝑎, 𝑏 ∈ 𝑆 now we find 𝑎 ⋇ 𝑏

i) If 𝑎 ⋇ 𝑏 < 𝑛 then we take 𝑎 + 𝑏 as

ordinary sum 𝑎 ⋇ 𝑏 of  a and b.

ii) If 𝑎 ⋇ 𝑏 ≥ 𝑛 𝑡ℎ𝑒𝑛 𝑤𝑒 𝑡𝑎𝑘𝑒 𝑎 ⋇ 𝑏 = 𝑟

Where r is the remainder obtained

after dividing 𝑎 + 𝑏  by n. then binary

operation ⋇ is called addition modulo

“n”

Properties of binary operation: 

𝑖𝑓 ∀𝑎 ∈ 𝑆 𝑡ℎ𝑒𝑟𝑒 𝑒𝑥𝑖𝑠𝑡 𝑒 ∈ 𝑆 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑎 ⋇ 𝑒

= 𝑒 ⋇ 𝑎 

𝑡ℎ𝑒𝑛 𝑒 𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑤. 𝑟. 𝑡 ⋇. 
Existence of inverse of each element: 

𝑖𝑓 ∀𝑎 ∈ 𝑆 𝑡ℎ𝑒𝑟𝑒 𝑒𝑥𝑖𝑠𝑡 𝑎′ ∈ 𝑆𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 

𝑎 ⋇ 𝑎′ = 𝑎′ ⋇ 𝑎 = 𝑒 

 The 𝑎′𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑜𝑓 𝑎 𝑤. 𝑟. 𝑡 ⋇ 

Exercise 2.7 
𝑸. 𝟏: 𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆 𝒕𝒉𝒆 𝒕𝒂𝒃𝒍𝒆, 𝒊𝒏𝒅𝒊𝒄𝒂𝒕𝒊𝒏𝒈 𝒃𝒚 𝒂 

 𝒕𝒊𝒄𝒌 𝒎𝒂𝒓𝒌 𝒕𝒉𝒐𝒔𝒆 𝒑𝒓𝒐𝒑𝒆𝒓𝒕𝒊𝒆𝒔 

 𝒘𝒉𝒊𝒄𝒉 𝒂𝒓𝒆 𝒔𝒂𝒕𝒊𝒔𝒇𝒊𝒆𝒅 𝒃𝒚 𝒕𝒉𝒆 𝒔𝒑𝒆𝒄𝒊𝒇𝒊𝒆𝒅 𝒔𝒆𝒕 𝒐𝒇 

 𝒏𝒖𝒎𝒃𝒆𝒓𝒔. 
Set of 
numbers⟶ 
Property↓ 

Natura
l  

Whol
e 

Integer
s 

Rationa
l 

Real
s 

Closure     
+ 

yes Yes Yes Yes Yes 

x yes Yes Yes Yes Yes 

Associative     
+ 

yes Yes Yes Yes Yes 

x yes Yes Yes Yes Yes 

Identity     
+ 

No Yes Yes yes yes 

x yes Yes Yes Yes Yes 

Inverse     
+ 

No No Yes Yes Yes 

x No No No No No 

Commutativ
e     + 

Yes Yes Yes Yes Yes 

x yes yes yes Yes Yes 

𝑸. 𝟐: 𝑾𝒉𝒂𝒕 𝒂𝒓𝒆 𝒕𝒉𝒆 𝒇𝒊𝒆𝒍𝒅 𝒂𝒙𝒊𝒐𝒎𝒔 ? 

𝑰𝒏 𝒘𝒉𝒂𝒕 𝒓𝒆𝒔𝒑𝒆𝒄𝒕 𝒅𝒐𝒆𝒔 𝒕𝒉𝒆 𝒇𝒊𝒆𝒍𝒅 𝒐𝒇 𝒓𝒆𝒂𝒍 

 𝒏𝒖𝒎𝒃𝒆𝒓𝒔 𝒅𝒊𝒇𝒇𝒆𝒓 𝒇𝒓𝒐𝒎 
 𝒕𝒉𝒂𝒕 𝒐𝒇 𝒄𝒐𝒎𝒑𝒍𝒆𝒙 𝒏𝒖𝒎𝒃𝒆𝒓𝒔 ? 
 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

 𝐴 𝑛𝑜𝑛 −

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 ′ × ′ 
  𝑖𝑖𝑖)  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 2 3 4 

0 0 0 0 0 0 

1 0 1 2 3 4 

2 0 2 4 1 3 

3 0 3 1 4 2 

4 0 4 3 2 1 

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

𝑡ℎ𝑒 𝑥𝑒𝑟𝑜 𝑖𝑛 𝐶2 𝑎𝑛𝑑 𝑅2 𝑎𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑦𝑖𝑛𝑔 

𝑜𝑓 1,2,3,4, 𝑤𝑖𝑡ℎ 0  

 It is a x table.

 Every 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: 

+ 0 1 2 3 

0 0 1 2 3 

1 1 2 3 0 

2 2 3 0 1 

3 3 0 1 2 

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) 

Solution: 

In take (a) 

𝑎 ⋇ 𝑐 = 𝑏 → (1)  

And 𝑐 ⋇ 𝑎 = 𝑏 → (2) 

By (1) and (2) 𝑎 ⋇ 𝑐 ≠ 𝑐 ⋇ 𝑎 

∗ a b c d 

a a c b d 

b c d b a 

c b b a c 

d d a c d 

∗ a b c d 

a a c b d 

b b c b a 

c c d b c 

d a a b b 

 

ea
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So binary operation is not commutative. 

In take (b) 

𝑎 ⋇ 𝑏 = 𝑐 → (1)  

And 𝑏 ⋇ 𝑎 = 𝑐 → (2) 

By (1) and (2) 𝑎 ⋇ 𝑏 = 𝑏 ⋇ 𝑎  
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. 

∗ a b c d 

a a b c d 

b b a c d 

c - - - - 

d d c c d 
We want to find 

𝑐 ∗ a =?    , c ∗ b =?    ,   c ∗ c =?, c ∗ d =? 

∵ 𝑐 = 𝑑 ∗ 𝑏 

𝑐 ∗ 𝑎 = (𝑑 ∗ 𝑏) ∗ 𝑎 

= 𝑑 ∗ (𝑏 ∗ 𝑎)     (∵ 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑒) 

𝑐 ∗ 𝑎 = 𝑑 ∗ 𝑏 = 𝑐 → 𝑐 ∗ 𝑎 = 𝑐 

Also 

𝑐 = 𝑑 ∗ 𝑏 

 𝑐 ∗ 𝑐 = (𝑑 ∗ 𝑏) ∗ 𝑏

= 𝑑 ∗ (𝑏 ∗ 𝑏) 

𝑑 ∗ 𝑎 = 𝑑 

 𝑐 ∗ 𝑏 = 𝑑
Also 𝑐 = 𝑑 ∗ 𝑏

 𝑐 ∗ 𝑑 = (𝑑 ∗ 𝑏) ∗ 𝑑

= 𝑑 ∗ (𝑏 ∗ 𝑑) 

= 𝑑 ∗ 𝑑 = 𝑏 

 𝑐 ∗ 𝑑 = 𝑏
So third row will be completed as

c C d c d 

𝑸. 𝟕: 𝑾𝒉𝒂𝒕 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝒊𝒔 𝒓𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒆𝒅 𝒃𝒚 𝒕𝒉𝒆 𝒂𝒅𝒋𝒐𝒊𝒏𝒊𝒏𝒈 𝒕𝒂𝒃𝒍𝒆?  

𝑵𝒂𝒎𝒆 𝒕𝒉𝒆 𝒊𝒅𝒆𝒏𝒕𝒊𝒕𝒚 𝒆𝒍𝒆𝒎𝒆𝒏𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒓𝒆𝒍𝒆𝒗𝒆𝒏𝒕 𝒔𝒆𝒕, 𝒊𝒇 𝒊𝒕 

 𝒆𝒙𝒊𝒔𝒕𝒔. 𝑰𝒔 𝒕𝒉𝒆 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝒂𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒆? 

𝑭𝒊𝒏𝒅 𝒕𝒉𝒆 𝒊𝒏𝒗𝒆𝒓𝒔𝒆 𝒐𝒇 𝟎, 𝟏, 𝟐, 𝟑. 𝑰𝒇 𝒕𝒉𝒆𝒚 𝒆𝒙𝒊𝒔𝒕. 

∗ 0 1 2 3 

0 0 1 2 3 

1 1 2 3 0 

2 2 3 0 1 

3 3 0 1 2 

Solution: 

i) The operation used the set of residue

class mod 4 is ‘+’

ii) The identity element is zero.

∵o+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) ∵ 1+3=3+1=0 1 and 3 are 

inverse of each other

2 + 2 = 0 𝑎𝑙𝑠𝑜 

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

given.

ii) The binary operation is associative.

Example; 

The set of natural numbers “N” under binary 

operation ‘+’ is semi-group. 

i) i.e.; B.O ‘+’ is defined in N

ii) for any three elements

𝑎, 𝑏, 𝑐 ∈ 𝑁 

(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. 

i) It is closed w.r.t given binary operation

∗
ii) 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 +

ii) 𝑏𝑖𝑛𝑎𝑟𝑦 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛+𝑖𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑒.
iii) o" 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  

i) it is closed under binary operation ∗if

i.e; ∀𝑎, 𝑏 ∈ 𝐺 ; 𝑎 ∗ 𝑏 ∈ 𝐺
ii) Binary operation is associative

∀ 𝑎, 𝑏 ∈ 𝐺 ; (𝑎 ∗ 𝑏) ∗ 𝑐 = 𝑎 ∗ (𝑏 ∗ 𝑐)
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iii) G has identity element w.r.t Binary

operation∗

i.e.; ∀𝑎 ∈ 𝐺 𝑡ℎ𝑒𝑟𝑒𝑒𝑥𝑖𝑠𝑡 𝑒 ∈ 𝐺 𝑠. 𝑡

𝑎 ∗ 𝑒 = 𝑒 ∗ 𝑎

= 𝑎 𝑡ℎ𝑒𝑛 𝑒 𝑖𝑠 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 

iv) Every element of G has an inverse in G

w.r.t  Binary operation i.e.;

𝑤ℎ𝑒𝑟𝑒 𝑎 ∗ 𝑎′ = 𝑎′ ∗ 𝑎 = 𝑒 

𝑤ℎ𝑒𝑟𝑒 𝑎′ ∈ 𝐺 𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑜𝑓 𝑎 ∈ 𝐺  𝑤. 𝑟. 𝑡
Binary operation ∗ 

Abelian Group: 

A group G under Binary operation ∗is called 

abelian group if binary operation is commutative. 

𝑖. 𝑒 ∀ 𝑎, 𝑏 ∈ 𝐺; 

𝑎 ∗ 𝑏 = 𝑏 ∗ 𝑎 

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−1(𝑎𝑏) = 𝑎−1(𝑎𝑐)

 (𝑎−1𝑎)𝑏 = (𝑎−1𝑎)𝑐  (∵

𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑒 𝑙𝑎𝑤)

 𝑒𝑏 = 𝑒𝑐 (∵ 𝑎−1𝑎 = 𝑒)

 𝑏 = 𝑐 𝑝𝑟𝑜𝑣𝑒𝑑

Right Cancellation Law 

𝑖𝑓 𝑎, 𝑏, 𝑐 𝑎𝑟𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑔𝑟𝑜𝑢𝑝 𝐺 𝑡ℎ𝑒𝑛 

𝑏𝑎 = 𝑐𝑎 ⇒ 𝑏 = 𝑐 

Proof: 

𝑏𝑎 = 𝑐𝑎 

 (𝑏𝑎)𝑎−1 = (𝑐𝑎)𝑎−1

 𝑏(𝑎𝑎−1) = 𝑐(𝑎𝑎−1)  (∵

𝑎𝑠𝑠𝑜𝑐𝑎𝑖𝑡𝑖𝑣𝑒 𝑙𝑎𝑤.

 𝑏𝑒 = 𝑐𝑒    (∵ 𝑎𝑎−1 = 𝑒)

 𝑏 + 𝑐   Proved.

Reversal Law of inverses: 
𝐼𝑓 𝑎, 𝑏 are elements of a group G, then show that 

(𝑎𝑏)−1 = 𝑏−1𝑎−1

Proof : 

(𝑎𝑏)(𝑏−1𝑎−1) = 𝑎(𝑏𝑏−1)𝑎−1   (𝑎𝑠𝑜𝑐. 𝑙𝑎𝑤)

= 𝑎𝑒𝑎−1

= 𝑎𝑎−1

= 𝑒 

𝑎𝑙𝑠𝑜 (𝑏−1𝑎−1)(𝑎𝑏) = 𝑏−1(𝑎−1𝑎)𝑏

= 𝑏−1𝑏𝑒𝑏

= 𝑏−1𝑏

= 𝑒 

 𝑎𝑏 𝑎𝑛𝑑 𝑏−1𝑎−1 𝑎𝑟𝑒 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ

𝑜𝑡ℎ𝑒𝑟. 

 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 of ab is 𝑏−1𝑎−1

i.e(𝑎𝑏)−1 = 𝑏−1𝑎−1

Solution of linear Equation: 

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

Solution: 

i) 𝑎𝑥 = 𝑏

 𝑎−1(𝑎𝑥) = 𝑎−1𝑏

 (𝑎−1𝑎)𝑥 = 𝑎−1𝑏        (𝑎𝑠𝑠𝑜𝑐. 𝑙𝑎𝑤) 

 𝑒𝑥 = 𝑎−1𝑏  (∵ 𝑎−1𝑎 = 𝑒)

 𝑥 = 𝑎−1𝑏

ii) 𝑥𝑎 = 𝑏

 (𝑥𝑎)𝑎−1 = 𝑏𝑎−1

 𝑥(𝑎𝑎−1) = 𝑏𝑎−1  (𝐴𝑠𝑠𝑜𝑐. 𝐿𝑎𝑤) 

 𝑥𝑒 = 𝑏𝑎−1

 𝑥 = 𝑏 𝑎−1

Exercise 2.8 
𝑸. 𝟏: 

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 𝟏 ? 

 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 𝟏 ? 

∵ 𝟏 + 𝟏 = 𝟎 (𝒊. 𝒆 𝒊𝒅𝒆𝒏𝒕𝒊𝒕𝒚 𝒆𝒍𝒆𝒎𝒆𝒏𝒕)) 

𝒔𝒐 𝒊𝒏𝒗𝒆𝒓𝒔𝒆 𝒐𝒇 𝟏 𝒊𝒔 𝟏 

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

𝒈𝒓𝒐𝒖𝒑 ?  

𝑨𝒃𝒆𝒍𝒊𝒂𝒏 𝒐𝒓 𝒏𝒐𝒏 − 𝒂𝒃𝒆𝒍𝒊𝒂𝒏 ? 

 𝐺 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒𝑑 𝑢𝑛𝑑𝑒𝑟 "+"

 G is associative w.r.t “+”

 𝑜 ∈ 𝐺 𝑖𝑠 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑤. 𝑟. 𝑡 +

 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑒𝑥𝑖𝑠𝑡 𝑖𝑛 𝐺.
i.e0 + 0 = 0 𝑠𝑜 𝑜−1 = 0

1 + 1 = 0 𝑠𝑜1−1 = 1

 Commutative law hold in G

𝑖. 𝑒 1 + 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 

𝒊𝒏 𝒕𝒉𝒆 𝒂𝒅𝒋𝒐𝒊𝒏𝒊𝒏𝒈 𝒕𝒂𝒃𝒍𝒆, 𝒔𝒉𝒐𝒘 𝒕𝒉𝒂𝒕 𝒔𝒆𝒕 𝒊𝒔 𝒂𝒏 

𝒂𝒃𝒆𝒍𝒊𝒂𝒏 𝒈𝒓𝒐𝒖𝒑.  

⨁ 0 1 2 3 

0 0 1 2 3 

1 1 2 3 0 

2 2 3 0 1 

3 3 0 1 2 

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

table)

ii) It is clear the set of Associative

w.r.t”+”

iii) “o” is identity element.

iv) Each element  has inverse

∵ 1 + 3 = 3 + 1 = 0 𝑎𝑛𝑑 

0 + 0 = 0 𝑎𝑛𝑑 2 + 2 = 0 

v) ∀ 1,0 ∈ 𝐺 = {0,1,2,3}, 1 + 0 = 0 +

1 = 1

𝐺 𝑖𝑠 𝑎𝑏𝑒𝑙𝑖𝑎𝑛  

𝑸. 𝟑: 𝑭𝒐𝒓 𝒆𝒂𝒄𝒉 𝒐𝒇 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒔𝒆𝒕𝒔, 𝒅𝒆𝒕𝒆𝒓𝒎𝒊𝒏𝒆 

 𝒘𝒉𝒆𝒕𝒉𝒆𝒓 𝒐𝒓 𝒏𝒐𝒕 𝒕𝒉𝒆 𝒔𝒆𝒕 𝒇𝒐𝒓𝒎𝒔 𝒂 𝒈𝒓𝒐𝒖𝒑 

 𝒘. 𝒓. 𝒕 𝒊𝒏𝒅𝒊𝒄𝒂𝒕𝒆𝒅 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏. 
i) 

𝑻𝒉𝒆 𝒔𝒆𝒕 𝒐𝒇 𝒓𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓𝒔 𝒖𝒏𝒅𝒆𝒓 

𝒕𝒉𝒆 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏 ′ × ′  

  𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 

𝑄

= 𝑠𝑒𝑡 𝑜𝑓 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑛𝑜′𝑠𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑔𝑟𝑜𝑢𝑝 𝑤. 𝑟. 𝑡′ ×′

∵ 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑜𝑓 𝑂 𝑤. 𝑟. 𝑡 x𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑒𝑥𝑖𝑠𝑡. 
ii) The set of rational no’s “+”

Solution:

(𝑄, +)𝑖𝑠 𝑎 𝑔𝑟𝑜𝑢𝑝. 
iii) The set of +𝑣𝑒 rational numbers" × "
Solution:

It is group w.r.t " × "

iv) The set of integers s" + "
Solution:

It is group w.r.t “+”

v) The set of integers " × "
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, 𝑶}.

𝑾𝒉𝒂𝒕 𝒊𝒔 𝒕𝒉𝒆 𝒊𝒅𝒆𝒏𝒕𝒊𝒕𝒚 𝒆𝒍𝒆𝒎𝒆𝒏𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒆𝒕 ?

𝑺𝒉𝒐𝒘 𝒕𝒉𝒂𝒕 𝒕𝒉𝒊𝒔 𝒔𝒆𝒕 𝒊𝒔 𝒂𝒏 𝒂𝒃𝒆𝒍𝒊𝒂𝒏 𝒈𝒓𝒐𝒖𝒑.

⨁ E O 

E E O 

O O E 

Solution : 

i) 𝐸 + 𝐸 = 𝐸 (𝑒𝑣𝑒𝑛)

𝐸 + 𝑂 = 𝑂(𝑜𝑑𝑑)

𝑂 + 𝑂 = 𝐸(𝑒𝑣𝑒𝑛)

𝐻𝑒𝑟𝑒 𝐸 𝑖𝑠 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑒𝑙𝑒𝑚𝑒𝑛𝑡. 
ii) Table show the set satisfies the closure

law w.r.t “+” ∵ all elements of table ∈
{𝐸, 𝑜}

 The set is associative law w.r.t “+”

(0 + 𝐸) + 0 = 0 + (𝐸 + 0) 

0 + 0 = 0 + 0 

𝐸 = 𝐸 

 𝐸𝑖𝑠 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 ∈ {𝐸, 0}

 𝑒𝑎𝑐ℎ 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 ℎ𝑎𝑠 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 (0 + 𝑒 = 𝐸 +

0 𝑎𝑛𝑑 𝐸 + 𝐸 = 0𝑎𝑛𝑑 0 + 0 = 0)

 𝑐𝑜𝑚𝑚𝑢𝑡𝑡𝑖𝑣𝑒 𝑙𝑎𝑤 ℎ𝑜𝑙𝑑𝑠 (0 + 𝐸 = 𝐸 + 0)

So set {𝐸, 0} is abelian group.

Q5. 

𝑺𝒉𝒐𝒘 𝒕𝒉𝒂𝒕 𝒕𝒉𝒆 𝒔𝒆𝒕 {𝟏, 𝒘, 𝒘𝟐} , 𝒘𝒉𝒆𝒏 𝒘𝟑 = 𝟏 

 𝒊𝒔 𝒂𝒏 𝒂𝒃𝒆𝒍𝒊𝒂𝒏 𝒈𝒓𝒐𝒖𝒑 𝒘. 𝒓. 𝒕 𝒐𝒓𝒅𝒊𝒏𝒂𝒓𝒚 

 𝒎𝒖𝒍𝒕𝒊𝒑𝒍𝒊𝒄𝒂𝒕𝒊𝒐𝒏. 

Solution: 

  𝐿𝑒𝑡 𝑆 =  {1, 𝑤, 𝑤2} , 𝑤ℎ𝑒𝑟𝑒 𝑤3 = 1 

i) Clearly from table S is close " ×

"

ii) 1, 𝑤, 𝑤2 ∈ 𝑆
(1. 𝑤). 𝑤2 = 1. (𝑤. 𝑤2)

𝑤. 𝑤2 = 1. 𝑤3

𝑤3 = 𝑤3

 1 = 1

∴ 𝐴𝑠𝑠𝑜𝑐. 𝐿𝑎𝑤 ℎ𝑜𝑙𝑑 𝑢𝑛𝑑𝑒𝑟 × 

iii) 1 is identity element under “ × ”
iv) Inverse of each element exists.

𝑎𝑠 1 × 1 = 1 ⇒ 1−1 = 1

𝑤 × 𝑤2 = 1 ⇒ 𝑤−1 = 𝑤2

𝑊2 × 𝑤 = 1 ⇒ (𝑤2)−1 = 𝑤
v) Commutative law holds under”×

”
(clear from table)

 S is an abelian group under " × "
𝑸. 𝟔: 𝑰𝒇 𝑮 𝒊𝒔 𝒂 𝒈𝒓𝒐𝒖𝒑 𝒖𝒏𝒅𝒆𝒓 𝒕𝒉𝒆 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏 ∗

𝒂𝒏𝒅 𝒂, 𝒃 𝝐𝑮,  

 𝒇𝒊𝒏𝒅 𝒕𝒉𝒆 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔 

: 𝒂 ∗ 𝒙 = 𝒃  ,   𝒙 ∗ 𝒂 = 𝒃. 

 𝑺𝑶𝑳𝑼𝑻𝑰𝑶𝑵: 
𝐺𝑖𝑣𝑒𝑛 𝑡ℎ𝑎𝑡 𝐺 𝑖𝑠 𝑎 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ∗ . 
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 𝑆𝑖𝑛𝑐𝑒 𝑎 𝜖 𝐺   𝑠𝑜  𝑎−1 𝜖 𝐺 
   𝑖) 𝑎 ∗ 𝑥 = 𝑏  

𝑃𝑟𝑒 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑦𝑖𝑛𝑔 𝑏𝑦 𝑎−1 

𝑎−1 ∗ (𝑎 ∗ 𝑥) = 𝑎−1 ∗ 𝑏   

(𝑎−1 ∗ 𝑎) ∗ 𝑥 = 𝑎−1 ∗ 𝑏

𝑒 ∗ 𝑥 = 𝑎−1 ∗ 𝑏 

  𝑥 = 𝑎−1 ∗ 𝑏 
𝑖𝑖) 𝑥 ∗ 𝑎 = 𝑏 

𝑃𝑜𝑠𝑡 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑦𝑖𝑛𝑔 𝑏𝑦 𝑎−1 

(𝑥 ∗ 𝑎) ∗ 𝑎−1 = 𝑏 ∗ 𝑎−1 

𝑥 ∗ (𝑎 ∗ 𝑎−1) = 𝑏 ∗ 𝑎−1 

𝑥 ∗ 𝑒 = 𝑏 ∗ 𝑎−1 

𝑥 = 𝑏 ∗ 𝑎−1 
Q.7

𝐐. 𝟕: 𝑺𝒉𝒐𝒘 𝒕𝒉𝒂𝒕 𝒔𝒆𝒕 𝒄𝒐𝒏𝒔𝒊𝒔𝒕𝒊𝒏𝒈 𝒐𝒇 𝒆𝒍𝒆𝒎𝒆𝒏𝒕𝒔 𝒐𝒇 𝒕𝒉𝒆

𝒇𝒓𝒐𝒎 𝒂 + √𝟑𝒃 (𝒂, 𝒃 𝒃𝒆𝒊𝒏𝒈 𝒂 𝒓𝒂𝒕𝒊𝒐𝒏𝒂𝒍), 𝒊𝒔 𝒂𝒏 

 𝒂𝒃𝒆𝒍𝒊𝒂𝒏  𝒈𝒓𝒐𝒖𝒑 

 𝒘𝒊𝒕𝒉 𝒓𝒆𝒔𝒑𝒆𝒄𝒕 𝒕𝒐 𝒂𝒅𝒅𝒊𝒕𝒊𝒐𝒏. 
Solution: 

𝑙𝑒𝑡 𝐺 = {𝑎 + 𝑏√3 |𝑎, 𝑏 ∈ 𝑄} 

i) G is closed w.r.t “+”

Let 𝑥 = 𝑎 + 𝑏√3

𝑎, 𝑏, 𝑐, 𝑑 ∈ 𝑄 

𝑦 = 𝑐 + 𝑑√3 

𝑠𝑜 𝑥, 𝑦 ∈ 𝐺  

𝑛𝑜𝑤  

𝑥 + 𝑦 = (𝑎 + 𝑏√3) + (𝑐 + 𝑑√3) 

= (𝑎 + 𝑐) + √3(𝑏 + 𝑑) ∈ 𝐺 

∵ (𝑎 + 𝐶), (𝑏 + 𝑑) ∈ 𝑄 

ii) Associative law w.r.t.’+” hold in G

𝑙𝑒𝑡 𝑥 = 𝑎 + 𝑏√3  𝑦 = 𝑐 + 𝑑√3

𝑎𝑛𝑑 𝑧 = 𝑒 + 𝑓√3 

Then 𝑥, 𝑦, 𝑧 ∈ 𝐺 

𝑥 + (𝑦 + 𝑧) = ( 𝑎 + 𝑏√3 ) + (𝑐 + 𝑑√3 + 𝑒 + 𝑓√3 ) 

=  𝑎 + 𝑏√3 + [(𝑐 + 𝑒) + √3(𝑑 + 𝑓)] 

= (𝑎 + 𝑐 + 𝑒) + √3(𝑏 + 𝑑 + 𝑓) 

= [(𝑎 + 𝑐) + √3 (𝑏 + 𝑑 + 𝑓)] 

= [(𝑎 + 𝑐) + √3(𝑏 + 𝑑)] + (𝑒 + 𝑓√3) 

= (𝑥 + 𝑦) + 𝑧 

iii) 0 +  √3 0 ∈ 𝐺 𝑖𝑠 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑤. 𝑟. 𝑡. " + "

iv) 𝑓𝑜𝑟 (𝑎 + √3 𝑏) ∈ 𝐺 , 𝑡ℎ𝑒𝑟𝑒𝑒𝑥𝑖𝑠𝑡

−𝑎 − √3𝑏 ∈ 𝐺

∵ (𝑎 + √3𝑏) + (−𝑎 − √3𝑏) = 0 + √30 

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

ℎ𝑜𝑙𝑑𝑠 𝑖𝑛𝐺. 

𝑖. 𝑒 𝑥 + 𝑦 = 𝑦 + 𝑥 ∀𝑥, 𝑦 ∈ 𝐺 
As 

𝑥 + 𝑦 = ( 𝑎 + 𝑏√3 ) + (𝑐 + 𝑑√3 

𝑥 + 𝑦 = (𝑎 + 𝑐) + √3(𝑏 + 𝑑) 

= (𝑐 + 𝑎) + √3(𝑑 + 𝑏) 

= 𝑦 + 𝑥 

 G is Abelian group.
𝑸. 𝟖:  𝑫𝒆𝒕𝒆𝒓𝒎𝒊𝒏𝒆 𝒘𝒉𝒆𝒕𝒉𝒆𝒓 (𝑷(𝑺),∗), 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 ∩ 

i) 𝑷(𝑺) = 𝒊𝒔 𝒄𝒍𝒐𝒔𝒆𝒅 𝒘. 𝒓. 𝒕 ∗
Let 𝑺𝟏, 𝑺𝟐 ∈ 𝑷(𝑺)

𝒕𝒉𝒆𝒏 𝑺𝟏 ∗ 𝑺𝟐 𝑷(𝑺)

𝒊. 𝒆 𝑺𝟏 ∩ 𝑺𝟐 ∈ 𝑷(𝑺)

ii) 𝑷(𝑺)𝒉𝒐𝒍𝒅𝒔 𝒂𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒗𝒆 𝒍𝒂𝒘 𝒘. 𝒓. 𝒕 ∗

𝒍𝒆𝒕 𝑺𝟏, 𝑺𝟐 ∈ 𝑷(𝑺) 

𝒕𝒉𝒆𝒏 𝑺𝟏 ∗ (𝑺𝟐 ∗ 𝑺𝟑) = (𝑺𝟏 ∗ 𝑺𝟐) ∗ 𝑺𝟑 



𝑺𝟏 ∩ (𝑺𝟐 ∩ 𝑺𝟑) = (𝑺𝟏 ∩ 𝑺𝟐) ∩ 𝑺𝟑 

 𝑷(𝑺)𝒉𝒂𝒔 𝒏𝒐 𝒊𝒅𝒆𝒏𝒕𝒊𝒕𝒚 𝒆𝒍𝒆𝒎𝒆𝒏𝒕  

So P(S) is semi group under ∗ but P(S) is not monoid 

under∗  

𝑸. 𝟗: 𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆 𝒕𝒉𝒆 𝒇𝒐𝒍𝒍𝒐𝒘𝒊𝒏𝒈 𝒕𝒂𝒃𝒍𝒆 𝒕𝒐 𝒐𝒃𝒕𝒂𝒊𝒏 𝒂 

 𝒔𝒆𝒎𝒊 − 𝒈𝒓𝒐𝒖𝒑 𝒖𝒏𝒅𝒆𝒓 ′ ∗ ′ 

∗ a b c 

A c a b 

B a b c 

C - - a 
Solution: 

From table 

𝒂 ∗ 𝒂 = 𝒄 → (𝒊) 

Now 

𝑐 ∗ 𝑎 = (𝑎 ∗ 𝑎) ∗ 𝑎      𝑏𝑦(𝑖) 

= 𝑎 ∗ (𝑎 ∗ 𝑎)  (𝐴𝑠𝑠𝑜𝑐. 𝐿𝑎𝑤. ) 

= 𝑎 ∗ 𝑐 

= 𝑏    𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒 

 𝑐 ∗ 𝑎 = 𝑏
Also

𝑐 ∗ 𝑏 = (𝑎 ∗ 𝑎) ∗ 𝑏    𝑏𝑦 (𝑖) 

= 𝑎 ∗ (𝑎 ∗ 𝑏) 

= 𝑎 ∗ 𝑎    𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒  

= 𝑐   𝑏𝑦 (𝑖) 

 𝑐 ∗ 𝑏 = 𝑐
 So the third row becomes as.

c b c a 

Q.No10

See example at page 46#solved.

⨂ 1 𝑤 𝑤2 

1 1 𝑤 𝑤2 

𝑤 𝑤 𝑤2 1 

𝑤3 𝑤2 1 𝑤 
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