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𝐸𝑚𝑝𝑡𝑦 𝑠𝑒𝑡

𝑆𝑖𝑛𝑔𝑙𝑒𝑡𝑜𝑛 𝑠𝑒𝑡

𝐹𝑖𝑛𝑖𝑡𝑒 𝑠𝑒𝑡

𝐼𝑛𝑓𝑖𝑛𝑖𝑡𝑒 𝑠𝑒𝑡

𝐸𝑞𝑢𝑎𝑙 𝑠𝑒𝑡

𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑠𝑒𝑡

𝑁 = 1, 2, 3, … ; 𝑛 𝑁 = 𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑦

𝐸 =  = 𝜙; 𝑛 𝐸 = 0

𝑆 = 4 ; 𝑛 𝑆 = 1

𝐹 =  1, 2, 3, 4, 5 ; 𝑛 𝐹 = 5

𝑇𝑤𝑜 𝑠𝑒𝑡𝑠 ℎ𝑎𝑣𝑖𝑛𝑔 𝑠𝑎𝑚𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠; set of letters in the word heart and earth

𝐸 = 𝑒, 𝑎, 𝑟, 𝑡, ℎ 𝐻 = ℎ, 𝑒, 𝑎, 𝑟, 𝑡, 𝐻 = 𝐸

𝑇𝑤𝑜 𝑠𝑒𝑡𝑠 ℎ𝑎𝑣𝑖𝑛𝑔 𝑠𝑎𝑚𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠, but different elements; 

set of  letters in the word heart and earth

𝐹 ≈ 𝐸𝐸 = 𝑒, 𝑎, 𝑟, 𝑡, ℎ 𝐹 = 1, 2, 3, 4, 5
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𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑠𝑒𝑡

𝑆𝑢𝑏𝑠𝑒𝑡 𝑠𝑒𝑡

𝑃𝑟𝑜𝑝𝑒𝑟 𝑠𝑢𝑏𝑠𝑒𝑡

𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑠 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑤ℎ𝑖𝑐ℎ 𝑎𝑙𝑙 𝑜𝑡ℎ𝑒𝑟 𝑠𝑒𝑡𝑠 𝑎𝑟𝑒 𝑠𝑢𝑏𝑠𝑒𝑡𝑠

𝐴 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑣𝑜𝑤𝑒𝑙𝑠, 𝑈 = 𝑎, 𝑒, 𝑖, 𝑜, 𝑢

𝐴 = 𝑎, 𝑒, 𝑖 ; 𝐵 = 𝑖, 𝑜, 𝑢

𝑖𝑓 𝑎𝑡𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝐵 𝑖𝑠 𝑛𝑜𝑡 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑛 𝐴

𝐴 = 1, 3, 5 ; 𝐵 = 1, 3, 5, 7 ;

𝐴 𝑠𝑒𝑡 𝐴 𝑖𝑠 𝑎 𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝐵 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑒𝑣𝑒𝑟𝑦 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝐴 𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝐵

𝐴 ⊆ 𝐵 𝐵 = 𝑠, 𝑖, 𝑟 ;

𝑆𝑢𝑏𝑠𝑒𝑡 𝑠𝑒𝑡𝑠: 2𝑛 𝑠𝑢𝑏𝑠𝑒𝑡𝑠: 

𝐴1 = 𝑠, 𝑖, 𝑟 ;

𝐴 ⊂ 𝐵

𝐴2 = 𝑠, 𝑖 ; 𝐴3 = 𝑠, 𝑟 ; 𝐴4 = 𝑖, 𝑟 ;

𝐴5 = 𝑠 ; 𝐴6 = 𝑟 ; 𝐴7 = 𝑖 ; 𝐴8 = ;

𝐺 = ℎ, 𝑎, 𝑏 ; 𝐻 = ℎ, 𝑏 ; 𝐻 ⊂ 𝐺 𝑛 𝑃𝑟𝑜𝑝𝑒𝑟 𝑠𝑢𝑏𝑠𝑒𝑡 = 2𝑛 − 1
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𝑆𝑢𝑝𝑒𝑟 𝑠𝑒𝑡

𝑃𝑟𝑜𝑝𝑒𝑟 𝑠𝑢𝑝𝑒𝑟𝑠𝑒𝑡

𝑃𝑜𝑤𝑒𝑟 𝑠𝑒𝑡

𝑖𝑓 𝑎𝑡𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝐵 𝑖𝑠 𝑛𝑜𝑡 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑛 𝐴

𝐴 = 1, 3, 5,7 ; 𝐵 = 1, 3, 5 ;

𝐴 𝑠𝑒𝑡 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑠𝑒𝑡.

𝐴 ⊇ 𝐵 𝐵 = 𝑠, 𝑖, 𝑟 ; 𝐴 = 𝑠, 𝑖, 𝑟, 𝑑

𝐴 ⊇ 𝐵 𝑎𝑛𝑑 𝐴 ≠ 𝐵 → 𝐴 ⊃ 𝐵

𝐴5 = 𝑠 ; 𝐴6 = 𝑟 ; 𝐴7 = 𝑖 ; 𝐴8 = ;

𝑃𝑜𝑤𝑒𝑟 𝑠𝑒𝑡 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑠 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑢𝑏𝑠𝑒𝑡𝑠 𝑜𝑓 𝑎 𝑠𝑒𝑡 𝑛 𝑃 =  2𝑛
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Cartesian Product of sets

Relations

Functions

Functions

Definition Types Domain

Relations

Definition Types Domain Range Range
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5

It will come in pairs, one from first set, second from second set

This is also a set.

Since each one pair is a single element, use curly bracket.

𝐴 = 1,2

B= 5,7,9

Set → 𝐴 × 𝐵 = 1,5 , 1,7 , 1,9 , 2,5 , 2,7 , 2,9

27-03-2024 Dr RK
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0           1            2            3

2

4

Set A

Se
t 

B

Example 1:

If 𝐴 = 1,2,3  and 𝐵 = 2,4  then the 𝐶𝑎𝑟𝑡𝑒𝑠𝑖𝑎𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝐴 × 𝐵 𝑖𝑠

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

B

C

D

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

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

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

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

B= 5,7,9

Set → 𝐴 × 𝐵 = 1,5 , 1,7 , 1,9 , 2,5 , 2,7 , 2,9

Set → 𝐵 × 𝐴 = 5,1 , 5,2 , 7,1 , 7,2 , 9,1 , 9,2

𝐴 × 𝐵 ≠ 𝐵 × 𝐴

1,5

5,1

27-03-2024 Dr RK



Sets, Relations and Functions
Cartesian Product of two sets

8

How to avoid silly mistake? Take it seriously!, You won't make it again

Donot make mistake in writing the pair properly.

27-03-2024 Dr RK
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Empty set ∶ . No element is there in the empty set

Consider two non − empty sets A and B

Carttesian product of sets A and B = A × 𝐵 = 𝑎, 𝑏 : 𝑎 ∈ 𝐴 𝑎𝑛𝑑 𝑏 ∈ 𝐵

𝐴 = 𝑎1, 𝑎2, 𝑎3 𝐵 = 𝑏1, 𝑏2, 𝑏3

Example 2a:

if 𝐴 = 2,3  and 𝐵 = 𝑎, 𝑏, 𝑐 , find 𝐴 × 𝐵

A × 𝐵 = 2, 𝑎 , 2, 𝑏 , 2, 𝑐 , 3, 𝑎 , 3, 𝑏 , 3, 𝑐

Example 2b:

if 𝐴 = 2,3 , find 𝐴 × 𝐴

A × 𝐴 = 2,2 , 2,3 , 3,2 , 3,3  

𝐴 = 2,3 𝐴 = 2,3

27-03-2024 Dr RK
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With 2, 3 times pair, with 3 again 3 pair. So totally 6 pair.

2x3=6

Number of elements in a set: 𝑛 𝐴

If 𝑛 𝐴 = 𝑝 and 𝑛 𝐵 = 𝑞, then 𝑛 𝐴 × 𝐵 = 𝑝(𝑞)

Example 3:

if 𝐴 = 2,3  and 𝐵 = 5,7,9 , find 𝑛 𝐴 × 𝐵

A × 𝐵 = 2,5 , 2,7 , 2,9 , 3,5 , 3,7 , 3,9

𝑛 𝐴 = 2 and 𝑛 𝐵 = 3, hence 𝑛 𝐴 × 𝐵 = 

𝑛 𝐴 = 2 and 𝑛 𝐵 = 3, hence 𝑛 𝐴 × 𝐵 = 6

27-03-2024 Dr RK
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Can you do triplet logically? Yes.

Example 4:

if 𝐴 = 2,3 , 𝐵 = 3,5  and 𝐶 = 7 , find 𝑛 𝐴 × 𝐵 × 𝐶

A × 𝐵 × 𝐶 = 2,3,7 , 2,5,7 , 3,3,7 , 3,5,7  

𝑛 𝐴 = 2 , 𝑛 𝐵 = 2 and 𝑛 𝐶 = 1 ℎ𝑒𝑛𝑐𝑒 𝑛 𝐴 × 𝐵 × 𝐶 = 2 2 1 = 4

𝑛 𝐴 × 𝐵 × 𝐶 = 𝑛 𝐴  𝑛 𝐵  𝑛 𝐶

27-03-2024 Dr RK
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Number of subsets of 𝐴 =  2𝑛 𝐴

Example 5:

If 𝐴 = 2,3  and 𝐵 = 3,5,7  then the number of subsets o𝑓 𝐴 × 𝐵

Number of subsets of 𝐴 × 𝐵 = 2𝑛 𝐴×𝐵 = 26

∴ 𝑛 𝐴 × 𝐵 = 2 3 = 6

6 25 26 23A B C D

𝑛 𝐴 = 2; 𝑛 𝐵 = 3

27-03-2024

𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑖𝑛 𝐴 × 𝐵 :

2,3 , 2,5 , 2,7 , 3,3 , 3,5 , (3,7)
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Why do you name it as relation?

𝐴 = 1,2 𝐵 = 3,4,5

𝐴 × 𝐵 = 1,3 , 1,4 , 1,5 , 2,3 , 2,4 , 2,5

𝑅1 = 1,3 , 1,5 , 2,5  

Create any random subset 𝑅1 from 𝐴 × 𝐵

𝐴 × 𝐵 has six elements. Hence it has 26 subsets.

All these subsets are relations

27-03-2024 Dr RK



Sets, Relations and Functions
Relations

14

Let us show in a Venn diagram 

A B

1,2
3,4,5

Let 𝐴 and 𝐵 be two non − empty subsets.

Any subset of 𝐴 × 𝐵 is called relation from 𝐴 to 𝐵.

Definition:

27-03-2024 Dr RK
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Let 𝐴 = 1,3,5  and 𝐵 = 7,8 , then

𝐴 × 𝐵 = 1,7 , 1,8 , 3,7 , 3,8 , 5,7 , 5,8

Consider any random subset,

𝑅1 = 1,7 , 3,7 , 3,8

𝑅2 = 1,7  

𝑅1, 𝑅2 being subsets of 𝐴 × 𝐵. are relations from 𝐴 𝑡𝑜 𝐵.

27-03-2024 Dr RK
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Number of subsets of 𝐴 =  2𝑛 𝐴

Example 6:

If 𝐴 = 2,3  and 𝐵 = 3,5,7  then the number of relations from 𝐴 𝑡𝑜 𝐵

6 25 26 23A B C D

27-03-2024

Number of relations from 𝐴 𝑡𝑜 𝐵 =  2𝑛 𝐴  𝑛 𝐵

Number of relations from 𝐴 𝑡𝑜 𝐵 = Number of subsets of 𝐴 × 𝐵 = 26

Number of elements of 𝐴 × 𝐵 = 𝑛 𝐴  𝑛 𝐵 = 2 3 = 6
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Description of Relations

There are three ways to describe a relation.

𝑎  𝑅1 = 1,1 , 2,3 , 3,5 ,

𝐵 

1

2

7

1

3

5
3

𝐴
𝑏  𝑅2 = 𝑥, 𝑦 : 𝑦 = 2𝑥 − 1, 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑦 ∈ 𝐵

𝑐 𝑅3 = 𝑥𝑅𝑦 ⟺ 𝑦 = 2𝑥 − 1, 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑦 ∈ 𝐵

27-03-2024 Dr RK
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a  If 𝑥, 𝑦 ∈ 𝑅, then we call 𝑦 as the image of 𝑥 and 𝑥 as the pre − image of 𝑦

What is the image of 3? What is the preimage of 3? 

preimage or image?

b  Relation from 𝐴 𝑡𝑜 𝐴 𝑖. 𝑒. subset of 𝐴 × 𝐴  is also called ′relation on 𝐴′.

𝐵 

1

2

8

3

4

6
3

𝐴

What is 3 to 6?

27-03-2024 Dr RK
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Subset of 𝐴 × 𝐵 is relation from 𝐴 → 𝐵

Subset of 𝐴 × 𝐴 is relation from 𝐴 → 𝐴

Subset of 𝐴 × 𝐴 is also called relation on 𝐴

𝐴 

1

2

1

2

3
3

𝐴

27-03-2024 Dr RK
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Domain
Range

𝐵 

1

2

8

3

4

6
3

𝐴

27-03-2024 Dr RK



Sets, Relations and Functions
Domain and Range of a Relation

21

Range ? {5,6,8}

How do you show this?

5,6,8

𝐴 = 1,2,3,4

𝐵 = 5,6,8,9

𝑅 = 1,5 , 1,6 , 2,8

𝐷𝑅 = 1,2 𝑅𝑅 = 5,6,8

Domain
Range

𝐵 

1

2 8

5

4

6

3

𝐴

9

Domain ? {1,2}
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Domain of a 𝑅 = 𝑥: 𝑥, 𝑦 ∈ 𝑅

Domain of a 𝑅 = 𝑥: 𝑥, 𝑦 ∈ ℝ

If 𝑅 is a relation from 𝐴 𝑡𝑜 𝐵, then 𝐵 is called 𝑐𝑜 − 𝑑𝑜𝑚𝑎𝑖𝑛.

27-03-2024 Dr RK
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Domain and Range of a Relation
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𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑎 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑥 𝑅 𝑦 ⟺ 𝑦 = 𝑥 + 1 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑜𝑛 𝐴 = −1,1,2,3,4

−1 ∗

1 ∗

2 ∗

3 ∗

4 ∗

𝐴

−1 ∗

1 ∗

2 ∗

3 ∗

4 ∗

𝐴

𝑥 𝑅 𝑦 = 1,2 , 2,3 , 3,4

Domain of 𝑅 = 1,2,3

Range of 𝑅 = 2,3,4

27-03-2024

Domain

Range

Codomain

𝑥 𝑖𝑠 𝑖𝑛 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑦
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Given 𝑅 = 𝑥, 𝑦 ∈ 𝑊, 𝑥2 + 𝑦2 = 25 . Find the domain and range of R. 𝑊 = 0,1,2,3,4,5 …

𝑥 = 0 → 𝑦 = 5

𝑥 = 1 → 𝑦 = 24  ≠ 𝑊

𝑥 = 2 → 𝑦 = 21  ≠ 𝑊

𝑥 = 3 → 𝑦 = 4

𝑥 = 4 → 𝑦 = 3

𝑥 = 5 → 𝑦 = 0

𝑅 = 0,5 , 3,4 , 4,3 5,0

Domain = 0,3,4,5

Range = 5,4,3,0

27-03-2024

0 ∗

3 ∗

4 ∗

5 ∗

𝐷

5 ∗

4 ∗

3 ∗

0 ∗

𝑅

√

×

×

√

√

√
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Do you understand this?

Subsets of 𝐴 × 𝐵

Subsets of 𝐴 × 𝐴

Empty relation

Universal relation

Identity relation
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Reflexive Relation

Symmetric Relation

Transitive Relation

Equivalence Relation

27-03-2024 Dr RK
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Here we talk about relation on A only𝑎  𝐸𝑚𝑝𝑡𝑦 𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛

𝑏  𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛

𝑐  𝐼𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛

Let 𝐴 be a set and ∅ ⊂ 𝐴 × 𝐴.  Then, ∅ is a relation on 𝐴.

∅ is called empty relation.

∅ = .

Let 𝐴 be a set and 𝐴 × 𝐴 ⊆ 𝐴 × 𝐴.  Then, 𝐴 × 𝐴 is a relation on 𝐴.

Let 𝐴 be a set. If every element of 𝐴 is related to itself only, then it is called identity relati𝑜𝑛.

𝐴 × 𝐴 is called universal relation.

𝐼𝐴 = 𝑎, 𝑎 : 𝑎 ∈ 𝐴  is called identity relation on 𝐴

27-03-2024

𝑅2 = 𝐴 × 𝐴 = 1,1 , 1,2 , 2,1 , 2,2

Let 𝐴 = 1,2

𝑅3 = 1,1 , 2,2
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called empty relation

Let 𝐴 = 2,3

𝐴 × 𝐴 = 2,2 , 2,3 , 3,2 , 3,3

𝑅1 = ∅ = .

𝑅2 = 𝐴 × 𝐴 = {(2,2),(2,3),(3,2),(3,3)}

𝑅3 = 2,2 , 3,3

called universal relation

called identity relation

𝑅3 = 3,3  is not identity relation
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You already know what is a function?

This is a function!

Now formally, we will see the terms and study

Functions

Definition DomainTypes Range

𝑓 𝑥 = 𝑥2

𝑓 2 = 22 = 4

𝑓 3 = 32 = 9

𝑓 10 = 102 = 100

𝑓 𝑥 = 2𝑥 + 1

𝑓 2 = 2 2 + 1 =5

𝑓 3 = 2 3 + 1 = 7

𝑓 10 = 2 10 + 1 = 21

This is a function!
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Function is a relation having two particular characteristics.

Function is a relation only, but under two conditions
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Let 𝐴 and 𝐵 be two nonempty sets.

A function from 𝐴 to 𝐵, i. e. , f: A → 𝐵 is a relation such that

a  all the elements of 𝐴 are related to the elements of 𝐵 and 

b  no element of 𝐴 is related to more than one element of 𝐵. 

27-03-2024
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Which of the following relations on the set 4,5,6  is not a function on the same set? Why?

A 4,4 , 5,5 , 6,6  

B 4,5 , 5,5 , 6,4  

C 4,6 , 5,4 , 6,5  

D 4,5 , 5,4 , 5,6  

4

5

6

4

5

6

4

5

6

4

5

6

4

5

6

4

5

6

4

5

6

4

5

6

Two reasons! 5 is friend with two; 6 is aloneD 4,5 , 5,4 , 5,6  
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𝑓: 𝐴 → 𝐵, where 𝐴 = −1,1,2  and 𝐵 = 1,4,9  defined by 𝑓 𝑥 = 𝑥2 is a function 

for which

𝑎  𝐴 = −1,1,2  is called the domain of 𝑓

𝑏  𝐵 = 1,4,9  is called the codomain of 𝑓

𝑐 1,4  is called the range of 𝑓, which is a collection of all images.

𝐵 𝑖𝑠 𝑐𝑜𝑑𝑚𝑎𝑖𝑛; 

-1

1

2

1

4

9

𝑓

𝐴 𝐵
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Both are relations, but neither is a function from A to B.

-1

1

2

1

4

9

𝑓

𝐴 𝐵

-1

1

2

1

4

9

𝑓

𝐴 𝐵

2 has no image 1 has more than one image
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Neither of the graphs given here represent functions.

Vertical line test. If a vertical line cuts the graph atmost one point, it is a function.

In a function, every input from the domain has unique output from the codomain.
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𝑓 𝑥1 = 𝑦1

𝑓 𝑥1 = 𝑦1, 𝑦2,

𝑦1

𝑦2

𝑥1

Vertical Line Test 

𝑦1

𝑦2

𝑥1

𝑓 𝑥1 = 𝑦1, 𝑦2,

𝑦1

𝑥1
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Is this grpah of a function?
Is this grpah of a function?

𝑦1

𝑦2

𝑥1

𝑓 𝑥1 = 𝑦1, 𝑦2,

𝑥1

𝑦1

𝑓 𝑥1 = 𝑦1
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𝑜𝑛𝑒 𝑡𝑜 𝑚𝑎𝑛𝑦 ? 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑎𝑡 𝑎𝑙𝑙

𝑜𝑛𝑡𝑜 (𝑒𝑣𝑒𝑟𝑦 𝑜𝑛𝑒 𝑖𝑠 𝑐𝑜𝑣𝑒𝑟𝑒𝑑)

i𝑛𝑡𝑜 (𝑠𝑜𝑚𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑢𝑛𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑖𝑛 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛)

4

5

6

4

5

6

4

5

6

4

5

6

𝑄𝑢𝑖𝑧:

onto (everyone is covered)

27-03-2024

Which one is true?
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𝑜𝑛𝑒 𝑡𝑜 𝑚𝑎𝑛𝑦 ? 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑎𝑡 𝑎𝑙𝑙

𝑜𝑛𝑡𝑜 (𝑒𝑣𝑒𝑟𝑦 𝑜𝑛𝑒 𝑖𝑠 𝑐𝑜𝑣𝑒𝑟𝑒𝑑)

4

5

6

4

5

6

𝑚𝑎𝑛𝑦 𝑡𝑜 𝑜𝑛𝑒 𝑎𝑛𝑑 𝑖𝑛𝑡𝑜

4

5

6

4

5

𝑚𝑎𝑛𝑦 𝑡𝑜 𝑜𝑛𝑒 𝑎𝑛𝑑 𝑜𝑛𝑡𝑜

i𝑛𝑡𝑜 (𝑠𝑜𝑚𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑢𝑛𝑐𝑜𝑣𝑒𝑟𝑒𝑑)

𝑄𝑢𝑖𝑧:
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𝑜𝑛𝑒 𝑡𝑜 𝑚𝑎𝑛𝑦 ? 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑎𝑡 𝑎𝑙𝑙
i𝑛𝑡𝑜 (𝑠𝑜𝑚𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑢𝑛𝑐𝑜𝑣𝑒𝑟𝑒𝑑)

4

5

4

5

6

𝑜𝑛𝑒 𝑡𝑜 𝑜𝑛𝑒 𝑎𝑛𝑑 𝑖𝑛𝑡𝑜𝑚𝑎𝑛𝑦 𝑡𝑜 𝑜𝑛𝑒 𝑎𝑛𝑑 𝑖𝑛𝑡𝑜

4

5

6

4

5

6

𝑄𝑢𝑖𝑧:
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𝑅+ ∶  𝐻𝑒𝑟𝑒 𝑧𝑒𝑟𝑜 𝑎𝑛𝑑 𝑎𝑙𝑙 𝑅 < 0 𝑛𝑜𝑡 𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑
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𝑥  𝑖𝑠 𝐺𝐼𝐹, 𝑥  𝑖𝑠 𝐹𝑃𝐹
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Injectivity or one to one

If no two inputs have the same image, then the function is called one − one or injective ,

∗

*

∗

𝑓

A

∗

∗

*

B

𝑓

A B

∗

∗

*

∗

*

∗

otherwise, it is many − one.
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𝐹𝑖𝑟𝑠𝑡 𝑢𝑛𝑑𝑒𝑟𝑠𝑡𝑎𝑛𝑑, 𝑡ℎ𝑒𝑛 𝑤𝑒 𝑤𝑖𝑙𝑙 𝑠𝑒𝑒 ℎ𝑜𝑤 𝑖𝑡 𝑖𝑠 𝑢𝑠𝑒𝑑!Example 6:

one − one functions → 𝑦 = 𝑥3 , y = 2x − 1, . .

many − one functions → 𝑦 = 𝑥2 , y = cos 𝑥, sin 𝑥, . . .

𝑦 +2 = 4; 𝑦 −2 = 4

𝑦 +2 = 8; 𝑦 −2 = −8

To check the function, first solve

𝑓 𝑥1 = 𝑓 𝑥2

If you get 𝑥1 = 𝑥2 only, then it is one − one function, otherwise it is many to one.
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Check whether the following functions are one − one or many − one.

𝑎  𝑓 𝑥 = 𝑥2

𝑏  𝑓 𝑥 = 𝑥5

𝑐  𝑓 𝑥 = 𝑥2, 𝑥 ∈ 𝑅+
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𝐶ℎ𝑒𝑐𝑘 𝑤ℎ𝑒𝑡ℎ𝑒𝑟 𝑡ℎ𝑒 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑎𝑟𝑒 𝑜𝑛𝑒 − 𝑜𝑛𝑒 𝑜𝑟 𝑚𝑎𝑛𝑦 − 𝑜𝑛𝑒.

𝑏  𝑓 𝑥 = 𝑥5 𝑐  𝑓 𝑥 = 𝑥2, 𝑥 ∈ ℝ+
𝑎  𝑓 𝑥 = 𝑥2

𝑓 𝑥1 = 𝑓 𝑥2

𝑥1
2 = 𝑥2

2

𝑥1
2 − 𝑥2

2 = 0

𝑥1 + 𝑥2 𝑥1 − 𝑥2 = 0

𝑥1 = 𝑥2 𝑜𝑟 𝑥1 = −𝑥2

𝑓 𝑥1 = 𝑓 𝑥2

𝑥1
5 = 𝑥2

5

𝑥1 = 𝑥2

𝑓 𝑥1 = 𝑓 𝑥2

𝑥1
2 = 𝑥2

2

𝑥1
2 − 𝑥2

2 = 0

𝑥1 + 𝑥2 𝑥1 − 𝑥2 = 0

𝑥1 = 𝑥2 𝑜𝑟 𝑥1 = −𝑥2

many − one

one − one

one − one

−𝑥2 ∉ ℝ+

𝑥1 = 𝑥2

how it is one to one?

Later we will learn this
Two different x values

 love the same y!
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many to one

↓
↓

𝑓 𝑥1 = 𝑓 𝑥2

𝑥1 = 𝑥2 𝑜𝑟𝑥1 = −𝑥2

𝑓 𝑥1 = 𝑓 𝑥2

𝑥1 = 𝑥2

one to one
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Horizontal Line Test

a  A horizontal Line cuts the graph at two or more  points. So, it is not a one − one function.

b  No horizontal Line cuts the graph at more than one point. So, it is a one − one function.

(𝑎) (𝑏)
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𝑇𝑎𝑘𝑒 𝑎𝑛𝑦 𝑦, 𝑦𝑜𝑢 𝑠𝑒𝑒 𝑏𝑜𝑡ℎ 𝑥1 𝑎𝑛𝑑 𝑥2 𝑙𝑖𝑘𝑒𝑠 𝑡ℎ𝑖𝑠

𝑀𝑎𝑛𝑦 𝑡𝑜 𝑜𝑛𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛!

𝑆ℎ𝑜𝑟𝑡𝑐𝑢𝑡 𝑚𝑒𝑡ℎ𝑜𝑑!

𝐼𝑓 𝑎 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑐𝑢𝑡𝑠 𝑎𝑡 𝑡𝑤𝑜 𝑝𝑙𝑎𝑐𝑒𝑠, 𝑚𝑎𝑛𝑦 𝑡𝑜 𝑜𝑛𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛

𝑦

𝑥1 𝑥2

𝑦
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𝑆ℎ𝑜𝑟𝑡𝑐𝑢𝑡 𝑚𝑒𝑡ℎ𝑜𝑑!
𝑂𝑛𝑒 𝑡𝑜 𝑜𝑛𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛!

If no horizontal Line cuts the graph at more than one point. it is a one − one function.

Take any 𝑦, you see only one 𝑥1 likes this
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90% of students forget this after few days

We shd learn range to understand this

𝐴 is domain 𝐵 is codomain

Surjectivity or onto

If range = codomain, then the function

∗

*

∗

𝑓

A

∗

∗

*

B

is onto or surjective , otherwise, it is into.

𝑓

A B

∗

∗

*

∗

*

∗

𝑓: 𝐴 → 𝐵
Surjective (onto)

into

27-03-2024

𝑓𝑟𝑜𝑚 𝑡ℎ𝑖𝑠 𝑠𝑙𝑖𝑑𝑒 𝑓𝑜𝑟 𝑐𝑙𝑎𝑠𝑠 2
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Now answer this after thinking

−3 is defined or not?

0 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 

−1 is defined? 

0 = 0 

−3 is not defined.
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We are given a function, but we are not given the domain

𝑓: 𝐴 → 𝐵 where 𝐴 is domain and 𝐵 is codomain

Now tell me for what 𝑥 values this is defined?

Except at 𝑥 = 2, this is defined! Yes or No −− −𝑁𝑂.

𝑥 belongs to all Real values except 2

𝑔 𝑥 = 𝑥 − 2 

𝑔 𝑥 = 𝑥 − 2 ∶  𝑥 ∈ [2, ∞)

Here the function 𝑔 𝑥 is defined for 𝑥 ∈ [2, ∞)
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Domain:

Domain is primarily a collection of values of 𝑥 for which the function 𝑦 = 𝑓 𝑥  is defined.

We will see how to find the Domain of a given function
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Consider the following

𝑎  𝑦 =
1

𝑥 − 4
→ 𝑥 ∈ ℝ\ 4

𝑏  𝑦 = 𝑥 − 3 → 𝑥 ∈ [3, ∞)

27-03-2024

We can find the domain from the function

𝑦 = 𝑥 − 3
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𝑎
1

∗
 is defined if the denominator ∗≠ 0

𝑏 ∗ is defined if the value of ∗≥ 0

𝑐  log𝑏 𝑎  is defined if the value of a > 0 𝑎𝑛𝑑 𝑏 > 0, 𝑏 ≠ 1

d  Domain of 𝑓 𝑥 + 𝑔 𝑥  is the intersection of domains of 𝑓 𝑥 and 𝑔(𝑥)
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Find the domain of the following.

𝑎  𝑦 =
1

𝑥2 − 9

𝑏  𝑦 = 𝑥2 − 9

𝑐  𝑦 =
1

𝑥2 − 9

𝑑  𝑦 = log 𝑥2 − 9

𝑒  𝑦 = log 𝑥 − 9
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𝐷𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟 𝑠ℎ𝑑 𝑛𝑜𝑡 𝑏𝑒 𝑧𝑒𝑟𝑜

𝑥2 − 9 𝑠ℎ𝑑 𝑛𝑜𝑡 𝑏𝑒 𝑧𝑒𝑟𝑜

𝑥 𝑠ℎ𝑑 𝑛𝑜𝑡 𝑏𝑒 = ±3

Find the domain of the following.

𝑎  𝑦 =
1

𝑥2 − 9

𝑥 ∈ 𝑅\ −3,3 We can also write 𝑥 ∈ ℝ\ −3,3

𝑥2 − 9 ≠ 0

𝑥 + 3 𝑥 − 3 ≠ 0

𝑥 ≠ −3, 𝑥 ≠ 3 −3 3

𝑦 is defined if 
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𝑥2 − 9 shd be greater than or equal to zero

Find the domain of the following.

𝑥 ∈ −∞, −3 ∪ [3, ∞)

𝑥2 − 9 ≥ 0

𝑥 + 3 𝑥 − 3 ≥ 0

𝑏  𝑦 = 𝑥2 − 9

𝑦 is defined if 

−3 3

Hence 𝑥2 − 9 ≥ 0 

+  −  +
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Next Denominator shd not be zero

First Root should be considered.

Root exists only if 𝑥2 − 9 ≥ 0

Find the domain of the following.

𝑥 ∈ −∞, −3 ∪ 3, ∞

𝑥2 − 9 > 0

𝑥 + 3 𝑥 − 3 > 0

𝑐  𝑦 =
1

𝑥2 − 9

𝑦 is defined if 

Hence 𝑥2 − 9 > 0 

27-03-2024

−3 3

+  −  +
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Find the domain of the following.

𝑥2 − 9 > 0

𝑥 + 3 𝑥 − 3 > 0

𝑑  𝑦 = log 𝑥2 − 9

𝑦 is defined if 

𝑙𝑜𝑔 will be happy when a is positive and not equal to 1

𝑙𝑜𝑔 will be happy when 𝑏 is positive 

log𝑎 𝑏

−3 3

Hence 𝑥2 − 9 > 0 

+  −  +

𝑥 ∈ −∞, −3 ∪ 3, ∞

Here 𝑎 = 10
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Find the domain of the following.

𝑥 − 9 > 0

𝑒  𝑦 = log 𝑥 − 9

𝑦 is defined if 

9

𝑙𝑜𝑔 will be happy when a is positive and not equal to 1

𝑙𝑜𝑔 will be happy when 𝑏 is positive 

Hence 𝑥2 − 9 > 0 

+

𝑥 ∈ 9, ∞

log𝑎 𝑏 Here 𝑎 = 0
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Find the domain of the following.

𝑎  𝑦 = log𝑥 4 − 𝑥2

𝑏  𝑦 = 𝑥2 − 4 +log10 𝑥 − 5

𝑙𝑜𝑔 will be happy when a is positive and not equal to 1

𝑙𝑜𝑔 will be happy when 𝑏 is positive 

log𝑎 𝑏
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Find the domain of the following.

𝑎  𝑦 = log𝑥 4 − 𝑥2
𝑙𝑜𝑔 will be happy when a is positive and not equal to 1

𝑙𝑜𝑔 will be happy when 𝑏 is positive 

log𝑎 𝑏

here base is 𝑥

∴ 𝑥 > 0 𝑎𝑛𝑑 𝑥 ≠ 1

Also, 𝑏 should be positive

∴ 4 − 𝑥2 > 0

→ 𝑥2 − 4 < 0

Combining all the three conditions

𝑥 − 2 𝑥 + 2 < 0
−2 2

+  −  +
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𝑥 > 0 𝑎𝑛𝑑 𝑥 ≠ 1

Combining all the three conditions How do you intersect three things

Plot 𝑥 > 0, plot 𝑥 ≠ 1, plot − 2 < 𝑥 < 2

𝑥 − 2 𝑥 + 2 < 0

0 1

−2 2

Now see the common parts in all the three

Sol: 𝑥 ∈ 0,2 \ 1
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𝐼𝑓 𝐼 𝑡𝑎𝑘𝑒 𝑥 = 3, 𝑡ℎ𝑒𝑛 𝑥2 − 4 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑑𝑒𝑓𝑖𝑛𝑒𝑑. 

𝑌𝑒𝑠 𝑜𝑟 𝑁𝑜?

𝑏𝑢𝑡, log10 𝑥 − 5  𝑤𝑖𝑙𝑙 𝑏𝑒 𝑢𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑. 𝑌𝑒𝑠 𝑜𝑟 𝑁𝑜?

When more than one conditions come, 

we shd consider all the conditions

𝑏  𝑦 = 𝑥2 − 4 +log10 𝑥 − 5

Find the domain of the following.

𝑥2 − 4 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑖𝑓 𝑥2 − 4 ≥ 0

−2 ≤ 𝑥 ≤ 2

𝑥 − 2 𝑥 + 2 ≥ 0

log10 𝑥 − 5  𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑖𝑓 𝑥 − 5 > 0

𝑥 > 5

𝑓 3 = 9 − 4 + log10 3 − 5
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and means simultaneous𝑥2 − 4 ≥ 0 𝑎𝑛𝑑 𝑥 − 5 > 0

𝑥2 − 4 ≥ 0 ∩ 𝑥 − 5 > 0

𝑥 ∈ 5, ∞

−2 2 5

+  −  +

𝑥 > 5

27-03-2024

−2 ≤ 𝑥 ≤ 2

𝑥 − 2 𝑥 + 2 ≥ 0

𝑥 − 5 > 0
∩
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More and more functions you learn, more and more

 we need to learn about domain

When i do this, tell me you will feel that that is obvious.

Only one condition here. 

Dont make separate conditions for each term

Now everything is considered

𝑦 =
𝑥 − 1 𝑥 − 2

9 − 4𝑥2

Find the domain of the following.

𝑥 − 1 𝑥 − 2

9 − 4𝑥2 ≥ 0

𝑦 is defined if 

𝑥 − 1 𝑥 − 2

2𝑥 − 3 2𝑥 + 3
≤ 0

≥ 0, 𝑥 ≠
3

2

27-03-2024

−
3

2
 1 

3

2
 2
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𝑥 − 1 𝑥 − 2

2𝑥 − 3 2𝑥 + 3
≤ 0

+  −  +  −  +

−
3

2
 1 

3

2
 2

𝑥 ∈ −
3

2
, 1 𝑈

3

2
, 2

27-03-2024

At 𝑥 = 0, 𝑓 𝑥  is negative
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𝑥 − 1 𝑥 − 2 ≥ 0
1 2

−+ +

−1.5 1.5

+− −

3 − 2𝑥 3 + 2𝑥 > 0

−+−

1 2−1.5 1.5

+ −𝑥 − 1 𝑥 − 2

3 − 2𝑥 3 + 2𝑥
> 0

27-03-2024

+ + = + − − = +

𝑥 ∈ −
3

2
, 1 𝑈

3

2
, 2
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+𝑣𝑒

− 𝑣𝑒

27-03-2024

𝑥 ∈ −
3

2
, 1 𝑈

3

2
, 2

𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑠𝑖𝑔𝑛 ℎ𝑒𝑟𝑒
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First let us make the inner square root happy!

Next let us make the outer square root happy!

Both shd be considered

Order is not important because simultaneously they shd be satisfied

Find the domain of the following.

𝑦 = 1 − 1 − 𝑥2

𝑦 is defined if 1 − 𝑥2 ≥ 0

1 − 1 − 𝑥2 ≥ 0

1 − 𝑥2 ≥ 0 and 1 − 1 − 𝑥2 ≥ 0
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Now the second one needs a little more concentration from your end.

𝑆𝑜𝑙: −1, 1

1 − 𝑥2 ≥ 0

𝑥2 − 1 ≤ 0

−1 ≤ 𝑥 ≤ 1

1 − 1 − 𝑥2 ≥ 0

1 ≥ 1 − 𝑥2

Squaring on both sides

1 ≥ 1 − 𝑥2

𝑥2 ≥ 0 → 𝑥 ∈ 𝑅

−1 ≤ 𝑥 ≤ 1 ∩ 𝑥2 ≥ 0 → 𝑥 ∈ 𝑅

27-03-2024

1 − 𝑥2 ≥ 0 and 1 − 1 − 𝑥2 ≥ 0

−1 1

+  −  +

+

𝑥 + 1 𝑥 − 1 ≤ 0
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is always less than or equal to one!

No, it is not always

1 − 𝑥2 ≤ 1

Is 𝑎 ≥ 𝑏 ⇒  𝑎2 ≥ 𝑏2 always ?

5 ≻ 10

52 < −10 2

−10 ≻ −20

100 < 400

𝑎 ≥ 𝑏 ⇒  𝑎2 ≥ 𝑏2 𝑖𝑓 𝑎 𝑎𝑛𝑑 𝑏 ≥ 0

27-03-2024

𝑎 ≥ 𝑏 ⇒  𝑎2 ≥ 𝑏2 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑎 𝑎𝑛𝑑 𝑏 ≥ 0
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𝑖𝑓 𝑜𝑛𝑒 𝑖𝑠 + 𝑣𝑒 𝑎𝑛𝑑 𝑜𝑛𝑒 𝑖𝑠 − 𝑣𝑒

𝐻𝑒𝑟𝑒 𝑎𝑛𝑦𝑡𝑖𝑛𝑔 𝑐𝑎𝑛 ℎ𝑎𝑝𝑝𝑒𝑛 

𝑎 𝑛𝑢𝑚𝑏𝑒𝑟 is always positive 

25 = +5 only; 𝑛𝑜𝑡 ± 5

𝑎 ≥ 𝑏

𝑎2 ≤ 𝑏2
𝑎2 ≥ 𝑏2

if 𝑎 𝑎𝑛𝑑 𝑏 ≥ 0 if 𝑎 𝑎𝑛𝑑 𝑏 < 0

5 > −2

25 > 4

5 > −10

25 < 100

27-03-2024

𝑖𝑓 𝑎 > 0, 𝑏 < 0

25 > 16

∴ 5 > 4

16 < 25
∴ −4 > −5

𝑀𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑠 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑡
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Very important . We learn a new thing here.

27-03-2024

Solve 𝑥2 − 4 < 3 for 𝑥

Squaring both sides

𝑥2 − 4 < 9

𝑥2 − 13 < 0

𝑥 − 13 𝑥 + 13 < 0

− 13 < 𝑥 < 13

− 13 13

At 𝑥 = 1 → 𝑥2 − 4 = 1 − 4 ≮ 3

𝑊𝑟𝑜𝑛𝑔! 𝑊ℎ𝑦?

−3 is undefined

+  −  +
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Here 𝑥 does not know that there is a root here. We have removed the root in the first step!

If there is a root in the problem and you square it to solve, then such problems will arise.

You must take care of this differently

27-03-2024

Also, 𝑥2 − 4 ≥ 0

−2 2

+  −  +

− 13 13

+  −  +

−2 2

+  −  +

Taking the common (intersection)

Sol: ൫− 13, ሿ−2 𝑈 [2, ൯13

𝑥 + 2 𝑥 − 2 ≥ 0

𝑓𝑜𝑟 𝑥2 − 4 < 3 
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Solve 𝑥2 − 4 < 2 for 𝑥

𝑥2 − 4 < 4

𝑥2 < 8

Square root inside shd be positive , 

and outside also shd be positive
𝑥2 − 4 ≥ 0

𝑥 + 2 𝑥 − 2 ≥ 0

∴ 𝑥 ∈ −∞, − ሿ2 ∪ [2, ∞

Squaring both sides 𝑥2 − 4 < 2 

∴ − 8 < 𝑥 < 8 Taking the intersection (common)

𝑥 ∈ ቀ−2 2 , ሿ−2  ∪  ൣ2, ൯2 2

8 = 2 2

∴ −2 2 < 𝑥 < 2 2

−2 2 2 2

+  −  +
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Identity function

Constant function

Polynomial function

Rational function
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Modulus Function

Signum Function

Greatest Integer Function
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Greatest Integer Function
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥2 − 𝑥 − 1

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥2 + 𝑥 + 1

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 =
𝑥2 + 𝑥 + 2

𝑥2 + 𝑥 + 1

𝑦 ∈ ቈ ቇ−
5

4
, ∞

𝑦 ∈ ቈ ቇ
3

4
, ∞

𝑦 ∈ ቆ 1,
7

3
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥2 − 𝑥 − 1

𝑦 ∈ ቈ ቇ−
5

4
, ∞
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥2 + 𝑥 + 1

𝑦 ∈ ቈ ቇ
3

4
, ∞
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 =
𝑥2 + 𝑥 + 2

𝑥2 + 𝑥 + 1

𝑦 ∈ ቆ 1,
7

3
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥2 − 𝑥 − 1

𝑦 = 𝑥2 − 𝑥 − 1

𝑑𝑦

𝑑𝑥
= 2𝑥 − 1 = 0 → 𝑥 =

1

2

𝑑2𝑦

𝑑𝑥2 = 2, 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ∴ 𝑦 𝑖𝑠 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑎𝑡 𝑥 =
1

2

𝑦
1

2
=

1

4
−

1

2
− 1 = −

5

4
𝑦 ∈ ቈ ቇ−

5

4
, ∞

−
5

4
= −1.25
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥2 + 𝑥 + 1

𝑦 ∈ ቈ ቇ
3

4
, ∞

𝑦 = 𝑥2 + 𝑥 + 1

𝑑𝑦

𝑑𝑥
= 2𝑥 + 1 = 0 → 𝑥 = −

1

2

𝑑2𝑦

𝑑𝑥2 = 2, 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ∴ 𝑦 𝑖𝑠 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑎𝑡 𝑥 = −
1

2

𝑦 −
1

2
=

1

4
−

1

2
+ 1 =

3

4

𝑦 = 𝑥 +
1

2

2

+ 1 −
1

4

𝑦𝑚𝑎𝑥 = ∞ +
1

2

2

+ 1 −
1

4
= ∞

𝑦𝑚𝑖𝑛 = 0 + 1 −
1

4
=

3

4

∴ 𝑦 ∈ ቈ ቇ
3

4
, ∞

𝐴𝑙𝑖𝑡𝑒𝑟:

𝐷𝑜𝑚𝑎𝑖𝑛 𝑖𝑠 𝑥 ∈ 𝑅

0
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 =
𝑥2 + 𝑥 + 2

𝑥2 + 𝑥 + 1
𝑦 = ቆ 1,

7

3

𝑦 =
𝑥2 + 𝑥 + 2

𝑥2 + 𝑥 + 1

𝑦 𝑥2 + 𝑥 + 1 = 𝑥2 + 𝑥 + 2

𝑥2 𝑦 − 1 + 𝑥 𝑦 − 1 + 𝑦 − 2 = 0

𝑊𝑒 𝑘𝑛𝑜𝑤 𝐷𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑥 𝑖𝑠 𝑅. 

𝑦 − 1 2 − 4 𝑦 − 1 𝑦 − 2 ≥ 0

−3𝑦2 − 10𝑦 + 7 ≥ 0

3𝑦 − 7 𝑦 − 1 ≥ 0

𝑁𝑜𝑤 𝑣𝑒𝑟𝑖𝑓𝑦 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑝𝑜𝑖𝑛𝑡𝑠 𝑓𝑜𝑟 𝑦 = 1

𝑥2 + 𝑥 + 2 ≠ 𝑥2 + 𝑥 + 1

𝑆𝑜, 𝑦 ∈ ቆ 1,
7

3

𝑆𝑜 1 𝑖𝑠 𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑

𝐷𝑖𝑠𝑐𝑟𝑖𝑚𝑖𝑛𝑎𝑛𝑡, 𝐷 ≥ 0
𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0

𝑥 =
−𝑏 ± (𝑏2−4𝑎𝑐)
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Example

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 =
𝑥2 + 𝑥 + 2

𝑥2 + 𝑥 + 1
𝑦 = ቆ 1,

7

3

𝑦 =
𝑥2 + 𝑥 + 2

𝑥2 + 𝑥 + 1
=

(𝑥2 + 𝑥 + 1) + 1

(𝑥2 + 𝑥 + 1)

𝑆𝑜, 𝑦 ∈ ቆ 1,
7

3

𝑦 = 1 +
1

𝑥2 + 𝑥 + 1

𝑦 = 1 +
1

𝑥 +
1
2

2

+ 1 −
1
4

𝑦 = 1 +
1

𝑥 +
1
2

2

+
3
4

𝑦𝑚𝑎𝑥 = +1 −
1

0 +
3
4

=
7

3

𝑦𝑚𝑖𝑛 = +1 +
1

∞
= 1
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𝐼𝑓 𝐴 𝑖𝑠 𝑎 𝑠𝑒𝑡 𝑤𝑖𝑡ℎ 𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠, 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑠𝑒𝑡𝑠 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 =  2𝑛

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑖𝑛 𝑝𝑜𝑤𝑒𝑟 𝑠𝑒𝑡𝑜𝑓 𝑎 𝑠𝑒𝑡 𝐴 =  2𝑛(𝐴)

𝐴 = 1,2,3

𝑆𝑢𝑏𝑠𝑒𝑡𝑠 = . , 1 , 2 , 3 , 1,2 , 1,3 , 2,3 , 1,2,3

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑠𝑒𝑡𝑠 = 23 = 8

𝑃𝑜𝑤𝑒𝑟𝑠𝑒𝑡, 𝑃(𝐴) = . , 1 , 2 , 3 , 1,2 , 1,3 , 2,3 , 1,2,3
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𝑅 𝐴 → 𝐴𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑖𝑡 𝑖𝑠 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑒, 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐 𝑎𝑛𝑑 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑣𝑒

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑒

𝑖𝑓 ∀𝑎 ∈ 𝐴, 𝑎, 𝑎 ∈ 𝑅 

𝑎, 𝑎 ∈ 𝑅 𝑎𝑛𝑑 𝑎𝑅𝑎 𝑏𝑜𝑡ℎ 𝑎𝑟𝑒 𝑠𝑎𝑚𝑒 

𝐴 = 1, 2, 3

1,1 ∈ 𝑅

2,2 ∈ 𝑅

3,3 ∈ 𝑅

𝑁𝑜𝑡𝑒: ∀

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐 𝑖𝑓 

𝑓𝑜𝑟 𝑎𝑛𝑦 𝑎, 𝑏 ∈ 𝐴, 

𝑎, 𝑏 ∈ 𝑅 → 𝑏, 𝑎 ∈ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑓 

𝑓𝑜𝑟 𝑎𝑛𝑦 𝑎, 𝑏, 𝑐 ∈ 𝐴, 

𝑎, 𝑏 ∈ 𝑅 , 𝑏, 𝑐 ∈ 𝑅 → 𝑎, 𝑐 ∈ 𝑅 

Dr RK



Sets, Relations and Functions
Relations

10527-03-2024

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑒

𝑖𝑓 ∀𝑎 ∈ 𝐴, 𝑎, 𝑎 ∈ 𝑅 

𝑎, 𝑎 ∈ 𝑅 𝑎𝑛𝑑 𝑎𝑅𝑎 𝑏𝑜𝑡ℎ 𝑎𝑟𝑒 𝑠𝑎𝑚𝑒 

𝐴 = 1, 2, 3

1,1 ∈ 𝑅 2,2 ∈ 𝑅 3,3 ∈ 𝑅

𝑁𝑜𝑡𝑒: ∀

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐 𝑖𝑓 

𝑓𝑜𝑟 𝑎𝑛𝑦 𝑎, 𝑏 ∈ 𝐴, 

𝑎, 𝑏 ∈ 𝑅 → 𝑏, 𝑎 ∈ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑓 

𝑓𝑜𝑟 𝑎𝑛𝑦 𝑎, 𝑏, 𝑐 ∈ 𝐴, 

𝑎, 𝑏 ∈ 𝑅 , 𝑏, 𝑐 ∈ 𝑅 → 𝑎, 𝑐 ∈ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑁𝑂𝑇 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑒

∃ 𝑎 ∈ 𝐴, 𝑎, 𝑎 ∉ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑁𝑂𝑇 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐 𝑖𝑓 

∃ 𝑎, 𝑏 ∈ 𝐴, 

𝑎, 𝑏 ∈ 𝑅, 𝑏𝑢𝑡 𝑏, 𝑎 ∉ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑁𝑂𝑇 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑓 

∃ 𝑎, 𝑏, 𝑐 ∈ 𝐴, 

𝑎, 𝑏 , 𝑏, 𝑐 ∈ 𝑅, 𝑏𝑢𝑡 𝑎, 𝑐 ∉ 𝑅 ∃ 𝑖𝑠 𝑟𝑒𝑎𝑑 𝑎𝑠 " 𝑡ℎ𝑒𝑟𝑒 𝑒𝑥𝑖𝑠𝑡𝑠"
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Example

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑖𝑡𝑦, 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦 𝑎𝑛𝑑 𝑡𝑟𝑎𝑠𝑡𝑖𝑣𝑖𝑡𝑦

𝑎𝑅𝑏 𝑖𝑓𝑓 𝑏 𝑖𝑠 𝑑𝑖𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑏𝑦 𝑎, 𝑎, 𝑏 ∈ 𝑁 𝑅 = 𝑎, 𝑏 : 𝑏 𝑖𝑠 𝑑𝑖𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑏𝑦 𝑎; 𝑎, 𝑏 ∈ 𝑁𝑂𝑅

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑁𝑂𝑇 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑒

∃ 𝑎 ∈ 𝐴, 𝑎, 𝑎 ∉ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑁𝑂𝑇 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐 𝑖𝑓 

∃ 𝑎, 𝑏 ∈ 𝐴, 

𝑎, 𝑏 ∈ 𝑅, 𝑏𝑢𝑡 𝑏, 𝑎 ∉ 𝑅 

𝐴 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑁𝑂𝑇 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑓 

∃ 𝑎, 𝑏, 𝑐 ∈ 𝐴, 

𝑎, 𝑏 , 𝑏, 𝑐 ∈ 𝑅, 𝑏𝑢𝑡 𝑎, 𝑐 ∉ 𝑅 ∃ 𝑖𝑠 𝑟𝑒𝑎𝑑 𝑎𝑠 " 𝑡ℎ𝑒𝑟𝑒 𝑒𝑥𝑖𝑠𝑡𝑠"

∃ 1,2 ∈ 𝑁, 1,2 ∈ 𝑅 

𝑏𝑢𝑡 2,1 ∉ 𝑅

∃ 1, 2 ∈ 𝑁𝐴, 

1,1 ∈ 𝑅, 2,2 ∈ 𝑅 
∃ 𝑎, 𝑏, 𝑐 ∈ 𝑁, 

𝑎, 𝑏 ∈ 𝑅 → 𝑏 = 𝑚𝑎

𝑏, 𝑐 ∈ 𝑅 → 𝑐 = 𝑛𝑏 = 𝑛𝑚 𝑎

∴ 𝑎, 𝑐 ∈ 𝑅

∴ 𝑅 𝑖𝑠 𝑟𝑒𝑓𝑙𝑒𝑥𝑖𝑣𝑒 𝑎𝑛𝑑 𝑡𝑟𝑎𝑛𝑠𝑡𝑖𝑣𝑒 𝑏𝑢𝑡 𝑛𝑜𝑡 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑖𝑐.

∴ 𝑅 𝑖𝑠 𝑛𝑜𝑡 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛. .

1 𝑖𝑠 𝑛𝑜𝑡 𝑑𝑖𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑏𝑦 2
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𝑄𝑢𝑖𝑧 69: 𝐶𝑎𝑙𝑐𝑢𝑙𝑢𝑠 − 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠

27-03-2024 108

𝑂𝑝𝑡𝑖𝑜𝑛 3: 𝑅, [ )0, ∞

𝑄 1. JEE Mathematics – Functions

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 𝑅, 𝑅 − (0,1)

𝑅, 𝑅 − 3

𝑅, [ )0, ∞

𝑛𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒𝑠𝑒

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑑𝑜𝑚𝑎𝑖𝑛 𝑎𝑛𝑑 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥 − 1

𝑓 𝑥 = 𝑥 − 1 = ቦ
𝑥 − 1 𝑖𝑓 𝑥 ≥ 1

 
1 − 𝑥 𝑖𝑓 𝑥 < 1

 𝑤ℎ𝑒𝑟𝑒 𝑥 ∈ 𝑅

𝐼𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛, 𝑡ℎ𝑒 𝑠𝑒𝑡 𝐴 𝑖𝑠 𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.

𝑇ℎ𝑒 𝑠𝑒𝑡 𝐵 𝑖𝑠 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 𝑅𝑎𝑛𝑔𝑒 𝑖𝑠 𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛.

𝑥 − 1 ≥ 0

∴ 𝑅𝑎𝑛𝑔𝑒 𝑖𝑠 = 𝑅+, 0 = [ )0, ∞

0
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𝑂𝑝𝑡𝑖𝑜𝑛 3: [ )−2, ∞

𝑄 2. JEE Mathematics – Functions

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 𝑅, 𝑅 − (0,1)

𝑅, 𝑅 − 3

𝑅, [ )−2, ∞

𝑛𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒𝑠𝑒

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑑𝑜𝑚𝑎𝑖𝑛 𝑎𝑛𝑑 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥 + 1 − 2

𝐺𝑖𝑣𝑒𝑛 𝑓 𝑥 = 𝑥 + 1 − 2 𝑤ℎ𝑒𝑟𝑒 𝑥 ∈ 𝑅

𝐼𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛, 𝑡ℎ𝑒 𝑠𝑒𝑡 𝐴 𝑖𝑠 𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.

𝑇ℎ𝑒 𝑠𝑒𝑡 𝐵 𝑖𝑠 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 𝑅𝑎𝑛𝑔𝑒 𝑖𝑠 𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛.

𝑥 + 1 ≥ 0, ∀𝑥 ∈ 𝑅

𝑥 + 1 − 2 ≥ 0 − 2 ≥ 0

−2
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𝑂𝑝𝑡𝑖𝑜𝑛 3: −1,3 , 1, 5

𝑄 3. JEE Mathematics – Functions

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 𝑅, 𝑅 − (0,1)

𝑅, 𝑅 − 3

−1,3 , 1, 5

𝑛𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒𝑠𝑒

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑑𝑜𝑚𝑎𝑖𝑛 𝑎𝑛𝑑 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 = 𝑥 − 1 + 𝑥 − 2 , −1 ≤ 𝑥 ≤ 3.

𝑓 𝑥 = 𝑥 − 1 + 𝑥 − 2

𝐼𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛, 𝑡ℎ𝑒 𝑠𝑒𝑡 𝐴 𝑖𝑠 𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.

𝑇ℎ𝑒 𝑠𝑒𝑡 𝐵 𝑖𝑠 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 𝑅𝑎𝑛𝑔𝑒 𝑖𝑠 𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛.

∴ 𝐷𝑜𝑚𝑎𝑖𝑛 𝑎𝑛𝑑 𝑅𝑎𝑛𝑔𝑒 𝑎𝑟𝑒

−1 ≤ 𝑥 < 1, 𝑓 𝑥 = − 𝑥 − 1 − 𝑥 − 2 = 3 − 2𝑥 

1 ≤ 𝑥 < 2, 𝑓 𝑥 = 𝑥 − 1 − 𝑥 − 2 = 1

2 ≤ 𝑥 ≤ 3, 𝑓 𝑥 = 𝑥 − 1 + 𝑥 − 2 = 2𝑥 − 3

1

−1 1 2 3

5

3

1
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𝑄 4. JEE Mathematics – Functions

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 𝑅+ 𝑎𝑛𝑑 𝑅

𝑅 𝑎𝑛𝑑 [ )0,1

2,5  𝑎𝑛𝑑 [ )0,1

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑑𝑜𝑚𝑎𝑖𝑛 𝑎𝑛𝑑 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑥 =
𝑥2

1 + 𝑥2

𝐼𝑓 𝑓: 𝐴 → 𝐵 𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛, 𝑡ℎ𝑒 𝑠𝑒𝑡 𝐴 𝑖𝑠 𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.

𝑇ℎ𝑒 𝑠𝑒𝑡 𝐵 𝑖𝑠 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 𝑅𝑎𝑛𝑔𝑒 𝑖𝑠 𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.

2,5  𝑎𝑛𝑑 3,5

𝑓 𝑥 = 𝑦 =
𝑥2

1 + 𝑥2
 → 𝑑𝑜𝑚𝑎𝑖𝑛 𝑖𝑠 𝑅

𝑦 1 + 𝑥2 = 𝑥2 → 𝑥2 𝑦 − 1 + 𝑦 = 0

→ 𝑥2 =
𝑦

1 − 𝑦
→ 𝑥 = ±

𝑦

1 − 𝑦

𝑂𝑝𝑡𝑖𝑜𝑛 2: 𝑅 𝑎𝑛𝑑 [ )0,1 𝐻𝑜𝑚𝑒 𝑊𝑜𝑟𝑘

Dr RK
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𝑄 5. JEE Mathematics – Functions

𝐿𝑒𝑡 𝐴 = 1,2,3,4 . 𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑓: 𝐴 → 𝐴 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑓 𝑓 𝑖 = 1 𝑓𝑜𝑟 

𝑎𝑙𝑙 1 ≤ 𝑖 ≤ 4 𝑖𝑠

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 1

6

9

10

𝑓 1 = 1,1 → 𝑓 𝑓 1 = 1

𝑓 2 ≠ 1,2 → 𝑓 𝑓 2 = 𝑓 1 ≠ 1

𝑓 2 = 3 𝑎𝑛𝑑 𝑓 3 = 1 → 𝑓 𝑓 2 = 𝑓 3 = 1

𝑓 2 = 4 𝑎𝑛𝑑 𝑓 4 = 1 → 𝑓 𝑓 2 = 𝑓 4 = 1

𝑓 3 ≠ 3,1 → 𝑓 𝑓 3 = 𝑓 1 =≠ 1

𝑓 3 = 2 𝑎𝑛𝑑 𝑓 2 = 1 → 𝑓 𝑓 3 = 𝑓 2 = 1

𝑓 3 = 4 𝑎𝑛𝑑 𝑓 4 = 1 → 𝑓 𝑓 3 = 𝑓 4 = 1

𝑓 1 = 2 𝑎𝑛𝑑 𝑓 2 = 1 → 𝑓 𝑓 1 = 𝑓 2 = 1

𝑓 1 = 3 𝑎𝑛𝑑 𝑓 3 = 1 → 𝑓 𝑓 1 = 𝑓 3 = 1

𝑓 4 ≠ 4,1 → 𝑓 𝑓 4 = 𝑓 1 =≠ 1

𝑓 4 = 2 𝑎𝑛𝑑 𝑓 2 = 1 → 𝑓 𝑓 4 = 𝑓 2 = 1

𝑓 4 = 3 𝑎𝑛𝑑 𝑓 3 = 1 → 𝑓 𝑓 4 = 𝑓 3 = 1

𝑓 1 = 4 𝑎𝑛𝑑 𝑓 4 = 1 → 𝑓 𝑓 1 = 𝑓 4 = 1

Dr RK

1
2
3
4

1
2
3
4

𝑓 𝑥
1
2
3
4

𝑓 2 = 1 𝑡ℎ𝑒𝑛 𝑓 1 ≠ 1 ∵ 𝑚𝑎𝑛𝑦 𝑡𝑜 𝑜𝑛𝑒

𝑓 2 ≠ 1,2 → 𝑓 𝑓 2 = 𝑓 2 ≠ 1



𝑄𝑢𝑖𝑧 69: 𝐶𝑎𝑙𝑐𝑢𝑙𝑢𝑠 − 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠

27-03-2024 113

𝑄 6. JEE Mathematics – Functions

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 1

6

9

𝐿𝑒𝑡 𝐴 = 1,2,3,4 . 𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑓: 𝐴 → 𝐴 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑓 𝑓 𝑖 = 𝑖 𝑓𝑜𝑟 

𝑎𝑙𝑙 1 ≤ 𝑖 ≤ 4 𝑖𝑠

10

𝑓 1 = 1,1 → 𝑓 𝑓 1 = 1

𝑓 2 = 2 → 𝑓 𝑓 2 = 𝑓 2 = 2

𝑓 2 = 4 𝑎𝑛𝑑 𝑓 4 = 2 → 𝑓 𝑓 2 = 𝑓 4 = 2

𝑓 3 = 3 → 𝑓 𝑓 3 = 𝑓 3 = 3

𝑓 3 = 4 𝑎𝑛𝑑 𝑓 4 = 3 → 𝑓 𝑓 3 = 𝑓 4 = 3

𝑓 1 = 2 𝑎𝑛𝑑 𝑓 2 = 1 → 𝑓 𝑓 1 = 𝑓 2 = 1

𝑓 1 = 3 𝑎𝑛𝑑 𝑓 3 = 1 → 𝑓 𝑓 1 = 𝑓 3 = 1

𝑓 4 = 4 → 𝑓 𝑓 4 = 𝑓 4 = 4

𝑓 1 = 4 𝑎𝑛𝑑 𝑓 4 = 1 → 𝑓 𝑓 1 = 𝑓 4 = 1

𝑓 2 = 3 𝑎𝑛𝑑 𝑓 3 = 2 → 𝑓 𝑓 2 = 𝑓 3 = 2

Dr RK
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𝑄 7. JEE Mathematics – Functions

𝐿𝑒𝑡 𝑓: 1,2,3 → 1,2,3  𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 𝐼𝑓 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 

𝑔: 1,2,3 → 1,2,3  𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑓 𝑥 = 𝑔 𝑥 𝑓𝑜𝑟 𝑎𝑡𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑥 ∈ 1,2,3  𝑖𝑠 𝑘, 

𝑡ℎ𝑒𝑛 𝑘 − 10 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 19

9

8

17

1
2
3

1
2
3

𝑓 𝑥

1
2
3

1
2
3

g 𝑥

𝑛 𝑓: 𝐴 → 𝐵 = 33 = 27

𝑛 𝑔: 𝐵 → 𝐴 = 33 = 27

𝐶𝑎𝑠𝑒𝑠 𝑤ℎ𝑒𝑛 𝑔 𝑥 ≠ 𝑓 𝑥  

𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑖 ∈ 𝐵 , 2 𝑐ℎ𝑜𝑖𝑐𝑒𝑠 𝑓𝑜𝑟 𝑔 𝑖 : 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 

𝑡ℎ𝑎𝑡 𝑎𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑓𝑟𝑜𝑚 𝑓 𝑖  𝑖. 𝑒.  𝑔 𝑖 ≠ 𝑓 𝑖

∴ 𝑁𝑜. 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑓 𝑖 : 𝑔 𝑥 ≠ 𝑓 𝑥  is 23 = 8

∴ 𝑁𝑜. 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑓 𝑖 : 𝑔 𝑥 = 𝑓 𝑥  is 23 = 27 − 8 = 19

1,2 ; (1,3)∴ 𝑘 = 19 − 10 = 9

Dr RK
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𝑄 7. JEE Mathematics – Functions

𝐿𝑒𝑡 𝑓: 1,2,3 → 1,2,3  𝑏𝑒 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛. 𝐼𝑓 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 

𝑔: 1,2,3 → 1,2,3  𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑓 𝑥 = 𝑔 𝑥 𝑓𝑜𝑟 𝑎𝑡𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑥 ∈ 1,2,3  𝑖𝑠 𝑘, 𝑡ℎ𝑒𝑛 𝑘 − 10 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 

f(1) 1 1 2 1 3 1 f(10) 1 2 2 1 3 1 f(19) 1 3 2 1 3 1

f(2) 1 1 2 1 3 2 f(11) 1 2 2 1 3 2 f(20) 1 3 2 1 3 2

f(3) 1 1 2 1 3 3 f(12) 1 2 2 1 3 3 f(21) 1 3 2 1 3 3

f(4) 1 1 2 2 3 1 f(13) 1 2 2 2 3 1 f(22) 1 3 2 2 3 1

f(5) 1 1 2 2 3 2 f(14) 1 2 2 2 3 2 f(23) 1 3 2 2 3 2

f(6) 1 1 2 2 3 3 f(15) 1 2 2 2 3 3 f(24) 1 3 2 2 3 3

f(7) 1 1 2 3 3 1 f(16) 1 2 2 3 3 1 f(25) 1 3 2 3 3 1

f(8) 1 1 2 3 3 2 f(17) 1 2 2 3 3 2 f(26) 1 3 2 3 3 2

f(9) 1 1 2 3 3 3 f(18) 1 2 2 3 3 3 f(27) 1 3 2 3 3 3

Dr RK

𝑓 2 : 1, 1 , 2,1 , 3, 2

𝑓 3 : 1, 1 , 2, 1 , 3, 3

𝑓 4 : 1, 1 , 2, 2 , 3, 1

𝑓 5 : 1, 1 , 2, 2 , 3, 2

𝑓 6 : 1, 1 , 2, 2 , 3, 3

𝑓 7 : 1, 1 , 2, 3 , 3, 1

𝑓 9 : 1, 1 , 2,3 , 3, 3

𝑓 1 : 1, 1 , 2, 1 , 3, 1

𝑓 8 : 1, 1 , 2,3 , 3, 2

𝑓 2 : 1,2 , 2,1 , 3, 2

𝑓 3 : 1, 2 , 2, 1 , 3, 3

𝑓 4 : 1, 2 , 2, 2 , 3, 1

𝑓 5 : 1, 2 , 2, 2 , 3, 2

𝑓 6 : 1, 2 , 2, 2 , 3, 3

𝑓 7 : 1, 2 , 2, 3 , 3, 1

𝑓 9 : 1, 2 , 2,3 , 3, 3

𝑓 1 : 1, 2 , 2, 1 , 3, 1

𝑓 8 : 1, 2 , 2,3 , 3, 2

𝑓 2 : 1, 3 , 2,1 , 3, 2

𝑓 3 : 1, 3 , 2, 1 , 3, 3

𝑓 4 : 1, 3 , 2, 2 , 3, 1

𝑓 5 : 1, 3 , 2, 2 , 3, 2

𝑓 6 : 1, 3 , 2, 2 , 3, 3

𝑓 7 : 1,3 , 2, 3 , 3, 1

𝑓 9 : 1, 3 , 2,3 , 3, 3

𝑓 1 : 1, 3 , 2, 1 , 3, 1

𝑓 8 : 1,3 , 2,3 , 3, 2



𝑄𝑢𝑖𝑧 69: 𝐶𝑎𝑙𝑐𝑢𝑙𝑢𝑠 − 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠

27-03-2024 116

𝑄 8. JEE Mathematics – Functions

𝐿𝑒𝑡 𝑓: −2,2 → −2,2  𝑏𝑒 𝑎 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑓 𝑥 = 𝑓 𝑥2  ∀𝑥 ∈ 𝑑𝑓 

𝑎𝑛𝑑 𝑓 0 =
1

2
, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 4𝑓

1

4
 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 1

2

3

1

2

𝑓: (−2, 2) → (−2, 2)

𝑓 0 = 𝑓 02 =
1

2

𝑓 1 = 𝑓 12 = 𝑓 −1

𝑓
1

2
= 𝑓

1

4
= 𝑓 −

1

2

∴ 𝑓 𝑖  𝑖𝑠 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =
1

2

∴ 4𝑓
1

4
= 4

1

2
= 2

Dr RK
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𝑄 9. JEE Mathematics – Functions

𝐿𝑒𝑡 𝐴 = 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5 , 𝐵 = 𝑦1, 𝑦2, 𝑦3, 𝑦4 . 𝐴 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑓𝑟𝑜𝑚 

𝐴 𝑡𝑜 𝐵, 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑓 𝑥1 = 𝑦1 𝑎𝑛𝑑 𝑓 𝑥2 = 𝑦2. 𝐼𝑓 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑛𝑡𝑜 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 

𝑓𝑟𝑜𝑚 𝐴 𝑡𝑜 𝐵 𝑖𝑠 𝑛, 𝑡ℎ𝑒𝑛 𝑛 − 10 𝑖𝑠 

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 12

16

8

6

𝑂𝑛𝑡𝑜 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑅𝑎𝑛𝑔𝑒 = 𝑐𝑜𝑑𝑜𝑚𝑎𝑖𝑛 𝐵 → 𝑛 𝑅 − 4

3𝐶2 2! =
3(2)

1(2)
2 1 = 6

3𝐶2 2! 2 =
3(2)

1(2)
2 1 2 = 12

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 = 6 + 12 = 18

1
2
3
4
5

1
2
3
4

𝑓 𝑥

𝑎𝑛𝑦 2 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑓𝑟𝑜𝑚 3,4,5  𝑎𝑛𝑑 𝑎𝑛𝑦 2 𝑓𝑟𝑜𝑚 3, 4

Dr RK
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𝑄 10. JEE Mathematics – Functions

𝑇ℎ𝑒 𝑎𝑟𝑒𝑎 𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 𝑥 + 𝑦 − 1 + 2𝑥 + 𝑦 − 1 = 1 𝑖𝑛 𝑠𝑞. 𝑢𝑛𝑖𝑡𝑠 𝑖𝑠 

𝑂𝑝𝑡𝑖𝑜𝑛 2: 𝑂𝑝𝑡𝑖𝑜𝑛 3: 𝑂𝑝𝑡𝑖𝑜𝑛 4:𝑂𝑝𝑡𝑖𝑜𝑛 1: 2 3 6 7

𝐼𝑓 2𝑥 + 𝑦 − 1 𝑖𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒, 𝑡𝑡ℎ𝑒𝑛 (𝑥 + 𝑦 − 1) − (2𝑥 + 𝑦 − 1) = 1 

𝐼𝑓 𝑏𝑜𝑡ℎ 𝑎𝑟𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒, 𝑡𝑡ℎ𝑒𝑛 𝑥 + 𝑦 − 1 + 2𝑥 + 𝑦 − 1 = 1 → 3𝑥 + 2𝑦 = 3

𝐼𝑓 𝑏𝑜𝑡ℎ 𝑎𝑟𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒, 𝑡𝑡ℎ𝑒𝑛 − (𝑥 + 𝑦 − 1) − (2𝑥 + 𝑦 − 1) = 1

→
𝑥

1
+

𝑦

3
2

= 1

→ 𝑥 = 1

𝐼𝑓 𝑥 + 𝑦 − 1 𝑖𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒, 𝑡𝑡ℎ𝑒𝑛 − 𝑥 + 𝑦 − 1 + (2𝑥 + 𝑦 − 1) = 1 
→ 𝑥 = −1

→
𝑥

1
3

+
𝑦

1
2

= 1

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑎𝑟𝑒𝑎 =
1

2
2 3 −

1

2

4

3
2 +

1

2
1

2

3
= 2 𝑠𝑞. 𝑢𝑛𝑖𝑡𝑠 

1

(−1,0)

3

2

−1

3𝑥 + 2𝑦 = 3

3𝑥 + 2𝑦 = 1

Τ3 2

Τ1 3
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𝑄 11. JEE Mathematics – Functions

𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑠𝑒𝑡 𝐴 = 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5 ; 𝐵 = 𝑦1, 𝑦2, 𝑦3  . 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑓𝑟𝑜𝑚 𝐴 𝑡𝑜 𝐵. 

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 12

16

8

6

1
2
3
4
5

1

2

3

𝑓 𝑥

𝐴 = 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5 ; 𝐵 = 𝑦1, 𝑦2, 𝑦3

𝑐𝑎𝑠𝑒 1:  𝐼𝑓 2 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑔𝑜 𝑡𝑜 𝑦1 𝑓𝑟𝑜𝑚 𝑥2, 𝑥3, 𝑥4, 𝑥5

𝑁𝑜. 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠: 𝑛1 =
4!

2! 1! 1! 2!
3! = 36

𝑐𝑎𝑠𝑒 2:  𝐼𝑓 2 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑔𝑜 𝑡𝑜 𝑦2 𝑎𝑛𝑑 𝑜𝑡ℎ𝑒𝑟𝑠 𝑔𝑜 𝑡𝑜 𝑦3 

𝑁𝑜. 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠: 𝑛2 =
4!

2! 21! 2!
2! = 6

𝑐𝑎𝑠𝑒 3:  𝐼𝑓 3 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑔𝑜 𝑡𝑜 𝑦3 𝑎𝑛𝑑 𝑜𝑛𝑒 𝑔𝑜𝑒𝑠 𝑡𝑜 𝑦3 

𝑁𝑜. 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠: 𝑛3 =
4!

3! 1!
2! = 8

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑛𝑡𝑜 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐴 𝑡𝑜 𝐵 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑓 𝑥1 = 𝑦1. 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. . 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠: 𝑛 = 36 + 6 + 8 = 50
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𝑄 12. JEE Mathematics – Functions

𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑠𝑒𝑡 𝐴 = 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5 ; 𝐵 = 𝑦1, 𝑦2, 𝑦3  . 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑓 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑓𝑟𝑜𝑚 𝐴 𝑡𝑜 𝐵. 

𝑂𝑝𝑡𝑖𝑜𝑛 2:

𝑂𝑝𝑡𝑖𝑜𝑛 3:

𝑂𝑝𝑡𝑖𝑜𝑛 4:

𝑂𝑝𝑡𝑖𝑜𝑛 1: 64

54

27

81

1
2
3
4
5

1

2

3

𝑓 𝑥

𝐴 = 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5 ; 𝐵 = 𝑦1, 𝑦2, 𝑦3

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝐴 𝑡𝑜 𝐵 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑓 𝑥1 = 𝑦1 𝑎𝑛𝑑 𝑓 𝑥2 ≠ 𝑦2. 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. . 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠: 𝑛 = 1(2)(3)(3)(3) = 54

1

2

3

3

3

𝑓𝑜𝑟 𝑥1, 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑜𝑛𝑙𝑦 𝑜𝑛𝑒 𝑜𝑝𝑡𝑖𝑜𝑛.

𝑓𝑜𝑟 𝑥2, 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑜𝑛𝑙𝑦 𝑡𝑤𝑜 𝑜𝑝𝑡𝑖𝑜𝑛𝑠. 𝑦1 𝑜𝑟 𝑦3

𝑓𝑜𝑟 𝑥3, 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑡ℎ𝑟𝑒𝑒 𝑜𝑝𝑡𝑖𝑜𝑛𝑠. 𝑦1 , 𝑦2 𝑜𝑟 𝑦3

𝑓𝑜𝑟 𝑥4, 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑡ℎ𝑟𝑒𝑒 𝑜𝑝𝑡𝑖𝑜𝑛𝑠. 𝑦1 , 𝑦2 𝑜𝑟 𝑦3

𝑓𝑜𝑟 𝑥5, 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑡ℎ𝑟𝑒𝑒 𝑜𝑝𝑡𝑖𝑜𝑛𝑠. 𝑦1 , 𝑦2 𝑜𝑟 𝑦3
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Sets, Relations and Functions
Summary

𝑊𝑒 ℎ𝑎𝑣𝑒 𝑙𝑒𝑎𝑟𝑛𝑡

𝑆𝑒𝑡𝑠 𝑎𝑛𝑑 𝑡ℎ𝑒𝑖𝑟 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 

𝑈𝑛𝑖𝑜𝑛, 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛, 𝐶𝑜𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡

𝑃𝑜𝑤𝑒𝑟 𝑠𝑒𝑡

𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛, 𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠, 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠, 𝑂𝑛𝑒 − 𝑜𝑛𝑒, 𝑖𝑛𝑡𝑜, 𝑜𝑛𝑡𝑜 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠

𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠
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𝑇ℎ𝑎𝑛𝑘 𝑦𝑜𝑢

𝐷𝑟. 𝑅𝐾
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