
 

JEE Main 2023 (Memory based) 

1st February 2023 - Shift 2 

Answer & Solutions 
 
 

 

1. If the term independent of 𝑥 in the expansion of (𝑥
2

3 +
𝛼

𝑥3)
22

 is 7315, then |𝛼| is: 

 
A. 1 
B. 2 
C. 0 
D. 3 

 
Answer (A) 
 
Solution: 
 

𝑇𝑟+1 = 𝐶𝑟 
22 (𝑥

2

3)
22−𝑟

(
𝛼

𝑥3)
𝑟

  

⇒
2(22−𝑟)

3
− 3𝑟 = 0  

⇒ 44 − 2𝑟 − 9𝑟 = 0  

⇒ 𝑟 = 4 

∴ 𝑇5 = 𝐶4 
22 𝛼4 = 7315 

⇒ 𝛼4 =
7315

7315
= 1  

⇒ |𝛼| = 1 

2. The value of ∫
𝑥+

𝜋

4

2−cos 2𝑥
𝑑𝑥

𝜋

4

−
𝜋

4

is: 

 

A. 
3𝜋2

√6
 

B. √3𝜋2 

C. 
𝜋2

6√3
 

D. 
6𝜋2

√3
 

 

Answer (C) 
 

Solution: 

 

𝐼 = ∫
𝑥𝑑𝑥

2−cos 2𝑥

𝜋

4

−
𝜋

4

+
𝜋

4
∫

𝑑𝑥

2−cos 2𝑥

𝜋

4

−
𝜋

4
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= 0 +
𝜋

4
⋅ 2 ∫

𝑑𝑥

2−cos 2𝑥

𝜋

4
0

  

=
𝜋

2
∫

sec2 𝑥𝑑𝑥

1+3 tan2 𝑥

𝜋

4
0

  

Now, tan 𝑥 = 𝑡 

=
𝜋

2
∫

𝑑𝑡

1+3𝑡2

1

0
  

=
𝜋

2
[

tan−1(√3𝑡)

√3
]

0

1

  

=
𝜋

2√3
(

𝜋

3
) =

𝜋2

6√3
  

 

3. The area determined by 𝑥𝑦 < 8,  𝑦 < 𝑥2 and 𝑦 > 1 is: 
 

A. 4 ln 2 −
14

3
 

B. 4 ln 2 +
20

3
 

C. 8 ln 4 −
14

3
 

D. 8 ln 4 −
20

3
 

 
Answer (C) 
 
Solution: 
 

Area = ∫ (𝑥2 − 1)
2

1
𝑑𝑥 + ∫ (

8

𝑥
− 1)

8

2
𝑑𝑥  

=
𝑥3

3
− 𝑥|

1

2

+ (8 ln 𝑥 − 𝑥)|2
8  

= (
8

3
− 2) − (

1

3
− 1) + (8 ln 8 − 8) − (8 ln 2 − 2)  

=
4

3
+  8 ln 4 − 6  

= 8 ln 4 −
14

3
  

4. If 𝑓(𝑥) + 𝑓 (
1

1−𝑥
) = 1 − 𝑥, then 𝑓(2) equals: 

 

A. 
1

4
 

B. −
5

4
 

C. 
3

4
 

D. −
3

4
  

 
Answer (B) 
 
Solution: 
  

𝑓(𝑥) + 𝑓 (
1

1−𝑥
) = 1 − 𝑥 ⋯ (𝑖)  

Put 𝑥 = 2 in (𝑖) 

𝑓(2) + 𝑓(−1) = −1 ⋯ (𝑖𝑖)  

Put 𝑥 = −1 in (𝑖) 

𝑓(−1) + 𝑓 (
1

2
) = 2 ⋯ (𝑖𝑖𝑖)  

Put 𝑥 =
1

2
 in (𝑖)  

𝑦 = 𝑥2  

𝑥 

𝑦 𝑥𝑦 = 8 

(1,1)  (8,1)  

(2,4)   
𝑦 = 1 



 

𝑓 (
1

2
) + 𝑓(2) =

1

2
⋯ (𝑖𝑣)  

(𝑖𝑖) + (𝑖𝑣) − (𝑖𝑖𝑖) gives, 

𝑓(2) + 𝑓(−1) + 𝑓 (
1

2
) + 𝑓(2) − 𝑓(−1) − 𝑓 (

1

2
) = −1 +

1

2
− 2  

⇒ 2𝑓(2) = −1 +
1

2
− 2  

⇒ 2𝑓(2) = −
5

2
  

⇒ 𝑓(2) = −
5

4
  

 

5. If 𝑓(𝑥) = 𝑥𝑥 , 𝑥 > 0 then 𝑓′′(2) + 𝑓′(2) is: 

 

A. 10 + 12 ln 2 + 4(ln 2)2 

B. 10 + 4(ln 2)2 

C. 10 + 12 ln 2 

D. 2ln 2 + (ln 2)2 

 
Answer (A) 
 
Solution: 

𝑓(𝑥) = 𝑥𝑥 

𝑓′(𝑥) = 𝑥𝑥(1 + ln 𝑥) 

∴ 𝑓′(2) = 4(1 + ln 2)  

𝑓′′(𝑥) =
𝑥𝑥

𝑥
+ 𝑥𝑥(1 + ln 𝑥)2  

⇒ 𝑓′′(2) = 2 + 4(1 + ln 2)2  

⇒ 𝑓′′(2) + 𝑓′(2) = 4 + 4 ln 2 + 6 + 8 ln 2 + 4(ln 2)2  

⇒ 𝑓′′(2) + 𝑓′(2) = 10 + 12 ln 2 + 4(ln 2)2  
 

6. Which of the following is a tautology? 
 
A. 𝑝 → (~𝑝 ∧ 𝑞) 
B. 𝑝 → (𝑝 ∨ 𝑞) 

C. 𝑝 → (~𝑝 ∨ 𝑞) 

D. 𝑝 → (~𝑝 ∧ ~𝑞) 
 
 

Answer (B) 
 
Solution: 

 
𝑎.   𝑝 → (~𝑝 ∧ 𝑞) 

     ≅ (~𝑝) ∨ (~𝑝 ∧ 𝑞) 

 

 

 

𝑏.   𝑝 → (𝑝 ∨ 𝑞) 

      ≅ (~𝑝) ∨ (𝑝 ∨ 𝑞) 

It can be inferred from the diagram it represents tautology. 

 

 

 

 

 

𝑝 𝑞 

𝑞 𝑝 



 

 

𝑐.   𝑝 → (~𝑝 ∨ 𝑞) 

      ≅ (~𝑝) ∨ (~𝑝 ∨ 𝑞) 

 

 

 

 

 

 

 

𝑑.   𝑝 → (~𝑝 ∧ ~𝑞) 

      ≅ (~𝑝) ∨ (~𝑝 ∧ ~𝑞) 

                   ≅ (~𝑝) ∨ (𝑝 ∨ 𝑞)′ 

 

 

 

 

 

7. If the system of equations 

𝛼𝑥 + 𝑦 + 𝑧 = 1,  

𝑥 + 𝛼𝑦 + 𝑧 = 1,  

𝑥 + 𝑦 + 𝛼𝑧 = 𝛽 has infinitely many solutions, then: 

A. 𝛼 = 1,  𝛽 = 1 

B. 𝛼 = 1,  𝛽 = −1 

C. 𝛼 = −1,  𝛽 = −1 

D. 𝛼 = −1,  𝛽 = 1 

 
Answer (A) 
 
Solution: 
 

For infinite solutions    

Δ = Δ𝑥 = Δ𝑦 = Δ𝑧 = 0   

⇒ |
𝛼 1 1
1 𝛼 1
1 1 𝛼

| = |
1 1 1
1 𝛼 1
𝛽 1 𝛼

| = |
𝛼 1 1
1 1 1
1 𝛽 𝛼

| = |
𝛼 1 1
1 𝛼 1
1 1  𝛽

| = 0  

Clearly 𝛼 = 1 = 𝛽 makes all the equations identical i.e., three coincidence planes. 

∴ 𝛼 = 1 = 𝛽  

 

8. If 𝐴 =
1

2
[

1 √3

−√3 1
], then which of the following is true? 

 

A. 𝐴30 = 𝐴25 

B. 𝐴30 + 𝐴25 + 𝐴 = 𝐼 

C. 𝐴30 − 𝐴25 + 𝐴 = 𝐼 

D. 𝐴30 = 𝐴25 + 𝐴 

𝑝 𝑞 

𝑝 𝑞 



 

Answer (C) 
 
Solution: 
 

𝐴 = [

1

2

√3

2

−
√3

2

1

2

]  

𝐴2 = [

1

2

√3

2

−
√3

2

1

2

] ⋅ [

1

2

√3

2

−
√3

2

1

2

]  

⇒ 𝐴2 = [
−

1

2

√3

2

−
√3

2
−

1

2

]  

𝐴3 = [
−

1

2

√3

2

−
√3

2
−

1

2

] ⋅ [

1

2

√3

2

−
√3

2

1

2

]  

⇒ [
−1 0
0 −1

] = −𝐼  

(𝑎) 𝐴30 = (𝐴3)10 = (−𝐼)10 = 𝐼 

      𝐴25 = (𝐴3)8 ⋅ 𝐴 = (−𝐼) ⋅ 𝐴 = 𝐴 

      ⇒ 𝐴30 ≠ 𝐴25 

(𝑏)  𝐴30 + 𝐴25 + 𝐴 = 𝐼 + 𝐴 + 𝐴 = 𝐼 + 2𝐴 ≠ 𝐼 

(𝑐)  𝐴30 − 𝐴25 + 𝐴 = 𝐼 − 𝐴 + 𝐴 = 𝐼 

(𝑑)  𝐴30 − 𝐴25 − 𝐴 = 𝐼 − 𝐴 − 𝐴 = 𝐼 − 2𝐴 ≠ 0 

 

9. 2 unbiased die are thrown independently. 𝐴 is the event such that the number on the first die is less than 

second die. 𝐵 is the event, such that number on the first die is even and number on the second die is odd. 𝐶 

is the event such that first die shows odd number and second die shows even number. Then: 

A. 𝑛((𝐴 ∪ 𝐵) ∩ 𝐶) = 6 

B. 𝐴 and 𝐵 are mutually exclusive events 

C. 𝐴 and 𝐵 are independent events 

D. 𝑛(𝐴) = 18,  𝑛(𝐵) = 6,  𝑛(𝐶) = 6 

 

Answer (A) 
 
Solution: 
 

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

𝑛(𝐴) = 15  

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

𝑛(𝐵) = 9  

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

𝑛(𝐶) = 9  

((𝐴 ∪ 𝐵) ∩ 𝐶) = {(1,2), (1,4), (1,6), (3,4), (3,6), (5,6)}  

⇒ 𝑛((𝐴 ∪ 𝐵) ∩ 𝐶) = 6  

𝐴 ∩ 𝐵 = {(2,3),  (2,5),  (4,5)}  

𝑃(𝐴 ∩ 𝐵) =
3

36
=

1

12
  



 

𝑃(𝐴) =
15

36
,  𝑃(𝐵) =

9

36
,  𝑃(𝐶) =

9

36
  

𝑃(𝐴) ⋅ 𝑃(𝐵) =
15

36
⋅

9

36
=

5

48
  

             ⇒ 𝐴 and 𝐵 are not independent events 

 

10. If 
𝑑𝑦

𝑑𝑥
=

𝑥2+3𝑦2

3𝑥2+𝑦2 ,  𝑦(1) = 0, then: 

A. 
2𝑥2

(𝑥−𝑦)2 = ln|𝑥 − 𝑦| +
2𝑥

𝑥−𝑦
 

B. 
2𝑥

(𝑥−𝑦)2 = ln|𝑥 − 𝑦| + 1  

C. 
2𝑥2

(𝑥−𝑦)2 = ln|𝑥 − 𝑦| +
𝑦

𝑥−𝑦
 

D. 
2𝑥

(𝑥−𝑦)2 = ln|𝑥 − 𝑦| +
𝑦

𝑥−𝑦
 

 

Answer (A) 
 
Solution: 

𝑑𝑦

𝑑𝑥
=

𝑥2+3𝑦2

3𝑥2+𝑦2  

        Let 𝑦 = 𝑣𝑥 

⇒
𝑑𝑦

𝑑𝑥
= 𝑣 + 𝑥

𝑑𝑣

𝑑𝑥
  

⇒ 𝑣 + 𝑥
𝑑𝑣

𝑑𝑥
=

1+3𝑣2

3+𝑣2   

⇒ 𝑥
𝑑𝑣

𝑑𝑥
=

1+3𝑣2

3+𝑣2 − 𝑣 =
−𝑣3+3𝑣2−3𝑣+1

𝑣2+3
  

⇒
(𝑣2+3)

−𝑣3+3𝑣2−3𝑣+1
𝑑𝑣 =

1

𝑥
𝑑𝑥  

⇒ ∫
(𝑣2+3)

(1−𝑣)3 𝑑𝑣 =
1

𝑥
𝑑𝑥  

⇒ ∫
1

(1−𝑣)
𝑑𝑣 − ∫

2

(1−𝑣)2 𝑑𝑣 + ∫
4

(1−𝑣)3 𝑑𝑣 = ∫
1

𝑥
𝑑𝑥  

⇒ − ln|1 − 𝑣| −
2

(1−𝑣)
+

2

(1−𝑣)2 = ln|𝑥| + 𝐶  

∵ 𝑦(1) = 0 ⇒ 𝑣(1) = 0 ⇒ 𝐶 = 0  

∴
2

(1−
𝑦

𝑥
)

2 = ln |1 −
𝑦

𝑥
| +

2

1−
𝑦

𝑥

+ ln 𝑥  

⇒
2𝑥2

(𝑥−𝑦)2 = ln|𝑥 − 𝑦| +
2𝑥

𝑥−𝑦
  

 

11. 𝑎⃗ = 𝑖̂ − 𝑗̂ + 𝑘̂, 𝑏⃗⃗ = 2𝑖̂ − 3𝑗̂ + 𝑘̂, 𝑐 = 4𝑖̂ + 5𝑗̂ − 𝑘̂. If 𝑟. 𝑏⃗⃗ = 0 and 𝑟 × 𝑎⃗ = 𝑏⃗⃗ × 𝑐, then 𝑟 is equal to: 

 

A. −12𝑖̂ − 8𝑗̂ + 𝑘̂ 

B. −12𝑖̂ −
23

3
𝑗̂ + 𝑘̂ 

C. 12𝑖̂ +
23

3
𝑗̂ + 𝑘̂ 

D. 12𝑖̂ + 8𝑗̂ + 𝑘̂ 

Answer (B) 
 
Solution: 

 

𝑟 × 𝑎⃗ = 𝑏⃗⃗ × 𝑐  



 

𝑏⃗⃗ × (𝑟 × 𝑎⃗) = 𝑏⃗⃗ × (𝑏⃗⃗ × 𝑐)  

⇒ (𝑏⃗⃗. 𝑎⃗)𝑟 − (𝑏⃗⃗. 𝑟)𝑎⃗ = (𝑏⃗⃗. 𝑐)𝑏⃗⃗ − (𝑏⃗⃗. 𝑏⃗⃗)𝑐  

⇒ 6𝑟 = −8(2𝑖̂ − 3𝑗̂ + 𝑘̂) − 14(4𝑖̂ + 5𝑗̂ − 𝑘̂)  

⇒ 6𝑟 = −72𝑖̂ − 46𝑗̂ + 6𝑘̂  

⇒ 𝑟 = −12𝑖̂ −
23

3
𝑗̂ + 𝑘̂  

 

12. If 2 tan−1 (
1−𝑥

1+𝑥
) = cos−1 (

1−𝑥2

1+𝑥2) ,  𝑥 ∈ (0,  1) has: 

 

A. 2 solutions for 𝑥 <
1

2
 

B. 2 solutions for 𝑥 >
1

2
 

C. 1 solutions for 𝑥 <
1

2
 

D. 1 solutions for 𝑥 >
1

2
 

 

Answer (C) 

 

Solution: 

  2 tan−1 (
1−𝑥

1+𝑥
) = cos−1 (

1−𝑥2

1+𝑥2)  

  Put 𝑥 = tan 𝜃 we get, 

  2 tan−1 (tan (
𝜋

4
− 𝜃)) = cos−1 cos 2𝜃 

  ⇒ 2 (
𝜋

4
− 𝜃) = 2𝜃 

  ⇒ 𝜃 =
𝜋

8
 

  ⇒ tan−1 𝑥 =
𝜋

8
  

  ⇒ 𝑥 = tan
𝜋

8
= √2 − 1  

  ∴ 𝑥 = √2 − 1 only 1 solution for 𝑥 <
1

2
 

 

13. Number of non-negative integral solutions of 𝑥 + 𝑦 + 𝑧 = 21 if 𝑥 ≥ 1,  𝑦 ≥ 3,  𝑧 ≥ 6 are __________. 

 

Answer (78) 

 

Solution: 

∵ 𝑥 + 𝑦 + 𝑧 = 21  [𝑥 ≥ 1,  𝑦 ≥ 3,  𝑧 ≥ 6] 

⇒ (𝑥 − 1) + (𝑦 − 3) + (𝑧 − 6) = 11  

⇒ 𝑥1 + 𝑦1 + 𝑧1 = 11  

Where, 𝑥1 ≥ 0,  𝑦1 ≥ 0,  𝑧1 ≥ 0  

Total  11+3−1𝐶3−1 solutions 

 13𝐶2 =
13!

2!11!
= 6 × 13 = 78  

 
14. Total 6 digit numbers using the digits 4,  5,  9 which are divisible by 6 are __________. 

Answer (81) 
 
Solution: 

We have,  
For this, 4 will be fixed as unit place digit 



 

                                        Total number 
Case I:    4′𝑠 → 6 times     1 

 
Case II:   4′𝑠 → 4 times 

    5′𝑠 → 1 times      
5!

3!
= 20 

    9′𝑠 → 1 times 
 

Case III:  4′𝑠 → 3 times 

    5′𝑠 → 3 times      
5!

2!3!
= 10 

 
Case IV:  4′𝑠 → 3 times 

    9′𝑠 → 3 times     
5!

2!3!
= 10 

 
Case V:   4′𝑠 → 2 times 

    5′𝑠 → 2 times      
5!

2!2!
= 30 

    9′𝑠 → 2 times 
 

Case VI:  4′𝑠 → 1 times 

    5′𝑠 → 1 times      
5!

4!
= 5 

    9′𝑠 → 4 times 
 

Case VII: 4′𝑠 → 1 times 

    5′𝑠 → 4 times      
5!

4!
= 5 

    9′𝑠 → 1 times 
 

Total numbers = 81 
 

15. Let 3 𝐴. 𝑃. ′𝑠 be 

𝑆1 = 2, 5, 8, 11, ⋯ 394  

𝑆2 = 1, 3, 5, 7, ⋯  

And 𝑆3 = 2,  7,  12,  ⋯ 397  
Then sum of common terms of these three 𝐴. 𝑃.′ 𝑠 is _________. 
 

Answer (2561)  
 

Solution: 
  
Common terms in 𝑆1,  𝑆2,  𝑆3 are 

= 2,  17,  32,  47,  ⋯  
𝑆2 has all odd numbers up to 397 

Common terms in 𝑆1,  𝑆2,  𝑆3 are 

= 17,  47,  77,  ⋯ ,  377  

Sum of terms =
13

2
(17 + 377)  

= 2561  
 

16. Let 𝑓(𝑥) = |(𝑥 − 3)(𝑥 − 2)| − 3𝑥 + 2 for 𝑥 ∈ [1,3]. If 𝑀 and 𝑚 are absolute maximum & absolute minimum value 

of 𝑓(𝑥), then |𝑚| + |𝑀| equals ______. 
 

Answer (8)  
 

Solution: 
 

|(𝑥 − 3)(𝑥 − 2)| = {
(𝑥 − 2)(𝑥 − 3),      𝑥 ∈ [1,2)

−(𝑥 − 2)(𝑥 − 3),   𝑥 ∈ [2,3]
  

𝑓(𝑥) = {
𝑥2 − 5𝑥 + 6 − 3𝑥 + 2,      𝑥 ∈ [1,2)

−𝑥2 + 5𝑥 − 6 − 3𝑥 + 2,   𝑥 ∈ [2,3]
  



 

𝑓(𝑥) = {
𝑥2 − 8𝑥 + 8,      𝑥 ∈ [1,2)

−𝑥2 + 2𝑥 − 4,   𝑥 ∈ [2,3]
  

𝑓′(𝑥) = {
2𝑥 − 8,      𝑥 ∈ [1,2)
−2𝑥 + 2,   𝑥 ∈ [2,3]

  

⇒ 𝑓′(𝑥) = {
< 0,      𝑥 ∈ [1,2)
< 0,      𝑥 ∈ [2,3]

  

⇒ 𝑓′(𝑥) is strictly decreasing in [1,3] 
𝑓(1) = 𝑓(𝑥)𝑚𝑎𝑥 = 𝑀 = 2 − 3 + 2 = 1  
𝑓(3) = 𝑓(𝑥)𝑚𝑖𝑛 = 𝑚 = 0 − 9 + 2 = −7  

∴ |𝑚| + |𝑀| = |−7| + |1| = 8  
 
 

17. Let 𝑋1,  𝑋2,  𝑋3,  ⋯ ,  𝑋7 is an A.P such that 𝑋1 < 𝑋2 < 𝑋3 ⋯ < 𝑋7,  𝑋1 = 9,  𝜎 = 4. The value of 𝑋̅ + 𝑋6 is equal to 
__________. 
 

Answer (34)  
 

Solution: 
Let the series be 𝑎 − 3𝑑,  𝑎 − 2𝑑,  𝑎 − 𝑑,  𝑎,  𝑎 + 𝑑,  𝑎 + 2𝑑,  𝑎 + 3𝑑 

𝑎 − 3𝑑 = 9  
Now if we shift the origin, the variance remains same  
∴ for −3𝑑,  − 2𝑑,  − 𝑑,  0,  𝑑,  2𝑑,  3𝑑 

⇒ 16 =
2

7
(9𝑑2 + 4𝑑2 + 𝑑2) − (𝑋̅)2  

⇒ 16 =
2

7
(14)𝑑2 − (0)2  

⇒ 𝑑 = 2  
𝑎 − 3𝑑 = 9  

⇒ 𝑎 = 15  

𝑋̅ = 15  
𝑋6 = 𝑎 + 2𝑑 = 19  

𝑋̅ + 𝑋6 = 15 + 19 = 34  
 
 

 

 
 

 


