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Answer Key & Solution 

 
1. (C) 

  
 24 1 1      

 3  

 
3

F Hz
2




 

 
2. (D) 

  

 avg

displacement 2 A
v

time T 4


   

 avg

4 2A
v

T
  

 
3. (C) 

 mean

a 2 3a
v

T 6 T
   
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4. (C) 

  
 
5. (C) 

 S S

m
T 2 T

k
   doesn’t depend on g. 

 PT 2
g

 


;  1/2
PT g  

 PT  decreases 

 
6. (B) 

 max

A k
v A

m
    

 1 1 2 2A k A k

m m
  

 1 2

2 1

A k

A k
  

 
7. (C) 

 A Bk k 3; k 3k   

 1/2 A
A

B

T
T k ; 3

T
   

 
8. (A) 

  y 5sin t 4     

 
2 2

A 5T 2sec
 

   
 

 

 A 5; T 2sec   

 
9. (C) 

 2
max.a A   

 max.v A   

 Double  ; half the amplitude  
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10. (D) 

  
 
11. (A) 

 2 t
3


     

 
2 '

2 t
3


   

 t 1 3sec  

 
12. (C) 
 x A a sin t    

 
5

t T
4

   

  
 Distance in one rev. = 4 A   
 Total distance covered = 4A + A = 5A 
 
13. (B) 

 1

k k k
k

k k 2


 


  

 2k k k 2k    

 1/2 1 2

2 1

T k
t k 2

T k
    

 
14. (C) 

 1 2y sin t y sin t
3

      
 

 

 1 2y y 2sin t cos
6 6

     
 
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 3 sin t
6

    
 

  

 
15. (B) 
 y A sin t A cos t      

 2A sin t sin t
2

        
  

 

 2A sin t sin 2A sin t
4 4 4

                 
     

  

  2
21

T.E. , 2A
2

     

 
16. (B) 

 
2

2 21 1 mv
kA mv A

2 2 A
     

 
17. (C) 
 Amplitude does not depend on frame of reference. 
 
18. (A) 

  2 21 1
s ut at a 0 5 t

2 2
           

 
2a

t
5

  

 
2a

T 4t 4
5

   

 
19. (B) 

 2 21 3 1
kA 1 mv

2 4 2
   
 

  

 
1/2

k A
v

m 2
    
 

 

 
1/2

1
2

k A
v ' ,

m 4 2

     
 

 

 T.E.
2

2 23 2m k A 7
kA kA

8 2 m 16 16
    
 

  

 2 27 1
kA kA

16 2
    

 
7

A A
8

    

 
  



CENTERS: MUMBAI / DELHI /AKOLA /KOLKATA /NASHIK / PUNE / GHAZIABAD / BOKARO / DUBAI # 5 

20. (C) 
In SHM frequency with which kinetic energy oscillation is two times the frequency of oscillation of 
displacement. 

 
21. (5) 
 In SHM, the velocity V at a displacement x is given by  

   1/22 2V A x     

 or   2 2 2 2V A x    

 Now 1V 3cms  when x = 4 cm. Therefore,  

     2 29 A 16 ... i    

 Also, 1V 4 cms  when x 3  cm. Therefore,  

     2 216 A 9 ... ii    

 Simultaneous solution of Eqs. (i) and (ii) gives  
 Amplitude A = 5 cm  
 
22. (0.75) 

 Kinetic energy (KE)  2 2 21
m A x

2
    

 Potential energy (PE) 2 21
m x

2
    

 Total energy (E) 2 21
m A

2
   

 When 
A

x
2

 ,  

 
2

2 2 2 21 A 3
KE m A m A

2 4 8

 
     

 
 

 2 21
E m A

2
    

 
KE 3

E 4
   

 
23. (2) 

 1
1 2k k k 300 300 600 Nm       

 (This is parallel combination)  

 1
max

k 600
V A A 0.1 2 ms

m 1.5
      

 
24. (4) 
 k ' 4k  (spring is cut in 4 equal parts) 

 Time period of each part, 
m m 1 m T 8

T ' 2 2 2 4s
k ' 4k 2 k 2 2

            
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25. (4) 

 Force  du
F 2 x 4

dx
       

 Which is the equation of S.H.M. about the mean position x = 4 
 Since at mean position, the speed is maximum  
 Hence the speed is maximum at x = 4. 
 
26. (4) 

Time taken by particle to move from x = 0 (mean position) to x = 4 (extreme position) 
1.2

0.3
4 4

T
s      

Let t be the time taken by the particle to move from x = 0 to x = 2 cm 

  
2 1 2

sin 2 4sin sin
2 1.2

y a t t t
T

 
        

  
2

0.1
6 1.2

t t s
 

     .  

Hence time to move from x = 2 to x = 4 will be equal to 0.3 – 0.1 = 0.2 s 
Hence total time to move from x = 2 to x = 4 and back again 2 0.2 0.4sec     

 

27. (27) 
 Amplitude of a damped oscillator at any instant t is given by  

 bt /2m
0A A e  

 Where 0A  is the original amplitude  

 From question,  

 When 0A
t 2s, A

3
   

 2b/2m0
0

A
A e

3
   

 Or, b/m1
e ...(i)

3
  

 When 0A
t 6s, A

n
   

 6b/2m0
0

A
A e

n
   

 Or,  33b/m b/m1
e e

n
    

 Or, 
3

1 1

n 3
   
 

  (Using Eq. (i)) 

 3n 3 27    

 
28. (1)  

a
E a sin t a sin t

2
      or 

1
sin t

2
    

 or 
2

sin sin t t 1s
6 12

 
     
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29. (8)  

 E1 = E2 

 2 2 2 2
1 1 1 2 2 2

1 1
m A m A

2 2
     

 But m1 = m2 

 2 2
1 216 25        

  100 × 16 = 2 × 25 

  = 8 units 

 

30. (0.48)  

 Under the action of first force, 2
1 1F m y   

 Under the action of second force,  

  2
2 2F m y   

 Under the action of resultant force,  

  2
1 2F F m y     

   2 2 2
1 2m y m y m y       

   2 2 2
1 2      

   
2 22 2

1 2

2 2 2 2

T T T T

                 
      

  

   

2 2

2 2
1 2

2 22 2
1 2

4 3
T T 125 5

T
T T 254 3

5 5

      
     

       
   

. 
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              TOPIC: IONIC EQUILIBRIUM     
 

 
Answer Key & Solution  

 
31. (D) 
 Ionisation is 100% at infinite dilution. 
 
32. (D) 

  22 5 11
aK C 0.1 1 10 1 10         

 
33. (A) 
 The weaker the conjugate acid, the stronger is the base and vice versa. HClO is a weak acid, hence 
 ClO  is a strong base. 
 
34. (C) 
 Lewis concept. 
 
35. (B) 

 4
aH C K 0.001 1.8 10          for formic acid 5

2H C 1.8 10        for acetic acid 

 Equation and solving for 2C 0.01M . 

 
36. (B) 

 Common ion effect. 3CH COONa  will suppress ionization of 3CH COOH . 

 
37. (C) 

    2

2 spPbCl Pb 2Cl , K S 2S    

 

1

3
spK

S S
4

 
   

 
solubility 

  
38. (C) 
 Solubility of AgCl  

 
10

sp 9K 4 10
Ag 5.0 10 M

0.08Cl


 



         
 

 0.08 M is concentration of Cl    from 2CaCl . 
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39. (C) 

 2
2 4 4Ag CrO 2Ag CrO    

 
4

2 4
4

1 1.5 10
CrO Ag 0.75 10

2 2


             

    24 4 12
spK 1.5 10 0.75 10 1.68 10        

 
40. (B) 

 The higher the pH more, the basic character, pH of 2 3Na CO 3CH COOK . 

 
41. (C) 

 3 6pH 3. H 10 ;pH 6 H 10                

 Hence H    reduced by 310  times. 

 
42. (C) 

 4HCl NH Cl . HCl is strong acid hence not used in buffer. 

 
43. (C) 

 
 
 a

SALT
pH pK log

ACID
   

 
 

 

SALT
5.5 4.5 log

0.1
SALT 1M

 


. 

 
44. (D) 

 
 
 b

SALT
pOH log K log

BASE
    

   b

SALT
log K since 1

BASE
    
 

 

   5log 2 10 4.7. pH 9.3       

 
45. (C) 

 Given, 3 3CH COOH CH COO H ;   

 
1

5
aK , 1.5 10   ……… (i) 

 
2

10
aHCN H CN ;K 4.5 10      

 Or H CN HCN;    

 
2

2

'
a 10

a

1 1
K

K 4.5 10 


 ……. (ii) 

  From (i) and (ii), we find that the equilibrium constant  

  aK  for the reaction, 

 3 3CN CH COOH CH COO HCN   , is 
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1 2

5
' 5 4

a a a 10

1.5 10 1
K K K 10 3.33 10

4.5 10 3






      


 

 
46. (D) 

        2

2
Ba OH s Ba aq 2OH aq    

 pH 12 or pOH 2   

 2OH 10 M      

   2

2
Ba OH Ba  2OH  

   20.5 10     210  

 [ Concentration of 2Ba   is half of OH ] 

 
22

spK Ba OH          

 
22 20.5 10 1 10           

 6 7 30.5 10 5 10 M      
  
47. (B) 

  3H O

for a solution having pH 3  is given by 

   3
3H O 1 10

   moles/litre 

    pH
3H O 10

      

 Similarly for solution having pH = 4, 

   4
3H O 1 10

   moles/litre and for pH 5  

 5
3H O 1 10       moles/litre 

 Let the volume of each solution in mixture be IL, then total volume of mixture solution 
  L 1 1 1 L 3L     

 Total  3H O

 ion present in mixture solution  3 4 510 10 10      moles  

 Then  3H O

 ion concentration of mixture solution 

 
3 4 510 10 10 0.00111

M M
3 3

   
   

 40.00037M 3.7 10 M   . 
 
48. (D) 

 a b wK K K   

 5 14 10
a a1.8 10 K 1 10 k 5.56 10           

 
49. (A) 

 4HCOONH  is a salt of weak acid and weak base; 

 w a bpH 1 2 pK 1 2 pK 1 2 pK    

 
1 1 1

pH 14 3.8 4.8;pH 6.5
2 2 2

         
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50. (C) 

 2 3 2 2 3Na CO 2H O 2NaOH H CO   

 3 2 2 3CO 2H O 2OH H CO    Anionic hydrolysis 

 
51. (11.50) 
 NaCN is a salt of strong base and weak acid; pH 

 a

1 1
7 pK log C

2 2
    

 apK  for HCN 14 4.70 9.30    

 
1 1

pH 7 9.30 log 0.5;pH 11.5
2 2

       

 
52. (2.00) 
 Let the volume of KCN to be added is Vml; Conc. of KCN 
 S V   and  

 Conc. of 9HCN 10 2;pH 9, H 10       

 
 

 
10

a 9K ACID 5 10 10 2
H ;10 ;V 2ml

SALT 5 V


    
  


 

 
53. (11.30) 

 
   20 0.02 30 0.01

OH 0.002M
50

   
      

 log OH pOH log.002 2.7        

 pH 14 2.7 11.3     

  
54. (0.02) 

  2
Fe OH Fe 2OH   

 8 6pH 8, H 10 , OH 10             

 
14

sp

2 26

K 1.6 10
Fe 0.016

OH 10




 


  
      

 

 
55. (1.30) 

        NaCN aq HCl aq HCN aq NaCl aq   . 

 Millimoles of NaCN 50 0.1 5   ; 
 Millimoles of HCl 50 0.2 10    

 Excess millimoles of HCl 35in 100ml; H O 0.05
    

 

 pH log0.05 1.30    

 
56. (1) 
 
57. (6) 
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58. (4) 
 
59. (12) 
 
60. (5.05) 
 



CENTERS: MUMBAI / DELHI /AKOLA /KOLKATA /NASHIK / PUNE / GHAZIABAD / BOKARO / DUBAI #��1 

��
 MUMBAI / AKOLA / DELHI / KOLKATA / GHAZIABAD / NASHIK / GOA / BOKARO / PUNE��

IIT ï JEE: 2023         TW TEST (MAIN) 3 YRS.   DATE: 28/11/21 

     TOPIC: PERMUTATION & COMBINATION    
��

��
�$�Q�V�Z�H�U���.�H�\���	���6�R�O�X�W�L�R�Q 

 
�������� ���'����

�� �7�R�W�D�O���Q�X�P�E�H�U���R�I���S�R�V�V�L�E�O�H���D�U�U�D�Q�J�H�P�H�Q�W�V���L�V���� ��
�� ���3 �3�u ����

��
�������� ���'����
�� �)�L�U�V�W���Z�H���K�D�Y�H���W�R���I�L�Q�G���D�O�O���W�K�H���D�U�U�D�Q�J�H�P�H�Q�W�V���R�I���W�K�H���Z�R�U�G���µ�*�(�1�,�8�6�¶���L�V��������� �����������Q�X�P�E�H�U���R�I���D�U�U�D�Q�J�H�P�H�Q�W��

�Z�K�L�F�K���L�Q���H�L�W�K�H�U���V�W�D�U�W�H�G���Z�L�W�K���*���R�U���H�Q�G�V���Z�L�W�K���6���L�V���������������������±����������� �������������������������±����������� ����������
�� �+�H�Q�F�H���W�R�W�D�O���Q�X�P�E�H�U���R�I���D�U�U�D�Q�J�H�P�H�Q�W���Z�K�L�F�K���L�V���Q�H�L�W�K�H�U���V�W�D�U�W�H�G���Z�L�W�K���*���Q�R�U���H�Q�G�V���Z�L�W�K���6���L�V����
�� �����������±������������� ����������
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