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JEE Main Exercise  

 

1. (B)  

 Magnitude of velocity at centre of oscillation 

  
2 2

0.2 40 m s
0.01

A A
T

 
        

 

2. (A)  

 10 10 N mF x k     

 210
10rad s

0.1

k

m
      

 Speed, at mean position, max 6 m sv A   

 
6 6

0.6 m
10

A   


  

  

3. (C) 

 10 mmA  and 2 / 2 / 2 rad sT       

 Let    sin 10sinx A t t        

 At 0, 5 mmt x    

 5 10sin 6        

  10sin 6x t       

 

4. (D) 

 
1

max 0.04 msv   

 At 
20.02 m, 0.06 msx a    

 
2 10.06 0.02 3 rad s      

 2 3.63sT    . 

  maxv A    

 2
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0.04
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5. (A) 

 
2 2v A x    

  2 2 2 2
1 1v A x    and  2 2 2 2

2 2v A x     

  2 2 2 2 2
1 2 2 1v v x x      

 
2 2 2 2
2 1
2 2 2 2
1 2
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10 8

x x
T
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6. (B) 

 In SHM, a kx   and 2 2 2 2 2v A x A a k      
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2 2 2 2 2 2( )v k a A       

 Graph of 
2v  vs 

2a  is a straight line with negative slope and positive y-intercept. 

 

7. (D) 

 From the phasor diagram, it is clear that moving from point P to Q, the vector OP traces an angle of 

3 3 2 3     at the centre. 

   
   

8. (D) 

 Let the particle start from x = 0.  

 Then, sinx A t  .  At ,
2 6

A
x t


     

 
2

6 12

T
t t

T

 
      

 

9. (A)  

 Let the particle start from x = A. 

 Then, cosx A t   At ,
2 3

A
x t


    

 
2

3 6

T
t t

T

 
     

 

10. (A) 

 At 0, 0t x   and v A  

 At 2, 0t T x   and v A    

 
22 2

2
av

v A A A A
a

t T

     
   
   

 

 

11. (D) 

 

2 2
2 2 21 1 2

2 2

A
E m A m A E

T T

   
       

   
 

 If A and T are doubled, E remains same. 
 E E   

 

12. (B) 

 F kx   and 2 21 1

2 2 2

F F
U kx x x

x
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2

0
U

x
F

     

 

13. (D) 

   2
0 01 cos 2sin

2

ax
U U ax U

 
     

 
  

 For small x, 

2 2 2
2 20

0 02
2 2 2

a Uax ax
U U x k a U
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14. (C) 

 

2
2 2 21 1 2

2 2
E m A m A

T
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                    0.2 m 20 cm   

 

15. (C) 

 At 
21 1 1

,
2 2 2 4 2 4

A A E
x U k kA


   

      
   

 

 
3

4

E
K E U      

 

16. (C) 

 K U  and 
2

E
K U E U      

 2 21 1 1

2 2 2
kx kA

 
   

 
  

 
2

A
k   

  

17. (C) 

 max 2avK K  max 2 2 5 10 JavK K      

 In equilibrium position, max 10 JK K   and 15 JU   

   10 15 25 JE K U     . 

 Not that in equilibrium position, potential energy is minimum. Generally, we take it as zero but can 

be taken as any other constant value. 

 

18. (C) 

 
22 20 5U x x    

    10 20 10 2F dU dx x x          

 Since,  2F x   with negative sign, the particle oscillates in SHM with x = 2 as mean position. 
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 Here, x = –3 is one extreme position. 

 The other extreme position is  2 2 3 7x        . 

 

19. (A)  

 From the given conditions, we can write 

  sinx A t   and  sin 2y A t     

   
2 2 2x y A    which is the equation of a circle. 

 

20. (B) 

  24cos 0.5 sin1000 2 1 cos sin1000t t t t   

                           2sin1000 sin1001 sin999t t t    

 Therefore, the resultant is superposition of 3 independent harmonic motions. 

 

21. (A) 

 The ratio of time period of two pendulums is 1:5/4 = 4:5. So, ratio of frequency is 5:4. 

 When small pendulum has completed 5 oscillations, the larger has completed 4 oscillations and they 

will be again in same phase. 

 

22. (A) 

 The ratio of time periods is 100 : 121 10:11  and hence, ratio of frequency is 11:10. 

 The two pendulums will be in same phase at mean position again after the larger pendulum has 

completed 10 oscillations. 

 

23. (C) 

 The net force on the bob in liquid is  

 2 2fF mg Vg mg mg mg     . 

 The effective acceleration is 2g g  . It’s time period is  

 2 2 2 2 2 sec.
2

l l
T T

g g
      


 

 

24. (D) 

 Time taken to complete first 1/4 oscillation from x = 0 to x = A is T/4 and the second 1/8 oscillation 

from x = A to x = A/2 is T /6. 

 Hence, time taken to complete  

 
1 1 3

4 8 8
   oscillation is 

5

4 6 12

T T T
    

 

25. (D) 

 
1 1 2

2 2 2
1 1 1 1 3

2

R
T

g
g g

L R R R

     
   

    
   

  

 

26. (A) 

 In equilibrium, 0kx mg  or 0xm

k g
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2
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2 2 2 sec

9.8 10
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T

k g

 
         

 

27. (B) 

 Let k   be the spring constant of the longer piece. Then spring constant of shorter piece is 2k . The 

two together in series has spring constant k. 

 
1 1 1 3

2 2k k k k
   

  
 

 
3

2

k
k    

 

28. (A) 

 Effective spring constant is  

 
2 2

2 3
eff

k k
k k

k k


 


 

 
3

2 2
2eff

m m
T

k k
      

 

29. (A) 

 eqk   Parallel [Series (2k, 2k), Parallel (k, k)] 

  = Parallel [k, 2k] = 3K  

   2 2
2

   
eq

m m
T

k K
 

 

30. (C) 

 For the two systems, the equivalent spring constants are respectively 

  1
2

k k k
k

k k


 


 and 

 

 
2

2

3

k k k k
k

k k k

 
 

 
 

 As 1 1

2 2

1 / 2 3
,

2 2 / 3 2

f kk k
f

m f k k
   


 

 

31. (D) 

 In equilibrium, if 0x  is the stretch in the spring, then 0 2kx m g   

   
 When the system is displaced by x from equilibrium position, we have  

   1 0m a T k x x    and 2 2m a m g T    

    1 2 2 0m m a m g kx kx kx        
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1 2

k

m m
 


  

 

32. (A) 

 Let the maximum downward displacement of the block be x.  

 The additional extension in the spring will be 2x.  

 Applying energy conservation, we have  

  spring gravity 0K U U     

    
2 2

0 0

1
0 2 0

2
k x x x Mgx     
  

 

    2
04 4 2k x x Mgx    

  0
2

Mg
x x

k
   

 Note that the amplitude of oscillation will be 2x . 

 

33. (A)  

 2
I

T
mg d

   Here, 2m M M M   ,  

 
3

2

L
d   and 

2
2 24

3 3

ML
I ML ML     

 
24 / 3 8

2 2
2 3 / 4 9

ML L
T
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34. (B) 

 2
I

T
Mg d

    

 Here, 
2

R
d   and 

2 23

2 2 4

MR R MR
I M


 

   
 

  

 
23 / 4 3

2 2
/ 2 2

ML R
T
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35. (C) 

 2T
k


   where, 

2

mm m

m m
  


  

 2
2

m
T
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36. (6.28) 

 

37. (2.4) 

 

38. (59.26) 

  
eff .

2 2
2

   
m m

T
k k

 

 or 
2

2 4

2

m
T

k


   or 

2

2

2 m
k

T


  

  

2

2
1

22
2 12

227
6 59.26 Nm

4 7
k 

 
  

  
    

 
 

 

39. (50) 

 In SHM,  

 Total energy, 1 21

2
E m A   

 Kinetic energy,  2 2 21

2
K m A x     

 Where x is the distance from the mean position.  

 At x = 0.707 A  

     22 2 2 21 1
0.707 0.5

2 2
K m A A m A     

 
 

 As per question, 100 JE   

   2 21
0.5 0.5 100 J 50 J

2
K m A

 
     

 
 

 

40. (20) 

 Here, m = 4 kg, k = 800 1Nm ; E = 4 J  

 In SHM, total energy is 21

2
E kA , where A is the amplitude of oscillation. 

   21
4 800

2
A    

 or 
1

m 0.1m
10

A    

 Maximum acceleration, 

  2
max.

k
a A A

m
     

k

m

 
   

 
 

           
1

2800 Nm
0.1m 20 ms

4 kg


   . 

  

41. (2) 

 2
L

T
g
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 i.e., time period of a simple pendulum depends upon effective length and acceleration due to gravity, 

not no mass. 

 So, 2secT  . 

 

42. (4) 

   4 cos sinx t t     

     
1 1

4 2 cos sin
2 2

t t
 

    
 

 

     4 2 sin cos cos sin
4 4

t t
  

    
 

 

     4 2 sin cos cos sin
4 4

t t
  

    
 

 

     4 2 sin
4

t
 

   
 

 

 Hence, the amplitude of particle is 4 2 . 
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1. (B) 

  

  
 

2. (A) 

  
 

3. (D) 
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4. (B) 

  
 

5. (C) 

  
  

6. (D) 
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7. (B) 

  
 

8. (B) 

  
 

9. (D) 
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10. (B) 

  
 

11. (C) 

 From the two mutually perpendicular S.H.M.’s, the general equation of Lissajous figure,  

  
 

12. (D) 

  
 

13. (D) 
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14. (C) 

  
 

15. (A) 

  

  
 

16. (None) 
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17. (C) 

  
 

18. (C) 
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19. (B) 

  

  
 

20. (C) 
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21. (D) 

  
 

22. (A) 
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23. (A)  

  
 

24. (C) 

  
 

25. (A) 
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26. (A) 

  
 

27. (B) 

  
 

28. (C) 

  
 

29. (D)  
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30. (C) 

  
 

31. (B) 

  
 

32. (2) 
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33. (8) 

  
 

34. (7) 

  
 

35. (5) 
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36. (2)  

  
 

37. (2) 
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38. (5) 

  
 

39. (10) 
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40. (700) 

  
 

41. (16) 

  

  
 

42. (1) 
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