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JEE Main Exercise  

 

1. (A) 

  

  
 

2. (C) 

  
 

3. (D) 
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4. (B) 

  
 

5. (C) 

  
 

6. (B) 

  
 

7. (D) 
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8. (B) 

  
 

9. (A) 

  
 

10. (A) 

http://www.iitianspace.com/


 Centre of Mass & Collisions Phy. XI 
 

Website: www.iitianspace.com     |     online.digitalpace.in 4 

  
 

11. (C) 

  
 

 

12. (B) 

 400 0.05 20 N
dm

F u
dt

 
    

 
 

 

13. (B) 

 
dm

F v
dt

  

 
avg

5
4 8 dyne

2.5

m
F v

t


   


 

 

14. (A) 
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15. (D) 

  

  
 

16. (C) 

  
 

17. (A) 
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18. (A) 

  
 

19. (A) 

  

  
  

20. (A) 

http://www.iitianspace.com/


 Centre of Mass & Collisions Phy. XI 
 

Website: www.iitianspace.com     |     online.digitalpace.in 7 

  
 

21. (B) 

  
 

22. (D) 
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23. (D) 

  

  
 

24. (A) 
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25. (D) 

  
 

26. (A) 

  

 
sep

app

v
e

v


 



v n

u n
 

  
 

27. (A) 
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28. (B) 

  
 

29. (C) 

  
 

30. (9) 

  
31. (4) 

  
 

32. (3) 
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33. (8) 

  
 

34. 4R from O   

  

  

  
 

35. 
 –

2

3 4 π

r
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36. g/4 

  

37. 1670 N 

  
 

 

38. L/4 

  
  

39. 40/3 cm 
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40. cot θ 6h  

  
 

41. (871.5) 

  
 

42. (32) 
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43. (22) 

  
 

44. (60o) 

 According to work-energy theorem  

  W  Change in kinetic energy  

  2 21 1
cos

2 2
  Fs mv mu  

 Substituting the given values, we get;  
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   20 4 cos 40 0 0     u  

  
40 1

cos
80 2

    

  1 1
cos 60

2

  
    

 
. 

 

45. 15 m 

  

  
 

46. (a) 288 J (b) 384 J 

  
 

47. (a) 2v  (b) (3/2)
2

mv  
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48. 3 gl  

  
 

49. 220 m/s 

  
 

50. 1 2= 4.5 m s, = 3 m sv v  
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51. 10 m/s 

  
 

52. 
  

2

+ 2

m u

M m M m
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53. (a) 
2

9

gh
 (b) 

2

3

h
 

  

  
 

54. (3)  
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55. (4) 

  
56. 1/2  

  

  
  

57. 
  0

2

1 sin

2 sin

 

 

e v
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58. Wedge 1.5 m sv   
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59. (a) 55.32 10 N  (b) 53.22 10 N  (c) 0
0 rel ln

M
v gt v

M
   (d) 2718 m/s 
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60. (a)  2
0

M
gy v

L
  (b) 

2
0

2

Myv

L
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61. 3
x

mg
I
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1. (b) 

 Given, 1 1m 4g,u 300m / s   

 2 2m 0.8kg 800g,u 0m / s    

 From law of conservation of momentum, 

 1 1 2 2 1 1 2 2m u m u m v m v    

 Let the velocity of combined system v m / s  then, 

  
1200

4 300 800 0 800 4 v v 1.49m / s
804

          

 Now,  0.2 given   

 a g a 0.3 10      2takeg 10m / s  

 23m / s  

 Then, from 2 2v u 2as   

  
 

2
2 1.49 2.22

1.49 0 2 3 s s s 0.379m
6 6

         

 

2. (a) 

 0

h 3h
Z h

4 4
    

 

3. (b) 

    
2 2 2

initial

1 1
E m 2v 2nm v 3 mv

2 2
    

 2 2 2
final

1 4 4 4
E 3m v v mv

2 9 9 3

 
   

 
 

   Fractional loss 

4
3

53 56%
3 9



    

 

4. (c) 

  

 

 

 

x

2

cm

x 1
x y

x 2 2
x

2 x y
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2

2

1 y y

2 x x
    

 
y 1 3

1.37
x 2


    

 

5. (b) 

 From impulse momentum theorem  

 
1

0

6t dt mv  

 v 3 m s    

 So, work done by the force   
21

K.E. 1 3 4.5 J
2

     

 

6. (a) 

 According to law of conservation of linear momentum vertical component, 

 2mv'sin mvsin 60 mvsin 45     

 
mv mv 3

2mv 'sin
22

     ……(i) 

 Horizontal component, 

 2mv'cos mvsin 60 mvcos45     

 
mv mv

2mv 'cos
2 2

     ……(ii) 

  
 Dividing equation (i) by equation(ii), 

 

1 3

2 322
tan

1 1 1 2

2 2




  


  

 

7. (b) 

 Given : 1 2
5 kg; 10 ; 0.15m m     m 
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 FBD for 1 1 1
,m m g T m a   

    50 5T a    and  0.15 10T m g   

   10 m a    

 From rest 0a   

 Or,   50 0.15 10 10m   

    
3

5 10
20

m   

 
100

10 23.3 kg
3

m m    ; close to option (b) 

 

8. (b) 

 22MV, cos30 mv cos45 10 Mcos30 10cos45      

    2
1

v
v 3 5 3 5 2 ... i

2
    

 22MV, sin30 mV sin 45 10 msin30 10Msin 45       

   2
1

V
V 5 5 2 ... ii

2
     

  
 

1

5 3 1 10 2 17.5
V 6.5 m s

2.73 1

 
  


 

  2V 6.3 m s   

 

9. (c) 

 f ik 1.5 k  

 
2 2 2
1 2 0v v 1.5 v   

 From conservation of momentum  

 1 2 0v v v   

 From (i) and (ii)  

 
2

1 2 02v v 0.5 v   

 So, 
2 2 2 2

2 1 2 1 1 2 0 0 0v v v v 2v v 1.5v 0.5v 2 v        

 

10. (b) 

  

   0 1 2K K AK   (from conservation of momentum) and 0 1 2K K K  (for elastic collision) 

 So after solving  

    1 1

2 0

K K
1 A 2 A 1

K K
     

http://www.iitianspace.com/


 Centre of Mass & Collisions Phy. XI 
 

Website: www.iitianspace.com     |     online.digitalpace.in 27 

 For Deuterium, 1

0

K
A 2,1 0.89

K
    

 For Carbon, 1

0

K
A 12, A 0.28

K
    

 

11. (b) 

 
 2mv cos 45 n

P
A


   (P  Pressure, A  Area)  

    

27 3 23

4

1
2 3.32 10 10 10

2

2 10





    




 

    3 22.35 10 N m    

 

12. (b) 

 s,m s m s mv v v 0.7 v v      

 i fP P  

  0 20 0.7 50     

 Or 0.2m / s   

 

13. (d) 

 Using conservation of momentum 

 0 2 1mv Mv mv   

    

 
2 2
1 0

1 1
mv 0.36 mv

2 2
   M massof nucleus   

 2 0

m
v 0.8v

M
    

 0 0 0mv mM 0.8v m 0.6v     

 
21.6m 0.8 mM 4m mM     M 4m   

  

14. (c) 

 Kinetic energy of block A 

 
2

1 0

1
k mv

2
  

  From principle of linear momentum conservation 
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   0
0 f f

mv
mv 2m M v v

2m M
   


 

 According to question, if 
5

th
6

 the initial kinetic energy is lost in while process. 

 

 

2
0

i

2
f 0

1
mv

k 26 6
k mv1

2m M
2 2m M

   
 

  
 

 

2m M
6

m


   

M
4

m
   

 

15. (a) 

A B
ˆ ˆa ai ; a aj    

c D
ˆ ˆa ai ; a aj    

a a b b c c d d
cm

a b c d

m a m a m a m a
a

m m m m

  


  
 

cm

ˆ ˆ ˆ ˆmai 2mj 3mai 4maj
a

10m

   
  

        
ˆ ˆ2mai 2maj a a aˆ ˆ ˆ ˆi j i j
10m 5 5 5


      

 

 

16. (c) 

 Applying linear momentum conservation  

 1 1 2 2 1 3 2 4
ˆ ˆ ˆ ˆm v i m v i m v i m v i    

  1 1 1 2 1 1 1 4m v 0.5m v m 0.5v 0.5m v    

 1 4 2v v v   

 

17. (b)  

 By conservation of linear momentum: n 

 0 0
0 0

v v
2v 2 mv 2v mv 2

4 2

 
     

 
 

   03v
mv ... 1

2
  

 Since collision is elastic   

 seperation approchV v  

   0
0

v 6
v v m 1.2 kg

4 5
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18. (b) 

  
 Linear momentum conservation  

 
v

m 2v 2m v m 0 m 2
2


      

 v 2 2 v  . 

 

19. (b) 

 Given, 

 Mass of block, 1m 1.9kg  

 Mass of bullet, 2m 0.1kg  

 Velocity of bullet, 2 20m / s   

 Let   be the velocity of the combined system. It is an inelastic collision. 

 Using conservation of linear momentum  

  1 2 2 1 2m 0 m m m       

  0.1 20 0.1 1.9 1m / s       

 Using work energy theorem 

 Work done   Change in Kinetic energy 

 Let K be the Kinetic energy of combined system.  1 2m m gh  

   2
1 2

1
K m m v

2
    

 
21

2 g 1 K 2 1 K 21J
2

          

 

20. (d) 

  
 Take 1 kg mass at origin  

 cm

1 0 1.5 3 2.5 0
X 0.9 cm

5

    
   

 cm

1 0 1.5 0 2.5 4
Y 2 cm

5
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21. (b) 

  
 For given Lamina  

   1 11, 1.5, 2.5m C   

   2 2, 0.5,1.5m C   

  1 1 2 2

1 2

1.5 1.5
0.75

4
cm

m x m x
X

m m

 
    

  1 1 2 2

1 2

2.5 4.5
1.75

4
cm

m y m y
Y

m m

 
  


 

  Coordinate of centre of mass of flag shaped lamina (0.75, 1.75)  

  

22. (d) 

 Time for collision  1

h
t

2gh
  

 After 1t  A 1

gh
V 0 gt

2
      

 and  B 1

1
V 2gh gt gh 2

 
    

 
 

   
 At the time f collision  

  i fP P  

   A B fmV mV 2mV   

   f

gh 1
gh 2 2V

2 2

 
    

 
 

  fV 0  

 and height from ground 
2
1

1 h 3h
h gt h

2 4 4
      

 So time 

3

3h4
2

g 2g

 
 
 

    

http://www.iitianspace.com/


 Centre of Mass & Collisions Phy. XI 
 

Website: www.iitianspace.com     |     online.digitalpace.in 31 

23. (b) 

 Conserving momentum  

  1 2

u uˆ ˆ ˆ ˆ ˆmv i m i j 2m u i u j
2 2

 
    

 
 

 On solving  

 1

3u
u

4
  and 2

u
u

4
   

 Change in K.E.  

  
2 2 2

21 1 u 1 9u u
mu m 2 2M

2 2 2 2 16 16

     
       

        

 

 
2 2 23mu 5mu mu

4 8 8
    

 

24. (d) 

If collision is elastic, C comes to rest after collision. When compression in spring is maximum, 

velocities of A and B are same, (say v). 

 Using conversion of Mechanical Energy, we can write  

 2 2 21 1 1 m
mv 2x mv kx x v

2 2 2 2k
     

 

25. (b) 

  
 With the help of Conservation of linear momentum, we can write  

     1 2 1m u m m v ... 1   

 With the help of definition of e, we can write 

   s

a

v 2v 2v
e u ... 2

v u e
     

 Putting the value of e in equation (1), we have 

   2
1 2 1 1 2 1

1

m2v 2 e 2
m m m v 2m em em 1 2

e m e e
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26. (c) 

  
 Let 1 2     . Then 

 0 1 2Mv mv cos Mv cos    ..... (i) 

 And, 1 20 mv sin Mv sin    ….. (ii) 

 From (i) &(ii), we get 

 1
0 1

mv
Mv mv cos M cos

M

 
   

 
 

 0 1Mv 2mv cos     ….. (iii) 

 By conservation of K.E. 

 
2 2 2
0 1 2

1 1 1
Mv Mv Mv

2 2 2
   

 

2 2 2
21 1
1 2

2mv cos m v1 1 1
M mv M.

2 M 2 2 M

 
   

 
 

 

2
2 2 2 2 2

21 1
1

4m v cos m v1 1
mv

2 M 2 2M

 
   

 
 

 
2

24m cos m M
1 4cos 1

M M m


        

 For largest 
M

,cos 1
m

   So, 
M

3
m

  

 

27. (b) 

 After the collision  the objects move in opposite direction let with velocity 1 then from law of 

conservation of momentum i fP P  

  1 2 1 1m m m     
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1
1

2 1

m

m m


 


   ….(i) 

 If collision is elastic then, 
 1 1

e 1
0

  
 

 
 

 Also, 1 12
2


      ……(ii) 

 From equation (i) &(ii) 

 1

2 1

m1

2 m m



 2

1

m 3

m 1
   

  

28. (b) 

  
 Change in momentum of any one ball  

 P 2 0.05 10     

 P 1   

 av

P
F

t





 

 av.F 200 N  

 

29. (b) 

 i fP P  (no any external force)  

 0.2 10 10 v    

 v 0.2 m sec  

 Loss in K.E.    
221 1

0.2 10 10 0.2
2 2

      

                  
1

10 0.2 10 0.2
2

     

                9.8 J  

 

30. (b) 

  i
ˆP 0.15 12 i   

  f
ˆP 0.15 12 i    

 P 3.6 kg m s    
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 3.6 F t   

 3.6 100 t   

 t 0.036 sec   

 

31. (b) 

  
 By law of conservation of momentum  

 t fP P  

 
ˆˆ ˆm 30i 40j 2m

 
     

 
 

 ˆ ˆ15i 20j     

 So,  
2215 20      

     625 25m / s   

 

32. (c) 

 Let the velocity of striking particle by 0u . Then, 0 1 2mu m 5m     

 0 1 2u 5       ……(i) 

 As, collision is elastic 

 So, 2 1

0

e 1 1
u

 
    

 2 1 0u     …..(ii) 

 Adding (i) ad (ii), we get 

 0
0 2 2

u
2u 6

3
      

 So, 

 
2

0

2
2
0

u1
5m 0

5002 3
% K.E 100 55.6%

1 9
mu

2

 
 

 
     

 

33. (d) 

 
3 180

20 10 100 10 V
60

     

 v 0.6 m s   
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34. (c) 

 The velocities will be interchanged after collision. 

 Speed of P just before collision 2gh  

        2 10 0.2 2 m s     

 

35. (d) 

  

 1 2

30 120
v , v

2h 2h

g g

   

      
30 g 120 g

0.01 u 0.2 0.01
2h 2h

   

 1u 300 60 360 ms    

 

36. (b) 

    

 i
ˆP Nm i   f

ˆP Nm i    

 N is Number of balls strikes will wall N = 100 

 f i
ˆP P P 2Nm i       

       ˆ200 Nm i    

 Total

P 200mvt
F

t t


  


 

 
200mv

F
t
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37. (120) 

  
 Momentum conservation along x direction, 

 0
0

1
2m cos 2m cos or 60

2 2


         

 Hence angle between the initial velocities of the two bodies  

 60 60 120       . 

 

38. (10.00) 

 From momentum conservation in perpendicular direction of initial motion. 

 1 1 1 2mu sin 10m sin      ……(i) 

 It is given that energy of m reduced by half. If 1u  be velocity of m after collision, then 

 2 2
1 1

1 1 1 u
mu mu u

2 2 2 2

 
   

 
 

 If 1  be the velocity of mass 10 m after collision, then 
2

2
1 1

1 1 u u
10m m

2 2 2 20

  
       

   
 

 From equation (i), we have 

 1 2sin 10 sin    

  

39. (1) 

 For elastic collision i fKE KE  

 
2
B

1 1 1 1
m 25 m 9 m 32 m

2 2 2 2
         

 
2
B B34 32 V V 2     

 
2

B B

1 1 1
KE m 0.1 2 0.1J J

2 2 10
        

 x 1   
 

40. (30) 

 Using Conservation of linear momentum along X-axis, we can write  

 0
0 2

2

v 10 3 3
mv mv cos cos 30

v 20 2
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41. (4) 

 CM CM

4a
x y

3
 


 

 

42. (1) 

  
  

 From conservation of momentum along y-axis, 

 iy fyP P  

  1 2
ˆ ˆ0 0 m sin30 j m sin30 j        

 2 1m sin 30 m sin 30     

 1
2 1

2

or 1


   


 

 

43. (12) 

 

44. (2)  

  

 
     

com

ˆ ˆ ˆ ˆM 0i 0j M 3i M 3j
r

3M

  
  

 com
ˆ ˆr i j    

 comr 2 x   

 x 2  
 

45. (4) 

  
  1 11 u 2 3v u 2 3v ... 1         
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  1

1

v 2
1 v 2 u ... 2

u

 
     

 Solving (1) and (2) 

 1u 4 m s  
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