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PHYSICS - Centre of Mass

1. (B)
Let x be the displacement of man. Then
displacement of plank is L – x.
For centre of mass to remain stationary

3
M

 (L – x) = M . x

 x = 
L
4

    

M

L–x x

M/3

2. (C)
Centre of mass of two particle system lies on
the line joining the two particles

3. (A)

netF


 = 0

A B
100g 250g

10cm/sec2

so coma


 = 0

2211 amam


 = 0
100 × a1 + 250 (–10) = 0
a1 = 25 cm/sec2 east

4. (C)
For square plate ABCD centre of mass is at O
but when two point masses of 3 kg placed at
C & D then centre of mass shifts on the line
OY because centre of mass is in that part
which has higher mass.

5. (C)
Centre of mass hits the ground at the position
where original projectile would have landed.

m COM 2m
R/2 x1

2
R.m

 = 2mx1  x1 = 
4
R

 Distance = R + 
4
R

 = 
4
R5

6. (C)
Centre of mass will not move in horizontal
direction. Let x be the displacement of boat.
80 (8 – x) = 200x
640 – 80x = 200x
x = 2.3 m
Now, Required
distance from the shore.
= 20 – (8 – x)

x 8–x

20m

= 20 – (8 – 2.3)
= 20 – 5.7
= 14.3 m

7. (C)
If mass of block A is m and the mass of block
B is nm.
nmg – T = nma
T – mg = ma
After solving

a = 
(n 1)g
n 1



m nm
a a

TT

A B

acceleration of the centre
of mass of system.

aCOM = 
21

2211

mm
amam






= m)1n(
nmama




 = 
1n
naa



 = 
2

1n
1n











g

CENTRE OF MASS

TOPIC

CENTRE
OF MASS

SOLUTIONS

Exercise-I

JEE-MAIN
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PHYSICS - Centre of Mass

8. (B)
When internal force acts.
Net force is zero.

 F = 
dt
dP

 So momentum is conserved.

Therefore internal force will not change the
linear momentum.
But due to force, K.E. increases.

9. (D)
Speed is constant so K.E.  Constant
Gravitational potential energy change.
 Momentum = vm



 Direction of v
  changes

 Momentum changes
10. (D)

m2
P2

 = K.E.

ln 
m2

P2

 = ln K.E.

2ln P – ln (2m) = ln K.E.
So the graph between lnp & lnk is straight
line with intercept.

11. (D)
The acceleration of both balls = – g

acom = 
1 2

1 2

m ( g) m (g)
m m
 

  = – g

12. (B)
Here net force = 0
means momentum is conserved.
pi = pf

0 = 21 pp


  21 pp




K.E. = 
m2

p2

  
2

1

K
K

 = 
1

2

m
m

13. (A)
According to Newton's second law of motion.

F

 = 

dt
pd


If 
netF


 = 0

then p

 = conserved

14. (A)

m v
wall

Initial momentum of body = mv
& final momentum of body = – mv
Change in momentum = 2mv

15. (C)

netF


 = 0

then p

 = conserved

321 ppp


  = 0

3p


 = –  21 pp




3vm


 =  21 vvm




 3v


 = –     ĵ4îĵ2î3 

3v


 = ĵ2î2 

16. (A)

netF


 = 0

then p

 = conserved

pi = pf
m1v = m2(0) + (m1 – m2) v1

v1 =  21

1

mm
vm



17. (A)
As fnet = 0 from momentum conservation

  1A 4 v 4v    1

4v
v

A 4




18. (C)
C1 will move but C2 will be stationary with
respect to the ground.

19. (a) [B] (b) [C]
(a) It could be non-zero, but it must be

constant.
(b) It could be non-zero and it might not

be constant.

20. (a) [C]
(Fnet)x = 0
 Momentum component parallel to the track
is conserved.
but in y direction Fnet is not equal to zero.
So momentum is not conserved in y direction.

21. (B)

Total travelled distance = 2d
then

Time between two collisions = 
0v
d2

So no. of collision/sec = 
d2

v0
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PHYSICS - Centre of Mass

Impulse in one collision
= mv0 – (–mv0) = 2mv0

F = 2mv0 × 
d2

v0  = 
d

mv2
0

22. (B)
Impulse = change in momentum
–I = –m2u – mu
I = 3mu
W.D. = change in K.E.      

2u I

u

W.D. = 
2
1

m(2u)2 – 
2
1

mu2

= 
3
2

mu2  W.D. = 
2
Iu

23. (C)
Impulse = change in momentum

 dt.F  = P

Given Jdt.F 
Now, Contact time is twice than the earlier.

F.2dt J'


  J' = 2J

24. (D)

3m 2m
v v

T
(at the time
of collision)

A B

Impulse = change in momentum
So, –Tt = 2mv – mu (for bullet)
I = Tt = 3mv (for mass 3m)
3mv = 2mv – mu

v = u/5   I = 
5
mu3

25. (B)
If e = 1 then angle = 45°
If 0 < e < 1 then angle is less than
45° with the horizontal. So 30º is not possible.

26. (A)
In inelestic collision, due to collision some
fraction of mechanical energy is retained in
form of deformation potential energy.
 thus K.E. of particle is not conserved.
In absence of external forces momentum is
conserved.

27. (C)
 e = 1
As collision is elastic therefore vi = vf

So K = 0  k f = k i = 
2
1

m

 2 2
1 2u u

28. (C)
In elastic collision e = 1, Energy is conserved
because colliding particles regain their shape
and size completely after collision. Due to
Fnet on the system is zero, momentum is
conserved.

29. (C)
In absence of external force. Momentum of
the system is conserved.

30. (C)
If e = 1 and m1 = m2 then after collision
velocity interchange

31. (B)
from energy conservation

21
mql mv v 2gl

2
  

from momentum conservation

m 2gl mv '  v ' 2gl

1
KE m 2gl mgl

2
  

32. (B)

1kg 2kg 1kg 2kg

21m/sec 4m/sec 1m/sec v2

A AB BBefore After

221 1 4 2 1 2v    

221 8 1 2v  
2v2 = 12  v2 = 6m/sec

2 1

1 2

v v 6 1 5 1
e

u u 21 4 25 5
 

   
 

e = 0.2

33. (A)
Let v1 is the velocity
of wall after collision.

e = 
1V 20

20 ( 25)


   (e = 1)

20 m/s

25 m/s

V1

v1 = 65 m/s
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PHYSICS - Centre of Mass

34. (A)
Before Collision      After Collision

A B

u
u = 0 

 A B

v1 v2

e = 
u

vv 12 
  eu = v2 – v1 ....... (1)

Now from momentum conservation
mu = mv1 + mv2

u = v1 + v2 ....... (2)

from (1) and (2) 
2

1

v
v

 = 
e1
e1




35. (A)

1st  Collision m m 4m
C

v0

A B
2nd Collision

Velocity of B v = 
m5

)v0(m4mv 
 = 

5
m3

m m

3v/5

        A  B
After collision of A and B.

 m m
3v/5
        A B

36. (B)
Let mass of ball 2 is m and mass of ball 1 is 2
m.

 
21

1222211
1 mm

uuemumum
v






2m m

v

1 2
 
3
v

 = 
m3

)v0(emmv2 
 e = 1

So elastic collision.

37. (C)

Just before collision, speed of ball gh2v 

and  just after collision gh2
100
80

'v   =

gh2
5
4

gh2
5
4

'v 

gh2v 

h

v2 – u2 = 2aS
Let h' is the maximum height after collision.

0 – 
2

gh2
5
4









 = 2x (– g) × h'

25
16

 × 2gh = 2gh

h' = 
25
16

h

38. (A)
From energy conservation

2
1

m  2hg2  + mgh = 
2
1

mv2

v = 2 gh

gh2

gh2
e 

h

gh2

 
1

e
2

 ,  
gh2v 

39. (C)

5102   = 10 m/sec.

 
10
10

 + 
10

10e2 
 + 

10
10e2 2 

 + ....

1 + 2 [e + e2 + ....]

1 + 
2e

1 e
 = 3 sec.

40. (A)
v = Av1 + v2 (1)

1 2v v
1

v


  1 2v v v 

1 2

2v 1 A
v v v

A 1 1 A
      

41. (C)

   1

5 5
5 10 0 v

2 2
  

 v1 = 20 m/sec

   2 21 5 1
KE 20 5 10

2 2 2
   

= 500 - 250 = 250 J.

42. (B)

2 2
i 1 2

1 1
E mu mu

2 2
 

 1 2m u u 2mu   1 2u u
u

2




Energy loss =    2 2 2
1 2 1 2

1 2m 1
u u m u u

2 4 2
   
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PHYSICS - Centre of Mass

43. (D)
mu = nmu1 + 1mu2

1 2u u
1

u




u = n(u+u2) + u2

u = nu + nu2 + u2 ....(1)
u = nu1 + u1-u
2u = (n+1) u1 ....(2)

 
2

2 2
1

2
2

4u1 nnmu n 12
1 umu
2


  =  2

4n

n 1

47. (C)
p = 0.1 (6+4)
= 0.1 × 10 = 10 NS

48. (A)

mgh = 
2
1

mv2

   h

v = gh2

By momentum conservation

m gh2  + 0 = 2mv'

v' = 
2
gh2

By energy conservation

2
1

 (2m)v'2 = 2mgh',  m 
4

)gh2(
 = 2mgh'

h' = 
4
h

49. (B)
Let mass of ball 2 is m and mass of ball 1 is 2
m.

 
21

1222211
1 mm

uuemumum
v






2m m

v

1 2
 
3
v

 = 
m3

)v0(emmv2 
 e = 1

So elastic collision.
50. (D)

0.2

0.8
1.0

1 t(s)

v(ms)
–1 before 

collision collision after collision

2

(i)  v is +ve for both.
(ii) Yes (when maximum compression)
(iii)  S have greater velocity after collision then

R have before collision and K.E. of S will be
less then initial K.E. of R

2
1

msVs
2 < 

2
1

mR (VR)
2

but VS > VR So ms < mR
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PHYSICS - Centre of Mass

1. (C, D)

(0,0)

2. (B, D)
Center of mass of ring is at centre and centre
of mass of chord AB is at its mid point so
centre of mass of this combination lie at the
line which makes 45° with x axis.

Y

XA

B

Ring COM line

Possible combination









4
R

,
4
R

;
3
R

,
3
R

3. (A, B)
In case C & D centre of mass of rod me be at
centre but in A & B centre of mass is not at
centre because of non-uniform distribution.
(Density continously changes.)

4. (C)
Centre of mass of uniform semi-circular disc is

at 
4R
3

Centre of mass of uniform semi-circular ring is

at 
2R


Centre of mass of solid hemi-sphere is at 
3R
8

Centre of mass of hemi-sphere shell is at 
R
2

C T H R S D
h h R 2R 3R 4R
4 3 2  8 3

5. (B, C)
Fnet = 0
 macom = 0
It means acom = 0  Vcom = constant.

6. (B)
As net force in x direction is zero. So from

momentum conservation.
mV0 = (M + m)V2

M

h

m v0

V2 = 
mM

MV0



7. (B, D)
Velocity of center of mass

VCOM = 
mM
mVMV




 = V

So both are at rest with respect to centre of
mass. And kinetic energy is converted into
potential energy.

8. (C)
By Energy conservation

2
1

mv0
2 = 

2
1

(M + m) 
2

0

mM
mv











 + mgh

After solving

 h = 







 mM
M

 
g2

V2
0

9. (C)
V1 is the velocity of particel and V2 is the
velocity of wedge.

O

V2V1

(V1 + V2) = vel. of particle w.r.t. wedge

 – 










mM

)V(MmV 00
 + 











mM
mVmV 00

= V0

10. (B, C)
As net force in x direction is zero.
So by momentum conservation
Mv2 – mv1 = mV0
and V1 + V2 = V0

MV1

V2

m

11. (B)
As net force in x direction is zero.
So by momentum conservation
MV2 – mV1 = mV0 .......(1)
V1 + V2 = V0 .......(2)
By solving

V1  =V0











mM
mM

Exercise-II
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PHYSICS - Centre of Mass

12. (A, B, C, D)
(a) From Q. 9

 V1 + V2 = V0

V2 = V0 – V0 










mM
mM

= 
mM

mVMVV)mM( 000




= 
mM

mV2 0



K.E. = 
2
1

 × M × 2

2
0

2

)mM(

Vm4



[ h = 
g2

V
)Mm(

M 2
0


]

 K.E. = gh
)Mm(

m4 2



(b) V2 = 
mM

mv2 0


(c) K.E. = kf – ki

 = 
2
1

M 










 2

2
0

2

)mM(

Vm4
 – 0

= 2)Mm(

mM4









 2
0mV

2
1

(d)  vel. of wedge V2 = 
mM

mV2 0



Vel. of particle V1 = V0 










mM
mM

VCOM = 
mM

)mV(MV 12




= 
mM

mv0



13. (B, C)
Maximum extension when they have same
velocity.

A B

3m/s 10m/s

Momemtum conservation
5 × 3 + 2 × 10 = 7V
 V = 5 m/s
From energy conservation

2
1

 × 5 (3)2 + 
2
1

 × 2 × 102

= 
2
1

 × (1120) × x2 + 
2
1

 × 7 × 52

45 + 200 = 1120x2

x = 25 cm

T = 
11207

25
2




  = 0.071 

14. (A, C)
V

V

V

V
(L – Vt)

L)vtL()Vt( 22 

2V2t2 + L2 – 2LVt  L2

Vt – L  0

t  
V
L

15. (B, C)

e = 1  Given
Wall

V

u

Before collision
u1 = –v
u2 = u
After collision
v1 = ?
v2 = u

On solving e = 
21

12

uu
VV




  v1 = v + 2u

 t·F  = P

Average elastic force

t
P



 = 
t

)mumv(mu)u2V(m




= 
t

)vu(m2



(ii) Kinetic energy of the ball increases by
= Kf – Ki

= 
2
1

m(2u + v)2 –
2
1

mv2 = 2mu (u + v)

16. (A, B, D)

M 2M

V V

For minimum kinetic energy
MV0 = 3MV
 V = V0/3

 K = –

2
20
0

V1 1
3m mv

2 3 2

  
  
   

= 2 Joule
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PHYSICS - Centre of Mass

17. (A, B, C)
2 m/sec 1 m/sec4 m/sec v'

A AB B

Momentum conservation
1 × 21 – 2 × 4 = 1 × 1 + 2 × V'
V' = 6 m/s

e = 
421
16



 = 
5
1

Loss of kinetic energy = kf – ki

= 
2
1

× 1 × (1)2 + 
2
1

 × 2 × (6)2

– 






  22 )4(2
2
1

)21(1
2
1

= 200 J

18. (D)
When velocity is same means maximum
compression.
 Maximum loss
MR × 8 = MR × 0.4 + Ms × 1
0.4MR = MS
 MR > MS

19. (A, B, C, D)
Inelastic collision
0 < e < 1

20. (B, D)
Given

Before collision
u1 u2

After collision
u'1 u'2

u2 – u1 = v1  and  2
'
1

'
2 vuu 

e = 
21

'
1

'
2

uu
uu




21 vv


  (elastic collision, e = 1)
In general for all cases

21 vkv


  k  1

21. (A, C)

m m m

t = 0 v

L
Since completely inelastic
[e = 0]
By momentum conservation

mv + 0 = 2mv'   v' = 
2
v

Similarly for next state
2mv' + 0 = 3mv1

v1 = 
3
v








 
2
v

'v

 The centre of mass of the system will have a
final speed

= 
v
n

Last block start moving at

t = 
V
L

 + 
V
L2

 + 
V
L3

 + ..... 
V

L)1n( 

= 
V
L

[1 + 2 + 3 + .....(n–1)]

It is an A.P. SAP = 






 
2

a 
n

or
n
2

[2a + (n – 1)d]

t = 
n(n 1)L

2V


22. a. (A, C)
(a) Since the speed remains same for both sand

and car at same instant
 Momentum is conserved in both A and C
point

(b) B
Car maintains the same speed.

23. (D)

a'

C' C''












3

–

r4
2
rC' C''

(COM of 
rectangular 

plate)

(COM of 
semi-cicular)

a'(COM of system) = 

2
rr2

3
r4

2
r

)r2(

2
2

2














a' = 
)4(3
)r8r3(2




Required Ans (COM from O) = a' + 
3
r4

= 
2(3 r 8r)
3 (4 )

 
    + 

3
r4

 = )4(3
r2

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PHYSICS - Centre of Mass

24. (C)
COM of circle is at O. Let M1 is mass of circle
and M2 is mass of triangle

a

a/3 COM of triangle 

M  1 M  2

a/3

Distance of COM from centre of circle

r1 = 
21

2

MM
M



 = 22

2

aa

a




 × 

3
a

= )1(a3

aa
2

2




 = )1(3
a


25. (B)




3
64

= 8cm

C

COM of semic circular disc = 
4R
3

So from point C distance of COM is 8 cm.
Center of mass coincides

26. (D)

COM lie on this line

COM of rod 
along y-axis

COM of rod 
along x-axis

27. (A)

1 2

1 2

m m
a g

m m





Let m1 = (L + x) and m2 = (L - x)
where  is mass per unit length

 + xL L – x
        a = 

L2
x2

g = 
L
x

g

28. (C)

from energy conservation

Initial
2L  mg 

2


 = 
2
1

mv2  u = g

29. (A)
As Fnet in x direction = 0
mx1 = mx2 [ Fx = 0]
x1 = x2
Now x1 + x2 = L sin 

 CMf = 
L sin

2


       

L  sin 

v2

x1
/2 x2

CMf

L

L

CMi

L/2 cos

30. (D)
VCMx = 0 and Fx = 0
from momentum conservation
mv1 = mv2  v1 = v2 = v(let)
Now energy conservation

mg (1 – cos ) = 2 






 2mv
2
1

v2
  = g (1 – cos )

Distance from centre of mass = R = 
2


So T = 
R

mv2

 = 2/
)cos1(mg


 

T = 2mg (1 – cos )

31. (A)
from previous question

vmax = V =   2/1)cos1(g 

32. (B)
Only in vertical direction
[ fx = 0 always]
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So displacement = 
L
2

 – 
L
2

 cos 

= 
L
2

[1 – cos ]

33. (D)
Positive Negative

MM1 M2

A B
v'

u –v'rel

By momentum conservation
O = m1 (urel – v') – (m2v' + Mv')
m1(urel – v') = m2v' + Mv'

v' = Mmm
um

21

rel1



34. (D)

A B

v'

(u–v')rel

from momentum conservation COM remains
stationary
m2(urel – v') = (m1 + M)v'
m2 urel – m2v' = m1v' + Mv'
v'(m1 + M + m2) = m2 urel

v' = 
21

rel2

mMm
um


35. (A)

0Fnet 


0Vcom 


 COM is at rest.
u u

v'
–m1u + m2u + Mv = 0

v' = 
M

)mm( 21 
u

36. (A)
m1

u –v'rel

m2

u +v'rel

v'
m2(Urel + v') + Mv' = m1(urel – v')

v' = Mmm
U|mm|

21

rel21




37. D

(u  –v')relm1 m2

v'

m(urel – v') = (M + m)v'

v' = )m2M(
murel



(U + v'')rel

v''
from momentum conservation

m(urel + v'') + Mv'' = rel(M m)mu
(M 2m)



38. (B)

2M M2F F

aCOM = 
M3
F

w.r. to COM

2M M 4F/34F/3

x2 x1

3
F4

x1 + 
3
F4

x2 = 
2
1

k (x1 + x2)
2

K3
F8

 = (x1 + x2)

39. (B)
(i) From M.C. mv = 2mv'

v' = v/2
(ii) from M.C. mv = 2mv'

v' = v/2
(iii) Impulse = mv = 3mv'

v' = 
3
v

40. (B)
P = 2mv cos 
Favg unit volume
= (2mv cos ) (nv)

= 2mnv2 cos 

 
m

v

Pressure = 
area
F  = 2mnv2 cos  cos 

41. (B)
mVf cos 30° = 1.5m
Vf cos 30° = 1.5

vf = s/m3         

N

Vf

3 sin 30° = 1.5

3 m/sec

3 cos 30°
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42. (D)
mgh = KEA + KEB

0.25 × 0.45 × 10 = 1 + 
2
1

(0.25)v2

v = 1 m/s
Ball B is heavy so ball A velocity is towards
left

43. (C)

N N

NN


N


2R

3R/2 3R/2

u'

02Nsin .dt Mv    ..........(i)

Ncos . dt Mu' 

N.dt  = 
52

mv0
 . 3

sin  = 
R2/3

RR)2/3( 22 

sin  = 
3
5

; cos 
3
2

0mv 3

2 5 3
2

 = mv'   v' = 
5

v0

44. (C)
Impulse = change in momentum

 dtsinN2  = 
2

mv0 ....(i)

 dtcos.N  = mv'

....(ii)
from (i) and (ii)

2
mv

dt
3
5

N2 0

  'mvdt
3
N2

On dividing

3
5N2 

 × 
N2
3

 = 
'v2

v0

v' = 
52

v0

45. (D)

time to reach 
h
2

 from top by A

t = 
h
g

for body B

2
h

 = v g
h

 – 
2
1

g 

2

g
h










     

gt

O
A

BO

hOO

h/2

h = v g
h

,  v = hg

velocity of body B at 
h
2

vf = g
h

ghg 

vf = 0
Now
momentum conservation
mg.t = 3mv'

gt/3 = v'
Energy conservation

 
2
1

3m (gt/3)2 + 3mg 
2
h

 = 
2
1

3m.v1
2

v1 = 
3
gh10

46. (D)
Infinite

47. (B)

g
cosv2 
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1.
x

dx

 = Ax + B
when x = 0,  = 0
 B = 0
and when x = ,  = 20
 20 = A + 0

A = 
0

  = 
0  x + 0

xCOM = 













0

0

dx.

x.dx.

= 
9
5


2. So C.M. from 0

O

a
b

b+ a–+

y = 

2 2

2 2

b 4b a 4a
2 3 2 3

b a
2 2

                
  

    
 

y = 
3
4
















22

33

ab

ab

3. y = ± kx2

xCOM = 




a

0

a

0

dm

dmx

 dm = (2y dx) = +2kx2dx

So xCOM = 









a

0

2

a

0

2

dxxk2

dxx.xk2

= 3

4

a4

3a




 = 

4
a3

Now, YCOM = 0  [ Symmetric for x-axis]

4. VCOM = 
m2

30m50m 
 = 40 m/s

VCOM = –g

HCOM = 
102
)40( 2


 = 80 m

5.
M = 80 m

A B

50 kg 70 kg

2m
(i) zero
(ii) Right
(iii) 50 (2 + x) + 80(x) = 70 (2 – x)

100 + 50x + 80 x = 140 – 70x
x(50 + 80 + 70) = 140 – 100
x = 0.2 m or x = 20 cm

(iv) Distance moved by A with respect to ground
is = 2 + x = 2.2 m

(v) Distance moved by B with respect to ground
= (2 – x)
= 2 – 0.2 = 1.8 m

6. 2g – T = 2a

2kg 1kg

T – g = a
g = 3a
a = g/3

aCOM = 

g g
2

3 3
3

 
 = 

g
9
 (downwards)

7. By momentum conservation

m

M
R

v1

v2

mv1 = Mv2
By energy conservation

Exercise-III Level-I
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mgR = 
2
1

mv1
2 – 

2
1

Mv2
2

mgR = 
2
1

mv1 + 
2
1

 M
2

1

M
mv










v = 
M
m

1

gR2



8. Given : Trolley + child = 200 kg ;
mass of child = 20 kg
u = 36 km/hr
Let the new velocity of trolley = V
New velocity of boy = (V + 10) m/s
By momentum conservation

200 × 36 × 
3600
1000

= 20 (v + 10) + (200 – 20)v
2000 = 20v + 200 + 200v – 20v

v = 
200

1800
 = 9 m/s

Time taken = boyofspeedlativeRe
TrolleyofLength

= 
10
10

 = 1 sec.

Required distance = 9 m

9. A B
Km 2m

(a) By momentum conservation
mv = 2mv'

v' = 
v
2

 
 
 

By energy conservation

2
1

kx0
2 = 

2
1

mv2 + 
2
1

2m 
2

2
v








 + 

2
1

k 
4
x2

0

kx0
2 = mv2 +

2mv
2

 + 
4

kx2
0

v = 
m2

kx2
0

(b) Work done = K

W.D. = 
2
1

m 










m2
kx2

0
 – 0

= 
4

kx2
0

10. (i) By graph

F

100N

0 0.2 0.4 t

Area = P

= 
2
1

 × 0.2 × 100 + 
2
1

 × 0.2 × 100

= 20 Ns.
(ii) Favg. t = P

Favg t = 20

Favg = 
4

200
 = 50 N

11. 0.125

0.25

50 100(ms)
t

P(N-s)

12. FTh = Vr dt
dm

[ m = Ax 
dt
dm

 = Av]

= Av2

= 1000 × 300 × 10–6 × (25)2

= 187.5 N

Pressure = 
Area
Force

 = 23)10(300

5.187


= 625 kPa

13. 60°

v

u
180°

v

–u


|P| = m uvvm 22 

14.
Proton

Electron

Anti-Neutrino
(a) By momentum conservation
mpvp = meve + mAvA
mPvP = P1 + P2

vp = 1 2

P

P P
m


 = 
28 27

27

1.4 10 65 10
1.67 10

 



  


= 12.3 m/s

(b) 
2 2
1 2

P

P P

m


 = 9.4 m/s

15. Speed at time of collision

v = gh2  = 80
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(a) So I = P = mv – m(–v)
= 2mv

= 4 5  m/s

(b) I = Aavg t = 4 5

Favg = 
002.0

54
 = 2000 5 N

16.

T
u

T

m2

m1 u

(0.7 – 0.25)m = 0.45 m
So speed of A after height = 0.45 m
Let then,
v2 = 02 + 2g (0.45)

v = 9  = 3m/sec

Now, tension will give impulsive force and both
block move with same velocity.
So I = m1 (–u) – m1 (–v) .... (1)

I = m2u .... (2)
from (1) and (2)
m2u = –m1u + m1v

u = 
21

1

mm
vm

  = 
32
32




 = 
5
6

and I = m2u = 3 × 
5
6

 = 3.6

17. (a) A B2
m

u

mu = 2mv'

v' = 
2
u

I = P
I = mu/2

(b) mu cos  = 2mv'

v' = 
2

cosu 
60°

 2

 B
(c) mu cos  = 2mv'







2

u

v' = u 
4
3

cos  = 
2
3

18. t = 0
P

2m

m

5u

t = T
v'

2m
u

m 5u = 2mv' – mu
v' = 3u

W.D. = 
2
1

mu2 + 
2
1

.2m (3u)2 – 
2
1

m(5u)2

= –3mu2

19. This is a case of purely inelastic collision for
x-direction.
pi = pf
mv = (m + Ax)

v = Axm
mv


20. e = 
v12
0v



v = 6 m/sec.
v

12

21. m2v2 + m3v3 = (m2 + m3)v'
1 – 4 = 3v'
v' = –1 m/s

K = 
2
1

 × 1 × 12 + 
2
1

 × 2 × 22 – 
2
1

 × 3

×12

K = 3

1m / s

A
2kg

 1m / s

B C

3kg




PA  = (2×–1/5)– (2×1) = 12/5Ns
2×1 + 3×–1 = 5V1  V1 = –1/5 m/s

22. m1 m2

u u = 0
 m1 m2

v

Pi = Pf
Given m1u = (m1 + m2)v ....(i)
K.Ef = 2/3K.Ei

2
1

(m1 + m2)v =
2
3

×
2
1

m1u
2 ....(ii)

Solving 
2

1

m
m

 = 
1
2
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23. (a) Total distance

   = 
g

102

 + 
g
10e 22

 + 
g
10e 24

+.....

= 
g

102

{1 + e2 + e4 + ......}

= 5 




















4
1

1

1
 = 

40
3

m

(b) Time elapsed = g
u2

 + g
)eu(2
 + 

2
1

× 
g

)ue(2 2

= 
10

102 
 + 

10
52 

 + 
2
1

 × 2 × 
10

10
4
1







 

= 
4

13
 = 3.25 s

24. By energy conservation

2m

3m
v1

2/v

2/v

2
1

 · 3mv1
2 = (3m)g

v1 = 2g
In horizontal direction, momentum conserved.

2m
2

v
 = 3mv1

v1 = 
3
2

v..... (2)

From (1) & (2)

g2  = 
3
2

v

v = g9  = 3 g

(b) By energy conservation

2
1

· 3mv1
2 = 

2
1

· 3mv2
2 + 3mg [1 – cos 60°]

v1
2 = v2

2 + g

9
2

 × 9g = v2
2 + g

v2
2 = g  v2 = g

45°

2m


m

60° 60°
v2

v1

25.

10 m/s

10g2 
after impact

2

1
10g2 

10

e = 
2

1

(a) Before first collision

ux = 10 m/s uy = gh2

v = 2
y

2
x uu   =  22 210)10(   = 310

(b) tan  = 
x

y

u

u
 = 

10
210

 = tan–1 )2(
(c) After striking

Vx = ux ; vy = euy

tan  = 
x

y

v

v
 = 

x

y

u

eu
 = 

2

1
 × 

10
210

 = 45°

(d) R' = g

)ev(u2 yx
 = 

10

210
2

1
102 

R' = 20 m

26. I sin  = 2mv2

I = 
sin

mv0
90–

I sin 

I

v  cos 0 

v0

v  sin 0 

  
I

  

v cos 1 

v0

v sin 1 

Now, v1 sin  = v0 cos 
v1 = v0 cot 

e = 
1 2

0

v cos v sin
v sin
  



e = 
2

0

0

v sin [cot 1 /2]
v sin

  


= 
2

cot2 2 
 = 

4
3

vpw = vp – vw

vpw = v0 cot  ĵ  - 
2
v0

î

Let particle hit after length  and time t on
wedge, then
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tan  = 
x
y

....... (i)



x

y

–y = v0 cot  t – 
2
1

gt2 .....(2)

and x = 
2
v0 . t .....(3)

on solving –2 = 
5

t5cot10 

t = 3 sec.

27. (a) v = gh2  = 5.1102 

v = 30

v1 = 1 1 2 2 2 2 1

1 2

m u m u m e(u u )
m m

  


= 
 

42

30
4
3

4302





v1 = –
6
30

 = –
30
36

v1 =  –
12
g

(b) v2 = 
21

2112211

mm
)uu(emumum




= 
 

6

30
4
3

2302 

= 
6
30

 






 
2
3

2  = 
12
307

Smax = 
a2

u2

a = 
2

x

m
F

 = 5

= 
521212

3049



 = 

48
49

28. (a) mv0 = 2mv'

  v = 
3
v0   g5

(b) mv0 = 3mv'

v' = 
3
v0

For complete motion

0v
3

  gR5

or v0 = v3 gR5

29. Fthrust = vrel dt
dm

 = u

At time t
fr = [(M0 – t)g + FThrust sin ]

(M  – t)0 

FThrust



So Fthrust cos  – fr = (M0 – t)a
t

00

µ cos sin

(M t)

     
   – µg = 

v

0

dv

v = u[cos  – µ sin ]ln 







 tM

M0
 – µgt
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1. here 5/dsin 

5
d5cos

22 


d

5m v2

v1

m1



m  = 2m2 1

After collision

Momentum conservation in line of impact

21111 v)m2(vmcosum 

21 v2vcosu  ...(1)
again given

21
21 vvcosu

3
2

cosu
vv

3
2e 




 ...(2)

eq. (1) + 2 × (2)

1v3cosu12
3
2







 

or  cosu
9
7v1 ...(3)

v2

v1



BA

L/2
x

t2

t1

v1



(t )1

sinv1

cosv1

ABsidewith

Collide 

e
v2

(t )2

sinv1

cosv1

Now )tt(sinv
2
L

211  ...(4)

(in x-direction)

in y direction  11 tcosv
2
L

 ...(5)

and 21 tcosv
3
2L  ....(6)

from (5) and (6) in (4)  value of t 1 & t2
















2
1

2
1

1
d25

5
v2
L3

d–25

5
v2
L

5
dv

2
L

2d25

d41


 22 d16d–25 

17
25d2 

17
5d  Ans.

2. x



At time t1x length dropped and next dt time
dx part dropped, then force on table

fT = [due to weight of the chain + dt
dp

]

dt
dpgxfT  ,

here  x = vt , dt
dpgtvfT  ...(1)

)v(dx0)p( 2c  ,  dtV0)p( 2
c 

2c v
t
)p(





on  chain

so on table = 
2c v

dt
)dp(

 ...(2)

so form eq. (1) and (2)

2
T vgtVf  ,


m



)vgt(vmfT 


3.   R/2

v=0m

m m x

y

2m

R

R'

C.M.

 Explosion is an internal process so it will not
effect the position of C.M. and because no
force in horizontal direction so

Exercise-III Level - II
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    losionexpwithoutM.ClosionexpM.C xx 

  R
m2

)RR(2/Rm




2
R3RR 

so striking point for second particle










 


g
2sinU

2
3

2
R3RR

2

 = 368

4.

Collide

45º

U=30m/s

O

e

50m
x

t1

t2

cosU

coseu

y component of velocity does not change
y direction total time if t

t = t1 + t2 ...(1)

then 2gt2/1tsinU0 
at the time of collision if ball have y component
of velocity vy then

11y tgvv  (here t1 = time for collide)

1y t10º37sin10v  ...(2)

for time 
directionxin

1 ]velocityrelative[
cetandisrelativet




2vU
10




8U
10t1 

 ...(3)

from (2) and (3)

8U
1010º37sin10v y 


 ...(4)

  Ball again come into his hands so total
time t then

2gt2/1tº37sin100  in y-direction

sec2.1
g

)º37sin10(2t 

here ttt 21  ...(6)
If returning time is t2 then

t1

t2

u






2

1
2 v

ut10t

u2v
tu10

2

1




 from eq. (1)

so u28
tu10t 1

2 


 ...(7)

so from eq (3), (5), (6) and (7)
putting values of t1, t2 and t

10
12

u28
8v

10U10

8U
10




















0104114u3 2 

so
32

)104()3(4)11(11
u

2






6
26u    (from + sign)   sec/m

3
13u 

or sec
8.9

2/1302
g
sinu2t 






t = 4.33 sec ...(2)
again for time t1

sec
2/130

50
cosu
50t1







sec36.2t1  ...(3)
so from eq. (1), (2) and (3)

36.233.4ttt 12 

sec97.1t2 

so 2t)coseu(50x 

)8.41(e50x 
(a) e = 0 then x = 50 m
(b) e = 1 then x = 8.2 m
(c) e = 1/2 then x = 2.91 m

5.

u
vy

v2

10m/s

37º

      

vy

2vs/m8º37cos10 
 Collide  

vy


2v

then  u2vv
uv
uv1e 22

2

2 



 


 ...(1)

6.  (a) Given mmmm 321 
when m1 and m2 stickes then
Momentum Conservation
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 v)mm(vm 211 ...(A)












21

1

mm
vmv velocity after collision of (m1 +

m2)

2
vv  ...(B)

and velocity of m3 = 0 just after impact.
(b) Now just after impact the total energy

22
21 mv

4
1)v()mm(

2
1E  ...(1)

The K.E. of m3 will max. (K.E. of m2 will
minimum) when spring is in normal position
and after some time of impact at this time if
velocity are v2 and v3  then momentum
conservation

m1 m2 m3

v2 v3

3322121 vmv)mm(v)mm( 

or 33211 vm2)mm(vm 

from (A) 32 vv2v  ...(2)

 Total energy after impact remain same for
all time so

if EE 

222
3

2
2 mv

4
1)o(k

2
1vm

2
1vm2

2
1



2
3

2
2

2 v2v4v  ...(3)

from (2) and (3) element v2

2
3

2
32 v2

2
vv4v 







 


2
33

2
3

22 v2vv2vvv 

3
v2v3  ...(4)

22
3max mv

9
2mv

2
1E.K 

(c) from (4) and (2)

3
v2v2v 2   6

vv2 

so 2
2

min mv
12
1

6
vm

2
1E.K 








(d) When their velocity will same from mome. con.

 v)mmm(vm 3211

3/vv 
Ene. constant so

2
m

22 )x(k
2
1)v(m3

2
1mv

4
1



2
m

2
2 )x(K2

9
mv6mv 

v.
k6

mxcm  Ans.

7.

m

2m v

y

yx



3
2

)mm2(
)o(m)(m2ycm







 ...(1)

3
v2

mm2
)o(mmv2vcm 




 ...(2)

the velocity of 2m w.r.t. C.M.
3/vvv cm 

Then
3/

)3/v(m2T
2




T

cm

2m v – v = v/3cm 

3/

3/
)3/v(m2 2





2vm
3
2T 

8.

v2

v1



2B1Axcm vmvm0)v( 

2
A

B
1 v

m
mv  ...(1)

E. conservation

2
2B

2
1AA vm

2
1vm

2
1gm  ...(2)

(1) and (2)

2
2B

2

2
A

B
AA )v(m

2
1v

m
mm

2
1gm 










2
2B

A

2
B

A vm
m
mgn2 











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



















B

A

2

B

A2
2

m
m1

g
m
m2v 

...(3)



2
AvmT    

2
21

A
vvmT 







 




)mm(
m
mg2T BA

B

A 









9.

v1

v2

v3

After collision

then m.c.

m10 = mv2 + 2mv1 2
3

10 = v2 + 1v3 ...(1)

and e = 1 = 
2/310

2/3v–v 21

21 v3–v2310  ...(2)

from (1) and (2)

10 = v2 + 






 
2

v103 2

20 = 2v2 + 30 + 3v2

5v2= 10   v2 = – 2m/s

10. (a) vcm remain same

)mm(
)0(mîvmv

21

200
cm 


   î

3
vv 0

cm 

(b) In x direction
m1v0 = m1(0) + m2(v2 cos )
v0 = 2v2 cos  ...(1)

In y direction 0 = m1v0/2 – m2 (v2 sin )
v0 = 4v2 sin  ....(2)

(c) eq. (2)  1

= tan
v2
v4

2

2
 

2
1tan 

so sin  = 5
1

, so from (2) v2 =

4
5

v0

(d) k = kf – ki

k = 
2
01

2
22

2
0

1 vm
2
1–vm

2
1

2
vm

2
1










  = 










 
 2

0

2
0

2
0

1 v–
16

v52
4
v

m
2
1

k = 







8
3vm

2
1– 2

01  =  2
01vm

16
1–

So no elastic

11.

y

x

z

    

30°

v=6m/s
y

60°

vcos60°

z
The ball will have velocity at heighest point

)k̂(60cosvî4  ,  )k̂(2/6î4 
when they col l ide then momentum

conservation )k̂3î4(m    = 1vm2


k̂
2
3î2v1 


,

so 
4
92|v| 2

1 


=
2
25

 = 2.5 m/sec

v2

T = 0

v1

T = 0 when v2 = 0   T = 


2
2mv

mg2v)m2(
2
1 2

1     g2v2
1 

g2
v2

1    m
108
)5.2( 2




 = 0.3125 m

12. v2 v2R


cosv1

cosv2

v1


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I

RIcos30°

I

Icos30°

Icos60°

sin = 
2
1

  = 30°

cos = 
2
1

  = 60°

2/3v
2/v2/3v

2/3v
cosvcosve 2121 






e = 1   3u = 3v1  + v2 ...(1)

2I cos 30° = mv1 + mu ...(2)
I cos 60° = mv2 ...(3)

2

1

v
uv32 

 ...(5)

v1 + u = ]3v–3u[32 1

7v1 = 5u  v1 = 
7
u5



22

www.aviral.ac.in www.aviral.co.in www.aviralstore.com

PHYSICS - Centre of Mass

5. (C)
To keep the CM at the same position, veloc-
ity of CM is zero, so

0
mm

vmvm

21

2211 





where 1v


 and 2v


 are velocities of particles 1
and 2 respectively.

0
dt
rd

m
dt
rd

m 2
1

1
1 













dt
rd

v&
dt
rd

v 2
2

1
1



0rdmrdm 2211 


d 1r


 and d 2r


 represent the change in
displacement of particles.
Let 2nd particle has been displaced by distance
x.

0)x(m)d(m 21 

or
2

1

m
dm

x 

6. (B)
Here momentum of the system is remaining
conserved as no external force is acting on
the bomb(system).

16 kg 

4 kg 12 kg 

v 4 ms-1

Initial momentum (before explosion) = Final
momentum (after explosion)
Let velocity of 4 kg mass is v ms-1. From
momentum conservation we can say that its
direction is opposite to velocity of 12 kg mass.

From  fi PP


 v44120 
or   v = 12 m/s

KE of 4 kg mass J288
2

)12(4 2






7. (C)
This is the question based on impulse
momentum theorem.

momentuminchanget.F 

if PP1.0F 
As the ball will stop after catching ;
Pi = mvi = 0.15 × 20 = 3, Pf=0
     F × 0.1 = 3
     F = 30N

1. (C)
Let mass of each body is m. Their motion is
represented as shown in figure.

1 2

m m
v2v

From 
21

2211
CM mm

vmvm
v







2
v

mm
mvv2m

vCM 





[The direction of motion of first particle is
taken as positive]
So, velocity of centre of mass of the system

is 
2
v

 in the direction of motion of particle

having larger speed.

2. (C)
Here B is implying A but A is not implying B,
as kinetic energy of a system of particles is
zero means speed of each and every Particle
is zero. which says that momentum of every
particle is zero.
But statement A means linear momentum of
a system of particles is zero, which may be
true even if particles have equal and oppo-
site momentums and hence, having non-zero
kinetic energy.

3. (B)
Since, the acceleration of centre of mass in
both the cases is same equal to g, so the
centre of mass of the bodies B and C taken
together does not shift compared to that of
body A.

4. (C)
In x - direction
mu1 + 0 = mvx

  mv = mvx

   vx = v

1

1

2

2

before collision

after collision
vx

vy

3/v

In y - direction

ymv
3

v
m00 










3

v
vy 

Velocity of second mass after collision

22

2

v
3
4

v
3

v
'v 










or v
3

2
'v 

Exercise-IV Level - I
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8. (A)
In this question distance of centre of mass
of new disc from the centre of mass of re-
maining disc is R.
Mass of remaining disc

4
M3

4
M

M 

0R
4
M

R
4
M3



3
1



O
O2

O1

R

Note : In this question the given distance
must be R for real opproach to the solution.

9. (A)

CM

xdm
X

dm
 


x=0 x=L

dx
If n = 0,

then
2
L

XCM 

As n increases, the centre of mass shift away

from 
2
L

x   which only option (a) is satisfy-

ing. Alternately, you can use basic concept.
nL

0

CM nL

0

x
k xdx

L
X

x
k dx

L

   
 
 
 
 














2n
1n

L

10. (C)
0.5×2+1×0 = 1.5 × v
[ assumed that  2nd body is at rest]

3
2

v   if KKK 

J
3
2

2
2

)5.0(
2

3
2

5.1 2

2










  = -0.67 J

So, energy lost is 0.67 J.

11. (A)
If it is a completely inelastic collision then
m1v1 + m2v2 =m1v + m2v

m1 m2

v1 v2

21

2211

mm
vmvm

v



 
2

2
2

1

2
1

m2
p

m2
p

KE 

As 1P


 and 2P


 both simultaneously cannot be
zero therefore total KE cannot be lost.

12. (B)
Statement–I  (False)

For max energy loss, e = 0

V = 
mv

m M

loss = 
1
2

mv2 – 
1
2

 (m + M)
2

mv
m M

 
  

= 
1
2

 mv2 – 
1
2

2 2m v
m M

= 
 
 

2 2 2mv m M m v1
2 m M

 

  = 
21 mMv

2 m M
Statement–II  (True)
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Exercise-IV Level - II

1. Vcom = 
1 1 2 2

1 2

M V M V
M M


  = 

10 14 4 0
10 4
  

 =10 m/s

2. In case of elastic collision, cofficient of
restitution e = 1

Magnitude of relative velocity of
approach

= Mag of rel velocity of seperation
But Relative speed of approach
  Relative speed of seperation

3. Initial Momentum of the system

1 2P P 0 
 

Final momentum 
1 2P ' P '

 
 shovia also be

zero

Option A : 
1 2P ' P ' 0 

 

C1 component of K̂  will not be Zero

Option (B)

1 2P' P' 0 
 

 If C1 = –C2   0

Option (C)

1 2P' P '
 

 = 0

If a1 = –a2  0
b1 = –b2  0
Option D

' '
1 2P P 0 
 

 b1 ĵ  will not be zero

4. Between A and B

h1 = tan 60° × 3

= 3 3  = 3m

Speed of block just
 before slriking the
second collision

 

M
v

60° B

A

30° C

m3 m33

V1 = 12gh 60 m/s

Inelastic collision

30º

v1

30º
30º
30ºB

C
Comp. of V1  BC is Zero
Comp of V1 II BC is remain chnchaged
v2 = component of v1 along BC ....

 V2 = cos 30° = 45  m/s

5. Height faller by the block from B to C

h2 = 3 3 tan 30° = 3m
let the required speed V3

 V3 = 2
2 2V 2gh

= 45 2 10 3  

= 105 m/s

6. 60º
30º

30º30º

v2

B

Just after

C

Just Before

B

v1

Elastic collision

V11 = v1 cos 30° = 
3

60 45
2

  m/s

v1 = v1 sin 30° = 
1

60 15
2

   m/s

Now, vertical component
V = V1 cos 30° – V11 cos 60°

7.

a

–a

6m
m

m

2m

(0,0)

m

(a,a)
m

m

7m

(0,–a)

(–a,a)

Ycom = 
mmm6m2

)a(m)0(m)0(m6)a(m2




= 
10
a

m10
ma 

8. Collision is elastic and mass is same
So ofter collision, velocity of particles will

change

 e = 
21

12

uu
vv




At time t, Particles collide
 = vt             ....(1)
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11. Applying momentum conservation

0.01×v+0.2×0 = Ballf v2.0V01.0
Bullet



...(1)
for

g
H2

vX BB 

    

20 m

Ball

20 = vB × 1

sec/m20v
BallB   ...(2)

for Bullet

XBullet = VBullet  × g
H2

  

100 m

Bullet

 100 = vBall  × 1
vBall = 100 m/s ...(3)
from (1) (2) & (3)
we get
v = 500 m/s

2 –  = 2vt             .....(2)
Now equaltion (1) and (2)

vt2
vt

2



  2 = 2 –    = º120

3
2 

After two collision they will reach at point A.

9. Collision between A & B

2mm m
A B C

m × 9 + 2 m × 0 = mVA + 2mVB
vA + 2vB = 9 .....(1)

e = 
BA

AB

uu
VV




  e = 1
uA = 9 uB = 0
vB – vA = 9 ....(2)
Now, equation (1) & (2)
 vB = 6 m/s
Collision between B & C
2m × 6 + m × 0 = (2m + m) vC

vC = 
m3
m12  = 4 m/s

10.

1kg 5kg
u

1kg 5kg

2 m/s v1

Before collision

After collision

Now form  e  = 
u

2v2 
 = 1

u = v2 + 2 .......(1)
from M.C. u(1) = –2 (1) + 5 v2    ......(2)
After solu equa (1) & (2)
v2 = 1 m/s  &  u = 5 m/s


