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Three identical spheres, each of mass 1 kg are placed touching each other with their centres on a straight line.
Their centre are marked P, Q and R respectively. The distance of centre of mass of the system from P is:

(a) 3
PQ PR QR

(b) 3
PQ PR

(c) 3
PQ QR

(d) none of these

The center of mass of a system of particles is so defined that
(a) it is always at rest
(b) it is always at rest or moving with constant velocity
(c) it always moves in a straight line even if the particles are rotating about it
(d) the kinetic energy of the system is a maximum about any axis through the centre of mass
(e) its location depends only on the masses of the particles and their locations.

A woman on a spaceship traveling at a velocity 0v  in free space runs forward and then suddenly stops. when
she stops, the center of mass of the system (that is, the ship and the woman)
(a) moves in the same direction as 0v  with a slight increase in speed
(b) moves in the same direction as 0v  with a slight decrease in speed
(c) comes to rest if the woman can run fast enough
(d) continues unchanged at a velocity 0v
(e) moves in the direction that the woman runs until she stops.

A body A of mass M while falling vertically downwards under gravity breaks into two parts, a body B of
mass M/3 and body C of mass 2/3 M. The centre of mass of bodies B and C taken together shifts compared
to that of body  A towards:
(a) Body C (b) body B
(c) Depends on height of breaking (d) Does not shift.

A boy is standing at the stern (back) of a boat that is 8.0 m long. There is no friction between the boat and the
water. The boy has a mass of 63 kg and the boat has a mass of 780 kg. The bow (front) of the boat is
touching a dock and the force-and-aft axis of the boat is perpendicular to the dock. The boy walks from the
stern of the boat to the bow. When he reaches the bow, his distance from the dock is
(a) 7.6 m (b) 0.65 m
(c) 0.51 m (d) 0.56 m
(e) 1.3 m.

If a body moves in such a way that its linear momentum is constant, then
(a) its kinetic energy is zero
(b) the sum of all the forces acting on it must be zero
(c) its acceleration is greater than zero and is constant
(d) its center of mass remains at rest
(e) the sum of all the forces acting on the body is constant and non zero.

In a centre of mass reference frame,
(a) the system’s kinetic energy is zero (b) momentum is not conserved
(c) the total momentum is zero (d) all collisions are elastic
(e) non of these is correct.



PHYSICS 118LOCUS

An object of mass 1M  is moving with a speed v on a straight, level, frictionless track when it collides with
another mass 2M  that is at rest on the track. After the collision, 1M  and 2M  stick together and move with a
speed of
(a) v (b) 1M v
(c) 1 2 1( ) /M M v M (d) 1 1 2/( )M v M M
(e) 1 2/M v M .

A projectile with a mass 6M is fired at a speed of 400 m/s at an angle of 60° above the horizontal. At the
highest point of its trajectory, the projectile is broken into two equal pieces by an internal explosion. Just after
the explosion, one of the two pieces is known to be traveling vertically downward at a speed of 300 m/s. the
magnitude of the velocity of the other half of the projectile is
(a) 500 m/ (b) 1.50 m/s
(c) 400  m/s (d) 710 m/s
(e) 123 m/s

A particle of mass 2m is moving to the right in projectile motion. At the top of its trajectory, an explosion
breaks the particle into two equal parts. After the explosion, one part falls straight down with no horizontal
motion. What is the direction of the motion of the other part just after the explosion?
(a) up and to the left (b) stops moving
(c) up and to the right (d) straight up
(e) down and to the right.

Two blocks A and B each of mass m are connected by massless spring of natural length L and spring constant
k. The blocks are initially resting on a smooth horizontal floor with the spring at its natural length as shown in
Fig. A third identical block C also of mass m moves on the floor with  speed v along the line joining A and B,
and collides with A then:

v AC B

(a) The KE of the AB system at maximum compression of the spring is zero
(b) The KE of he AB system at maximum compression is (1/4) mv².

(c) The maximum compression of spring is /v m k

(d) The maximum compression of spring is /2v m k .

A hemisphere of mass 4m is free to slide with its base on a smooth horizontal table. A particle of mass m is
placed on the top of the hemisphere. The hemisphere has now acquired a velocity v. Then the angular velocity
of the particle relative to the hemisphere at an angular distance   is:

(a)
3
cos

v
a (b)

4
cos

v
a

(c)
5
cos

v
a (d)

2
cos

v
a .

A bomb of mass 16 kg at rest explodes into two pieces of masses 4 kg and 12 kg. The velocity of the 12 kg
mass is 4 1.ms  The kinetic energy of the other mass is :
(a) 192 J (b) 96 J
(c) 144 J (d) 288 J.
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Two blocks A and B of mass m and 2m are connected by a massless spring of force constant k. They are
placed on a smooth horizontal plane. Spring is stretched by an amount x and then released. The relative
velocity of the blocks when the spring comes to its natural lengths is

(a)
3
2

k x
m (b)

2
3

k x
m

A B

(c)
2kx
m (d)

3
2
km
x

Displacement of a particle of mass 2kg  moving in a straight line varies with time as 3(2 2) .s t m  Impulse
of the force acting on the particle over a time interval between 0t  and 1t s  is :
(a) 10 N s (b) 12 N s
(c) 8 N s (d) 6 N s

A block of mass M is attached with a spring of spring constant K. The whole arrangement is placed on a
vehicle as shown in the figure. If the vehicle starts moving towards right with an acceleration a (there is no
friction anywhere), then

(a) maximum elongation in the spring is 
Ma
K

(b) Maximum elongation in the spring is 
2Ma

K

M
K

a

(c) Maximum compression in the spring is  
2Ma

K
(d) Maximum compression in the spring is zero.

Two masses M and m are tied with a string and arranged as shown.
The velocity of block M when it loses the contact is

(a) 2 gh (b) ( )
m gh
m M

m

h

M(c)
2
( )

m gh
m M (d)

2
( )

M gh
m M .

A sphere A of mass 4 kg is released from rest on a smooth hemispherical shell of radius 0.2 m. The sphere A
slides down and collides elastically with another sphere B of mass 1 kg placed on the bottom of the shell. If the
sphere B has to just reach the top, the height h from where the sphere A should be released is
(a) 0.08 m
(b) 0.02 m
(c) 0.18 m

A

Bh(d) 0.10 m.

A particle of mass m moving  with a speed v collides elastically with another particle of mass 2m on a
horizontal circular tube of radius R, then select the correct alternative(s).

(a) The time after which the next collision will take place is  
2 .R

v
(b) The time after which the next collision will take

place is proportional to m.
(c) The time after which the next collision will take

m
v

m

place is inversely proportional to m.
(d) The time after which the next collision will take
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A moving particle is stopped by a single head-on collision with a second, stationary particle, if the moving
particle undergoes
(a) an elastic collision with a second particle of much smaller mass
(b) an elastic collision with a second particle of much greater mass
(c) an elastic collision with a second particle of equal mass
(d) an inelastic collision with a second particle of any mass
(e) any type of collision in which the coefficient of restitution is zero
Five billiard balls are in contact and at rest on a wire that passes through their centers. Two billiard balls are
slammed into one end of the row of five at a velocity v  If the balls are free to slide but not roll and if the
collision is elastic, which of the following is most likely to take place?
(a) One ball at each end goes off with a speed v.
(b) One ball on the side opposite the striking balls goes off with a speed of 2v.
(c) Two balls on the side opposite the striking balls go off with a speed of v.
(d) None of these will occur.
Glider A, travelling at 10 m/s on an air track, collides elastically with glider B travelling at 8.0 m/s in the same
direction. The gliders are of equal mass. The final speed of glider B is
(a) 8.4 m/s (b) 10 m/s
(c) 8.0 m/s (d) 4.0 m/s
(e) 12 m/s
Two equal masses travel in opposite directions with equal speeds. They collide in a collision that is between
elastic and inelastic. Just after the collision, their velocities are
(a) zero
(b) equal to their original velocities
(c) equal in magnitude but opposite in direction to their original velocities
(d) less in magnitude and in the same direction as their original velocities
(e) less in magnitude and opposite in direction to their original velocities.
In a real collision,
(a) kinetic energy is conserved
(b) linear momentum is conserved in the absence of external forces
(c) both momentum and kinetic energy are conserved
(d) neither momentum nor kinetic energy is conserved
In an elastic collision of two objects,
(a) momentum is not conserved
(b) momentum is conserved, and the kinetic energy after the collision is less than its value before the collision
(c) momentum is conserved, and the kinetic energy after the collision is the same as the kinetic energy before

the collision
(d) momentum is not conserved, and the kinetic energy of the system after the collision differs from the kinetic

energy of the system before the collision
(e) the kinetic energy of the system after the collision depends on the masses of the object.
Two identical cars approach an intersection. One is travelling east at 18 m/s  and the second is travelling north
at 24 m/s. They collide violently, sticking together. Immediately after the crash they are moving
(a) 30 m/s, 37° N of E (b) 30 m/s, 37° E of N
(c) 15 m/s, 37° N of E (d) 15 m/s, 37° E of N
(e) 42 m/s, 37° N of E

Two balls of equal mass are thrown against a massive wall with equal velocities. The first rebounds with a
speed equal to its striking speed, and the second sticks to the wall. The impulse that the first ball transmits to
the wall, relative to the second, is
(a) twice as great. (b) half as great
(c) the same (d) four times as great
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Which of the following potential energy curve can describe the elastic collisions of two billiards balls? Here r
is the distance between centres of balls;

(a)   

r

       (b)   

r

        (c)   

r

          (d)   

r

.

Two particles of masses m1 and m2 in projectile motion have velocities 1v and 2v 1 2( )v v   respectively at
t = 0. They collide at time t0. Their velocities become 1v  and 2v  at time 2t0 while still moving in it. The

value of 1 2 2 1 1 2 2( ) ( )m v m v m v m v  is :

(a) zero (b) 1 2 0( )m m g t

(c) 1 2 02 ( )m m g t (d) 1 2 0
1 ( )
2

m m g t

Two balls shown in figure are identical, the first moving with speed v towards right and the second staying
at rest. The wall at the extreme right is fixed and smooth. Assuming all collisions to be elastic, which of the
following statements are correct?
(a) There are only three collisions
(b) The speed of first ball is reduced to zero finally after all collisions             

v

A B
(c) Only two collisions are possible
(d) The speeds of balls remain unchanged after all collisions have taken place.

Six identical balls are lined up along a straight frictionless grove. Two similar balls moving with speed v along
the grove collide with this row on extreme left side end. Then:
(a) One ball from the right end will move on with speed 2v; all the others remain at rest
(b) Two balls from the extreme right will move on with speed v each and the remaining balls will be at rest
(c) All the balls will start moving to right with speed v/8 each
(d) All the six balls originally at rest will move on with speed v/6 each and the two incident balls will come

 to rest.

A ball of mass m moving with a velocity v  collides head on elastically with another of the same mass m but
moving with a velocity –v . After collision:
(a) The velocities are exchanged between the balls
(b) Both the balls come to rest
(c) Both of them move at right angles to original direction of motion
(d) One ball comes to rest and the other ball travels back with velocity 2v.
A neutron traveling with a velocity v and kinetic energy E collides elastically head on with the nucleus of an
atom of mass number A at rest. The fraction of total energy retained by the neutron is :

(a)
21

1
A
A                 (b)   

21
1

A
A (c)

21A
A    (d)   

21A
A .

A sphere of mass m moving with a constant velocity u hits another stationary sphere of the same mass. If e
is the coefficient of restitution, then ratio of velocities of the two spheres after collision will be:

(a)
1
1

e
e                   (b)    

1
1

e
e (c)

1
1

e
e     (d)    

1
1

e
e .
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A block of wood of mass m kg is placed on a second block of identical size but of mass 2m kg, this latter
block resting on a smooth horizontal plane surface, as shown in the fig. The coefficient of static friction
between the blocks is 0.3  while  the coefficient of kinetic friction is 0.25. A particle of mass m kg with a
constant horizontal velocity u m/s hits the upper block at midpoint P on its vertical edge and instantaneously
sticks to it on impact which lasts 0.1 s. For the subsequent motion of the blocks which of the following
statements will be true? (g = 10 m/s²)

m

m

pu
•

(a) If 
3 ,
100

gu  there will be no relative motion between the blocks and the velocity of the system after

impact will be 4
u

(b) When u = 1 m/s, the upper block will move a distance of 0.2 m (assuming its length is more than this
distance) relative to the lower block before coming to rest relative to it

(c) There will be no relative motion between the blocks whatever may be the value of u, both the blocks

moving forward with velocity 4
u

(d) If u > 1 m/s, the upper block will move a certain distance relative to the lower block before coming to
relative rest, then move back over the lower block the same relative distance to return to its initial
condition.
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There are two masses 1m  and 2m  placed at a distance l apart. Let the centre of mass of this system be at a
point named C. If 1m  is displaced by 1l  towards C and 2m  is displaced by 2l  away from C, find the distance,
from C where the new centre of mass will be located.

At one instant, the centre of mass of a system of two particles is located on the x-axis at 3.0x m  and has a
velocity of ˆ(6.0 / ) .m s j  One of the particles is at the origin, the other particle has a mass of 0.10kg   and is at
rest on the x-axis at 12.0 .x m
(a) What is the mass of the particle at the origin ?
(b) Calculate the total momentum of this system.
(c) What is the velocity of the particle at the origin?

A system consists of two particles. At 0,t  one particle is at the origin; the other, which has a mass of
0.60 ,kg  is on the y-axis at 80 .y m  At 0t  the centre of mass of the system is on the y-axis at 24y m
and has a velocity given by 3 2 ˆ(6.0 / ) .m s t j
(a) Find the total mass of the system
(b) Find the acceleration of the centre of mass at any time t.
(c) Find the net external force acting on the system at 3.0 .t s

Two identical buggies move one after the other due to inertia (without friction) with the same velocity v0. A
man of mass m rides the rear buggy. At a certain moment the man jumps into the front. Mass of each buggy is
equal to M, find the velocities with which the buggies will move after that.

A stationary pulley carries a rope whose one end supports a ladder with a man and the other end the
counterweight of mass M. The man of mass m climbs up a distance ‘l’ with respect to the ladder and then
stops. Neglecting the mass of the rope and the friction in the pulley axle, find the displacement l of the centre
of inertia of this system.

A particle of mass 1.0 g moving with velocity 1
ˆ ˆ3.0 2.0v i j  experiences a perfectly inelastic collision with

another particle of mass 2.0 g and velocity 2
ˆˆ4.0 6.0 .v j k  Find the velocity of the formed particle (both

the vector v and its modulus), if the components of the vectors v1 and v2 are given in the SI units.

An open-topped freight car of mass 20 kg is rolling along a track at 5 m/s. Rain is falling vertically downward
into the car. After the car has collected 2 kg of water, what is its speed?

Two masses are held at rest initially on a horizontal frictionless surface. They are pushed together, compressing
a small spring between them which is not attached to either mass. When the masses are released, the spring
accelerates both, giving mass 1m  a velocity 5 m/s to the left and 2m  velocity 15 m/s to the right. (a) What
is the total momentum of the system before the masses are released? After they are released? (b) What is
the ratio 1 2/ ?m m

A bullet of mass 1m  is fired with speed v into the bob of a ballistic pendulum, which has mass 2.m  The bob
is attached to a very light rod of length  L, which is pivoted at the other end. The bullet is stopped in the bob.
Find v such that the bob will swing through a complete circle.

A projectile is launched at 20 m/s at an angle of 30° with the horizontal. In the course of its flight it explodes,
breaking into two parts, one of which has twice the mass of the other. The two fragments land simultaneously.
The lighter fragment lands 20 m from the launch point in the direction the projectile was fired. Where does
the other fragment land?

A particle of mass 2m is projected at an angle of 45° with horizontal with a velocity of 20 2 / .m s  After 1
s explosion takes place and the particle is broken into two equal pieces. As a result of explosion one part
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A gun fires a bullet. The barrel of the gun is inclined at an angle of 45° with horizontal. When the bullet leaves
the barrel it will be travelling at an angle greater than 45° with the horizontal. Is this statement true or false ?

A small sphere of mass 10 g is attached to a point of a smooth vertical wall by a light string of length 1 m. The
sphere is pulled out in a vertical plane perpendicular to the wall so that the string makes an angle of 60° with
the wall and is then released. It is found that after the first rebound the string makes a maximum angle of 30°
with the wall. Calculate the coefficient of restitution and the loss of K.E. due to impact. If all the energy is
converted into heat, find the heat produced by the impact.

The 1 kg sphere shown is figure is released from rest when   = 90°. The coefficient of restitution between the
sphere and the block is 0.70. If the coefficient of friction between the block and the horizontal surface is 0.3,
determine how far the block will move after the impact.

Find the increment of the kinetic energy of the closed system comprising two spheres of masses m1 and m2
due to their perfectly inelastic collision, if the initial velocities of the spheres were equal to v1 and v2.

A particle of mass m1 experienced a perfectly elastic collision with a stationary particle of mass m2. What
fraction of the kinetic energy does the striking particle lose, if
(a) it recoils at right angles to its original motion direction.
(b) the collision is a head-on one?

A particle of mass m1 collides elastically with a stationary particle of mass m2(m1 > m2). Find the maximum
angle through which the striking particle may deviate as a result of the collision.

A spaceship of mass m0 moves in the absence of external forces with a constant velocity v0. To change the
motion direction, a jet engine is switched on. It starts injecting a gas jet with velocity u which is constant
relative to the spaceship and directed at right angles to the spaceship motion. The engine is shut down when
the mass of the spaceship decreases to m. Through what angle  did the motion direction of the spaceship
deviate due to the jet engine operation?

Two equal spheres A, B are in a smooth horizontal groove at opposite ends of a diameter. ‘A’ is projected
along the groove and at the end of time ‘T’ impinges on ‘B’. Show that the second impact will occur after a
further time 2T/e, where e = coefficient of restitution.

A disc of mass 0.1 kg is kept floating horizontally in mid air by firing bullets of mass 0.05 kg each vertically at
it, at the rate of 10 per sec. If the bullets rebound with the same speed, what is the speed of the bullets with
which these are fired?

If a body falls normally on a surface from height h, what will be the height regained after collision if coefficient
of restitution is e?

A simple pendulum is suspended from a peg on a vertical wall. The pendulum is pulled away from the wall,
coefficient of restitution being (2 / 5).  What is the minimum number of collisions after which the amplitude of
oscillation becomes less than 60°?
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A ball of mass 50g is dropped from a height h = 10 m. It rebounds losing 75 per cent of its total mechanical
energy. If it remains in contact with the ground for t = 0.01 sec., find the impulse of the impact force.

A ball falls vertically for 2s and hits a plane inclined at 30° to the horizontal. If the coefficient of restitution be
5/8, prove that the time that elapses before it again hits the plane is 2.5 sec. Find also the distance along the
plane between the first and second impact. (g = 10 m/s²)

A particle of mass m and velocity v  collides elastically with a stationary particle of mass m. Calculate the
angle between the velocity vectors of the two particles after the collision.

Consider a mass moving along x-axis with a certain velocity, hits mass m2 and sticks to it. Masses m2 and
m3 are connected through a massless rigid rod. All the three particles have same mass. Find the motion of
particles after impact. All particles can move without friction on the horizontal x-y plane.

A cart of mass 10 kg is rolling along a level floor at a speed of 5 m/s. A 4 kg mass dropped from rest lands
in the cart.
(a) What is the velocity of the 2 kg piece after the explosion?
(b) What is the velocity of the center of mass after the explosion?

A sphere of radius 1r  moving parallel to the x axis collides with a stationary sphere of radius 2r . Show that
when the spheres are in contact, the angle made by the line of centers of the spheres with the x axis is given
by 1 2sin /( ),b r r  where b is the impact parameter.

A cannon of mass M rests on wheels on a hard horizontal surface. Its barrel makes an angle 0  with the
horizontal. It fires a cannonball of mass m and recoils freely. Show that the initial angle made by the velocity
of the ball with the horizontal is related to 0  by 0tan (1 / ) tan .m M

. Show that in a one-dimensional collision between two particles the fractional relative energy  loss is related
to the coefficient of restitution by

, 2

,
1k rel

k rel

E
e

E

A particle has speed 0v  originally. It collides with a second particle at rest and is deflected through angle .
 Its speed after the collision is v. The second particle recoils, its velocity making an angle   with the initial
direction of the first particle. Show that

0

sintan
cos

v
v v

Do you have to assume that this collision was elastic or inelastic to get this result?

In the figure shown the hollow tube of mass ‘M’ is free to move without friction in the horizontal direction
supported by two fixed vertical lugs attached to the roof. The system is released from rest. Find the velocity
of the tube, when the block B has fallen, through a height ‘h’. Neglect any friction and mass of the string.

m
A M B

m
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Two blocks A and B of masses m and 2m respectively are placed on a smooth floor. They are connected by
a spring. A third block C of mass m moves with a velocity 0v  along the line joining A and B and collides
elastically with A, as shown in figure. At a certain instant of time 0t  after collision, it is found that the instantaneous
velocities of A and B are the same. Further, at this instant the compression of the spring is found to be 0.x
Determine (i) the common velocity of A and B at time 0 ,t  and (ii) the spring constant.

m m
v m

C A
B

Two parallel vertical walls of height ‘h’ stand on a horizontal plane. A ball is projected from one foot of one
wall towards the other and after impact it just clears the top of the first wall. Prove that the point of impact with
the second wall is at a depth 2(1 )h e  below its top, where e = coefficient of restitution.

In the figure shown a plank of mass ‘M’ is placed on a smooth horizontal surface. Two light identical springs
having stiffness ‘k’ are rigidly connected to struts at the end of the plank as shown in the figure. When the
springs are in their unextended positions the distance between their free ends is 3l. A block of mass ‘m’ is
placed on the plank and pressed against one of the springs so that it is compressed by a length ‘l’. To keep the
block at rest it is connected to the strut by means of a light string as shown in the figure. Initially, the system  is
at rest and string is burnt through. Find:

M

a

m

l lK

(a) the maximum displacement of the plank.
(b) maximum velocity of the plank.
(c) the period of oscillation of the plank.(ignore any friction)

Two masses m1 and m2 are connected by a spring of force constant k and are placed on a frictionless
horizontal surface. Initially the spring is stretched through a distance x0, when the system is released from rest.
Find the distance moved by two masses before they again come to rest.

A thin disc A with a mass of 5 kg translates along a
frictionless surface (see figure) at a speed of 10 m/s. It strikes
a square stationary plate B with a mass of 5 kg at the centre
of a side as indicated in the diagram. What will be the
coefficient of restitution between disc and plate so that disc
will stop after collision?

A small elastic ball is dropped from a height of 5 m onto a rigid cylindrical body (see figure) having a radius of
1.5 m. At what position on the x-axis does the ball land? y
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A small disc of mass m slides down a smooth hill of height h without initial velocity and gets onto a plank of
mass M lying on the horizontal plane at the base of the hill (Fig.). Due to friction between the disc and the
plank the disc slows down and beginning with a certain moment, moves in one piece with the plank.

m

M
h

(1) Find the total work performed by the friction forces in this process.
(2) Can it be stated that the result obtained does not depend on the choice of the reference frame?

A body of mass M (Fig.) With a small disc of mass m placed on it rests on a smooth horizontal plane. The disc
is set in motion in the horizontal direction with velocity v. To what height (relative to the initial level) will the disc
rise after breaking off the body M? The friction is assumed to  be absent.

vm
M

A cart loaded with sand moves along a horizontal plane due to a constant force F coinciding in direction with
the cart’s velocity vector. In the process, sand spills through a hole in the bottom with a constant velocity
µ km/s. Find the acceleration and the velocity of the cart at the moment t, if at the initial moment t = 0 the cart
with loaded sand had the mass m0 and its velocity was equal to zero. The friction is to be neglected.

A flat car of mass 0' 'm  starts moving to the right due to a
constant horizontal force F (figure). Sand spills on the flat
car from a stationary hopper. The velocity of loading is
constant and equal to / .kg s  Find the time dependence of
the velocity and the acceleration of the flat car in the process
of loading. The friction is negligibly small.

f

(a) A rocket set for vertical firing weighs 50 kg and contains 450 kg of fuel. It can have maximum exhaust
velocity of 2 km/s. What should be its minimum rate of fuel consumption
(i) to just lift it off the launching pad?
(ii) to give it an acceleration of 20 m/s2 ?
(b) What will be the speed of the rocket when the rate of consumption of fuel is 10 kg/s after whole of the fuel
is consumed ? (Take 29.8 / )g m s
A rocket of initial mass 0m  has a mass 0 (1 / 3)m t  at time t. The rocket is launched from rest vertically
upwards under gravity and expels burnt fuel at a speed u relative to the rocket vertically downward. Find the
speed and height above the launching pad at t = 1.

Find the mass of the rocket as a function of time, if it moves with a constant acceleration a, in absence of
external forces. The gas escapes with a constant velocity u relative to the rocket and its mass initially was 0.m
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A truck for washing down streets has a total mass of 10,000 kg when its tank is full. With the spray turned
on, 40 kg of water per second issue from the nozzle with a velocity of 20 m/s relative to the truck at the 30°
angle shown. If the truck is to accelerate at the rate of 0.6 m/s² when starting on a level road, determine the
required attractive force P between the tires and the road when

a°

(a) the spray is turned on and
(b) when the spray is turned off

A mass ‘m’ is fastened to the end of a spring which is hanging vertically and the spring is allowed to stretch
slowly. When the spring has stretched and the mass is stationary, it is noted that the spring has stretched by a
distance .x  The gravitational potential energy transferred in the mass lowering is given by .mg x  The

elastic energy transferred to the spring is given by 
1 (force extension),
2  i.e. 

1 .
2

mg x  It would seem that
energy has not been conserved. Comment and explain.

(a) In the arrangement shown below the friction coefficient between

the triangular wedge and floor is 1 .
3

 The frictional force is

sufficient to keep the system in equilibrium. Find how much the
normal reaction between the wedge and floor is displaced form
the centre of mass of wedge. All other surfaces are frictionless.
Assume masses of both the bodies same and equal to ‘m’. Radius
of sphere = R, length

of side of triangular wedge 
3 .
3

R

h R

(b) If the radius of contact between the floor and the wedge also becomes frictionless, then find the speed of
both the bodies when sphere hits the ground. Initial height of centre of mass of sphere 2R  as shown.

Two identical equilateral triangular wedges of mass M rest on a smooth horizontal surface. A smooth sphere
of mass m moving vertically down with a velocity 0v  strikes the wedges symmetrically. If the coefficient of
restitution is e find the velocities of the sphere and that of the wedges just after collision.
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Two particles of equal masses 4M are initially at rest. A particle of mass M moving at speed u collides
elastically with one of the larger balls. How many collisions occur?
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A small ball is thrown between two vertical walls such that
in the absence of the wall its range would have been 5d.
The angle of projection is a. Given that all the collisions are
perfectly elastic, find
(a) maximum height attained by the ball.
(b) Total number of collisions before the ball comes back

to the ground, and
(c) Point at which the ball falls finally. The walls are

 supposed to be very tall.
O d/

A ball is released from rest relative to the elevator at a distance 1h  above the floor. The speed of the elevator
at the time of ball release is 0.v  Determine the bounce height 2h  of the ball with respect to the elevator.
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(a) if 0v  is constant and
(b) if an upward elevator acceleration a = g/4 begins at the instant the ball is released. The coefficient of

restitution for the impact is e.

Two parallel vertical walls of height ‘h’ stand on a horizontal plane. A ball is projected from one foot of one
wall towards the other and after impact it just clears the top of the first wall. Prove that the point of impact
with the second wall is at a depth h  / (1 + e)2 below its top, where e = coefficient of restitution.

A man is riding on a flat car travelling with a constant speed 4 m/
s. He wishes to throw a ball through a stationary hoop above the
height of his hand in such a manner that the ball will move horizontally
as it passes through the hoop. He throws the ball with a speed of
4 5 m/s at an angle of 1tan 2  with respect to himself. Find
coordinates of the hoop assuming point of projection as origin
and x-axis as horizontal. The mass of the system (Flatcar + man +
ball) is 100 kg and mass of the ball is 1 kg. [Take g = 10 m/s²]
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Two men A and B each of mass m sit on two light platforms
at the ends of a light inextensible rope passing over a smooth
pulley, A being higher than B by h. A ball of mass m/10 is
placed in the hand of B. He instantly throws it to A so that
it just reaches A. Calculate

(a) the distance moved by A before he catches the ball and

m/m
B
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(b) the total distance travelled by A by the time he ceases to
ascend.

A particle of mass m with kinetic energy K collides elastically with stationary particle of mass M. After
collision both the particles diverge at an angle . Calculate the kinetic energy of the recoiled particle (M).
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A small particle of mass m moving with constant horizontal
velocity u strikes a wedge shaped block of mass M on its
inclined surface as shown in the figure. After collision particle
starts moving up the inclined plane. Calculate the velocity of
wedge immediately after collision. Also calculate the maximum
height it can ascend on the wedge.
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Two identical balls in contact on a table are in equilibrium. A third ball collides then simultaneously symmetrically
and remains at rest after impact. Calculate coefficient of restitution between the balls.


