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Question 1 (*%)

Two particles, A and B, of respective masses 2 kg and M kg are moving on a
smooth horizontal surface, in the same direction along the same straight line.

The speeds of A and B are 4 ms™ and 2 ms™', respectively.

Given that when A and B collide they coalesce into a single particle C, travelling

with speed 3.6 ms_l, determine the value of M .
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Question 2 (*%)

Two particles A and B, of mass 4 kg and 1kg respectively, are moving towards each
other along a straight line on a smooth horizontal plane. The particles collide directly
and the magnitude of impulse exerted on A by B is 6 Ns.

Before the collision, the respective speeds of A and B are 3 ms™ and 2 ms™".

Determine the speed of A and the speed of B, after the collision.
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Question 3  (*%)

A rail car A of mass 3m is moving with constant speed 4U on smooth straight
horizontal rails. It collides directly with another rail car B of mass 7m which is
moving with constant speed 6U in the opposite direction on the same rails.

The rail cars’ couples join so that immediately after the collision they move together.
The rail cars are modelled as particles.
a) Find, in terms of U , the speed of the rail cars immediately after the collision.

b) Determine, in terms of m and U, the magnitude of the impulse exerted on A
by B in the collision.
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Question 4  (*%)

A particle P, of mass 0.3 kg lies at the edge of a horizontal table.

It is connected by a light inextensible string of length 1.5 m to another particle Q, of
mass 1.1 kg which lies the same table.

Q is atrest 0.6 m from the table edge, so that PQ is perpendicular to the table edge.
P is slightly disturbed so that it falls off the table.
The string becomes taut before P reaches the floor.

Determine the impulse received by O when the string gets taut.
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Question 5 (**+)

Two particles A and B, of mass m kg and Am kg respectively, >0, are moving
on a smooth horizontal plane.

A and B have velocities 6i—2j ms~! and —3i+3 J ms ™!, respectively.

A and B collide and coalesce to a single particle moving with velocity ki + kj ms™'.

Determine the value of A and the value of k.
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Question 6  (**+)
Tom, of mass 50 kg, is initially standing still on a stationary skateboard, on level
horizontal ground.
He jumps off the skateboard and initially moves with a horizontal speed 1.2 ms! .

The skateboard moves with a speed of 15 ms™! in a direction opposite to that of Tom.

William then stands still on the same skateboard. He jumps off the skateboard and
initially moves with a horizontal speed 1 ms™ while the skateboard moves with a

speed of 14 ms™! in a direction opposite to that of William.

Find the mass of William.

, |m=56 kg
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Question 7  (¥%%)

Two particles A and B, of mass 3 kg and m kg respectively, are moving towards
each other along a straight line on a smooth horizontal plane.

A and B collide directly.

Before the collision, the respective speeds of A and B are 6 ms™' and 4 ms™.

a) If the magnitude of impulse exerted on A by B is 30 Ns, determine the
speed of A after the collision.

b) Given instead that that the speed of B after the collision is 2 ms_l, find the
possible values of m .
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Question 8  (**%)

Three smooth particles, A, B and C, of respective masses 0.5 kg, 1 kg and 2 kg,
are moving in the same straight line and in the same direction. The motion takes place
on a smooth horizontal surface.

The speeds of A, B and C are 4 ms_l, 3ms 'and 2 ms_l, respectively.

Initially there is a direct collision between A and B, followed by another direct
collision between B and C.

As a result of the second collision, B and C coalesce into a single particle moving

with speed of 2.5 ms™'.

Determine the magnitude of the impulse received by A during the first collision.
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Question 9 (**%)

A large nail of mass 0.05 kg is partly driven horizontally into a bock of wood and it
is to be driven further into the block.

The nail is stuck by a hammer of mass 0.4 kg. The hammer moves horizontally and
impacts the nail, delivering 1.8 Ns of linear momentum. After the impact the nail and
hammer move together as one object.

a) Calculate the speed of the nail after the impact.

The wood provides a constant resistance to the motion of the nail of 120 N . After the
impact the nail moves for T s advancing a further distance D m into the block.

b) Determine the value of T and the value of D.
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Question 10  (¥*%)

Two particles P and Q of respective masses 2 kg and 3 kg move on a smooth
horizontal surface in the same direction along a straight line.

The speeds of P and Q are 4 ms™' and 2.5 ms™!, respectively.

a) Given that when P and Q collide they coalesce into a single particle R,

determine the speed of R after the collision.

After the collision R continues in a straight line and

collides directly with a third

particle S of mass 15 kg which was initially at rest. After their collision R and §

move in opposite directions with equal speeds.

b) Find the distance between R and S, 3.6 s after their collision.
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Question 11  (**%4)

Two smooth spheres of equal radius, A and B, of mass 3 kg and m kg respectively,
are moving in the same direction, along a straight line on a smooth horizontal plane.

The spheres collide and the magnitude of impulse exerted on B by A is 15 Ns.

Before the collision, the respective speeds of A and B are 8 ms™! and 2 ms™.

After the collision B is moving with speed 2 ms™! relative to A.

Determine the value of m and the speed of B, after the collision.
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Question 12 (***+)

Two smooth particles, A and B of respective masses 2m kg and 5m kg, are moving
in the same straight line and in opposite directions.

The motion takes place on a smooth horizontal surface.

The speeds of A and B are 8 ms™ and 3ms !, respectively.
There is a direct collision between A and B.

If, after the collision, the speed of one particle is twice as large as the speed of the
other particle determine the possible values of he speed of B, after the collision.
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Question 13 (**%4)

Two particles, A and B, of respective masses 2 kg and 13 kg are moving on a
smooth horizontal surface in the same direction along the same straight line.

The speeds of A and B are 6 ms™ and 2 ms™’, respectively.

The two particles collide at the point P and after this collision B is moving with a

speed of 3 ms™.

After the collision at P, B hits a fixed smooth vertical wall, which is perpendicular
to the direction of its motion.

The wall is at a distance of 3 m from P.

If B rebounds off the wall with speed 1 ms™! and collides again with A at the point
0, find the time that elapses between the collision at P and the collision at Q.
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Question 14  (¥¥%%)

A particle is at rest on a horizontal surface when it explodes into two particle parts,
A and B, of respective masses 0.4 kg and 0.6 kg .

a) Given that the speed of A immediately after the explosion is 12 ms™!,

determine the speed of B.

In the subsequent motion, A experiences no resistance or ground friction but B
experiences constant ground friction.

2.55m

The explosion takes place 2.55 m away from a smooth vertical wall which is
perpendicular to the direction of motion of A.

A has a perfectly elastic collision with the wall, it rebounds and collides directly with
B, 0.75 s after the explosion.

All collisions are instantaneous.
b) Show that the speed of B just before the two particles collide is 2.4 ms.

¢) Calculate the coefficient of friction between the ground and B .
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Question 15  (¥¥%%)

Three particles A, B and C, of respective masses 4 kg, 3 kg and 1kg, are moving

along the same straight line, on a smooth horizontal plane.

U ms 7 ms 3 ms
4 kg 3kg lkg
A B C

The figure above, shows the particles at a certain instant when A and B are moving

towards each other with respective speeds u ms™ and 7 ms™', and C is moving in

the same direction as B with speed 3 ms.

An initial collision take place between A and B, followed by a second collision
between B and C. It is not known whether more collisions take place.

Immediately after the second collision, B is at rest and the speeds of A and C are

Ims ™' and 6 ms™', respectively.

Determine the possible values of u .
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Question 16  (¥*%%)

Two particles, A and B, of respective mass 3 kg and 2 kg are moving in the same
direction in the same straight line on a smooth surface.

The particles collide.

Before the collision the speed of A is 7 ms™! and the speed of B is 5 ms™.
The distance between the two particles 3 s after the collision is 2.7 m.

Determine the speed of A and the speed of B after the collision.
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Question 17  (¥¥%%)

Two small smooth spheres of equal radii, A and B, are moving on the same straight
line and in the same direction.

A has mass 5 kg and speed 4 ms~! and B has mass 2 kg and speed 3.5 ms.

The spheres collide directly and after the impact the direction of their motion remains
unchanged, with the speed of B twice as large as the speed of A.

After the collision between A and B, B collides with a smooth vertical wall which
is perpendicular to the direction AB . The wall is 3 m away from the point where the
two spheres first collided.

After the impact with the wall the speed of B is % of its speed before the impact.

Calculate the time that elapses between the first collision and the second collision of
the two spheres.
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Question 18  (***%*4)

A block A of mass 4 kg is released from rest from a point P which is at a height of
6 m above soft horizontal ground.

The falling block strikes another block B of mass 1 kg which is on the ground
vertically below P .

Immediately after the impact the two blocks coalesce into a single block and move
downwards coming to rest after sinking a vertical distance of 20 cm into the ground.

By modelling the blocks as particles, find the magnitude of the constant resistance
offered by the ground.

, |[R=989.8 N

STaf. 1004 STWIbAGD KINChaTICS

funuy B e £quamon oF uitlod

R = "=
d@ ta = 0= s
= 414+ s = R
V\ = b= @b
RY owSiQuATon) of _UNKIC MOMGIoM ° = R~ N//

P A@® b ¥ B T S
T bo § » "

PR Arrrat
ARONATINE ONCE Tt Comuod SIHD of W O Auock 48 Wz gVTHE

v sl

Kt v —— i
RO U= e
» +
2D TGS A6 T CNWUATE THE bequeATiay SR b= 2xe2
= o
L e - 2
— VW g e

=9 = ‘Z%Xmg + 2ax6)

= 0= Tt + oka

OSNG MAISE CusORATONS  bies £ s Ty exiaae e

T =
0%~ Tgash m(v-wy = (R-myt
= 0 gk m’iﬂ) - Ry

= g 0 YN
R g 2

TR WRarss
B
R= 4 - sxurg RS
7

Created by T. Madas



Question 19
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Three small spheres A, B and C, all of equal radius, have respective masses 0.9 kg,
0.6 kg an 0.1 kg . The three spheres are placed on a smooth incline plane as shown in
the diagram. Sphere A is projected from the foot of the plane up the plane with speed

5ms™ while spheres B and C are released from rest at the same time as A was
projected. The plane’s inclination is such so that any of the spheres moving freely on

it, experiences an acceleration of 2.5 ms~> down the plane. Any collisions that take

place are instantaneous.

a) Given that A and B collide 0.4 s after A was projected and they coalesce
when into a single particle P, determine the velocity of P after the collision.

b) Given that P and C collide 0.6 s after A and B collided and they coalesce
into a single particle Q, determine the velocity of Q after the collision.

¢) Find the distance from the foot of the plane that Q first comes to rest.
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Question 20  (Gk¥EF)

7ms™! 3ms! 4ms ™!

ms ms

OO :
A B C D

Four particles A, B, C and D, of respective masses 8 kg, 2 kg, 3 kg and 1kg
are constrained to move on a smooth path along the x axis.

All four particles are initially at rest, separated from each other and in the order A, B,
C and D, as shown in the figure above.

At a given instant, impulses are given to A, B and C so these three particles begin

to move with respective velocities 7 ms_l, —3ms ! and 4 ms~".

As result of these impulses, there are exactly three collisions between the particles.

The first collision is between A and B.

After this collision A has velocity 4 ms™.

The second collision is between C and D .
After this collision C and D coalesce into a single particle E.
The final collision is between B and E.

Determine the range of values for the velocity of E after the third and final collision.
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Question 21 (Gk¥¥EF)

Two particles, A and B, of respective masses 2 kg and 13 kg are moving on a
smooth horizontal surface in the same direction along the same straight line.

The speeds of A and B are 6 ms™ and 2 ms™!, respectively.

The two particles collide at the point P and after this collision A and B are moving
in opposite directions.

After the collision at P, B hits a fixed smooth vertical wall, which is perpendicular
to the direction of its motion. The wall is at a distance of 3 m from P.

The two particles collide again at the point Q.

If B rebounds off the wall with a speed of 1 ms~! and the time that elapses between
the collision at P and the collision at Q is 8 s, determine the speed of A and the

speed of B after their collision at P .
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|:|, VA:0.5ms_1, Vp=3ms
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Question 22  (k¥EF)

A bullet of mass m is fired onto a rectangular piece of foam board of mass M .

The foam board has constant thickness and a bullet is fired at right angles to one of its
two rectangular faces.

On the first occasion the foam board is fixed.
The bullet hits the board with speed u# and emerges from behind with speed %u .

On the second occasion the foam board is free to move.
The bullet hits the board with speed # and emerges from behind with speed %u,

relative to the board.

Show that M =4m .
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