Chapter 5:
Impulses
and
Collisions

BSc/MSc/PGCE Mathematics



M
Chapter 5:
Impulses and Collisions


January 2018

A ball of mass 0.5 kg is moving with velocity (2i — 3j) ms ' when it receives an impulse
(4i + 5j) N's. Find the gain in kinetic energy of the ball due to the impulse.

(6)
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A particle P of mass 2m i1s moving in a straight line with speed « on a smooth horizontal
plane. The particle P collides directly with a particle O, of mass m, which i1s moving on
the plane along the same straight line as P but in the opposite direction to P. Immediately
before the collision the speed of O i1s 3u. The coefficient of restitution between P and QO

: l
1s e, where ¢ > —
(a) Find, in terms of « and e.
(1) the speed of P immediately after the collision,

(11) the speed of O immediately after the collision.

(7)

(b) Show that, for all possible values of e, the direction of motion of P is reversed by the
collision.
(2)
After the collision, QO strikes a smooth fixed vertical wall, which is perpendicular to the
direction of motion of (J, and rebounds. The coefficient of restitution between QO and the
wall 1s /.

.. 3 : . _
Given that e = 1 and that there 1s a second collision between O and P,

(c) find the range of possible values of /.

(4)
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A particle P of mass 0.7 kg is moving with velocity (i — 2j)ms ' when it receives
an 1mpulse. Immediately after recerving the mmpulse, P 1s moving with velocity
(3i+4j)ms .

(a) Find the impulse.

(3)

(b) Find, in degrees, the size of the angle between the direction of the impulse and the
direction of motion of P immediately betore receiving the impulse.

3)
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Three particles A, B and C have masses 2m, 3m and 4m respectively. The particles lie at
rest in a straight line on a smooth horizontal surtace, with B between 4 and C. Particle

A 1s projected towards B with speed u and collides directly with B. The coethicient of

restitution between A4 and B is e. The kinetic energy ot 4 immediately atter the collision
is one ninth of the kinetic energy of 4 immediately before the collision.

Given that the direction of motion of 4 1s unchanged by the collision,

(a) find the value of e.

(7)
After the collision between 4 and B there 1s a direct collision between B and . The

coetticient of restitution between B and C1s f, where [ = The speed of B immediately

N Y

after the collision with C1s V.
(b) (1) Express F'in terms of fand u.

(11) Hence show that there will be a second collision between A and B.

(7)
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Figure 1

A particle, £, of mass 0.8 kg, moving with speed 4 ms ! along a straight line on a smooth
horizontal plane, receives a horizontal impulse of magnitude 6 N s. The angle between the
initial direction of motion of £ and the direction of the impulse 1s 50°, as shown in Figure 1.

Find the speed of P immediately after receiving the impulse.
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A particle, P, of mass km 1s moving in a straight line with speed 3u on a smooth horizontal
surface. Particle P collides directly with another particle, O, of mass 2m which 1s moving
with speed u in the same direction along the same straight line. The coefficient of
restitution between P and QO 1s e.

Given that immediately after the collision P and O are moving in opposite directions and

the speed of O is -;h‘,

(a) tind the range of possible values of e.

(4)
It 1s now also given that ¢ =

L : . R § B
(b) Show that the kinetic energy lost by P in the collision with O is 2 mut

(6)

The collision between P and Q takes place at the point A. After the collision, Q hits a fixed
vertical wall that 1s perpendicular to the direction of motion of . The distance from A

to the wall 1s d. The coefticient of restitution between O and the wall is . Particle O

rebounds from the wall and moves so that £ and Q collide directly at the point B.

(¢) Find, in terms of d and u, the time interval between the collision at A4 and the collision
at B.

(6)
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A particle of mass 0.75kg is moving with velocity (4i + j)ms ' when it receives an
impulse (—61 + 4j) Ns.

Find

(a) the velocity of the particle immediately after receiving the impulse,

3)

(b) the size of the angle through which the path of the particle 1s deflected as a result of
the impulse.

3)
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A particle P of mass 3m 1s moving in a straight line with speed # on a smooth horizontal
table. A sccond particle O of mass 2m1 1s moving with speed 2u in the opposite direction
to P along the same straight line. Particle P collides directly with . The coefficient of
restitution between P and QO 1s e.

(a) Show that the direction of motion of P 1s reversed as a result of the collision with O.

3)

(b) Find the range of values of e for which the direction of motion of Q is also reversed
as a result of the collision.

(3)

Given that e = —
2

(¢) find, i terms of m and u, the kinetic energy lost in the collision between £ and Q.

)
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6ms™! P
60°

@Ns

Figure 2

A particle P of mass 0.75kg 1s moving along a straight line on a horizontal surface. At
the mstant when the speed of P is 6 ms™', it receives an impulse of magnitude J24 N.
The impulse acts in the plane of the horizontal surface. At the instant when P receives
the impulse, the line of action of the impulse makes an angle of 60° with the direction of
motion of P, as shown in Figure 2.

Find
(1) the speed of P immediately after receiving the impulse,

(11) the size of the angle between the direction of motion of P immediately before
receiving the impulse and the direction of motion of £ immediately after receiving
the impulse.

(7)
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Particle 4 of mass 3m 1s moving in a straight line with speed 2« on a smooth horizontal
surface. Particle 4 collides directly with particle B of mass m, which is moving along the
same straight line and in the same direction as 4.

Immediately before the collision, the speed of B is u.

As a result of the collision, the direction of motion of B is unchanged and the kinetic

48
energy gained by B 1s 2—13,'?7.',.*2

(a) Find the coefficient of restitution between 4 and 5.

(8)

After the collision, B hits a smooth fixed vertical wall that 1s perpendicular to the direction
of motion of B. The coefficient of restitution between B and the wall is /.

Given that the speed of B immediately after first hitting the wall 1s equal to the speed of 4
immediately after its first collision with B,

(b) find the value of /.
(2)
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A particle of mass 2kg is moving with velocity (51 + 3j)ms ' when it receives an
impulse INs, such that I = @i + bj

Immediately after receiving the impulse, the particle is moving with velocity Z(i +j)ms ',
where 4 1s a constant.

Given that the magnitude of I is 440, tind the two possible impulses.
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Particle 4 of mass 3m i1s moving in a straight line with speed 2« on a smooth horizontal
surface. Particle 4 collides directly with particle B of mass m, which is moving along the
same straight line and in the same direction as A.

Immediately betore the collision, the speed of B is u.

As a result of the collision, the direction of motion of B i1s unchanged and the kinetic

: .48
energy gained by B 1s Emu-’

(a) Find the coefficient of restitution between 4 and B.

(8)

After the collision, B hits a smooth fixed vertical wall that 1s perpendicular to the direction
of motion of B. The coetficient of restitution between B and the wall is /.

Given that the speed of B immediately after first hitting the wall is equal to the speed of 4
immediately after its first collision with B,

(b) find the value of /.
(2)
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A particle P of mass 1.5kg is moving with velocity (4i + 6j)ms™' when it receives an
impulse of magnitude 15Ns. Immediately after P receives the impulse, the velocity of
Pisvims

Find the two possible values of v.

(7)
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Two particles, A and B, have masses 3m and 4m respectively. The particles are moving
towards cach other along the same straight line on a smooth horizontal surface. The
particles collide directly. Immediately after the collision, 4 and B are moving in the same

L : u . . : : .
direction with speeds — and u respectively. In the collision, 4 receives an impulse of
magnitude 8mus. -

(a) Find the coetficient of restitution between 4 and B.

(6)

When 4 and B collide they are at a distance ¢ from a smooth vertical wall, which 1s
perpendicular to their direction of motion. After the collision with 4, particle B collides
directly with the wall and rebounds so that there 1s a sccond collision between 4 and B.
This second collision takes place at distance x from the wall.

Given that the coefficient of restitution between B and the wall 1s Z

(b) find x in terms of d.

(6)
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Sms !

Sms’

Figure 2

A particle P of mass 0.3 kg is moving with speed Sms ' along a straight line on a smooth
horizontal plane. The particle receives a horizontal 1mpulse of magnitude J Ns. The
speed of P immediately after receiving the impulse 1s 8ms ', The angle between the
direction of motion of P betore it receives the impulse and the direction of the impulse
1s 60°, as shown n Figure 2.

Find the value of'.J.

(6)
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Particles A, B and C, of masses 2m, m and 3m respectively, lie at rest in a straight line

on a smooth horizontal plane with B between A4 and C. Particle A 1s projected towards
particle B with speed 2u and collides directly with 5.

The coefficient of restitution between each pair of particles is e.
(a) (1) Show that the speed of B immediately atter the collision with A4 is 5 u(l +e)

(11) Find the speed of 4 immediately after the collision with B.

(7)

At the instant when 4 collides with B, particle C is projected with speed u towards B so
that B and C collide directly.

(b) Show that there will be a second collision between A4 and 5.

(6)
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4. A particle P of mass 0.75kg is moving with velocity 4ims ' when it receives an

impulse JNs. Immediately after P receives the impulse, the speed of P is 8ms '

Given that J = ¢(—i + 2j), where ¢ is a constant, find the two possible values of ¢.

(6)
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Two particles, 4 and B, are moving in opposite directions along the same straight line on
a smooth horizontal surface when they collide directly.
The mass of 4 i1s 2m and the mass of B is 3m.

Immediately after the collision, 4 and B are moving in opposite directions with the same
speed v.
In the collision, 4 receives an impulse of magnitude Smv.

(a) Find the coefficient of restitution between 4 and 5.

(6)

After the collision with A4, particle B strikes a smooth fixed vertical wall and rebounds.
The wall 1s perpendicular to the direction of motion of the particles.
The coefficient of restitution between B and the wall is f.

As a result of its collision with 4 and with the wall, the total kinetic energy lost by B is E.
As a result of its collision with B, the kinetic energy lost by 4 is 2F.

(b) Find the value of f.
4)

5.27


iPad Pro 12.9" 5

iPad Pro 12.9" 5
October 2021 

M
5.27


5.28


M
5.28


January 2022

1

1. A particle of mass 0.5kg is moving with velocity (2i + 4j)ms ' when it receives an

impulse of (—4i + 6j)N's.

(a) Find the speed of the particle immediately after it receives the impulse.

(3)

(b) Find the size of the angle between the direction of motion of the particle immediately
before it receives the impulse and the direction of motion of the particle immediately
after it receives the impulse.

3)
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Two small balls, 4 and B, are moving in opposite directions along the same straight line
on smooth horizontal ground. The mass of 4 is 2m and the mass of B is 3m.

The balls collide directly. Immediately before the collision, the speed of 4 i1s 2u and the
speed of B 1s u. The coefficient of restitution between 4 and B is e, where ¢ > 0

By modelling the balls as particles,

: : o
(a) show that the speed of B immediately after the collision is —u(1 + 6¢).

(6)

After the collision with ball 4, ball B hits a smooth fixed vertical wall which 1s
perpendicular to the direction of motion of B.

The coefficient of restitution between B and the wall 1s —
Ball B rebounds from the wall and there 1s a second direct collision between 4 and B.

(b) Find the range of possible values of e.

4)
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3. Avparticle P of mass 0.5kg 1s moving with velocity 4(i + j)ms = when P receives an

| -
. . . [y .
impulse of magnitude ||'— Ns
\2
. . . . . . - . |
Immediately after P recerves the impulse, the velocity of P1s 4ims
Given that 4 1s a constant, find the two possible values of /

(6)
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Two particles, P and Q, are moving in opposite directions along the same straight line on
a smooth horizontal surface so that the particles collide directly.

The mass of P 1s km and the mass of O 1s m.

Immediately before the collision, the speed of £ is x and the speed of O is y.
Immediately after the collision, P and Q are moving in the same direction, the speed of P
1s v and the speed of Q i1s 2v.

The coefficient of restitution between P and Q 1s é

The magnitude of the impulse received by Q in the collision is Smv

(a) Find (1) y in terms of v
(11) x in terms of v
(111) the value of £

)

(b) Find, in terms of m and v, the total kinetic energy lost in the collision between
P and Q.

3
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3. A particle P ol mass 0.2 kg 1s moving with velocity (4i — 3j)ms -

The particle recerves an impulse (i + j)N s, where # 15 a constant,
Immediately after receiving the impulse, the speed ot P 1s Tms

Find the possible values of «

(6)
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7. Particle 4 has mass m and particle B has mass 2m.
The particles are moving in the same direction along the same straight line on a smooth
horizontal surface.
Particle 4 collides directly with particle B.
Immediately before the collision, the speed of 4 1s 3u and the speed of B is u.
The coefficient of restitution between 4 and B 1s e.

5+ 2e

(a) (1) Show that the speed of B immediately after the collision is u

(11) Find the speed of 4 immediately after the collision.

(7)

After the collision, B hits a smooth fixed vertical wall that 1s perpendicular to the
direction of motion of 5.

. o 1
The coefficient of restitution between B and the wall 1s g

Particle B rebounds and there is a second collision between 4 and B.
The first collision between 4 and B occurs at a distance d from the wall.
The time between the two collisions is 7.

) 1
Given that e = —

(b) find T in terms of d and u.
(6)
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A particle P of mass 0.5 kg is moving with velocity (5i + 3j)ms’!
The particle receives an impulse (-2i + 4j)N's, where 4 is a constant.
Immediately after receiving the impulse, the velocity of Pis (xi+ yj)ms!

The kinetic energy gained by P as a result of receiving the impulse 1s 22 J.

Find the possible values of A.

(7)
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Particle P has mass 3m and particle (2 has mass Am. The particles are moving towards
cach other on the same straight line on a smooth horizontal surface.

The particles colhde directly.

Immediately before the collision, the speed of P 1s 2u and the speed of O 1s 3u.
Immediately after the collision, the speed of P 1s v and the speed of O 15 v.

The direction of motion of P 1s unchanged by the collision.

- (3 - 3k)
(a) Show that v=———u
k
3)
(b) Find, in terms of m and u, the magnitude of the impulse received by O n
the collision.
(2)
The coefticient of restitution between £ and O 1s e.
Given that v = u
(c) find the range of possible values of k.
(3)
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1. A particle P of mass 0.3 kg is moving with velocity 5ims™

The particle receives an impulse I Ns.
Immediately after receiving the impulse, the velocity of P is (7i + 7j)ms"

(a) Find the magnitude of 1

4

(b) Find the angle between the direction of I and the direction of motion of P
immediately before receiving the impulse.

)
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4. A particle P of mass 3m and a particle Q of mass Sm are moving towards each other
along the same straight line on a smooth horizontal surface. The particles collide
directly.
Immediately before the collision, the speed of P is # and the speed of QO 1s ku.
Immediately after the collision, the speed of P is 2v and the speed of Q is v.
The direction of motion of each particle 1s reversed by the collision.
In the collision, P receives an impulse of magnitude 15m1v.

(a) Show that u = 3v.

3)
(b) Find the valuc of k.

3)
The coefficient of restitution between P and Q is e.
(c) Find the value of e.

3)
The total kinetic energy lost in the collision is Amy’
(d) Find the value of 4.

3)
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Figure 2

A particle Q of mass 0.25kg is moving in a straight line on a smooth horizontal surface
. 1 . . . ~ .
with speed 8ms * when it receives an impulse of magnitude 7/ N's.

The impulse acts parallel to the horizontal surface and at 60° to the original direction of
motion of Q.

Immediately after receiving the impulse, the speed of O is 12ms '

As a result of receiving the impulse, the direction of motion of O is turned through «°,
as shown in Figure 2.

Find the value of /

(6)
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Particle P has mass 4m and particle O has mass 2m.

The particles are moving in opposite directions along the same straight line on a smooth
horizontal surface.

Particle P collides directly with particle O.

Immediately before the collision, the speed of P i1s 2u and the speed of O 1s 3u.
Immediately after the collision, the speed of P 1s x and the speed of O 1s v,
The direction of motion of each particle 1s reversed as a result of the collision.

The total kinetic energy ot P and Q after the collision is halt of the total kinetic energy
of P and O before the collision.

(a) Show that y = 3 u

(6)
The coeflicient of restitution between P and Q 1s e.

(b) Find the value of e.

After the collision, O hits a smooth fixed vertical wall that 1s perpendicular to the
direction of motion ot 0.

Particle Q rebounds.
The coetticient of restitution between QO and the wall 1s f.
Given that there is no second collision between P and O,

(¢) find the range of possible values of f.

1
Given that /= —
' 4

(d) find, in terms ot m and i, the magnitude of the impulse received by O as a result of
its impact with the wall.

(2)
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[In this question, 1 and j are horizontal perpendicular unit vectors.|

A particle O of mass 0.5kg is moving on a smooth horizontal surface. Particle Q is
moving with velocity (3i + j)ms ' when it receives an impulse of (2i + 5j)N's.

(a) Find the speed of O immediately after receiving the impulse.

(4)
As a result of receiving the impulse, the direction of motion of Q is turned through
an angle 6°
(b) Find the value of 0

(2)
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7. Particle P has mass m and particle Q has mass Sm.

The particles are moving in the same direction along the same straight line on a smooth
horizontal surface.

Particle P collides directly with particle Q.

Immediately before the collision, the speed of P 1s 6 and the speed ot O 1s u.
Immediately after the collision, the speed ot P is x and the speed of O 1s y.
The direction of motion of P is reversed as a result of the collision.

The coefticient of restitution between P and Q 1s e.

(a) Find the complete range of possible values of e.

(7)

Given that e =

LA | e

(b) find the total kinetic energy lost in the collision between P and Q.

(4)

After the collision, O hits a smooth fixed vertical wall that 1s perpendicular to the
direction of motion of Q.

Particle Q rebounds.
The coefticient of restitution between O and the wall is f.
Given that there 1s a second collision between P and O,

(¢) find the complete range of possible values of f.
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1.

[In this question, i and j are horizontal perpendicular unit vectors.]

A particle 4 has mass 2kg and a particle B has mass 3kg. The particles are moving on a
smooth horizontal plane when they collide.

Immediately before the collision, the velocity of 4 is 5jms ' and the velocity of B
is (3i—j)ms”

Immediately after the collision, the velocity of 4 is (3i + 2j)ms

(a) Find the total kinetic energy of the two particles before the collision.

3)
(b) Find, in terms of i and j, the impulse received by 4 in the collision.

(2)
Given that, in the collision, the impulse of 4 on B is equal and opposite to the impulse
of Bon A4,
(c) find the velocity of B immediately after the collision.

3)
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5. A particle P of mass m and a particle Q of mass 2m are at rest on a smooth
horizontal plane.

Particle P is projected with speed u along the plane towards Q and the particles collide.
The coefficient of restitution between the particles is e.

As a result of the collision, the direction of motion of P is reversed.

(a) Find, in terms of u and e, the speed of P after the collision.

(6)
After the collision, O goes on to hit a vertical wall which is fixed at right angles to the
direction of motion of Q. The coefficient of restitution between Q and the wall is %
Given that there is a second collision between P and QO
(b) find the full range of possible values of e.

(3)
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