Collisions and the principle of conservation of momentum

Starter

1. A particle of mass 2 kg is moving in a straight line, with a speed of

5 m/s. Aforce of 11 N acts on the particle for 6 seconds, in the direction of motion. Find
(a) the magnitude of the change in momentum of the particle
(b) the speed of the particle at the end of this time.

Working: (a) Change in momentum = Ft = 11 X 6 = 66 Ns

(b) Increase in speed F't = mv — mu: 66 =2v—2X5
2v =176
v =38

The speed of the particle at the end of this time is 38 m/s.

2. A body of mass 5 kg is moving with speed 7 m/s when a force is
applied to it for 8 seconds. Its speed then is again 7 m/s but in the opposite direction. Find
the magnitude of the force that has caused this change.

Working: Ft =mu—mv: Fx8=5x7-5%x(=7)
35--35
F=——
8
F =8.75
The magnitude of the force is 8.75 N.
3. An object A of mass m, collides with object B which has mass my. Prior to the collision

they had velocities u, and ug respectively and after the collision their velocities are v, and
vg. Find the impulse of both objects.

Working: Impulse of object A = change in momentum = m,v, — myu,.
Impulse of object B = change in momentum = mgvp — mgug.

E.g. 1 Aparticle, A, of mass 3 kg, travelling at 5 m/s collides head-on with a particle B with mass

2 kg and travelling at 4 m/s. If, after impact, B moves in the opposite direction at 2 m/s,
find the velocity of A.

N.B. A*“head-on” collision means the objects are moving towards each other.

Working: Before After
A B A B
5mis 4 m/s vym/s  2m/s
® O ® O
3 kg 2 kg 3 kg 2 kg
CoM: 3X5-2x4=3v,+2x2
Note the negative sign since B is initially travelling in the opposite direction.
7 = 3VA + 4
VA - 1

Since v4 > 0O it is travelling in the defined positive direction.
The velocity of A is 1 m/s in its original direction of motion.
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E.g. 2 Abullet of mass 0.1 kg is fired horizontally, at 80 m/s, into a stationary block of wood that is

free to move on a smooth horizontal plane. The wooden block, with the bullet embedded in
it, moves off with speed 5 m/s. Find the mass of the block.

P After
Working: Before S5 mi/s
—
80 m/s
—
™
0.1 kg m kg (m+0.1) kg
CoM: 0.1x80=(m+0.1)x5
8=5m+0.5
m=1.5

The mass of the block is 1.5 kg

E.g. 3 Aparticle, A, of mass 5 kg travelling with speed 6 m/s, collides directly with a stationary

particle B of mass 10 kg. If A is brought to rest by the impact find the speed with which B
begins to move.

Working:

Before After
A B A B
6 m/s vg m/s
[ ] [ ) [ ] [ )
5 kg 10 kg 5 kg 10 kg
CoM: S5x6=10xvg
VB = 3

B begins to move with speed 3 m/s
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E.g. 4 Athree-tonne articulated lorry is moving along a track at 8 m/s towards a five-tonne bin
lorry travelling at 5 m/s on the same road. If the lorries become coupled at impact find the
velocity at which they continue to move if they were travelling
(a) in the same direction
(b) in the opposite direction.

Make sure you give the direction of motion.

Working:

Exercise
p60 3B Qu 1-10

(@

Before After
8 m/s 5 m/s v m/s

2T gl T
L., /A . /s
3000 kg 5000 kg 3000 kg 5000 kg

CoM: 3000 x 8 + 5000 x 5 = (3000 + 5000) x v
49000 = 8000v
v =6.125

The velocity at which they continue to move is 6.75 m/s in the same
direction as the original direction of the trucks.

Before After
8 m/s 5 mis v m/s
-G EEE, A\
3000 kg 5000 kg 3000 kg 5000 kg
CoM: 3000 x 8 — 5000 x 5 = (3000 + 5000) X v
—1000 = 8000v
v =-0.125

The velocity at which they continue to move is 0.125 m/s in the same
direction as the original direction of the bin lorry.
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