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e If you finish early, go back and check your working.
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1 Acricket ball is travelling at a speed of 25m/s horizontally through the air. The mass of the ball is
0.14kg.

A player catches the ball and the ball comes to rest.

(a) Calculate the change in momentum of the ball during the catch.

change in momentum = ... [2]
(b) The player’s hands are in contact with the moving ball for 9.7 ms.

Calculate the horizontal force exerted by her hands to bring the ball to rest.

[Total: 5]
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2 Fig. 2.1 shows a golfer about to hit a golf ball with a golf club. The initial momentum of the golf ball
is zero.

(a) Define momentum.

(b) The golf club is in contact with the ball for 5.0 x 10~*s. The velocity of the golf ball as it leaves
the golf club is 41 m/s. The golf ball has a mass of 0.046kg.

(i) Calculate the impulse on the golf ball.

(if) Calculate the force applied to the ball by the golf club.

[Total: 5]
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3  Fig. 3.1 shows a collision at very slow speed between two cars travelling along a straight road.

car A

Fig. 3.1

Car B, of mass B00kg, is moving at 2.0m/s and collides with car A, of mass 1000kg, which is
stationary. After the collision, both cars travel in the same direction as the initial direction of car B.

(a) After the collision, car A moves at 1.3m/s.

Show that the speed of car B after the collision is approximately 0.4 m/s.

[3]
(b) (i) Calculate the impulse exerted by car A on car B.
IMPUISE = oo 2]
(i) State the impulse exerted by car B on car A.
IMpuUlsE = ... (1]
[Total: 6]
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4  Trolley A and trolley B are on a horizontal, frictionless bench. Trolley A moves to the right with a
constant velocity u = 0.44 m/s. Trolley B is stationary.

Fig. 2.1 shows trolley A before it collides with trolley B.
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Fig. 2.1 (not drawn to scale)
(a) State the momentum of trolley B before the collision. Explain your answer.
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(b) After the collision, the two trolleys are joined together and travel with a constant velocity
v =0.18m/s to the right. The mass of trolley A is 0.75kg.

Calculate the mass of trolley B.

mass of trolley B = ......oooiiii i [3]
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(c) (i) The trolleys move onto a rough surface which exerts a constant force F on the trolleys
and brings them to rest in 2.6s.

Calculate F.

(ii) A different rough surface exerts a smaller resistive force on the trolleys. State how this
affects the time taken to bring the trolleys to rest. Explain your answer.

LY =1 (<] 1) 1 PP

[Total: 7]
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5 (a) Define momentum.

(b) Fig. 3.1 shows two toy trains, A and B, on a track.

train A train B

Fig. 3.1

The mass of train A is 0.45kg and the mass of train B is 0.21kg. The trains do not have
motors.

Train A travels towards train B and they collide.
Immediately before the collision:

* the velocity of train Aiis 0.34m/s to the right
* the velocity of train B is 0.12m/s to the left.

The trains stick together when they collide.

Calculate the velocity of the trains immediately after the collision.

VEIOCIEY = e e

(o [1¢=Te3 (] o IR TR
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(c) Adifferent train is travelling with a momentum of 0.26kgm/s.
The train slows down and stops after 2.1s.

Calculate the average force acting on the train during this time.

average force = ... [2]

[Total: 7]
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6 Fig. 2.1 shows two cars, A and B, before they collide.

stationary

carA
Fig. 2.1

Car B, of mass 1200kg, is stationary. Car A, of mass 2000kg, is travelling towards car B at 18 m/s.

(a) Calculate the momentum of car A.

MOMENTUM = L..iiiiiiiiiiiiieiiiiee ettt ee e e eeeeeeeeees [2]

(b) The cars collide and car B experiences an impulse. Car A continues to move in the same
direction, with a momentum of 21 000kgm/s.

(i) Calculate the momentum of car B immediately after the collision.

MOMENTUM = ..ottt e e e e eee e eeeeeeeeeeeees [1]

(i) Determine the average impulse experienced by car B during the collision.
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(iii) The cars are in contact for 0.20s.

Calculate the average resultant force experienced by car B during the collision.

(c) A modern car is designed so that, during a collision, the front section of the car is crushed and
the time of contact increases.

Explain the benefit of increasing the time of contact for the people in the car.

[Total: 8]
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7  Fig. 2.1 shows two railway trucks on a track.

-«——50m/s

buffer truck B truck A
i 5000kg i i 6000kg R track
O O O O
Fig. 2.1

Truck A of mass 6000kg is moving at 5.0m/s. It is approaching truck B of mass 5000 kg, which is
stationary.

(a) Calculate the momentum of truck A.

MOMENTUM = L..iiiiiiiiiiiiiiiiieeieee e eeee e e ee e e ee e eeeeeeeeeeeeees [2]

(b) The trucks collide, their buffers compress and then they bounce off each other, remaining
undamaged.

After the collision, truck B has a momentum of 27000kgm/s.

(i) Determine the impulse applied to truck B.

(i) The trucks are in contact for 0.60s.

Calculate the average force on truck B.
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(iii) Calculate the final speed of truck A.

[Total: 9]
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8 (a) Underline the pair of quantities which must be multiplied together to calculate impulse.
force and mass force and velocity mass and time
time and velocity weight and velocity force and time [1

(b) Fig. 3.1 shows a collision between two blocks A and B on a smooth, horizontal surface.

A B A B
3.0m/s v
24kg —— 1.2kg —
before collision after collision
Fig. 3.1

Before the collision, block A, of mass 2.4Kkg, is moving at 3.0m/s. Block B, of mass 1.2kg, is
at rest.

After the collision, blocks A and B stick together and move with velocity v.
(i) Calculate

1. the momentum of block A before the collision,

MOMENTUM = oo e [2]

2. the velocity v,

VElOCItY = oo [2]

3. the impulse experienced by block B during the collision.

(ii) Suggest why the total kinetic energy of blocks A and B after the collision is less than the
kinetic energy of block A before the collision.

[Total: 8]
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9 (a) State the word equation that defines momentum.

(b) A metal block A, travelling in a straight line at 4.0m/s on a smooth surface, collides with a
second metal block B which is at rest. Fig. 2.1 shows the two metal blocks A and B before
and after the collision.

3.2kg 1.6kg
40m/s
before collision A —> g ] atrest
o 1.5m/s v
after collision A —[3p
Fig. 2.1
The mass of Ais 3.2kg. The mass of B is 1.6kg.
After the collision, the velocity of Ais 1.5m/s.
Calculate
(i) the momentum of A before the collision,
MOMENTUM = oo e e e [2]
(ii) the velocity v of B after the collision.
VT ettt e e e [3]
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(c) In the collision that occurred in (b), block A and block B are in contact for 0.050s.

Calculate the average force that is exerted on B during the collision.

average forCe = ... [2]

(d) After the collision in (b), the total kinetic energy of the two blocks is less than the kinetic
energy of block A before the collision.

Suggest one reason for this.

[Total: 9]
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