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1. A car traveling at 30ms -1 collides with a wall. The driver wearing a seatbelt, is brought to rest in 0. 070 s.

The driver has a mass of 50 kg. Calculate the momentum of the driver before the crash. [2]

Calculate the average resultant force exerted on the driver during impact. [3]

Explain why the resultant force is not the same as the force exerted on the driver by the seatbelt. [1]

2. Alpha particle radiation has a short range in matter. With reference to the effect of alpha particles on atoms. Explain why they only travel a short distance. [2]

A worker in the nuclear industry accidentally swallows some liquid that emits alpha particles.

The plant manager tells him not to worry as the swallowed liquid will be excreted within a day.

However, the health physicist investigating the accident is still anxious to determine the half-life of the radioisotope involved . Explain the significance of the radioactive half-life for the health of the worker. [2]
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3. A child is crouching at rest on the ground. 

Opposite are the free-body force diagrams for the child and the Earth.

Copy out and complete the table describing forces A, B and C. [4]
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All the forces A, B, C and D are of equal magnitude.

Why are forces A nd B equal in magnitude?

Why must forces B and D be equal in magnitude? [2]
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The child now jumps vertically upwards. With reference to the forces shown, explain what he must do to jump, and why he moves upwards. [3]

4. Two campers have to carry a heavy container of water between them. 

One way to make this easier is to pass a pole through the handle as shown.

The container weighs 400 N and the weight of the pole may be neglected. 

What force must each person apply? [1]

An alternative method is for each person to hold a rope tied to the handle 

as shown in the second diagram.
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Draw a free-body diagram for the container when held by the ropes. [2]

The weight of the container is 400 N and the two ropes are at 40o to 

the horizontal. 

Show that the force each rope applies to the container is about 300 N. [3]

Suggest two reasons why the first method of carrying the container

 is easier. [2]

Two campers using the rope method find that the container keeps 

bumping on the ground. A bystander suggests that they move further 

apart so that the ropes are more nearly horizontal. Explain why this

 would not be a sensible solution to the problem. [1]

5. The diagram shows part of a roller coaster ride.
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In practice, friction and air resistance will have 

a significant effect on the motion of the vehicle, 

but you should ignore them throughout this 

question.
The vehicle starts from rest at A and is hauled 

up to B by a motor. It takes 15. 0 s to reach B,

at which point its speed is negligible.

In terms of the conservation of energy, what 

happens to the useful work done by the motor? [1]

The mass of the vehicle and passengers is 3400 kg. Calculate (i) the useful work done by the motor, (ii) the power output of the motor. [4]

At point B the motor is switched off and the vehicle moves under gravity for the rest of the ride.

Describe the overall energy conversion which occurs as it travels from B to C. [1]

Calculate the speed of the vehicle at point C. [3]
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On another occasion there are fewer passengers in the vehicle; hence its total mass is less than before. Its speed again is negligible at B. State with a reason how, if at all, you would expect the speed at C to differ from your previous answer. [2]

6.The graph opposite shows how the volume 

of 1. 000 kg of water varies with temperature.

State the temperature at which the density of 

water is maximum.

Sketch a graph showing how the density of 

water varies with temperature between

0 oC and 10 oC.. [3]

Suggest how you could demonstrate that the 

volume of water when heated from 0 oC to

10 oC behaves in the manner indicated by the

graph. You may be awarded a mark for the

clarity of your answer. [4]

7. A student measured the background radiation

in a laboratory at 4. 0 Bq. State two sources of 

background radiation. [2]

Sodium-22 decays by beta-plus radiation to neon.

Copy out and complete the nuclear equation below ensuring that each symbol has the appropriate nucleon and proton number.
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Write down another possible isotope of sodium. [3]

Sodium-22 has a half-life of 2. 6 years.

Determine the decay constant of sodium-22 in s-1.

A sample of common salt (sodium chloride) is 

contaminated with sodium-22. The activity of a 

spoonful is found to be 2. 5 Bq. How many nuclei

of sodium-22 does the spoonful contain? [4]

Explain whether your answer suggests that the salt is

heavily contaminated. [1]

8. Protactinium, Pa, decays to uranium 23492U by 

emitting a beta-minus particle. The uranium produced

is itself radioactive and decays by alpha emission to

thorium, Th.

Copy out the chart opposite. On your copy mark and 

Label the position of the original uranium isotope. Draw

lines on the grid showing both the beta-minus and alpha 

decays. Label your lines α and β.  [4]

























