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1 According to Newton’s third law, when two objects interact, they apply forces on each other.

(a) A person pushes on a wall with a force of 100 N.

The diagram shows two forces that form an interaction pair between the person and the wall.

Force of person
pushing on wall = 100 N

Force of wall
pushing on person

Which statements about this pair of forces are true and which are false?

Tick (✓) one box in each row.

True False

Both forces are acting on the person.

The forces are the same kind of force.

The forces are opposite in direction.

The force of the wall on the person equals 100 N.

 [3]

(b) Which of these forces is a contact force?

Tick (✓) one box.

Electrostatic 

Friction 

Gravitational 

Magnetic 
 [1]
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(c) Complete the sentences in the table to describe each interaction pair of forces.

Use words from the list.

attracting Earth Moon negatively

positively repelling Sun

A magnet attracting an 
iron bar.

The iron bar ........................................ the magnet.

A positively charged rod 
attracting a piece of paper.

The piece of paper attracting the ........................................ 
charged rod.

The gravitational force of 
the Earth on the Moon.

The gravitational force of the ........................................ on 

the ........................................ .

 [4]
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2 Scientists advise people to use sunscreen when they are outside on a sunny day.

Sunscreen absorbs the UV radiation from the Sun.

(a)* Explain:
• how exposure to UV radiation can cause damage to human tissue
• why it is important to use sunscreen when outside on a sunny day.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [6]
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(b) The sun protection factor (SPF) is a measure of the strength of sunscreen.

A student investigates the SPF of different suncreens.

They use beads that change colour when they are exposed to UV radiation.

Petri dish

Beads

They use this method:

• Dip five beads in sunscreen with a SPF of 10.
• Spread the beads out in a petri dish and place them outside in the sun.
• Record the time taken for all the beads to change colour.
• Repeat the steps using different sunscreens with SPFs of 20, 30 and 40.

(i) Describe two improvements the student can make to their method.

1  .......................................................................................................................................................

 ..........................................................................................................................................................

2  .......................................................................................................................................................

 ..........................................................................................................................................................
 [2]

(ii) The table shows the student’s results.

SPF Time taken for all beads to 
change colour

10     3.25

20  6

30 10

40 14

The table of results contains mistakes.

State two mistakes made by the student.

1  .......................................................................................................................................................

 ..........................................................................................................................................................

2  .......................................................................................................................................................

 ..........................................................................................................................................................
 [2]
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3 Uranium-235 is a radioactive isotope.

(a) Uranium-235 can be written as:

23
9
5
2U

How many protons and neutrons are contained in the nucleus of uranium-235?

 Number of protons =  ...............................................................

 Number of neutrons =  ...............................................................
 [2]

(b) Uranium-235 undergoes alpha decay.

Which of these is the correct equation for this decay?

Tick (✓) one box.

23
9
5
2U    23

9
1
2U  +  40He  

23
9
5
2U    23

9
1
2U  +  41He  

23
9
5
2U    23

9
1
0Th  +  42He  

 [1]
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(c) The graph shows how the activity of a sample of uranium-235 changes with time. 
The activity is measured in counts per minute (cpm).
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(i) What is meant by the half-life of a radioactive isotope?

Tick (✓) one box.

Half of the decrease in activity per second. 

The number of atoms formed in half a year. 

The time taken for the activity to fall by half. 

The time taken for the activity to reach 0.5 cpm.  
 [1]

(ii) Find the activity of the sample at 14 × 108 years.

Use the graph.

 Activity at 14 × 108 years =  ..................................................  cpm [1]

(iii) The half-life of uranium-235 is 7 × 108 years.

Calculate the activity at 21 × 108 years.

 Activity at 21 × 108 years =  ..................................................  cpm [2]
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(d) Complete the sentences about the use of uranium-235 in a nuclear fission reactor.

Use words from the list.

chain chemical electrons  gamma

kinetic neutrons protons ultraviolet

A neutron is absorbed by a nucleus of uranium. 

The nucleus splits into two smaller parts.

This releases more ............................................, which may go on to make further reactions. This 

is known as a ............................................ reaction.

The energy released from the nucleus is transferred as ............................................ energy of 

the particles.

Energy is also emitted as ............................................ radiation.
 [4]
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4 A student investigates how the number of layers of insulation affects how quickly a beaker of hot 
water will cool.

They use this method:

• Wrap three beakers in a different number of layers of bubble wrap insulation.
• Leave one beaker without any bubble wrap.
• Pour hot water into each beaker.
• Put a lid on all the beakers.
• Take the initial temperature of the water in each beaker using a thermometer.
• Continue to take the temperature every 5 minutes for 25 minutes.

(a)
(i) State two variables that need to be controlled in this experiment.

1  .......................................................................................................................................................

 ..........................................................................................................................................................

2  .......................................................................................................................................................

 ..........................................................................................................................................................
 [2]

(ii) Explain why putting a lid on the beakers will make the water stay warmer for longer.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]
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(b) The graph shows the student’s results.
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(i) Describe how the number of layers of bubble wrap affects the change in temperature over the 
25 minutes.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]
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(ii) How does the rate of change in temperature of the water in each beaker change over the 
25 minutes?

Use the graph.

Tick (✓) one box.

Decreases 

Increases 

Stays the same 
 [1]

(iii) Explain how the graph shows this.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]

(iv) The student repeats the experiment with a different material for the insulation.

This new material has the same thickness but a greater thermal conductivity in comparison to the 
bubble wrap.

Predict the temperature of the water after 10 minutes when the beaker is wrapped in one layer of 
the new material.

Use the graph.

 Temperature of water after 10 minutes =  ..................................................... °C [1]
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5 Levers and gears are used to transmit rotational forces.

(a) Fig. 5.1 shows a simple lever with a force of 8 N applied 15 cm from the pivot.

 Fig. 5.1

8 N

15 cm

Pivot

Lever

(i) Calculate the moment of the 8 N force about the pivot.

Use the Equation Sheet. 

Give your answer in Nm.

 Moment =  ...................................................  Nm [3]

(ii) A second force of 4 N is applied to the lever and the lever becomes balanced.

 Fig. 5.2 shows the balanced lever. 

 Fig. 5.2

8 N Pivot

15 cm

The 4 N force is missing from Fig. 5.2. 

Describe the direction and position that this 4 N force is applied to the lever to keep it balanced.

You can draw the 4 N force on Fig. 5.2 or describe it in the answer space below.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]
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(b) Fig. 5.3 shows a simple two-gear system.

 Fig. 5.3

Gear A
Gear B

(i) The arrow on Fig. 5.3 shows that gear A is rotating in a clockwise direction.

Draw an arrow on Fig. 5.3 to show the direction that gear B rotates. [1]

(ii) Gear A has 7 teeth. 

Gear B has 21 teeth.

Both gears have the same size teeth.

Gear A completes 3 full rotations.

Calculate the number of full rotations completed by gear B.

 Number of full rotations =  ......................................................... [2]
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6 A student investigates series and parallel circuits with two resistors, R1 and R2.

(a) Fig. 6.1 shows the series circuit they build.

 Fig. 6.1

R1 R2

A

12 V

(i) Describe the change in the energy stores, when there is a current in the circuit.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

(ii) Show that the reading on the ammeter in the circuit in Fig. 6.1 is less than 0.25 A.

• The potential difference across the battery is 12 V.
• The resistance of R1 is 30 Ω.
• The resistance of R2 is 30 Ω.

Use the Equation Sheet.

 Reading on ammeter =  ......................................................  A [4]
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(iii) Calculate the work done by the 12 V battery in 20 seconds.

Use the Equation Sheet.

 Work done =  ......................................................  J [4]

(iv) Calculate the power delivered by the 12 V battery.

Use the Equation Sheet. 

State the units.

 Power =  .................................  Unit ............... [3]
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(b) The student reconnects the same components from Fig. 6.1 so that the resistors are now in 
parallel.

 Fig. 6.2 shows this parallel circuit.

 Fig. 6.2

A
R1

R2

12 V

The resistance of R1 = 30 Ω.
The resistance of R2 = 30 Ω.

(i) Calculate the current in R1 in the circuit in Fig. 6.2.

 Current =  ......................................................  A [2]

(ii) Explain why the reading on the ammeter in the parallel circuit in Fig. 6.2 is greater than the 
reading on the ammeter in the series circuit in Fig. 6.1.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]
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7* The Sun was formed from a cloud of dust and gas.

The dust and gas particles were pulled together by the force of gravity. 
The cloud collapsed and fusion reactions started. 
The Sun then became a stable star.

The table shows typical temperatures of a cloud of dust and gas and of a stable star.

Temperature (°C)

Cloud of dust and gas 1.0 × 101

Stable star 1.5 × 107

Explain how the work done by the force of gravity on a cloud of dust and gas, forms a stable star.

Use the particle model of matter and the data in the table.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [6]
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8 A teacher demonstrates the acceleration of a trolley along a smooth surface.

The diagram shows the equipment the teacher uses.

Trolley

String
Pulley

Weight

The trolley is connected to a weight of 5 N using a string.

When the weight falls the trolley accelerates towards the pulley.

(a) The trolley has a mass of 1.2 kg.

(i) Calculate the kinetic energy store of the trolley when it has a velocity of 0.5 m / s.

Use the Equation Sheet.

 Kinetic energy store =  ......................................................  J [3]

(ii) Calculate the change in momentum when the trolley accelerates from 0.5 m / s to 1.2 m / s.

Use the Equation Sheet.

 Change in momentum =  .............................................  kg m / s [3]
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(iii) The accelerating force on the trolley is 5 N.

Calculate the time taken for the trolley to increase its velocity from 0.5 m / s to 1.2 m / s.

Use:
• the Equation Sheet
• your answer to (a)(ii).

Give your answer to 2 decimal places.

 Time taken =  ......................................................  s [4]

(b) In reality, frictional forces act on the trolley.

The actual time taken for the trolley to accelerate from 0.5 m / s to 1.2 m / s is different to the 
answer calculated in (a)(iii).

Explain how frictional forces affect the time taken.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [3]

(c) The teacher repeats the same experiment with a new trolley which has a greater inertial mass 
than the original trolley.

Explain why the statement below is true:

The new trolley will have a smaller acceleration than the original trolley.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]
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9 Radio waves and microwaves are electromagnetic waves used for telecommunication.

(a)
(i) State two differences between microwaves and radio waves.

1  .......................................................................................................................................................

2  .......................................................................................................................................................
 [2]

(ii) State two similarities between microwaves and radio waves.

1  .......................................................................................................................................................

2  .......................................................................................................................................................
 [2]

(b) Radio waves are produced in a radio transmitter.

Describe how radio waves are produced from an electrical current.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]
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(c) A radio transmitter on the surface of the Earth emits a radio wave to the ionosphere. 

The radio wave reflects from the ionosphere and is detected by a radio receiver on the surface of 
the Earth.

TransmitterReceiver

Ionosphere

Earth

h

Estimate the time for the radio wave to travel from the transmitter to the receiver.

The speed of radio waves is 3 × 108 m / s.

The height of the ionosphere h above the surface of the Earth is 6 × 104 m.

Assume the distance between the transmitter and receiver is very small compared to the height 
of the ionosphere.

The height of the transmitter and receiver are negligible.

Use the Equation Sheet.

Give your answer in standard form, in seconds.

 Time =  ......................................................  s [3]

END OF QUESTION PAPER
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EXTRA ANSWER SPACE

If you need extra space use these lined pages. You must write the question numbers clearly in 
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