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1
(a) Draw lines to match the SI prefixes with their values.

 giga (G) • • 10–9

 kilo (k) • • 10–6

 micro (μ) • • 103

 nano (n) • • 109

 [3]

(b) A student performs an experiment to find the wavelength of laser light.

They obtain five measurements which are all close together.

(i) Which statement is true? Tick one box.

The measurements are accurate but may not be precise. 

The measurements are both accurate and precise. 

The measurements are precise but may not be accurate. 
 [1]

(ii) The student’s result for the wavelength is 541 nm.

The true value of the wavelength for this laser is 557 nm.

Calculate the percentage error in the student’s result.

 Percentage error =  .......................................................% [2]
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2
(a) Complete the definition of the newton below.

One newton is the force required to  ...................................................................................................

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

(b) A container ship is sailing North at a constant 16 m s–1. The ship is experiencing a constant ocean 
current of 6 m s–1 East.

current
6 ms–1

NOT TO SCALE

ship

ship
16 m s–1

(i) Calculate the magnitude of the resultant velocity of the ship.

 Magnitude of resultant velocity =  .................................................  m s–1 [2]
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(ii) Earlier in the journey, the resultant force on the ship was . N16 7 106# .

The total mass of the ship including load is . kg1 6 108# .

Calculate the acceleration of the ship. Give the unit for your answer.

 Acceleration =  ...............................  Unit  .................. [3]

The graph shows the distance the ship has travelled in the time since leaving port.
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(iii) Use the graph to find the maximum speed of the ship in m s–1.

 Maximum speed =  .................................................  m s–1 [4]
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3
(a) State Ohm’s law.

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

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

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

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

(b) An electric fan heater is used on a building site.

The heater’s performance is described using the term kilowatt-hour.

State the quantity that can be measured in kilowatt-hours.

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

(c) The heater contains three identical resistors (heating elements) that turn electrical energy into heat, 
as well as a fan to blow the hot air into the room.

The circuit diagram for the heater is shown below

M

Fan motor

Heating elements

240 V

Each heating element has resistance 126 Ω.

The current through each element is 1.79 A.

(i) Calculate the power dissipated in one heating element.

 Power =  ...................................................... W [2]

(ii) What device could be used to measure the current?

 ........................................................................................................................................................ [1]
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(d) The fan motor has resistance 5.0 Ω.

Calculate the total resistance in the circuit.

 Resistance =  ......................................................  Ω [3]

(e) Which statement correctly describes the efficiency of the heater?

Tick one box.

Almost all the input power is transferred to useful outputs, 
so the efficiency is probably over 90%. 

Energy is conserved so the efficiency is exactly 100%. 

Most of the input power is wasted in the motor so the 
efficiency is probably below 10%. 

The output power is likely to be more than the input power, 
so the efficiency is over 100%. 

 [1]
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4 This question is about a steel cable used to suspend a lift in a tall building.

(a) The Young’s modulus of steel is very high.
Explain why this makes it a good choice of material for a lift cable.

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

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

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

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

The diagram shows part of the atomic structure of the metal cable.

Tension is applied to the cable as shown.

Metal atom

Tension

Tension

A

B

(b) State what happens to the separation of the atoms, A and B in the diagram, when

(i) the tension is applied,

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

(ii) the tension is released.

 ........................................................................................................................................................ [1]
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(c) Which statement correctly describes the forces between atoms A and B?

Tick one box.

There are no forces between the atoms. 

The atoms attract one another. 

The atoms both attract and repel one another and those forces are balanced. 

The atoms both attract and repel one another, but the attraction is stronger. 

The atoms both attract and repel one another, but the repulsion is stronger. 

The atoms repel one another. 
 [1]
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When the lift is carrying passengers, the cable stretches slightly.

The graph shows the extension of the lift cable for different loads.
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(d) Calculate the strain energy in the cable when the load is 6000 N.

 Strain energy =  ........................................................ J [4]

(e) The manufacturer uses destructive testing when evaluating its lift cables.

Describe two features of destructive testing.

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

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

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

 .............................................................................................................................................................
 [2]
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5 The image shows a person rowing a boat with oars.

Spoon

Oar handle

The end of the oar, called the spoon, enters the water.

The diagram shows the flow of water around the spoon.

Spoon

A

(a) What one word describes the flow at point A?

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

(b) Describe the motion of water particles at point A.

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

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

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

 ........................................................................................................................................................ [2]
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(c) Engineers can improve rowing performance by changing the shape of the spoon.

The table shows data for two spoon designs.

Old Design New Design

Water pressure / Pa 5740 5960

Spoon area / m2 0.1150 0.1280

Calculate the increase in force when changing to the new design.

 Increase in force =  ......................................................  N [4]

(d) The dynamic viscosity of water is 1.31 mPa s at 10 °C.

State how you know that water is not an ideal fluid.

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

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

(e) What other property of water is needed to calculate its kinematic viscosity?

Tick one box.

Density 

Mass 

Pressure 

Shear stress 

Velocity gradient 
 [1]
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6 Gas storage is important for a country’s energy security. In the 20th century, gas was stored in 
large cylindrical metal tanks called ‘gasometers’ like the one shown in the image below.

Pit filled with
water

Gas inlet pipe

Ground level

Rollers

Rails

Cylindrical
metal tank

When gas is pumped into the gasometer, the cylindrical metal tank slides up the vertical rails on 
rollers. When the tank moves, the gas remains sealed inside by a pit of water below ground level.

(a) A gasometer has a volume of 50 000 m3 and holds gas at pressure 4000 Pa.
The temperature of the gas and surroundings is 15 °C (288 K).
Calculate the number of moles of gas in the tank.

Molar gas constant = 8.31 J K–1 mol–1

 Moles of gas =  ........................................................... [3]

(b) More gas is added to the tank.
The tank rises and the volume increases.
The pressure does not change because it is caused by the weight of the tank above.

Explain why the volume must increase if gas is added to the tank.
Use the ideal gas law in your explanation.
Assume the outside temperature stays the same.

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

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

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

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

 ........................................................................................................................................................ [2]
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(c) On a cold day, the gas temperature falls to 5 °C.
The pressure does not change.
Calculate the decrease in volume of the gas.

 Decrease in volume =  ..................................................... m3 [4]

(d) On a different cold day, the tank moves downwards by 0.60 m.

The radius of the tank is 25 m.

The amount of gas in the tank remains the same.

The tank in part (a) had volume 50 000 m3 and temperature 288 K.

Calculate the temperature of the gas in kelvin.

 Temperature =  ....................................................... K [3]

END OF QUESTION PAPER
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