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1 A student investigates the effect of temperature on the rate of photosynthesis in an aquatic plant.

 Fig. 1.1 shows the apparatus used.

aquatic plant

Fig. 1.1

 The student counts the number of bubbles of gas released in one minute.

 They repeat the investigation with water at different temperatures.

 Table 1.1 shows the results.

Table 1.1

temperature / °C number of bubbles 
released per minute

25  5

30 25

35 38

40 55

45 71

50 40

55 25

60  0

 (a) (i) Name the gas released by the aquatic plant.

 ...................................................................................................................................... [1]
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  (ii) Describe the results shown in Table 1.1.

   Include data from Table 1.1 in your answer.

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

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

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

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

 (b) Photosynthesis is an enzyme-controlled reaction.

  Explain the results between 50 and 60 °C.

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

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

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

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

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

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

 (c) The leaves of a plant are described as sources or as sinks depending on the time of the year.

  Describe the difference between sources and sinks.

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

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

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

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

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

 (d) State the name of the carbohydrate in plants that is used:

as an energy store  ....................................................................................................................

in respiration  .............................................................................................................................

to build cell walls.  ......................................................................................................................
  [3]

 [Total: 11]
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2  Measles is a transmissible disease.

 Fig. 2.1 shows the number of measles antibodies in the blood after vaccination and after infection.

vaccination given infection

number of
measles

antibodies
in the
blood

time

Fig. 2.1

 (a) Complete the sentences to explain the immune response seen in Fig. 2.1. 

  Vaccinations contain a weakened form of the ........................................ or their antigens. 

  The antigens stimulate an immune response by a type of white blood cell called 

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

  These white blood cells produce antibodies, increasing the number of antibodies in the blood.

  Long-term immunity is provided by the production of ........................................ cells.

  If the body becomes infected after vaccination, antibody production in the body 

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

  The antibodies bind to antigens with a ........................................ shape destroying them or 

  marking them for destruction by ........................................ .
 [6]
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 (b)  State the name of the type of immunity gained in Fig. 2.1. 

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

 (c)  State two indirect ways that transmissible diseases can be transmitted. 

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

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

 [Total: 9]
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3 (a) A country introduced a law called the Endangered Species Act. It was hoped that the Act 
would help to conserve species that were at risk from extinction.

  Table 3.1 shows the numbers of birds from different species before and after the Act was 
introduced.

Table 3.1

species
number of birds

before the Act after the Act

bald eagle 416 9789

Kirtland’s warbler 210 1415

nene goose 400 1275

peregrine falcon 324 1700

whooping crane  54  513

  (i) State which species was the most at risk from extinction before the Act.

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

  (ii) Calculate the percentage increase in the number of Kirtland’s warblers.

   Give your answer to the nearest whole number.

 percentage increase =  .......................................................% [3]

 (b) List three reasons why species become endangered or extinct.

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

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

3  ................................................................................................................................................
 [3]
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 (c) The nene goose is a herbivore and the bald eagle is a carnivore.

  (i) State the name of the trophic level in the food chain for the nene goose.

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

  (ii) Explain why the way the nene goose feeds is more energy efficient than that of the bald 
eagle.

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

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

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

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

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

 [Total: 11]
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4  (a) A student investigates the effect of exercise on oxygen consumption.

  The oxygen used by the student before, during and after exercise is monitored.

  Fig. 4.1 is a graph of the results.

oxygen
consumption

time / minutes
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

after exerciseafter exerciseduring exerciseduring exercisebefore
exercise
before

exercise

Fig. 4.1

  (i) State the balanced symbol equation for the type of respiration occurring before exercise 
in Fig. 4.1.

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

  (ii) Use Fig. 4.1 to calculate the time taken by the student to exercise. 

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

 (b) The shaded part of the graph represents an oxygen debt caused by a build-up of lactic acid.

  (i) State where lactic acid builds up in the body during vigorous exercise.

 ............................................................... and ............................................................... [2]
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  (ii) Describe how the lactic acid is removed by the body.

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

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

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

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

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

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

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

 (c) Regular exercise reduces the risk of developing coronary heart disease (CHD).

  Describe one change to a person’s diet that can reduce the risk of developing CHD.

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

 [Total: 9]
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5  (a) Fig. 5.1 shows the arrangement of the particles in the three states of matter.

solid liquid gas

Fig. 5.1

  Table 5.1 shows information about the particles in the three states of matter.

  Complete Table 5.1.

Table 5.1

state of 
matter particle separation particle arrangement particle motion

solid ........................................ regular vibrate about fixed 
positions

liquid close together ........................................ move around each other

gas far apart random ........................................
 [3]

 (b) Fig. 5.2 shows a cooling curve for water.

temperature

time

Fig. 5.2

  (i) Write a letter G on Fig. 5.2 to show when the water is a gas and is cooling down.  [1]

  (ii) Write a letter F on Fig. 5.2 to show when the water is freezing.  [1]
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  (iii) Explain how Fig. 5.2 shows that the water is pure rather than a mixture.

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

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

  (iv) While cooling, water vapour condenses to form liquid water.

   Explain what happens to the particles when forming liquid water. Use ideas about the 
kinetic particle theory in your answer. 

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

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

 (c) Water is a simple molecular compound with a low melting point and a low boiling point.

  Explain why the melting point and boiling point are low. 

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

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

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

  [Total: 10]
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6  (a) Aluminium is in Group III of the Periodic Table.

  Give one reason why aluminium is often used in containers for food and drinks.

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

 (b) Many metals react with dilute acids.

  Complete the general equation for this reaction.

  Choose words from the list below.

alloy
base

hydrogen
oxygen

salt
water

  metal  +  acid  →  ........................................  +  ........................................   [2]

 (c) When aluminium metal reacts with dilute hydrochloric acid, aluminium atoms form aluminium 
ions.

  The ionic half-equation for this reaction is shown.

Al  →  Al 3+  +  3e–

  State whether this reaction is oxidation or reduction.

  Explain your answer.

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

 .............................................................................................................................................. [1]
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 (d) (i) Copper reacts with oxygen to form copper(II) oxide. 

   State whether copper(II) oxide is an acidic oxide or a basic oxide.

   Give a reason for your answer. 

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

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

  (ii) Copper(II) oxide, CuO, reacts with sulfuric acid to form copper(II) sulfate and water.

   Write the balanced symbol equation for this reaction.

 ...................................................................................................................................... [1]
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 (e) Fig. 6.1 shows the reaction pathway diagram for the reaction between copper(II) oxide and 
sulfuric acid.

energy

progress of reaction

reactants

activation energy Ea

products

Fig. 6.1

  (i) State whether the reaction is exothermic or endothermic.

   Explain your answer.

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

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

  (ii) Define activation energy Ea.

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

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

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

 [Total: 9]
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7  (a) Hydrogen–oxygen fuel cells use a chemical reaction to produce electricity.

  Name the only chemical product made by a hydrogen–oxygen fuel cell.

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

 (b) A vehicle with a petrol (gasoline) engine produces carbon dioxide gas.

  Carbon dioxide is a greenhouse gas.

  Describe how carbon dioxide causes global warming.

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

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

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

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

 (c) Hydrogen–oxygen fuel cells do not produce carbon dioxide.

  Describe one other advantage and one disadvantage of using hydrogen–oxygen fuel cells 
instead of petrol (gasoline) engines to power vehicles.

advantage  .................................................................................................................................

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

disadvantage  ............................................................................................................................

 ...................................................................................................................................................
  [2]
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 (d) (i) A major component of petrol is the compound C7H16. C7H16 belongs to a homologous 
series. 

   Name the homologous series.

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

  (ii) C7H16 burns in oxygen to make carbon dioxide and water.

C7H16  +  11O2  →  7CO2  +  8H2O

   Calculate the volume of carbon dioxide made when 2.5 g of C7H16 burns completely in 
oxygen.

   The molar gas volume at r.t.p. is 24 dm3.

   Show your working.

 volume of carbon dioxide =  ................................................... dm3 [4]

 [Total: 11]
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8  (a) Magnesium chloride contains the ions Mg2+ and Cl –.
 
  (i) State the formula for magnesium chloride.

 formula =  .......................................................... [1]

  (ii) Magnesium chloride is a good conductor of electricity when aqueous. It does not conduct 
electricity when solid.

   Explain why the conductivity of magnesium chloride is different in these two states.

good conductor when aqueous  .........................................................................................

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

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

does not conduct electricity when solid  ............................................................................

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

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

 (b) Molten magnesium chloride can be electrolysed.

  Construct the balanced ionic half-equation for the reaction at the cathode.

 .............................................................................................................................................. [2]
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 (c) Magnesium chloride is made when magnesium reacts with dilute hydrochloric acid.

  A student reacts a piece of magnesium with 40 cm3 of dilute hydrochloric acid at 20 °C. The 
student measures the time taken for the reaction to finish.

  The student repeats the experiment at 30 °C and 40 °C.

  Explain how increasing the temperature affects the rate of reaction. 

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

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

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

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

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

 .............................................................................................................................................. [4]

 (d) The rate of reaction between magnesium and dilute hydrochloric acid can be increased by 
adding a catalyst.

  State how a catalyst increases the rate of a reaction.

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

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

  [Total: 10]
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9  (a) A car accelerates from rest with a constant acceleration of 10 m / s2 for 3.0 seconds.
 
  (i) Define acceleration.

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

  (ii) On Fig. 9.1, draw a speed–time graph for the car’s motion.

0.0

5.0

10.0

15.0

20.0

25.0

30.0

0 1.0 2.0 3.0
time / s

speed
m / s

Fig. 9.1
 [2]

  (iii) The mass of the car is 1750 kg.

   Calculate the force required to produce an acceleration of 10 m / s2.

 force =  ......................................................  N [2]

 (b) Acceleration is a vector quantity.

  (i) State what is meant by the term vector quantity.

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

 ...................................................................................................................................... [1]
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  (ii) Place ticks () in Table 9.1 to identify the quantities that are vectors.

   One example has been done for you.

Table 9.1

quantity vector

acceleration 

distance

energy

gravitational field strength

mass

velocity
 [2]

 (c) Two lamps are connected in parallel with a 12 V battery. The lamps are identical.

  Fig. 9.2 shows the circuit diagram for the lamps.

12 V

Fig. 9.2

  The current in the battery is 0.60 A.

  Calculate the resistance of one of the lamps.
  State the unit for your answer.

 resistance = .............................. unit = .......... [3]
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 (d) Each headlamp of the car contains a thin converging lens. 

  A converging lens can be used to form a virtual image.

  Complete Fig. 9.3 to show how a converging lens forms a virtual image. 

F = principal focus

object F

Fig. 9.3
 [3]

 [Total: 14]
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10  Fig. 10.1 shows a simple diagram of the Solar System. 

SunSunSun

not to scale

UranusUranusUranus

MarsMarsMars JupiterJupiterJupiter

VenusVenusVenus

MercuryMercuryMercury

EarthEarthEarth

NeptuneNeptuneNeptune

SaturnSaturnSaturn

Fig. 10.1

 (a) Saturn is in orbit around the Sun. 

  (i) Draw an arrow (→) on Fig. 10.1 to show the direction of the force that keeps Saturn in 
orbit around the Sun.   [1]

  (ii) State the name of the force that keeps Saturn in orbit around the Sun.

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

  (iii) The mean distance between Saturn and the Sun is 1.43 × 1012 m.
   It takes 11 000 Earth days for Saturn to complete one orbit of the Sun.

   Calculate the orbital speed of Saturn.

 orbital speed =  ..................................................  m / s [3]
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 (b) The Sun is a stable star formed 5 billion years ago.

  Describe the formation of a stable star.

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

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

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

 (c) Describe what the Big Bang Theory states in terms of the formation of the Universe.

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

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

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

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

 [Total: 9]
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11  Fig. 11.1 shows a set of traffic lights containing light-emitting diodes (LEDs).

green

amber (orange)

colour of LEDs

red

Fig. 11.1

 (a) The different coloured LEDs emit light with different frequencies and wavelengths.

  (i) Table 11.1 contains the frequencies and wavelengths of red, amber (orange) and green 
light.

   Place ticks () in Table 11.1 to identify the frequency and wavelength of the red LED.

   The amber (orange) LED has been done for you.

Table 11.1

red LED amber (orange) LED

frequency / Hz

4.62 × 1014

4.92 × 1014 

5.66 × 1014

wavelength / m

5.30 × 10–7

6.10 × 10–7 

6.50 × 10–7

 [1]

  (ii) Use the data in Table 11.1 for the amber (orange) LED to show that the speed of light is 
3.0 × 108 m / s.

 [1]
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 (b) Each LED has a potential difference of 3.6 V across it and a current of 0.025 A in it. 

  (i) Calculate the total power input for each LED.

 total power input =  ...................................................... W [2]

  (ii) The LEDs have an efficiency of 40%.

   Calculate the useful power output for each LED.

 useful power output =  ...................................................... W [2]

 (c) Draw the circuit symbol for an LED.

  [1]

 [Total: 7]
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12  Fig. 12.1 shows a diagram of a nuclear power station. 

generator

boiler
steam

water

steam
turbine

reactor

uranium
fuel rods

to cooling tower

Fig. 12.1

 (a) The nuclear power station uses nuclear fission of uranium to generate electricity.

  (i) State what is meant by nuclear fission.

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

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

  (ii) Thermal energy from the nuclear fission of uranium changes water into steam in the 
boiler.

   Describe how the steam exerts a pressure inside the boiler.

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

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

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

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

  (iii) The pressure in the steam causes the turbine to move faster. 

   State the type of energy store that increases when the turbine moves faster.

 ...................................................................................................................................... [1]
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 (b) Fig. 12.2 shows a simple a.c. generator similar to the generator found in the power station.

output e.m.f.

coil

NS

permanent
magnet

permanent
magnet

Fig. 12.2

  (i) A magnetic field exists between the permanent magnets.

   State what is meant by a magnetic field.

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

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

  (ii) One way of increasing the output e.m.f. of the generator is to rotate the coil faster.

   State two other ways of increasing the output e.m.f. of the generator.

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

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

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

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

  (iii) Fig. 12.3 shows the output e.m.f. from the generator. 

timetimetime

output e.m.f.

Fig. 12.3

   On Fig. 12.3, sketch the output e.m.f. from the generator when the coil rotates faster.  [3]
 [Total: 10]
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