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1 Fig. 1.1 shows a compost bin. Gardeners use these bins to produce compost which is a useful 
fertiliser for plants.

 They put weeds, dead leaves and other garden waste into the bin. Over time, these break down to 
produce the fertiliser.

removable lid

garden waste placed
in here

compost bin

fertiliser is removed here

Fig. 1.1

 (a) Name the process that breaks down the garden waste into fertiliser for plants.

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

 (b) The organisms that break down the garden waste are respiring aerobically.

  (i) Name two substances that they would produce in their respiration.

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

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

  (ii) Name two mineral ions that the fertiliser will contain.

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

2  ....................................................................................................................................[2]
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  (iii) Suggest two things that a gardener could do to help the organisms in the compost bin to 
respire more quickly.

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

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

 (c) Greenhouse gases are released as the compost is produced in the bin.

  (i) State the name of a greenhouse gas.

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

  (ii) Describe the environmental effect of increased amounts of greenhouse gases in the 
atmosphere.

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

 .......................................................................................................................................[1]
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2 (a) A student carries out an experiment to investigate the reactivities of metals.

  She adds dilute hydrochloric acid to four test-tubes each containing one of the four metals, 
calcium, copper, magnesium and zinc.

  (i) Name the gas produced when metals react with dilute hydrochloric acid.

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

  (ii) Describe a test and its result for the gas you have named in (i).

test  ....................................................................................................................................

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

  (iii) The student’s observations are shown in Table 2.1.

   Complete the table by writing the names of the four metals, calcium, copper, magnesium 
and zinc into the correct boxes.

Table 2.1

observation

metal
........................ ........................ ........................ ........................

 [2]

  (iv) Explain why potassium and sodium must not be included in this investigation.

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 2.1 shows a ring made of an alloy of gold.

ring made of an
alloy of gold

Fig. 2.1

  Alloys of gold usually cost less than pure gold.

  Suggest one other advantage of making a ring from an alloy of gold rather than pure gold.

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

 ...............................................................................................................................................[1]
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3 (a) Fig. 3.1 shows a speed / time graph for a train.
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Fig. 3.1

  (i) Describe the motion of the train over the first 100 seconds.

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

  (ii) On Fig. 3.1, mark with an X the point at which the train stops moving. [1]

 (b) Fig. 3.2 shows some of the forces acting on the train.

35 000 N 65 000 N

F

Fig. 3.2

  The engine of the train produces a thrust of 65 000 N. There is a 35 000 N force opposing the 
motion due to friction in the wheels.

  The train is travelling at a constant speed.

  (i) Force F is another force opposing the motion due to friction.

   Suggest what is causing this force.

 .......................................................................................................................................[1]
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  (ii) The train travels at a constant speed. Calculate the size of force F.

   Show your working.

 force =  ......................................................  N [1]

 (c) The engine is powered by diesel fuel. The combustion of diesel fuel releases energy, which is 
transformed into kinetic energy. 

  (i) State the form of energy stored in a fuel.

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

  (ii) Only 20% of the energy stored in the diesel fuel is transformed into kinetic energy. The 
rest of the energy is transformed into other forms of energy.

   State one of these other forms of energy.

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

 (d) The track for the train is composed of short lengths of steel rails with small gaps left between 
them. This is shown in Fig. 3.3.

Fig. 3.3

  Suggest the reason for leaving these small gaps.

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

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

 ...............................................................................................................................................[2]
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 (e) The steel rails are made from steel blocks. Each block is a cube, with sides of 0.5 m.
  The density of steel is 7800 kg / m3.

  (i) Calculate the volume of a steel block in m3.

   Show your working.

 volume =  ....................................................  m3 [1]

  (ii) Calculate the mass of the block of steel in kilograms.

   State the formula that you use and show your working.

   formula

   working

 mass =  .....................................................  kg [2]
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4 Fig. 4.1 shows a liquid fossil fuel being extracted from rock layers beneath the sea bed.

layers
of rock

liquid
fossil fuel

drilling rig

sea bed

Fig. 4.1

 (a) Name the fossil fuel being extracted.

  ............................................................[1]
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 (b) The material extracted from the rock is a mixture of hydrocarbons.

  Fig. 4.2 shows a simplified diagram of industrial apparatus being used to separate simpler 
mixtures, P and Q, from the fossil fuel.

400 °C

40 °C

hot fossil
fuel

Fig. 4.2

  (i) Name the process shown in Fig. 4.2.

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

  (ii) Mixture P is gaseous.

   State one use for mixture P.

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

  (iii) Mixture Q is liquid and used as car fuel.

   Name mixture Q.

 .......................................................................................................................................[1]
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 (c) Fig. 4.3 shows the structure of a hydrocarbon molecule.

CH C H

H H

H H

Fig. 4.3

  (i) State the chemical formula and name of the hydrocarbon shown in Fig. 4.3.

   chemical formula .......................................

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

  (ii) Draw the structure of an unsaturated hydrocarbon molecule that has the same number 
of carbon atoms as the molecule in Fig. 4.3.

 [2]
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 (d) Fig. 4.4 shows a simplified diagram of an industrial process in which alkenes are produced 
from alkanes.

mixture of
large alkane
molecules

heat

catalyst

mixture of
small alkane
and alkene
molecules

Fig. 4.4

  (i) Name the process shown in Fig. 4.4.

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

  (ii) Describe a chemical test used to distinguish between an alkane and an alkene.

test  ....................................................................................................................................

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

result for an alkane  ............................................................................................................

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

result for an alkene  ............................................................................................................

 ...........................................................................................................................................
[3]
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Please turn over for Question 5.



14

0654/22/O/N/15© UCLES 2015

5 An athlete does a two-hour training session every day.

 Fig. 5.1 shows how the amount of glycogen in his liver changed over a period of two days.
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Fig. 5.1

 (a) (i) For day 1, state the percentage of the liver mass that was made up of glycogen

   at the start of the training session,

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

   at the end of the training session.

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

  (ii) Explain why the amount of glycogen changed during the training sessions.

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

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

 .......................................................................................................................................[2]
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  (iii) The amount of glycogen in the liver changed between the two training sessions. Describe 
this change and explain why it happened.

description  .........................................................................................................................

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

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

explanation  ........................................................................................................................

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

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

  (iv) Suggest an explanation for the different shape of the graph after the training session on 
day 2, compared to after the training session on day 1.

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

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

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

 (b) Glycogen is a carbohydrate.

  (i) Name the chemical elements present in a carbohydrate.

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

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

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

  (ii) Name the smaller molecules that form the basic units of a large glycogen molecule.

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

 (c) During a training session, the athlete will secrete adrenaline.

  (i) Suggest how the adrenaline would affect the amount of glycogen in the liver. Explain 
your answer.

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

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

  (ii) State one other effect of adrenaline on the body.

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

 .......................................................................................................................................[1]
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6 (a) A cyclist has a mirror placed on his handlebars so that he can see behind him. 

  The cyclist sees a taxi in his mirror as shown on Fig. 6.1.

TAXI

Fig. 6.1

  Describe two characteristics of an image seen in a plane mirror.

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

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

 (b) A reflector on the back of the bicycle is made from many small glass prisms, one of which is 
shown in Fig. 6.2.

45°
P

glass
prism

Fig. 6.2

  A ray of light is incident on the back surface of the prism at point P at an angle of 45°.

  The critical angle for glass is 42°.

  (i) Explain why light does not leave the prism at point P.

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

 .......................................................................................................................................[1]
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  (ii) On Fig. 6.2, draw the path of the ray of light as it leaves point P and travels through the 
glass and then back into the air again. [2]

 (c) The air in a bicycle tyre exerts a pressure on the walls of the tyre. 

  Describe, in terms of particles, how a gas exerts a pressure on the walls of a tyre.

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

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

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

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

 (d) As the cyclist rides, he cools down by sweating. The sweat evaporates from the surface of the 
cyclist’s skin.

  Explain, in terms of particles, why sweating cools the skin.

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

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

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

 ...............................................................................................................................................[2]
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7 Fig. 7.1 shows the male reproductive system, as seen from the side.

X

Y

Fig. 7.1

 (a) (i) On Fig. 7.1, label the urethra and the sperm duct. [2]

  (ii) Name the structures labelled X and Y.

X  .......................................................................... 

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

 (b) State two functions of the testes.

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

2  ............................................................................................................................................[2]
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 (c) Sperm cells are mobile (able to move). Fig. 7.2 shows how mobility of sperm cells varies with 
temperature.

10
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15 20
temperature / °C

percentage
of maximum

mobility / %

25 30

Fig. 7.2

  (i) State the temperature at which the sperm cells are most mobile.

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

  (ii) Suggest why decreased sperm mobility would reduce a man’s fertility.

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

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

  (iii) Human core body temperature is 37 °C. Use this information and the information in 
Fig. 7.2 to explain the advantage of the testes being in the scrotum.

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

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

 .......................................................................................................................................[2]
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8 (a) Two cars A and B are left in the hot sun during the day. Car A is painted black and car B is 
painted white.

car A
painted black

car B
painted white

Fig. 8.1

  Energy from the sun heats both cars.

  State the method of energy transfer between the Sun and the Earth.

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

 (b) Car A has two headlights and two rear lights. The lamp inside each light is connected in 
parallel with each of the other lamps across a 12 V battery.

  (i) Complete the circuit diagram below to show how the lamps are connected to the battery.

   Include one switch in the circuit which will control the two lamps inside the headlights 
and a second switch which will control the two lamps inside the rear lights.

   Label clearly the lamps for the two headlights and the two rear lights.

12 V

[4]



21

0654/22/O/N/15© UCLES 2015 [Turn over

  (ii) The current passing through one lamp in a headlight is 4.8 A. Show that the resistance of 
this lamp is 2.5 Ω.

   State the formula that you use and show your working.

   formula

   working

 [2]

  (iii) Two other lamps in the car are connected in series with each other. Each lamp has a 
resistance of 14 Ω.

   Calculate the combined resistance of the two lamps connected in series.

 resistance =  ......................................................  Ω [1]
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 (c) Some cars are fitted with proximity detectors to warn the driver when the car is too close to 
other objects.

  These detectors use ultrasound. Fig. 8.2 shows a car fitted with an ultrasound proximity 
detector.

car

Fig. 8.2

  (i) The ultrasound waves used have a frequency of 40 000 Hz. This means that they are 
usually outside the audible range of a human.

   Write down the normal audible human range.

   ............................................................ Hz to ............................................................ Hz [2]

  (ii) State the meaning of the term frequency.

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

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

  (iii) An ultrasound wave is emitted from the sensor in the car and the wave, reflected 
from a nearby object, is received 0.002 s later. The speed of ultrasound waves in air is 
34 000 cm / s.

   Calculate the distance of the car from the nearby object.

   State the formula that you use and show your working.

   formula

   working

 distance =  ....................................................  cm [2]
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9 Nitrogen is an element in Group V of the Periodic Table.

 (a) A nitrogen atom has a proton number of 7 and a nucleon number of 14.

  (i) State the number of electrons in a nitrogen atom.

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

  (ii) Describe the composition of the nucleus of this nitrogen atom.

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

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

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

  (iii) Explain in terms of numbers of protons and electrons why the nitride ion, N3–, has a 
negative electrical charge.

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

 .......................................................................................................................................[1]
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 (b) Fig. 9.1 shows apparatus which can be used to make ammonia, NH3.

  The piston of gas syringe A is pushed in slowly, and the mixture of nitrogen and hydrogen 
moves through the small pieces of heated iron into gas syringe B.

gas syringes

iron

heat

mixture containing
ammonia

piston

heat

A

A

B

B

mixture of
nitrogen and

hydrogen

Fig. 9.1

  Some nitrogen reacts with hydrogen on the surface of the heated iron.

  (i) Construct a word equation for the reaction that occurs in the apparatus shown in 
Fig. 9.1.

  
+

      
 [1]

  (ii) Describe a chemical test used to show that ammonia is produced.

   State the result of this test.

test  ....................................................................................................................................

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

  (iii) The iron in this reaction acts as a catalyst.

   State the meaning of the term catalyst.

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

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

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

 (c) Suggest the name of an acid that reacts with ammonia to produce ammonium sulfate.

  ............................................................[1]
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10 (a) In many power stations, energy is transferred to turbines to turn generators.

  (i) A nuclear power station usually has a greater efficiency than a power station which burns 
fossil fuels.

   Explain the meaning of the term efficiency.

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

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

  (ii) In a nuclear power station, fission of uranium-235 nuclei takes place.

   Describe what happens to the nuclei of uranium-235, in this process.

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

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

 (b) In a nuclear power station, technicians work close to radioactive sources.

  These sources emit α-radiation, β-radiation and γ-radiation.

  (i) State which of these radiations is part of the electromagnetic spectrum.

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

  (ii) State which of these radiations does not have an electric charge.

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

  (iii) Describe two effects, harmful to the technicians, from ionising radiation emitted by 
radioactive sources.

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

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

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

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

  (iv) State one way in which these workers could be protected from ionising radiation.

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

 .......................................................................................................................................[1]
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11 Fig. 11.1 shows part of the gas exchange surface of a leaf. 

mesophyll
cells

water

nucleus

chloroplast
cell wall

Fig. 11.1

 (a) Using the information in Fig. 11.1, state two ways in which this surface is adapted for efficient 
gas exchange.

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

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

 (b) (i) Name the gas that is entering the cells of the leaf from the air during a period of bright 
sunlight.

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

  (ii) Name the process by which this gas moves into the cells of the leaf.

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

 (c) The mesophyll cells shown in Fig. 11.1 are found in the middle of a leaf.

  Name three other types of cell that leaves contain.

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

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

3  ............................................................................................................................................[3]
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12 (a) Fig. 12.1 shows a small piece of potassium being added to water.

  The water is coloured green by full-range indicator solution (Universal Indicator).

beaker

water containing
full-range indicator

potassium

Fig. 12.1

  (i) Explain why potassium is an example of an element and water is an example of a 
compound.

potassium is an element because  .....................................................................................

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

water is a compound because  ...........................................................................................

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

  (ii) State and explain the colour change observed in the beaker when the potassium reacts 
with the water.

   green
colour change .................................... to ....................................

explanation  ........................................................................................................................

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

  (iii) During the reaction between potassium and water, the piece of potassium melts.

   Explain this observation.

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

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

  (iv) When lithium is used instead of potassium in the experiment the colour change in (ii) is 
the same.

   Predict one observation that will be different.

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

 .......................................................................................................................................[1]
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 (b) Chloramine, NH2Cl, is a compound that is added to water supplies as one of the processes 
used in drinking water purification.

  Fig. 12.2 shows the structure of a chloramine molecule.

N Cl

H

H

Fig. 12.2

  (i) Predict the type of chemical bonding between the atoms in a chloramine molecule.

   Explain your answer.

type of bonding  ..................................................................................................................

explanation  ........................................................................................................................

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

  (ii) Suggest how chloramine helps to purify drinking water supplies.

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

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

  (iii) State one other process that is used in the purification of drinking water.

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