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1 (a) Fig. 1.1 shows the human alimentary canal and some associated organs.

A

B

C

D

E

F
stomach

Fig. 1.1

  (i) Table 1.1 shows some of the letters, names and functions of some of the parts in Fig. 1.1.

   Complete Table 1.1.

Table 1.1

letter in Fig.1.1 name function

.................. salivary gland secretes amylase

B ..............................
secretes amylase,  

protease and lipase

D .............................. ........................................................

 [3]

  (ii) Mechanical digestion takes place in the stomach.

   Define mechanical digestion.

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

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

 .....................................................................................................................................  [2]
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 (b) Fig. 1.2 shows the effect of pH on the activity of two different enzymes, Q and R.

0
1 2 3 4 5 6 7 8 9 10

enzyme
activity

pH

Q

R

Fig. 1.2

  (i) Identify the pH range over which both enzymes shown in Fig. 1.2 are active.

   Tick (✓) the correct answer.

 pH 3–4 
 

 pH 4–5 
 

 pH 5–6 
 

 pH 6–8 
 [1]

  (ii) Enzyme R digests food in the mouth.

   Explain why enzyme R is not active in the stomach.

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

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

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

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

 [Total: 9]
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2 A student uses inert electrodes to investigate the electrolysis of lead(II) bromide, as shown 
in Fig. 2.1.

+ –

heat

negative electrodepositive electrode

lead(II) bromide

Fig. 2.1

 (a) State the meaning of the term inert.

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

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

 (b) The lead(II) bromide is heated, and its temperature is recorded.

  Table 2.1 shows some of the observations made as the temperature increases.

Table 2.1

temperature / °C observations

 20 no change

100 no change

200 no change

300 no change

400
1. lamp lights up
2. orange vapour seen at positive electrode
3. grey shiny liquid collects below negative electrode

  (i) Suggest why no change is observed at the first four temperatures recorded in Table 2.1.

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

 .....................................................................................................................................  [1]
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  (ii) Explain the three observations made at 400 °C.

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

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

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

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

3  ........................................................................................................................................

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

 (c) The student repeats the investigation using lead(II) chloride instead of lead(II) bromide.

  (i) Two products are formed in the electrolysis of lead(II) chloride.

   Write the name and formula of each product.

   product 1

   name .......................................................... formula ..........................................................

   product 2

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

  (ii) Suggest one difference in the observations made when lead(II) chloride is electrolysed 
instead of lead(II) bromide.

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

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

 [Total: 8]
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3 Fig. 3.1 shows the names of the forces acting on an aircraft flying at a constant speed and at a 
constant height above the ground.

lift

weight

thrust air resistance

Fig. 3.1

 (a) (i) State the name of the force in Fig. 3.1 caused by friction.

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

  (ii) Use the names of the forces in Fig. 3.1 to complete the sentence.

   The aircraft is flying at a constant speed and at a constant height, so the thrust must be 

   equal to the .......................................... , and the .......................................... must be

   equal to the .......................................... .
 [1]

 (b) The aircraft travels a distance of 2170 km at an average speed of 620 km / h.

  Calculate the time in hours for this journey.

 time =  ......................................................  h [2]
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 (c) The aircraft has a mass of 190 000 kg.

  The maximum speed of the aircraft is 720 km / h.

  Calculate the kinetic energy of the aircraft at maximum speed.

 kinetic energy =  ......................................................  J [3]

 [Total: 7]
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4 (a) Fig. 4.1 shows part of the breathing system in humans.

X

rib

Fig. 4.1

  State the name of the part labelled X in Fig. 4.1.

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

 (b) Alveoli are the gas exchange surface in humans.

  State one feature of the gas exchange surface in humans.

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

 (c) Complete the sentences about the differences in composition between expired and inspired air.

  Expired air contains more carbon dioxide than inspired air. This is because

    carbon dioxide is made in cells by the process of ................................................... . 

  Expired air also contains more ................................................... than inspired air.
 [2]
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 (d) Fig. 4.2 shows cells that line the bronchi.

Y

Fig. 4.2

  Describe how cell Y is adapted to its function.

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

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

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

 (e) Tobacco smoking affects the body.

  The boxes on the left show different components of tobacco smoke.

  The boxes on the right show the effects of these components on the body.

  Draw one straight line from each component to its effect.

 component effect
 

  
carbon monoxide

 
addiction

  

  
nicotine

 
lung cancer

  

  
tar

 
reduced oxygen transport by red blood cells

 [1]

 [Total: 7]
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5 A student does five experiments to investigate the reaction between zinc granules and dilute 
hydrochloric acid.

 In each experiment, the student measures the volume of gas produced during the first 10 s of the 
reaction, using the apparatus shown in Fig. 5.1.

gas

dilute hydrochloric acid
zinc granules

Fig. 5.1

 The student uses the same mass of zinc granules and the same volume of dilute hydrochloric acid 
in each experiment.

 The student uses different temperatures and different concentrations of dilute hydrochloric acid.

 Table 5.1 shows the results.

Table 5.1

experiment temperature of acid 
/ °C

concentration of acid
mol / dm3

volume of gas produced 
/ cm3

1 20 1.0 25

2 20 1.5 38

3 30 1.0 45

4 1.0 15

5 20   9

 (a) Suggest a value for:

• the temperature of acid used in experiment 4 ................ °C

• the concentration of acid used in experiment 5. ................ mol / dm3

 [2]
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 (b) Explain why the results for experiments 1 and 2 are different.

  Use ideas about reacting particles in your answer.

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

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

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

 (c) State which experiment listed in Table 5.1 contains the most colliding particles that have the 
minimum energy (activation energy) to react.

  Give a reason for your answer.

  experiment ....................

reason  .......................................................................................................................................

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

 (d) The student repeats experiment 1 using different metals.

  Table 5.2 shows the results.

Table 5.2

metal volume of gas produced / cm3

zinc 25

iron 14

magnesium 34

  (i) Explain the differences in the results.

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

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

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

  (ii) Suggest what is observed when copper is used instead of zinc.

   Give a reason for your answer.

observation  ........................................................................................................................

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

 [Total: 9]
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6 (a) Fig. 6.1 shows an incomplete circuit diagram for the heater, two headlamps and two rear 
lamps in a car.

heater

rear lamps

headlamps

12 V

Fig. 6.1

  (i) The headlamps and rear lamps are switched on at the same time by one switch, S1.

   The heater is switched on separately by switch S2.

   Complete and label the circuit diagram in Fig. 6.1 to show the positions of switches S1 
and S2. [3]

  (ii) Fig. 6.2 shows the four lamps connected together.

rear lamps

headlamps

Fig. 6.2

   Each headlamp has a resistance of 7.0 Ω.

   Each rear lamp has a resistance of 3.5 Ω.

   Calculate the total resistance of the four lamps connected together.

 resistance =  ...................................................... Ω [3]
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 (b) Fig. 6.3 shows the circuit for the starter motor of the car.

car battery

cable

starter
switch

starter
motor

Fig. 6.3

  (i) There is a current of 150 A in the starter motor.

   Calculate the charge that flows through the starter motor in 30 s.

 charge =  .....................................................  C [2]

  (ii) The cables in the circuit contain very thick copper wires.

   Suggest why the wires are very thick.

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

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

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

 [Total: 10]
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7 (a) Fig. 7.1 shows an insect-pollinated flower.

Fig. 7.1

  (i) Draw a label line and the letter C to identify a carpel in Fig. 7.1. [1]

  (ii) State two pieces of evidence that show the flower in Fig. 7.1 is insect-pollinated.

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

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

 (b) Complete the sentence about the role of chlorophyll in a plant.

  Chlorophyll transfers .................................................... into ....................................................

  energy for the .................................................... of the carbohydrate glucose.
 [2]

 (c) In plants, glucose is converted into the sugar sucrose for transport. Glucose is also converted 
into a carbohydrate for storage.

  (i) State the name of the structure in plants used to transport the sugar sucrose.

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

  (ii) State the name of the carbohydrate used for storage.

 .....................................................................................................................................  [1]
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 (d) Fig. 7.2 shows cells from a plant before and after being immersed in a concentrated 
sugar solution.

cytoplasm fills cell cytoplasm shrinks
away from cell wall

before after

Fig. 7.2

  The change seen in Fig. 7.2 is due to movement of water.

  Explain the change in the cells shown in Fig. 7.2.

  Use the term water potential in your answer.

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

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

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

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

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

 [Total: 11]



16

0653/41/O/N/23© UCLES 2023

8 Table 8.1 gives information on the percentage composition of the atmosphere of the planet Mars.

Table 8.1

gas percentage of the atmosphere of Mars

carbon dioxide 95.0

nitrogen  1.9

argon  1.9

 (a) (i) State how Table 8.1 shows that the atmosphere of Mars contains gases that are not 
listed in Table 8.1.

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

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

  (ii) Describe how the percentage composition of the atmosphere of Earth is different from 
that of Mars.

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

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

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

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

 (b) The bonding in carbon dioxide and nitrogen is represented in Fig. 8.1.

N NOO C
carbon dioxide nitrogen

Fig. 8.1

  (i) State the number of electrons that are shared between atoms in one molecule of 
nitrogen.

 .....................................................................................................................................  [1]
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  (ii) Complete Fig. 8.2 to show the dot-and-cross diagram for carbon dioxide.

   Show only the outer shell electrons.

O OC

Fig. 8.2
 [2]

  (iii) The percentage of carbon dioxide in Earth’s atmosphere is increasing.

   State how this affects the environment.

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

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

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

 [Total: 9]
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9 (a) Fig. 9.1 represents a sound wave in air.

air particle

Fig. 9.1

  (i) On Fig. 9.1, draw:

• a label line and the letter C to the centre of a compression
• a label line and the letter R to the centre of a rarefaction.

 [1]

  (ii) The speed of sound in air is 330 m / s.

   Calculate the frequency of a sound wave with a wavelength of 1.5 m.

   Give the unit of frequency.

 frequency =  .................................  unit ................ [3]

 (b) Fig. 9.2 shows the seven regions of the electromagnetic spectrum.

X-rays ultraviolet infrared microwavesvisible
light

gamma
radiation

radio
waves

increasing frequency

Fig. 9.2

  (i) State which region of the electromagnetic spectrum has the greatest wavelength.

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

  (ii) State the speed of electromagnetic waves in a vacuum.

 .....................................................................................................................................  [1]
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  (iii) Electromagnetic waves are transverse waves.

   Sound waves are longitudinal waves.

   Describe the difference between a transverse wave and a longitudinal wave.

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

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

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

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

 (c) Fig. 9.3 shows how rays from an object close to a thin converging lens are focused to form an 
image on the screen.

  F represents the principal focus of the lens.

screen 

objectF
principal
axis

Fig. 9.3

  The object is now moved very far away from the lens.

  Explain why the lens must be moved closer to the screen to focus the image on the screen.

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

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

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

 [Total: 10]
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1 (a) (i) Fig. 1.1 shows the transfer of pollen from flower A to flower B.

pollen
flower A flower B

Fig. 1.1

   Complete the sentences about Fig. 1.1.

   The pollen is transferred from the anthers of flower A to the .......................................

   of flower B. The anthers of flower A are outside the flower because the agent of

   pollination is ....................................... .
 [2]

  (ii) Fig. 1.2 is a photomicrograph of a pollen grain with air sacs.

air sac

Fig. 1.2

   Suggest how air sacs help with the transfer of pollen.

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

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



3

0653/42/O/N/23© UCLES 2023 [Turn over

 (b) Plants can produce offspring by either sexual reproduction or asexual reproduction. 

  Sexual reproduction uses gametes. Asexual reproduction does not use gametes.

  State two other ways sexual reproduction is different from asexual reproduction.

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

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

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

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

 (c) The male gametes in humans are called sperm.

  (i) Complete Fig. 1.3 to show the pathway of sperm during sexual reproduction.

released from testes in male

mix with fluid and enter urethra

transferred to vagina in female

pass through uterus to the oviduct

pass along the ............................................

pass through the .................................. into the uterus

Fig. 1.3
 [2]

  (ii) State two ways that sperm are adapted for their function.

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

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

 [Total: 9]
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2 (a) Magnesium chloride is a soluble salt.

  Magnesium chloride is made in the reaction between solid magnesium oxide and a dilute 
acid. The apparatus used is shown in Fig. 2.1.

solid magnesium oxide

dilute acid

Fig. 2.1

  (i) State the name of the acid that reacts with magnesium oxide to form magnesium chloride.

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

  (ii) State the name of the other product of the reaction.

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

  (iii)  Magnesium oxide is insoluble in water.

   Describe a method to make magnesium chloride crystals from magnesium oxide and 
dilute acid.

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

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

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

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

 .....................................................................................................................................  [3]
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 (b) A student dissolves solid magnesium chloride in one beaker containing water at 20 °C and 
solid potassium chloride in a second beaker containing water at 20 °C.

  The student measures the temperature of the solution in each beaker after the solids dissolve.

  Table 2.1 shows some of the results.

Table 2.1

solid formula
temperature of solution

after solid dissolves
/ °C

type of
reaction

magnesium 
chloride MgCl 2 26 exothermic

potassium 
chloride KCl endothermic

  (i) Suggest a value for the temperature of the solution after the potassium chloride dissolves.

 temperature =  ....................................................  °C [1] 

  (ii) State why the temperature increases for the exothermic reaction in Table 2.1.

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

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

  (iii) Explain why magnesium chloride and potassium chloride contain different numbers of 
chloride ions.

   Use the Periodic Table to help you.

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

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

 [Total: 8]
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3 Fig. 3.1 shows a truck.

road

direction of motiontruck

Fig. 3.1

 (a) Fig. 3.2 shows a speed–time graph for the motion of the truck on a journey.

15

10

speed
m / s

5

0
0 50 100 150

time / s
200 250 300

Fig. 3.2

  (i) State the time taken by the truck to slow down from maximum speed to a stop.

 time =  ......................................................  s [1]

  (ii) On Fig. 3.2, mark with an X a point on the graph when the truck is moving at constant 
speed. [1]

  (iii) Calculate the distance travelled by the truck between t = 0 and t = 100 s.

 distance =  .....................................................  m [2]
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 (b) A load of mass 2500 kg is lifted from the ground onto the back of the truck.

  The load is lifted a vertical height of 0.95 m.

  The gravitational force on unit mass g is 10 N / kg.

  (i) Suggest a value for the minimum force required to lift the load from the ground.

   Give a reason for your answer.

   minimum force = .................................. N

reason  ...............................................................................................................................

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

  (ii) Calculate the change in gravitational potential energy (GPE) of the load.

 change in GPE =  ......................................................  J [2]

 (c) The truck is moving along a level road at a constant speed.

  Explain why the truck continues to use fuel.

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

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

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

 [Total: 11]
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4 (a) Fig. 4.1 shows a food web.

hawk

tree

thrush
caterpillar

blackbird

beetle

Fig. 4.1

  (i) Table 4.1 shows some terms that can be used to describe some of the organisms in 
Fig. 4.1.

   Complete Table 4.1 by placing ticks (3) in the boxes to show all the terms used to 
describe each organism.

Table 4.1

organism carnivore primary 
consumer

occupies 
trophic level 3

blackbird

caterpillar

hawk

thrush
 [3]

  (ii) Explain why there are no trophic levels above the hawk.

   Use ideas about energy in your answer.

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

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

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

 .....................................................................................................................................  [3]
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 (b) Older trees store more carbon than younger trees.

  Scientists record the total number of trees of different species in two forest ecosystems:

• a young forest area where all the trees are less than 20 years old
• a mature forest area where all the trees are over 50 years old.

  Fig. 4.2 shows a bar chart of the results.

60

40
number
of trees

20

0

50

70

30

10

red
maple

yellow
birch

red
oak

witch
hazel

chestnut
oak

tree species

young forest

mature forest

Key:

Fig. 4.2

  (i) The scientists discover that there is more carbon stored in the young forest area.

   Use Fig. 4.2 to explain why.

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

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

  (ii) Identify the tree species in Fig. 4.2 that is not found in the mature forest area.

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

 (c) Describe how light energy is used in the production of starch in trees.

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

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

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

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

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

 [Total: 12]
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5  A student investigates the reaction of dilute hydrochloric acid with different metals.

 The student measures the volume of gas produced during the first 20 s of each reaction using the 
apparatus shown in Fig. 5.1.

gas

dilute hydrochloric acidmetal

Fig. 5.1

 (a) The results for three metals are shown in Table 5.1.

Table 5.1

metal volume of gas produced / cm3

magnesium 38

zinc 30

copper   0

  (i) State which metal listed in Table 5.1 has the greatest tendency to form positive ions.

   Give a reason for your answer.

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

reason  ...............................................................................................................................

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

  (ii) State which metal listed in Table 5.1 is less reactive than hydrogen.

   Give a reason for your answer.

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

reason  ...............................................................................................................................

 ...........................................................................................................................................
 [1]
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  (iii) The student repeats the experiment using iron.

   Predict the volume of gas produced after 20 s.

   Give a reason for your answer.

   volume ........................ cm3

reason  ...............................................................................................................................

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

 (b) The student repeats the experiment for magnesium using dilute hydrochloric acid at a higher 
temperature.

  All other conditions are kept the same.

  (i) State the effect of using a higher temperature on the volume of gas produced after 20 s.

   Explain your answer using ideas about energy and particles.

effect  ..................................................................................................................................

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

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

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

  (ii) At the end of this reaction, some magnesium remains.

   The reaction mixture is tested with universal indicator at the start and at the end of the 
reaction.

   Suggest the pH of the reaction mixture at the start and at the end of the reaction.

   Explain your answer.

   pH at start  ....................

   pH at end ....................

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

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

 [Total: 9]
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6 Fig. 6.1 shows a lighthouse used at night to warn ships of dangerous rocks in the sea.

lamp

Fig. 6.1

 (a) Light from the lamp in the lighthouse is focused to form two parallel beams using two identical 
thin converging lenses. 

  The lamp is centred between the two lenses at point P, as shown in Fig. 6.2.

P

Fig. 6.2

  (i) Complete Fig. 6.2 to show how six rays from the lamp at point P form the two beams 
from the lenses. [1]

  (ii) The distance between the lenses is 1.2 m.

   State the focal length of each lens.

 focal length =  .....................................................  m [1]
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 (b) Fig. 6.3 shows a large foghorn that is also used to warn ships.

Fig. 6.3

  In foggy or cloudy weather, the foghorn makes a loud sound that can be heard over long 
distances.

  (i) The wavelength of the sound from the foghorn is 75 cm.

   Calculate the frequency of the sound.

   The speed of sound in air is 330 m / s.

 frequency =  .................................................... Hz [3]

  (ii) The foghorn is operated by a high-powered diesel engine.

   Suggest why the diesel engine needs to be high powered to produce the loud sound.

Use the word amplitude in your answer.

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

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

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

 (c) Radio waves are used in radar systems for ships.

  Fig. 6.4 shows an incomplete electromagnetic spectrum.

  Write radio waves on Fig. 6.4 in the correct place.

 increasing frequency

visible light infrared

Fig. 6.4
 [1]

 [Total: 8]
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7 (a) Explain one way the structure of an artery is adapted to its function.

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

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

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

 (b) The photomicrograph in Fig. 7.1 shows a blockage in a coronary artery.

blockage

artery wall

Fig. 7.1

  (i) Explain how the blockage reduces the amount of oxygen reaching the wall of the heart.

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

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

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

  (ii) State two possible risk factors for coronary heart disease.

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

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

 [Total: 6]
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8 (a) Iron is extracted from hematite in a blast furnace.

  The chemical equation for one of the reactions in the blast furnace is shown.

  Fe2O3  +  ................CO    ................Fe  +  ................CO2

  (i) Complete the balanced chemical equation. [1]

  (ii) State the name of the reducing agent in this reaction.

   Give a reason for your answer.

   reducing agent ........................................

reason  ...............................................................................................................................

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

 (b) Identical iron nails A and B are placed in separate test-tubes.

  Oil is added to the test-tube with iron nail B, as shown in Fig. 8.1.

 damp air

iron nail A

oil

iron nail B

Fig. 8.1

  After one week, a layer of rust has formed on iron nail A. Iron nail B is unchanged.

  (i) Describe how oil prevents iron nail B from rusting.

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

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

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

  (ii) State one other method of rust prevention.

 .....................................................................................................................................  [1]
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 (c) The electronic structure of an oxygen atom is shown in Fig. 8.2.

O

Fig. 8.2

  (i) Describe how the electronic structure of this atom relates to the group of the Periodic 
Table to which oxygen belongs.

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

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

  (ii) Complete Fig. 8.3 to show the dot-and-cross diagram of a molecule of oxygen, O2.

   Show only the outer shell electrons.

O O

Fig. 8.3

 [2]

 [Total: 9]
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9 Fig. 9.1 shows two identical floodlights, F and G, at a sports ground.

floodlight F floodlight G

Fig. 9.1

 Fig. 9.2 shows a wind turbine used to generate electricity for the two floodlights.

cables

Fig. 9.2

 The wind turbine generates an electromotive force (e.m.f.) of 240 V.

 There is a current of 18 A in each cable from the wind turbine.

 (a) Calculate the power output from the turbine.

  Give the unit of your answer.

 power =  ...................................  unit .............. [3]
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 (b) The two identical floodlights are connected to the wind turbine by cables.

  Table 9.1 gives information about the current in each floodlight, and the distance of each 
floodlight from the wind turbine.

Table 9.1

floodlight current in floodlight
/ A

distance from wind turbine
/ m

F 12.0 200

G   6.0 400

  (i) State the type of circuit connection from the wind turbine to the two floodlights.

   Give a reason for your answer.

   type of circuit connection .....................................

reason  ...............................................................................................................................

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

  (ii) Explain why the current in floodlight G is half the current in floodlight F.

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

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

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

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

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

 [Total: 8]
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1 (a) Fig. 1.1 shows part of the breathing system in humans.

A

B

trachea

Fig. 1.1

  (i) State the names of the parts labelled A and B in Fig. 1.1.

A  ........................................................................................................................................

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

  (ii) Describe how goblet cells protect the lining of the trachea.

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

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

 .....................................................................................................................................  [2]
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 (b) The breathing rate of four students is measured before and during physical activity.

  Table 1.1 shows the results.

Table 1.1

student

breathing rate 
/ breaths per minute

before 
physical activity

during 
physical activity difference

1 18 33 15

2 14 32 18

3 16 35 19

4 17 38 21

  (i) Identify the student in Table 1.1 with the lowest breathing rate before physical activity.

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

  (ii) Calculate the average difference in breathing rate.

   Give your answer to the nearest whole number.

 average difference =  ..........................  breaths per minute [2]

  (iii) Explain the effect of physical activity on breathing rate shown in Table 1.1.

   Include ideas about carbon dioxide in your answer.

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

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

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

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

 [Total: 10]
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2 Fig. 2.1 shows the electrolysis of concentrated aqueous sodium chloride using platinum electrodes.

negative
electrode

positive
electrode

chlorine gas

aqueous sodium chloride

Fig. 2.1

 (a) Some information about ions in the solution is shown in Table 2.1.

Table 2.1

name of ion formula of ion source of ion concentration of ion 
during the electrolysis

chloride Cl  – sodium chloride decreases

hydrogen water

hydroxide OH– stays the same

sodium sodium chloride

  (i) Complete Table 2.1. [3]

  (ii) Describe what happens to the chloride ions at the positive electrode during the 
electrolysis. 

   Use ideas about ions, electrons, atoms and molecules in your answer.

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

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

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

 .....................................................................................................................................  [3]
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 (b) Platinum is a transition element.

  (i) State one property of platinum that makes it suitable to use as an electrode.

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

  (ii) State two other properties of transition elements that are not properties of Group I 
elements.

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

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

 [Total: 9]
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3 Fig. 3.1 shows a firefighter standing next to a fire engine.

fire engine

firefighter

Fig. 3.1

 (a) The firefighter sprays water onto the fire.

  The temperature of the fire is 600 °C.

  (i) The firefighter is heated by the fire.

   State the main method of energy transfer from the fire to the firefighter.

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

  (ii) The temperature of the water is 15 °C.

   State what happens to the water when it is heated from 15 °C to 600 °C.

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

  (iii) The fire engine has a tank containing a volume of 1800 dm3 of water.

   Calculate the mass of water in the tank.

   The density of water is 1000 kg / m3.

 mass =  ..................................................... kg [3]
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 (b) The fire engine has a weight of 140 000 N.

  (i) Calculate the mass of the fire engine.

   The gravitational force on unit mass g is 10 N / kg.

 mass =  ..................................................... kg [2]

  (ii) The fire engine has a total area of 0.56 m2 in contact with the ground.

   Calculate the pressure exerted by the fire engine on the ground.

   Give the unit of your answer.

 pressure =  ..............................  unit ................... [3]

 [Total: 10]
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4 (a) Fig. 4.1 shows part of the human alimentary canal and associated organs.

small
intestine

Fig. 4.1

  (i) Draw a label line and the letter G on Fig. 4.1 to identify the gall bladder. [1]

  (ii) Starch is digested by an enzyme in the alimentary canal.

   State the name of the enzyme and of the product of this digestion.

enzyme  ..............................................................................................................................

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

  (iii) Describe how soluble food molecules are absorbed into the blood from the small 
intestine.

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

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

 .....................................................................................................................................  [2]
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 (b) Fig. 4.2 shows the effect of temperature on the activity of an enzyme that is not found in 
humans.

−10 0
0

enzyme
activity

10 20

temperature / °C

30 40

Fig. 4.2

  (i) Identify the temperature at which the enzyme is the most active.

 temperature =  ..................................................... °C [1]

  (ii) Explain the effect of a temperature of 20 °C on the activity of the enzyme.

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

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

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

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

 [Total: 9]
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5 Table 5.1 gives information on the percentage composition of the atmosphere of the planet Mars.

Table 5.1

gas percentage composition of  
the atmosphere of Mars

carbon dioxide 95.0

nitrogen  1.9

argon  1.9

 (a) (i) The atmosphere of Mars contains other gases not shown in Table 5.1.

   Use Table 5.1 to calculate the percentage of other gases in the atmosphere of Mars.

 other gases =  ......................................................% [1]

  (ii) More than 20% of the Earth’s atmosphere is gas X.

   Gas X is not shown in Table 5.1.

   State the name of gas X.

 .....................................................................................................................................  [1]
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 (b) The electronic structure of argon is shown in Fig. 5.1.

Ar

Fig. 5.1

  Argon is a noble gas.

  Describe how the position of argon in the Periodic Table is related to its electronic structure.

  Use ideas about period number and group number in your answer.

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

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

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

 .............................................................................................................................................  [3]
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 (c) The structure of carbon dioxide is shown in Fig. 5.2.

Fig. 5.2

  State the number of electrons that are shared between the carbon atom and one oxygen 
atom in a molecule of carbon dioxide.

  Give a reason for your answer.

  number of electrons ....................

reason  .......................................................................................................................................

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

 (d) Complete Fig. 5.3 to show the dot‑and‑cross diagram of a molecule of nitrogen.

  Show all of the outer shell electrons.

N N

Fig. 5.3
 [2]

 [Total: 9]
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6 A spring has an original length of 10.0 cm.

 An object is suspended from the spring, and the spring extends to a length of 12.0 cm, as shown 
in Fig. 6.1.

12.0 cm
spring

object

Fig. 6.1

 (a) (i) Determine the extension of the spring.

 extension =  .................................................... cm [1]

  (ii) The weight of the object is 1.5 N.

   Calculate the spring constant k of the spring.

 k =  ...............................................  N / cm [2]

  (iii) State the name of the energy stored in the extended spring.

 .....................................................................................................................................  [1]
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 (b) The object is pulled down and held at a vertical distance of 3.0 cm from its rest position, as 
shown in Fig. 6.2.

12.0 cm

3.0 cm
rest position

Fig. 6.2

  The object is released, and the object oscillates up and down.

  The period of an oscillation is the time taken for one complete oscillation.

  Fig. 6.3 shows a distance–time graph for the vertical motion of the object after release.

time

distance
above rest 
position

0
0

Fig. 6.3

  (i) On Fig. 6.3, use a double‑headed arrow (↕ or ↔) to show:

• the period of the oscillation and label this T
• the amplitude of the oscillation and label this A.

 [2]
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  (ii) The mass of the object is 0.15 kg.

   During oscillation, the object has a maximum speed of 0.012 m / s.

   Calculate the kinetic energy of the object at its maximum speed.

 kinetic energy =  ....................................................... J [2]

  (iii) A student suggests that the energy stored in the spring in Fig. 6.2 before the object is 
released is the same value as the kinetic energy calculated in (b)(ii).

   State whether you think the student is correct or incorrect.

   Give a reason for your answer.

   student is ............................................. 

reason  ...............................................................................................................................

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

 [Total: 9]
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7 (a) Fig. 7.1 shows the drawing of a cross‑section through a root.

root hair cell

P

Fig. 7.1

  (i) State two functions of the part labelled P in Fig. 7.1.

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

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

  (ii) Describe one way the root hair cell is adapted for absorption.

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

 .....................................................................................................................................  [1]
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 (b) Scientists measure the concentration of dissolved oxygen in pond A and in pond B for 
24 hours.

  Fig. 7.2 is a graph of the results.

0
0

2

4
concentration of

dissolved oxygen
/ mg per dm3

6

1

3

5

8

7

2 4 6 8 10 12
time after sunrise

/ hours

pond A

pond B

14 16 18 20 22 24

Fig. 7.2

  (i) Complete the sentences about aquatic plants that are growing in pond A.

   During daylight hours, chlorophyll in aquatic plants in the pond transfers light into 

.......................................................... energy. 

   This is part of the process of .......................................................... in the aquatic plants.
 [2]

  (ii) Pond B is polluted with nitrate fertiliser, which increases the availability of nitrates in 
pond B.

   Explain the difference in concentration of dissolved oxygen between pond A and pond B.

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

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

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

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

 [Total: 8]
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8 Table 8.1 shows some information about some alkanes and alkenes.

Table 8.1

number of 
carbon atoms in 

one molecule

alkane alkene

name formula name formula

2 ethane C2H6 ethene

3 propane C3H8 propene C3H6

4 C4H10 butene C4H8

8 octane octene C8H16

 (a) The general formula for the alkenes is CnH2n.

  (i) Deduce the general formula for the alkanes.

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

  (ii) Complete Table 8.1. [3]

 (b) The structure of propane is shown in Fig. 8.1.

H

C

H

H

H

C

H

H

C

H

H

Fig. 8.1

  (i) Describe how Fig. 8.1 shows that propane is a saturated hydrocarbon.

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

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

 .....................................................................................................................................  [2]
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  (ii) Draw a diagram, similar to Fig. 8.1, to show the structure of propene.

 [2]

 [Total: 8]
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9 (a) Fig. 9.1 shows an ultraviolet torch used to kill bacteria and viruses on surfaces.

Fig. 9.1

  When switched on, the torch emits both ultraviolet radiation and visible light.

  (i) Fig. 9.2 shows an incomplete electromagnetic spectrum.

   On Fig. 9.2, write ultraviolet and visible light in their correct places.

X-rays radio waves

increasing frequency

Fig. 9.2
 [2]

  (ii) State one danger of ultraviolet radiation.

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

  (iii) The torch uses a 3.7 V battery.

   The power rating of the torch is 3.0 W.

   Calculate the current in the torch.

 current =  ......................................................  A [2]
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 (b) A student has a box of 10 Ω, 15 Ω and 22 Ω resistors. There are at least three resistors of 
each value in the box.

  The student takes three resistors and connects them together as shown in Fig. 9.3.

R3
A B

R1

R2

Fig. 9.3

  The total resistance between points A and B is 28 Ω.

  Find values for R1, R2 and R3 that give a total resistance of 28 Ω.

  Show calculations to support your values.

 R1 = ........................ Ω   R2 = ........................ Ω   R3 = ........................ Ω [3]

 [Total: 8]
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