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1 (a) A student investigates the volumes of air breathed in and out of their lungs before and during 
exercise.

  Fig. 1.1 shows graphs of the results.
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Fig. 1.1

  (i) Use data from Fig. 1.1 to calculate the extra volume breathed in with each breath during 
exercise.

 extra volume =  .................................................. dm3 [1]

  (ii) Use data from Fig. 1.1 to calculate the increase in breathing rate during exercise.

   Write your answer in breaths per minute.

 increase =  ..........................  breaths per minute [2]

 (b) The pattern of breathing changes during exercise due to the change in the carbon dioxide 
concentration in the blood.

  Explain the change in carbon dioxide concentration in the blood.

change in concentration  ...........................................................................................................

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

 ...................................................................................................................................................
 [2]
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 (c) Smoking tobacco has harmful effects on the gas exchange system.

  Describe the effect of carbon monoxide in tobacco smoke.

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

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

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

 (d) Suggest one disease caused by the tar in tobacco smoke.

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

 [Total: 8]
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2 (a) Fig. 2.1 shows a fractional distillation column used in the separation of petroleum.

400 °C

40 °C

fractional distillation
column fraction A

fraction B
hot

petroleum

Fig. 2.1

  (i) Describe one similarity of the molecules in fraction A and fraction B.

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

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

  (ii) Describe one difference between the molecules in fraction A and fraction B. 

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

 .....................................................................................................................................  [1]
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 (b) Methane and propane are both members of the homologous series of alkanes.

  (i) State what is meant by a homologous series.

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

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

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

  (ii) Complete Fig. 2.2 to show the structure of a molecule of propane, C3H8.

C CH

Fig. 2.2
 [2]

 (c) During the complete combustion of propane, carbon dioxide and water are formed.

  (i) Construct the balanced symbol equation for the complete combustion of propane.

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

  (ii) State one effect of an increase in the concentration of carbon dioxide in the atmosphere. 

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

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

  (iii) Draw a dot-and-cross diagram of a molecule of carbon dioxide.

   Show all of the outer shell electrons.

 [2]

 [Total: 11]
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3 (a) Fig. 3.1 shows how a spring is stretched when a force is applied to one end.

spring unstretched spring stretched

Fig. 3.1

  (i) State Hooke’s Law.

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

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

  (ii) The unstretched spring is a length of 0.10 m. When a force of 2.0 N is applied, the spring 
stretches to a length of 0.14 m.

   Calculate the total force required to stretch the spring to a length of 0.16 m.

   Show your working.

 total force =  ......................................  N [2]
 
  (iii) The spring is released and it returns to its original length. An average force of 0.75 N is 

then used to extend the spring by 0.015 m.

   Calculate the work done in extending the spring.

   Show your working.

 work done =  ......................................................  J [2]
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 (b) A ball of mass 125 g is projected vertically upwards by a spring.

  The initial kinetic energy of the ball is 2.0 J.

  (i) Calculate the maximum increase in the vertical height of the ball.

   gravitational field strength g = 10 N / kg

   Show your working.

 increase in height =  ......................................  m [3]

  (ii) Suggest one reason why the ball will not reach the maximum height calculated in (b)(i).

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

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

 [Total: 9]
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4 (a) Fig. 4.1 shows a root hair cell and soil particles.

soil particle

soil water

Fig. 4.1

  (i) On the root hair cell in Fig. 4.1 use label lines to identify:

   1. the nucleus

   2. the cell membrane.
 [2]

  (ii) Explain how the structure of the root hair cell is adapted for water uptake.

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

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

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

 (b) Plants need a supply of mineral ions. These are dissolved in water in the soil.

  (i) Describe the importance of nitrate ions in a plant.

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

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

  (ii) Describe the pathway taken by nitrate ions from the root hair cells to the mesophyll cells 
in the leaf.

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

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

 .....................................................................................................................................  [2]
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 (c) Humans need vitamin D.

  (i) Describe one effect of vitamin D deficiency in humans.

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

  (ii) Name a food which is a rich source of vitamin D.

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

 [Total: 9]
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5 (a) Aluminium ore is mainly aluminium oxide. Aluminium is extracted from its ore by electrolysis.

  (i) Name the ore from which aluminium is extracted.

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

  (ii) The chemical formula of aluminium oxide is Al 2O3.

   The formula of an oxide ion is O2–.

   Deduce the formula of an aluminium ion. 

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

  (iii) Fig. 5.1 shows the industrial apparatus used for the extraction of aluminium by 
electrolysis.

+–

carbon
cathode carbon

anode

molten electrolyte
containing

aluminium oxide
molten 

aluminium

Fig. 5.1

   Describe how aluminium atoms form from aluminium ions.

   Use ideas about the movement of ions and electrons in your answer.

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

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

 .....................................................................................................................................  [2]
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  (iv) Copper is extracted from copper oxide by heating with carbon.

   Explain why aluminium cannot be extracted from aluminium oxide by heating with 
carbon.

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

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

 (b) Explain why aluminium alloys, rather than pure aluminium, are used in aircraft construction.

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

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

 [Total: 6]
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6 Fig. 6.1 shows an electric hair dryer.

Fig. 6.1

 (a) Fig. 6.2 shows a label on the hair dryer.

240 V  750 W
Use only a 5 A

replacement fuse.

Fig. 6.2

  Use data from Fig. 6.2 to explain why a 5 A fuse is the correct fuse rating to be used in the 
hair dryer when replacing the fuse.

  Show your working.

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

 ...................................................................................................................................................
 [3]
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 (b) The hair dryer contains:

• an electrical heater to heat the air used to dry the hair

• a fan driven by an electric motor to blow the air over the wet hair

• a two-way switch that enables the motor to drive the fan at slow speed or high speed.

  Fig. 6.3 shows the circuit diagram for the hair dryer with the two-way switch in two different 
positions.

M

heater

fan
motor

two-way
switch

speed of motor is fast

240 V

M

speed of motor is slow

240 V

Fig. 6.3

  The two-way switch changes the speed of the motor between fast and slow.

  Suggest why use of the two-way switch in this circuit changes the speed of the motor. 

  Use the term potential difference in your answer.

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

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

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

 .............................................................................................................................................  [3]
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 (c) When the hair dryer blows air over wet hair, the water evaporates.

  Explain in terms of water molecules why wet hair dries faster when air is blown across it, and 
even faster if the air is heated.

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

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

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

 [Total: 8]
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7 (a) A person is investigating the effect of the enzyme lipase on milk.

  The person adds lipase to some milk in a test-tube.

  After 10 minutes the contents of the test-tube are tested with Universal Indicator.

  The results show that the contents of the test-tube have become more acidic.

  (i) Explain why the contents of the test-tube have become more acidic.

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

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

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

  (ii) Chemical digestion takes place in the test-tube. 

   Explain what is meant by chemical digestion.

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

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

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

  (iii) Name one area in the body where lipase is secreted.

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

 (b) The investigation in (a) is repeated with boiled lipase.

  There is no change in the acidity of the contents of the test-tube.

  Explain in detail the effect of boiling the lipase on the action of the enzyme.

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

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

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

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

 (c) Food is chewed in the mouth before swallowing.

  Explain why the chewing of food is an example of mechanical digestion.

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

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

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

 [Total: 10]
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8 Chlorine and astatine are two Group VII elements. 

 (a) Fig. 8.1 shows Group VII of the Periodic Table.

19

—
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17
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Fig. 8.1

  (i) Use Fig. 8.1 to determine the number of electrons in an astatine atom.

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

  (ii) State the number of electrons in the outer shell of an astatine atom.

   Explain your answer.

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

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

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

  (iii) Deduce the formula of potassium astatide.

   ............................................... [1] 
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 (b) Chlorine combines with sodium in an exothermic reaction to produce sodium chloride.

  (i) Describe what is meant by an exothermic reaction. Use ideas about energy, bond 
breaking and bond forming in your answer.

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

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

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

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

  (ii) Solid sodium chloride contains sodium ions, Na+, and chloride ions, Cl –.

   Fig. 8.2 represents part of an ionic lattice of sodium chloride.

Cl –

Fig. 8.2
 [1]

   Complete Fig. 8.2 to show the arrangement of sodium ions and chloride ions.

  (iii) The boiling point of chlorine is –34 °C. 

   The boiling point of sodium chloride is 1465 °C.

   Explain the difference in these boiling points. 

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

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

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

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

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

 [Total: 9]
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9 Fig. 9.1 shows a lightning bolt, which is a form of electrostatic discharge.

thundercloud

lightning
bolt

Fig. 9.1

 (a) Fig. 9.2 shows the range of wavelengths of different parts of the electromagnetic spectrum.

< 0.001
× 10–9 m

0.001–1
× 10–9 m

1–450
× 10–9 m

400–750
× 10–9 m

750 × 10–9 m
– 0.001 m

0.001–
1.0 m > 1.0 m

gamma 
rays X-rays microwaves

Fig. 9.2

  A lightning bolt emits a range of wavelengths between 390 nm and 590 nm.
  (1 nm = 1 × 10–9 m).

  Identify the two parts of the electromagnetic spectrum emitted by lightning.

  On Fig. 9.2 fill in the missing names of these parts in the correct places. [2]

 (b) A person hears the thunder from a distant lightning bolt 10.0 s after the lightning is seen.

  Sound travels in air at 330 m / s.

  Calculate the distance of the person from the lightning bolt.

 distance =  ...................................................  m [2]
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 (c) Lightning bolts occur when clouds become highly charged and a very high voltage exists 
between the thundercloud and the ground.

  The current in a lightning bolt is 30 000 A, and flows for 0.000050 s

  Calculate the electric charge that passes to Earth from this lightning bolt.

  Show your working, and give the unit of your answer.

 charge = .......................... unit .......................... [3]

 (d) (i) The thundercloud consists mainly of water droplets. The droplets at the bottom are 
negatively charged and at the top are positively charged.

   Name the type of particle exchanged between the droplets to produce the charges on 
them.

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

  (ii) Just before a thunderstorm, some people find that their hair is standing on end.

   Suggest a reason for this.

   Explain your answer.

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

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

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

 [Total: 10]
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