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1 Fig. 1.1 is a diagram of the alimentary canal and associated organs.

J
H

G

F

A

B

D

C

E

Fig. 1.1

 (a) Use the letters in Fig. 1.1 to identify a

  site of protease secretion, ........................

  site of bile production. ........................
 [2]

 (b) Describe how bile aids digestion.

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

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

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

 (c) The wall of the small intestine is covered in villi.

  Explain the importance of the villi that line the small intestine.

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

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

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

 (d) Crohn’s disease is a long-term disease that causes inflammation and damage to the small 
intestine.

  Suggest one long-term effect of Crohn’s disease if it is left untreated.

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

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



4

0654/43/O/N/17© UCLES 2017

2 Table 2.1 shows the numbers of neutrons and the electronic structures in atoms of four elements 
W, X, Y and Z.

Table 2.1

element number of neutrons electronic structure

W  8   2,6

X 16 2,8,6

Y 18 2,8,7

Z 22 2,8,8

 (a) (i) Using the information in Table 2.1, state which of these elements are in the same group 
of the Periodic Table.

Explain your answer.

elements ............................................................

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

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

  (ii) Deduce the atomic number of element Y.

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

  (iii) Deduce the relative atomic mass of element X.

Explain your answer.

relative atomic mass ................................

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

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

  (iv) Predict and explain whether there are many compounds that contain element Z.

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 2.1 shows the structure of a molecule formed when atoms of W and Y in Table 2.1 
combine.

Y W Y

Fig. 2.1

  Complete Fig. 2.2 to show how all the outer-shell electrons are arranged in this molecule.

  Use information about the electronic structures of elements W and Y in Table 2.1 to help you.

Y W Y

Fig. 2.2
 [3]
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3 (a) A radioactive isotope of iodine is used by a doctor to examine the thyroid gland of a patient.

  The patient takes a tablet containing the iodine, which is absorbed by the thyroid gland.

  The iodine emits γ-rays that are detected outside the body.

  Iodine-123 has a half-life of 13 hours.

  Suggest why the half-life of iodine-123 makes it suitable for use in the investigation of the 
thyroid gland.

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

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

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

 (b) Endoscopes are used by doctors to observe inside a patient.

  An endoscope uses optical fibres.

  (i) Complete Fig. 3.1 to show how a ray of light travels down an optical fibre by total internal 
reflection.

Fig. 3.1
 [1]

  (ii) Describe how light passes along optical fibres.

   Use the terms critical angle and total internal reflection in your answer.

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

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

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

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

 .......................................................................................................................................[2]
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4 Sexual reproduction in large animal populations usually results in approximately equal numbers of 
male and female offspring.

 (a) The ratio of male to female offspring in large animal populations is 1:1.

  (i) State the genotypes of a male and of a female.

   genotype of male: .................................... genotype of female: .................................... [1]

  (ii) Using your answer in (a)(i), complete Fig. 4.1 to show why the ratio is 1:1.

male gametes

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

female 
gametes

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

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

Fig. 4.1
 [2]

 (b) Describe one disadvantage of sexual reproduction compared with asexual reproduction.

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

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

 (c) In some species, male and female organisms look very different from each other. In cardinal 
birds, the male bird is a bright red colour and the female bird is a dull brown-yellow colour.

  The bright red colour was initially caused by a mutation.

  (i) Define the term mutation.

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

  (ii) Suggest one reason why this mutation was an advantage to male cardinal birds.

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

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

 (d) Over time, all the male cardinal birds in the population became bright red.

  Describe how all the male cardinal birds became bright red.

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

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

 ...............................................................................................................................................[2]
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5 (a) When lithium reacts with water, hydrogen and lithium hydroxide are produced.

  (i) Describe the test for hydrogen and the positive result.

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

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

  (ii) Lithium hydroxide, LiOH, contains the lithium ion, Li+.

   Deduce the formula and charge of the hydroxide ion.

formula and charge ................................

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

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

  (iii) Fig. 5.1 shows the relative distances between the outer-shell electron and the nucleus in 
an atom of lithium and in an atom of potassium.

X

positive
nucleus

lithium

potassium

positive
nucleus

X

outer shell
electron

outer shell
electron

Fig. 5.1

   Using the information in Fig. 5.1, suggest why atoms of potassium are more reactive 
than atoms of lithium.

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 5.2 shows apparatus used to produce lithium by electrolysis.

– +

d.c. power
supply

steel electrodes

electrolyte containing
molten lithium chloride

Fig. 5.2

  (i) Name the element that forms at the anode.

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

  (ii) Describe the change to a lithium ion, Li+, during electrolysis.

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

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

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

  (iii) State why the electrolyte in Fig. 5.2 must be molten, rather than an aqueous solution, to 
produce lithium.

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

 .......................................................................................................................................[1]
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6 (a) (i) State the name of the electromagnetic wave that is used in mobile (cell) phone 
communication.

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

  (ii) State the speed at which all electromagnetic waves travel.

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

 (b) Fig. 6.1 shows the information found on a mobile phone charger.

input: a.c. 240 V, 50 Hz, 80 mA

output: d.c. 5.3 V, 500 mA

Fig. 6.1

  The charger contains a transformer to reduce the voltage.

  The primary (input) coil has 2500 turns.

  Calculate the number of turns on the secondary (output) coil.

  State the formula you use and show your working.

  formula

  working

 number of turns =  ...........................................................[2]



11

0654/43/O/N/17© UCLES 2017 [Turn over

 (c) The ring tone on a mobile phone can be changed.

  Fig. 6.2 shows the sound trace made by four sound waves on an oscilloscope screen.

P Q

R S

Fig. 6.2

  State the letter that shows a sound trace from a ring tone which would be a

  loud sound with a high pitch, ..............................

  quiet sound with a low pitch. ..............................
 [1]

 (d) A student calculates the work done when she lifts her mobile phone through a vertical distance 
of 50 cm. The mobile phone weighs 0.9 N.

  Each of the boxes contains a possible stage in her calculation.

  Link the three boxes with lines that show how the student correctly calculated the work done.

  formula: W = F ÷ D  W = F × D  W = D ÷  F

  calculation: = 0.9 ÷ 50  = 0.9 × 50  = 0.9 × 0.5

  answer: = 0.018 J  = 45 J  = 0.45 J

 [2]
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7 (a) Table 7.1 lists different parts of a flower and their functions.

  Complete Table 7.1. One row has been done for you.

Table 7.1

flower part function

anther
......................................................................

ovary
......................................................................

sepal
......................................................................

stigma receives the pollen grains

 [3]

 (b) Fig. 7.1 is a photograph of a wind-pollinated plant Sorghum halapense.

Fig. 7.1

  State two visible adaptations of the flower in Fig. 7.1 for wind-pollination.

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

2  ................................................................................................................................................
 [2]
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 (c) Suggest why it is an advantage for wind-pollinated plants to produce more pollen than insect-
pollinated plants.

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

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

 (d) Many plants have both male and female parts. This enables the plants to undergo self-
pollination and fertilise themselves. Self-pollination is the transfer of pollen within the same 
plant.

  Suggest one reason why self-pollination might be an advantage to a plant.

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

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

 (e) After fertilisation, seeds are formed. Seeds can be dispersed by wind.

  State one other method of seed dispersal.

 ...............................................................................................................................................[1]
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8 (a) (i) Table 8.1 shows the pH values of four mixtures that are made by shaking four oxides 
with water.

Table 8.1

oxide pH of mixture

calcium oxide 12

carbon dioxide 5

carbon monoxide 7

nickel oxide 7

   Suggest which two oxides do not react with water.

   Explain your answer.

oxides  ............................................................ and ............................................................

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

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

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

  (ii) Describe a chemical test for water.

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

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

  (iii) Suggest a physical test to show that a colourless liquid is pure water.

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 8.1 shows apparatus a student uses to investigate the neutralisation reaction between 
dilute sulfuric acid and sodium hydroxide solution.

pH meter

pH
burette containing
dilute sulfuric
acid

tap to allow acid
to flow out

sodium hydroxide
solution

beaker

Fig. 8.1
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  Fig. 8.2 shows the change in pH of the mixture as dilute sulfuric acid is added to the 
sodium hydroxide solution.

0
0

2

4

6

8

pH

10

12

14

10 20 30
volume of acid added / cm3

40 50

Fig. 8.2

  (i) Describe the pH change as 50 cm3 of dilute sulfuric acid is added.

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

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

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

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

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

  (ii) State the volume of dilute sulfuric acid needed to neutralise the sodium hydroxide 
solution.

  .................................................... cm3 [1]
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  (iii) Calculate the mass of 0.2 moles of sodium hydroxide, NaOH.
   [Ar: Na = 23, O = 16, H = 1]

   Show your working.

 mass =  ........................................................g [2]

  (iv) Calculate the number of moles of sodium hydroxide in 0.25 dm3 of a 0.2 mol / dm3 solution.

   Show your working.

 number of moles =  ...........................................................[1]
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9 Green plants are living organisms that carry out photosynthesis and respiration.

 (a) (i) State the balanced symbol equation for photosynthesis.

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

  (ii) State the substances needed for respiration.

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

 (b) The graph in Fig. 9.1 shows the volume of oxygen produced per hour by a plant over a period 
of 24 hours.

00:00
0

50

100

150volume of
oxygen

produced
/ cm3 per hour

time / hours

200

250

04:00 08:00 12:00 16:00 20:00 24:00

Fig. 9.1

  (i) State the time when the fastest rate of photosynthesis occurs.

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

  (ii) A plant also produces carbon dioxide.

   Explain why carbon dioxide is produced constantly but oxygen is only produced at certain 
times of the day.

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

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

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

  (iii) Suggest and explain why the rate of oxygen production increases rapidly between 05:00 
and 12:00 hours.

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

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

 .......................................................................................................................................[2]
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10 (a) Fig. 10.1 shows the speed-time graph for the journey of a bus along a road for 80 seconds.

0
0

2

4

6

8

speed
m / s

10

1

3

5

7

9

20 40 60
time / s

8010 30 50 70

Fig. 10.1

  (i) Calculate the distance travelled by the bus in 80 seconds.

   Show your working.

 distance =  .......................................................m [3]

  (ii) The mass of the bus is 8000 kg. Calculate the maximum kinetic energy of the bus during 
the journey.

   State the formula you use and show your working.

   formula

   working

 kinetic energy =  ........................................................J [3]
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 (b) The bus has four wheels. Each wheel has a tyre inflated with air.

  After a long journey, the tyres are hot and the air pressure in the tyres has increased.

  (i) Describe how the air molecules in a tyre exert a pressure on the wall of the tyre.

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

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

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

  (ii) Explain, in terms of molecules, why the pressure of the air in the tyres increases when 
the temperature increases.

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

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

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

 (c) The bus has two headlights, L1 and L2.

  The lamp inside headlight L1 is connected in parallel with the lamp inside headlight L2 across 
a 12 V battery.

  Fig. 10.2 shows the circuit diagram for this arrangement.

12 V

L1

L2

Fig. 10.2
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  (i) A current of 3.0 A flows through each lamp for 80 seconds.

   Calculate the total charge that flows through the two lamps.

   State the formula you use, show your working and state the unit of your answer.

   formula

   working

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

  (ii) The resistance of each lamp is 4.0 Ω.

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

   Show your working.

 resistance =  .......................................................Ω [2]

 (d) Some of the bodywork on the bus is made from iron. Other parts are made from steel.

  Both iron and steel are magnetic.

  Describe one difference between the magnetic properties of iron and the magnetic properties 
of steel.

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

 ...............................................................................................................................................[1]
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11 Alkanes and alkenes are homologous series of hydrocarbons.

 (a) (i) Complete Table 11.1 by stating the four missing hydrocarbon names.

Table 11.1

number of carbon atoms in 
one molecule

name of alkane name of alkene

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

3 propane propene

4 ............................................ ............................................

 [2]

  (ii) Explain why no alkene molecules contain only one carbon atom.

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

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

 (b) Fig. 11.1 shows apparatus a teacher uses to demonstrate the redox reaction between 
methane, CH4, and the black solid, copper oxide, CuO.

copper oxide reaction tube

strong heat

methane

condensed
water limewater

Fig. 11.1
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  As methane flows over the hot copper oxide, the black solid turns to pink copper.

  (i) Describe the observation that shows the presence of carbon dioxide in the gases leaving 
the reaction tube.

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

  (ii) Construct the balanced symbolic equation for the reaction between methane and 
copper oxide.

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

  (iii) In the reaction, copper ions, Cu2+, are reduced.

   Define, in terms of electrons, the term reduced.

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

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

  (iv) Methane is the main constituent of natural gas.

   Suggest why natural gas is described as a fossil fuel.

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

 .......................................................................................................................................[1]
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12 (a) An electric cooker connected to a mains supply of 240 V has a power input of 6000 W.

  (i) Show that the current that flows is 25 A.

   State the formula you use and show your working.

   formula

   working

 [2]

  (ii) The cooker has its own circuit breaker.

   Explain why a circuit breaker rated at 20 A must not be used in the cooker circuit.

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

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 12.1 shows some water being heated in a saucepan on the hotplate of the cooker.

hotplate

water
saucepan

not to scale

Fig. 12.1

  The weight of the saucepan and water is 25 N. The area of the saucepan in contact with the 
cooker hotplate is 300 cm2.

  (i) Calculate the area of the saucepan in contact with the hotplate in m2.

 area =  ..................................................... m2 [1]

  (ii) Calculate the pressure exerted by the saucepan on the surface of the hotplate in Pa.

   State the formula you use and show your working.

   formula

   working

 pressure =  ..................................................... Pa [2]
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 (c) Fig. 12.2 shows a graph of the temperature of the water as it is heated for 1000 s.

0
0 100 200 300 400 500 600 700 800 900 1000
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20

30

40

50

60

70

80

90

100

110

time / s

temperature / °C

Fig. 12.2

  (i) The mass of the heated water is 1.5 kg. The specific heat capacity of water is 
4200 J / (kg °C).

   Calculate the energy required to heat the water to 100 °C.

   State the formula you use and show your working.

   formula

   working

 energy =  ........................................................J [3]
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  (ii) Before the water boils, some of the water evaporates.

   State two ways in which boiling differs from evaporation.

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

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

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

 ...........................................................................................................................................
 [2]
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13 Fig. 13.1 is a diagram of a root hair cell.

cell wallcell membrane

vacuole

cytoplasm
nucleus

Fig. 13.1

 The function of a root hair cell is to absorb water and mineral ions into the plant.

 (a) Describe how root hair cells are adapted for their function.

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

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

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

 (b) Describe, in detail, how water enters the root hair cells.

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

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

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

 (c) Describe how water is moved from the roots to the leaves in a plant.

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

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

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

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

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

 (d) Suggest and describe how an increase in humidity would affect the movement of water 
through a plant.

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

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

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