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1 (a) Fig. 1.1 shows medical notes from a person at risk of developing coronary heart disease 
(CHD).

Medical notes

• Age:  68
• Family history: No coronary heart disease in the family.
• Other notes:  smokes tobacco

    is a healthy weight 
    eats a balanced diet 
    walks for 10 minutes each week.

Fig. 1.1

  (i) Complete this sentence about coronary heart disease.

   Coronary heart disease is caused by a ......................................... of the coronary 
arteries. [1]

  (ii) Use Fig. 1.1 to state two ways that the person can reduce their risk of developing 
coronary heart disease.

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

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

  (iii) The person cannot control one of the factors in Fig. 1.1 that puts them at greater risk of 
developing coronary heart disease. 

   Identify this factor.

 .....................................................................................................................................  [1]
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 (b) Fig. 1.2 is a photomicrograph of a cross-section of an artery.

XX

Fig. 1.2

  (i) Describe and explain the adaptations of the feature labelled X in Fig. 1.2 for the transport 
of blood.

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

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

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

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

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

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

  (ii) State the type of circulation that mammals have.

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

 [Total: 9]
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2 This question is about metals.

 (a) Aluminium is used to make aircraft.

  Identify from the list below one property of aluminium that makes it suitable for this purpose.

  good conductor of electricity 

  good thermal conductor  

  low density 

  low melting point 
 [1]

 (b) Aluminium is used to make food containers because it is resistant to corrosion.

  Explain why aluminium is resistant to corrosion.

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

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

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

 (c) Metals can be mixed with other elements to form alloys.

  Fig. 2.1 shows the structures of pure aluminium and an alloy of aluminium.

pure aluminium alloy of aluminium

Fig. 2.1

  An alloy of aluminium called duralumin is often used to make aircraft instead of pure 
aluminium.

  Explain, in terms of their structures and properties, why the alloy is used instead of pure 
aluminium.

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

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

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

 .............................................................................................................................................  [3]
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 (d) Steel is an alloy of iron. Steel is used to make car bodies.

  The steel is usually coated with zinc before it is painted. 

  The zinc prevents rusting, even if the zinc layer is damaged.

  Describe how the zinc prevents rusting. 

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

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

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

 (e) Table 2.1 shows a reactivity series for some metals.

  Carbon, a non-metal, is also shown in Table 2.1. 

Table 2.1

sodium most reactive

calcium

magnesium

carbon

iron

copper least reactive

  State a metal from Table 2.1 that is extracted from its ore by electrolysis.

  Explain your answer.

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

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

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

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

 [Total: 11]



6

0654/43/O/N/23© UCLES 2023

3 Meteoroids are lumps of rock which travel through space.

 (a) During its journey through space, a meteoroid travels at a constant speed of 25 000 m / s.

  (i) Calculate the time taken for the meteoroid to travel 1000 m.

 time =  ......................................................  s [2]

  (ii) Fig. 3.1 shows a speed–time graph for the meteoroid as it enters the atmosphere of a 
planet.

0.0
0

5 000

10 000

15 000
speed
m / s

20 000

25 000

30 000

1.0 2.0 3.0 4.0
time / seconds

5.0 6.0 7.0 8.0

Fig. 3.1

   Describe the motion of the meteoroid shown in Fig. 3.1.

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

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

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

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

 .....................................................................................................................................  [3]
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 (b) When the meteoroid lands on Earth, it is called a meteorite. 

  A small meteorite has a mass of 1720 g and a volume of 200 cm3.

  Calculate the density of the meteorite.

 density =  .............................................. g / cm3 [2]

 (c) When meteorites land on Earth, they produce very loud sound waves that travel through all 
materials including air, solid rock and liquid water.

  (i) Describe how sound waves are transmitted in air.

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

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

  (ii) Draw one line from each material to show the average speed of sound in that material.

air

rock

water

340 m / s

1500 m / s

4200 m / s

 [1]

 [Total: 9]
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4 (a) A scientist compares the relative concentrations of bacteria and dissolved oxygen in a river 
before and after fertiliser is added.

  Fig. 4.1 is a graph of the results.

relative
concentration

fertiliser
enters river

distance downriver

bacteria

dissolved
oxygen

Fig. 4.1

   Complete the sentences to describe and explain the changes seen in Fig. 4.1.

  Fertilisers entering the water contain ......................................... ions.

  An increase in the availability of these ions enables an increase in the ....................................

  of producers on the surface of the water.

  Producers underneath the water are unable to ......................................... due to a lack of light  
and they die.

  The population of bacteria increases as they ......................................... the dead material.

  The concentration of dissolved oxygen decreases because the bacteria need oxygen for the  

  process of .........................................  ......................................... .

  This entire process is called ......................................... . 
   [6]
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 (b) Bacteria reproduce by a type of asexual reproduction.

  (i) State the type of cell division used in asexual reproduction.

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

  (ii) Describe two ways that asexual reproduction is different from sexual reproduction.

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

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

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

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

  (iii) State the name of one type of cell adapted for sexual reproduction in humans.

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

 [Total: 10]
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5 (a) Particles can be atoms, ions or molecules. Particles either form pure substances or mixtures.

  Draw one line from each word to the correct definition. One has been done for you.

atom

substance made of only one type
of atom

an atom or group of atoms with an 
electrical charge

two or more atoms joined together

two or more different substances
that are not joined together

the smallest neutral part of an
element

element

ion

mixture

molecule

   [4]
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 (b) Particles can diffuse at different rates. 

  Fig. 5.1 shows an experiment to investigate diffusion of gas particles.

cotton wool
soaked with
hydrochloric acid

cotton wool
soaked with
ammonia solution

ammonium
chloride

Fig. 5.1

  Ammonia gas, NH3, and hydrogen chloride gas, HCl, diffuse along the tube.

  When the gases meet, they react to form a white cloud of ammonium chloride.

  (i) The ammonium chloride forms at the end of the tube furthest from the ammonia.

   Explain why, in terms of the movement of molecules.

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

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

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

  (ii) Calculate the volume occupied by 5.1 g of ammonia gas.

   The molar gas volume at room temperature and pressure is 24 dm3.

   Show your working.

   [Ar: H, 1; N, 14]

 volume of ammonia gas =  .................................................. dm3 [3]

 [Total: 9]
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6 Fig. 6.1 shows an electric refrigerator.

cooling unittemperature control

Fig. 6.1

 (a) The cooling unit inside the refrigerator is placed at the top of the refrigerator.

  (i) State the name of the process which transfers most thermal energy from the food to the 
cooling unit inside the refrigerator.

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

  (ii) Explain, in terms of density changes, why the cooling unit being fitted at the top of the 
refrigerator allows all of the air inside to be cooled.

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

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

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

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

 .....................................................................................................................................  [3]
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 (b) The refrigerator uses the compression and expansion of gases in order to transfer thermal 
energy to the outside of the refrigerator.

  Complete Table 6.1 to show how the pressure of a fixed mass of gas changes with temperature 
and with volume.

Table 6.1

temperature volume pressure

increases kept constant

remains constant increases

 [1]

 (c) The cooling unit in the refrigerator uses a motor.

  Fig. 6.2 shows a simple d.c. motor. 

N

S

_
+

coil rotation

Fig. 6.2

  Describe two ways to make a motor turn more slowly.

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

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

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

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

 [Total: 7]
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7 (a) Fig. 7.1 is a diagram of a cross-section of a leaf.

A

B

C

D

Fig. 7.1

  (i) State the names of the parts labelled A and B in Fig. 7.1.

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

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

  (ii) Describe one way the part labelled C in Fig. 7.1 is adapted for gas exchange.

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

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

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

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

  (iii) Draw a label line and the correct name on Fig. 7.1 to identify one cell that controls the 
entry of gas into the leaf. [2]

 (b) Describe the use of three different carbohydrates produced in a plant.

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

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

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

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

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

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

 [Total: 9]
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8 Electrolysis is used to break down ionic compounds.

 (a) Complete the sentences about electrolysis.

  Choose words from the list. 

  Each word may be used once, more than once, or not at all.

anions   cations   electrolytes   gain   lose   share

  Electrolysis is the breakdown of an ionic compound when molten or in aqueous solution. 

The positive ions move to the negative electrode and ......................................... electrons 

to form atoms. The ......................................... move to the positive electrode and 

......................................... electrons to form atoms. 
   [3]

 (b) In an electrolysis experiment, using carbon electrodes, aqueous copper(II) sulfate is broken 
down.

  State the product made at each electrode.

  anode .......................................................

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

 (c) Aluminium is extracted from aluminium oxide by electrolysis.

  Aluminium ions, Al 3+, make aluminium, Al.

  Construct the balanced ionic half-equation for the reaction.

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

 [Total: 7]
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9 Tellurium is a rare element which exists as several isotopes, some of which are unstable.

 (a) A nucleus of tellurium-109 decays by emitting an alpha-particle.

  (i) Describe the effect of emitting an alpha-particle on the proton number (Z), number of 
neutrons and nucleon number (A) of a nucleus.

proton number (Z)  .............................................................................................................

number of neutrons:  ..........................................................................................................

nucleon number (A)  ...........................................................................................................
 [2]

  (ii) The decay of tellurium-109 produces an isotope of tin.

   The half-life of tellurium-109 is 4.63 s.

   Calculate the time taken for a sample of pure tellurium-109 to contain 87.5% tin.

 time =  ......................................................  s [3]
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 (b) Stable isotopes of tellurium can be used to make solar cells.
 
  (i) State one advantage and one disadvantage of using solar cells to generate electricity.

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

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

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

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

  (ii) Suggest why it is an advantage for a solar cell to be coloured black.

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

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

  (iii) Fig. 9.1 shows a panel of solar cells. 

1.5 m

0.5 m

Fig. 9.1

   On a sunny day, there is 1400 W / m2 of sunlight hitting the solar cells shown in Fig. 9.1.

   The solar cells have an efficiency of 16%.

   Calculate the power output from the solar cells.

 power output =  ..................................................... W [3]

 [Total: 11]
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10 (a) Fig. 10.1 shows the effect of adrenaline on blood glucose concentration.

0
800

1000

1200

1400

blood
glucose

concentration
g / m3 

1600

1800

2000

10 20 30 40
time / minutes

time of adrenaline
release

50

Fig. 10.1

  (i) Calculate the percentage increase in blood glucose concentration between 0 and 10 
minutes in Fig. 10.1.

 blood glucose concentration at 0 minutes  .....................................................  g / m3

 blood glucose concentration at 10 minutes  .....................................................  g / m3

   

 percentage increase =  ..................................................... % [2]
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  (ii) Explain the changes to blood glucose concentration shown between 10 and 30 minutes 
in Fig. 10.1.

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

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

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

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

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

 (b) State the name of one hormone, apart from adrenaline, that increases the blood glucose 
concentration.

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

 (c) Table 10.1 contains some definitions of processes that occur in the alimentary canal.

  Complete Table 10.1 with the terms of each definition.

Table 10.1

term definition

breakdown of food into smaller pieces without chemical 
change to the food molecules

movement of digested food molecules into the cells of the 
body where they are used, becoming part of the cells

movement of digested food molecules through the wall of 
the intestine into the blood

 [3]
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 (d)  Fig. 10.2 is a diagram of a structure found lining the small intestine.

X

Fig. 10.2

  (i) State the name of the structure shown in Fig. 10.2.

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

  (ii) State the name and function of the part labelled X in Fig. 10.2.

name  .................................................................................................................................

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

 [Total: 12]
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11 (a) An aqueous solution of dilute hydrochloric acid is acidic.

  (i) Suggest the pH of an aqueous solution of dilute hydrochloric acid.

 pH =  .........................................................  [1]

  (ii) State the definition of an acid in terms of proton transfer.

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

 (b) A student investigates the rate of reaction between magnesium and dilute hydrochloric acid.

  Magnesium chloride and a gas are made. 

  (i) Construct the word equation for the reaction.

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

  (ii) State how the rate of reaction can be increased.

   Tick (3) one box. 

   adding water to the dilute hydrochloric acid    

   decreasing the mass of the magnesium    

   increasing the volume of the dilute hydrochloric acid   

   using powdered magnesium instead of magnesium ribbon  
  [1]
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  (iii) The student measures the volume of hydrogen gas made until all the magnesium has 
reacted.

   Fig. 11.1 shows a graph of the results.

volume of
hydrogen
gas / cm3

time / s

Fig. 11.1

   Sketch, on Fig. 11.1, the results that the student would obtain by repeating the experiment 
under the same conditions but using more concentrated hydrochloric acid. [2]

  (iv) Explain why the rate of reaction can be increased by increasing the temperature of the 
dilute hydrochloric acid.

   Use ideas about particles in your answer.

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

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

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

 .....................................................................................................................................  [3]
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 (c) The student adds 0.1 g of magnesium to 40 cm3 of 0.5 mol / dm3 hydrochloric acid.

Mg  +  2HCl     MgCl2  +  H2

  Show, by calculation, that the magnesium is the limiting reactant.

  [Ar: Mg, 24]

 [4]

 [Total: 13]
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12 A student investigates light dependent resistors (LDRs).

 Fig. 12.1 shows the circuit the student uses.

A

LDR

variable power supply

Fig. 12.1

 (a) The ammeter in Fig. 12.1 reads 0.24 A.

  (i) Calculate the amount of charge flowing through the LDR each minute.

   State the unit for your answer.

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

  (ii) The student shines a bright desk lamp on the LDR.

   State and explain the effect this has on the ammeter reading.

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

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

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

 ...........................................................................................................................................
 [2]
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  (iii) The desk lamp emits light with wavelengths ranging from 3.8 × 10–7m to 7.5 × 10–7m. 

   Calculate the minimum frequency of light emitted by the desk lamp.

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

 (b) The student calculates the resistance of the LDR using the current reading from the ammeter.

  State what other measurement is required for this calculation.

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

 (c) The variable power supply used by the student uses a transformer to reduce the output.

  The current in the primary coil of the transformer is 10.5 A and the current in the secondary 
coil is 4.2 A.

  The primary coil contains 360 turns and the transformer can be assumed to be 100% efficient.

  Calculate the number of turns in the secondary coil.

 number of turns =  .........................................................  [4]

 [Total: 13]
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68 E
r

er
bi
um

16
7

10
0

Fm fe
rm
iu
m

–

69 Tm th
ul
iu
m

16
9

10
1

M
d

m
en
de
le
vi
um

–

70 Y
b

yt
te
rb
iu
m

17
3

10
2

N
o

no
be
liu
m

–

71 Lu lu
te
tiu
m

17
5

10
3 Lr

la
w
re
nc
iu
m

–


