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1 Fig. 1.1 is a diagram of a bacterial cell.

A

Bcell membrane

DNA

Fig. 1.1

 (a) Name the part of the cell labelled A in Fig. 1.1.

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

 (b) Describe the function of the cell membrane.

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

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

 (c) Some bacteria are pathogens.

  State what is meant by a pathogen.

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

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

 (d) Pathogens are transmitted by direct contact or indirectly from one human to another.

  Table 1.1 shows some methods of transmission.

  Place ticks (✓) in Table 1.1 to show if each method of transmission is direct contact or indirect.

Table 1.1

method of 
transmission

direct contact indirect

dirty surfaces

contaminated air

blood in a cut

 [1]
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 (e) The body defends itself against pathogens.

  On Fig. 1.2, draw one straight line from each defence to how it stops pathogens.

 defence how it stops pathogens

mucus

skin

stomach acid

white blood cells

acts as chemical barrier, 
destroying pathogens in food

acts as physical barrier, 
stopping entry of pathogens

produces antibodies

traps pathogens before they 
enter lungs

Fig. 1.2
 [3]

 (f) State the type of drug used as a treatment for bacterial infections.

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

 [Total: 8]
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2 Pea plants produce seeds.

 The seeds are either green or yellow.

 (a) Complete the sentences about pea plants.

  Use words from the list.

asexual    continuous    discontinuous

genotypes    mutations    phenotypes

  The colour of pea seeds is an example of ........................................................ variation.

  This is because there are only two ........................................................ with no intermediates.
 [2]

 (b) Fig. 2.1 is a diagram of a flower from a pea plant.

A

F

B

C

D

E

Fig. 2.1

  (i) Using letters A–F in Fig. 2.1, identify the:

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

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

  (ii) Using letters A–F in Fig. 2.1, identify the parts of the flower where pollen grains are 
transferred during pollination.

   from ............................................... to ...............................................
 [2]
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 (c) A scientist investigates the inheritance of colour in pea seeds.

  The inheritance of colour is controlled by a single gene.

• The allele for yellow pea seeds is Y.
• The allele for green pea seeds is y.

  All of the scientist’s peas are yellow.

  (i) Table 2.1 shows the different possible combinations of alleles, a description of the 
combination and the colour of the pea seeds.

   Complete Table 2.1.

Table 2.1

combination of alleles description of combination colour of pea seeds

................................
homozygous dominant yellow

Yy
................................

yellow

 [2]

  (ii) The scientist uses plants with yellow pea seeds to produce plants with green pea seeds.

   Complete the Punnett square in Fig. 2.2 to show how plants with yellow pea seeds 
produce plants with green pea seeds.

parental gametes 1

Y y

parental 
gametes 2

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

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

Fig. 2.2
 [2]

  (iii) State the expected ratio of seed colours from this cross.

   yellow pea seeds ......................... : green pea seeds ......................... [1]

 [Total: 11]
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3 Humans are able to detect and respond to changes in their internal and external environment.

 (a) The ability to detect and respond to changes in the environment is one of the characteristics 
of living organisms.

  Circle this characteristic of living organisms.

excretion   growth   movement   nutrition   sensitivity
 [1]

 (b) Fig. 3.1 is a diagram of some of the organs involved in detecting and responding to changes 
in the environment.

brain

liver

spinal cord

adrenal glands

pancreas

Fig. 3.1

  (i) Identify the organs from Fig. 3.1 that are part of the central nervous system (CNS).

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

  (ii) Identify the organ from Fig. 3.1 that secretes insulin.

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

  (iii) Some of the organs shown in Fig. 3.1 conduct electrical impulses through specialised 
cells.

   Name the specialised cells that conduct electrical impulses.

 .................................................................................................................................... . [1]
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  (iv) Some of the organs shown in Fig. 3.1 secrete hormones.

   Complete the sentences about hormones.

   Hormones are described as .................................................................. substances.

   They are produced by .................................................................. and are carried by the

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

 (c) Adrenaline is a hormone.

  Describe when adrenaline is secreted and the effects of adrenaline on the body.

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

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

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

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

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

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

 [Total: 10]
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4 Fig. 4.1 is a picture of a rhino.

Fig. 4.1

 (a) Rhinos only eat plants.

  Tick (✓) two boxes that describe rhinos.

  carnivore 

  decomposer 

  herbivore 

  primary consumer 

  producer 

  secondary consumer 
 [2]

 (b) There are different species of rhino.

  Describe what is meant by the term species.

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

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

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

 (c) Some of the rhino species are endangered.

  One reason the rhinos are endangered is because their habitat has been destroyed.

  (i) Suggest two other reasons why rhinos are endangered.

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

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

  (ii) Describe one reason why habitats are destroyed.

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

 .................................................................................................................................... . [1]
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 (d) Scientists are working to conserve all the rhino species.

  They use different conservation methods for different species of rhino.

  The method they use depends on how many rhinos are still alive in the wild.

  Fig. 4.2 is a graph showing the population of each rhino species in 2023.

0

Sumatran

rhino

species

population

black

white

Javan

greater one horned

2000 4000 6000 8000 10 00012 00014 00016 00018 000

Fig. 4.2

  (i) Identify the rhino species in Fig. 4.2 with the highest population.

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

  (ii) Use Fig. 4.2 to calculate how many times bigger the population of white rhino is compared 
to the population of black rhino.

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

  (iii) Black rhinos and white rhinos are kept in protected reserves where they can be monitored 
24 hours a day.

   Suggest one different conservation method that can be used for the Sumatran and 
Javan rhinos.

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

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

 [Total: 11]
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5 (a) Fig. 5.1 lists five chemical processes and the descriptions of these processes.

  On Fig. 5.1, draw one straight line from each process to the correct description.

 chemical process description

 

chlorination

chromatography

diffusion

electrolysis

reduction

loss of oxygen

the decomposition of an ionic compound, 
when molten or in aqueous solution, by 

the passage of an electric current

the result of the constant random  
motion of particles

used in water treatment

used to separate mixtures of  
soluble coloured substances

Fig. 5.1
 [4]

 (b) Chlorine exists as two isotopes, 35
17 Cl and 37

17 Cl .

  (i) State what is meant by the term isotope.

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

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

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

  (ii) State why the relative atomic mass, Ar , of chlorine is 35.5.

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

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

  (iii) Chlorine reacts with sodium to make sodium chloride.

   During the violent reaction, thermal energy and light are released.

   Explain why this reaction is not described as endothermic.

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

 .................................................................................................................................... . [1]
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  (iv) Sodium chloride is also made by reacting an acid with an alkali.

   State the acid and the alkali that is used.

acid  ....................................................................................................................................

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

  (v) Chlorine is a halogen.

   The halogens are found in Group VII of the Periodic Table and have similar chemical 
properties.

   Explain why the halogens have similar chemical properties.

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

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

 [Total: 11]
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6 (a) Ethanol has the formula C2H5OH.

  (i) Explain why ethanol is not a hydrocarbon.

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

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

  (ii) Ethanol is used in alcoholic drinks.

   State one other use of ethanol.

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

  (iii) Draw the displayed formula of ethanol.

 [2]

  (iv) Determine the relative molecular mass, Mr , of ethanol.

   [Ar: C, 12; H, 1; O, 16]

 relative molecular mass =  .........................................................  [1]

 (b) Carbon dioxide and water are made during the complete combustion of ethanol.

  (i) State one adverse effect of higher levels of carbon dioxide in the atmosphere.

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

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

  (ii) Describe a chemical test for water.

   State the colour change observed.

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

colour change from .................................................... to  ..................................................
 [2]
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  (iii) Complete the dot-and-cross diagram in Fig. 6.1 to show the arrangement of electrons in 
a molecule of water.

   Draw the outer-shell electrons only.

H O H

Fig. 6.1
 [2]

 [Total: 10]
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7 (a) An atom of copper is represented by 64
29 Cu.

  (i) State what the number 29 represents.

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

  (ii) Deduce the number of neutrons in this atom.

 
 number of neutrons =  .........................................................  [1]

 (b) Copper is a transition element.

  Tick (✓) the three correct statements about copper.

  copper acts as a catalyst 

  copper forms coloured compounds 

  copper has a low melting point 

  copper has a low density 

  copper is ductile 
 [3]

 (c) Copper reacts slowly with oxygen in the air.

  (i) Balance the equation for this reaction.

.......Cu (s) + O2 (g)  .......CuO (s)
 [1]

  (ii) State what (g) means in the equation in (c)(i).

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

 (d) Brass is an alloy of copper and zinc.

  (i) State what is meant by an alloy.

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

 .................................................................................................................................... . [1]
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  (ii) Fig. 7.1 shows four structures W, X, Y and Z.

W X ZY

Fig. 7.1

   State which structure best represents an alloy.

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

  (iii) Stainless steel is another alloy.

   State why stainless steel is used in cutlery.

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

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

 [Total: 10]
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8 (a) Calcium carbonate has the formula CaCO3.

  (i) State the number of different elements shown in this formula.

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

  (ii) State the total number of atoms shown in this formula.

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

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

  The word equation for the reaction is shown.

  calcium carbonate + hydrochloric acid  calcium chloride + carbon dioxide + water

  Fig. 8.1 shows some of the apparatus the student uses.

conical flask

pieces of

calcium carbonate

dilute

hydrochloric acid

digital balance

Fig. 8.1

  (i) Name one other piece of apparatus needed to investigate the rate of this reaction.

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

  (ii) The mass of the conical flask and contents decreases during the experiment.

   Explain why the mass decreases.

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

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

  (iii) At the end of the experiment, the student separates the unreacted solid 
calcium carbonate from the calcium chloride solution.

   State the method of separation that the student uses.

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

  (iv) State two changes to the reaction conditions that will increase the rate of reaction.

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

2  ........................................................................................................................................
 [2]
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 (c) Calcium carbonate is a solid.

  Carbon dioxide is a gas.

  Fig. 8.2 shows diagrams of a solid, liquid and gas.

A B C

Fig. 8.2

  Explain, in terms of particle separation and particle arrangement, why A represents solid 
calcium carbonate and C represents carbon dioxide gas.

A represents solid calcium carbonate because  ........................................................................

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

C represents carbon dioxide gas because  ...............................................................................

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

 [Total: 9]
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9 (a) Fig. 9.1 shows the speed–time graph for a short car journey.

0 20 40 60 80

time / s

100 120
0

2

4

6

8

10

speed

m / s

Fig. 9.1

  (i) State a time when the car is accelerating.

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

  (ii) Calculate the total distance travelled on this journey.

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

 (b) The temperature of the air in the tyres increases during the journey.

  State what happens to the motion of the air particles as the air warms up.

 ............................................................................................................................................ . [1]
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 (c) The driver in the car brakes by using the brake pedal.

  Fig. 9.2 shows the force exerted by the driver’s foot on the brake pedal.

18 cm
40 N

brake pedal

pivot

Fig. 9.2

  Calculate the moment of the force from the driver’s foot about the pivot.

 moment =  ................................................. N cm [2]

 (d) As the car moves, electrostatic charges transfer to the car.

  (i) State what causes the transfer of electrostatic charges.

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

  (ii) State the name of the charged particles which move during this transfer of charge.

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

  (iii) State the relative charge on the particles identified in (d)(ii).

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

 [Total: 10]
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10 (a) A scientist is studying a polar bear.

  (i) State the minimum frequency audible to humans.

 minimum frequency =  .....................................................Hz [1]

  (ii) The scientist hears a loud sound of frequency 25 Hz.

   The sound has a wavelength of 14 m.

   Calculate the speed of this sound in air.

 speed =  .................................................. m / s [2]

  (iii) The polar bear jumps into a pool of water and makes water waves.

   Fig. 10.1 shows a wave.

Y

Z

distance from source of wave

Fig. 10.1

   Choose words from the list to identify Y and Z by completing the two sentences.

amplitude   frequency   pitch

trough   wave speed   wavelength

   Y shows the .................................................................. of the wave.

   Z shows the .................................................................. of the wave.
 [2]

  (iv) The scientist uses thermal imaging cameras to detect polar bears travelling on the ice.

   State the region of the electromagnetic spectrum detected in thermal imaging cameras.

 .................................................................................................................................... . [1]
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  (v) The scientist sees the polar bear under the water.

   On Fig. 10.2, draw a ray of light to show how the light travels from the polar bear’s head 
to the scientist’s eye.

eye

air

water

Fig. 10.2
 [2]

 (b) In the Arctic, harmful ionising radiation reaches the Earth’s surface.

  (i) State one danger to humans of ionising radiation.

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

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

  (ii) α-particles, β-particles and γ-radiation are all types of ionising radiation.

   Place α-particles, β-particles and γ-radiation in order of their ionising effect, from most 
ionising to least ionising.

   most ionising ......................................................

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

   least ionising ......................................................
 [1]

 [Total: 10]
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11 (a) The Earth is a planet in our Solar System.

  List the other seven planets in our Solar System in order from closest to the Sun.

  Do not include Pluto in your list.

  closest to the Sun ......................................................

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

      Earth

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

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

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

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

  furthest from the Sun ......................................................
 [2]

 (b) Granite rock is found on the Earth.

  Granite rock contains a radioactive isotope which decays by β-emission.

  Complete the equation to show what happens to a neutron in the nucleus of an atom during 
β-emission.

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

 (c) Fig. 11.1 shows a block of granite.

7.0 cm

2.0 cm

4.0 cm

Fig. 11.1

  (i) Calculate the volume of the block.

 volume =  ...................................................cm3 [1]
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  (ii) The block of granite weighs 1.47 N.

   Show that the mass of the block is 150 g.

 [3]

  (iii) Calculate the density of the granite block.

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

 (d) The block of granite is placed in a large bowl of water.

  The block of granite sinks.

  Explain why the block of granite sinks.

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

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

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

 [Total: 10]
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12 (a) Fig. 12.1 shows the circuit symbols for three electrical components, X, Y and Z, used in an 
electric torch (flashlight).

component X component Y component Z

 X is ........................ Y is ........................ Z is ........................

Fig. 12.1

  (i) Complete Fig. 12.1 to identify each component. [2]

  (ii) Using the symbols in Fig. 12.1, draw the circuit diagram for the torch.

 [1]

  (iii) The current in component Z is 0.50 A.

   The voltage supplied by component X is 1.5 V.

   Calculate the resistance of component Z.

 resistance =  ...................................................... Ω [2]
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 (b) Fig. 12.2 shows a single ray of light from the torch reflected by a mirror.

A

B

Fig. 12.2

  (i) State the name of the dotted line AB.

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

  (ii) On Fig. 12.2, label the angle of incidence with the letter i. [1]

  (iii) The angle of incidence is 40°.

   State the angle of reflection.

 angle of reflection =  ........................................................° [1]

 (c) Fig. 12.3 shows a single ray of white light from the torch passing into a glass prism.

Fig. 12.3

  Complete Fig. 12.3 to show what happens to the light as it passes through and out of the 
prism. [2]

 [Total: 10]
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