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1 (a) Fig. 1.1 shows a root hair cell. 

Fig. 1.1 

(a) (i) Use the letters A and B to label these parts of the root hair cell in Fig. 1.1. 

 A the structure that controls what enters and leaves the cell  

 B a structure that is not present in animal cells [2] 

(ii) Describe how the structure of the root hair cell helps it to carry out its functions. 

[3] 
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 (b) Fig. 1.2 shows a leaf stalk from a celery plant in a beaker containing a solution of red 
dye. 

pale green leaf

leaf stalk

red dye

Fig. 1.2 

After an hour, the veins in the leaf had become red. 

(i) Suggest why this happened. 

[2] 

(ii) The experiment was repeated at a lower temperature. It took longer for the veins in 
the leaf to become red. 

Suggest an explanation for this result. 

[3] 
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2 (a) Table 2.1 shows information about some chemical elements and their positions in the 
Periodic Table. 

Table 2.1 

element group number in the Periodic Table 

oxygen 6

calcium 2

lithium 1

sulfur 6

fluorine 7

Select two elements from Table 2.1 whose atoms form covalent bonds with each other 
and explain your answer. 

and

explanation  

[2] 
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 (b) Fig. 2.1 shows the electron arrangement in an atom of phosphorus. 

P

Fig. 2.1 

Phosphorus and hydrogen bond together to form the compound phosphine. One 
molecule of phosphine contains one atom of phosphorus. 

Predict and explain the chemical formula of one molecule of phosphine. You may wish 
to draw a diagram to help you to answer this question. 

predicted formula 

explanation  

[3] 

0653/33/O/N/13 2
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 (c) A student added excess acidified barium chloride solution to a solution of a 
magnesium sulfate. 

Fig. 2.2 shows the procedure followed. 

solution W

precipitate of
barium sulfate

solution of
magnesium
sulfate

acidified barium
chloride solution

Fig. 2.2 

A white precipitate of barium sulfate was produced. 

The chemical equation for the reaction is 

BaCl2(aq)    +    MgSO4(aq)         BaSO4(s)    +    MgCl2(aq) 

State three ions that are dissolved in solution W in Fig. 2.2. 

1  

2  

3  [2] 
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 (d) Fig. 2.3 shows apparatus used by the student to investigate the reaction between 
different metals and steam, H2O(g). 

small test-tube
initially filled
with water

gas collecting

water

heat

steam

metal reaction tube

delivery
tube

Fig. 2.3 

The student carried out experiments using two metals, P and Q. His results are shown 
in Table 2.2. 

Table 2.2 

metal product in the reaction tube product in the small test-tube 

P no reaction no gas produced 

Q oxide of element Q hydrogen gas

Use the observations to compare the reactivities of the three elements P, Q and 
hydrogen. 

Explain your answer briefly. 

most reactive element 

least reactive element 

explanation

[3] 
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3 (a) Fig. 3.1 shows a circuit used to measure the current passing through a resistor when 
the voltage across it is changed. 

A

V

Fig. 3.1 

Complete the sentences below using suitable words. 

When the voltage across the resistor is reduced, the current through the resistor 

  .

When the voltage of the supply is reduced, the voltage across the resistor 

  .

[1] 

 (b) The resistance of a piece of wire depends on a number of variables such as the 
temperature of the wire and the material from which it is made. 

State two other factors which affect the resistance of a piece of wire. 

1  

2  [2] 
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 (c) Fig. 3.2 shows a circuit used to power a small motor. 

A

V

M

Fig. 3.2 

The voltage across the motor is 3 V. The current through the motor is 0.6 A. 

(i) Calculate the power input to the motor. 

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

 formula 

 working 

unit [2]

(ii) The motor is able to lift a load of 40 N through 1.2 m in 36 seconds. 

Calculate the power output of the motor. 

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

 formula 

 working 

unit [3]
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(iii) Explain why there is a difference between your answers to (i) and (ii). 

[1] 

(iv) Calculate the efficiency of the motor. 

Show your working. 

[2]
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4 Soya beans are an important crop in Brazil. Soya beans can be used to make soya 'milk', 
which can be made into yoghurt. 

 (a) To make yoghurt, microorganisms are added to soya milk. The milk is then kept warm 
for several hours. 

(i) State the type of microorganism that is added to milk to make yoghurt. 

[1] 

(ii) Explain why the milk is kept warm for several hours. 

[2] 

 (b) Researchers in Brazil investigated whether adding sugar to the soya milk affected the 
yoghurt that was produced. 

They added sugar to one batch of soya milk, but not to another. They measured the 
percentage of lactic acid in each batch of yoghurt at the start, and after 4, 5, 6 and 
7 hours. 

Fig. 4.1 shows their results. 

0 1 2 3

time / hours

4 5 6 7

0.5

0.4

0.3

0.2

0.1

0

percentage
of lactic
acid no added sugarno added sugarno added sugar

with added sugarwith added sugarwith added sugar

Fig. 4.1 
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(i) Describe the change in lactic acid concentration during the fermentation of the 
yoghurt with no added sugar. 

[2] 

(ii) Compare the concentration of lactic acid when sugar is added with the 
concentration of lactic acid when when no sugar is added. 

State the difference and explain it. 

[2] 

 (c) Large areas of rainforest have been cleared in Brazil, to provide more land for growing 
soya beans. 

Explain how cutting down the rainforest can harm the environment. 

[3] 
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5 Dilute nitric acid reacts with calcium carbonate according to the equation 

nitric acid calcium
carbonate

calcium
nitrate

carbon
dioxide+ + water+

 (a) Fig. 5.1 shows apparatus a student used to investigate the reaction between dilute 
nitric acid and excess calcium carbonate. 

dilute nitric
acid

calcium
carbonate

Fig. 5.1 

Describe how the student could show that this reaction produces carbon dioxide. You 
may complete the diagram to help you answer this question. 

[2] 

 (b) A student carried out an investigation into the way that the rate of the reaction between 
calcium carbonate and nitric acid changed when he varied the concentration of the 
nitric acid. 

Fig. 5.2 shows the apparatus the student used to measure the rate of reaction. 

thermometer

side-arm
test-tube

excess dilute
nitric acid

calcium
carbonate

controlled
temperature
water bath

piston of the syringe
slides out as gas enters

gas syringe

Fig. 5.2 
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The student measured the rate of reaction by finding the time it took for the gas syringe 
to fill with gas. 

The student measured the rate of reaction using five different concentrations of nitric acid. 
Fig. 5.3 shows the student’s results as a graph of rate of reaction against acid concentration. 

concentration of nitric acid

rate of
reaction

0
0

Fig. 5.3 

(i) Describe the relationship shown by the graph. 

[2] 

(ii) Explain these results in terms of particle collisions. 

[2] 

(iii) Explain why the temperature of the reacting mixture needs to be kept constant. 

[2] 

0653/33/O/N/13 
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6 (a) (i) Fig. 6.1 gives information about the uses of different types of electromagnetic 
waves and their effects on living tissue. 

Draw lines to link each electromagnetic wave with its effect on living tissue and its use. 
One has been completed as an example. 

screening
luggage

security
marking

satellite
communication

seeing

uses

X-rays

microwave

ultra violet

visible light

type of radiation

activates sensitive
cells in retina

kills cancerous
cells

heats water in
tissues

causes tanning
of skin

effects on tissue

Fig. 6.1 

[4] 

(ii) State one property that is the same for all electromagnetic waves. 

[1] 

 (b) Fig. 6.2 shows a light ray entering an optical fibre. 

optical fibre

light ray

Fig. 6.2 

The light ray travels all the way through the optical fibre. 

Explain why the light ray is able to stay inside the optical fibre. 

You may draw on the diagram if it helps your answer. 

[2] 
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 (c) Fig. 6.3 shows an observer’s eye looking at an object in a mirror. 

observer’s eye

object

mirror

Fig. 6.3 

(i) On Fig. 6.3 complete the ray diagram to show how the two rays of light from the 
object enter the eye of the observer. [1] 

(ii) On Fig. 6.3 show how the observer sees rays of light which appear to come from 
the image behind the mirror. 

Label the position of the image with an X. [2]
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7 Fig. 7.1 shows the contents of the human thorax (chest). 

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

B .........................................

Fig. 7.1 

 (a) On Fig. 7.1, name structures A and B. [2]

 (b) Oxygen diffuses into the blood from the alveoli inside the lungs.  

(i) Define the term diffusion. 

[2] 

(ii) When a person is doing vigorous exercise, the concentration of carbon dioxide in 
the blood increases.  

Explain why this happens. 

[3] 
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8 Gasoline and diesel are liquid mixtures of hydrocarbons used as fuels. 

Fig. 8.1 shows the structure of a typical molecule in gasoline. 

CH

H

H

C C

H

H

C

H

H

C

H C H

H

H

H C H

H C H
H

H

H

Fig. 8.1 

(a) (i) State the chemical formula of the molecule in Fig. 8.1. 

[1]

(ii) Explain briefly why a molecule like the one in Fig. 8.1 is classified as an alkane 
molecule. 

[1] 

 (b) Table 8.1 shows some properties of gasoline and diesel. 

Table 8.1 

fuel 
temperature range over  

which the fuel boils / °C 

viscosity (how easily  
the liquid flows) 

gasoline 40 to 205 runny (flows easily) 

diesel 250 to 350 less runny 

Explain, in terms of molecules and forces, why the properties of these fuels are 
different. 

[2] 
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 (c) (i) Describe what is observed when gaseous ethene is passed through a solution of 
bromine. 

[1] 

(ii) Name the type of chemical reaction that occurs between bromine and ethene. 

[1]

(iii) Ethene, C2H4, can be made to undergo complete combustion when it reacts with 
oxygen. 

Write the balanced symbol equation for the complete combustion of ethene. 

[3] 

0653/33/O/N/13 
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9 Fig. 9.1 shows a solar-powered golf cart used to carry golfers around a golf course. 

Fig. 9.1 

 (a) As the cart moves around the course, the motion of the cart is measured. 

Fig. 9.2 shows a distance / time graph for a small part of the journey lasting 60 seconds. 

100

80

60

40

20

0
0 10 20 30

time / s

40 50 60

distance
/ m

A

B

C

D E

F

ED

C

B

A

Fig. 9.2 
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(i) The speed of the cart between B and C is 5 m / s. 

The mass of the cart is 400 kg. 

Calculate the kinetic energy of the cart between B and C. 

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

 formula 

 working 

unit [2]

(ii) Describe the motion of the cart between D and E. 

[1] 

 (b) Sometimes the golfer’s hands begin to sweat. 

Explain in terms of particles how sweating cools his hands by evaporation.  

[2] 
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