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1 (a) Fig. 1.1 shows a flowering plant, and two cells from the plant. 
 

cell A cell B

X

 
 

Fig. 1.1 
 
  (i) On Fig. 1.1, draw a line from each cell to a part of the plant in which it could be 

found. [2] 
 
 (ii) Explain why cell A contains the structures labelled X, while cell B does not. 

 

 

 

 [3] 

 
 (iii) Explain how the shape of cell B adapts it for its function. 

 

 

 [2] 
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 (b) The colour of the flower petals is determined by a gene with two alleles, R and r. Allele 
R is dominant and produces red flowers, and allele r produces white flowers. 

 
 (i) Complete Table 1.1 to show the phenotype produced by each of the three possible 

genotypes. 
 

Table 1.1 
 

genotype phenotype 

RR  

Rr  

rr  

 
    [1] 
 
 (ii) On Table 1.1, draw a circle around one heterozygous genotype. [1] 
 
 (iii) Predict the ratio of red to white flowers that would be produced if two plants with 

the genotypes Rr were crossed. 

  [1] 

 
 
 (c) A grower has a rare variety of orchid with unusual flowers. She decides to produce new 

plants from this orchid using tissue culture. 
 
  Suggest the advantages to the grower of using tissue culture to produce new plants, 

rather than sowing seeds she has collected from the orchid plant. 

 

 

 [2] 
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2 (a) Fig. 2.1 shows the forces acting on a moving car. 
 

driving force

frictional force

gravitational force

reaction force
of the road

 
 

Fig. 2.1 
 
 (i) The car is accelerating. 
 
   What can be stated about the sizes of the driving force and frictional force? 

 

 [1] 

 
 (ii) The car reaches a steady speed of 20 m / s. 
 
   What can be stated about the sizes of the driving force and frictional force now? 

 

 [1] 

 
 (iii) The mass of the car is 1500 kg.  
 
   Calculate the kinetic energy of the car when it is travelling at a steady speed of  

20 m / s. 
 
   State the formula that you use and show your working. 
 
    formula used 
 
 
    working 
 
 
 
 
 

     J [2] 
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 (iv) The car travels at 20 m / s for 2 minutes. 
 
   Calculate the distance travelled. 
 
   State the formula that you use and show your working. 
 
    formula used  
 
 
    working 
 
 
 
 
 

     m [2] 

 
 
 (b) Fig. 2.2 shows a speed-time graph for part of the car’s journey, during which the brakes 

are used. 
 

speed
m / s

0 1 2 3 4 5 6

30

20

10

0

time / s  
 

Fig. 2.2 
 
 (i) Mark with an X the point on the graph at which the brakes are applied. [1] 
 
 (ii) Calculate the deceleration of the car. 
 
   Show your working. 
 
 
 
 
 

     m / s2 [2] 
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3 (a) Table 3.1 shows the electron arrangements of atoms of five elements, P to T. In all 
atoms the number of protons is the same as the number of electrons. 

 
Table 3.1 

 

atom 1st shell 2nd shell 3rd shell 4th shell 

P 2 1   

Q 2 8 1  

R 2 8 7  

S 2 8 8 1 

T 2 8 8 2 

 
 
 (i) Explain which element in Table 3.1 would not be a good conductor of electricity. 

element   

explanation  

 [2] 

 
 (ii) State and explain which one of the elements P, Q or S is the most reactive. 

most reactive   

explanation  

 [2] 

 
 (iii) An atom of element P has a nucleon (mass) number of 7. 
 
   State the number of neutrons in this atom and explain your answer. 

number of neutrons   

explanation  

 [2] 

 
 (iv) Suggest two elements in Table 3.1 which would react together to form an ionic 

compound. 
 
   Explain your answer. 

elements  and  

explanation  

 [2] 
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 (b) Fig. 3.1 shows a working electrochemical cell that was made by a student in a school 
laboratory. 

 

electrolyte

zinc electrode
copper electrode

 
 

Fig. 3.1 
 
 (i) The student used one of the liquids shown below as the electrolyte in her cell. 
 

gasoline (a hydrocarbon)  sodium chloride solution  water 

 
 
   State which liquid the student used and explain briefly why the other liquids would 

not have been suitable. 

liquid the student used    

explanation  

 

 [2] 

 
 (ii) State and explain briefly what would happen to the voltmeter reading if the zinc 

electrode was replaced by an electrode made of copper. 

 

 [2] 
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4 A man enters a theatre and then moves up an escalator (moving staircase) as shown in 
Fig. 4.1. 

 

5 m

 
 

Fig. 4.1 
 
 The man weighs 1000 N. 
 
 
 (a) (i) Calculate the work done lifting the man a vertical distance of 5 m. 
 
   State the formula that you use and show your working. 
 
    formula used 
 
 
    working 
 
 
 
 
 

     J [2] 

 
 (ii) State the potential energy the man has gained when he reaches the top of the 

escalator. 

     J [1] 
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 (b) In the theatre, a musician is playing the cymbals. 
 

cymbals

 
 
  The man in the audience thought that the sound from the cymbals was loud because of 

its high frequency. He was wrong. 
 
  Explain why the man was wrong. 

 

 

 [2] 

 
 
 (c) Blue light and red light are being shone on the musician. 
 
  These are two of the primary colours of light. 

(i)  Name the third primary colour of light.  [1] 

(ii)  Name one of the secondary colours of light.  [1] 
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 (d) The theatre measures 50 m x 50 m x 20 m. The air inside it has a density of 1.3 kg / m3. 
 
 (i) Calculate the volume of the air in the theatre. 
 
 
 
 
 

     m 

3 [1] 

 
 (ii) Show that the mass of the air in the theatre is 65 000 kg. 
 
   State the formula that you use and show your working. 
 
    formula used 
 
 
    working 
 
 
 
 
 
    [2] 
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5 PTFE is an important plastic which has many uses in the home and industry. 
 
 Wool consists of fibres which are made of protein molecules. 
 
 (a) Both PTFE and wool are made of polymer molecules. 
 
  Explain the meanings of the terms monomer and polymer. 

 

 

 

 [3] 

 
 
 (b) The chemical formula of the monomer used to make PTFE is C2F4. 
 
 (i) Explain the meaning of the formula C2F4. 

 

 

 [2] 

 
 (ii) Explain why the monomer, C2F4, is not an example of a hydrocarbon. 

 

 [1] 

 
 (iii) Name the type of compound which polymerises to form the proteins that make up 

wool. 

  [1] 

 
 
 (c) PTFE is a thermoplastic material. 
 
  Describe how PTFE behaves when it is heated and then cooled. 

 

 

 [2] 
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 (d) Fig. 5.1 shows a magnified section of a wool fibre. The fibre has been washed using 
hard water. The fibre is covered with tiny crystals of limescale. 

 

fibre

tiny crystals of limescale

 
 

Fig. 5.1 
 
 (i) Explain which one of the chemical formulae below is of a compound which causes 

hardness in water. 
 

NaCl  K2CO3  Ca(HCO3)2  Li2SO4 

 

formula   

explanation  

 [1] 

 
 (ii) In many countries the water supplied to homes and industry does not contain 

compounds which cause hardness. 
 
   Suggest one advantage of a water supply which does not contain compounds 

which cause hardness. 

 

 [1] 
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6 (a) Fig. 6.1 shows a section through part of a person's lungs. 
 

blood
vessel

X
Y

 
 

Fig. 6.1 
 

(i)  Name the structure labelled X.  [1] 

(ii)  Name the type of blood vessel that is shown in Fig. 6.1.  [1] 

 
 (iii) On Fig. 6.1, draw an arrow to show the direction in which air flows when the 

person breathes out. [1] 
 
 (iv) Carbon dioxide diffuses out of the blood down its concentration gradient, as shown 

by arrow Y. 
 
   Explain why there is more carbon dioxide in the blood that is brought to the lungs 

than in the air inside structure X. 

 

 

 [2] 

 
 (v) Describe how blood travels from the heart to the lungs. Your description should 

include the role of the heart in this process. 

 

 

 

 

 [3] 
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 (b) Many people who regularly smoke tobacco get bronchitis. This happens when mucus 
builds up in the lungs. Bacteria breed in the mucus. 

 
 (i) Explain why mucus builds up in the lungs of a person who smokes tobacco. 

 

 

 [2] 

 
 (ii) Explain why a build-up of mucus inside structure X in Fig. 6.1 would make gas 

exchange difficult. 

 

 

 [2] 
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7 (a) (i) Caffeine is a compound contained in coffee. Many people who consume caffeine 
during the day often find that they have difficulty in getting to sleep at night. 

 
   Explain why it is correct to refer to caffeine as a drug. 

 

 [1] 

 
 (ii) Some drugs are analgesics. 
 
   Why might a person need to take an analgesic? 

 [1] 

 
 
 (b) Some coffee drinks are sold in self-heating cans. 
 
  Fig. 7.1 shows a cross-sectional diagram of one design of self-heating can. 
 

calcium oxide

thin metal sheet
water

coffee drink

pin  
 

Fig. 7.1 
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  Fig. 7.2 shows the can after it has been turned upside down and the pin pushed 
through the thin metal sheet. This allows the water to fall into the calcium oxide. 

 

pin pushed down

heat energy
transferred
to coffee drink

 
 

Fig. 7.2 
 
  The reaction between calcium oxide and water produces the compound calcium 

hydroxide, Ca(OH)2. 
 
 (i) In an internet video to explain how the can works, it is stated that the water mixes 

with ‘limestone’. 
 
   State why this information is incorrect. 

 

 [1] 

 
 (ii) What can be deduced about the reaction between water and calcium oxide ? 

 [1] 

 
 (iii) A student suggests the symbolic equation below for the reaction between calcium 

oxide and water. 
 

CaO    +    2H2O        Ca(OH)2 
 
   Explain whether or not this is a correctly balanced equation. 

 

 

 [2] 
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 (c) Calcium hydroxide forms an alkaline solution which is known as limewater. 
 
 (i) Name the compound that can be tested for using limewater, and describe the 

result of this test. 

compound   

result of test  

 [2] 

 
 (ii) Suggest a solution which could be used to neutralise a sample of limewater and 

name one of the products of the reaction. 

solution   

product   [2] 
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8 (a) Fig. 8.1 shows an electric kettle. 
 

electrical
energy in

95 % of the energy supplied
remains in the hot water

 
 

Fig. 8.1 
 
  What happens to the rest of the energy supplied? 

 [1] 

 
 
 (b) The bar chart in Fig. 8.2 shows the electrical power rating of three kettles. 
 

A B C

3000

2000

1000

0

kettle

power / watts

 
 

Fig. 8.2 
 
 (i) What is the power rating of kettle C ? 

    W [1] 

 
 (ii) Kettle A takes 10 minutes to boil some water. 
 
   Predict how long kettle B will take to boil the same mass of water. 

    minutes [1] 
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 (c) In a kettle, the liquid water boils and turns into steam, a gas. 
 
  Fig. 8.3 shows the arrangement of particles in a solid.  
 

 
 

Fig. 8.3 
 
  Draw similar diagrams for a liquid and a gas. 
 

liquid gas  
 
    [2] 
 
 (d) Kettle A has a label underneath it. Fig 8.4 shows some of the information on this label. 
 

voltage 250 V

power 1000 W
 

 
Fig. 8.4 

 
 (i) Use the formula  
 

power = voltage x current 
 
   to show that the maximum current likely to pass through the kettle is 4 A. 
 
 
 
 
 
 
 
    [1] 
 

http://www.studentbounty.com/
http://studentbounty.com/


21 

© UCLES 2011 0654/23/O/N/11 [Turn over 

For 

Examiner's 

Use 

 (ii) A current of 4 A passes through the kettle for two minutes. 
 
   Calculate the number of coulombs of charge which pass through the kettle. 
 
   State the formula that you use and show your working. 
 
    formula used 
 
 
    working 
 
 
 
 
 

    C [2] 

 
(iii) In another kettle, the current was 10 A when used with a 250 V supply.  

 
  Calculate the resistance of the heating element in the kettle. 
 
   State the formula that you use and show your working. 
 
    formula used 
 
 
    working 
 
 
 
 
 

    Ω [2] 

 
 
 (e) Use the idea of convection to explain why a kettle has the heating element at the 

bottom. 

 

 

 [2] 
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 (f) The rules in Fig 8.5 are from an electrical safety manual. 
 

ELECTRICAL SAFETY RULES

1.   Never use electric cables which have become split or frayed.

2.   Never overload an electrical socket.

3.   Never operate electrical appliances with wet hands.

 
 

Fig. 8.5 
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  Explain why each of these safety rules is important. 

rule 1  

 

 

 

rule 2  

 

 

rule 3  

 

 [3] 
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9 Cichlid fish live in lakes in east Africa. Fig. 9.1 shows a cichlid fish. 
 

 
 

Fig. 9.1 
 
 (a) (i) State two features, visible on Fig. 9.1, which are characteristic of fish. 

1  

2  [2] 

 
 (ii) State one feature, visible on Fig. 9.1, that is shared by fish and reptiles, but not by 

amphibians and mammals. 

  [1] 

 
 
 (b) Fish reproduce sexually. The female fish lays eggs into the water. The male fish 

releases sperm onto them. Fertilisation takes place in the water. 
 
  Explain what is meant by fertilisation. 

 

 

 [2] 
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 (c) When the young hatch from the eggs, the mother cichlid fish takes them into her mouth 
whenever danger threatens. 

 

 
 
  Cichlid fish mothers that have been bred and kept in captivity do not do this. The 

breeders have to take the young away from the mothers, because the mothers eat their 
young. 

 
  Researchers measured the levels of testosterone in two groups of cichlid fish mothers. 

One group had been bred in captivity, and the other group had recently been caught in 
the wild.  

 
  Fig. 9.2 shows the results. 
 

while eggs
were developing

1 day after
hatching

40

30

20

10

0

average
testosterone
concentration
in mother’s body
/ arbitrary units

bred in captivity

recently caught
in the wild

 
 

Fig. 9.2 
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 (i) Describe how the testosterone concentrations in the fish bred in captivity differed 
from the fish caught in the wild. 

 

 

 [2] 

 
 (ii) These results do not prove that high testosterone levels in the mothers bred in 

captivity caused them to eat their young. 
 
   Explain why this statement is correct. 

 

 

 [1] 

 
 
 (d) In humans, testosterone is produced in much larger quantities in men than in women. 
 
  Name the organ that produces testosterone in men. 

  [1] 
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