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1 (a) Use the words in the list to complete the sentences, which are about evolution.

  You may use each word once, more than once or not at all.

adaptation    reproduction    respond    selection

survive    variation

  Organisms show .................................................... , which means that no two individuals 

are exactly alike. Some individuals show better .................................................... to their 

environment, and these individuals are more likely to .................................................... 

and reproduce. This may lead to evolution as a result of the process of natural 

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

 (b) Table 1.1 shows, for a species of bacterium, the percentage of bacteria that were resistant to 
the antibiotic penicillin. The data are for samples of bacteria taken in two different countries in 
the years 1980 and 2010.

Table 1.1

country A country B

percentage of 
antibiotic-resistant 
bacteria in 1980

3 4

percentage of 
antibiotic-resistant 
bacteria in 2010

54 12

  (i) Compare the incidence of antibiotic-resistance in the two countries 

in 1980,

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

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

in 2010. 

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

 ...........................................................................................................................................
 [2]
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  (ii) In both countries, antibiotic-resistance increased between 1980 and 2010. Use the idea 
of evolution to explain how this may have happened.

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

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

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

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

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

  (iii) Suggest a reason why resistance to antibiotics increased faster in country A than in 
country B.

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

 .......................................................................................................................................[1]
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2 (a) An electric heater is rated at 3 kW. The mains voltage is 250 V.

  (i) Show that the current used by the heater is 12 A.

   Show your working.

 [2]

  (ii) Calculate the resistance of the heater.

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

   formula 

   working

 resistance = ……………..unit ………… [3] 
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 (b) Fig. 2.1 shows the apparatus used in an experiment.

N

S

Fig. 2.1

  A current passes through a wire placed between the poles of a magnet.

  When the switch is closed, the wire moves upwards. 

  Describe and explain what happens when

  (i) the three cells are replaced by six similar cells,

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

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

  (ii) the three cells are reversed in the circuit.

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

 .......................................................................................................................................[1]
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3 (a) The air is a mixture of gases. The two most abundant gases are nitrogen and oxygen.

  (i) State, to the nearest whole number, the percentage of the air that consists of gases 
other than nitrogen and oxygen.

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

  (ii) Name one gaseous element other than nitrogen or oxygen that is found in 
unpolluted air.

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

 (b) Fig. 3.1 shows containers filled with 1.0 mole of nitrogen and 1.0 mole of oxygen.

1.0 mole

nitrogen

1.0 mole

oxygen

Fig. 3.1

  The gases inside the containers are both at room temperature and pressure.

  (i) The volume of the nitrogen gas is 24 dm3.

   State the volume of the oxygen gas.

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

  (ii) Explain your answer to (i).

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

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

  (iii) State one difference, other than being different elements, between 1.0 mole of nitrogen 
and 1.0 mole of oxygen.

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

 .......................................................................................................................................[1]
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 (c) Nitrogen combines with hydrogen in the Haber process to form ammonia.

  The balanced equation for the formation of ammonia is

N2  +  3H2          2NH3

  (i) Nitrogen may be obtained from liquid air.

   Name the method used to separate nitrogen from liquid air.

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

  (ii) Name one raw material that is used to produce hydrogen for the Haber process.

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

  (iii) Work through the steps in the calculation below to find the mass of nitrogen gas that 
reacts to produce 1000 g of ammonia.

   Show your working.

    •  Calculate the number of moles of ammonia in 1000 g. The relative formula mass of 
ammonia is 17.

 number of moles of ammonia =  ...........................................................

    • State the number of moles of nitrogen that react to produce 1000 g of ammonia.

 number of moles of nitrogen =  ...........................................................

    •  Calculate the mass of the number of moles of nitrogen gas you found in the 
previous step.

 mass of nitrogen =  ...............................................................
 [4]
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  4 (a) Fig. 4.1 shows a car travelling from left to right. 

  Two horizontal forces affect its motion. These are the forward driving force and air resistance.

air

resistance

forward driving

force

Fig. 4.1

  (i) The car is accelerating. 

   Tick one of the boxes to show which of the following statements is correct.

     The driving force is greater than the air resistance. 

     The driving force is equal to the air resistance.  

     The driving force is less than the air resistance.  

   Explain your answer.

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

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

  (ii) The car accelerates from 16 m / s to 30 m / s in 4 seconds. 

   The mass of the car is 1200 kg.

   Calculate the force required to produce this acceleration.

   State the formula that you use and show your working.

   formula used

   working 

 force =  ......................................................  N [3]
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  (iii) Calculate the change in kinetic energy of the car during this acceleration.

   State the formula that you use and show your working.

    formula 

   working 

 change in kinetic energy =  .......................................................  J [3]

 (b) Car A approaches a road junction. Fig. 4.2 shows the road junction seen from above.

STOP

M

high wall

high wall

car A

car B

Fig. 4.2

  A mirror is placed at point M to allow the driver of car A to see car B.

  Draw the mirror at a suitable angle to show how it should be placed so that the driver of 
car A can see car B.

  Draw a ray of light from car B which travels to the driver of car A.  [3]

 (c) The noise vibration from the car engine can be heard by the driver.

  Describe in terms of air particles how the sound from the engine is heard by its driver.

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

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

 ...............................................................................................................................................[2]
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5 Fig. 5.1 shows apparatus that can be used to investigate the effect of varying light intensity on the 
rate of photosynthesis in an aquatic plant.  

 The light intensity is varied by changing the brightness of the lamp.

test-tube
containing
water

gas collects
here

bubbles produced
by plant

aquatic plant

capillary tube

water level moves down

as gas is produced

scale

lamp

light

Fig. 5.1

 The rate of photosynthesis is determined by measuring the rate at which the water level moves 
down in the capillary tube. This happens because the gas produced in photosynthesis forces the 
water down the tube.

 (a) State why light is necessary for photosynthesis.

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

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

 (b) Name the gas that collects at the top of the test-tube in Fig. 5.1.

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

 (c) Write a balanced chemical equation for photosynthesis.

 ...............................................................................................................................................[2]
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 (d) (i) Using the axes in Fig. 5.2, sketch a graph to show how the rate of photosynthesis of the 
plant will change as the light intensity varies from very low to very high.

rate of

photosynthesis

very low very high
light intensity

Fig. 5.2
 [2]

  (ii) Suggest reasons for the shape of your graph 

   at low light intensities,

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

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

   at very high light intensities.

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

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

 (e) Name two environmental conditions other than light intensity that affect the rate of 
photosynthesis.

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

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

 (f) Only the green parts of a plant can photosynthesise.

  (i) Name the green substance present in plants.

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

  (ii) State why this green substance is needed for photosynthesis.

 .......................................................................................................................................[1]
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6 The halogens are found in Group VII of the Periodic Table.

 (a) Complete the table which shows some of the properties of chlorine, bromine and iodine.

element
physical state at 

20 °C
colour

formula of 
molecules

chlorine pale green

bromine liquid

iodine I2

 [3]

 (b) Iodine is found combined in aqueous solutions containing sodium iodide.

  Iodine may be extracted from sodium iodide by reaction with chlorine.

  Suggest the word chemical equation for the reaction of sodium iodide with chlorine.

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

 (c) In many countries, chlorine is added to water supplied to homes.

  Predict and explain what may happen to people drinking the water if chlorine is not added to 
the supply.

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

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

 ...............................................................................................................................................[2]
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 (d) Fluorine gas reacts violently with water.

  Fig. 6.1 shows fluorine gas being blown onto a water surface, and the two products of the 
reaction.

hydrogen fluoride HF

dissolves

oxygen gas O2 

fluorine gas F2 

water

Fig. 6.1 

  Use the information shown in Fig. 6.1 to construct a balanced chemical equation for the 
reaction of fluorine gas with water to produce oxygen gas and hydrogen fluoride.

 ...............................................................................................................................................[2]
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7 Fig. 7.1 shows some of the stages in human reproduction.

body cell

in organ V

body cell in

the ovary

sperm cell

Z

cell W 

zygote

embryo

Y

X

Fig. 7.1

 (a) Name organ V and cell W.

organ V  ...............................................................

cell W  ..................................................................  [2]

 (b) Name the process that is occurring at X.

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

 (c) State what type of nuclear division is occurring when the cells divide at Y and Z.

at Y  .....................................................................

at Z ......................................................................  [2]

 (d) The nucleus of the cell in the ovary contains 46 chromosomes.

  State the number of chromosomes present in the nuclei of

cell W,    ..........................................................................

a cell from the embryo.    ..........................................................................  [2]
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Please turn over for Question 8.
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8 (a) In Australia in 2010, it was decided that only energy efficient (low energy) light bulbs (lamps) 
should be used in houses. 

  A scientist measures the electrical power consumption of two types of lamp. The lamps are 
shown in Fig. 8.1.

type A

energy efficient compact

fluorescent lamp 

type B

traditional incandescent

light bulb

Fig. 8.1

  Type A is the energy efficient compact fluorescent lamp and type B is the traditional 
incandescent light bulb. 

  The scientist takes three sets of measurements for each of the two types of lamp.

  His results are shown on the graph in Fig. 8.2.
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type A 

Fig. 8.2

  (i) Use the data in Fig. 8.2 to calculate the difference in electrical power consumption of the 
two types of lamp when the light energy output is 3.0 W.

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

  (ii) Use the data in Fig. 8.2 to calculate the efficiency of the two types of lamp.

   Show your working.

efficiency of type A = ...................................

efficiency of type B = ................................... [2]
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  (iii) In Australia only type A lamps can be sold in shops.

   Use your answer to (ii) to suggest why this decision could benefit the Australian 
environment.

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

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

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

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

 (b) Power stations generate electricity. In some power stations a nuclear fuel is used. 

  The thermal energy released in the nuclear reactor is used to turn water into steam.

  Complete Fig. 8.3 to show the energy transformations that take place in a nuclear power 
station.

thermal energy

in steam

electrical energy

output

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

energy

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

energy in turbine

and generator

Fig. 8.3
 [2]

 (c) One waste product from a nuclear power station is the isotope iodine-129. This has a half-life 
of 15.7 million years and releases β-radiation and γ-radiation.

  (i) State the meaning of the term half-life.

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

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

  (ii) State two differences between β-radiation and γ-radiation.

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

2 .....................................................................................................................................[2]
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9 (a) Ethane and ethene are gaseous hydrocarbons.

  Fig. 9.1 shows apparatus that can be used to find out whether gases react with bromine 
solution.

bromine
solution

gas

Fig. 9.1

  In separate experiments, ethane and ethene are passed into the apparatus. Each gas is 
passed through the bromine solution for a few seconds at room temperature.

  (i) Predict how the observations in the two experiments will be different.

observation with ethane  ....................................................................................................

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

observation with ethene  ....................................................................................................

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

  (ii) Butene, CxHy, is another gaseous hydrocarbon.

   State the values of x and y in the formula of butene and name the homologous series to 
which butene belongs.

value of x  ...................................

value of y  ...................................

homologous series  ......................................  [3]
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 (b) When ethene is compressed and heated, a white solid substance, G, is produced.

  Substance G is made of very large hydrocarbon molecules.

  Fig. 9.2 shows the structure of a small section of one of these molecules.

C

H

H

C

H

H

C

H

H

C

H

H

C

H

H

C

H

H

Fig. 9.2 

  (i) Give the full name of the type of chemical reaction that occurs when ethene is converted 
into substance G.

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

  (ii) Name substance G.

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

  (iii) Substance G is used to make a wide range of products including plastic bags, most of 
which are thrown away as plastic waste.

   One way of getting rid of plastic waste is to burn it.

   State the two compounds that will be produced when substance G undergoes complete 
combustion.

   ................................................... and ................................................. [2]
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10 (a) Fig. 10.1 is a plan of the human circulatory system.

lungs
other body

tissues

X

Y P

Q

Fig. 10.1

  (i) Name the blood vessel labelled X, and the chamber of the heart labelled Y.

X  ........................................................................................................................................

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

  (ii) On Fig. 10.1, draw arrows to show the direction of blood flow in the vessels labelled 
P and Q. [2]

  (iii) With reference to Fig. 10.1, explain why the human circulatory system is described as a 
double circulation.

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

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

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

  (iv) Explain why the blood travelling to the lungs is at a lower pressure than the blood 
travelling to the rest of the body.

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

 .......................................................................................................................................[1]
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 (b) Fig. 10.2 shows how a person’s pulse can be measured by feeling the pulse at the wrist.

Fig. 10.2

  (i) Name the type of blood vessel in which the pulse at the wrist occurs.

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

  (ii) The pulse can be used as a way of measuring the heart rate. Explain why the beating of 
the heart causes a pulse at the wrist.

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

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

  (iii) When a person starts to run, their pulse rate increases. Explain how this helps the person 
to run fast.

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

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

 .......................................................................................................................................[2]
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11 Fig. 11.1 shows some water being heated in a saucepan.

bright silver

surface

heat

water

wooden

handle

Fig. 11.1

 (a) Explain why the materials have been used to make the saucepan shown in Fig. 11.1.

  Use ideas of thermal energy transfer (heat energy) in your answer.

  (i) wooden handle

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

 .......................................................................................................................................[1]
.
  (ii) bright silver surface

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

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

 (b) Describe, in terms of particles, how thermal energy is transferred through the base of the 
saucepan by conduction and heats up all of the water by convection.

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

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

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

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

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

 ...............................................................................................................................................[4]
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 (c) The weight of the saucepan and water is 15 N. The area of the saucepan in contact with the 
cooker is 300 cm2. 

  Calculate the pressure exerted by the saucepan on the surface of the cooker in N / cm2.

  State the formula that you use and show your working. 

  formula 

  working

 pressure =  ..............................................  N / cm2 [2]

 (d) 500 g of water is heated from 20 °C to 50 °C. The thermal energy required is 63 000 J. 

  Calculate the specific heating capacity of water.

  State the formula that you use and show your working. 

  formula 

  working

 specific heating capacity =  ........................................... J / (kg °C) [3]
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12 Aluminium is a metallic element in Group III of the Periodic Table.

 Iron is one of the transition metals in Period 4 of the Periodic Table.

 (a) State three properties of transition metals that are different from non-transition metals such 
as those in Groups I, II and III.

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

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

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

 (b) (i) Use the Periodic Table to help you to deduce the number of electrons in one atom of iron.

   Explain how you chose your answer.

   number of electrons ................................

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

  (ii) State the number of electrons in the outer shell of an atom of aluminium.

   Explain your answer.

   number of outer electrons ................................

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

 .......................................................................................................................................[2]
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 (c) Fig. 12.1 shows some equipment that is used to produce molten iron for use in repairing 
broken steel rail track.

molten iron

released here

reaction mixture

containing aluminium

and iron oxide

break in steel rail track

Fig. 12.1 

  The molten iron is a product of an exothermic reaction between aluminium and iron oxide. 
The balanced equation for the reaction is

2Al   +   Fe2O3          2Fe   +   Al2O3

  (i) Explain, in terms of loss or gain of electrons, which atom or ion is oxidised in the reaction.

   particle ........................................................

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

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

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

  (ii) State whether the products of the reaction in Fig. 12.1 contain more, less or the same 
quantity of chemical potential energy as the reactants.

   Explain your answer.

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

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

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