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1 Fig. 1.1 shows a house. 

wind turbine

solar panels

Fig. 1.1

 In the garden of the house there is a wind turbine.

 (a) The house is painted white. Suggest why houses are often painted white in hot countries.

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

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

 (b) The wind turbine generates electricity.

  State the main energy transformation in the wind turbine.

  .............................................. energy to .............................................. energy.  [1]

 (c) There are solar panels on the roof of the house. Energy from the Sun heats 4 kg of water in 
the panels. 

  The energy falling on the solar panels is 400 000 J.

  (i) The efficiency of the solar panels is 15%.

   Calculate the thermal energy gained by the water.

 thermal energy gained =  .......................................................  J [2]
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  (ii) Calculate the temperature rise in the 4 kg of water heated in the solar panels. 

   The specific heat capacity of water is 4200 J / kg °C.

   State the formula you use and show your working.

   formula

   working 

 increase in temperature =  ..................................................... °C [2]

 (d) Wind energy and energy from the Sun are both examples of renewable energy resources.

  State two other renewable energy resources. 

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

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

 (e) Visible light from the Sun is part of the electromagnetic spectrum. 

  (i) Place visible light in the correct position in the incomplete electromagnetic spectrum 
below.

X-rays infra-red
radio

waves

[1]

  (ii) State the speed at which all electromagnetic waves travel.

 speed =  ..................................................  m / s [1]
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 (f) The household circuits use alternating current.

  Fig. 1.2 shows the graph of current against time.

current

0
time

Fig. 1.2

  On Fig. 1.2, use a double headed arrow ( ) to indicate the amplitude.  [1]
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2 (a) Fig. 2.1 shows a flower as seen from the side and the same flower in a horizontal section 
taken along the line X–X.

X X

side view of
flower

horizontal section
of flower

Fig. 2.1

  (i) On the horizontal section, label a sepal and a stamen. [2]

  (ii) State how it will affect the plant if all the stamens are removed from the flower.

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

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

  (iii) This flower is pollinated by insects. 

   State two features, visible in Fig. 2.1, that show it is an insect-pollinated flower.

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

2  ........................................................................................................................................
[2]
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 (b) Fig. 2.2 shows a fruit from a maple tree.

Fig. 2.2

  A student observed the fruits that fell from a maple tree. He measured the horizontal distance 
from the tree to the place where each fruit landed. 

  Fig. 2.3 shows the student’s results.

40
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20
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5

0
0.0–4.9 5.0–9.9 10.0–14.9 15.0–19.9 20.0–24.9 25.0–29.9 30.0–34.9 35.0–100.0

distance from parent tree / m

number of
fruits

Fig. 2.3

  (i) State the number of fruits that landed less than 10 m from the parent tree.

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

  (ii) Fig. 2.3 shows the eight different distance ranges chosen by the student. State the 
distance range within which the most fruits landed.

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

  (iii) Suggest why so many fruits landed within this distance range.

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

 .......................................................................................................................................[1]
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  (iv) State two advantages for the maple tree of the seeds inside its fruits being dispersed 
away from the parent tree.

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

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

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

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

  (v) Maple fruits are dispersed by the wind. 

   State one other way in which the fruits or seeds of trees may be dispersed.

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

  (vi) State and explain how you would expect the student’s results to have been different if

the tree had been taller,

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

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

the weather had been windier.

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

 ...........................................................................................................................................
[2]
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 (c) Fig. 2.4 shows the outline of the testa of a seed, such as a bean seed. 

  Inside this outline, draw a plant embryo as it would appear in longitudinal section (with the 
seed cut lengthways). 

  On your drawing, label the radicle, plumule and cotyledon.

Fig. 2.4
[4]
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Please turn over for Question 3.
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3 (a) In many countries, water for drinking is taken from rivers and lakes.

  The water contains insoluble materials and microorganisms.

  (i) Name the process that is used to remove insoluble materials.

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

  (ii)  Microorganisms are destroyed by treating the water with chlorine.

   Suggest the risk to humans if microorganisms are not destroyed before water is sent into 
homes.

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

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

 (b) Fig. 3.1 shows apparatus used to produce chlorine gas.

d.c.
power supply 

anode

sodium chloride
solution

chlorine gas gas R

cathode

Fig. 3.1

  Chlorine gas is produced when an electric current passes through a concentrated solution of 
sodium chloride. 

  (i) Name the process shown in Fig. 3.1.

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

  (ii) Name gas R.

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



11

0654/31/M/J/16© UCLES 2016 [Turn over

  (iii) Describe a safe chemical test for chlorine and give the positive result:

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

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

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

  (iv) Before it is used to produce chlorine, the solution of sodium chloride in Fig. 3.1 is neutral.

   Predict and explain the change in the pH value of the solution during the process.

pH changes from ........................ to ........................

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

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

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

  (v) Draw a bonding diagram that shows the arrangement of the outer electrons in a chlorine 
molecule.

[2]
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4 (a) Fig. 4.1 shows a graph of the motion of a truck over 40 seconds.

20
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E

time / s

m / s

speed

Fig. 4.1

  (i)  Calculate the acceleration of the truck between B and C. 

   Show your working.

 acceleration =  ................................................. m / s2 [2]
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  (ii) The mass of the truck is 2000 kg. Calculate the size of the force needed for the 
acceleration between B and C. 

   State the formula you use and show your working. State the units.

   formula

   working 

 force =  ............................  unit = ................... [3]

  (iii) Calculate the distance travelled by the truck in the time that the speed is decreasing.

   Show your working.

 distance =  ...................................................... m [2]
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 (b) The driver stops the truck. He receives an electric shock when he gets out of the truck. 

  (i) Suggest why the driver receives an electric shock.

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

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

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

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

  (ii) The shock is caused by a current of 0.004 A passing for 0.1 ms.

   Calculate the charge which passes.

   State the formula you use and show your working.

   formula

   working 

 charge =  ......................................................  C [2]
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5 Fig. 5.1 shows part of the carbon cycle.

coal, oil
and gas

gradual production of
fossil fuels

carbon dioxide in
atmosphere

X

Y

Fig. 5.1

 (a) Name the processes labelled X and Y.

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

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

 (b) Explain how the following human activities increase the amount of carbon dioxide in the air. 

  (i) deforestation

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

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

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

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

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

  (ii) using fuels in power stations

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

 .......................................................................................................................................[1]
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6 (a) (i) The elements in the Periodic Table are placed in order of increasing proton number.

   Define the term proton number.

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

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

  (ii) State two differences between the properties of a proton and an electron.

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

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

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

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

 (b) Caesium, Cs, is an element in Group I of the Periodic Table.

  Iodine, I, is a halogen in Group VII.

  Caesium combines with iodine to form the compound caesium iodide.

  (i) State the number of electrons in the outer shells (valence shells) of atoms of these 
elements.

   number of outer shell electrons in caesium  ..........................

   number of outer shell electrons in iodine .......................... [1]

  (ii) Predict the chemical formula for caesium iodide and name the type of bonding involved.

   chemical formula ........................................

type of bonding  ..............................................................................................................[2]

  (iii) Describe how the arrangements of the electrons in the atoms of caesium and iodine 
change when they combine.

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

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

 .......................................................................................................................................[2]
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 (c) The graph in Fig. 6.1 shows the maximum mass of caesium iodide that dissolves in 100 cm3 
of water at different temperatures.

250

200
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100

50

0
0 10 20 30 40 50 60 70 80 90 100

temperature / °C

mass of
caesium iodide

dissolved / g

Fig. 6.1

  (i) Describe the trend shown in Fig. 6.1.

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

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

  (ii) State the mass of caesium iodide that dissolves in 100 cm3 of water at 48 °C.

 mass =  ....................................................... g [1]

  (iii) Calculate the concentration, in mol / dm3, of the caesium iodide solution at 48 °C.

   Show your working.

 concentration =  ........................................... mol / dm3 [3]
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7 (a) Below is a list of materials.

aluminium    copper    glass    iron    plastic

  From the list choose one material to match each description below. 

  Each material can be used once, more than once or not at all.

  • It can be charged by rubbing with a cloth. ............................................

  • It can be used as the core in a transformer.  ............................................

  • It can be used to make a lens.   ............................................

  • It is used as the conductor in the windings of a transformer. ............................................
[2]

 (b) One nuclide of iron is represented in nuclide notation as 54
26Fe. 

  (i) For one neutral atom of 54
26Fe, state its nucleon number.

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

  (ii) Another isotope of iron has two more neutrons in the nucleus.

   Use similar notation to that used in (b)(i) to represent this nuclide.

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

  (iii) An isotope of iron is radioactive. It has a half-life of 2.73 years.

   State what is meant by the term half-life.

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

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

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

 (c) The boiling point of iron is 2862 °C. Some iron evaporates at a temperature below this. 

  Describe one difference between evaporation and boiling.

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

 ...............................................................................................................................................[1]
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 (d) Fig. 7.1 shows an iron bar suspended by a string.

  A magnet is brought close to the iron bar. The iron bar is attracted to the magnet.

N S

direction of
movement

bar magnetiron bar

string

wooden
stand

Fig. 7.1

  Explain why the iron bar is attracted to the magnet. 

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

 ...............................................................................................................................................[1]
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 (e) Iron is an example of a solid at room temperature. 

  The three diagrams A, B and C in Fig. 7.2 show the different arrangements of particles in the 
three states of matter.

A B C

Fig. 7.2

  Use the correct letter A, B or C from Fig. 7.2 to fill in the blank and complete the statement to 
explain your choice.

Diagram ................ shows solid iron because the particles ......................................................

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

 (f) A student is trying to calculate the density of an irregular piece of iron. 

  To do this he must measure the mass and the volume of the piece of iron. 

  Describe how the student could measure the volume of the piece of iron us ing a measuring 
cylinder.

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

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

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

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

 ...............................................................................................................................................[2] 
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8 (a) Too much fat in the diet is a form of malnutrition. 

  Describe the harmful effects of too much fat in the diet.

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

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

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

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

 (b) Fig. 8.1 shows the structure of the human alimentary canal and associated organs.

Fig. 8.1

  (i) On Fig. 8.1, label a gland that secretes bile. [1]

  (ii) Describe the role of bile in fat digestion.

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

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

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

  (iii)  Describe how the structure of the villi in the small intestine helps in the efficient absorption 
of fats.

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

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

 .......................................................................................................................................[2]
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9 Fig. 9.1 shows a meteorite.

 Meteorites contain a mixture of iron and nickel.

meteorite made of a
mixture of iron and nickel

Fig. 9.1

 (a) (i) Name the collection of metals in the Periodic Table that contains both iron and nickel.

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

  (ii) State two properties that are typical of the collection of metals in (a)(i) that are not 
shared by all metals.

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

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

  (iii) Iron will rust in the presence of air and water.

   State and explain, in terms of a change in the number of electrons, which particles are 
oxidised when iron rusts.

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

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

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

  (iv) Meteorites do not form rust in the presence of air and water.

   Suggest a reason for this.

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

 .......................................................................................................................................[1]
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 (b) Iron is extracted from iron compounds found in the Earth’s crust.

  Fig. 9.2 shows a diagram of the industrial extraction of iron.

iron

impurities

raw materials including
iron oxide

iron moving down

carbon monoxide
rising to react with
iron oxide

Fig. 9.2 

  (i) Name the industrial apparatus shown in Fig. 9.2.

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

  (ii) Inside the apparatus, iron oxide, Fe2O3, is reduced by carbon monoxide, CO.

   Write the balanced equation for this reaction.

 .......................................................................................................................................[2]
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10 (a) A school has a corner in a corridor where the students are likely to collide. 

  To avoid collisions, a plane mirror is placed across the corner. This is shown in Fig. 10.1. 

Y

X

corridor

plane mirror

science laboratory

Fig. 10.1

  Student X is able to see student Y around the corner by using the mirror.

  (i) On Fig. 10.1, draw a ray of light from student Y so that it reflects off the mirror and is 
seen by student X.   [1]

  (ii) Draw and label the normal.  [1]

  (iii) On Fig. 10.1, label the angle of incidence of the ray of light with an i.   [1]

  (iv) At the corner, student X sees her own image in the mirror. 

   Select three words or phrases from the list below that describe her image correctly.

larger than object      real       same size as object

smaller than object      upright      upside down      virtual

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

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

3  ........................................................................................................................................
[1]
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 (b) The corridor is very noisy. Sound waves travel through the air by a series of compressions 
and rarefactions.

  Describe the difference between a compression and a rarefaction. 

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

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

 (c) In the school science laboratory, a student builds an electric circuit.

  Fig. 10.2 shows a circuit diagram for the circuit. 

4 

12 

V

A

Fig. 10.2

  (i) Name the instruments represented by each symbol.

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

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

  (ii) Calculate the combined resistance of the two resistors.

   State the formula you use and show your working.

   formula

   working 

 resistance =  .......................................................Ω [2]
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11 Mice usually have brown fur due to the presence of dominant alleles for brown.

  (a) (i) Using F for the dominant alleles and f for the recessive alleles, state all the possible 
genotypes of a brown mouse.

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

  (ii) Suggest why some mice have white fur even though the alleles for white are recessive.

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

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

 (b) It is an advantage for mice to have brown fur rather than white fur.

  (i) Suggest why having brown fur would be an advantage.

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

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

  (ii) Explain why a white mouse is less likely than a brown mouse to pass on its alleles to the 
next generation.

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

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

 .......................................................................................................................................[2]
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 (c) The length of the fur in mice is also genetically determined. Short fur is dominant to long fur.

  Complete the genetic diagram to show the result of crossing two mice with short fur. Include 
both genotypes and phenotypes for the offspring and state the ratio of the phenotypes.

   parents

    phenotypes short fur short fur

    genotypes Hh Hh

    gametes ................... ................ ................... ................

   offspring

male gametes

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

fe
m

al
e 

ga
m

et
es ..............

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

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

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

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

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

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

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

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

   ratio of phenotypes  ........................... : ........................... [4]
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12 (a) Fig. 12.1 shows diagrams of the arrangement of atoms in two forms of carbon, L and M.

L M

Fig. 12.1

  (i) Name the structures of carbon shown in Fig. 12.1.

L  ........................................................................................................................................

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

  (ii) Explain, in terms of its atoms, why carbon is an example of an element and not a 
compound.

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

 .......................................................................................................................................[1]
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  (iii) Fig. 12.2 shows a pencil line being drawn on paper.

   The form of carbon used in pencils has one of the structures shown in Fig. 12.1.

pencil

material containing carbon
is transferred from the pencil

to the paper

Fig. 12.2 

   Suggest which form of carbon, L or M in Fig. 12.1, is used in pencils.   .....................

   Explain how the structure of this substance makes it possible for a pencil to draw a line 
on paper.

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

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

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

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

 (b) Charcoal is a solid fuel that contains carbon.

  (i) The word equation for the complete combustion of carbon is shown.

carbon + oxygen    carbon dioxide
 (reactants) (product)
 
   Suggest and explain whether the reactants or the product possess the larger amount of 

chemical potential energy.

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

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

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

  (ii) Explain, in terms of collisions involving molecules, why powdered charcoal burns more 
quickly than large pieces of charcoal.

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

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

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

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