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1 (a) Complete the sentences below using words or phrases from the list.

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

downwards           phloem           respiration           root hairs           transpiration

upwards           upwards and downwards           xylem

  In the plant, water travels upwards in the ............................................................ .

  Dissolved sugar travels in the ............................................................ and moves

  ............................................................ . The evaporation of water from the 

  surfaces of the mesophyll cells is called ............................................................ . [4]

 (b) Fig. 1.1 shows a plant cell observed under the microscope. 

starch grains

 

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

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

Fig. 1.1

  (i) There are many starch grains in this cell.

   On Fig. 1.1, name two other structures, 1 and 2, in this cell that are not found in animal 
cells. 

   Draw label lines to these structures from the names you have written on the diagram.

   Describe the functions of the structures you have labelled.

   function of structure 1  ........................................................................................................

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

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

   function of structure 2  ........................................................................................................

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

 .......................................................................................................................................[4]
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  (ii) State one piece of evidence from the diagram of the cell in Fig. 1.1 that suggests that the 
cell is found under the ground.

   Explain your answer.

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

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

 .......................................................................................................................................[2]
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2 A student investigates the speed of reaction between dilute hydrochloric acid and calcium 
carbonate. The reaction produces carbon dioxide gas.

 (a) Fig. 2.1 shows some of the apparatus the student uses.

bubbles of gas
dilute

hydrochloric acid

calcium

carbonate

Fig. 2.1

  (i) The student wants to measure the volume of gas produced in this reaction every minute 
for 10 minutes.

   Complete Fig. 2.1 to show how the student collects and measures the volume of the gas.
 [2]

  (ii) As the reaction proceeds, the speed of the reaction decreases.

   Explain this change in terms of collisions between reacting particles.

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

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

 .......................................................................................................................................[2]
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 (b) Complete the symbol equation for the reaction between hydrochloric acid and calcium 
carbonate.

  .........................  +  .........................    CaCl 2  +  .........................  +  ......................... [2]

 (c) Describe the test for carbon dioxide gas.

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

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

 (d) Suggest the names of an acid and a base that the student can use to make sodium nitrate.

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

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



6

0653/31/M/J/16© UCLES 2016

3 Fig. 3.1 shows a television camera that moves on rails alongside an athletics track.

Fig. 3.1

 The camera records a race from start to finish. The camera moves alongside the athletes.

 The athletes accelerate from the start and quickly reach their maximum speed. They maintain this 
speed until they cross the finish line.

 At the end of the race the athletes and the camera slow to a stop.

 (a) Fig. 3.2 shows the speed / time graph for the camera from the start until it stops after the end 
of the race. 
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  (i) State how you can tell that the acceleration in section RS of the graph is not constant.

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

  (ii) The camera has constant acceleration over the section PQ on Fig. 3.2.

   Use the graph in Fig. 3.2 to calculate this acceleration. Show your working.

   working

 acceleration =  ................................................ m / s2 [2]

  (iii) Use the graph in Fig. 3.2 to calculate the distance travelled by the camera as it followed 
the sprinters from the start to the finishing time of 12 seconds.

   Show your working.

 distance =  .....................................................  m [2]

 (b) The camera focuses light rays coming from the athlete onto the light sensor inside the camera.

  An important part of the camera is missing from Fig. 3.3.
  Complete the ray diagram in Fig. 3.3 by drawing and labelling the missing part in its correct 

position.

camera

light

sensor

light rays

from athlete

Fig. 3.3
 [1]
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 (c) The camera is moved along the rails by an electric motor powered by a battery.

  (i) The camera with motor and battery has a mass of 10 kg.

   Calculate the kinetic energy of the camera as it travels at a constant speed of 8.5 m / s.

   State the formula you use and show your working.

   formula

   working

 kinetic energy =  ......................................................  J [2]

  (ii) The kinetic energy of the moving camera is much less than the chemical energy supplied 
by the battery to the electric motor.

   Use the principle of the conservation of energy to explain why this happens.

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

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

 .......................................................................................................................................[2]
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Please turn over for Question 4
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4 (a) Fig. 4.1 is a diagram of the internal structure of the heart.

D

CB

A

Fig. 4.1

  (i) State which of the vessels labelled A, B, C and D are arteries.

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

  (ii)  State the name of the blood vessel with the highest pressure.

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

  (iii) Explain why this blood vessel in (ii) needs to have blood at a high pressure.

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

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

 (b) Fig. 4.2 shows a cross section of an artery.

Fig. 4.2

  Describe how the structure of this artery adapts it for its function.

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

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

 ...............................................................................................................................................[2]
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 (c) Fig. 4.3 shows a longitudinal section of a diseased coronary artery.

substance X

Fig. 4.3

  (i) Describe the function of the coronary artery.

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

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

  (ii) Identify substance X.

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

  (iii) State two possible lifestyle choices that could increase the rate of formation of substance 
X in the coronary artery.

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

2. ....................................................................................................................................[2]
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5 Fig. 5.1 shows the fractional distillation of petroleum (crude oil).

Q

P

R

T

S

U

hot petroleum

Fig. 5.1

 Six fractions, P, Q, R, S, T and U, are produced.

 (a) State which fraction

  has the greatest intermolecular forces of attraction between molecules,

  ………..……

  contains only gas molecules.

  ……..……… [2]

  (b) Fig. 5.2 shows four molecules.
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  (i) From Fig. 5.2, give the letter of a molecule of an alkane.

   ………..…… [1]

  (ii) From Fig. 5.2, give the letter of a molecule of an alkene. Explain your answer.

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

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

  (iii) Explain why alkanes and alkenes do not appear in the Periodic Table.

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

 (c) Complete Fig. 5.3 to show the bonding electrons in one molecule of methane, CH4.

CH

H

H

H

Fig. 5.3

 [1]

 (d) In the last one hundred years, the proportion of carbon dioxide in the air has increased.

  (i) State one reason for the increased amount of carbon dioxide.

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

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

  (ii) State one reason why the increase in carbon dioxide may harm the environment.

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

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



14

0653/31/M/J/16© UCLES 2016

6 Fig. 6.1 shows a thermometer containing a liquid at 20 °C and at 60 °C.

100
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�20

20 °C 60 °C

100

80

60

40

20

0

�20

Fig. 6.1

 (a) Complete the sentences below by choosing the correct words from the list.

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

density             force             mass             power             work

  When the liquid is heated, the ............................................. of the liquid remains the

  same. The volume of the liquid increases on heating, which means that the

  ............................................. of the liquid decreases. [2]

 (b) Water freezes at 0 °C. Explain why the scale on the thermometer in Fig. 6.1 shows that the 
liquid in the thermometer cannot be water.

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

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

 ...............................................................................................................................................[1]
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 (c) Bright sunlight shines on the thermometer. The temperature reading rises slowly.

  (i) In Fig. 6.2 below, write the name of the radiation from the Sun responsible for the 
temperature rise in the correct position in the electromagnetic spectrum.

X-rays microwaves radio waves

Fig. 6.2
[2]

  (ii) A student said he thought the radiation in (i) travelled from the Sun faster than sunlight. 

   Explain why the student is not correct.

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

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

  (iii) Suggest one way of making the temperature reading rise more quickly when exposed to 
bright sunshine.

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

 .......................................................................................................................................[1]
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7 Fig. 7.1 shows two simple food chains. 

corn man

food chain A food chain B

corn cow man

Fig. 7.1

 (a) Explain why food chain A transfers a greater proportion of the chemical energy in the corn to 
the man.

  Assume that the food chains apply to two identical areas of land.

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

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

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

 (b) The farmer tries to improve the efficiency of food chain B by keeping the cows in heated 
buildings.

  Suggest how this improves the efficiency of food chain B.

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

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

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

 (c) When the farmer adds fertiliser to the corn in the field, some of the fertiliser enters a nearby 
lake.

  (i) Suggest what causes the fertiliser to enter the lake.

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

  (ii) Describe and explain how the fertiliser affects

   plants near the surface of the water,

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

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

   plants lower down in the lake.

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

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

 .......................................................................................................................................[3]
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8 Lithium and sodium are metals in Group I of the Periodic Table of Elements.

 (a) (i) The electronic structure of lithium is 2,1.

   State the electronic structure of sodium.

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

  (ii) Rubidium is another Group I metal.

   It is stored in a liquid.

   Suggest a liquid in which rubidium is stored and explain why it is stored in this liquid.

liquid  ..................................................................................................................................

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

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

  (iii) Predict the two products of the electrolysis of molten rubidium chloride.

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

 (b) The reaction between lithium and oxygen is exothermic.

  (i) State the change that always occurs in an exothermic reaction.

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

  (ii) State the charges on the ions formed in this reaction, and explain how these ions form.

   lithium ion ...........................

   oxide ion ...........................

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

 .......................................................................................................................................[3]
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9 A student investigates the current through a lamp as she varies the potential difference (p.d.) 
across the lamp.

 She designs the circuit in Fig. 9.1 to use in her investigation.

A

V

Fig. 9.1

 (a) (i) Name the component represented by this symbol

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

  (ii) State and explain why the student includes this component in her circuit.

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

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

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

 (b) The student has included all the correct components in the circuit diagram shown in Fig. 9.1, 
but she has not connected them correctly.

  In the space below, draw the diagram for a circuit that will allow the p.d. across the lamp and 
the current through the lamp to be measured.

[2]
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 (c) The student used the correct circuit to carry out her experiment.

  Fig. 9.2 shows her results plotted as a graph.

0
0

1

2

3

current / A

p.d. / V

4

4 8 12 16

Fig. 9.2

  (i) Use the graph in Fig. 9.2 to calculate the resistance of the lamp filament when the p.d. 
across the filament is 6 V.

   State the formula you use and show your working.

   formula

   working

 resistance =  .....................................................  Ω [2]

  (ii) Use the graph to describe how the resistance of the lamp filament changes as the 
p.d. across the filament increases.

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

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

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