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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]
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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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Fig. 3.2
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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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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.

H C C
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H H
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H H

H H

O H

A

H C C

H H

C H

H

H
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H C C

H
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H
HH
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D

B

Fig. 5.2
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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]
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6 Fig. 6.1 shows a thermometer containing a liquid at 20 °C and at 60 °C.

100

80

60

40

20
0

–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]



15

0653/31/M/J/16© UCLES 2016 [Turn over

 (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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1 Fig. 1.1 shows some parts of the human alimentary canal and its associated organs.

mouth

salivary gland

tongue

liver

stomach

pancreas

small intestine

colon

rectum

Fig. 1.1

 (a) Use the labels in Fig. 1.1 to complete Table 1.1.

Table 1.1

function name of organ(s)

ingestion .......................................

absorption of digested food .......................................

secrete digestive enzymes
stomach and

................................ and ................................

[4]
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 (b) The nutrients that have been absorbed from the digestive system travel in the blood to the 
body cells.

  Fig. 1.2 shows a longitudinal section of a capillary next to some body cells.

wall of capillary

body cell

Fig. 1.2

  The arrows show the direction of movement of glucose from the blood to the cells of the body.

  Describe how the structure of the capillary allows this movement to take place effectively.

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

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

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

 .............................................................................................................................................. [2]
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 (c) Fig. 1.3 shows the effect of pH on the activity of an enzyme which is secreted into the food 
in the stomach. The environment in the stomach has a low pH because of the presence of 
hydrochloric acid.

1 2 3 4 5 6 7 8 9 10
pH of reaction

enzyme
activity

Fig. 1.3

  (i) State the optimum pH for this enzyme.

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

  (ii) The stomach contents enter the duodenum. The pH there is approximately 8.

   Explain in detail why the enzyme shows no activity when it enters the duodenum.

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

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

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

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

  (iii) There are enzymes in the duodenum which digest the food after it has left the stomach.

   On Fig. 1.3 draw a curve to suggest how the activity of an enzyme secreted into the 
duodenum varies with pH. [2]
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2 (a) Lead bromide, PbBr2, can be broken down into its elements using the apparatus shown in 
Fig. 2.1.

–+

d.c. power supply

electrode A

molten lead bromide

Fig. 2.1

  (i) Name the process shown in Fig. 2.1.

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

  (ii) Give the symbols of the ions present in molten lead bromide.

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

  (iii) Name the element produced at electrode A and state the colour of this element.

name  .................................................................................................................................

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

 (b) In a similar process, aqueous copper chloride solution is broken down into a metal and 
chlorine gas.

  (i) Write the symbol equation for the reaction, including state symbols.

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

  (ii) Describe the chemical test for chlorine gas.

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

result  .................................................................................................................................

 ...........................................................................................................................................
[2]
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 (c ) (i) Describe the trend in the boiling points of the elements going down Group VII of the 
Periodic Table, from chlorine to iodine.

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

  (ii) Fluorine is another element in Group VII.

   Use the Periodic Table to determine the electronic structure of an atom of fluorine.

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

  (iii) An atom of fluorine has a nucleon number of 19.

   Calculate the number of neutrons in this atom.

 number of neutrons =  ............................. [1]
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3 Fig. 3.1 shows a gravity racer. A gravity racer is a small cart with four wheels and no engine. It is 
steered by a driver as it runs down a sloping track.

Fig. 3.1

 (a) The mass of the cart and driver is 100 kg.

  State the name given to the force on this mass due to the effect of gravity.

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

 (b) Fig. 3.2 shows the track becoming horizontal at the bottom of the slope.

Fig. 3.2

  The cart accelerates down the slope and then moves along the horizontal track for a distance 
before the driver applies the brakes and the cart stops.

  Fig. 3.3 shows a speed / time graph for the motion of the cart.
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speed
m / s

time / s

10

8

6

4

2

0
0 2 4 6 8 10

Fig. 3.3

  (i) On Fig. 3.3 write the letter P at the point when the brakes are first applied. [1]

  (ii) Use Fig. 3.3 to calculate the distance travelled by the cart

    1. while it moves at constant speed.

    State any formula you use and show your working.

    formula

    working

 distance =  ...........................................................  m

    2. from the time the brakes are applied until it comes to a stop.

    Show your working.

 distance =  ...........................................................  m
[3]
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 (c) Another cart with driver has a mass of 150 kg.

  This cart travels down the slope through a vertical height of 10 m before entering the horizontal 
section of the track.

  (i) Complete the energy transfers that take place while the cart is moving.
 

potential energy   From ............................................. at the top of the slope
 

kinetic   to ................................ energy on the track

   to ..................................................... energy as the cart stops.
[1]

  (ii) Calculate the potential energy lost.
   (gravitational field strength, g = 10 N / kg).

   State the formula you use and show your working.

   formula

   working

 potential energy =  ........................................................ J [2]

  (iii) Calculate the maximum possible speed of the cart at the bottom of the slope.

   State the formula you use and show your working.

   formula

   working

 speed =  ................................................... m / s [3]
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4 Fig. 4.1 shows a germinating seed and a diagram of one of the root hair cells as seen through the 
microscope.

root hair
area

root hair cell

Fig. 4.1

 (a) Use the following terms to complete the sentences.

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

amino acids                   cell membrane                   cell wall                   ions

nucleus                   phloem                   xylem

  The root hair cell has a ......................................................... to control what enters and 

  leaves the cell. It has a large surface area to absorb water and 

......................................................... . Water goes from the cell to the

......................................................... to be taken to the rest of the plant. [3]

 (b) A few days later the seedling in Fig. 4.1 develops leaves above ground and starts to 
photosynthesise.

  (i) Write the symbol equation for photosynthesis.

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

light

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

  (ii) Describe the role of chlorophyll in photosynthesis.

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

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

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

 ...................................................................................................................................... [2]
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5 Fig. 5.1 shows the fractional distillation of petroleum.

 Four of the fractions are labelled P, Q, R and S.

hot petroleum

P

Q

R

S

Fig. 5.1

 (a) State which fraction from Fig. 5.1 has

  the lowest boiling point range,

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

  the greatest molecular size.

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

 (b) Alkanes and alkenes are two types of hydrocarbon.

  (i) Name the process used in the manufacture of alkenes from alkanes.

 ...................................................................................................................................... [1]
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  (ii) Fig. 5.2 shows three molecules.

CH

H H

H H

C O HCH

H H

H H

C H C

H

H

H

H

C

A B C

Fig. 5.2

   State which molecule is an alkene and give a reason for your answer.

   molecule ....................

reason  ...............................................................................................................................

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

  (iii) Alkanes and alkenes can be distinguished by a chemical test.

   Name the chemical used in this test and state the observations for propane and for 
propene.

chemical name  ..................................................................................................................

propane observation  .........................................................................................................

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

propene observation  .........................................................................................................

 ...........................................................................................................................................
[3]
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6 Global warming causes ice caps to melt. This causes a rise in sea level.

 (a) Warming of the water in the oceans causes the sea level to rise for a different reason.

  Explain this reason.

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

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

 (b) Global warming happens when more of the infra-red radiation coming from the Sun is trapped 
in the Earth’s surface and atmosphere.

  (i) Table 6.1 shows part of the electromagnetic spectrum.

Table 6.1

gamma 
rays

X-rays
radio 

waves

   In Table 6.1, place infra-red radiation in the correct position in the electromagnetic 
spectrum. [1]

  (ii) A student said he thought infra-red radiation travels from the Sun more slowly than 
sunlight.

   Explain why the student is not correct.

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

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

 (c) Global warming causes more water to evaporate from the sea, as the average speed of the 
molecules in the sea increases. This causes the temperature of the water in the sea surface 
to decrease slightly.

  Suggest why evaporation causes a decrease in temperature in terms of the movement of 
water molecules.

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

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

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

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

 (d) When the Sun is shining on the Earth’s surface, the temperature of the land increases more 
quickly than the temperature of the sea.

  Suggest one reason why this happens.

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

 .............................................................................................................................................. [1]
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7 Fig. 7.1 shows the energy flow in an ecosystem on an island. The unit for each flow is kJ / m2 / year.

respiration decomposers

light energy landing on plants
2 400 000

glucose in plants
114 200

primary consumers
(herbivores)

secondary consumers
(carnivores)

3450

39 200

11 500

2830 620

8050

52 000

E

Fig. 7.1

 (a) (i) Calculate the efficiency with which light energy landing on the plants is converted to 
glucose.

   Show your working.

 efficiency =  ......................................................%  [2]

  (ii) Calculate E, the amount of energy passed on to the primary consumers.

   Show your working

 E =  .....................................  kJ / m2 / year  [1]

  (iii) Explain why there are not many trophic levels in this ecosystem.

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

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

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

  (iv) Describe one way in which the plants use the energy released by respiration.

 ...................................................................................................................................... [1]
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 (b) Acid rain can affect ecosystems. The island is affected by acid rain that is carried by the wind 
from a factory on a different island.

  (i) Describe how the factory could cause this acid rain.

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

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

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

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

  (ii) The acid rain reduces the growth of the plants on the island.

   Suggest and explain how this affects the number of carnivores in the ecosystem in 
Fig. 7.1.

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

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

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

 ...................................................................................................................................... [2]
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8 Fig. 8.1 shows a piece of calcium reacting with dilute hydrochloric acid.

calcium

thermometer

acid

Fig. 8.1

 (a) Complete the sentences about this reaction.

  In this reaction the temperature increases. This shows that this is an ...................................... 

reaction. The temperature rises because ...................................... energy is converted into 

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

 (b) Describe and explain, in terms of colliding particles, any effect on the speed of the reaction 
caused by reducing the temperature of the acid.

effect  .........................................................................................................................................

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

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

 (c) (i) Describe and explain any effect on the speed of the reaction in Fig. 8.1 caused by 
replacing the piece of calcium by a piece of copper.

effect  ..................................................................................................................................

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

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

  (ii) Describe the method of extraction of copper from copper oxide.

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

 ...................................................................................................................................... [1]
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9 A student wants to investigate the current through an electric buzzer. He designs the circuit in 
Fig. 9.1 to use in his investigation.

V

buzzer

Fig. 9.1

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

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

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

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

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

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

 ...................................................................................................................................... [2]
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  (iii) The student has left out an important component from his circuit that is needed to 
measure the current.

   On Fig. 9.2 complete the circuit diagram and include the symbol for this missing 
component in its correct place.

V

Fig. 9.2
[2]
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 (b) The student uses the correct circuit for his experiment. Fig. 9.3 shows his results plotted as a 
graph.

0 2 4 6 8 10 12

0.060

0.050

0.040

0.030

0.020

0.010

0

current / A

potential difference / V

Fig. 9.3

  The resistance of the buzzer is given by the formula

resistance = 
potential difference (p.d.)

current

  The student says that the resistance of the buzzer is lower when the p.d. is 12 V than when 
the p.d. is 6 V. The resistance at 12 V is 200 Ω.

  Use information from the graph in Fig. 9.3 to calculate the resistance at 6 V to show that he 
was correct.

    resistance at 6 V = ........................ Ω  [2]
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 (c) The buzzer emits a very loud sound at 3000 Hz with a wavelength of 0.11 m. A student 1 km 
away from the buzzer hears the sound after a short time.

  Calculate the time taken by the sound to reach the student.

  State any formula you use and show your working.

  formula

  working

 time =  ....................................................... s  [3]
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1 Paper chromatography can be used to separate and identify a compound in a mixture of 
compounds. A compound consists of one or more elements that are chemically combined.

 (a) (i) Define the term mixture.

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

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

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

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

  (ii) A student uses paper chromatography to find out which compounds a mixture Y contains. 
Fig. 1.1 shows the chromatogram of the student’s results.

Y A B C D

Fig. 1.1

   Deduce which of the compounds A, B, C and D the mixture Y contains. 

   Explain your answer.

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

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

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

 .......................................................................................................................................[2]
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 (b) Scientists use chromatography to detect the presence of the compound ethanol in blood. 

  Complete Fig. 1.2 to show the structure of one molecule of ethanol.

H

C

Fig. 1.2
   [2]

 (c) (i) Ethanol is produced when ethene reacts with steam. No other product is made in this 
reaction.

   Write the word equation for the reaction of ethene with steam to make ethanol.

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

  (ii) Draw a dot-and-cross diagram to show the bonding in ethene. 

   You only need to show the arrangement of the outer electrons.

 [2]

  (iii) Ethane and ethene are both hydrocarbons.

   Describe a chemical test to distinguish between ethane and ethene.

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

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

result for ethane  ................................................................................................................

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

result for ethene  ................................................................................................................

 ...........................................................................................................................................
 [3]
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2 Fig. 2.1 shows an electric circuit.

Fig. 2.1

 (a) The potential difference (p.d.) supplied by the battery is 12 V. The p.d. across lamp X is 2  V. 

  Calculate the p.d. across lamp Y.

 potential difference =  ....................................................... V [1]

 (b)  The current through lamp X is 0.4 A. 

  (i) Calculate the resistance of lamp X.

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

    formula

     working

 resistance =  .............................  unit = .................. [3]
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  (ii)  Calculate the power in the circuit when the current in the circuit is 0.4 A.

   State the formula you use and show your working.

     formula

     working

 power =  ...................................................... W [2]

  (iii) Explain why the energy transferred in lamp X is less than the energy transferred in 
lamp Y. 

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

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

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

 (c) Fig. 2.2 shows a different circuit. 

Fig. 2.2

  Explain why lights in a house are connected as in the circuit in Fig. 2.2 and not as shown in 
the circuit in Fig. 2.1. 

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

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

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

 ...............................................................................................................................................[2]
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3 The apparatus in Fig. 3.1 is used to investigate the effect of light intensity on the rate of 
photosynthesis in the aquatic plant Elodea. 

 The intensity of light is varied by changing the distance of the plant from the lamp. The light 
intensity increases as the distance from the plant decreases.

 The rate of photosynthesis is measured by counting the number of bubbles of oxygen produced by 
the plant per minute.

Fig. 3.1

 The results are used to produce the graph shown in Fig. 3.2.
 

Fig. 3.2

 (a) Use data from the graph in Fig. 3.2 to describe the effect of light intensity on the rate of 
photosynthesis.

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

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

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

 ...............................................................................................................................................[2]
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 (b) (i) The piece of Elodea is then cut into two pieces of equal size. The experiment is repeated 
with one of these pieces.

   On Fig. 3.2 draw a line to suggest how the number of bubbles per minute would change 
with increasing light intensity when one of these smaller pieces of Elodea is used.  [1]

  (ii) Explain your reasons for the line you drew in (i).

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

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

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

 (c) Elodea forms part of a food chain in a garden pond. The food chain is shown in Fig. 3.3.

Elodea tadpole goldfish heron

Fig. 3.3

  (i) State all the consumers in this food chain. 

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

  (ii) When a goldfish eats a tadpole, most of the chemical energy in the tadpole is lost and 
does not become part of the goldfish’s body. 

   Describe two reasons for this energy loss.

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

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

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

 ...........................................................................................................................................
    [2]
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 (d) Fig. 3.3 on page 7 shows the following food chain.

Elodea tadpole goldfish heron

  A second food chain in the pond is shown in Fig. 3.4.

Elodea water snail goldfish cat

Fig. 3.4

  In the space below combine the food chains in Fig. 3.3 and Fig. 3.4 to produce a food web.

   [2]
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4 Fig. 4.1 shows Group I of the Periodic Table of elements.

3

Li
lithium
7

11

Na
sodium
23

19

K
potassium
39

37

Rb
rubidium
85

55

Cs
caesium
133

87

Fr
francium
–

Fig. 4.1

 (a) Deduce the number of electrons in each shell of one atom of sodium.

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

 (b) (i) Sodium reacts vigorously with water to form sodium hydroxide solution and hydrogen 
gas.

   Balance the equation below and complete the state symbols. One state symbol has been 
done for you.

Na(s)   +   H2O(     )   →   NaOH(     )   +   H2(     )

 [2]

  (ii) Predict what is observed when rubidium reacts with water. 

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

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

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

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

  (iii)  State one energy transfer that occurs during the reaction between rubidium and water. 

.............................
energy

              

.............................
energy

 [1]
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 (c) Explain why elements in Group I are more reactive than elements in Group VIII (noble gases).

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

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

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

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

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

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

 (d) Unpolluted air contains nitrogen, oxygen, noble gases, water vapour and carbon dioxide. 

  (i) Explain how increasing levels of carbon dioxide in the Earth’s atmosphere contribute to 
global warming.

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

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

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

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

  (ii) Suggest one negative effect of global warming.

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

 .......................................................................................................................................[1]
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5 A man is climbing a mountain.

 (a) State the form of energy the man has gained at the top of the mountain. 

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

 (b)  The man makes a loud noise as he climbs. The echo from another mountain 990 m away 
reaches him 6 seconds later. This is shown in Fig. 5.1.

Fig. 5.1 (not to scale)

 Use this data to calculate the speed of sound in the air between the two mountains.

 State the formula you use and show your working.

  formula 

  working

 speed =  ..................................................  m / s [2]
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 (c) A physics website states that sound is a longitudinal wave with a frequency within the human 
audible frequency range.

  (i) Describe one difference between the properties of a longitudinal wave and a transverse 
wave. 

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

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

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

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

  (ii) State the approximate range of human audible frequencies.

   lowest frequency ............................................... Hz

   highest frequency ............................................... Hz [1]

 (d) On the mountain, the climber sees some ice melting.

  (i)  State the meaning of the term melting point.

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

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

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

  (ii) Fig. 5.2 shows the arrangement of particles in a solid and a liquid.

A B

Fig. 5.2

   When ice melts it forms liquid water. 

   Describe how diagram B represents the way particles are arranged in water.

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

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

 .......................................................................................................................................[2]
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 (e)  On the mountain, the climber is exposed to both infra-red and ultraviolet radiation.

  Infra-red and ultraviolet radiation are both electromagnetic waves.

  Infra-red waves travel at a speed of 3 × 108 m / s.

  State the speed at which ultraviolet waves travel. Explain your answer.

  speed = ......................................... m / s

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

 ...............................................................................................................................................[1]
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6 (a) Fig. 6.1 shows an artery and a vein in longitudinal section.

artery vein

Fig. 6.1

  Describe one structural adaptation of each blood vessel for its function.

  artery

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

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

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

vein

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

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

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

 (b) Complete the following paragraph with the correct terms from the list.

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

away from              blue              deoxygenated              hepatic vein              inside

oxygenated              pulmonary vein              red              towards              vena cava

  Veins transport blood ........................................................... the heart. They usually 

  contain ........................................................... blood. One vein that contains 

  ........................................................... blood is the ........................................................... 

  which transports blood ........................................................... the lungs.  [5]
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7 Electrolysis breaks down ionic compounds into their elements. Fig. 7.1 shows the electrolysis of 
molten magnesium chloride, MgCl2.

d.c. power supply

+ –

electrodes

molten
magnesium
chloride

heat

Fig. 7.1

 (a) Predict the product that forms at the positive electrode (anode).

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

 (b) Magnesium alloys are often used to make car parts because the alloy is strong.

  (i) Draw a diagram in the box to show the arrangement of atoms in a typical alloy.

    [2]

  (ii) Suggest why magnesium alloys are stronger than magnesium metal.

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

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

 .......................................................................................................................................[1]
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8 A truck travels at a constant speed for 60 seconds and then slows down. It takes another 
40 seconds to come to a stop.

 Fig. 8.1 shows the speed / time graph for the 100 second journey.

10

0
0 20 40 60 80 100

2

4

6

8

time / s

speed

m / s

Fig. 8.1

 (a) Calculate the deceleration of the truck between 60 s and 100 s.

  Show your working.

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

 (b) Describe how to use the graph to find the total distance travelled by the truck.

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

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

 ...............................................................................................................................................[2]
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 (c) Fig. 8.2 shows the forces on the truck when it is travelling at constant speed.

road

P

Q

R

S

Fig. 8.2

  Four forces P, Q, R and S are shown. 

  State which force from P, Q, R and S is

  1. the weight of the truck, ........................

  2.  the force exerted by the push of the engine. ........................  
   [1]

 (d) In modern trucks, computers are used to control the engine. Information is passed between 
the computer and engine along optical fibres.

  Light passes through an optical fibre by total internal reflection.

  Complete Fig. 8.3 to show how a ray of light travels down an optical fibre by total internal 
reflection. The first angle of incidence (i ) has been labelled for you.

i

Fig. 8.3
  [2]

 (e) (i) State one use of optical fibres in medicine.

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

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

  (ii) Suggest the advantage of using optical fibres for the use stated in (i).

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

 .......................................................................................................................................[1]
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9 (a) Complete the balanced symbol equation for aerobic respiration.

  .............................   +   6O2      6CO2   +    ............................. [1]

 (b) During aerobic respiration, carbon dioxide is produced which is excreted at the lungs. 
  Fig. 9.1 shows part of the tissue that lines the trachea.

to lungs

to nose

ciliagoblet cell
(produces
mucus)

thin layer of mucus

Fig. 9.1

  (i) Describe how the lungs are protected by the mucus and cilia shown in Fig. 9.1.

mucus

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

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

cilia

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

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

  (ii) Describe and explain the harmful effect of tobacco smoke on the cilia.

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

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

 .......................................................................................................................................[2]
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 (c) Fig. 9.2 shows a fetus in the uterus. The fetus cannot breathe inside the uterus, so oxygen is 
supplied by a different method.

placenta

liquid X

Fig. 9.2

  Describe how the placenta supplies the fetus with oxygen.

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

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

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

 (d) (i) One problem that can occur during pregnancy is the loss of the liquid X shown in Fig. 9.2.

   Name liquid X.

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

  (ii) Suggest why the loss of liquid X would be harmful to the growing fetus.

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

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