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1 A plant cell is shown in Fig. 1.1.

A

B

C

Fig. 1.1

 (a) Name the structures A, B and C.

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

  B ..............................................

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

 (b) A root hair cell is shown in Fig. 1.2.

Fig. 1.2
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  State two ways in which the root hair cell is different in structure from the cell in Fig. 1.1.
  Explain the reason for each difference.

  Write your answers in Table 1.1.

Table 1.1

difference reason for difference

1

2

[4]
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2 The speed-time graph of part of a journey is shown in Fig. 2.1.

speed

time
0

0

A

B
C

D

E

Fig. 2.1

 Using the letters A to E, identify the point on the speed-time graph at which the motion changes

 (a) from constant speed to constant deceleration, ............................... [1]

 (b) from rest to non-uniform acceleration.  ............................... [1]



5

5129/21/M/J/16© UCLES 2016 [Turn over

3 A boy kicks a football into the air, as shown in Fig. 3.1.

Fig. 3.1

 (a) Complete the sentences below.

  As the ball is kicked, energy is transferred from the boy to the ball.

  This energy has been stored as ....................................................... energy

  in the muscles of the boy’s legs. 

  As it rises after being kicked, the ball gains ....................................................... 

  energy and loses ....................................................... energy. [3]

 (b) The energy transferred to the ball is 72 J.

  (i) The boot is in contact with the ball for 0.09 s.

   Calculate the power of the kick.

 power =  ...................................................... W [1]

  (ii) The weight of the ball is 4 N.

   Calculate the vertical distance travelled by the ball into the air.

 distance =  ......................................................  m [1]
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4 Fig. 4.1 shows a paper chromatogram obtained from three coloured dyes and three inks R, S 
and T.

 The three coloured dyes are yellow, blue and red.

yellow blue red ink R ink S ink T pencil origin

line

Fig. 4.1

 (a) Name the ink that contains all three coloured dyes.  .............................................................[1]

 (b) Explain how the chromatogram shows that ink S is a pure substance.

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

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

 (c) (i) Explain why a pencil is used to draw the origin line.

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

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

  (ii) Name the ink that contains a colour which is insoluble in the solvent used for this 
chromatography experiment.

 .......................................................................................................................................[1]
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5 Maize plants photosynthesise and produce maize cobs.

 In an investigation, different quantities of nitrogen-containing fertiliser are added to six similar 
fields of maize plants.

 The fields are the same size.

 Fig. 5.1 shows the mass of maize cobs produced in each field.
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Fig. 5.1

 (a) (i) Calculate the difference in the mass of maize cobs produced per hectare between field 1 
and field 2.

  ................................... kg per hectare [1]

  (ii) Describe two trends shown in Fig. 5.1.

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

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

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

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

 (b) State a factor which affects the rate of photosynthesis.

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

 ...............................................................................................................................................[1]
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6 Two steel cans, each containing 100 cm3 of water at 20 °C, are heated by an infra-red lamp, as 
shown in Fig. 6.1.

infra-red

lamp

black

can

shiny

can

water water

Fig. 6.1

 The cans have different surface coatings. Each can is heated for 10 minutes and the final 
temperature of the water in each can is recorded.

 Three results are obtained for each can.

 The results are shown in Table 6.1.

Table 6.1

surface coating 
of can

temperature of water after 10 minutes / °C

test 1 test 2 test 3 average

black 40 38 38 38.7

shiny 22 24 25

 (a) Complete Table 6.1 to show the average temperature of the water after 10 minutes in the can 
with the shiny surface. [1]

 (b) Complete the sentences below.

  Energy is transferred from the lamp to the steel can by ............................................... .

  Energy is then transferred through the steel can by ............................................... . [2]

 (c) Explain why the water in the black can has a larger temperature rise than the water in the 
shiny can.

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

 ...............................................................................................................................................[1]
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7 Mercury(II) oxide decomposes when it is heated.

 The equation for the reaction is shown.

2HgO  2Hg + O2

 [Ar: O, 16; Hg, 201]

 The relative molecular mass of mercury(II) oxide is 217.

 (a) Complete the following sentences.

  434 g of mercury(II) oxide produces .................... g of mercury and 

  .................... g of oxygen.

  10.85 g of mercury(II) oxide produces .................... g of mercury. [3]

 (b) A sample of the gas produced in this reaction is collected.

  State a test, and the result, which shows that this gas is oxygen.

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

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

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

 (c) State one use of oxygen in industry.

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

 (d) Complete the equation by adding the state symbols.

    2HgO (..........)  2Hg (..........) + O2 (..........) [1]



10

5129/21/M/J/16© UCLES 2016

8 Biological structures and their functions are shown in Fig. 8.1.

 Draw a straight line to connect each structure with its function.

 One line has been drawn for you.

artery

structure function

photosynthesis

mesophyll

liver

oesophagus

vein

xylem

transports blood 
away from the heart

produces bile

peristalsis

transports water in 
plants

transports blood 
towards the heart

 [5]

Fig. 8.1
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9 Light enters a glass block as shown in Fig. 9.1.

i

air airglass

r

Fig. 9.1

 (a) On Fig. 9.1, draw a ray to show the direction of the light after it has left the glass block. [1]

 (b) Calculate the angle r when the angle i is 54°.

  The refractive index of the glass is 1.5.

  Show your working.

 r =  ........................................................ ° [2]
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10 The structure of an atom of fluorine is shown in Fig. 10.1.

= proton

= neutron

Fig. 10.1

 (a) For this atom, state

  (i) the proton number, .................................................

  (ii) the nucleon number. ............................................... [2]

 (b) Complete Fig. 10.1 to show the electronic structure of this atom of fluorine. [1]

 (c) Fluorine is in Group VII of the Periodic Table.

  (i) State the general name given to the elements in Group VII.

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

  (ii) State how the reactivity of the elements changes as the group is descended.

 .......................................................................................................................................[1]
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11 Five test-tubes are set up as shown in Fig. 11.1.

 Each test-tube contains 20 seeds.

 The seeds in each tube are provided with different environmental conditions.

D E F G H

seeds

dry
cotton
wool

moist
cotton
wool

moist
cotton
wool

oil

boiled 
water

black
card

room temperature in freezer

Fig. 11.1

 (a) (i) State three environmental conditions that are investigated in this experiment.

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

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

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

  (ii) Predict which two test-tubes contain seeds that germinate.

   tube ............................................... and tube ............................................... [2]

 (b) Explain how the enzyme amylase helps the seeds to germinate. 

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

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

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

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

 ...............................................................................................................................................[3]
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12 A circuit diagram containing three resistors P, Q and R is shown in Fig. 12.1.

P Q R

3 12 15 

Fig. 12.1

 (a) Calculate the combined resistance of resistors P, Q and R.

 resistance =  ......................................................  Ω [1]

 (b) The circuit is switched on for 40 seconds.

  The current in resistor P is 0.5 A.

  (i) Calculate the potential difference (p.d.) across resistor P. State the unit.

 potential difference =  ..............................  unit .................... [2]

  (ii) Calculate the charge passing through resistor P in 40 seconds.

 charge =  ....................................................... C [1]

 (c) Explain why resistor R is the resistor with the largest potential difference across it.

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

 ...............................................................................................................................................[2]
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13 Some reactions of ethene are shown in Fig. 13.1.

ethene ethanol ethanoic acid

poly(ethene)

reagent C + a catalyst process A

process B

Fig. 13.1

 (a) Identify processes A and B and reagent C.

  process A ...............................................

  process B ...............................................

  reagent C ............................................... [3]

 (b) Explain why a catalyst is used in the reaction to make ethanol from ethene.

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

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

 (c) In the space below, draw the structure of poly(ethene).

 [2]
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14 A microphone contains a coil of wire positioned in a strong magnetic field.

 Sound waves are incident on a metal plate.

 The plate is attached to a coil of wire.

 The sound waves incident on the metal plate make the coil vibrate in a magnetic field.

 A diagram of the microphone is shown in Fig. 14.1.

strong

magnet

sound

waves

metal plate

A

B

coil of wire

Fig. 14.1

 (a) An electromotive force (e.m.f.) is induced between points A and B when the sound waves 
vibrate the metal plate.

  State three changes that increase the magnitude of the induced e.m.f.

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

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

3  ............................................................................................................................................[3]
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 (b) (i) Sound waves in air have a speed of 330 m/s.

   The sound waves incident on the metal plate have a constant frequency of 60 Hz.

   Calculate the wavelength of the sound waves.

 wavelength =  ......................................................  m [2]

  (ii) The sound waves incident on the metal plate are of constant amplitude as well as 
constant frequency.

   On Fig. 14.2, sketch how the e.m.f. induced in the microphone by the sound waves varies 
with time for two complete periods of the sound wave.

induced

e.m.f.

time

Fig. 14.2
 [2]
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15 Choose words from the list to complete the sentences below.

 Each word may be used once, more than once or not at all.

acid     alcohol     bacteria     enamel

plaque     saliva     viruses

 Teeth are used to chew food.

 Pieces of sugary food left between the teeth are acted on by ................................................ .

 This produces ............................................... which attacks

 the ............................................... of the teeth. [3]
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16 Magnesium reacts with dilute hydrochloric acid to form a solution of magnesium chloride and 
hydrogen.

 (a) Complete the equation for the reaction.

  Mg + ...............HCl  MgCl2 + ............... [1]

 (b) Hydrogen is used to make ammonia.

  State two other uses of hydrogen.

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

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

 (c) Describe how magnesium chloride crystals may be obtained from the magnesium chloride 
solution.

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

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

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

 (d) Magnesium is a metal.

  State two general physical properties of magnesium which show that it is a metal.

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

2  ............................................................................................................................................[2]
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17 The male reproductive system is shown in Fig. 17.1.

C

B

A

D

E

F

Fig. 17.1

 State which letter shows the

  structure which holds the testes outside the body cavity, .........................

  gland which produces fluid to add to sperm,  .........................

  tube which is cut during vasectomy.    .........................
 [3]
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18 A magnet is used to attract an unmagnetised steel bar, as shown in Fig. 18.1(a).

 The steel bar is removed from the magnet and is then able to attract a small iron nail, as shown in 
Fig. 18.1(b).

N

S

  

steel

bar

iron nail

Fig. 18.1(a)          Fig. 18.1(b)

 (a) State one property of magnets other than attraction.

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

 (b) Explain why the steel bar is able to attract the small iron nail.

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

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

 (c) The steel bar in Fig. 18.1(a) is replaced by a bar made from soft iron.

  The soft iron bar is then placed near a small iron nail.

  State how what is observed is different to the behaviour shown in Fig. 18.1(b).

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

 ...............................................................................................................................................[1]
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19 Ammonia is manufactured by reacting nitrogen and hydrogen together in the presence of a 
catalyst.

 The equation for the reaction is

N2 + 3H2  2NH3

 Ammonia is used to manufacture the fertiliser ammonium sulfate.

 (a) State the source of the nitrogen and of the hydrogen for this process.

  nitrogen ...............................................

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

 (b) Name the catalyst used in this reaction.  ...............................................................................[1]

 (c) Ammonia dissolves in water to produce an alkaline solution.

  (i) State the name of the ion which causes the solution to be alkaline.

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

  (ii) Name the acid which reacts with ammonia to make ammonium sulfate.

 .......................................................................................................................................[1]
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20 State three medical problems associated with the excessive consumption of alcohol for many 
years.

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

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

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

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

3  .......................................................................................................................................................

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

21 Sn-121 is a radioactive isotope of tin.

 Sb-121, an isotope of antimony, is produced by the radioactive decay of Sn-121.

 Part of the equation for this decay is shown. 

121
50Sn  

121
51Sb + ....................

 (a) Determine the number of neutrons in the nucleus of an atom of Sn-121.

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

 (b) (i) State the type of emission that occurs when Sn-121 decays to Sb-121.

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

  (ii) Describe the change that occurs in the nucleus of an atom of Sn-121 as it decays to 
Sb-121.

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

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