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1 Fig. 1.1 shows a dead mouse lying on some grass in a field.

Fig. 1.1

(a) The mouse is decaying. Name a type of organism that causes this decay.

© UCLES 2016 0654/33/0/N/16
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(d) Aliving mouse feeds on grass seeds. The mouse is eaten by an owl.

(i) Inthe space, draw a food chain to show these relationships.

(2]
(ii) Explain why, in this food chain, there will be fewer owls than mice.

© UCLES 2016 0654/33/0/N/16 [Turn over



4
2 (a) Fig. 2.1 shows a pie chart of the composition of a sample of air.

other gases

oxygen

nitrogen

Fig. 2.1

(i) Name one gas present in the section labelled other gases for a sample of clean air.

(i) In a sample of air collected near a busy road, carbon monoxide is also present.

Describe how this gas is produced by car engines.

(iii) Fig. 2.2 represents an incomplete diagram of the covalent bonding in a nitrogen molecule.

Fig. 2.2
In Fig. 2.2 the shaded area shows where electrons are shared.

State the number of shared electrons in this molecule.

© UCLES 2016 0654/33/0/N/16
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(b) Ozone molecules, O, are made from oxygen molecules when electrical sparks pass through
air.

Fig. 2.3 shows a device that produces ozone.

sparks
air containing air containing
oxygen some ozone

Fig. 2.3

(i) Construct the balanced equation for the formation of ozone, O, from oxygen in the air.

(ii) Ozone can be used instead of chlorine in the treatment of water.

Suggest how ozone makes water suitable for use in the home.

© UCLES 2016 0654/33/0/N/16 [Turn over



3 (a) Atrainis travelling between two stations.

Fig. 3.1 shows a speed/time graph for this journey.
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Fig. 3.1
(i) Calculate the total distance travelled by the train.
Show your working.
AIStANCE = ..ooviiiiiiiiiiiiiiieee e m [1]

(ii) State how you determined the total distance travelled by the train from information in
Fig. 3.1.

(iii) Show that the acceleration of the train shown in Fig. 3.1 is 3.6m/s?.

(2]

© UCLES 2016 0654/33/0/N/16
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(b) The mass of the train is 7 x 10* kg. The acceleration of the train is 3.6m/s2.
(i) Calculate the accelerating force acting on the train.
State the formula you use, show your working and give the unit.

formula

working

(i) Calculate the kinetic energy of the train when it is travelling at the maximum speed
shown in Fig. 3.1.

State the formula you use and show your working.

formula

working

KINEtiC €Nergy = .......oooeiiiiiiiiiieeeeee e J [2]

© UCLES 2016 0654/33/0/N/16 [Turn over



(c) The train has an electric motor.

A simple electric motor is shown in Fig. 3.2.

axle ,

X Y
Z
coil

split-ring commutator

Fig. 3.2

The motor consists of a coil of wire mounted on an axle and placed in a magnetic field.

The ends of the coil are connected to a battery by a split-ring commutator and two carbon
brushes.

(i) Describe and explain what happens to the coil WXYZ when an electric current passes
through it.

© UCLES 2016 0654/33/0/N/16
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4 The small intestine has many villi on its internal surface. Fig. 4.1 shows the structure of a villus.

e IE
ol

/I

(@) Complete the labels to identify the structures on Fig. 4.1. [3]

\v.

(oS

)

Fig. 4.1

(b) Describe the importance of the shape of the villi in the function of the digestive system.

(c) A person develops a condition in which the villi of the small intestine become reduced in size.

(i) Suggest how the person would be affected by this change in size of villi.

© UCLES 2016 0654/33/0/N/16 [Turn over
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5 (a) Astudentis asked to safely produce some hydrogen.

Fig. 5.1 shows the apparatus and a choice of elements available.

sodium magnesium

L

\ J
dilute \
) . sulfur
sulfuric acid
\ Z \ Z \ Z
Fig. 5.1

(i) The student correctly decides to add magnesium to the acid to produce hydrogen safely.

Explain why the other two elements are unsuitable for this task.

(ii) Predict how the pH of the mixture changes during the reaction between dilute sulfuric
acid and magnesium. Explain your answer.

© UCLES 2016 0654/33/0/N/16
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(b) The hydrogen produced is burnt in air. A cold metal plate is held above the burning hydrogen,
as shown in Fig. 5.2.

cold metal plate

j>C>C>

? water
hydrogen —

Fig. 5.2

(i) Water condenses on the metal plate.

Describe a chemical test for water. Give the positive result.

(ii) The word equation for the combustion of hydrogen is shown.

hydrogen + oxygen — water

——
reactants product

Predict whether the product of the reaction contains a greater or smaller amount of
chemical potential energy than the reactants.

Explain your answer.

© UCLES 2016 0654/33/0/N/16 [Turn over
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(c) When lithium combines with hydrogen, the ionic compound lithium hydride, LiH, is formed.

(i) Fig. 5.3 shows the electron arrangements in a lithium atom and in a hydrogen atom.

lithium atom hydrogen atom

Fig. 5.3
Draw diagrams to show the electron arrangements in a lithium ion and in a hydride ion.

Include the ionic charges in your diagrams.

[2]

© UCLES 2016 0654/33/0/N/16



13

(ii) The balanced equation for the reaction is shown.

© UCLES 2016

oLi + H, — 2LiH

The relative atomic mass of lithium is 7 and of hydrogen is 1.

The volume of one mole of gas is 24 dms3.
Use this information to calculate,

the relative formula mass of lithium hydride,

the number of moles in 100g of lithium hydride,

the number of moles of hydrogen molecules that are needed to produce 100g of lithium

hydride,

the volume of hydrogen used, in dm3.

0654/33/0/N/16
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6 (a) Electricity is generated in a nuclear power station by nuclear fission. Nuclear fission releases
thermal energy which heats water.

(i) Calculate the thermal energy needed to heat 5000 kg of water from 20°C to 100°C.
The specific heat capacity of water is 4200J/kg °C.
State the formula you use and show your working.

formula

working

BNEIGY = i J [3]
(ii) Some of the thermal energy released in nuclear fission is used to turn water at 100°C

into steam at 100°C. There is no change in temperature during this process. Describe
why energy is needed to do this.

© UCLES 2016 0654/33/0/N/16
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(iii) Fig. 6.1 shows the arrangement of particles in a gas, liquid and solid.

B Cc

Fig. 6.1
State and explain which diagram, A, B or C, best represents
water at 100°C, .....ooieeiiiieeeee e
EXPIANATION ... e e e e e e e e e e aas
steam at 100°C. .....cooovviiiiiiee e,

EXPIANATION ...t e e e e e e e e e e e e aas

(b) Plutonium-239 (Pu-239) is produced by some nuclear power stations. Pu-239 is radioactive
and has a half-life of 24 000 years.

1kg of Pu-239 is sealed in a lead container.
Calculate the mass of Pu-239 remaining after 96 000 years.

Show your working.

© UCLES 2016 0654/33/0/N/16 [Turn over
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(c) The decay of some radioactive nuclides involves the release of a-particles and y-rays.

State the differences in the ways that a-particles and y-rays behave in an electric field and in
a magnetic field. Give reasons for your answers.

electric field

© UCLES 2016 0654/33/0/N/16
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Please turn over for Question 7.
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7  Fig. 7.1 shows some of the stages involved in brewing beer.

18

barley seeds

stage 1 — germination

malted barley

stage 2 — extraction
with hot water
(‘mashing’)

solution containing
malt sugar

stage 3 — process

carried out with
no air present

yeast

unfiltered beer

stage 4 — sedimentation
and filtration

end product

Fig. 7.1

(a) During stage 1, the barley seeds produce an enzyme that breaks down stored starch into
malt sugar.

Name this enzyme.

(b) At stage 3, yeast is added to the solution containing malt sugar.

State two functions of the malt sugar in this mixture.

© UCLES 2016
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(c) (i) Name the process carried out by the yeast at stage 3.

(d) If air is bubbled through the mixture at stage 3, suggest and explain what would happen to

the rate of growth of the yeast,

© UCLES 2016 0654/33/0/N/16 [Turn over



8 (a) Fig. 8.1 shows the structure of a hydrocarbon molecule.

Name this compound and the homologous series to which it belongs.

20

H H H H
R O %
H—C—C—C=C
|
H H H
Fig. 8.1

(b) Table 8.1 shows the names, boiling points and relative molecular masses of the first five
members of a homologous series.

(i) Describe and explain the trend shown in the boiling points in Table 8.1.

(i) Use the data in Table 8.1 to predict the relative molecular mass of pentane.

© UCLES 2016

Table 8.1
name boiling point/°C relative molecular mass
methane -162 16
ethane -89 30
propane - 42 44
butane -1 58
pentane + 36

Explain your answer.

relative molecular mass

EXPlANATION oo

0654/33/0/N/16
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(c) When pure ethene gas is heated under pressure with a catalyst, a white solid is produced.
(i) State the type of chemical reaction that occurs and name the white solid.
107 TSI oL == [ex 1 (o1 o T

NAME OF WHITE SOOI ..ot e e e e e e e e e e e eenns

[2]
(ii) Complete the diagram below to show the structure of the white solid produced.
H
|
C
(2]

© UCLES 2016 0654/33/0/N/16 [Turn over
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9 (a) Acartravels along a road. During the journey the temperature of the air in the tyres increases
by 25°C. The volume of air in the tyres remains the same.

Explain in terms of particles why the pressure of the air in the tyres increases.

(b) Fig. 9.1 shows a circuit diagram for two lamps in a car. A 12V battery is connected to the
lamps.

Fig. 9.1
Lamps L1 and L2 are identical and each have a resistance of 2.5Q when lit.
Calculate the combined resistance of L1 and L2 when connected in parallel.

Show your working.

resistance = ... Q [2]

© UCLES 2016 0654/33/0/N/16
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(c) Relays are often used as switches in car circuits that use large currents.

Explain why relays are used in this way.

(d) Different metals can be used to make cables for electrical circuits in a car.

A scientist investigates six different wires used in making these cables. He wants to determine
the resistance of each piece of wire.

Table 9.1 shows data the scientist collects.

Table 9.1
wire metal composition length/cm cross-sectional area/mm?
copper 10 0.5
B nichrome 10 0.5
C copper 20 0.5
D nichrome 20 0.5
E copper 10 1.0
F nichrome 20 1.0
(i) State which wire, A or E, has the lower resistance. Explain your answer.

(ii)

© UCLES 2016

[1]
Wire B has a greater resistance than wire A.
State which wire, B, C, D, E or F, has the greatest resistance. Explain your answer.
WIrE toeeieeeieieeeeeee,
L= (0] F= T =1 1o o 1P

0654/33/0/N/16 [Turn over
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10 Fig. 10.1 shows a fruit from a dandelion plant. The fruit is dispersed from the parent plant by the
wind.

Fig. 10.1

(a) Suggest one way in which the structure of this dandelion fruit helps with wind dispersal.

.............................................................................................................................................. [1]
(b) (i) Name the structure that is contained within the part of the fruit labelled X.
...................................................................................................................................... [1]
(ii) The part labelled X has small spikes or spines on it.
Suggest a function for these spikes.
...................................................................................................................................... [1]

© UCLES 2016 0654/33/0/N/16
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(c) The part of the fruit labelled Y in Fig. 10.1 is called the beak of the fruit. A student thought that
fruits with longer beaks would be carried further in the wind.

The student does an experiment to investigate this. She measures the length of the beaks of
20 dandelion fruits.

She releases each fruit in turn and measures the distance that the fruit travels before it lands.
The graph in Fig. 10.2 shows her results.

50

40
distance travelled
by the fruit before

landing/m

30

20

10

0

5 10 15 20 25

length of beak/mm
Fig. 10.2

(i) State whether the results in Fig. 10.2 support the student’s idea that fruits with longer
beaks travel further. Explain your answer.

...................................................................................................................................... [1]
(ii) Suggest one other feature of the fruit that might affect how far the fruit is carried by the

wind.

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

© UCLES 2016 0654/33/0/N/16 [Turn over
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(d) Give one reason why it is helpful to the dandelion species if the fruits are carried a long
distance from the parent plant.

(e) (i) Wind is one method of fruit dispersal.

State one other method of fruit dispersal.

(ii) For the method you have chosen in (e)(i), state how the structure of a fruit or seed may
help it to be dispersed in this way.

© UCLES 2016 0654/33/0/N/16



11 (a) Copper is a transition metal.

Some properties, A to E, of metallic elements are listed.

State the letters which describe copper, but do not describe Group | metals.

© UCLES 2016

A

B

Cc

D

E

27

form some coloured compounds

good conductors of electricity

good conductors of thermal energy

malleable

used as catalysts

0654/33/0/N/16

[Turn over



28

(b) Fig. 11.1 shows a method of obtaining a sample of copper from copper oxide.

step 1

warm >i/ \/ stirring
dilute acid rod
copper oxide \

excess
zinc

copper sulfate
solution

step 2 step 1 reaction
( mixture
excess
copper oxide
6
copper sulfate
solution
step 3

Fig. 1.1

(i) Complete the word equation for the reaction in step 1.

+ copper

copper +
oxide

sulfate

© UCLES 2016
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(ii) Copper ions are reduced by zinc atoms in step 3 of Fig. 11.1.

State why zinc atoms are able to reduce copper ions.

...................................................................................................................................... [1]
(iii) Explain why the change to the copper ions in step 3 is described as reduction.
...................................................................................................................................... [1]
(c) Fig. 11.2 shows laboratory apparatus used in the electrolysis of copper sulfate solution.
d.c.
power supply
copper copper
electrode T | electrode
X Y
copper sulfate
solution
. J
Fig. 11.2
(i) Name electrodes X and Y.

K ettt et e e e ———e e e e ———eee e ———eeeaa——teeeaa——eeeaatteeeeaanteteeeaanaeeeeaanneeeeaarreeeeaareeeeeans
Y et ——ee e ———eeeaa———eeeae——eeeaa——eeeeaabeeeeeaa—eeeeaanrteeeeaarreeeeaaraeaeaans
(1]

(ii) Explain, in terms of the electrode reaction, the change in mass of the negative copper
electrode.

© UCLES 2016 0654/33/0/N/16 [Turn over
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12 Nuclear fusion is the main process that releases energy in the Sun. In nuclear fusion, hydrogen
nuclei collide and produce heavier, helium nuclei, releasing energy.
(a) Inthe Sun, four hydrogen nuclei collide to form one helium nucleus. For every helium nucleus
formed, 4.2 x 10~12J of energy are released.
The Sun releases approximately 3.8 x 10%6J every second.

Estimate the number of helium nuclei formed in the Sun every second.

Show your working.

number of helium nuclei = ... 2]

(b) Describe the difference between nuclear fusion and nuclear fission.

(c) Most of the radiation from the Sun that reaches the Earth is in the visible light, infra-red and
ultraviolet parts of the electromagnetic spectrum.

(i) Place ultraviolet and infra-red in their correct positions in the incomplete electromagnetic
spectrum shown in Fig. 12.1.

y-rays visible light microwaves
[1]
Fig. 12.1
(ii) State the part of the electromagnetic spectrum shown in Fig. 12.1 that has the highest
frequency.
...................................................................................................................................... [1]
(d) The nuclear reactions that take place in the Sun produce sound energy.
Explain why we cannot hear this sound on Earth.
.............................................................................................................................................. [1]

© UCLES 2016 0654/33/0/N/16
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13 (a) Write the balanced symbol equation for photosynthesis.

.............................................................................................................................................. [2]
Fig. 13.1
(i) Name the parts of the leaf labelled P, Q and R.
P e e et e ettt e Rt e Eeeea et e teean et ettt e teeaReeenteeaneeeneeaneeenneeanes
L O URPTR
SRR
(3]

(ii) On Fig. 13.1, draw an arrow to show the route taken by carbon dioxide as it enters
the leaf. (1]
(c) The leaf absorbs light energy.

(i) Name the cells in the leaf that absorb the most light energy. Explain why these cells are
able to absorb so much light.

NAME OF CRIIS ettt e et e et e et e et e e e e e e e e e e e e e e e e e e eaerennns

EXPIANATION ... e e e e e e e e e e e e e e e aan
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