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1  Scientists can estimate the concentration of carbon dioxide in the Earth’s atmosphere a long time
ago. Samples of air can be found trapped in ancient ice.

(a) Table 1.1 shows some results.

Table 1.1

carbon dioxide

year concentration
/parts per million

1000 280
1200 275
1400 280
1600 270
1800 280
2000 345

(i) In the year 2000, the carbon dioxide concentration in the trapped air was 345 parts per
million.

State the two gases that make up most of the rest of the atmosphere.

(2]

(ii) Using the information in Table 1.1, describe how the carbon dioxide concentration in the
Earth’s atmosphere changed between the year 1000 and the year 2000.

....................................................................................................................................... [3]
(b) Name a biological process that
(i) releases carbon dioxide into the atmosphere,
....................................................................................................................................... [1]
(ii) removes carbon dioxide from the atmosphere.
....................................................................................................................................... [1]

© UCLES 2016 0654/21/0/N/16
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(c) Suggest and explain the effect on the carbon dioxide concentration in the Earth’s atmosphere
of

(i) large-scale deforestation,

(d) An increase in carbon dioxide concentration in the Earth’s atmosphere could cause global
warming.

State two undesirable effects of global warming.

© UCLES 2016 0654/21/0/N/16 [Turn over
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2 Five test-tubes containing different substances are labelled A, B, C, D and E as shown in Fig. 2.1.
Dilute hydrochloric acid is added to each of the five substances.

dilute dilute dilute dilute dilute
hydrochloric hydrochloric hydrochloric hydrochloric hydrochloric
acid acid acid acid acid
N 0 r N 0 r N 0 r N 0 r N 0 r
0 0 0 0 0
0 0 0 0 0
copper copper magnesium silver nitrate sodium
carbonate solution hydroxide
solution
A B C D E
Fig. 2.1
(@) (i) Suggest the letter of the test-tube containing a substance that releases a gaseous
element when the dilute hydrochloric acid is added.
Name the gaseous element.
test-tube .....ooovvviiiiiiiiii
o T2 TS TS0 WS =1 1= T o 4 1= o | PP [1]
(i) Suggest the letter of the test-tube containing a substance that releases a gaseous

© UCLES 2016

compound when the dilute hydrochloric acid is added.
Name the gaseous compound.
test-tube ...ooovveviiiiiiiie

(o T=LS1=To U eTo] 1 4] 0 To 11 ] o [o PP 1]

0654/21/0/N/16



(iii) Dilute hydrochloric acid contains chloride ions in solution.

5

State the letter of the test-tube in which the hydrochloric acid reacts to form a white solid.

State the name of the white solid produced.

test-tube ..o,

WHITE SOOI .ot e e

(b) Vanadium and its compounds are able to act as catalysts.

(i)

(ii)

(iii)

© UCLES 2016

State the meaning of the term catalyst.

The chemical symbol for vanadium is shown.
51
23V
State
. the number of neutrons in the nucleus of this atom,

. the number of electrons in a vanadium atom.

[2]

State the name of the collection of metals in the Periodic Table to which vanadium

belongs.

0654/21/0/N/16
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(c) The industrial production of sulfuric acid involves a chemical reaction that uses vanadium
oxide as a catalyst.

Fig. 2.2 shows part of the industrial process used to produce sulfuric acid.

X Y key
O atom of sulfur
O atom of oxygen

reaction
vanadium oxide | ..o vessel
catalyst
\ y,
( N\

Fig. 2.2
Boxes X, Y and Z contain diagrams that represent the molecules in the reaction.

(i) State the formula of the molecules shown in box Z.

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

(i) Explain which box, X or Y, contains molecules that are oxidised in the reaction vessel.

© UCLES 2016 0654/21/0/N/16
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(a) Three identical kettles have each been filled with the same volume of water at 25 °C.

Fig. 3.1 shows the three kettles a few minutes later.

R\ \

heating
A B C element

Fig. 3.1
Kettle A contains water that remains at 25 °C.
Kettle B contains water that is just starting to boil at 100 °C.
Kettle C contains water that has been boiling for a few minutes but is still at 100 °C.

(i) The volume of water in kettle A stays the same. There is a small increase in the volume
of water in kettle B.

Explain why the water volume increases in kettle B.

(ii) Explain why there is a large difference in the volume of water between kettles B and C.

(iii) Pure water has a boiling point of 100°C.

State the meaning of the term boiling point.

© UCLES 2016 0654/21/0/N/16 [Turn over
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(iv) When the water boils, some becomes water vapour in the air.

Fig. 3.2 shows the arrangement of particles in a gas, liquid and solid.

B Cc

Fig. 3.2
State and explain which diagram, A, B or C, best represents:
WaLEr @t 25°%C, .oveniiiiie e
EXPIANATION ... e e e e e e e e eas
WaLEr VAPOUL. ..ceei e e e e e eeeas

EXPIANATION ... e e e e e e e e e e aaas

(2]
(b) The kettles shown in Fig. 3.1 each have a heating element at the bottom.
Name the method by which thermal energy is transferred through the water in the kettles.
....................................................................... [1]
(c) Akettle is connected to a 250V supply. There is a current of 8A in the heating element.
Calculate the resistance of the heating element.
State the formula you use, show your working and state the unit.
formula
working
resistance = ..............o UNit = .o [3]

© UCLES 2016 0654/21/0/N/16
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(d) Fig. 3.3 shows a kettle with a mains lead connected to a plug. Inside the plug there is a fuse.

heating

mains lead
element

plug with
fuse inside

Fig. 3.3

A fuse in the plug protects a person using the kettle from an electric shock.
Describe what happens to the fuse when a short circuit occurs in the kettle.
Explain why this happens.

description

© UCLES 2016 0654/21/0/N/16 [Turn over
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4 Agardener increases the number of trees by taking cuttings. The gardener cuts off part of a stem
(the cutting) and places it in water, as shown in Fig. 4.1.

cutting
cutting \_/(
placed in
water water

Fig. 4.1

The cutting develops roots as shown in Fig. 4.2. The gardener then plants the cutting in the ground.

cutting

|_—developing roots

Fig. 4.2
(a) The cutting grows into a new tree. This is an example of asexual reproduction.

(i) Define the term asexual reproduction.

....................................................................................................................................... [2]
(ii) For a particular gene, the parent plant has the genotype Aa.

Predict what would be the genotype of the cutting.

JENOLYPE oo [1]

© UCLES 2016 0654/21/0/N/16
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(b) Before the roots develop on a cutting, the gardener encloses the cutting in a plastic bag, as
shown in Fig. 4.3. This prevents the cutting from losing too much water before its new roots
have grown.

(i)

(ii)

© UCLES 2016

plastic bag

Fig. 4.3

State the name of

the cells in the roots of a plant that absorb most of the water,

Explain why the plastic bag in Fig. 4.3 reduces the amount of water lost from the leaves
of the cutting.

....................................................................................................................................... [1]
State two ways in which the cutting uses the water that it has absorbed.

PR PPPPPT
P2 PSSR SRTSPRRPIN [2]

0654/21/0/N/16 [Turn over
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(c) As the cutting develops, it also needs nitrate ions and magnesium ions. These are added to
the water.

Describe the importance to the developing cutting of

(i) nitrate ions,

© UCLES 2016 0654/21/0/N/16
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5 (a) Fig. 5.1 shows the apparatus a teacher uses to demonstrate the reaction between hot
magnesium and steam.

steam —»—

gas G

. burning
magnesium

N C W
] A L

white solid S

heat

Fig. 5.1

During the reaction a white solid, S, and a flammable gas, G, are produced.

(i)

(ii)

© UCLES 2016

Name solid S and gas G.

SOl S e

[2]

Predict and explain what is observed, if anything, when the teacher repeats the
experiment using copper instead of magnesium.

(o] o 1-Y=T V2= 11 (0] o NPT T TP

EXPlANATION e

0654/21/0/N/16 [Turn over
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(b) Fig. 5.2 shows the apparatus and materials a student uses to study the reaction between
magnesium ribbon and excess copper sulfate solution.

She measures the temperature of the solution for ten minutes.

thermometer

lid

insulated

beaker | copper sulfate

j solution

magnesium
ribbon

Fig. 5.2

Fig. 5.3 shows a graph of her results.

temperature / ~

0 1 2 3 4 5 6 7 8 9 10

time/minutes

Fig. 5.3

(i) Explain why the results in Fig. 5.3 show that an exothermic reaction occurs between the
magnesium and the copper sulfate solution.

© UCLES 2016 0654/21/0/N/16
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(ii) Suggest the time it takes for all of the magnesium to react in this experiment. Give a
reason for your answer.

(iii) Suggest one change the student could make, other than using a catalyst, to increase the
rate of this reaction.

© UCLES 2016 0654/21/0/N/16 [Turn over
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6 Fig. 6.1 shows an electric train.

Fig. 6.1

The train starts from rest and accelerates with constant acceleration. The train reaches 45m/s
after 60 seconds.

The train then continues at this constant speed for 150 seconds.
(@) (i) On the grid below sketch a speed/time graph for the train.

80

70

60

50

speed
m/s 40

30

20

10

0 50 100 150 200 250
time/s

(2]

© UCLES 2016 0654/21/0/N/16
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(i) Calculate the distance travelled by the train between 60 seconds and 210 seconds.

Show your working.

diStANCe = ...oeiiiiiiieeeeeee m [2]

(b) The train track is made from lengths of steel rail. The steel rails are made from steel blocks.
Each rail is made using 512000 cm3 of steel.
The density of steel is 8.0g/cm3.
Calculate the mass of a steel rail.
State the formula you use and show your working.

formula

working

MASS = eeveuiieeeeeeeeeeeiinia e e e e e eeeeeeerena e e aeaaeeees g [2]

© UCLES 2016 0654/21/0/N/16 [Turn over



18
(c) Fig. 6.2 shows the two horizontal forces acting on the train when it is moving.

Force D is the driving force from the engine. Force F is the frictional force from air resistance
and the wheels.

force F force D
ﬂ C ) ﬂ
- L L L] -
frictional —— A " \_J driving force
force from engine

Fig. 6.2
State what can be said about the two forces D and F acting on the train when the train is

accelerating,

(d) The power station that supplies the electrical energy for the overhead cables on the railway
uses natural gas as its energy source.

(i) Describe the processes and energy transfers involved in generating electrical energy
from natural gas.

PIOCESSES ... e se e aeaaeaas

[4]
(ii) Natural gas is a non-renewable energy source.
Name one other non-renewable energy source and one renewable energy source.
NON-rENEeWable SOUICE .........ccooiiiiimiriiieee e
renewable SOUICE ......ooooviiiieii e [1]

© UCLES 2016 0654/21/0/N/16
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Please turn over for Question 7.
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7 (a) Use the terms in the list to complete the sentences about homeostasis.
Each term may be used once, more than once, or not at all.
arterioles capillaries environment shiver sweat

temperature vasoconstriction vasodilation veins

Homeostasis is defined as the maintenance of a constant internal ..............cccccooiiiiiiiennn. :

If a person’s body temperature gets too low, the person May .........ccccccvviiiiiiieiiiiciiieeeeen
to raise their temperature again. AlSo, in the SKiN, ... may
UNAEIGO ...evvviiieeeeeeeieie e , reducingthe bloodflowtothe ............cccccoeiiiiiiinnnn. near

the skin surface.

[3]
(b) Fig. 7.1 shows how a person’s body temperature changes over a period of three hours.
39
body
temperature
/°C
38 =
\
\
4
37 \= - e = '/! \ g - \., ~
\ o
\- - #
36
35
15:00 16:00 17:00 18:00
time of day/hours
Fig. 7.1
(i) State the time at which the person’s body temperature is highest.
..................................................................... [1]

© UCLES 2016 0654/21/0/N/16
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(i) During the three hour period, the external environment stays the same.
Suggest why the person’s body temperature

starts to rise at 16:00 hours,

© UCLES 2016 0654/21/0/N/16 [Turn over
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8 (a) Fig. 8.1 shows sodium burning in chlorine gas.

The product of this reaction is a white solid compound.

chlorine .
/gas jar
(\)\') clouds of a white
. < solid compound
sodlum/
burning
Fig. 8.1

(i) Write the word equation for the reaction shown in Fig. 8.1.

(i) Fig. 8.2 shows some of the particles that are bonded together in the white solid.

These particles have electrical charges as shown.

<5
<5

Fig. 8.2

Add the chemical symbols for the metal, Na, and non-metal, Cl, to the particles in
Fig. 8.2. [1]

(iii) Describe, in terms of electrons, how a chlorine atom becomes a chloride ion.

© UCLES 2016 0654/21/0/N/16
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(b) A student was asked to produce some chlorine.

Fig. 8.3 shows the apparatus and most of the materials that he was given to complete the

task.
d.c.
power supply

switch

beaker carbon

_
7 electrodes

copper chloride
crystals

Fig. 8.3

(i) Describe how the student should use the apparatus and materials to produce chlorine.
Include in your answer any other materials that are required.

(ii) Describe how the appearance of the carbon cathode changes during the electrolysis of
copper chloride.

Explain your answer.

Change iN @PPEATANCE ..........uiiiiiiiiiiii et e e e et e e e e e e e e e e e e e e nreeeeeas

© UCLES 2016 0654/21/0/N/16 [Turn over
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(c) The bell in Fig. 8.4 is made from a mixture of copper and tin.

bell

Fig. 8.4

(i) State the word that is used for a mixture of metals.

........................................................ [1]
(ii) The metal used to make the bell is less malleable than pure copper and pure tin.

State the meaning of the term malleable.

....................................................................................................................................... [1]
(iii) Suggest an advantage of making the bell from a metal that is not malleable.

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

© UCLES 2016 0654/21/0/N/16
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(a) A nuclear power station uses the energy from nuclear fission to generate electricity.

(i) Describe what happens to the nucleus of an atom when it undergoes nuclear fission.

(i) Place alpha (o), beta (B) and gamma (y) radiations in order of their ionising ability.
MOSEIONISING vviiiiiiiiiiiiiiiiis s e least ionising  [1]

(iii) Alpha radiation sources are more dangerous to humans, when they are breathed in or
swallowed, than alpha radiation sources remaining outside the body.

Explain this observation.

(b) An overhead power cable transmits electrical power from a power station to a town.
The resistance of the cable is 6 Q.

(i) State the effect on the resistance of the cable if the diameter of the cable is increased.

© UCLES 2016 0654/21/0/N/16 [Turn over
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10 (a) Fig. 10.1 shows the human female reproductive system.

(i)

(ii)

(b) (i)

(ii)

© UCLES 2016

oviduct

uterus

Fig. 10.1

Name the parts labelled X, Y and Z.

X e
Y e
AR

(3]
State one function of part X.
....................................................................................................................................... [1]
State where in the female reproductive system the egg is fertilised.
....................................................................................................................................... [1]
Outline the early development of the zygote after fertilisation.
....................................................................................................................................... [3]

0654/21/0/N/16
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11 Fig. 11.1 shows apparatus used to investigate the compounds produced when ethanol burns.

N
U-tube [[b
[ ] uy pump draws
[ combustion products
) ( through the apparatus
_ _ | —
ethanol = 94 = |
burner = | iE
iy Oo

limewater
balance 1 — " =
cobalt chloride cold water
paper
Fig. 11.1

(a) (i) Before the ethanol burner is lit, the cobalt chloride paper is blue and the limewater is
colourless.

Predict and explain the changes in appearance of the cobalt chloride paper and the
limewater shortly after the burner is lit.

(olo]oT= 11 e o] (o] gTo [N o= o1 QPSP PP PSPPI
L2 (0] F= T =11 o P
MEWELET ...t e e e e e e e e e e e e e s e e e e e e e e e e nreeeeeeeaaaa
EXPIANATION ... e e e e e e e e e r e aas
(4]

(ii) Predict what happens to the reading on the balance during the experiment.
....................................................................................................................................... [1]

© UCLES 2016 0654/21/0/N/16 [Turn over
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(b) Fig. 11.2 shows diagrams of molecules, I, J and K.

(ii)

(iif)

© UCLES 2016

H H H H H H
| | |
H—C—C—O0—H H—C—C—H C=cC
| | |
H H H H H H
| J K
Fig. 11.2

Molecule J is a saturated hydrocarbon.
State what is meant by the terms

hydrocarbon,

[2]
Name molecules | and K.
b
K e [2]

State the chemical formula of the molecule that reacts with molecule K to form molecule I.

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

0654/21/0/N/16
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12 (a) A star emits y-rays and visible light.
y-rays and visible light are parts of the electromagnetic spectrum.

Place y-rays and visible light in their correct positions in the incomplete electromagnetic
spectrum shown in Fig. 12.1. [1]

infra-red .
X-rays microwaves
waves

Fig. 12.1

(b) Below are four terms used to describe a wave. Draw a line from each term to its definition.

term definition

amplitude how far the wave travels in one second

the distance from any point on one wave

frequency to the same point on the next wave
speed the distance from the centre of a wave to

P the top or to the bottom of the wave
wavelength the number of waves passing a fixed point

in one second

2]

© UCLES 2016 0654/21/0/N/16 [Turn over
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(c) Telescopes used to observe stars contain mirrors.

Fig. 12.2 shows a ray of light reflecting from a plane mirror.

incident reflected
ray ray
mirror
Fig. 12.2
(i) On Fig. 12.2 label with an rthe angle of reflection. [1]

(ii) The angle of incidence is 36°.
State the angle of reflection. Explain your answer.
angle of reflection ............cccociiiiiii i

EXPlANATION oo

(1]
(d) Fig. 12.3 shows a comet seen in the sky by an astronomer.
Fig. 12.3
The astronomer observes the comet in a mirror.
Draw an image of the comet that the astronomer sees in the mirror.
(1]

© UCLES 2016 0654/21/0/N/16
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(e) Telescopes also contain lenses.

Rays of light from a star pass through a lens, as shown in Fig. 12.4.

Fig. 12.4
(i) On Fig. 12.4, label the principal focus of the lens with the letter P. [1]

(ii) On Fig. 12.4, use a double-headed arrow (<*) to indicate the focal length of the lens.[1]

(iii) As light passes through the lens, the direction of the light is changed. State the name of
this process.

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

(f) An explosion in space produces both light waves and sound waves.

(i) Explain why an astronomer on Earth would be able to see the light wave through a
telescope but would not be able to hear the sound wave produced by the explosion.

© UCLES 2016 0654/21/0/N/16
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