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1 A student adds dilute hydrochloric acid to four solids.

Fig. 1.1 shows the four experiments A, B, C and D.

'

hid

copper

A

(@) (i)
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C ~ -

dilute dilute dilute dilute
4~ hydrochloric 1 hydrochloric 1 hydrochloric 1 hydrochloric
acid acid acid acid
1o | 0 1o | 0
0 0 0 0

calcium ‘ sodium ~

carbonate magnesiium hydrogencarbonate
B C D

Fig. 1.1
In experiments B and D the same gas is released.
Name this gas and describe a test for it.

NAME Of JAS ...iiiiiiieiiieiie e

(2]
Name both products of the reaction in experiment C.
LR
PP UUPPUPTPPP

(2]
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(b) Table 1.1 shows temperature measurements the student makes during his investigation.

Table 1.1
experiment temperature qf _subsotances temperature of_the m(i)xture
before mixing/°C after one minute/°C
A 22 22
B 22 24
o 22 45
D 22 15

(i) Give the letter of the experiment that involves an exothermic reaction.
Explain your answer.
[=Y=Tox 1T0] o K

L2340 ] F=1 g =11 o o S

(c) Nitrogen combines with oxygen to form nitrous oxide, N,,O.
Nitrogen combines with magnesium to form magnesium nitride, Mg;N,,.
Predict the type of chemical bonding in nitrous oxide and magnesium nitride.
In each case give a reason for your answer.
PONAING IN NITFOUS OXIAE ... e e e e e e e e e e e eanes
[=Y= 1] o PRSPPI OPPROTRP
bonding in MagNesiuM NITHAE .......ooiieee e e e

S 7= 1T N
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2 (a) Plants lose water by evaporation.

(i) Name the part of the plant from which most of this evaporation occurs.

....................................................................................................................................... [1]
(ii) State the term for the loss of water from a plant by evaporation.
....................................................................................................................................... [1]
(b) Fig. 2.1 shows the rate of water loss and the rate of water uptake for a plant over a period of
one day.
40 TTTTTI
L+ water
LT L uptake
P \ \
water " » \
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water/g V4 \ \
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/ b \
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time/hours
Fig. 2.1

(i) For this day, state

the time at which the rate of water loss is greatest,

(2]
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(ii) Describe the relationship between water loss and water uptake that is shown in Fig. 2.1.

....................................................................................................................................... [2]
(c) State one way in which plants use water in
(i) palisade mesophyll cells,
....................................................................................................................................... (1]
(ii) xylem vessels.
....................................................................................................................................... [1]

© UCLES 2016 0654/22/M/J/16 [Turn over
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3 Fig. 3.1 shows an aircraft moving with constant acceleration from rest along a runway.

i >~

000000 oe(0eoooccoe o ¢ [ﬂ

ooy

Fig. 3.1
(a) After 30seconds the aircraft reaches a speed of 60m/s.

On the grid below draw a speed/time graph to show the motion of the aircraft during this
30second period.
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(2]

(b) (i) Just after taking off, the aircraft continues to accelerate as it gains height.

State the term used to describe the energy gained by the aircraft.

© UCLES 2016 0654/22/M/J/16
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(c) Fig. 3.2 shows a different aircraft moving at constant speed along the runway.

P
A
. = """ Q
o ¢
\
R
Fig. 3.2

Four forces P, Q, R and S are shown.
(i) State which force from P, Q, Rand S is
the weight of the aircraft, ............ccoceee.
the force exerted by the thrust of the engines. ..........ccccooiiiiieeen. [2]

(ii) Compare the sizes of forces Q and S.

....................................................................................................................................... [1]
(d) Fig. 3.3 shows an aircraft being refuelled through a rubber pipe.
aircraft
rubber pipe
Fig. 3.3

As the fuel flows through the rubber pipe it becomes negatively charged.
Suggest, in terms of electrons, why the fuel becomes negatively charged.
............................................................................................................................................... [2]

© UCLES 2016 0654/22/M/J/16 [Turn over
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4 Fig. 4.1 shows a hot-air balloon and a helium-filled airship.

The air in the balloon is heated by burning the hydrocarbon gas propane.

hot-air balloon helium-filled airship
e [ s

7/

AN
@,
) %

propane gas
burner

Fig. 4.1
(@) (i) State the percentages of nitrogen and oxygen in unpolluted air.
10 4Y/o [=] o H %

NItrogen  .....ccccceeeeeenennne %

(2]

(ii) The composition of the hot gas mixture inside the hot-air balloon is different from that of
the air outside.

How is the air different? Explain your answer.

© UCLES 2016 0654/22/M/J/16



(b) Propane is obtained from a fossil fuel.
(i) Complete the sentences below using words or phrases chosen from the list.

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

catalytic cracking compound fractional distillation gas

liquid mixture polymerisation solid

Propane is obtained from petroleum by the process of

[3]
(ii) Propane is a saturated hydrocarbon.

State the meaning of the term saturated hydrocarbon.

(c) Both helium and hydrogen can be used to fill airships.

Give one reason why helium is preferred to hydrogen for filling airships designed to transport
people.

© UCLES 2016 0654/22/M/J/16 [Turn over



10

5 Table 5.1 shows the area of deforestation in four different countries in a five year period.

Table 5.1
country area of deforestation
in five years/km?
F 28000
G 9500
H 1500
J 500

(a) For the four countries combined, calculate the average area of deforestation per year during
this five year period.

average deforestation per year .......ccccocoviviiiiiiieinieeeen km2 [2]

(b) A student concluded that deforestation is more of a problem in country F than in country G.
State two other pieces of information that are needed to make this comparison.

SRR
2 et eeeeeeeeeeeeeeeeeeeeeateeeeeesseeeeeesastteeeaasstteeeaateteeeaanteteeaanteeeeaaneeeeeaanteeeeeansteeeeaannneeeaanneees
[2]

(c) (i) Suggest two reasons why people might cut down a large number of trees.
ottt et et eee e e e ——eeeea———eeeeast—eeeeaaa—eeeeaa——reeeaasteeeeeaanteeeeaaneeeeeaannteeeaannreeeeeannreeeeans
2 et —eeeeeeieeeeeeiiseeeeeieseeeeeeesteeeseesseteesisesteeeeiisseeesesasteeesiatreteeeaaireeeeaaareeeeaanrreeeeaans
[2]

(ii) State two possible harmful effects of cutting down a large number of trees
OSSPSR
2 et —eeeeeeieeeeeeiieeeeeieseeeeeeeseeeeseestetessiseseeeeeiiisseeseiasteeesiatreteeeiatrereeaaareeeeaaarreeeeaans
(2]

© UCLES 2016 0654/22/M/J/16



11

6 (a) Fig.6.1 shows an incomplete diagram of the electromagnetic spectrum.

radio . gamma
ultraviolet L
waves radiation

Fig. 6.1

(i) Visible light is part of the electromagnetic spectrum.

On Fig. 6.1 write visible light in the correct position. [1]
(ii) State the part of the electromagnetic spectrum shown in Fig. 6.1 which has the highest
frequency.
....................................................................................................................................... [1]
(b) Gamma radiation is emitted from some unstable nuclei. Gamma radiation is ionising.
(i) State what is meant by the term ionising radiation.
....................................................................................................................................... 1]
(ii) State one risk to humans of exposure to ionising radiation.
....................................................................................................................................... [1]
(iii) Alpha radiation is also emitted from some unstable nuclei.
State two differences between gamma radiation and alpha radiation.
L PR OPURROPPPRt
2 et eeeeeeeieeeeeeeeeeeeeaesseeeeeessteeesesnseteesasssteeeeaasteeeeaasteeeeaana—eeeeaaareeeaaanreeeeaanrreeenaans
(2]

© UCLES 2016 0654/22/M/J/16 [Turn over



12

(c) Fig. 6.2 represents a wave.

SN Nee NG N
N e

Fig. 6.2

State which measurement A, B, C,Dor E is
(i) the amplitude of the wave, .......ccccccviiiiiiiiieiiis [1]

(ii) the wavelength of the wave. .........cccccoieeeiiiiiiiiiiiee, [1]

(d) Visible light is able to pass through an optical fibre by total internal reflection.

Fig. 6.3 shows a student’s diagram of total internal reflection along an optical fibre. The
diagram contains some errors.

Fig. 6.3
On Fig. 6.3, circle one error the student has made in their diagram.

Describe the error you have identified.

© UCLES 2016 0654/22/M/J/16
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(e) A converging lens is used to produce an image of a candle.

Fig. 6.4 shows the rays of light from the top of the candle passing through the lens and being
focussed on the screen.

candle —

——image

Fig. 6.4 (not to scale)
(i) On Fig. 6.4, label with an F, the principal focus of the lens. [1]

(ii) On Fig. 6.4, use a double headed arrow (-«——) to show the focal length of the lens.

(1]

© UCLES 2016 0654/22/M/J/16 [Turn over
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7 (a) Define the term homeostasis.

............................................................................................................................................... [2]
Fig. 7.1
(i) Name the structures labelled K and L.
K et raeeneeas
L et e n e nee
(2]
(ii) State what type of tissue is found at M.
....................................................................................................................................... (1]

© UCLES 2016 0654/22/M/J/16
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(iii) Use the words in the list to complete the sentences about temperature control.

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

arterioles capillaries insulation muscles
vasoconstriction vasodilation veins
When a person is too cold, the ..o, near the surface of
their skin contract. Thisis called ............ccooeiiiiiiiiiiiiee e , and it results in
reduced blood flow through the ..., near the surface of
the skin.

(3]

© UCLES 2016 0654/22/M/J/16 [Turn over
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8 Fig. 8.1 shows a car.

(@) The car travels 70km in 1.2hours.
Calculate the average speed of the car in km/h.

State the formula you use and show your working.

formula

working

SpeEd = oo km/h [2]

(b) The car is left outside on a hot, sunny day.

(i) State the method of energy transfer by which energy travels from the Sun to the Earth.

(ii) The air in the tyres of the car also gets hot.

Explain, in terms of particles, why the pressure of the air in the tyres increases as the air
gets hot.

© UCLES 2016 0654/22/M/J/16
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(c) On a very cold morning there is ice on the windscreen of the car. The ice disappears as the
air temperature increases above the melting point of the ice.

State what is meant by the term melting point.

(d) The wheels of some cars are made from an alloy of aluminium. Steel can also be used to
make the wheels.

Suggest a simple way for the owner to test whether a wheel from the car is made from
aluminium or steel. Explain your answer.

(e) The engine in the car is noisy.

The driver can hear the sound from the engine because the frequency of the sound is within
the human audible frequency range.

(i) State the audible frequency range for a normal adult human.
from .o, HZ 10 o, Hz [2]
(ii) The driver notices that the sound from the engine is very loud and has a high pitch.

Describe the frequency of this SOUN. ...........oeiiiiiiiii e

© UCLES 2016 0654/22/M/J/16 [Turn over
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9 (a) (i) Explainthe meaning of the following statements about the element lead.

The proton number of lead is 82.

(ii) Another atom of lead has a nucleon number of 208.
State the term used for atoms of an element that have different nucleon numbers.

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

(b) Fig. 9.1 shows the apparatus and materials a teacher assembles for the electrolysis of lead

bromide.
d.c. power
supply
crucible
lead bromide
powder
Fig. 9.1
(i) On Fig. 9.1, label the cathode. (1]

(ii) When the teacher closes the switch in his circuit, electrolysis does not occur.

Describe what the teacher must do so that the electrolysis does occur.

© UCLES 2016 0654/22/M/J/16
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(iii) Name the gas that would be produced during this electrolysis and state the colour of this
gas.

NAME Of QAS ..uiiiiiiiii i

COlOUN Of QAS ..
(2]

(c) Fig. 9.2 shows the apparatus and materials used to investigate the reaction between lithium

and water.
pH meter
fmmmm—
pH
~ d gas given off
~
//Water
~ lithium hydroxide
dissolves
\_ J
Fig. 9.2

The reaction between lithium and water produces a gas and a solution of lithium hydroxide,
LiOH.

(i) Suggest and explain the reading of the pH meter at the end of the reaction.

pHreading ......cccccceevviiiinnnnn.
L2y (o] F=T g =1 To] o PR PRSPPI
(2]
(ii) Name the gas that is given off during the reaction.
....................................................................................................................................... [1]
0654/22/M/J/16 [Turn over
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(iii) Lithium hydroxide is used in space vehicles to remove the carbon dioxide produced by
the astronauts.

-
E””” J - Bﬁﬁuf
G (=g -
o
o WSS

Gaseous carbon dioxide reacts with lithium hydroxide to produce lithium carbonate.
Water is also produced in the reaction.

Construct the word equation for this reaction.

© UCLES 2016 0654/22/M/J/16
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Please turn over for Question 10.

© UCLES 2016 0654/22/M/J/16 [Turn over



22
10 Cystic fibrosis (CF) is a genetic disorder caused by a recessive allele.

(a) State what is meant by the term recessive allele.

(b) Fig. 10.1 shows the inheritance of cystic fibrosis in a family.

grandparents P O @

parents

offspring

key

= normal male

= male with CF

= normal female

= female with CF

O
O

Fig. 10.1

Using the symbols N (allele for normal) and n (allele for CF), state all the possible genotypes
of the people labelled P, Q and R.

[4]

© UCLES 2016 0654/22/M/J/16
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(c) The person labelled S has a normal phenotype.

(i) State what is meant by the term phenotype.

© UCLES 2016 0654/22/M/J/16 [Turn over
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11 Sulfur is a yellow, crystalline solid that is often found uncombined in the Earth’s crust.

(a) Fig. 11.1 shows the arrangement of atoms in sulfur crystals.

key

sulfur atom Q

chemical bond I

Fig. 11.1

(i) State the word used for a small group of atoms that are chemically bonded.

© UCLES 2016 0654/22/M/J/16
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(b) Fig. 11.2 shows the apparatus and materials used by a teacher to demonstrate the formation
of sulfur dioxide by burning sulfur in air.

|
air |
as-jar
s gas-
sulfur |
burning
77777777777777777777777777 2/water
Fig. 11.2

(i) When sulfur burns it is oxidised.

Explain why sulfur is said to be oxidised in this reaction.

(ii) Some sulfur dioxide dissolves and reacts with the water in the bottom of the gas-jar to
form an aqueous solution.

Predict and explain the colour of full-range indicator (Universal Indicator) when added to
this aqueous solution.

(iii) Sulfur compounds occur naturally in petroleum.
These are removed before petroleum products, such as gasoline, are used as fuel.

State and explain, in terms of the effects on the environment, why sulfur compounds are
removed from petroleum.

© UCLES 2016 0654/22/M/J/16 [Turn over
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12 A torch contains four cells, a filament lamp and a switch connected in series.

(@) (i) Draw a circuit diagram for the torch using electrical circuit symbols.

(3]

(ii) A voltmeter is used to check the potential difference (voltage) across the lamp.

The symbol for the voltmeter is —@—

Using the symbol for a voltmeter, draw the voltmeter connected in the correct position in
the circuit you have drawn in (a)(i). [1]

(b) The current in the filament lamp and the potential difference (voltage) across the lamp are
measured.

Fig. 12.1 shows the current/potential difference graph for the lamp.

0.8
0.6 =
current/A P g
e

0.4
0.2

0

0 1 2 3 4 5 6

potential difference/V

Fig. 12.1

© UCLES 2016 0654/22/M/J/16
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State how the graph in Fig. 12.1 shows that current in the lamp is not proportional to the
potential difference across the lamp.

Use the graph in Fig. 12.1 to find the current through the lamp when the potential
difference across the lamp is 6V.

CUITENT = e A [1]

(c) Two lamps, one of resistance 4 Q and one of resistance 12Q, are connected in series.

Calculate the total resistance of these two lamps in series.

State the formula you use and show your working.

formula

working
resistanCe = ... Q 2]
© UCLES 2016 0654/22/M/J/16 [Turn over
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13 (a) A piece of tissue from a plant root is tested for reducing sugar.

Outline how this test is done and state the result of the test if reducing sugar is present.

............................................................................................................................................... [3]
(b) Fig. 13.1 shows a root cell from a piece of tissue.
Fig. 13.1

(i) For this root cell, name

a structure that contains chromosomes,

a structure that would not be present in an animal cell,

a structure that is not present, but which would be present in a palisade cell.

(3]

(ii)

© UCLES 2016

An animal eats this root. State which structure in the plant cell contributes fibre to the
animal’s diet.
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(iii) State how fibre is important in the diet of the animal.

© UCLES 2016 0654/22/M/J/16
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