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1 Fig. 1.1 shows a man using a longbow to fire arrows at a target.

bowstring

longbow

arrow

Fig. 1.1

(@) The man uses a force of 300N to pull the arrow back through a distance of 40cm.

(i) Calculate the work done by the man when he draws the arrow back by 40cm.

(ii)

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

working

WOrK dONE = .iiviiiviiiiiieei e, unit ..ooeeeeeeeen. [3]

State how much elastic potential energy is stored in the longbow and bowstring before
the arrow is released.

stored EnNergy = ..o J[1]

(b) The arrow has a mass of 0.1kg.

The speed of the arrow as it leaves the longbow is 30m/s.

(i)

© UCLES 2016

Calculate the kinetic energy of the arrow as it leaves the longbow.
State the formula that you use and show your working.
formula

working

KINetiC €Nergy = .......oeeeiiiiiiiiiieee e J [2]
0653/33/0/N/16
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(i) Use your answers to (a)(ii) and (b)(i) to calculate the efficiency of the energy transfer

(iii)

© UCLES 2016

from the longbow to the arrow.
State the formula you use and show your working.
formula

working

efficiency = ...

The speed of the arrow as it approaches the target is 25m/s.

Suggest why the speed of the arrow is no longer 30m/s.

0653/33/0/N/16
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2 (a) A student investigates the reaction between dilute hydrochloric acid and 0.1g of different
metals. The metal samples used are of identical size and shape.

The apparatus he uses is shown in Fig. 2.1.

side-arm

bung
teSt'tU be ) LI — T——

excess dilute |
hydrochloric acid 5™ gas syringe piston moves out as
o’ gas enters the syringe
o
metal — gy
Fig. 2.1

He measures how long it takes to collect 25cm? of gas made in each of the reactions.

(i) Name one other piece of apparatus that is needed to investigate the speed of this

reaction.
....................................................................................................................................... [1]
(i) The results the student obtains are shown in Table 2.1.
Table 2.1
metal time to collect 25¢cm? of gas/s
calcium 10
copper more than 300
iron more than 300
magnesium 20
zinc 45
State which metal reacts fastest.
....................................................................................................................................... [1]

© UCLES 2016 0653/33/0/N/16
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(b) The student repeats the experiment for copper and iron.
He uses hydrochloric acid with a greater concentration at a higher temperature.

The results the student obtains are shown in Table 2.2.

Table 2.2
metal time to collect 25¢cm? of gas/s
copper more than 300
iron 30

State and explain the effects of changing the concentration and the temperature of the acid
on the speed of the reaction with iron.

Use ideas about particles in your answer.

Lo aToT=] 011 7= 1 (0] o 1

(c) Using the results shown in Table 2.1 and Table 2.2, deduce the order of reactivity of the five
metals from most to least reactive.

........................................................ most reactive

........................................................ least reactive

(1]

© UCLES 2016 0653/33/0/N/16 [Turn over
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(d) The student places two other metals into test-tubes A and B, as shown in Fig. 2.2.

N r 3 r
copper
magnesium nitrate
nitrate solution
solution
A B
Fig. 2.2

There is no change in the contents of test-tube A, but in test-tube B the surface of the lead
turns brown.

Explain these observations in terms of the reactivity of metals.

LT (0] o L= - N

© UCLES 2016 0653/33/0/N/16
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3 (a) Fig. 3.1 shows a plan of the human circulatory system.

capillaries in
the lungs

P capillaries in the |—<_JJ
rest of the body

Fig. 3.1

(i) Explain why the human circulatory system is described as a double circulation.

....................................................................................................................................... [1]
(ii) State the letter and name of the blood vessel with the highest pressure in Fig. 3.1.

Explain your answer.

[Etter @NA NAME ... e e e e e e e e e e e e e e

EXPIANATION ... e e e e e e aas

© UCLES 2016 0653/33/0/N/16
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(iii) Describe how each of the following features of veins enables them to return blood to the
heart from parts of the body such as the feet.

VIV S e e

(b) A student measures his pulse rate during the day. He takes a reading while sitting, and also
as he does different activities. Some of his readings are shown in Table 3.1.

Table 3.1
activity number of beats/min
sitting 68
running 164
Y 85

(i) Explain in detail why the muscles of the student’s legs need a greater supply of blood
while he is running.

....................................................................................................................................... [3]
(ii) Suggest an activity for Y. Explain your answer.
BCHIVITY e eeee e i e ettt e et e e e e e e et e e e e e e r e e e e e e e e e neeaaas
L2 (0] F= T =1 1o o 1P
[1]
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4 Fig. 4.1 shows a simple solar heating system to provide hot water for a house.

cold water

from mains
supply

cold water

hot water storage tank

10

Fig. 4.1

Cold water from the tank flows back to the panel.

hot water
to tank

copper tubes
inside the panel

solar heating panel

Cold water in copper tubes inside the panel is heated by energy from the Sun.

The hot water then flows to the hot water tank above.

« A supply of hot water for the house can be taken from the tank.

hot water
for the house

(@) The Sun emits energy as electromagnetic radiation, some of which is absorbed by the solar

panel.

(i) On Table 4.1, in the correct box write the name of the main part of the electromagnetic
spectrum which heats the solar panel.

Table 4.1

gamma
radiation

ultraviolet

radio
waves

(ii) The Sun also emits radio waves which take 8 minutes to reach the Earth.

(2]

A student says he thinks the radiation that heats the solar panel would take longer than

8 minutes to reach the Earth.

Explain why the student is wrong.

© UCLES 2016
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(b) The solar panel contains copper tubes through which the water flows.
(i) The copper tubes are painted to improve the efficiency of energy absorption by the panel.

Suggest the colour of the paint that would give the best efficiency. Give a reason for your
answer.

....................................................................................................................................... [2]
(ii) State the method of thermal energy transfer
1. from the outside of the copper tubes to the water inside the tubes,
2. from the hot water in the copper tubes to the hot water storage tank.
[2]

(iii) Explain why the heated water in the copper tubes is able to travel up to the storage tank
above the panel without pumping.

© UCLES 2016 0653/33/0/N/16 [Turn over
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5 (a) (i) Name the main constituent of natural gas.

....................................................................................................................................... [1]
(ii) Complete the sentences below using suitable words or phrases.
Coal, natural gas and petroleum are all ............cccooeeeeeiiiiiiiiieee e fuels
Petroleum is a mixture of different compounds and is separated by the process of
.................................................................................... . [2]

(b) Cracking is used to break large molecules into smaller molecules.

During cracking a molecule of octane forms one molecule of ethane, C,Hg and three
molecules of another compound.

The structure of octane is shown in Fig. 5.1.

Key
@ carbon atom
O hydrogen atom

Fig. 5.1

Deduce the formula of octane and complete the symbol equation for the cracking of octane.

.......................... —> CoHg + 3
octane
[2]
(c) Ethane is a hydrocarbon.
(i) State what is meant by the term hydrocarbon.
....................................................................................................................................... [2]

© UCLES 2016 0653/33/0/N/16



(ii)

(iii)

© UCLES 2016
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The formulae of two other hydrocarbons are C;H,, and CH,,.

Deduce which is an alkene.
Explain your answer.

F= 1 =]

(1]
Name a reagent that is used in a test to distinguish between alkanes and alkenes.
State the observation for each test.
(== T =T oL PP POPPPPRRRP
= |- 1=
BIKENES ..t e e e e e e e e e eee— e aeteaer it
[2]

0653/33/0/N/16 [Turn over
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(@) Describe how the following structures of a wind-pollinated flower differ from those of an
insect-pollinated flower.

L (SIS 7= 10 1 [ o T

(b) A student looks at some pollen from a wind-pollinated flower and an insect-pollinated flower
under the microscope at the same magnification. Fig. 6.1 shows what she sees.

Fig. 6.1

© UCLES 2016 0653/33/0/N/16
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(c) Another student investigates the rate of transpiration from a leafy twig under different
conditions. Fig. 6.2 shows the apparatus he uses.

water to reset bubble
shoot
syringe

scale
rubber tubing

capillary tube

air bubble — moves up the
tube as the shoot
takes in water

[ — water reservoir

Fig. 6.2

+  He measures how far the air bubble moves upwards in one minute.
+  He uses the syringe of water to reset the apparatus.
+  The student repeats the experiment under different environmental conditions.

+  His readings are shown in Table 6.1.

Table 6.1
conditions distancsnr;%ﬁﬂtl;zf;bble in
dry air at 22°C 1.1
dry air at 27°C 6.8
humid air at 22°C

(i) Explain why the distance the bubble moved increases when the temperature rises
to 27°C.

© UCLES 2016 0653/33/0/N/16 [Turn over
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(i) Suggest a possible reading for humid air at 22 °C. Explain your answer.
(== [ o PRSPPSO

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

(d) Inthe ground the plant takes in water at the roots.
Fig. 6.3 shows the distribution of the tissues in the cross-sections of two similar roots of the
same size.

root X root Y

Fig. 6.3

Suggest which root would take in water more quickly.

(e) These roots do not carry out photosynthesis because they are found underground and do not
have chlorophyll.

Describe the role of chlorophyll in photosynthesis.

© UCLES 2016 0653/33/0/N/16
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7 (a) Fig. 7.1 shows a wave generated in a string. One end of the string is fixed to a stand and
clamp, while the other end is attached to a vibrator driven by an electric motor.

Fig. 7.1

(i) The length of the string is 100cm.

State the wavelength of the wave motion shown in Fig. 7.1.

© UCLES 2016 0653/33/0/N/16 [Turn over
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(b) Fig. 7.2 shows part of the circuit diagram for the circuit used to drive the vibrator.

The frequency of the vibrator depends on the speed of the motor. The speed of the motor
depends on the current through the motor.

—t--{-

electric motor

()
D

Fig. 7.2

Complete the circuit diagram by using the symbols for suitable circuit components in the
correct places in the circuit to

1. control the current through the motor,

2.  measure the current through the motor. [3]

(c) A voltmeter connected across the motor reads 3.0V. The current through the motor is 2.0A.
(i) Calculate the resistance of the motor.
State the formula you use and show your working.
formula

working

resistance = .....ccccceiii Q[2]

© UCLES 2016 0653/33/0/N/16
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(ii) Calculate the power input to the motor.
State the formula you use and show your working.
formula

working

© UCLES 2016 0653/33/0/N/16 [Turn over
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8  During the electrolysis of aluminium oxide, AL,O,, aluminium is produced.
This process is shown in Fig. 8.1.

carbon carbon
cathode anode

aluminium

molten electrolyte
containing aluminium oxide

Fig. 8.1

(a) Explain why the electrolysis of aluminium oxide does not take place at room temperature.
Use ideas about particles in your answer.

............................................................................................................................................... [2]
(b) Describe what happens to the oxide ions, O%~, during the electrolysis of aluminium oxide.

............................................................................................................................................... [2]
(c) State and explain whether aluminium is oxidised or reduced during electrolysis.

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

© UCLES 2016 0653/33/0/N/16
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(d) The electronic structure of an aluminium atom is shown in Fig. 8.2a.

Alatom Alion
Fig. 8.2a Fig. 8.2b
Draw the electronic structure of an aluminium ion in Fig. 8.2b. [1]

(e) Predict the type of bonding in a compound formed between rubidium, a Group | element, and
fluorine, a Group VIl element.

Explain your answer.
(oo g T 1 T T TP O PP OPPPRPN

L= (0] F=T g = 1o ] o [P

© UCLES 2016 0653/33/0/N/16 [Turn over
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9 (a) Many human activities can affect the environment.
Draw one line from each human activity to its effect. One line is drawn for you.

human activity effect

adds sulfur dioxide to the air

adding fertiliser to rivers

can cause extinction of
land-living animals

adding mercury to water

protects endangered species

burning coal and oil

can cause eutrophication

large scale deforestation

can poison animals in the
food chain

[3]
(b) Human activities can cause an increase in the concentration of carbon dioxide in the
atmosphere.

(i) State one large-scale human activity that increases the concentration of carbon dioxide in
the atmosphere.

(ii) Explain why an increase in the concentration of carbon dioxide in the atmosphere is
undesirable.

© UCLES 2016 0653/33/0/N/16
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