13+ Scholarship Examinations 2018
SCIENCE
70 minutes
Contained in this package are the Physics, Chemistry and Biology sections.
You are to do THREE questions in total. Each question is worth 20 marks.
You must select one question from EACH section.
Write your name on the front of every section booklet and circle the question
attempted.
You are advised to spend time at the start of this exam reading through
the paper and selecting the questions that you wish to attempt – time
has been built in to allow for this.
You will need a calculator and a ruler.
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Physics Section
You should complete one of the questions in this section.

Circle the question you have attempted.

Question

1

2

Mark

Physics Question 1
In Physics, we say that work is done if a force is applied to an object and it causes the object to move.
It can be calculated using the following equation

Work done (in J) = Force (in N) x distance moved (in m)

A resistance band is a stretchy plastic band that is used when doing exercises.
The diagram shows Andrew exercising his leg by stretching a resistance band fixed to a wall.

a)

Andrew moves his leg 34cm sideways as shown.
The average resistance force is 23N.

i)

Calculate the work done in joules (J) when Andrew moves his leg sideways once.
………………………………………………………………………………………
………………………………………………………………………………………
(2 marks)

Whenever work is done, an equivalent amount of energy is transferred from one type to another.
ii)

What are the energy changes taking place when Andrew is using the resistance band?
………………………………………………………………………………………
(2 marks)

Power is defined as the rate of doing work. It can be calculated using the following equation

Power (in W) =

b)

work done (in J)
time taken (in s)

Andrew repeats the leg movement 15 times in 1 minute.
i)

Calculate the average power in watts (W) of Andrew’s leg during this exercise.
…………………………………………………………………………………..
…………………………………………………………………………………..
………………………………………………………………………………….
(3 marks)

ii)

Why is this described as the average power?
…………………………………………………………………………………..
…………………………………………………………………………………..
(1 mark)

iii)

If he changes his power output to 3.5W but applies the same force and moves his leg
the same distance, how many times will he repeat the leg movement in 1 minute now?
Give your answer to the nearest whole number.
………………………………………………………………………………....
...........................................................................................................
………………………………………………………………………………….
………………………………………………………………………………….
(3 marks)

c) Laura is investigating the effect of adding weights to a rubber band.

She obtains her data first by adding weights in stages (loading) and then removing the weights
(unloading). For each experiment, she measures the extension of the rubber band - this is the
difference between the length of the rubber band and its original length.
Her data is shown below
Force in N
0
2
4
6
8
10

i)

Extension in cm
LOADING
0.0
2.3
5.3
9.8
15.3
20.0

Force in N
0
1
3
7
9
10

Extension in cm
UNLOADING
0.0
1.4
5.0
14.8
19.1
20.0

Using the grid on the next page, draw a curve of best fit through the loading data.
(1 mark)

ii)

On the same axes, plot the unloading data and draw a second curve of best fit.
(3 marks)

d) An elastic material is one that returns to its original dimensions once the load is removed. Is
the rubber band an elastic material? How can you tell this from the graph?
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(2 marks)
e) The ‘loop’ between the two lines on the graph is called a hysteresis loop. It is a measure of
how much energy is ‘lost’ when the material is stretched and then released.

i)

Why is the word ‘lost’ in inverted commas in this context?
…………………………………………………………………………………..
…………………………………………………………………………………..
(1 mark)

ii)

Suggest a reason why this energy is being ‘lost’ and what form it is likely to be in.
…………………………………………………………………………………..
…………………………………………………………………………………..
(2 marks)

End of Physics Question 1

Physics Question 2
A potato is being cooked in a saucepan placed on top of a hotplate.

a) By referring to the three main methods of heat transfer, explain how the heat is being
transferred from the hot plate to cook the potato.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
( 3 marks)
Different substances change temperature by different amounts when supplied with the same amount of
heat energy. For example, the filling of an apple pie will be at a much higher temperature than the
pastry, even though both have been heated in the same oven – hence the warning given on the
packaging!

The specific heat capacity tells us how much energy is required to raise the temperature of 1kg of a
substance by 1oC

specific heat capacity =

Where…..

heat energy supplied
mass x 𝑐ℎ𝑎𝑛𝑔𝑒 in temperature

heat energy is in J
mass is in kg
change in temperature is in oC and is equal to the final
temperature – the initial temperature
specific heat capacity is in J/kg oC

b) If it takes 441 000J to heat up 1.5kg of water in a saucepan from 20oC to 90oC, calculate the
specific heat capacity of water.
…………………………………………………………………………………………..
…………………………………………………………………………….……..J/kg oC
(2 marks)

c) The specific heat capacity of a potato in the saucepan is 3430J/kg oC. If the mass of the potato is
0.5kg, calculate the energy required to raise its temperature from 20oC to 90oC.
………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….
(3 marks)

d) What percentage of the heat energy supplied to the water is being transferred to the potato?
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(2 marks)
e) Suggest where the rest of the energy is going.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(1 mark)

Question 2 continues on the next page

f) When the water in the pan is at a high enough temperature it will turn to steam.

i)

What is the name given to this change of state?
………………………………………………………………………………
(1 mark)

When the water is changing state, its temperature does not change as the energy being
supplied is being used to overcome the forces between the molecules, rather than making them
vibrate faster (which would increase the temperature).
A graph of temperature against time is shown below for a saucepan of water being heated until
it changes to steam.
Temp/ oC

0

ii)

5

10

Time/ minutes

Assuming that the water is starting from 20oC, add a suitable temperature scale to the
diagram above (it does not have to be exact).
(1 mark)

The latent heat of vaporisation is defined as the heat energy required to turn 1kg of a liquid into
1kg of steam.

Latent heat of vaporisation (in J/kg) =

energy supplied (in J)
mass (in kg)

g) Nima is carrying out an experiment to find the latent heat of vaporisation of water using the
equipment shown below. The immersion heater is an electrical heater, and the electronic
balance finds the mass of the water in grams (g).

The immersion heater supplies 1000J/s of heat energy to the water.
i)

How much energy in joules (J) will be supplied to the water in 5 minutes?

ii)

………………………………………………………………………………………
(2 marks)
During this time, some of the water turns to steam and the reading on the balance changes
to 490g. Find the mass of steam that has left the cup and hence calculate the latent heat of
vaporisation of water. Give your answer to two significant figures.
……………………………………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….
…………………………………………………………………………………..J/kg
(3 marks)

Question 2 continues on the next page

h)

The value you have just calculated should be slightly higher than the actual value which is
2.5MJ/kg or 2 500 000 J/kg. Suggest a reason for this and describe a way to improve this
experiment to obtain a more accurate value for the specific latent heat of vaporisation of water.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(2 marks)

End of Physics Question 2
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Chemistry Section
You should complete one of the questions in this section.
Circle the question you have attempted.

Question

1

2

Mark

Chemistry Question 1
(a) A student wanted to place chromium in the reactivity series. He added small samples of metals to 5cm3 of dilute
hydrochloric acid (HCl). The results are shown in the table below.
Metal
sodium
copper
calcium
chromium
iron
magnesium

Reaction with dilute Hydrochloric Acid
Fizzes violently, colourless gas given off
No reaction
Very vigorous reaction, colourless gas given off
Steady reaction, colourless gas given off, a green solution is formed.
Slow reaction, colourless gas given off
Vigorous reaction, colourless gas given off

(i) Name the gas given off in each experiment and describe how to test for this gas.
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
……………………………………………………………………………………………………….……(2)
(ii) Draw a labelled diagram to show how you could collect a gas jar full of this gas from the reaction between
magnesium and hydrochloric acid.

(iii) Name the green substance formed when chromium reacts with hydrochloric acid.
………………………………………………………………………………………………………………
…………………………………………………………………………………………………..….……(1)

(iv) Place the metals in order of reactivity, showing the most reactive first.
………………………………………………………………………………………………………………
……………………………………………………………………………………………………….……(1)

(b) The student then added small samples of the metals to solutions of the metal sulphates as shown in the table. The
temperature of the solutions was 20°C before he added the metals. He then measured the temperature two
minutes after he had added the metals and then recorded this final temperature in the table.
copper sulfate solution is blue, chromium sulfate is green, iron sulphate is colourless and magnesium sulfate is
colourless.

Metal

copper sulphate

chromium sulphate

iron sulphate

magnesium sulphate

copper

19°C

19°C

chromium

28°C

19°C

24°C

19°C

iron

26°C

19°C

19°C

19°C

magnesium

33°C

27°C

19°C

19°C

(i) What type of reaction has occurred in these experiments?
……………………………………………………………………………………………………………
……………………………………………………………………………………..…………….……(1)
(ii) What two things would you expect him to have seen when iron was added to copper sulfate solution?
……………………………………………………………………………………………………………
…………………………………………………………………………………………………….……(1)
(iii) Suggest what the temperatures which are missing from the table should be, explaining your answers
copper + iron sulfate
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(2)
magnesium + chromium sulfate
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(2)

What colour change would you expect him to have seen in the tube when magnesium was added to chromium
sulfate solution?
……………………………………………………………………………………………………………
………..…………………………………………………………………………………………..……(1)
(iv) Why did the student not use sodium or calcium in these experiments?
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(2)

(c) Chromium is used in stainless steel. A knife of mass 34 g contains 13% of chromium. What mass of chromium
would be required to make 15 knives? Show your working.

(d) Explain why magnesium is often used to protect underground iron pipes from rusting.
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………….…(2)

End of Chemistry Question 1

Chemistry Question 2
(a) This question is about water.
Distillation has been used in some parts of the world to obtain drinking water from sea water. The diagram shows a
small-scale distillation apparatus that could be used to demonstrate the process in a school laboratory.

(i) Explain as fully as you can how the apparatus makes drinking water from sea water.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(4)
(ii) Why is this method of making drinking water very expensive?
……………………………………………………………………………………………………………
…………………………………………………………………………………………………..……(1)

(b) Water boils when the pressure of the vapour above the water is equal to the pressure of the atmosphere above the
water. Water boils at 100°C when the atmospheric pressure equals 1 atmosphere. The pressure of the
atmosphere on tall mountains is less than one atmosphere.
It normally takes three minutes to make a soft-boiled egg. Will it take more time or less time to make a softboiled egg at the top of a mountain? Explain your answer.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(3)
(c) State two things that its chemical formula, H2O, tells you about water.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(2)
(d) Ice floats on water.
(i) Is ice more dense or less dense than water?
……………………………………………………………………………………………………….…(1)
(ii) Are the water molecules closer together or further apart in ice compared to liquid water?
……………………………………………………………………………………………………….…(1)
(e) Three beakers are on a bench. One contains sea water, one contains dilute hydrochloric acid and the third
contains the organic solvent propanone (nail varnish remover).
How could you find out which is which using simple chemical tests?
You must state what you would do and what you would see.
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………..
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(3)

(f) Tap water in Kent is “hard”. When water is boiled in a kettle a white solid deposit of calcium carbonate,
limescale, is left in the kettle.
(i) Suggest a substance which can react with and dissolve the calcium carbonate deposits in the kettles.
……………………………………………………………………………………………………….…(1)
(ii) Two commercial products, LimeGo and CalClear claim that they will dissolve limescale quickly. They are both
solutions. Describe what experiments you would need to do to find out which of these products is the better
one.
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………..
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………….…(3)

End of Chemistry Question 2
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Biology Section
You should complete one of the questions in this section.
Circle the question you have attempted.

Question

1

2

Mark

Biology – Question 1
The diagram below is copied from a research paper on the effect diving has on the heartbeat rate of a
duck. Note that a duck has lungs and can only breathe air; it cannot breathe underwater.
The pictures and the block chart show what the duck is doing at each stage:
A
B
C
D
E
F

swimming
preparing to dive
diving
feeding on the bottom
surfacing
returning to the surface

The ECG line shows a trace of the duck’s heartbeat, as recorded electronically. Each vertical line shows
one beat of the heart. The bottom line shows the time scale in seconds. Each mark represents one
second.
A

B

C

D

E

F

ECG

Time scale/s

(a) Describe the main changes in heartbeat rate from A to D
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)

(b) Use the time scale and ECG trace to calculate the approximate heartbeat rate in beats per minute
during
Stage B ………………………………………………………………………………………
………………………………………………………………………………………………
Stage D………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)
(c) Besides ATP (energy), what two chemicals are produced by the duck’s respiring muscles?
………………………………………………………………………………………………
(1 mark)
(d) When the diving duck has used up all the oxygen available to it, what type of respiration will its
cells carry out?
………………………………………………………………………………………………
(1 mark)
(e) Why is it an advantage for the duck to have a slow heartbeat rate during stage D?
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(3 marks)
(f) Describe the heartbeat rate of ducks while flying.
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
(1 mark)
Question 1 continues on the next page

(g) The duck is diving to gather food from the bottom of the pond. What is the name given to animals
that only eat plants?
………………………………………………………………………………………………
(1 mark)

(h) Plants produce the chemicals they need for growth by photosynthesis. What is the main problem
for plants living at the bottom of a pond?
………………………………………………………………………………………………
………………………………………………………………………………………………
(1 mark)

(i) Suggest adaptations aquatic plants may use to get around the problem you have identified.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)
(j) Plant cells are surrounded by cell walls. What are these walls made of and what problems does this
create for primary consumers like ducks?
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
(1 mark)
(k) Suggest strategies that ducks might use to ensure they can extract the maximum nutritional value
from the plants they eat.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)

Ducks are classified as members of
the vertebrate class Birds. A
duckbilled platypus is classified as
a member of the vertebrate class
Mammals.

(l) From this picture state one visible piece of evidence to explain why duckbilled platypuses are
classified as mammals
…………………………………………………………………………………………………
(1 mark)
(m) In 2011 a new variety of influenza was identified. Ducks can be infected by influenza. What type
of microbe is influenza?
………………………………………………………………………………………………
(1 mark)

End of Biology Question 1

Biology Question 2
The following diagrams show the composition of five crop plants in terms of the percentage of
carbohydrate, fat and protein [if you are colour-blind ask an invigilator for help identifying the colours
in this question].

Blue-green algae

Banana

Soya

wheat

Rice

(a) Which crop does not contain fat?
………………………………………………………………………………………………
(1 mark)
(b) List the crops in order of carbohydrate content, starting with the highest percentage of
carbohydrate.
………………………………………………………………………………………………
(1 mark)
(c) Which crop probably has the highest percentage of fibre? Explain why you chose this crop.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)

Approximately 5% of a wheat, rice or soya crop is gathered in and then sold by farmers.
(d) What part of the plant is collected when harvesting wheat, rice or soya?
………………………………………………………………………………………………
(1 mark)
Blue-green algae grown in warm mineral-rich ponds in the tropics. In Chad and Mexico, blue-green
algae are harvested and dried to form a biscuit-like food. Because blue-green algae are single-celled
organisms, the food produced is called Single-Cell Protein (SCP).
(e) Why is a much greater percentage of a blue-green algae crop harvested?
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)
(f) SCP is often used to feed animals rather than humans. Draw a food chain to show this choosing an
appropriate animal to include.
………………………………………………………………………………………………
(1 mark)
(g) Explain why it would be more efficient to feed humans with SCP directly.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(1 mark)
(h) Name one crop that is pollinated by animals and another that is wind-pollinated.
Animal-pollinated = ………………………………………………………………
Wind-pollinated = ……………………………………………………………….
(1 mark)
(i) State two ways in which the stigma of a wind-pollinated plant are different from the stigma of an
animal-pollinated plant.
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)

Question 2 continues on next page

(j) What features of palisade cells increase their ability to photosynthesise?
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(2 marks)
The following table shows an analysis of a warm-water ecosystem in Florida.
Trophic level
Tertiary consumers
Secondary consumers
Primary consumers
Producers

Examples of
Organisms
Alligators
Birds, frogs, insects,
fish
Molluscs, crustaceans,
fish, turtles
Algae, aquatic plants

Dry Biomass/gm-2

Energy / kJm-2

1.5

35

11

220

37

630

809

14 600

(k) What percentage of the energy contained in producers is passed onto the primary consumers?
………………………………………………………………………………………………
………………………………………………………………………………………………
(1 mark)

(l) What percentage of the energy contained in primary consumers is passed onto secondary
consumers?
………………………………………………………………………………………………
………………………………………………………………………………………………
(1 mark)
(m) What happens to the number of organisms at each trophic level?
………………………………………………………………………………………………
(1 mark)
(n) Why is there no trophic level above the tertiary consumers?
………………………………………………………………………………………………
(1 mark)

End of Biology Question 2
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You should complete all of the questions in this section.
You are advised to spend approximately 20 minutes on this
section.

Mark

Science Scholarship 2018 – Data Analysis
Q1

a) You have just carried out an experiment to look at the relationship between the pressure in a
liquid and the depth of the liquid. Below is an alternative piece of equipment that you could use
to show the same thing. The container is filled to the top and then the water emerges from
three different spouts at the same time. On the diagram below, sketch where you would
expect the water from the other two spouts to go.
(2 marks)

b) What does the distance travelled by the water tell you about the pressure in the water?
……………………………………………………………………………………….....
…………………………………………………………………………………………..
(2 marks)
c) State one thing that you did in your experiment to make it a fair test.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(1 mark)
d) State one thing that you did in your experiment to make your results more accurate.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(1 mark)

e) Below is a set of results collected from an experiment using the same equipment that you used:

Depth of water / cm
20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0

Distance travelled by water / cm
19.0
18.0
16.5
15.0
14.0
14.0
11.0
9.5
8.0
6.0

Plot a graph of these results with depth of water on the x-axis and distance travelled on the yaxis.
(5 marks)
f) Draw a line of best fit on your graph.

(1 mark)

g) One of the results is an anomaly. Circle the anomaly on your graph and suggest what might
have caused it.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(2 marks)

h)

Suggest two ways that you could improve your experiment if you were to do it again.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(2 marks)

Questions continue on the next page

Q2.

Louise poured some water into a long tank in the school laboratory.
She used a plunger at one end to make a wave.

not to scale
a) The wave travelled to the other end of the tank.
The speed of the wave was 2 m/s.
How long did the wave take to travel to the other end?
………………………………………………………………………………..............
(1 mark)
b) Louise investigated how the depth of water in her tank affected the speed of
the waves.
Write a plan to show how she could do this.
(3 marks)
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………

END OF DATA ANALYSIS

