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Answer all the questions.

1 	 Mia is studying nearby stars for a college project.

She finds a webpage with information about the distances in light years of the 26 nearest stars 
to Earth.

The distances, measured in light years, of the stars are listed in Table 1.1.

0.0 4.2 4.3 4.3 6.0 7.7 8.2 8.4 8.4 8.6

8.6 9.4 10.4 10.8 10.9 11.1 11.1 11.2 11.2 11.2

11.2 11.4 11.4 11.6 11.6 11.7

Table 1.1

(a)	 The nearest star to Earth is the Sun. This is shown in Table 1.1 as 0.0 light years away 
from the Earth. The star furthest away from the Earth is Lacaille-9352.

One light year is approximately 9.461 × 1012
 km.

Calculate the distance between Earth and Lacaille-9352 in metres (m).

Give your answer in standard form and to 2 significant figures.

Distance = ................................................. m [4]

(b)	 Mia decides to present the data as a histogram. She creates four groups of data.

Mia counts one star, the Sun, in the range 0 to 3.5 light years. She places this in Group 1.

Complete Table 1.2.

Group 1 Group 2 Group 3 Group 4

0 to 3.5 3.6 to 7.1 7.2 to 10.8 ….....…. to …......…

1

Table 1.2
[2]
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(c)	 Draw a histogram of the data in Table 1.2.

[5]
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(d)	 Mia also finds data about the absolute magnitude, M, of the 26 stars.

Absolute magnitude, M, is a number used to compare the brightness of stars. The lower 
the value of M, the brighter the star.

Mia uses this data to calculate:

•	 the average M for the stars in each group

•	 the range of M for the stars in each group.

Mia summarises this data as shown in Table 1.3.

Group 1 Group 2 Group 3 Group 4

Average M 4.8 9.7 11.7 10.4

Range of M 4.8 4.4 – 15.5 1.4 – 16.7 2.6 – 14.5

Table 1.3

Draw a line graph of the data in Table 1.3. 

Plot the group number on the x-axis against average M on the y-axis. Include range bars 
to show the range of M for each group.

[4]
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(e)	 Mia analyses her graph, based on the data in Table 1.3.

Here is her conclusion:

‘The further away from the Earth the less bright the stars.’

Discuss whether Mia’s conclusion is correct. You should include data which supports and 
does not support her conclusion.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...........................................................................................................................................[6]
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2 	 Polychaetes are commonly known as bristle worms. There are many species of this type  
of worm. 

The external features of the worm are used to classify the species.

An example of a polychaete is shown in Fig. 2.1.

					           Fig. 2.1 

Fig. 2.1 shows how the body of the polychaete is divided into segments. Each segment has 
a pair of ‘feet’. The feet are edged on the upper or lower side with structures such as bristles, 
gills or tentacles.

Table 2.1 gives a list of some of these external features, along with their biological names and 
abbreviations.

External features found  
on the feet Biological name Abbreviation

Gills Branchia bran

Tentacles on upper side Dorsal cirrus dci

Bristles on lower side Neurochaetae neuc

Bristles on upper side Notochaetae notc

Tentacles on lower side Ventral cirrus vci

Table 2.1

Bristles
on each pair
of feet

One of many
segments
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(a)	 Suggest one advantage of classifying organisms on their external features.

...............................................................................................................................................

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

(b)	 Use the information in Table 2.1 to identify two biological terms for each of the following 
external features.

Upper side = ............................................... and ............................................... 

Lower side = ............................................... and ............................................... 
[4]

(c)	 Table 2.1 is an example of secondary data.

Give one example of primary data that can be used to support the features listed in  
Table 2.1.

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

(d)	 Suggest why it is helpful to use abbreviations for the external features listed in Table 2.1.

...............................................................................................................................................

...........................................................................................................................................[1]
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(e)	 When polychaetes are classified they are often divided into two groups:

•	 Errantia 

•	 Sedentaria.

Table 2.2 shows some of the polychaete families classified into the two groups.

The external features found on the feet of different families are identified using the 
abbreviations shown in Table 2.2.

Group Family name
External features found on feet (abbreviations)

bran dci neuc notc vci

Errantia

Arenicoidae  

Cirratuladae   

Sabellidae  

Terebellidae 

Sedentaria

Nereididae  

Polyneidae   

Eunicadae   

Onuphidae  

Table 2.2

Identify the two external features used to group families into Errantia and Sedentaria.

Give a reason for your choice.

1.............................................................................................................................................

...............................................................................................................................................

2.............................................................................................................................................

...............................................................................................................................................

[2]
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(f)	 The dichotomous key shown in Table 2.3 was constructed to classify the polychaetes 
listed in Table 2.2.

Statement 1 bran present

YES go to statement 2

NO go to statement 4

Statement 2 notc present

YES go to statement 3

NO go to statement 7

Statement 3 neuc present

YES Cirratuladae

NO ..............................................

Statement 4 notc present

YES go to statement 5

NO go to statement 6

Statement 5 neuc present

YES ..............................................

NO Terebellidae

Statement 6 neuc present

YES Polyneidae

NO ..............................................

Statement 7 vci present

YES ..............................................

NO ..............................................

Table 2.3

Use the information in Table 2.2 to complete the dichotomous key in Table 2.3.

Write the correct family name in each of the five spaces.
[5]

(g)	 Suggest why biological terms used to classify organisms are often derived from Latin.

...........................................................................................................................................

.......................................................................................................................................[1]
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3 	 Sundip and Jane work for a company that develops alloys for use in biomedicine.

The two most widely used alloys for fixing bone fractures are stainless steel alloy AISI 316L 
and titanium alloy Ti6Al4V. 

They decide to compare the mechanical properties of the two alloys by testing how much each 
alloy stretches when weights are added. 

Sundip and Jane are asked to present their results to other researchers in the company.

(a)	 Sundip measures the extension of each sample of alloy when weights are added. She 
continues to add weights up to the point when the alloy sample breaks.

(i)	 Draw a suitable table of results, with appropriate headings, to show how Sundip 
could record her results for one of the alloys. 

[2]

(ii)	 State why Sundip should include her table of results in the report.

.......................................................................................................................................

...................................................................................................................................[1]
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(iii)	 Sundip uses her results to calculate the stress and the % strain of each alloy. 

She then plots a graph of stress against strain. 

The graph is shown in Fig. 3.1.

                                                         Fig. 3.1

Suggest two reasons why Sundip chose to present the results as a graph in the 
report.

1.....................................................................................................................................

2.....................................................................................................................................
[2]

(b)	 Jane photographs the alloy samples before and after they break.

One of the photographs is shown in Fig. 3.2.

			          Fig. 3.2

(i)	 Give two reasons why Jane included photographs in the report.

1.....................................................................................................................................

2.....................................................................................................................................
[2]

New test piece

Broken test piece

Key 
                        AISI 316L = stainless steel alloy
                        Ti6Al4V = titanium alloy

0
Strain (%)

Ti6AI4V

AISI 316L

Stress (MPa)
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400

600

800

1000
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(ii)	 Jane also takes a photograph of the experimental set-up to include in the report.

Suggest an alternative way of showing the experimental set-up. 

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

(c)	 Sundip thinks that recording a video of the alloy as it stretches and breaks would provide 
clearer data. 

Suggest one reason why making a video would give more useful data than photography.

...............................................................................................................................................

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

(d)	 Sundip and Jane research the results of other scientists’ investigations by reading articles 
in peer reviewed scientific journals.

Describe what peer reviewed means.

...............................................................................................................................................

...............................................................................................................................................

...........................................................................................................................................[1]
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4 	 Kai is a Science teacher. 

On a flight from Dubai to Manchester he takes two photographs of the flight information 
screen. The photographs are shown in Fig. 4.1.

Flight Dubai to Manchester Flight Dubai to Manchester
Speed	 737 km/h

Altitude	 5885 m

Outside Temp	 -19 ºC

Distance travelled	 5535 km

Speed	 729 km/h

Altitude	 5709 m

Outside Temp	 -18 ºC

Distance travelled	 5535 km
Time to destination	 0h 17m

Distance to destination	 127 km

Time at destination	 07:26

Estimated time of arrival 	 07:43

Time to destination	 0h 17m

Distance to destination	 124 km

Time at destination	 07:26

Estimated time of arrival 	 07:43

                    Photograph 1                                                               Photograph 2
Fig. 4.1

The distance to the destination is updated more frequently than the distance travelled. 

The speed, altitude and outside temperature are monitored continuously.

(a)	 Kai posts the photographs from Fig. 4.1 on Instagram. He says:

“I took these photos a few seconds apart”

Describe the evidence from the two photographs that shows Kai’s claim is correct.

...............................................................................................................................................

...............................................................................................................................................

...........................................................................................................................................[2]

(b)   (i)	 An Instagram follower replies:

“Did the aircraft stop moving when you took these photos?”

Outline the conflicting evidence from the two photographs in Fig. 4.1 that causes this 
uncertainty. 

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

...................................................................................................................................[3]
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(ii)	 Suggest what further information is required to explain the data.

.......................................................................................................................................

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

(c)	 Use the data from Fig. 4.1 to describe the relationship between altitude and temperature.

Use a calculation to support your answer.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...........................................................................................................................................[2]

(d)	 The altitude of the aircraft is uncertain between photograph 1 and photograph 2 in Fig. 4.1.

Which of the following is the best assessment of this uncertainty?

Put a  ring  around the correct answer.

5885 ± 176               5797 ± 176             5797 ± 88            5709 ± 88			   [1]

(e)   (i)	 Use the data from the photographs in Fig. 4.1 to calculate the mean speed of the 
aircraft. 

Mean speed = ................................................. km h-1 [2]



16

© OCR 2020

(ii)	 The time taken between photograph 1 and photograph 2 can be calculated using the 
equation:

Change in “Distance to destination” = mean speed × time

Calculate the time, to the nearest second, between the two photographs. 

Time = ................................................. s  [4]

(iii)	 Suggest two reasons why the actual time between the two photographs could be 
different from the value calculated in e(ii).

1.....................................................................................................................................

.......................................................................................................................................

2.....................................................................................................................................

.......................................................................................................................................

[2]
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5 	 Nina is investigating the potential difference (p.d.) across a resistance wire.

She uses an analogue voltmeter that is capable of measuring a p.d. of up to 5.0 V to a 
precision of 0.1 V.

(a)	 At one length of the resistance wire Nina records a p.d. of 2.2 V.

State the minimum and maximum possible values of this p.d. due to the precision of the 
instrument.

minimum  ............................................. V and maximum ............................................ V [1]

(b)	 Fig. 5.1 shows the voltmeter Nina uses.

		       Fig. 5.1

(i)	 What type of error is shown on the voltmeter? 
Tick () one box.

Measurement error  

Random error

Systematic error

[1]

(ii)	 Explain how the type of error identified in (b)(i) will affect the precision and accuracy 
of Nina’s measurements.

Effect on precision..........................................................................................................

Effect on accuracy..........................................................................................................

[2]

V

3
4

5

2
1

0
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(c)	 Nina takes more measurements of p.d. using different lengths (x) of the resistance wire.

She plots a graph of p.d. against length of wire, x, as shown in Fig. 5.2.

         				                 Fig. 5.2

(i)	 On Fig. 5.2 draw the straight line of best fit.                                                              [1]

(ii)	 Use the graph in Fig. 5.2 to determine the p.d. V when x = 0 cm.

V = ................................................. V [1]

(iii)	 Determine the gradient of the line of best fit. 

Show your working.

Gradient = ................................................. [2]

0
0

0.5

1.5

2.5

1

2

20 40 60 80 100
Length of wire, x (cm)

Potential 
difference (V)
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(d)	 The resistance wire is in series with a lamp.

An estimate of the resistance R of the lamp can be determined from the equation:

V = I × R

Where the current I in the lamp is 0.3 ± 0.05 A and V is the p.d. of the intercept of the 
graph determined in (c)(ii).

(i)	 Calculate the maximum value of the resistance of the lamp.

Maximum resistance = ................................................. Ω  [3]

(ii)	 Suggest two reasons why the actual resistance of the lamp is different from the 
value calculated in (d)(i).

1.....................................................................................................................................

2.....................................................................................................................................

[2]

(e)	 Nina repeats her investigation using an identical analogue voltmeter and a digital 
multimeter.

The voltmeter reading is also 2.2 V for the same length of wire used in part (a).

The multimeter reading is 3.1 V for this length of wire.

Complete the sentences. Use words from the list. 

You can use each word once, more than once, or not at all.

accurate			   random			   repeatable

reproducible		  systematic 

The voltmeter reading shows that the method Nina uses in her investigation 

is ................................................. .

The multimeter reading shows that the method Nina uses in her investigation

is not ................................................. .

[2]
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6 	 Alex is investigating the effect of artificial fertiliser on a population of water plants.

He places 100 cm³ of water in two identical glass beakers, A and B.

In each beaker he places three individual plants. 

Into beaker A he adds a soluble fertiliser containing essential mineral salts. 

Alex places beakers A and B side by side on a window ledge. 

At the end of each week he counts the number of plants in each beaker. 

He plots a graph of the number of individual plants in each beaker as shown in Fig. 6.1.

							         Fig. 6.1

(a)	 Which is the most likely source of error in this investigation over the eight week period?

Tick () one box.

The amount of fertiliser.

The amount of water.

The number of plants in each beaker.

The size of the beaker.

The temperature of the water.
[1]

x

x
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x x x
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Key
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(b)   (i)	 Use Fig. 6.1 to estimate the number of plants in beaker A (containing fertiliser), at

the end of weeks 2 and 5.

Week 2...........................................................................................................................

Week 5...........................................................................................................................

[1]

(ii)	 Use your answers in (b)(i) to estimate the average rate of increase per day over this 
time period for plants in the beaker containing fertiliser.

Rate of increase = ................................................. plants per day  [1]

(c)	 Alex writes four observations about the data shown in Fig. 6.1:

1. Each week there are more plants in beaker A than beaker B.

2. Beaker A and beaker B show similar trends.

3. Other factors such as light and temperature were controlled.

4. There is a lower growth rate in beaker A after week 5.

(i)	 State which two observations support the conclusion:

‘Fertiliser increases population growth’.

Observation number ……...........................……… and ….............................……… [2]

(ii)	 State which observation supports the conclusion:

‘Mineral salts in the fertiliser were used up’.

Observation number ....................................................                                              [1]

(iii)	 State which observation supports the conclusion:

‘The size of the beaker did not limit the population’.

Observation number ....................................................                                              [1]
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7 	 Vitamin C is a water-soluble vitamin that is essential to health. It helps prevent illnesses such 
as scurvy.

Vitamin C can be found in citrus fruits such as oranges and in some vegetables such as 
potatoes.

Amaya watches a television programme that suggests that raw potato peel contains more 
vitamin C than raw potato flesh, so she decides to investigate this.

The peel and flesh of a potato are shown in Fig. 7.1. 

				              Fig. 7.1

Amaya determines the amount of vitamin C by titration against iodine, using starch as the 
indicator.

(a)	 Vitamin C reacts immediately with the iodine.

When all the vitamin C is used up, the iodine reacts with the starch indicator forming a 
coloured complex.

What is the colour of this starch-iodine complex?

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

Potato flesh

Potato peel
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(b)	 Amaya carries out her investigation into potato peel using the following steps:

•	 Weigh out 150 g of raw potato peel. 

•	 Add 50 cm³ of distilled water and grind using a mortar and pestle to make a vegetable 
extract.

•	 Filter the vegetable extract and wash thoroughly with 20 cm³ of distilled water.

•	 Make the filtered extract up to a final volume of 100.0 cm³ and shake to mix.

•	 Pipette 20.0 cm³ of this solution into a conical flask and add a few drops of starch 
solution.

•	 Titrate this against 0.001 mol dm–3 iodine solution.

•	 Repeat the titration until concordant results (titres within 0.1 cm³) are obtained.

(i)	 Explain why the titration should be repeated until concordant results are obtained.

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

(ii)	 Explain why the filter residue and paper are washed thoroughly with distilled water 
before the filtered extract is made up to the final volume of 100.0 cm³.

.......................................................................................................................................

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

(iii)	 Which piece of equipment should Amaya use when making the filtered extract up to 
100.0 cm³ ?

Tick () one box.

Beaker

Burette

Conical flask

Volumetric flask

[1]



26

© OCR 2020

(c)	 Table 7.1 shows Amaya’s results using the potato peel.

Titration Titration 1 Titration 2 Titration 3
Volume of 0.001 mol dm–3 

iodine solution needed /cm³
21.30 20.95 21.05

Table 7.1
She uses the results to calculate the number of mg of vitamin C in 100 g of potato peel 
using the following steps.

(i)	 Calculate the mean titre that Amaya should use for analysing her results.

Mean titre = ................................................. cm³ [2]

(ii)	 Calculate the mean number of moles of iodine used in the titration experiment.

Use the equation:  number of moles =
   concentration (mol dm–3) ×  mean titre (cm³)

								                      1000

Number of moles of iodine = ................................................. mol [1]

(iii)	 In this titration one mole of vitamin C reacts with one mole of iodine.

Use the reacting ratio to calculate the number of moles of vitamin C in 20 cm³ of 
potato extract.

Number of moles = ................................................. mol [1]

(iv)	 Calculate the number of moles of vitamin C in 100 cm³ of the potato extract.

Number of moles = ................................................. mol [1]
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(v)	 In her investigation, Amaya used 150 g of potato peel to prepare 100 cm³ of potato 
extract. 

Calculate the number of moles of vitamin C present in 100 g of potato peel.

Number of moles = ........................................... mol [1]

(vi)	 The molar mass of vitamin C is 176 g mol–1.

Calculate the mass, in mg, of vitamin C in 100 g of potato peel. 

Use the equation: mass (g) = number of moles × molar mass 

Give your answer to 3 significant figures.

Mass of vitamin C in 100 g of potato peel = ................................................. mg [2]

(d)	 Amaya repeats the experiment using potato flesh instead of potato peel.

She finds that the vitamin C content in 100 g of potato flesh is 4.92 mg 

Calculate how many times greater the vitamin C content in 100 g of potato peel is 
compared to the vitamin C content in 100 g of potato flesh.

Number of times greater = ................................................. [1]

(e)   (i)	 Calculate the mean value of the mass of vitamin C content in 100 g of potato peel 
and in 100 g of potato flesh.

Mean value = ................................................. mg [1]
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(ii)	 The average content of vitamin C in a whole potato is much less than the value you     
calculated in (e) (i).
Suggest why the average value in a whole potato is much less.

.......................................................................................................................................

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

END OF QUESTION PAPER
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