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Answer all the questions.

1 The top ten windiest areas of the UK are listed in the table.

The data show the annual average wind speed (in knots) recorded between 1981 and 2010.

Location Annual average wind
speed (knots)
Shetland 14.6
Orkney 14.3
Western Isles 12.6
Argyll and Bute 121
Gwynedd 11.3
Tweeddale 11.0
Ross and Cromarty 10.9
Banffshire 10.9
Sutherland 10.8
Isle of Wight 10.7

(@) Use the data in the table to:

(i) determine the mode, median and range of the annual average wind speed values.

(ii) calculate the mean of these annual average wind speeds.

© OCR 2023
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(b) Wind turbines work by converting kinetic energy in the wind to electrical energy in the
national grid.

The blades of a vertical wind turbine are shown below. Each blade is 50m long.

The area covered by one rotation of the turbine blades is called the swept area.

\\ swept area

(i) Calculate the swept area A of the turbine.
Use the equation

A=nr?

(i) The mass of air moving through the turbine each second M is calculated using the
equation:

M = pAv

where p, the density of the air = 1.23kgm™ and A is the swept area calculated in

(b)(i).
Calculate M when the wind speed v=7.0ms™".

Give your answer to 2 significant figures and state the units.

© OCR 2023 Turn over
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(c) The graph below shows the relationship between the wind speed and the power output of
a wind turbine.

2.5

2.0

1.5

Power output (MW)

1.0

0.5

2 4 6 8 10 12
Wind speed (ms™)

(i) On the graph draw the curved line of best fit. [1]

(i) On the graph, show how you determine the power output of the wind turbine when
the wind speed is 8.4 ms™".

Record this power output in Watts using standard form.

© OCR 2023
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2 Carexis a genus of more than 2000 species of grass-like plants in the family Cyperaceae.
These plants are commonly known as sedges.

Fig. 2.1 is a diagram adapted from a botany textbook showing the structure of a typical sedge

plant.
Fig. 2.1
— male spikelet
\ . upper bract
inflorescence

female spikelet

lower bract

stem

Sedges have the following features:

*  The flowering structure in Carex is called the inflorescence.

* The inflorescence consists of male and female spikelets.

* Male and female spikelets can be found on the same stem or on different stems.

+  Each female floret develops into a structure called a perigynium (plural, perigynia) as
shown in Fig. 2.2.

Fig. 2.2

beak

perigynium

The variations in size, shape and colour of the leaf, bract and perigynia are used to identify
different species of Carex.

(a) Explain why Figs 2.1 and 2.2 are examples of secondary evidence.

© OCR 2023 Turn over



(b) Fig. 2.3 shows features of Carex used to place species native to California into seven

different groups.

Fig. 2.3

6

Carex

hairy leaves

Group 1

(i) What type of key is shown in Fig. 2.3?

hairless leaves

1 terminal spikelet

spikelets

Group 2

2

e

22 spikelets

stigmas

male and

female flowers

on the same stem

Group 3

on different stems

3

™~

bract

<5 mm

d

Group 4

perigynium

inflated

not inflated

Group 5

Group 6

26 mm

Group 7

(ii) Describe how the diagram shown in Fig. 2.3 is used to identify which group a
particular sedge plant belongs to.

© OCR 2023
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(iii) Give three reasons why using the diagram in Fig. 2.3 is not totally reliable.

(c) (i) Suggest why the Carex shown in Figs 2.1 and 2.2 could be in either Group 5,
Group 6 or Group 7 of Fig. 2.3 and explain why you cannot be certain which group it
belongs to.

................................................................................................................................. [3]
(if) Use Fig. 2.3 to identify two features that the plant in Figs 2.1 and 2.2 has in
common with the Carex species in Group 3.
1 PSPPSR
2 e —eeeeeet—eeeeee——eeeeaia——eeeaaheeeeeaateteeeaa——teeeaan—eteeaannreeeeaanreeeeaannraaeeannneen
[2]

© OCR 2023 Turn over



8

(d) The perigynium (female floret) and inflorescences of two of the Group 3 Carex species
that are native to California are shown in Fig. 2.4.

Fig. 2.4

Surface view of
perigynium

Inflorescence (flowering
structure)

Carex arcta

01

5mmI

Carex bolanderi

{1 mm

1cm{

Use Fig. 2.4 to identify three structural differences to distinguish between Carex arcta

and Carex bolanderi.

(e) Many species of Carex are indicator species.

Suggest one reason why.

© OCR 2023
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A fumarole is an opening in the Earth’s surface that emits steam and toxic gases, such as
sulfur dioxide and hydrogen sulfide. Fumaroles can occur as holes, cracks or fissures near
active volcanoes.

Azmi is investigating the distribution of different species of lichen plants growing on the rocks

around a fumarole.

Lichen species may look like plants but they are a combination of a fungus and an alga. They

are sensitive to very high temperatures and toxicity.

Azmi measures the percentage (%) area covered by three species of lichen (X, Y and Z) in
quadrats along a transect.

A diagram of Azmi’s method is shown below.

/ steam and toxic gases

transect

fumarole

Her results are shown in the table.

-

0.20m

quadrat

Distance along the transect from fumarole (m)
Lichen 25 30 35 40 45 50 55
species
% area covered
X 1 5 3 0 1 3 5
Y 4 2 6
V4 2 0 5 0 1 2 2

(@) (i) Many species of lichen do not grow where the air is very toxic or the temperature is
high.

Use the data in the table to suggest a location along the transect where it may be too

hot or too toxic for lichen to grow.

© OCR 2023
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(ii) In addition to measuring the % covered by each of the three lichen species, suggest
two further readings that Azmi must take to find out if the answer in (a)(i) is correct.

(Y= =T [ o g PP PP PP PR PPPPPP
REATING 2 ..t e e e e
[2]
(iii) Suggest two ways in which Azmi can ensure that the measurements described in
(a)(ii) are repeatable.
................................................................................................................................. [2]
(b) On the grid, draw a kite diagram of the percentage (%) cover of species X against
distance from the fumarole.
[4]

© OCR 2023 Turn over
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(c) Azmi uses a quadrat to estimate the % area of rock covered by the lichen species.
The quadrat is a square with 0.2m sides.
The quadrat is divided into 400 smaller squares.
Each small square of the quadrat has an area of 1.0cm?.

The figure below shows one of Azmi’s observations in part of the quadrat.

;S% D |
<

/& part of the quadrat

|74

(i) Azmi determines a value for the shaded area, A, covered by the lichen in the figure.

Explain why there is uncertainty in the measurement of A.

................................................................................................................................. [2]
(if) Determine a possible value for A and a reasonable value for the uncertainty in A.
A s cm?
Uncertainty = ...
[2]
(iii) Some species of lichen look very similar.
Identifying a species incorrectly is a source of error.
Identify this type of error.
Draw a around the correct type.
instrument measurement systematic
1]

© OCR 2023
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4 Sarais a chemist working for an Environment Agency. One of her jobs is to use
spectrophotometry to determine the concentration of iron(II) ions in waste water.

Sara uses a spectrophotometer which is designed to determine concentrations of iron(II) ions
between 0 and 4 mgdm™.

She first needs to calibrate the instrument using a stock solution containing 100 mgdm™ of
iron(IT) ions.

Explain how she would use the stock solution to produce a calibration curve, and describe the
measurements needed to determine the concentration of iron(II) ions in waste water samples.

© OCR 2023 Turn over
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5 Acricket is an insect that produces sounds, or chirps, by scraping its wings together.
A cricket is shown in Fig. 5.1.

Fig. 5.1

Taylor is a student investigating the claim that the number of cricket chirps counted in a period
of time can be used to calculate an accurate value of the temperature.

He counts the number of chirps, N, in 15 seconds over a wide range of measured
temperatures.

Taylor then calculates the temperature, T, in Celsius using the equation:
T.=9+ N
2
Fig. 5.2 is a graph of Taylor’s calculated temperatures against his measured temperatures.

Fig. 5.2

30.0

28.0

26.0

24.0

22.0

Calculated
temperature (°C)

20.0

18.0

16.0

14.0

12.0

10.0
10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0

Measured temperature (°C)
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(@) What type of graph is shown in Fig. 5.2?

Tick (v') one box.

histogram

line

scatter

1]
(b) In one observation, Taylor counts 37 chirps in 15s at a measured temperature of 24.8°C.

(i) Calculate T

T = °C[2]
(i) On Fig. 5.2 use a cross (X) to plot your value of T_calculated in (b)(i). [1]
(iii) On Fig. 5.2 draw the line of best fit and circle the point that is an outlier. [2]

(c) Calculate the gradient G of this line of best fit.

changeiny

Use the equation G = .
change in x

Show your working on Fig. 5.2.

(d) Discuss whether the information from the graph and your answer to (¢) supports the claim
that the number of cricket chirps counted in a period of time can be used to calculate an
accurate value of the temperature.

© OCR 2023 Turn over
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(e) Taylor has not provided all the information about his investigation.

His data is not reproducible by other scientists without this information.

(i) Explain what reproducible means.

(i) Suggest three pieces of information that Taylor must provide so that other scientists
are able to reproduce his data.

© OCR 2023
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6 Nina uses an app on her smartphone to measure atmospheric air pressure.
She records the air pressure (p) in hPa for one minute indoors, and for one minute outdoors.
1hPa (hectopascal) = 100 Pa (pascal)

Her results are shown in Figs 6.1 and 6.2.

Fig. 6.1 Fig. 6.2
Indoor air pressure Outdoor air pressure
998.635 [ : ‘ ‘ 998.220
998.630 998.200 3 3 3 3
p (hPa) | p (hPa) 998.180 |- | 1 |
998.625 |- | | | |
3 998.160 [N -~ f-r-mmm i "
998.620 |- | ‘ | | | | |
: : ‘ ‘ 998.140 - : ‘ ‘
0.00 20.0 40.0 60.0 0.00 20.0 40.0 60.0
t(s) t(s)

(@) Complete the following sentences by putting a around the correct word in each
bracket.

The data in Figs. 6.1 and 6.2 show random error because the measurements vary in
(predictable / unpredictable) ways and (can / cannot) be corrected for.

Whenever a measurement is taken, random error is always (expected / unexpected).

[3]

(b) Use Fig. 6.1 to explain why the pressure measurements are precise.

© OCR 2023
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(c) Atthe same time as Nina takes her own measurements, she also collects data from the
website of a weather station at her local airport.

Location: Local airport
Latest report: 18 Jan 2021, 14:20
Air pressure: 1016 hPa
Temperature: 6°C

Conditions: Mostly cloudy
Humidity: 76%

(i) Nina decides to use the air pressure reading at the weather station as the ‘accepted
value’.

Calculate the percentage error in Nina’s minimum outdoor air pressure measurement
when p = 998.140hPa.

Use the equation:

(accepted value — measurement value) x100

percentage error =
accepted value

Percentage error = ........cccooieviviiviviicieneee, [2]

(ii) Nina concludes that
“The atmospheric air pressure measured by my smartphone is accurate.”

State and explain whether Nina’s conclusion is supported by your calculation in (c)(i)
and suggest one piece of further information that would make her conclusion more
secure.

Explanation

© OCR 2023 Turn over
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7 Amaya works for a pharmaceutical company which manufactures a range of painkillers. Many
painkillers such as morphine and codeine are alkaloids which occur naturally in poppy seeds.
Amaya is investigating which species of poppy have seeds that contain codeine so that it can
be extracted for use as a painkiller.

(@) Amaya uses thin layer chromatography (TLC) to identify which alkaloids are present in
poppy seeds.

She runs 6 known alkaloids (numbered 1 to 6) against a sample of the poppy seed
extract (number 7).

Fig. 7.1 shows the chromatogram she obtained.

Fig. 7.1

(i)

(ii)

(iii)

© OCR 2023
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Explain why Amaya runs her chromatogram using known alkaloids as well as the
extract from the poppy seeds.

Use the chromatogram in Fig. 7.1 to state the number of alkaloids in the poppy seed
extract.

................................................................................................................................. [1]
One of the known alkaloids (1 to 6) is thebaine. The Rf value for thebaine is

0.47. Write the letter T on Fig. 7.1 to indicate which of the known alkaloid spots
corresponds to thebaine. [1]
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(iv) Amaya thinks that one of the spots in her poppy seed extract might be due to more
than one alkaloid with the same Rf value.

Describe how Amaya could use the same TLC plate to investigate this.

(b) Amaya then finds out which poppy plants could be used as a source of codeine.

» She runs a TLC plate using poppy seeds from 5 different plants, A to E.

* She uses the same mass of seeds to prepare each extract.

» After running the TLC she uses a locating agent to reveal the positions of the spots,
and then draws a circle round each spot.

The chromatogram obtained is shown in Fig. 7.2.

Fig. 7.2
OOO """"""""""" O T solvent front
O O O
060 o O
® 9
. Q . .- codeine
o @
@ O
A B C D E

(i) Explain why Amaya draws round each spot immediately after using the locating
agent.

(if) Use Fig. 7.2 to suggest why Amaya might choose plant D to extract codeine from to
make painkiller tablets.

© OCR 2023 Turn over
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(iv)
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Complete the sentences about the elution technique using words from the list.

The words may be used once, more than once or not at all.

chamber mass spectrometer oven
paper plate salt solution
solute solvent spectrophotometer

Scrape the (codeine) spot fromthe ... .
Elute the codeine using a suitable .............cccooiiiiiii, :

Placeina .......ccocooc, to measure how much light is absorbed.

[3]

Tick (v) the box next to the name of a method other than elution that Amaya could
use to determine the amount of codeine in the sample.

calorimetry

colorimetry

densitometry

micrometry

titration

[1]
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8 The Centers for Disease Control and Prevention (CDC) in the United States of America (USA)
collects and collates data on the causes of death in the USA. The results are published on

their

website, part of which is shown in Fig. 8.1.

Fig. 8.1

Number of deaths for the 10 leading causes of death

United States, 2017

Age-adjusted death rates for all causes:
United States, 1999-2017

Heart disease 828 P———s
Cancer ;28 \’\*—\,_,_
Unintentional injuries Rate per 660
CLRD 100.000 600
Stroke : 5407

U.S. standard 480
Alzheimer’s disease population 420+
Diabetes %88
Influenza and pneumonia 240
Kidney disease 128
Suicide 60-

0 200,000 400,000 600,000 1999200120032005200720092011201320152017
Select Cause of Death
| All causes v |
Select Data Year
[ 2017 v |
U.S. death rate for all causes
731.9
Age-adjusted death rate
per 100,000 U.S.
standard population
Legend for age-adjusted death rate per 100,000 U.S. standard population
584.9 I 9511

(a) List three methods of displaying data that can be seen on the website shown in Fig. 8.1.

(b) Describe and explain one advantage of publishing data on the internet rather than in

printed publications.

(c) Suggest why data published by the CDC in Fig. 8.1 is likely to be accepted as reliable by

its intended audience.

© OCR 2023

Turn over



24

(d) The CDC website can also be used to obtain additional information about death rates
from different causes.

Fig. 8.2 shows how the death rate from heart disease and unintentional injuries
(accidents) have changed between 1999 and 2017.

Fig. 8.2

Age-adjusted death rates for heart disease
United States, 1999-2017

280.0
260.0
240.0
220.0
200.0
180.0

Rate per 1600

100,000
’ 140.0
u.S. standard 120.0
population 100.0

80.0

60.0

40.0

20.0

00— T T T T T T
1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Age-adjusted death rates for unintentional injuries
United States, 1999-2017
55.0
50.0
45.0
40.0
Rate per 35.0

100,000 30.0
U.S.standard 250

population 20.0
15.0
10.0
5.0
00 F+—7———7———7 T T T 7T T T T ]
1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
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(i) Describe the trends shown in the two graphs.

[ (oY= o [1T<T= 1T < T

3]

(ii) Suggest how the data shown in Fig. 8.2 could be useful to the US government.
HEAM AISEASE ...coii it
Unintentional injuries (aCCIAENTS) .......coiiiiiiiiiiii e
(4]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined pages. The question
numbers must be clearly shown in the margins — for example, 4 or 5(d).
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