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INSTRUCTIONS

Use black ink. You can use an HB pencil, but only for
graphs and diagrams.

Write your answer to each question in the space
provided. If you need extra space use the lined pages at
the end of this booklet. The question numbers must be
clearly shown.

Answer ALL the questions.

INFORMATION

The total mark for this paper is 100.

The marks for each question are shown in brackets [ ].
The Periodic Table is supplied separately.

ADVICE

Read each question carefully before you start your
answer.
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Answer ALL the questions.

1 Alex is investigating the dispersal of seeds from a
sycamore tree.

Sycamore seeds are wing shaped as shown in
FIG. 1.1.

Their shape causes them to spin away from the tree
as they fall through the air.

FIG. 1.1

Sycamore ‘helicopter’ seed

Alex counts the number of seeds in quadrats on
one side of a 10 m line transect.
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The quadrat used is a wire square-shaped grid
(0.5 x 0.5m) divided into 100 equal sections. The

sections make it easier for Alex to count the seeds.

FIG. 1.2 is a diagram of Alex’s method.
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Alex’s results are shown in TABLE 1.1.

TABLE 1.1

Quadrat moved along the

Distance from tree

each quadrat

alongthetransect |1 | 2|3 4|5 6|7 8 10
line (m)

Number of

sycamore seeds in| 39|36 |27 |18 |16 |16 |10 |12 0
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(@) Alex uses the scale in TABLE 1.2 to convert the

number of seeds shown in TABLE 1.1 into an
abundance rating.

TABLE 1.2

Number of seeds per
quadrat

Abundance rating

28 or more

22 to 28

15 to 21

8to 14

1to 7

= N W A~ O

(i) Complete TABLE 1.3 to show the

abundance rating of sycamore seeds at
each distance from the tree. [1]

TABLE 1.3
Distance fromtree(m)| 1 /2 (3|4 5|6 |7 |8 10
Number of seeds 3936271816 /16|10 12 0

Abundance rating
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(if) Use your answer in TABLE 1.3 to draw a
kite diagram on the grid in FIG. 1.3.

Your kite diagram should show how the
abundance rating of sycamore seeds
varies with distance from the tree. [4]

FIG. 1.3
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(b) Alex repeats his investigation.

He places the transect line in different
directions around the tree and counts the
number of sycamore seeds in the quadrat
along the length of each position of the
transect line.

Alex then calculates the number of seeds in
each direction as a percentage of the total
number of seeds in all directions.

His results are shown in TABLE 1.4.

TABLE 1.4

Direction Percentage of total number

of seeds

north (0°) 5
north-east (45°) 40

east (90°) 25
south-east (135°) 10

south (180°) 5
south-west (225°) 5

west (270°) 5
north-west (315°) 5




FIG. 1.4

9

Complete the pie chart in FIG. 1.4 to show the
percentage of seeds in the NORTH-EAST, EAST
and SOUTH-EAST directions.

Label these three sectors. [3]
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(c) Alex looks online for an explanation of the seed
dispersal.

Please refer to FIG. 1.5 in the Insert. He finds the
chart in FIG. 1.5 in a journal about UK weather.

He knows that wind blowing from one direction
will blow seeds in the opposite direction.

For example, wind from the south-west will blow
seeds in the north-east direction.

(i) Use the data in FIG. 1.5 in the Insert to
complete the sentence.

In April and

there is a %

chance that the wind will be blowing from either the

north-east or the - [3]

(ii) Discuss whether the evidence in FIG. 1.5 in
the Insert explains the data in TABLE 1.4. [5]
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(iii) Identify which THREE of the following are
MOST likely to make a conclusion more
secure.

Tick (v') THREE boxes. [3]

Obtain frequency data for other
wind directions.

Repeat the method in FIG. 1.2 and
find the average.

Repeat the measurements in
TABLE 1.4 using more directions.

Collect seed dispersal data from
different tree species.

Collect seed dispersal data from
more than one year.

Obtain wind direction frequency
data from more than one year.
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(d) Describe the conflicting evidence in TABLE 1.4
and FIG. 1.5 in the Insert.

[2]

2 Miais an astrophysicist.

She studies the relationship between the size of
stars and their temperatures.

(@) To calculate the volume of a star Mia uses the
formula: Volume of star = gnr?’

(i) Determine the value of %n as a decimal.

Give your answer to 2 significant figures.

gn= 2]
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(if) The average radius, r, of the Sun is
7.0 x 10°m.

Calculate the volume of the Sun.
Give your answer in STANDARD FORM.

Volume of the Sun = m> [3]

(iii) The mass of the Sun is 2.0 x 10°%kg.
Calculate the density of the Sun.

Use your answer to (a)(ii) and the equation:
mass = volume x density.

Give your answer to 2 significant figures
and give the Sl unit of density.

Density of the Sun = unit [3]
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(b) Astronomers measure star brightness in terms

of luminosity and magnitude.

Luminosity is the amount of light that a star
emits from its surface.

Magnitude is a measure of how bright the star
appears. The lower the magnitude, the brighter
is the star.

The Sun is a main sequence star.

Please refer to FIG. 2.1 in the Insert. The two
charts in FIG. 2.1 show the relationships
between some of the physical properties of
main sequence stars.

(i) Complete the following sentences to
describe the trends in FIG. 2.1 in the Insert.

Choose from the following list of words.

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

blue negative
bright neutral
colour positive
faint red
increases temperature

magnitude
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As the of main

sequence stars becomes increasingly positive, their colour

changes from to

As their increases, their

luminosity changes from

to . [4]

(if) Mia studies White Dwarf stars. These are the
remnants of main sequence stars.
White Dwarf stars are in the region below and
to the left of the main sequence stars in both
charts in FIG. 2.1 in the Insert.

Use the information shown in FIG. 2.1 to
describe White Dwarf stars.

[2]
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(c) Please refer to FIG. 2.2 in the Insert. Only main
sequence stars within a certain range of mass
become White Dwarfs.

The relationship between the mass of a
White Dwarf (compared to the Sun) and its
radius (compared to the Sun) is shown in
FIG. 2.2 in the Insert.

(i) Use FIG. 2.2 in the Insert to determine the
radius (compared to the Sun) of a
White Dwarf formed by a star with a mass
of 1.0 (compared to the Sun).

Radius (compared to the Sun) = [1]

(ii) Calculate the volume of a White Dwarf with
the same mass as the Sun as a percentage
of the Sun’s volume.

Percentage volume = % [3]
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(iii) Describe the trend shown by the graph in
FIG. 2.2 in the Insert.

[1]

(iv) Beyond a certain mass, a White Dwarf
collapses forming a Black Hole.

Use the graph in FIG. 2.2 in the Insert to
determine the upper limit to the mass of a
White Dwarf.

[1]
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3 Fungi are classified into different families.

One family is called Agaricaceae.

Please refer to FIG. 3.1 in the Insert. FIG. 3.1 shows
some of the structural features of Agaricaceae fungi.

(a) Please refer to TABLE 3.1 in the Insert. Use the
information in TABLE 3.1 to complete the
sentences below.

The gills of the fungus shown in FIG. 3.1 do NOT
extend to the base of the stipe (stem).

This means that the hymenium CANNOT be

The cap of the fungus in FIG. 3.1 is the same shape as

fungi with a

hymenium.

The stipe (stem) of the fungus in FIG. 3.1 is the same

shape as fungi with a

hymenium. [3]
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(b) Suggest THREE reasons why biologists use
dichotomous keys.

[3]

(c) Please refer to TABLE 3.2 in the Insert.
TABLE 3.2 shows some of the habitats and
features of different fungi.

You will need to refer to FIG. 3.1 and TABLE 3.1
which are in the Insert to see the different types
of stipe (stem) and hymenium.

Use the information in TABLE 3.2 to complete
the blank spaces in the key in FIG. 3.2 in the
Insert.

Give the FEATURE of the fungus in the blank
GREY rectangles.

Give the FUNGUS NAME in the blank
UNSHADED rectangles. [5]
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(d) A fungus described in TABLE 3.2 in the Insert
is shown in FIG. 3.3.

FIG. 3.3

Cap

4

Gills

| Stipe (stem)

Volva
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(i) Please refer to TABLE 3.2 and FIG. 3.2 in
the Insert. Use TABLE 3.2 or the KEY in
FIG. 3.2 to identify the name of the fungus
shown in FIG. 3.3.

Tick (v') ONE box. [1]

Amanitopsis vaginata

Entoloma cetratum

Galerina marginata

Lepiota procera

(ii) The names of the fungi in TABLE 3.2 in the
Insert are based on binomial nomenclature.

Describe the key features of binomial
nomenclature and ONE advantage of using
this naming system.

Key features

Advantage

[2]
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4 Eve is investigating reflections in plane mirrors.

She places a coin between two mirrors.

FIG. 4.1 shows the coin and two images of the coin
reflected in the mirrors.

FIG. 4.1

Eve adjusts the angle between the mirrors.

She observes that there is a range of angles
between which whole images first appear and just
before another image begins to appear.
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(a) Identify what Eve needs to specify to ensure
that her investigation is repeatable.

Tick (v) THREE boxes. [3]

The range of angles between
the mirrors.

The diameter of the coin.

The distance between the coin and
the junction between the mirrors.

The position of the observer relative
to the mirrors.

The number of images.

The surface area of the mirrors.

The thickness of the coin.
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(b) Eve starts her investigation with the two
mirrors at an angle of 180°.

As she reduces the angle between the mirrors

from 180° to 166°, Eve observes one image of
the coin.

When she reduces the angle to 165°, a second
image starts to appear.

She continues to reduce the angle between the
mirrors until a third image begins to appear.

She measures this angle to be 98°.

(i) Describe the relationship between the
variables.

[2]

(ii) Determine the range and interval of angles
for the appearance of two images.

Range =

Interval =

[2]
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(c) Eve finds this formula for the number of
images n formed between two plane mirrors:

360

0
where 0 is the angle between the mirrors.

(i) Use the formula to determine the angle
of # that gives two whole images.

0= ° 1]

(ii) Calculate the number of images which
(according to the formula) should be
produced when the angle between the

mirrors is 165°.

Give your answer to 1 decimal place.

Number of images = [1]
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(ifi) Calculate the error of the observed

angle, 98°, as a percentage of the angle
calculated in (c)(i).

Use the equation:
O-A
Percentage error = A X 100

where A is the calculated angle in (c)(i), and
O is the observed angle.

Percentage error of 98° = % [2]
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Kai is investigating how the angle 0 of a sloping
track affects the acceleration a, of a glass ball as it
rolls down the track.

The track is shown in FIG. 5.1.

FIG. 5.1

Before he starts the investigation, he uses this
equation to calculate some theoretical results:
a=gsind

This equation determines the horizontal component
of the acceleration.

Kai uses a value of the acceleration due to gravity,
g=10ms~2,

He then plots these results on the graph in FIG. 5.2
in the Insert.

(@) (i) On FIG. 5.2 in the Insert, draw a curve of
best fit. [1]

(ii) Use your curve to determine the
acceleration of the ball on a track with an

angle of slope 0 = 20°.

Acceleration = ms—2 [1]
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(ifi) Calculate the gradient of the curve of best
fit when the angle of the slope is 55°.

Show your working on FIG. 5.2 in the
Insert.

Gradient at 55° = [3]

(b) Suggest TWO reasons why Kai’s theoretical
results are NOT accurate.

[2]

(c) Suggest why Kai produces theoretical results
to compare with the actual results of his
investigation.

[1]




30

6 Jack is a technician working in a food science

laboratory.

(a) Jack uses a colorimeter to determine the mass

of iron in 100 g of spinach leaves.

He knows that when ammonium thiocyanate is
added to a solution containing Fe3* ions, a
red complex is formed.

Jack obtains a calibration graph by following
four steps:

STEP 1 He puts 2cm?3 of water in a cuvette in
the colorimeter and adjusts the absorbance
reading to give a value of zero.

STEP 2 He prepares 5 solutions of iron(lll)
chloride of known concentrations as shown in
TABLE 6.1.

STEP 3 He takes 10 cm3 of each solution, adds
10 cm?3 of ammonium thiocyanate and mixes

thoroughly so that the red colour is evenly
distributed.

STEP 4 He records the absorbance of 2cm3 of
each solution as shown in TABLE 6.1.

TABLE 6.1

g;'l?:::;?;gn of Absorbance
2.6 0.19

5.2 0.58

7.8 0.67

10.4 0.89

13.0 1.11
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(i) Refer to FIG. 6.1 in the Insert. Plot a graph
of concentration of Fe3* (x-axis) against
absorbance (y-axis). [4]

(if) Draw a line of best fit on the graph and circle
the outlier. [2]
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(b) Jack then uses his calibration graph to find the
amount of iron in spinach leaves.

He gently heats 3.60 g of spinach leaves until
they have all burnt.

He adds 10 cm3 of water and filters the mixture
to remove the ash.

He then adds 10 cm3 of ammonium thiocyanate
solution to the 10 cm? of spinach extract and
measures the absorbance.

He finds that the ABSORBANCE VALUE is 0.70.

Use the following steps to calculate the mass
of iron in 100 g of spinach leaves.

(i) Use the graph which is FIG. 6.1 in the Insert
to determine the concentration of iron (in
mg dm=3) in the spinach extract.

Show your working on the graph.

Concentration of iron = mgdm=3 [1]
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(i) Your answer to (b)(i) is the number of mg of
iron in 1000 cm? of the solution.

Use this value to calculate the mass of iron
in 10 cm? of the spinach extract.

Mass of iron in 10 cm3 of the spinach extract =

mg [1]

(iii) Jack uses 3.60g of spinach leaves in his
experiment.

Use your answer to (b)(ii) to calculate the
mass in mg of iron in 100 g of spinach
leaves.

Mass of iron in 100g of spinach leaves =

mg [1]
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(c) The recommended dietary allowance (RDA) of
iron in an average person’s diet is 14 mg.

Calculate what percentage of the RDA of iron
an average person will get by eating 100 g of
the spinach leaves used in Jack’s experiment.

Percentage of the RDA of iron = % [1]

(d) Another technician, Amaya, carries out a
titration experiment to compare the vitamin C
content of three fruit juices.

One way to determine the amount of vitamin
C is to carry out a redox titration using a
standard solution of iodine.

When iodine solution is gradually added to a
solution containing vitamin C in the presence
of starch indicator, iodine is converted to
iodide ions.

Once all the vitamin C in the sample has been
used up, any further addition of iodine will not
react. This excess iodine reacts with starch to
form a blue-black complex.

The endpoint of the titration is when the
blue-black colour first appears.

Amaya is provided with three different fruit
juices, a standard solution of iodine and some
starch solution.
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She has access to normal glassware apparatus
needed for carrying out a titration.

Describe the steps Amaya should follow to
find out which fruit juice contains the highest
concentration of vitamin C.

In your answer include the names of the
apparatus Amaya should use.

[6]
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Scientific journal publications contain
peer-reviewed articles. Such articles often contain
tables of data.

FIG. 7.1 opposite is an example of a table taken
from an article which evaluates three different cell
counting methods.

The three cell counting methods used were:
a manual method using a hemocytometer

a semi-automated method using a Countess
cell-counter

a fully automated method using a Vi-Cell analyser.

(a) Give ONE reason why a table is a useful way to
show this kind of information.

[1]

(b) Suggest why the authors of the research article
have included references in the table.

[1]
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(c) The authors presented some of their data in
photographic form.

An example of this form of data presentation is
shown in FIG. 7.2.

FIG. 7.2

(X) (Y)
0.4%
0.6%
0.8%

0‘ PR - * N V4
- . - \\ ‘T) 1.0(%)

Comparison of images produced using the Countess
cell-counter with different concentrations of the staining
solution.

(X) shows images from the camera, (Y) represents
images as analysed by computer software.
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State TWO advantages of presenting data in
photographic form in a scientific publication.

[2]
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(d) Data can also be presented graphically.

One of the graphs included in the research
paper is shown in FIG. 7.3.

FIG. 7.3

Key
A = results using cells
[ | = results using control beads

100 -

80 1

60 -

Observed
viability (%)
40

20 1

0 | | | | |
0 20 40 60 80 100

Expected viability (%)
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Suggest TWO reasons why the authors chose
to show the data in FIG. 7.3 graphically.

1
2
[2]
(e) In addition to tables, photographs and graphs,
data can be recorded in other ways.
List TWO other ways that scientific data can be
recorded.
1
2
[2]
(f) Interms of scientific data, explain the meaning
of validity and accuracy.
Validity
Accuracy

[2]

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.
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