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Answer ALL questions.

Write your answers in the spaces provided.

Some questions must be answered with a cross in a box .  If you change your mind about an 
answer, put a line through the box  and then mark your new answer with a cross . 

1	 Bacteria contain structures that are characteristic of prokaryotic cells.

	 The diagram shows an incomplete bacterial cell.

cell wall

	 (a)	 Complete the diagram by drawing and labelling the cell membrane, a mesosome 
and a plasmid.

(3)

	 (b)	  In prokaryotic cells, ribosomes are
(1)

		  A	 absent

		  B	 larger than ribosomes in eukaryotic cells

		  C	 smaller than ribosomes in eukaryotic cells

		  D	 the same size as ribosomes in eukaryotic cells

	 (c)	 Some bacteria have a capsule that is located
(1)

		  A	 between the cell wall and the cell membrane

		  B	 in the cytoplasm

		  C	 inside the cell wall

		  D	 outside the cell wall

cell membrane

mesosome

plasmid
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	 (d)	 Bacterial DNA is
(1)

		  A	 circular and surrounded by a nuclear membrane

		  B	 circular with no nuclear membrane

		  C	 linear and surrounded by a nuclear membrane

		  D	 linear with no nuclear membrane 

(Total for Question 1 = 6 marks)
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2	 Homologous chromosomes pair up during meiosis.

	 The diagram shows the loci of three genes on two pairs of homologous chromosomes.

A

B

a

b
cC

	 Chromosome 1	 Chromosome 2

	 (a)	 (i)	 Draw a diagram to show a crossover for chromosome 1 during meiosis.
(2)

B b B b

A A a a

chiasma: non-sister chromatids
cross over and exchange sections

centromere

homologous
pair (bivalent)
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		  (ii)	 Explain how crossing over and independent assortment can produce gametes 
with new combinations of the alleles shown on the diagram of the two pairs 
of chromosomes.

(4)
Crossing over
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(Total for Question 2 = 8 marks)

Non-sister chromatids of chromosome 1 cross over at a chiasma and exchange sections,

so chromatids are produced with new (different) combinations of alleles.

For example, Ab and aB chromatids are produced as well as the original AB and ab.

The homologous pairs line up randomly at the equator in meiosis I, so different

combinations of chromosomes 1 and 2 are produced in the gametes.

Therefore the alleles for A and B (or a and b) could end up in the same gamete as

either C or c, e.g. ABC, ABc, abC or abc.

Crossovers cannot form between most sections of the X and Y chromosomes (crossing

over is much less likely).

This is because the X and Y are not fully homologous chromosomes: the Y chromosome

is much shorter than the X, so there are alleles on the X chromosome that are not on

the Y chromosome.
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3	 Cells can be observed using electron microscopes and light microscopes.

	 (a)	 The electron micrograph shows an organelle in a eukaryotic cell.

                                        

A

		  (i)	 Name the organelle labelled A.
(1)

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

		  (ii)	 The organelle labelled A is involved in
(1)

			   A	 lipid synthesis

			   B	 protein synthesis

			   C	 ribosome production

			   D	 spindle organisation 

Centriole

stemup.co.uk

https://stemup.co.uk


7

*P62303A0724* Turn over     

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	 (b)	 Cell division in a plant such as an onion can be observed using a light microscope.

		  Explain why the following techniques are used when producing a root tip squash 
to observe cell division.

(4)
Adding hydrochloric acid to the root tip
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	 (c)	 Explain the role of the middle lamella when a plant cell completes mitosis.
(2)
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(Total for Question 3 = 8 marks)

Hydrochloric acid breaks down the middle lamella (pectins) between the cells.

This allows the cells to be separated, so the tissue can be squashed into a thin layer of

cells, one cell thick.

This allows light to pass through the sample so that individual cells can be observed.

The stain (e.g. toluidine blue) binds to DNA and makes the chromosomes visible.

So that the stages of mitosis can be identified and counted.

After mitosis, the middle lamella is produced between the adjacent new daughter cells,

in the cell plate, during cytokinesis.

The middle lamella (calcium pectate) holds the cell walls of the two new cells

together.
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4	 Sperm cells have adaptations for their function as male gametes. 

	 (a)	 Describe how the acrosome is involved in the digestion of the zona pellucida. 
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (b)	 A sperm cell must reach the egg cell membrane for fertilisation to occur.

		  The surface area of an egg cell with a diameter of 120 μm was calculated using 
the formula 4 πr2.

		  Which of the following is the correct surface area of this egg cell to two significant figures? 
(1)

		  A	 45 000 μm2

		  B	 180 000 μm2

		  C	 570 000 μm2

		  D	 2 300 000 μm2

When the sperm reaches the zona pellucida, the membrane of the acrosome fuses with

the plasma (cell surface) membrane of the sperm cell.

This releases digestive enzymes (acrosin) from the acrosome by exocytosis, which digest

the zona pellucida.
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	 (c)	 Polyspermy occurs when more than one sperm cell enters the egg.

		  This is usually prevented by the hardening of the zona pellucida shortly after the 
arrival of the first sperm cell.

		  In an investigation, the effects of varying sperm cell concentrations on the 
fertilisation of eggs was measured. This was repeated using egg cells with the 
zona pellucida removed.

		  The table shows the results of these investigations.

Sperm cell 
concentration 

/ × 103 cm–3

Zona pellucida intact Zona pellucida removed

Percentage 
fertilisation 

(%) 

Percentage 
polyspermy 

(%) 

Percentage 
fertilisation 

(%) 

Percentage 
polyspermy 

(%)

  50 84   3 94   3

100 99 17 95 33

200 99 18 98 52

		  (i)	 In the investigation using egg cells without a zona pellucida, 15 egg cells were 
used for each sperm cell concentration.

			   Calculate how many of these egg cells were entered by more than one sperm 
cell when the sperm cell concentration was 100 × 103 cm–3.

(2)

Answer.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Deduce the effect of sperm cell concentration on the chance of polyspermy 
when the zona pellucida is removed.

(1)

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

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

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

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

As sperm cell concentration increases, the risk of polyspermy increases (a positive

correlation): from 3% at 50 to 52% at 200 × 103 cm−3.

Percentage polyspermy = 33%

0.33 × 15 = 4.95

= 5 egg cells

5
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		   *(iii)	During IVF treatment, egg cells are extracted from the ovaries.

			   Large numbers of sperm cells can be added to these egg cells in a Petri dish to 
increase the chances of successful fertilisation.

			   In a study of 200 extracted egg cells, there was damage to the zona pellucida 
of 13 of these egg cells.

			   Comment on the frequency of polyspermy due to IVF procedures.
(6)
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(Total for Question 4 = 12 marks)

Polyspermy is more likely during IVF than in natural fertilisation.

In the investigation, removing the zona pellucida increases the frequency of polyspermy:

at 200 × 103 cm−3 it is 52% without the zona pellucida but only 18% with it intact.

This is because without the zona pellucida the cortical reaction cannot harden it, so no

physical barrier forms to stop further sperm entering.

Polyspermy also increases with sperm concentration, and the effect is greater at higher

concentrations when the zona pellucida is removed, because more sperm cells reach the

egg cell membrane at the same time.

In IVF, 13 of 200 egg cells (6.5%) had a damaged zona pellucida, and this damage can

prevent the cortical reaction from working, so these eggs have a higher risk of

polyspermy.

Also, in a Petri dish there is a much higher concentration of sperm around the egg, as

the sperm have a shorter distance to swim and fewer die on the way to the egg.

Even with an intact zona pellucida there is some polyspermy (17 to 18%), because there

is a delay while the cortical reaction takes place, so a second sperm may enter before

it is complete.
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5	 There are currently three species of badger in the genus Meles: the Eurasian badger 
(Meles meles), the Asian badger (Meles leucurus) and the Japanese badger (Meles anakuma).

© Pearson Asset Library

	 The South Asian badger is currently classed as Meles meles.

	 (a)	 The pairing that would be expected to be able to mate and produce fertile offspring is
(1)

		  A	 Asian badger and South Asian badger

		  B	 Eurasian badger and Asian badger

		  C	 Eurasian badger and South Asian badger

		  D	 Japanese badger and South Asian badger

	 (b)	 The Bosphorus Strait is a channel of water that separates populations of badgers.

		  Badgers found to the west of the Bosphorus Strait are M. meles.  The badgers 
found to the east of the Bosphorus Strait are thought to be a new species.

		  (i)	 Explain how molecular phylogeny can be used to show that these two 
populations are reproductively isolated.

(3)

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

Compare similarities and differences in the DNA (or proteins) of badgers from the two

populations.

Compare the nucleotide base sequences of the DNA (or the amino acid sequences of the

proteins).

The greater the number of differences in the sequences, the more likely the populations

are to be reproductively isolated.
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		  (ii)	 Describe how mutations in badgers to the east of the Bosphorus Strait may 
lead to this population becoming a separate species.

(4)
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	 (c)	 Explain how the Hardy-Weinberg equation can be used to show that natural 
selection is occurring in a population.
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(Total for Question 5 = 10 marks)

Mutations result in the production of new alleles in the population to the east of the

strait.

The populations are geographically isolated, so there is no gene flow between them, and

the selection pressures to the east cause some of the alleles (mutations) to be

advantageous.

Individuals with the advantageous alleles are more likely to survive and reproduce,

passing these alleles on, so allele frequencies change over many generations.

After time, the population would not be able to reproduce with the other badger species

to produce fertile offspring, so it becomes a separate species.

The Hardy-Weinberg equation is used to calculate the allele (and genotype) frequencies

in a population.

If natural selection is occurring, there would be a change in allele frequency over time

(generations), e.g. a change in the number of heterozygotes.
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6	 Monozygotic twins develop from a single fertilised egg cell.   
Dizygotic twins develop from two separate fertilised egg cells. 

	 (a)	 Describe the role of cell division in the production of monozygotic twins from a 
single fertilised egg cell.

(2)
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	 (b)	 Body mass in humans is a polygenic characteristic.

		  The best definition of a polygenic characteristic is one that involves 
(1)

		  A	 a single allele at a single locus 

		  B	 a single allele at multiple loci

 		  C	 multiple alleles at a single locus

		  D	 multiple alleles at multiple loci 

	 (c)	 The body mass of a group of monozygotic (MZ) twins was studied for 19 years.  
The correlation between the body masses of each set of twins was calculated. 
This was repeated for a group of dizygotic (DZ) twins. 

		  If a set of twins had the same body mass, they would have a correlation of 100%.

		  The results are shown in the graph.
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The zygote divides by mitosis and the cells (embryo) split into two.

This produces genetically identical cells which form genetically identical embryos.

stemup.co.uk

https://stemup.co.uk


15

*P62303A01524* Turn over     

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	 Comment on the effect of genetic and environmental factors in determining the  
body mass of the twins shown in the graph.

(4)
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	 (d)	 Epigenetic changes can cause monozygotic twins to have different body masses. 

		  Explain how epigenetic changes can cause differences in a characteristic.
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(Total for Question 6 = 10 marks)

Monozygotic twins show a higher correlation than dizygotic twins at all ages, about 90%

compared with 22 to 73%.

Therefore genetic factors have a greater effect on body mass, because monozygotic

twins have identical alleles (are genetically identical), whereas dizygotic twins share

fewer alleles.

However, monozygotic twins show less than 100% correlation.

Therefore environmental factors (e.g. diet and exercise) also affect body mass. The

dizygotic correlation falls with age, from about 73% to 22%, as the environments of

the twins become more different.

Epigenetic changes such as DNA methylation or histone modification (acetylation of

histones) occur in response to the environment.

These activate or deactivate genes (switch genes on or off) by changing whether they

can be transcribed.

This affects enzyme production and so affects metabolism, leading to differences in the

characteristic.
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7	 In 1988, the Kariega Game Reserve in South Africa was farmland.

	 In 1989, the following species of antelope were reintroduced: impala, blesbok, 
cape grysbok, bushbuck, duiker, reedbuck and springbok.

	 The reintroduction of springbok was unsuccessful.

	 (a)	 The percentage of species reintroduced successfully to this area was
(1)

		  A	 14%

		  B	 15%

		  C	 85%

		  D	 86%

	 (b)	 In May 2004, two male and two female lions were released into this game reserve. 

		  Explain why these lions were not released into this game reserve until 2004.
(2)
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To allow the antelopes time to reproduce and increase their population size.

Therefore there was a sustainable food source for the lions, and the antelope populations

were able to survive predation.
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	 (c)	 The two male lions were relocated from one region of South Africa.  The females 
were relocated from a different region of South Africa.

		  Explain why choosing lions from different regions increased the genetic diversity 
of the lion population.

(2)
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Lions from different regions are from different gene pools and are genetically different,

so it increases the chances of mating between unrelated lions.

This maintains heterozygosity and a range of alleles in the offspring, reducing

inbreeding.
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	 (d)	 Many areas of South Africa have been converted to game reserves where native 
species have been reintroduced.

		  Within each game reserve, populations of carnivores are controlled.

		  The table shows data for four game reserves. 

Game 
reserve Area / ha

 Ideal population size

Lion Leopard Cheetah Wild dog Spotted 
hyena

Schotia   1 600 6 6   0   6   0

Pumba   6 500 11 4   5   0 11

Kwandwe 19 978 10 4 15 12   0

Kariega 50 000   8 0   0   0   0

		  (i)	 Calculate the difference in the number of hectares (ha) per lion in Kwandwe 
compared with Kariega.

(3)

Answer.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kwandwe: 19 978 ÷ 10 = 1997.8 ha per lion

Kariega: 50 000 ÷ 8 = 6250 ha per lion

6250 − 1997.8 = 4252.2

4252.2 ha
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		  (ii)	 Evaluate the statement that Pumba Game Reserve has a more successful 
reintroduction programme than the one at Schotia Game Reserve.

(4)
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(Total for Question 7 = 12 marks)

Pumba has a greater variety (higher number) of carnivore species than Schotia: 4

compared with 3, and cheetah and hyena are found at Pumba but not at Schotia.

Pumba also supports more carnivores in total, 31 compared with 18.

However, Pumba has no wild dog population, whereas Schotia has 6.

Schotia has a higher number of carnivores per hectare (18 ÷ 1600 = 0.011 per ha) than

Pumba (31 ÷ 6500 = 0.005 per ha), so it supports a higher density of carnivores.

The data only show carnivores, not other species, and are ideal population sizes rather

than actual numbers, so the statement cannot be fully supported.
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8	 The fibres from different species of plants have different properties.   
Therefore, plant fibres can be used in the manufacture of a variety of materials.

	 (a)	 Describe the importance of magnesium ions in the production of plant fibres.
(2)
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	 (b)	 Sisal fibres are extracted from the stems of the plant Agave sisalana.

		  The tensile strength of sisal fibres was investigated and calculated using two methods:

			   •	 calculation using the mean diameter of a number of fibres 
			   •	 calculation using the actual diameter of each fibre

		  Both methods calculated a relative standard deviation by comparing the standard 
deviation to the mean tensile strength.

Calculation 
using

Mean tensile 
strength 

/ MPa

Standard 
deviation 

/ MPa

Relative standard 
deviation

 (%)

Mean diameter 308.9 58.5

Actual diameter 329.5 180.9 54.9

		  (i)	 Calculate the standard deviation when using the mean diameter.
(2)

Answer.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Magnesium is essential to produce chlorophyll, which is needed to produce glucose during

photosynthesis.

Glucose is needed to produce cellulose for the cell walls, which forms the plant fibres.

SD = 308.9 × (58.5 ÷ 100)

= 308.9 × 0.585 = 180.7

180.7 MPa
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Turn over     

		  (ii)	 Explain why the standard deviations were calculated for these data.
(2)

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

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

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

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

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

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

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

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

	 (c)	 Kapok (Ceiba pentandra) is a tree.  
Kapok produces seed pods containing waxy fibres made of cellulose covered in lignin.  
These fibres are used as fillings for cushions.

		  (i)	 Describe the arrangement of glucose monomers in a cellulose molecule.
(2)
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Standard deviation gives an indication of the spread of the data around the mean, so it

shows how reliable (valid) the mean is.

Overlapping standard deviation values would indicate no significant difference between

the means of the two methods.

Beta glucose monomers are connected by 1,4-glycosidic links to form long straight

(unbranched) chains.

Alternate glucose monomers are inverted (rotated 180°).
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		  (ii)	 Devise a method to find the relationship between the actual diameter and the 
tensile strength of kapok fibres.

(6)
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(Total for Question 8 = 14 marks)

TOTAL FOR PAPER = 80 MARKS

Extract individual fibres from the seed pods of kapok, isolating single fibres.

Measure the diameter of each fibre using a microscope with an eyepiece graticule (or

callipers) at several points, and calculate a mean diameter for each fibre.

Control variables: use fibres of the same length, from the same tree, at the same

temperature and humidity.

Clamp one end of each fibre and hang a mass hanger from the other end.

Add increased masses at regular intervals (e.g. 1 g) until the fibre breaks, and record

the mass needed to break it.

Calculate the force (mass × 9.8) and divide the force by the cross-sectional area (πr2)

to find the tensile strength.

Repeat with many fibres of different diameters, at least three of each diameter, to find

a mean at each diameter.

Plot a scatter graph of tensile strength against diameter and use a correlation

coefficient to find the relationship.
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Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material.  
Pearson Education Ltd.  will, if notified, be happy to rectify any errors or omissions and include any such rectifications in 
future editions.
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