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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 The diagram shows an ECG trace and pressure changes in the aorta and in the left 
side of the heart.

ECG

valve A opens

Pressure

Time

left 
atrium

valve B 
closes

valve B opens

left ventricle

aorta

valve A closes

 (a) Valve A is the 
(1)

  A atrioventricular 

  B mitral

  C semi-lunar

  D bicuspid

 (b) Which wave on the ECG trace occurs when the pressure in the left ventricle is highest?
(1)

  A P

  B Q

  C R

  D T
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 (c) Which of these structures functions as the heart’s pacemaker?  
(1)

  A the atrioventricular node (AVN)

  B the bundle of His

  C the septum

  D the sinoatrial node (SAN)

 (d) The heart muscle is described as myogenic. 

  (i) State what is meant by the term myogenic.
(1)

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

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

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

  (ii) An artificial pacemaker may be fitted to a patient’s heart to control the cardiac cycle.

   Early pacemaker models did not change the heart rate. 

   Newer pacemaker models can change the heart rate depending on circumstances.

   Comment on the advantages of these newer pacemaker models.
(4)
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(Total for Question 1 = 8 marks)

The contraction (beating) of the heart muscle is initiated within the muscle itself, on

its own, and does not need a nerve impulse (stimulus).

During exercise there is more muscle contraction, so the muscles need more oxygen and

glucose for respiration, and more carbon dioxide needs to be removed.

The newer pacemaker can increase the heart rate, so it can change (increase) the

cardiac output to match this demand.

This enables the patient to carry out physical activity and exercise, rather than

becoming breathless and fatigued.

The newer pacemaker can also reduce the heart rate when the patient is resting, so the

heart does not work harder than needed.
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2 The diagram shows a model of the structure of the cell membrane.

X

Y

 (a) The part labelled X
(1)

  A allows facilitated diffusion to take place  

  B is absent in animal cells

  C is made of phospholipid  

  D prevents lipid soluble molecules from entering the cell

 (b) The part labelled Y  
(1)

  A allows active transport to take place 

  B allows polar molecules to pass into the cell

  C makes the membrane more fluid 

  D makes the membrane permeable to water-soluble molecules

stemup.co.uk
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 (c) Explain how the properties of molecules affect their transport through the cell membrane.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Small, non-polar (lipid-soluble) molecules such as oxygen and carbon dioxide can pass

through the phospholipid bilayer by simple diffusion.

Large, polar, water-soluble or charged molecules (ions) cannot pass through the

hydrophobic core, so they use transport proteins: channel proteins or carrier proteins.

This is by facilitated diffusion down a concentration gradient, or by active transport

using carrier proteins and ATP against a concentration gradient.

Very large molecules (macromolecules) such as proteins enter or leave by endocytosis or

exocytosis in vesicles.
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 (d) The properties of cell membranes were investigated using samples of tissue from a beetroot. 

  The following procedure was used:

  •  equal sized discs of beetroot were cut and placed in boiling tubes containing 
5 cm3 of different concentrations of ethanol solution

  •  these boiling tubes were placed in a water bath at 20 °C for 30 minutes 

  •  the discs of beetroot were then removed from the solutions

  •  a colorimeter was then used to measure the absorbance of each solution.

  The ethanol solutions contained pigment that had leaked out of the beetroot discs. 
The darker the red colour, the higher the absorbance. 

  Each concentration of ethanol solution was tested seven times.

  The results of this investigation are shown in the table.

Ethanol 

concentration 

(%)

Absorbance / a.u.

1 2 3 4 5 6 7 Mean 
Standard 

deviation

0 0.30 0.14 0.03 0.58 0.14 0.22 0.03 0.21 0.19

10 0.07 0.30 0.04 0.64 0.30 0.42 0.09 0.27 0.22

20 0.35 0.46 0.08 0.75 0.60 0.65 0.10 0.43

30 0.39 0.52 0.27 0.82 0.65 0.67 0.45 0.54 0.19

40 0.28 0.60 0.70 0.88 0.72 0.82 0.63 0.66 0.20

50 0.34 0.72 0.73 0.92 0.85 0.89 0.74 0.74 0.19

60 0.25 0.86 0.73 0.93 0.86 0.90 0.78 0.76 0.23

70 0.43 0.93 0.92 0.95 0.88 0.96 0.93 0.86 0.19
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  (i) Give a reason why the beetroot discs were placed in the same volume of 
ethanol solution.

(1)

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

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

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

  (ii) Explain why the boiling tubes were kept in a water bath.
(2)

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

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

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

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

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

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

  (iii) Calculate the standard deviation for absorption at the ethanol concentration 
of 20% using the formula

(2)

s
n

=
−
−

∑( )x x 2

1

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

Because the volume affects the concentration (dilution) of the pigment, and so the

absorbance.

Temperature affects the permeability of the membranes and the rate of diffusion of the

pigment.

So temperature would affect how much pigment (betalain) is released and so the

absorbance; the water bath keeps the temperature constant at 20 °C.

mean = 0.43

(x − mean)2: 0.0064, 0.0009, 0.1225, 0.1024,
                   0.0289, 0.0484, 0.1089

Σ(x − mean)2 = 0.4184

s = √(0.4184 ÷ 6) = √0.0697 = 0.264

0.264
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  (iv) State why the standard deviation is a better measure of variation than the range.
(1)

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

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

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

  (v) Explain the effect of increasing ethanol concentration on membrane permeability.
(2)

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

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

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

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

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

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

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

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

(Total for Question 2 = 13 marks)

The standard deviation uses all of the data (all 7 values), whereas the range only uses

the highest and lowest values.

As the ethanol concentration increases, the absorbance increases, so the membrane

permeability increases (more pigment leaks out).

This is because ethanol affects (dissolves) the phospholipids of the lipid bilayer,

disrupting the membrane so that the pigment can pass out of the vacuole and cell.
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3 The diagrams show blood samples from two adult patients as seen using a microscope.

Adult 1 Adult 2

Erythrocytes Neutrophil Lymphocyte Monocyte Platelets

 (a) (i) The diameter of the monocyte in Adult 1 is 20 μm.

   Calculate the magnification of the blood sample.
(2)

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

  (ii) Compare and contrast the blood sample from Adult 1 with the blood sample 
from Adult 2.

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Similarities: both samples contain all of the cell types (erythrocytes, neutrophils,

lymphocytes, monocytes and platelets), and in both the erythrocytes are the most

abundant cells.

Differences: Adult 1 has more erythrocytes and more platelets than Adult 2.

Adult 1 has fewer white blood cells (leucocytes) than Adult 2, e.g. Adult 1 has 2

neutrophils while Adult 2 has 4, and fewer lymphocytes and monocytes.

diameter of monocyte in diagram = 11 mm = 11 000 μm

magnification = image ÷ actual = 11 000 ÷ 20

                       = 550

× 550

stemup.co.uk

https://stemup.co.uk
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  (iii) Explain the likely causes of the differences seen in the sample from Adult 2.
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  (iv) Give one assumption that is made to enable a valid comparison between 
these two samples.
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 (b) Explain why Adult 2 had symptoms of tiredness.
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(Total for Question 3 = 11 marks)

Adult 2 has more white blood cells (neutrophils, lymphocytes and monocytes), which is

caused by an infection by a pathogen (bacteria or virus), an immune response or

leukaemia.

Adult 2 has fewer erythrocytes, which may be caused by a lack of iron (anaemia) or

leukaemia.

Adult 2 also has fewer platelets, which may be caused by leukaemia or alcohol.

The same volume (and same dilution) of blood was used in each sample.

Adult 2 has fewer erythrocytes, so there is less haemoglobin to transport oxygen to the

cells.

Therefore there is less aerobic respiration in the cells (more anaerobic respiration).

Therefore less energy (ATP) is released (produced), so Adult 2 feels tired.

stemup.co.uk

https://stemup.co.uk


12

*P55920A01224*

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

4 An experiment was carried out to measure the rate of uptake and loss of water in a 
plant, using a mass potometer. 

 A plant with roots was set up in a flask on a balance and the mass of the plant and 
apparatus was recorded as shown in the diagram. 

plant

oil film

water

balance pan

mark water 
level

cotton wool

a  Record original 
mass of plant 
plus container

c  Add water until the water 
level is restored; record 
volume to be added

b  Record change 
in mass

48 hours

syringe

 The plant was left for 48 hours and the change in mass and volume of water that the 
plant had absorbed were measured.

 The results showed that the plant had lost 3.1 g in 48 hours.

 A volume of 3.2 cm3 of water was added to restore the original water level in the flask.

 (a) The correct conclusion from these results is 
(1)

  A the plant absorbed more water than it lost

  B the plant lost more water than it absorbed

  C the rate of respiration and photosynthesis are the same

  D the rate of transpiration and absorption are the same
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 (b) In which of these conditions would water uptake be slowest?
(1)

  A cold, dry and bright conditions

  B cold, humid and dark conditions

  C warm, dry and bright conditions

  D warm, humid and bright conditions

 (c) Water uptake in plants can also be investigated using a bubble potometer. 

  The diagram shows a bubble potometer.

leafy shoot

water

capillary tube

rubber tube

air bubble
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  (i) Compare and contrast the mass potometer with the bubble potometer as 
methods of measuring the rate of transpiration.

(4)
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   (ii) Describe how the bubble potometer can be used to investigate the effect of 
wind speed on the rate of water uptake.

(4)
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(Total for Question 4 = 10 marks)

Similarities: both methods measure the uptake of water, and both use a seal (oil film or

airtight seal) to prevent evaporation of water from the apparatus.

Differences: the bubble potometer uses a cut leafy shoot, whereas the mass potometer

uses a whole plant with roots.

The bubble potometer is quicker to get results, so it allows repeats, whereas the mass

potometer takes much longer (48 hours).

The bubble potometer only measures the water absorbed, whereas the mass potometer

measures both the water absorbed and the water lost.

Vary the wind speed using a fan, by changing the fan speed setting or placing the fan

at different distances from the shoot.

For each wind speed, measure the distance the air bubble moves in the capillary tube in

a set time, and calculate the rate in cm min-1 (or convert to volume, cm3 min-1).

Keep the light intensity, temperature, humidity and carbon dioxide concentration the

same, and use the same shoot.

Repeat the readings at each wind speed and calculate a mean.
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5 Taxonomy defines and names groups of organisms.

 (a) The correct hierarchy of classification categories is 
(1)

  A domain, kingdom, phylum, class, order, family, genus, species 

  B domain, kingdom, phylum, order, class, family, genus, species

  C kingdom, domain, order, phylum, class, genus, family, species 

  D kingdom, phylum, domain, order, class, family, genus, species

 (b) (i) Describe the information scientists can use to classify an organism as a new species.
(4)
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  (ii) Explain why it may be difficult to classify a newly discovered organism as a 
separate species.

(2)
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Compare the anatomy (morphology), i.e. the physical characteristics, of the organism

with those of known species.

Observe its behaviour, and whether it occupies a different niche.

Use molecular evidence: DNA sequencing, DNA profiling or electrophoresis, protein

biochemistry (molecular phylogeny) and bioinformatics to compare it with other species.

Show that it is unable to breed with other species to produce fertile offspring.

Some species can interbreed and produce fertile offspring, and it is difficult to determine

whether organisms can interbreed and produce fertile offspring.

Species are evolving (changing) over time, and there is variation within a species (e.g.

sexual dimorphism).
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 (c) The hawthorn fly is found in a part of North America.

  The hawthorn fly has separated into two species.

  One species is called the apple maggot fly and feeds on apples.  The other species 
is called the hawthorn fly and feeds on hawthorn fruit.

  The photographs show these two species.

Apple maggot fly Hawthorn fly

  Explain how these two species have evolved.
(3)
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This is sympatric speciation: the flies occupy different niches, feeding on different fruits

(ecological and behavioural isolation).

So there is less mating (breeding) between the apple maggot flies and the hawthorn

flies.

This results in reproductive isolation, so there is no gene flow and different selection

pressures act on each population, so they evolve separately into two species.

stemup.co.uk

https://stemup.co.uk


17

*P55920A01724* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

 (d) Changes in the number of chromosomes of lizards can occur, resulting in speciation. 

  Some lizards are tetraploid (4n) rather than diploid (2n).

  Explain how this speciation has arisen. 
(2)
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(Total for Question 5 = 12 marks)

A mutation, non-disjunction during meiosis, resulted in gametes with extra sets of

chromosomes, so tetraploid lizards formed.

The tetraploid lizards are unable to breed with diploid lizards to produce fertile offspring,

because their gametes have different numbers of chromosomes.
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6 The graph shows the total number of endangered species and the number of new 
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 (a) (i) Calculate the rate of change in the total number of endangered species 
between 1985 and 2015. 

(2)

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

  (ii) Explain how the total number of endangered species and the total number of 
new species listed as endangered each year have both changed.
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The total number of endangered species increases from 400 to about 1685.

The number of new species added (listed) each year determines the change in the

total, as few species come off the total (endangered list).

There is a rapid increase in the total from 1985 to 2001, when many new species are

listed each year.

There is little change in the total between 2001 and 2009, as few new species are

listed in these years.

1985: 400        2015: 1685

change = 1685 − 400 = 1285 species

rate = 1285 ÷ 30 = 42.83
42.8 per year
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  *(b) A student stated that ‘zoos are successful at protecting endangered species 
from extinction’. 

  Evaluate the validity of this statement.
(6)
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(Total for Question 6 = 12 marks)

Keeping endangered species in zoos can protect them, because the animals are kept in a

safe environment, protected from poachers, habitat loss, starvation and predators, and

they are vaccinated, so they are protected from disease.

They run captive breeding programmes, so the numbers of an endangered species can be

increased, and animals can be reintroduced into the wild. Different zoos exchange

animals (or semen) with each other to minimise inbreeding and maintain genetic

diversity.

In addition, zoos provide education and public awareness about endangered species, carry

out research, and the money raised can be used for conservation.

However, animals in zoos may suffer stress, boredom and confinement, and their

behaviour may change because the habitat differs, so they may not breed.

Certain (popular) species are favoured, and captive bred animals may not be successfully

released back into the wild, as they lack the behaviour needed to survive.

Removing individuals from the wild will further endanger the wild population, and

conservation is often more successful in situ, in a reserve, where people can also observe

the wildlife in the wild.

In conclusion, the statement is only partly valid: zoos help to protect some endangered

species from extinction, but they are most successful when combined with conservation

in the wild.
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7 A model can be used to show the effect of surface area on the efficiency of diffusion 
in the lungs.

 The lungs are modelled as two spheres, each with a diameter of 180 mm.

 (a) (i) Calculate the surface area in m2 of a sphere with a diameter of 180 mm, using the formula

Surface area = 4 r2

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m2

  (ii) The volume of this sphere is 3.054 dm3.

   Calculate the surface area to volume ratio for this sphere. 
(1)

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

 (b) The lungs do not consist of two large spheres.  They contain 6000 million small, 
spherical alveoli. 

  (i) Explain how having many alveoli increases the efficiency of the diffusion in 
the lungs.

(2)
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Many small alveoli increase the surface area to volume ratio (a larger surface area for

gas exchange).

So more oxygen diffuses into the blood (capillaries), and more carbon dioxide diffuses

out of the blood, in a given time.

r = 180 ÷ 2 = 90 mm = 0.09 m

SA = 4 × 3.142 × (0.09)2

     = 4 × 3.142 × 0.0081 = 0.1018

0.102

V = 3.054 dm3 = 0.003054 m3

0.102 ÷ 0.003054 = 33.4

33.4 : 1
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  (ii) Explain how other features of alveoli enable efficient diffusion in the lungs.
(3)
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(Total for Question 7 = 8 marks)

The alveolar walls and capillary walls are thin (one cell thick) and close to each other,

so there is a short diffusion distance.

The blood supply (blood flow through the many capillaries) and ventilation maintain a

steep concentration gradient for diffusion.

The alveoli are moist, lined with surfactant, which allows the gases to dissolve before

diffusing; the surfactant also prevents the alveoli from collapsing.
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8 The photograph shows a locust.

 Locusts ventilate their tracheal systems by muscular contractions of their abdomen.

 Devise an investigation to determine the effect of carbon dioxide concentration on 
the rate of ventilation in locusts.

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

TOTAL FOR PAPER = 80 MARKS

Place a locust of the same species, size, age and sex in a sealed container (or a large

syringe) and supply air with different carbon dioxide concentrations.

Use a range of at least five carbon dioxide concentrations, e.g. 0%, 2%, 4%, 6%, 8%

and 10%.

Allow the locust to acclimatise for 5 minutes at each concentration, then count the

number of abdomen contractions (ventilation movements) in a stated time period, e.g. 1

minute, to give the rate per minute.

Allow the locust to recover in normal air between concentrations.

Standardise the size of the container, the temperature, the oxygen concentration, the

light intensity and the time of day.

Repeat the readings at each concentration (with other locusts) and calculate a mean,

then plot rate of ventilation against carbon dioxide concentration.
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