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 Carpal tunnel syndrome is a condition where inflammation in the wrist can press on 
the neurones in the nerves and cause pain in the hand. 
 
Figure 1 shows a diagram of a motor neurone.  
 

Figure 1 
 

 
 

0 1 
 

. 1 
 

State the name and function of structure X. 
 [2 marks] 

  Name  

  Function  

   
 

  

Myelin sheath (Schwann cell)

Electrical insulator: action potentials jump node to node

(saltatory conduction), increasing speed of transmission.
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  A doctor measures the speed of nerve impulses in the arm of a patient who has  
carpal tunnel syndrome. 
 
A decrease in the speed of nerve impulses can show if a nerve is damaged. 
 
Figure 2 shows the position of three electrodes, S1, S2 and R, on the arm of the 
patient. 
 

Figure 2 
 

 
   

The doctor: 
 
• attaches the electrodes to the skin at points S1, S2 and R 
• measures the distance (D) between electrode S1 and S2 
• gives a stimulus to electrode S1 and measures the time taken (T1) for the nerve 

impulse to reach electrode R 
• gives a second stimulus to electrode S2 and measures the time taken (T2) for the 

nerve impulse to reach electrode R. 
 
Figure 3 shows the change in voltage detected by electrode R. 
 

Figure 3 
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  The speed of nerve impulses (Cv) can be calculated using the equation: 

 
  Cv =  

D
T1 − T2

 

 

where  Cv = speed of nerve impulses 
D   = distance  
T1  = time taken for the nerve impulse from 
        electrode S1 to reach electrode R  
T2  = time taken for the nerve impulse from  

 electrode S2 to reach electrode R  
 

0 1 
 

. 2 
 

Calculate the speed of nerve impulses.  Use information from Figures 2 and 3. 
[2 marks] 

 

  

Cv =  ms–1 

   
 

0 1 
 

. 3 
 

Explain how stimulation of the electrode at S2 initiates an action potential in a neurone 
of the nerve. 

 [3 marks] 
   

 
   

   

   

   

   

   

   

   
 

 
Turn over for the next question  

 
7 

 

The stimulus (change in voltage) causes voltage-gated sodium ion (Na+)

channels in the axon membrane to open.

Sodium ions (Na+) diffuse into the neurone, down their electrochemical

gradient.

This depolarises the membrane (the inside becomes less negative / the

potential difference is reversed), so the threshold value is met and an

action potential is initiated.

D = 210 mm = 0.210 m

T1 = 10 ms = 0.010 s;   T2 = 5 ms = 0.005 s

T1 − T2 = 5 ms = 0.005 s

Cv = 0.210 ÷ 0.005 = 42

42
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 The biceps is a muscle in the upper arm.  As the biceps contracts, the length of the 
sarcomeres in the myofibrils of the muscle gets shorter. 
 
The change in the length of a sarcomere causes a change in the relative sarcomere 
force generated. 
 
Figure 4 shows the change in relative sarcomere force as the sarcomere changes in 
length. 
 

Figure 4 
 

 
 

0 2 
 

. 1 
 

The relative sarcomere force initially increases as the sarcomere becomes shorter 
due to an increased number of cross-bridges being formed.  
 
Suggest why the relative sarcomere force begins to decrease again when the 
sarcomere is shorter than 2.6 µm  

 [1 mark] 
  

 
   

  
 

   
 

0 2 
 

. 2 
 

State the sarcomere lengths that can produce a relative sarcomere force of 0.8  
 
Use information from Figure 4. 

 [1 mark] 
   

 
 
 
 
 
 
  µm and  µm 

   

The actin (thin) filaments cannot slide any further / cannot overlap

further: the opposite actin filaments overlap and prevent correct

cross-bridges forming.

2.1 3.1
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. 3 
 

Figure 5 shows sarcomeres from two different myofibrils as seen with an electron 
microscope. 
 

Figure 5 
 

 
 

  Give two pieces of evidence that sarcomere A is from a relaxed muscle. 
 
Use Figure 5 to support your answer. 

 [2 marks] 
 

  
1  

  
 

  
 

  
2  

  
 

  
 

 
 
 
 
 

Question 2 continues on the next page 
 
  

Sarcomere A has a larger (wider) H-zone than B, with less overlap of

thick and thin filaments.

Sarcomere A has a larger (wider) I-band, and its Z-lines are further

apart (the sarcomere is longer) than in B.
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. 4 
 

Aerobic respiration produces ATP. 
 
Describe how ATP is used in muscle contraction.  

 [3 marks] 
  

 
   

  
 

   

   

   

   

   

   

   
 

0 2 
 

. 5 
 

During anaerobic respiration hydrogen ions (H+) are produced. 
 
Hydrogen ions in the muscles inhibit the binding of calcium ions (Ca2+) to the proteins 
in the sarcomere. 
 
Explain how an increase in hydrogen ions causes a reduction in the force of 
contraction of a muscle. 

 [3 marks] 
  

 
   

  
 

   

   

   

   

   

   
 
 
 

Hydrolysis of ATP (ATP → ADP + Pi) by ATPase on the myosin head

re-sets (pivots) the myosin head, ready to recombine with actin.

ADP and Pi on the myosin head are released for the power stroke.

A new ATP binding is used to break the cross-bridges (connections)

between actin and myosin, so the myosin head detaches.

ATP is also used for the active transport of Ca2+ back into the

sarcoplasmic reticulum.

Fewer Ca2+ bind to troponin, so troponin cannot change shape and

tropomyosin cannot change position (move).

So tropomyosin still blocks the myosin binding sites on actin: the

binding sites are not exposed.

So myosin heads cannot bind to actin: fewer cross-bridges (actomyosin

bridges) form, so less force is produced.
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Question 2 continues on the next page 
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. 6 
 

Students investigate the effect of weight training on the circumference of the biceps.  
 
The students use a tape measure around the upper arm to record the circumference 
of the biceps. 
 
This is repeated for all the students, and the mean circumference of the biceps is 
recorded before the investigation and again after 12 weeks of weight training. 
 
Figure 6 shows the mean circumference of the biceps with range bars. 
 

Figure 6 
 

 
 

  Calculate the percentage increase in the mean circumference of the biceps.  
 
Give your answers to 3 significant figures. 

 [2 marks] 
 

   
 
 
 
 
 
 
 
 
 
 
 

          Percentage increase =            % 
 

Before = 29.4 cm;  After = 30.4 cm

Increase = 30.4 − 29.4 = 1.0 cm

% increase = 1.0 ÷ 29.4 × 100 = 3.401%

3.40
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0 2 

 

. 7 
 

State two conclusions that the students can make about the results of the 
investigation in Figure 6. 

 [2 marks] 
  

1  
  

 
  

 
  

2  
  

 
  

 
 
 
 
 
 

Turn over for the next question 
  

 
14 

 

Weight training increases the mean circumference (size) of the biceps

(from 29.4 cm to 30.4 cm).

The difference between the means is unlikely to be significant, as the

range bars overlap; not all individuals increased in size.
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 Pacinian corpuscles are receptors under the skin that detect changes in pressure. 
 
Figure 7 shows a diagram of a Pacinian corpuscle as seen under an electron 
microscope. 
 

Figure 7 
 

 
 
 

0 3 
 

. 1 
 

Calculate the actual distance Y–Z in Figure 7.  
 
Give your answer in micrometres. 

 [2 marks] 
 

  

 
 
 
 
 
 

          Actual distance =         µm 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Image Y to Z = 37 mm = 37 000 µm

Actual = image ÷ magnification

= 37 000 ÷ 40 = 925 µm

925
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  Scientists investigate the function of a Pacinian corpuscle. 

 
The scientists: 
 
• put two microelectrodes, C and D, on a Pacinian corpuscle as shown in Figure 8 
• apply three different levels of pressure to the Pacinian corpuscle using a pressure 

probe 
• record if there is an increase in voltage at microelectrodes C and D. 
 

  The three levels of pressure are: 
 
• light pressure 
• medium pressure 
• high pressure. 
 

Figure 8 
 

 
 

Pressure applied by 
probe 

Increase in voltage at 
microelectrode C 

Increase in voltage at 
microelectrode D 

Light Yes No 
Medium Yes No 
High Yes Yes 

 

 
 
 
 
 

Question 3 continues on the next page 
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  The scientists remove the outer layers of the corpuscle and repeat the investigation, 
as shown in Figure 9. 
 

Figure 9 
 

 
 

Pressure applied by 
probe 

Increase in voltage at 
microelectrode C 

Increase in voltage at 
microelectrode D 

Light Yes No 
Medium Yes No 
High Yes Yes 

 

 
 

  The scientists damage the end of the neurone and repeat the investigation, as shown 
in Figure 10. 
 

Figure 10 
 

 
 

 
Pressure applied by 
probe 

Increase in voltage at 
microelectrode C 

Increase in voltage at 
microelectrode D 

Light  Yes No 
Medium  Yes No 
High  Yes No 
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0 3 

 

. 2 
 

Give three conclusions the scientists could make about the results of this 
investigation. 

 [3 marks] 
  

1  
  

 
  

 
  

2  
  

 
  

 
  

3  
  

 
  

 
 
 

0 3 
 

. 3 
 

Another group of scientists want to repeat the investigation.   
 
Suggest what additional information the first group of scientists would need to provide.   

 [1 mark] 
  

 
   

  
 

 
 
 
 
 

Turn over for the next question 
  

 
6 

 

High pressure is required to increase the voltage at D: only high

pressure reaches the threshold to generate an action potential.

The outer layers are not required for an increase in voltage at C or D

(to generate an action potential).

Damage at the end of the neurone prevents an increase in voltage at

D (prevents transmission of the impulse along the neurone).

The values (and units) of the pressure applied by the probe for light,

medium and high pressure, and the values (units) of the voltage

increases.
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. 1 
 

Mammals have different types of stem cell during their development, each with 
different properties. 
 
Complete Table 1. 

 [3 marks] 
 

Table 1 
 

Type of stem 
cell 

Stage of 
development where 
these stem cells are 

found 

Property of these 
stem cells 

 Embryo  
 

  Can be used to 
make one type of 

cell 

Pluripotent  
  

 
 

 
 

0 4 
 

. 2 
 

Suggest two reasons why the use of stem cells from adults has increased but the use 
of stem cells from embryos has not. 

 [2 marks] 
  

1  
  

 
  

 
  

2  
  

 
  

 
 
 
 
  

Adults can give consent but an embryo cannot (embryos could form

new life and are destroyed when cells are collected).

Adult stem cells are easier to collect (more readily available); stem

cells taken from the patient reduce the chance of rejection.

Totipotent Can make any
type of cell

Unipotent Adult (mature)

Embryo Can make almost
any type of cell

stemup.co.uk

https://stemup.co.uk


17 

*17* 

Turn over ► 
 

IB/H/Jan22/BL04 

 

Do not write 
outside the  

box 

 
0 4 

 

. 3 
 

In one type of leukaemia the bone marrow of a patient produces blood cells that do 
not work correctly.   
 
To treat this type of leukaemia:   
 
• the patient’s bone marrow is destroyed 
• bone marrow stem cells from a healthy person are given to the patient 
• the patient is given immunosuppressant drugs that weaken their immune system. 
 
Explain why each part of the treatment is important. 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
   

 
 
 
 
 

Turn over for the next question 
  

 
8 

 

The bone marrow is destroyed because the faulty bone marrow would

still produce faulty blood cells.

The healthy bone marrow stem cells will divide and differentiate into

(produce) new, normal blood cells.

Immunosuppressant drugs stop the patient's immune system rejecting

the donated bone marrow (the T cells cannot attack the foreign

antigens on the donor cells).
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0 5 
 

 
Changes to the heart rate can be controlled by part of the brain.   

 
 

0 5 
 

. 1 
 

Describe how increased carbon dioxide concentration in the blood causes an increase 
in the heart rate.  

[4 marks] 
   

   

   

   

   

   

   

   

   

   

   

   

   
 

  

More CO2 lowers the pH of the blood; this is detected by

chemoreceptors in the walls of the carotid arteries and the aorta.

The chemoreceptors send more nerve impulses to the cardiovascular

centre in the medulla (oblongata).

The medulla sends more nerve impulses along the sympathetic nervous

system (sympathetic neurones),

to the sinoatrial node (SAN), which increases its frequency of impulses,

so the heart rate increases.
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  Changes to the heart rate can also be controlled by the hormone, adrenaline.  

 
Adrenaline binds to receptors on heart muscle cells, increasing blood pressure.   
 
A drug called sotalol can be used to reduce high blood pressure.  
 
Figure 11 shows part of the structure of adrenaline and of the drug sotalol. 
  

Figure 11 
 

 
 
 

0 5 
 

. 2 
 

Suggest how sotalol reduces high blood pressure. 
 
Use information from Figure 11.  

 [3 marks] 
   

   

   

   

   

   

   

   

   

 
Question 5 continues on the next page  

Sotalol has a similar shape to part of adrenaline (both have the same

OH and N-H side chain), so it is complementary to and binds to the

adrenaline receptors.

Sotalol prevents adrenaline binding: it competes with adrenaline (a

competitive inhibitor).

Sotalol does not make the heart beat faster, so it does not increase

blood pressure.
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  With some medical conditions the heart beats too slowly.  This can be treated with an 
artificial pacemaker that stimulates the heart to beat.  The pacemaker delivers two 
separate pulses of electricity per heartbeat, one pulse after the other pulse. 
 
An artificial pacemaker has: 
 
• a pulse generator inserted under the skin of the chest  
• electrodes that go inside the heart chambers.  
 
Figure 12 shows the position of an artificial pacemaker in the chest. 
 

 
Figure 12 
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. 3 
 

Describe how the two pulses from the pacemaker will make the heart beat at a normal 
rate. 

 [4 marks] 
  

 

   

   

   

   

   

   

   

   

   

   

   
   

 
0 5 

 

. 4 
 

A battery powers the pulse generator of the artificial pacemaker.  This battery lasts   
10 years.  
 
Suggest one advantage of placing the pulse generator under the skin rather than 
inside the heart.  

 [1 mark] 
  

 

   

   
 
 
 
 
 

Turn over for the next question 
 

 
12 

 

The first pulse (from the electrode in the atrium) stimulates the atria

to contract, as the SAN should do.

The delay between the two pulses allows the atria to empty and the

ventricles to fill with blood.

The second pulse (from the second electrode) stimulates the ventricles

to contract, as the AVN should.

The second electrode is at the bottom of the ventricle, so the heart

contracts from the apex upwards (the impulse spreads up the ventricles

via the Purkinje fibres).

The battery can be replaced without opening the heart (less invasive

surgery to put it in in the first place).
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 Phototropism is a plant growth response to light.  
 
A student investigates the response of seedlings to light. 
 
The student: 
 
• selects two seedlings with vertical stems 
• puts one seedling on a turntable that stays still, as shown in Figure 13 
• puts the other seedling on a turntable that turns four times per hour, as shown in 

Figure 14 
• covers each seedling with a cardboard box with a window cut into one side. 
 

  Figure 13 and Figure 14 show the plants after 3 days. 
 
                         Figure 13                                        Figure 14       

   

 
 

0 6 
 

. 1 
 

Give the reason why the student puts each seedling in a box with a window cut into   
one side. 

 [1 mark] 
  

 

   

   

 
  

To ensure the light comes from one direction only (to exclude other

light sources).
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0 6 

 

. 2 
 

Give the reason why the student puts the seedling in Figure 14 on a rotating 
turntable. 

 [1 mark] 
  

 

   

   
 
 

0 6 
 

. 3 
 

The student thinks that the plant growth substance indoleacetic acid (IAA) causes the 
results shown in Figure 13 and in Figure 14.  
 
Describe how IAA could cause these results.  

 [3 marks] 
  

 

   

   

   

   

   

   

   

   
 
 

0 6 
 

. 4 
 

The student concludes that all parts of plants show positive phototropism. 
 
Give one reason in support of this conclusion and one reason against this conclusion. 

 [2 marks] 
  

In support  
  

 
  

 
  

Against  
  

 
  

 
 
 

It turns so that all sides of the plant are exposed to the light equally.

In Figure 13, IAA moves away from the light side of the shoot to the

shaded side (more IAA on the shaded side).

More IAA on the shaded side causes more cell elongation (growth) on

that side, so the shoot bends towards the light.

In Figure 14, IAA is evenly spread on all sides, so the shoot grows

straight up.

The plant grows (bends) towards the light source, so it shows

positive phototropism.

Only one plant (one species) for only 3 days, and we do not

know what is happening to the roots or other plant parts.
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. 5 
 

The student wants to know if all wavelengths (colours) of light cause positive 
phototropism. 
 
Describe an investigation to test which colours of light cause positive phototropism.  

[4 marks] 
  

 

   

   

   

   

   

   

   

   

   

   

   
 
 

0 6 
 

. 6 
 

IAA is part of a group of plant growth substances called auxins.  
 
Some artificial auxins are used to kill weed plants. 
 
These artificial auxins cause a build-up of a different plant growth substance called 
abscisic acid (ABA). 
 
Suggest how artificial auxins that cause a build-up of ABA kill the weeds.   

 [2 marks] 
  

 

   

   

   

   

   
  

 
13 

 

Put seedlings in boxes with a window cut into one side, as in Figure 13,

on a turntable that stays still.

Cover each window with a different coloured filter (e.g. red, blue, green)

so each colour of light is tested separately.

Control variables: the same plant species, same age and height of

seedling, same temperature, same light intensity and the same time (3

days) for the response.

Use replicates: at least 5 seedlings for each colour; record whether each

shoot bends towards the light and measure the angle of bending.

ABA causes the stomata to close,

so less CO2 diffuses into the leaves, so there is less photosynthesis and

less sugar is produced, so the weeds die.
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A student investigates the effect of different exercise intensities on body temperature 
and on the time taken to lower body temperature back to the resting level. 
 
The student puts 30 people into groups at random (10 per group). Each group takes 
part in low- or medium- or high-intensity exercise.   
 
Each person rides an exercise bicycle for 30 minutes. 
 
The student measures body temperature: 
 
• at rest  
• at the end of the exercise and  
• every 15 minutes during recovery. 

 
Table 2 shows the mean body temperatures for each group. 
 

Table 2 
 

 Mean body temperature / °C 

Exercise 
Intensity 

At rest 
End of 

exercise 
Recovery 

15 min 
Recovery 

30 min 
Recovery 

45 min 
Recovery 

60 min 

Low 36.9 37.8 37.6 37.2 36.9 36.9 

Medium 36.9 38.6 38.0 37.6 37.3 36.9 

High 36.9 39.0 38.3 37.8 37.4 37.1 
 

 
 

0 7 
 

. 1 
 

Describe the effect of exercise intensity on: 
 
• body temperature  
• the time taken for body temperature to return to the resting level.  

 
Use information from Table 2. 

 [2 marks] 
  

Body temperature  

   

   

  Time taken  

   

   
 
 
  

The more intense the exercise, the higher the body

temperature gets (low 37.8, high 39.0 °C).

The more intense the exercise, the longer it takes to return

to resting (low 45 min; high over 60 min).
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The student repeats the investigation, but this time measures the temperature of the 
leg muscles:  
 
• at rest  
• at the end of the exercise and  
• every 15 minutes during recovery. 
  
Table 3 shows the mean leg muscle temperatures for each group. 

 
Table 3 

 
 Mean temperature of leg muscles / °C 

Exercise 
Intensity 

At rest 
End of 

exercise 
Recovery 

15 min 
Recovery 

30 min 
Recovery 

45 min 
Recovery 

60 min 

Low 33.8 37.0 36.0 35.8 35.2 34.6 

Medium 33.8 37.8 37.0 36.0 34.9 34.2 

High 33.8 38.3 37.1 36.0 35.0 34.2 
 

 
 

0 7 
 

. 2 
 

The student concludes that the results in Table 2 and Table 3 show that temperature 
is dependent on exercise intensity.  
 
Evaluate the student’s conclusion. 
 
Use information from Table 2 and Table 3.  

 [3 marks] 
  

 

   

   

   

   

   

   

   

   
 
 
 

 
Question 7 continues on the next page 

  

Higher intensity raises temperature most: body temperature and leg

muscle temperature are both highest after high-intensity exercise (39.0

and 38.3 °C).

However, muscle temperature takes longer to return to resting for low

intensity (34.6 °C at 60 min) than for medium or high (34.2 °C).

No statistical test or SD, so the difference might not be significant; no

information on the gender, age, BMI or fitness of the people.
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A different student investigates two different methods of recovery from exercise.  
 
All the people exercise at high intensity on exercise bicycles for 30 minutes.  
 
For the recovery time the people are randomly put into two groups:  
 
• the active group where the people cycle slowly during recovery   
• the inactive group where the people sit on the exercise bicycles but do not cycle 

during recovery.  
 

The student: 
 
• measures the amount of sweat produced by each person during recovery 
• calculates a sweating rate for each person  
• calculates a mean sweating rate for each group. 

 
Figure 15 shows the mean sweating rate for the different types of recovery. 
 

Figure 15 
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0 7 

 

. 3 
 

People in the active group lower their temperature to resting body temperature more 
quickly than people in the inactive group.  
 
Explain why.  
 
Use information from Figure 15.  

 [3 marks] 
  

 

   

   

   

   

   

   

   

   
 
 
 
 
 

Question 7 continues on the next page 
 
  

The active group has a higher rate of sweating at each time point (e.g.

at 30 min 1.1 compared with 0.8 mg min-1 cm-2), so more sweat for a

longer time.

Sweating cools the body by evaporation of water from the skin (latent

heat).

So increased sweating and evaporation causes greater heat loss (more

cooling).
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Vigorous exercise at high external temperature can cause heat stroke.  
 
A body temperature above 40.5 °C for more than an hour can cause heat stroke.  If a 
person does not get medical help, heat stroke can cause multiple organ failure and 
death.  
 
Figure 16 shows the effect of the same treatment given to patients at risk of heat 
stroke.  
 
Early treatment starts within 10 minutes of symptoms occurring. 
 
Late treatment starts after 50 minutes of symptoms occurring. 
 

Figure 16 
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Patients given early treatment for heat stroke are less likely to suffer serious medical 
problems.  
 
Explain why.  Use data from Figure 16.  

 [3 marks] 
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. 5 
 

A body temperature that stays above 37 °C for a long time can cause damage to cells. 
 
Give two examples of how a high temperature can damage cells. 

 [2 marks] 
  

 

   

   

   

   

   
 
 
 
 
 

Question 7 continues on the next page 
 

Early treatment reduces body temperature faster.

With early treatment, body temperature is below the critical temperature

(40.5 °C) at 47 min, but with late treatment it is only below it at 95

min.

So with early treatment, body temperature is below 40.5 °C within the

hour, avoiding heat stroke; with late treatment it is above 40.5 °C for

more than an hour, causing heat stroke.

High temperature denatures enzymes (changes the shape of the active

site, so substrates no longer fit).

High temperature damages the cell membrane (e.g. denatures membrane

transport proteins and makes the phospholipid bilayer too fluid).
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In patients with heat stroke, some of the usual homeostatic control mechanisms fail 
and they are unable to cool their bodies quickly enough.  
 
Symptoms of heat stroke include pale skin and muscle cramps.  
 
Suggest why.  

 [2 marks] 
  

 

   

   

   

   

   
 
 
 
 
 

END  OF  QUESTIONS 

 
15 

 

Pale skin: vasodilation is not occurring (vasoconstriction is occurring), so

less blood flows near the skin surface.

Muscle cramps: loss of water in sweat causes dehydration, and loss of

ions in sweat damages muscles and nerves.
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