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Suitable for: 11–16 years

Curriculum and learning links:
Respiration, work done, power

Learning objectives:
• Explain why lactic acid is produced.
• Calculate the work done by, and power of, students running up stairs.

Activities:

Opening activity

• Ask students what they were doing the last time their muscles cramped or why footballers 
sometimes get cramp at the end of matches.

Development activities

Hand Clench

• Challenge students to clench and release their hands as many times as possible in two 
minutes. You might want to challenge them to see if they can beat you! Discuss what they 
experienced whilst doing this exercise and how lactic acid build-up is linked to cramp.

Work Done

• Ask students how much work they think they have done in the last few minutes.
• Explain to students the equation for work done:

 Work done (J) = force (N) x distance moved in the direction of the force (m)
• Then ask students to calculate the work done by lifting a pile of books a certain height. 

Power

• Show the students some images of cars and ask them which they think does the most work 
and which is the most powerful. 

• Develop this discussion to explain the equation for power. 
Power (W) = work done (J) / time taken (s)
You might like to compare large, slow cars (for example, a 4-wheel-drive) that do lots of work 
in a long time with smaller, faster cars which do less work but in a much shorter time (for 
example, a sports car). If both are travelling the same distance up a hill then the
smaller, faster car is likely to be more powerful. 

• Ask students to think about how they could calculate which of their classmates is the most 
powerful. Explain that they will get into teams and measure the weight of one volunteer in 
their group, the height of a set of stairs and the time it takes the person to run up them. 

• Ask students to use the data that they have collected to work out the power of their teammate. 
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Want to explore further?
• To extend the Hand Clench activity, ask 

students to think about why they continue 
breathing heavily at the end of a race. 
Challenge them to work out how they 
could beat their original number of hand 
clenches in two minutes. 

• A related physiological investigation could 
be completed to measure the volume of 
students’ lungs using a homemade 
spirometer like the one in the photograph. 

• To extend the Power activity, students could 
research the horsepower that different cars 
have or find out more about powerful 
animals – thinking particularly about how 
powerful animals are in relation to 
their size.

Reflect and review
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• To review lactic acid, watch Clip  33 
Compare the class’s results for how many hand clenches they could do in two minutes and 
crown a champion male and female student. 

• To review power, watch Clip  34  to show how horsepower is calculated (care must be taken 
here as Jem uses a different equation). Use the clip to explain that if a 75kg student or 
teacher (exerting a force of 750N) travels up a metre of stairs in one second, they are 
exerting one horsepower. Compare the class’s results for power and crown a champion 
male and female student.

Technician’s notes:
• Newton meters will need to be of the type that students can stand on. 
• Commercial spirometers can be linked to data-logging equipment to measure accurately 

the volume of students’ lungs.

Health and safety:
• Appropriate care must be taken when moving piles of books or running up stairs. 

• The tube in the spirometer should be cleaned prior to students breathing into it.

• It is the responsibility of the teacher to ensure that an adequate risk assessment 

has been completed.

You will need:
• Clip  33  (4’36”)

• Clip  34  (3’21”)
• Set of stairs

• Metre rulers
• Newton meters
• Stopwatches
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