
Episode 218: Mechanical power

Power is the rate at which work is done, i.e. the rate at which energy is transferred by a force. It is likely that your students will be familiar with this definition. They may also have studied power in an electrical context.

Lesson Summary

· Discussion: The meaning of power (10 minutes)

· Worked example: A sample calculation; power = force × velocity (10 minutes)

· Student experiment: Simple measurements of human power (20 minutes)

· Student questions: Practice calculations (20 minutes)

Many of the practical activities suggested earlier in this topic could readily be adapted to relate to power; simply measure the time during which a force acts, and calculate: power = work done/time taken
Discussion: The meaning of power

Give the definition of power – this will probably be revision for your students. Ask for the unit (watt, W) and its relationship to SI base units

(1 W = 1 kg m2 s-3).

Worked examples: A sample calculation; power = force × velocity.

A car engine provides a forward force of 1000 N. If the car is travelling at , what power is developed?

In 1 s, the car travels 20 m. Hence we can calculate:

work done in 1 s = force × distance
work done = 1000 N × 20 m
work done = 20 kJ
power = work done/time taken
power = 20 kJ/1s
power = 20 kW
From this example, you can point out that we could equally have used an alternative form of the equation for power:

power = force × velocity
e.g. power = work done/time taken
power = force  ×  distance (in direction of the force)/time taken
so power = force × velocity.

(However, this only works if the velocity is steady, i.e. the force is not the resultant force on the moving object.)

Student experiment: Simple measurements of human power

Students can perform various physical activities, for example lifting measured weights, and deduce their useful output power, using a stop watch. (Note that the human body is not very efficient in these activities, so the actual power dissipated by the student will be considerably greater than deduced here.)

This is included as it is possible that some of your students are less than confident in this area. It is expected that the majority of students will have already covered this ground.

Episode 218-1: Power of a pupil – running upstairs (Word, 39 KB) - see end of document


Student questions: Practice calculations

The first questions are warm–up exercises which should give students confidence. Note that the first question makes the connection between power, force and velocity (power = force × velocity).

Episode 218-2: Mechanical power (Word, 26 KB) - see end of document
Episode 218-3: Work out with a cycle (Word, 114 KB) - see end of document
Episode 218- 1: Power of a pupil - running upstairs

Apparatus required:

· Bathroom scales

· Flight of stairs

· Stop watch

· Measuring tape or ruler

· Heavy mass (5 kg)

Procedure
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This is a simple experiment to measure a pupil's power - they carry their own mass (themselves) up a known height. The pupils run up a flight of stairs of known height and measure the time that they take to do it. They then measure their own weight and so calculate the work done and the power that they developed. They could also try it carrying one of the other members of the class but it will not be sufficiently safe. Alternatively carrying a rucksack loaded with books will increase their weight.

The power of their arms can be found by lifting weights or using a multi-gym. Don't forget that in some versions of this they have to lift their arms as well - how do you find the mass of an arm?

Warn them about the dangers of dropping a heavy weight on their head!

Measurements

Height risen (h)
=
m

Weight of student
=
N

Time taken

=
s

Calculation

Power = (weight x h)/t  = W

Practical advice
Students must be warned to take care on the stairs.  Slipping and breaking teeth (or worse) is not fun.  With the arm power experiment do not have the arm over a bench; hitting the bench with a weight in the hand is painful.

External references
This activity is taken from Resourceful Physics http://resourcefulphysics.org/
Episode 218- 2: Mechanical power
TAP 218- 2: Mechanical power
This question looks at two ways of considering mechanical power. 

Travelling slowly, at about 5 m s-1. The retarding forces acting on a cyclist are about 5 N.

1.
What propulsive force must the cyclist provide to travel at constant speed?

2.
How much work does the cyclist have to do to cover 15 m?

3.
How long will the cyclist take to cover this distance?

4.
Power is defined by:

Power = energy transferred/ time taken

Calculate the power of the cyclist.

5.
Power can also be given as:

Power = force x velocity.

Show that:    force x velocity = work done/time

Use the equation to calculate the power of the cyclist travelling at 

5 m s-1 described above.  This should agree with your answer to question 4.

6.
At 10 m s-1 the retarding forces are 8 N. Write down the propulsive force required at this steady speed.

7.
Calculate the power the cyclist must deliver to travel at this speed. 

Answers and worked solutions

1.
5 N

2.
Work done = force x distance moved = 5 x 15 = 75 J

3.
time = distance/speed = 15/5 = 3 s

4.
power = energy transferred/ time taken = 75/3 = 25 W

5.
force ( velocity = force ( distance / time = work done / time taken = power


Power = force x velocity = 5 x 5 = 25 W

6.
8 N

7.
power = force x velocity = 8 x 10 = 80 W

External references

This activity is taken from Resourceful Physics http://resourcefulphysics.org/
Episode 218- 3: Work out with a cycle.

You will need to resolve forces and think about energy conservation in this question.

A particularly macho mountain biker sets out to prove something. He attacks a 20% hill. 

1.
Draw the forces acting on the cyclist, whilst in motion.

[image: image1.wmf]
The mass of the cyclist plus bicycle is 100 kg.

2.
Calculate the size of the retarding force due to gravity, acting along the slope. Assume 

g = 10 N kg-1
3.
Calculate the work he must do to move 200 m up the slope.

The cyclist covers this 200 m of road, whilst travelling up the hill, in 75 s. Previous tests show that the retarding force at this speed is 15 N.

4.
Calculate the work he must also do, just to cover any 200 m at this speed.

5.
Find his power output.

Practical advice

This can be quite tricky, using simple physics to perform the analysis. They’re concerned with building up an understanding about forces not along the line of movement affecting the work done and power calculation.

Social and human context

The energy you need to transfer to surmount even a small hill has appreciable effects on the power requirements. So, prior to the invention of the internal combustion engine, with its very high power / all up-weight ratio, engineers had to respect the landscape, trading larger distances covered for more gentle gradients.

Answers and worked solutions

1.
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2.
Slope forms a triangle, with sides in proportion 1: 5: √26
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External references

This activity is taken from Advancing Physics Chapter 9, 280S
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