
Episode 106: Electrical power

Students may need to be reminded of the idea that power is the rate of doing work (or the rate at which energy is transferred).

Lesson Summary

· Discussion: How to calculate electrical power (15 minutes)

· Student questions: Calculations (30 minutes)

· Discussion: Reviewing progress, checking understanding (30 minutes)

Discussion: How to calculate electrical power

Start with some theory, reinforcing the idea of voltage and using the equations:

Δ E = V ×  Δ Q and Δ Q = I ×  Δ t
to derive Δ E = I × V Δ Q
The rate of doing work is the power:

P = Δ E/ Δt
P = I × V
Discuss the significance of this using familiar examples; e.g. a 100 W lamp connected to 230 V (ac) supply; an electric kettle (about 2.0 kW); power station transmitting 1.0 GW along transmission lines illustrating the need to transmit at high voltage in order to reduce losses due to heating.

Episode 106-1: Lamp lighting (Word, 36 KB) – see end of document
Student questions: Calculations

These questions, which can be used in class or for homework will give you the opportunity to asses your students’ understanding at the end of this introduction to electric circuits – see the discussion below.

Episode 106-2: The power of a torch bulb (Word, 20 KB) – see end of document
Episode 106-3: Kinds of the light bulbs (Word, 47 KB) – see end of document
Episode 106-4: Power of appliances (Word, 59 KB) – see end of document
Discussion: Reviewing progress, checking understanding

In discussing students’ work on this topic, there are a number of things to look out for. Students may fail to discriminate between terms – current and voltage in particular.

Potential difference (pd) versus voltage

pd has the advantage that it emphasises that we are measuring a change between two different points in an electric circuit (rather than flow at one point).

Electromotive force

(emf) is a term for voltages across sources of electrical supplies (cells or power packs).

Cells becoming discharged

charge is not used up, energy is transferred and, usually, dissipated.

This is a good time to reinforce some other ideas:

Conventional current:

This flows (by definition) from positive to negative around the external circuit (inside the cell chemical reactions pump charge carriers to the terminals). Some students may say that physicists got it wrong because we now know that electrons flow the other way. Whilst there would have been some advantages in reversing the definition of current flow (or of sign of charge on an electron) it is really an arbitrary choice. You can illustrate this by discussing current flow and movement of charge carriers in an electrolyte (or an ionised gas). Positive ions go one way, negative ions go the other way, and so however current is defined there will always be examples where current direction and charge carrier movement are opposite.

Current flows all around a circuit

Including through the cell itself.

They will find it hard to believe that charge carriers on average drift slowly and yet the effects of an electric current are transmitted very rapidly (at the speed of light in the medium). It may be worth pointing out that the electrical influence is spread through the field between charges and this travels at the speed of light. At a lower level the analogy of cars moving off when a traffic light changes is good – the influence spreads down the line of cars far more rapidly than the speed of any individual vehicle.

A useful analogy for charge flow – a bicycle chain

The chain is a way of doing work remotely. It allows a cyclist to pedal in one place in order to turn a wheel in another place. Having cycled for ten minutes, the energy stored chemically by the cyclist (the cell) will have gone down. The rate at which links pass any point is constant all round the circuit

  i.e. the flow of links (the current) is not used up. Also, the chain itself is not used up (neither is charge) and stops when the cyclist stops pedalling (when the circuit is switched off). The quantity that is 'used up' is the reactants (sugars plus oxygen) in the cyclist (the chemicals in the cell).

Yet another analogy

Skiers (charges) being lifted up a mountain by a ski lift (working mechnically or electrically) and then skiing down a slope (resistor). This is particularly useful for the idea of voltages in parallel circuits. Parallel slopes drop different skiers through the same vertical height (equal voltages across components in parallel).

Episode 106- 1: Lamp lighting

Historical context

Electric lighting is only a century or so old, and electrical supplies to nearly all homes in this country are much younger than that. But it is now taken so much for granted that it is hard to imagine a world without electric light – until you step into one in another country. The power of electric lights varies widely, from a fraction of a watt for a torch bulb to several thousand watts for aircraft lights (often used at pop concerts).

Requirements

· filament lamp, 12 V, of various nominal powers, 5 W, 24 W, 36 W, 48 W, 100 W 

· 2 demonstration multimeters

· demonstration joule meter

· hand-held stop-watch

· 4 mm leads

· power supply, 0 – 12 V dc and ac, 6 A at least, 8 A preferable
Power from different lamps
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In a darkened room, a number of different lamp bulbs, all running at 12 V, can be seen to give very different brightnesses. Their power can be measured in two different ways:

1.
Use an ammeter and a voltmeter to measure the current I through the lamp and the potential difference V across the lamp. The current is the rate of flow of charge in coulomb per second. The potential difference is the energy in joule per coulomb of charge flowing. Thus the power in joule per second is the current multiplied by the potential difference:

P = I V

2.
You could also use a joule meter to measure the energy E dissipated by the lamp over a known time t. Divide the energy by the time:

P = E / t

The two methods should give the same result, if the instruments are correctly calibrated. But instruments are not all perfect and this may be a way to check up on them. In the results here, the joule meter and clock consistently give slightly higher values of the power than the ammeter and voltmeter. You may find similar discrepancies, which are worth discussing.

	Lamp
	Energy
J
	Current
A
	Power E / t
W
	Power I V
W
	Working resistance
Ω

	12 V, 5 W
	680
	0.42
	6.8
	5.04
	28.6

	12 V, 24 W
	2340
	1.7
	23.4
	20.4
	7.1

	12 V, 36 W
	2770
	2.05
	27.7
	24.6
	5.9

	12 V, 48 W
	5730
	4.15
	57.3
	49.8
	2.9

	12 V, 100 W
	11580
	7.4
	116
	88.8
	1.6


The joule meter was measuring for 100 seconds.
Outcomes

1.
Power is the rate of transfer of energy. Its units are joule per second or watt. 

2.
In the case of electrical power, 
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Practical advice

Strategy

This demonstration can be varied according to students' background in electrical power from pre-16 level.

Basic introduction

Show with a quick demonstration that power dissipated is given by the product of current and voltage (J / s = C / s × J / C), energy, time, current and voltage being measured separately, observing the different brightnesses of the lamps. Nominal power ratings can be checked, and also the calibrations of the meters against each other. Discrepancies will almost certainly be apparent, and this can lead to good discussion on calibration and standards.

Some joule meters can be used in power measuring mode, so that P = I V could be checked directly for the series of lamps. Again, nominal values and agreement of meter readings can be checked. This might be appropriate for students who already have a secure grasp of power as rate of transfer of energy.

A discussion of joule heating formulae can develop 

P = I V = V2 / R = I2 R. This is a good exercise in thinking about constants and variables. It seems to many students that power is simultaneously proportional and inversely proportional to resistance!  They could be challenged to explain this apparent paradox.

The demonstration

The joule meter runs from its own mains supply, most being based on a solid state current-voltage multiplier. The output from this can drive either an external meter (watt meter mode), or can supply a train of pulses at equal energy increments which are fed to a mechanical or digital display, providing a direct indication of the energy dissipated (joule meter mode). A dc supply is preferable, but ac can be used. 

Social and human context

Consider the importance in daily life of:

· electric light in the home

· electric street lighting

· electric light in entertainment

· electric light in factories (24 hour working is possible)

What would it be like without each?
External references

This activity is taken from Advancing Physics Chapter 2, 130D
Episode 106- 2: The power of a torch bulb

3 V; 0.5 A is written on the packet of torch bulbs.

1.
Use your ideas about electrons to describe the mechanism of the energy transfer when the torch is 'on'.

2.
Calculate the power conversion for the bulb in normal use.

3.
The life of the bulb is approximately 10 hours.

How much energy will it have dissipated in its lifetime?

Answers

1.
Electrons going down a potential difference pass energy to vibrations of atoms in the filament. Energy leaves the filament carried by electromagnetic radiation (light and infrared) 

2.
1.5 W

3. 54 000 J

External references

This activity is taken from Advancing Physics Chapter 2, 20S

Episode 106- 3: Kinds of light bulb

People use electric light bulbs for many purposes, from a torch used to light up a path home, to aircraft searchlights. These lamps differ tremendously in the power they use.

1.
All bulbs are stamped with two different values, for instance 36 W, 12 V. What do these numbers tell you?

2.
You can also use these values to calculate the current through the bulb filament. The table below shows these values for five different bulbs. Use a suitable formula to calculate the missing values.

	Bulb
	Power / W
	pd / V
	Current / A

	Headlamp
	36
	12
	

	Torch bulb
	0.09
	3
	0.03

	Filament bulb
	100
	230
	

	Flashlight bulb
	4.5
	9
	0.5

	Energy Saving bulb
	24
	230
	


Fuse protection

3.
Explain why appliances are protected by a fuse and explain how the fuse provides this protection.

4.
The table shows the power rating and voltage as marked on a number of appliances. Calculate the operating current of each appliance. Suggest a suitable fuse value for each appliance choosing from the fuse values given.

	Appliances
	Power rating
	pd / V
	Operating current / A
	Suggested fuse values choosing from 3 A; 13 A

	Iron
	1200 W
	230
	

	


	Vacuum cleaner
	900 W
	230
	

	


	Headlamp
	48 W
	12
	

	


	Jug kettle
	2.4 kW
	230
	

	


	Radio
	100 W
	230
	

	


	Travel kettle
	340 W
	120
	

	


	Microwave
cooker
	1.4 kW
	230
	

	



Answers and worked solutions

1.
Power in watts – rate of energy use; operating potential difference in volts, pd at which it is designed to work.

2.


	Bulb
	Power / W
	pd / V
	Current / A

	Headlamp
	36
	12
	3.0

	Torch bulb
	0.09
	3
	0.03

	Filament bulb
	100
	230
	0.43

	Flashlight bulb
	4.5
	9
	0.5

	Energy Saving bulb
	24
	230
	0.10


3.
To prevent too much power passing through the cable, the fuse is to protect the cable not the appliance (the fuse melts).

4.





	Appliances
	power rating
	pd  / V

	operating current / A
	Suggested fuse values choosing from 3 A;  13 A

	Iron
	1200 W
	230
	5.2
	13

	Vacuum cleaner
	900 W
	230
	3.9
	13

	Head lamp
	48 W
	12
	4.0
	13

	Jug kettle
	2.4 kW
	230
	10
	13

	Radio
	100 W
	230
	0.43
	3

	Travel kettle
	340 W
	120
	2.8
	3

	Microwave cooker
	1.4 kW
	230
	6.1
	13


External references

This activity is taken from Advancing Physics Chapter 2, 30S
Episode 106- 4: Power of appliances

Travelling kettle

Kasim has to travel abroad as part of his work. Knowing that not all hotels provide a 'Welcome Tray' he buys a travel kettle so he can always make coffee for himself. The kettle is marked:
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On the package is written: 'Takes less than 4 minutes to boil on 230 V and 7 minutes on 120 V'

1.
Explain the meaning of the power rating: 720 W



2.
Why would boiling some water in the kettle in New York (power supply: 120 V) take longer than in Belfast (power supply: 230 V).

3.
Calculate the current through the element on each setting.



4.
After his trip to New York, Kasim forgets to switch over the voltage setting to 230 V. Why might the kettle be damaged by leaving it at the 120 V setting?



5.
Suggest a suitable fuse value to use in the plug to protect the kettle from overheating.



Practical advice

You may wish to change the name of the traveller or the countries he / she visits to suit your students.

Alternative approaches

Bring in travelling appliances, look at the rating plates and discuss the need for different settings. Ask how this is accomplished. Ask what differences one may notice using the appliances.

Answers and worked solutions

1.
720 J of energy is delivered per second to the kettle to heat the water and surroundings.

2.
The water will take longer to heat up in New York since the energy is transferred more slowly. 

3.
230 V setting you get 3.1 A; 120 V setting you get 2.8 A

4.
Almost double the pd across the element will result in double the current, leading to 
4 times the power and serious overheating which will damage the insulation.

5.
5 A fuse will stop too high a current flowing.

External references

This activity is taken from Advancing Physics Chapter 2, 110S
PAGE  
11

_1203336323.unknown

