4.12.2 Potential Difference and Power 3

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
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