Teaching Electricity: Some thoughts

Dan O'Keeffe

In a conversation at the Beginning Physics In-Service, it was suggested that some examples of how some teachers actually introduce a topic, the actual words used, might be of assistance.  Here is my attempt.

Once Coulomb's law was dropped from the course, I never referred to it again.  I found the description of the force between static point charges had no explanatory relevance to DC electricity and moving charges in a wire.  A more meaningful starting point was energy.  Students are familiar with the concept, even if in a qualitative way.

So, a first question could be 'What is a battery?' hoping for the answer 'A source of energy'.  This could be assisted with a display of battery operated toys and devices, and if needed, an apple and a battery, with the question 'What do an apple and a battery have in common?'.  A follow up question might be, 'What type of energy?' with the perhaps obvious answer 'electrical energy'.

A second, possibly rhetorical, question, 'How is a battery a source of electrical energy?' answered with a variation of 'chemicals in the battery react to separate charge' with a comparison with other methods of separating charge, e.g. rubbing feet on the carpet or a plastic ruler with a cloth.

Follow up questions: 'What is written on the side of the battery?  What does the number mean?', with the expected answers 'Volts' and 'amount of energy'.

Another rhetorical question 'So what is Voltage about?, Is it a measure of the amount of energy in a battery?' Answer: No but close, rather it is a measure of how much energy the battery gives to each packet of charge.' (No need to mention coulombs at this stage)

A model of a battery: 

· A battery is like a water pump in a garden water feature raising water to the top so that it can cascade down to the bottom (show image).  A battery raises charge to a high energy level, the charge loses that energy as it flows through wires and resistors around to the other side of the battery.

· A battery with larger voltage is like a pump that raise the water to a higher level.

· A fatter battery with the same voltage is like a better pump that can pump more water up to the same height, or a pump that run for a longer time, that is, it can move charge more quickly, that is a larger current, or it can maintain a current for a longer time before the battery dies.

A rhetorical question: 'What does a voltmeter do?'  Answer: It measures the difference in energy level for a packet of charge between two points in a circuit, that is how much energy is lost or gained by the packet of charge between those two points. If the reading is zero, the energy is neither lost or gained.'

'We now going to investigate how the energy of charge changes as we go around a circuit.'

Give each pair of students:

· a 6V battery,

· two resistors, 1 kohm and 2 kohm, you could make them larger, always different but with the same order of magnitude,

· three wires,

· a multimeter, use a multimeter, preset to DC voltage in an appropriate range with a circuit

Ask the students to construct the following circuit:
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Check that all their circuits are correctly wired

Then ask them to do the following tasks, discussing their measurements each time.

i)
'Connect the leads of the multimeter to points A and F.  This measures the voltage drop between A and F'.


'What did you get?'  Comment: If student give negative values, tell them to reverse the connections. 


'This number tells you how much energy the battery gives to each packet of charge.'


'So on your graph, plot at A how much energy the packet of charge has to start with.'

ii)
'Now we want to measure how much energy the packet of charge loses as it goes around the circuit.  First, connect the multimeter to points A and B.  The reading will tell us how much energy the packet lost in going from A to B'


'What do you get this time?'  Answer should be zero, if no breaks in the circuit.


'So how much energy does the packet of charge still have at B?'


'Plot the value on the graph.'

iii)
'Now continue around the circuit, measuring, recording and plotting as you go.'

	Voltage drop between 
	Reading (V)
	Energy of packet of charge at 
	Value (V)

	F and A
	
	A: 
	

	A and B
	
	B: 
	

	B and C
	
	C: 
	

	C and D
	
	D: 
	

	D and E
	
	E: 
	

	E and F
	
	F: 
	

	F and A
	
	A: 
	


Energy level of Charge
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A
B
C
D
E
F
A

Answers:

Energy level of Charge





A
B
C
D
E
F
A

Now the concepts can be given units.

Energy is measured in Joules.  Give examples from other forms of energy.

A packet of charge is a Coulomb, which equals the total charge of 6.2 x 1018 electrons, or 6,241,000,000,000,000,000 electrons or 6.2 million, million, million electrons.

The voltage of a battery is a measure of how much energy is given to each Coulomb of charge.  So a 6V battery give 6 Joules of energy to each Coulomb.

This can be quantified, e.g. how much energy does a 6V battery give to 3 Coulombs of charge?

This can be written as a formula:

Amount of Energy = Voltage x Amount of Charge or in symbols



W = V x Q

or rearranging V = W/Q, so Volts is equivalent to Joules per Coulomb.  

Current can now be introduced as the rate at which charge moves around the circuit (I = Q/t and amps = Coulombs per second), that is how much charge or how many electrons pass a point in the circuit every second.  

A diversion: If you want to investigate the drift velocity of the electrons in a wire, that is, how fast the electrons are moving through the wire, try this method.

Let the current = 1 amp, and assume the drift velocity of the electron is v cm/s.  Then in one second all the electrons on the cylinder of length, v, will have passed the point A.  So the current at A will equal the total charge of the moving electrons in the cylinder divided by 1 second.
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So what is the total charge of the moving electrons in the volume?

Total charge of the moving electrons = Number of moving electrons x charge on the electron

Number of moving electrons = Number of Copper atoms x Number of free electrons per atom

Number of Copper atoms = (Mass of copper / Atomic Weight of Copper) x Avogadro's Number

Mass of copper = Volume of Copper x Density of Copper

Volume of copper = Drift Speed (v) x Cross Sectional Area (in sq cm) of the wire.

Values:

Charge on the electron = 1.6 x 10-19 Coulomb
Number of free electrons per atom = 2

Atomic Weight of Copper = 63.546 gm/mole
Avogadro's Number = 6.022x 1023 atoms/mole

Density = 8.94 gm/cm3
Area =  x diameter2 / 4
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