
Episode 108: Resistance

The idea of resistance should be familiar (although perhaps not secure) from pre-16 science course, so there is no point pretending that this is an entirely new concept. A better approach is to draw out what they know. The aim of this first episode is to provide a quantitative definition for resistance (R = V / I) which reinforces the qualitative notion that more resistance means less current. In addition, we will look at Ohm’s law, which is not the same thing as the definition of resistance.

Summary

Demonstration: The meaning of resistance. (10 minutes)

Discussion: Defining resistance. (10 minutes)

Worked Example: Calculating resistance. (5 minutes)

Student Questions: Simple calculations. (10 minutes)

Student Experiment: Characteristics of metal wire. (40 minutes)

Discussion: Ohm’s law. (10 minutes)

Demonstration:

The meaning of resistance
Illustrate the idea of resistance with a quick demonstration. It should be clear from the demonstration that, as more resistors are added (in series) the current (and brightness of the lamp) fall whilst the voltage (electrical push) remains constant. Lead them to the idea that resistance determines the number of ‘volts per amp’ needed to maintain the current.

TAP 108-1: Increasing resistance decreases current
Discussion:

Defining resistance
Now define resistance:  R = V/I pointing out that this is the ratio of the pd across a component to the current flowing through it (i.e. literally ‘volts per amp’). Define the ohm (() (again point out that 1 ohm is 1 volt per amp).

1  = 1 V A-1
Point out that kilo-ohms (k() and mega-ohms (M() are commonly used:

1 k( = 1000 (
1 M( = 1000 k( = 1 000 000 (
Worked example:

Calculating resistance
Calculate the resistance of a lamp when a pd of 10 V makes a current of 2 mA flow through it. (This will give practice in handling powers of 10.)

R = V/I = 10 / 2 ( 10-3 = 5 ( 103 = 5000  = 5 k
Student questions:

Simple calculations
With weak groups it may be worth spending a few minutes letting them calculate resistances from R = V/I when currents are given in amps, milli-amps and micro-amps. This will save errors later when they measure their own currents and use the results to calculate resistance.

TAP 108-2: Introductory questions on resistance.
Student experiment: 

Characteristics of metal wire
This episode concludes by measuring the voltage/current characteristic for a metal (constantan) wire. (This could be included with the other characteristics in the next episode but if it is done prior to those then Ohm’s Law can be used to interpret later results - leading to the ideas of ohmic and non-ohmic behaviour).

TAP 108-3: Electrical characteristics of a metal wire
Discussion:

Ohm’s law
Most electrical engineers identify the equation V = IR with Ohm’s Law but this won’t do for 
post-16 examinations! Historically, Ohm showed that the resistance of a metal under constant physical conditions (particularly temperature) is constant. The experiment above should have demonstrated this by generating a straight line graph that passes through the origin: if I is directly proportional to V (or the other way around) then Ohm’s law is obeyed. Any conductor (metallic or otherwise) that behaves in this way is described as an ‘ohmic conductor’. 

It might well be worth spending some time reinforcing the meaning of ‘directly proportional’ and emphasising that the graphical characteristic is a straight line graph that passes through the origin.

TAP 108-4: Electrical characteristics of a resistor
TAP 108- 1: Increasing resistance decreases current 


[image: image1]
Procedure

Choose a lamp and three resistors such that the lamp is very bright with no resistors in the circuit and just glowing when three are connected in series. 

Choose meters that are visible to the entire class.

Use a power supply rather than a battery pack so that the emf does not change significantly with the load.

The larger the scale on which you do this, the better.

You could use a variable resistor instead of the separate resistors but the latter approach is more intuitively obvious.

The point to be made is simple: more resistance, less current for the same voltage.
This illustrates that increased resistance reduces the flow of current around a circuit and should be used to lead to the idea that it is sensible to measure resistance in terms of ‘volts per amp’. The larger the resistance of the circuit the greater the electrical ‘push’ needed to make a particular current flow (the more resistance the more volts needed per amp).

TAP 108- 2: Introductory questions on resistance

1.
Convert the following:

(a)
12 500 Ω to kΩ
(b)
0.025 kΩ to Ω
2.
A 240 V lamp draws a current of 0.50 A from the mains supply. What is the resistance of the lamp?

3.
What current flows through a 12 V lamp when its filament has a resistance of 100 ? Give your answer in amps and milliamps.

4.
A current of 4.0 mA flows through a fine piece of resistance wire when the potential difference across it is 8.0 V. What is the resistance of the wire?

5.
A 5000 V EHT supply is protected by a 5 mega-ohm (5 M) resistor in series with its positive terminal. What is the maximum current that can be drawn from this supply if its terminals are shorted? (Ignore its internal resistance)
Answers

1 
(a) 12.5 Ωk (b) 25 Ω
2.
480 Ω
3.
0.12 A or 120 mA

4.
2000  or 2.0 k

5.
0.001 A or 1.0 mA

TAP 108- 3: Electrical characteristics of a metal wire

Introduction

In this activity, you are going to find out about the way circuit components conduct electricity.

Some circuits need resistors that have a fixed resistance over a wide range of currents. This can be extremely important for accurate metering/measuring equipment, whose calibration may depend on a fixed, known value of a resistance inside the instrument.

Sometimes a change in resistance is desirable. To monitor a change in temperature we can use a device whose resistance changes with temperature. Similarly for brightness, strain, pressure and so on. 

A potential difference maintained across a conductor drives a current through that conductor. What is likely to happen if that pd is increased? This is what you are going to discover in these experiments. 

You will measure the size of the current for different applied pds and plot the results on a graph. The behaviour of the conductor as shown by an I – V graph is called its characteristic.

Apparatus for experiment 1

coil of constantan wire, 0.4 mm diameter
clip component holder

4 mm leads

heatproof mat

2 multimeters

power supply, 5 V dc
rheostat (e.g. 50 Ω 3W wire wound type)
wire cutters
1.
Cut between 1 and 2 metres of the wire. Coil the wire around a pencil and then remove the pencil. Attach a crocodile clip to each end.

2.
Set up the basic circuit. Connect up the ammeter and coiled wire in series with the rheostat and power supply. The coil should be stretched slightly so that the separate turns are not touching each other. Place a heatproof mat under the coil, although you should not let the coil get too hot. Switch off the supply or disconnect the coil when not making a measurement!

Connect a voltmeter in parallel with the coil. You will need to select a range that will measure up to 5 V. At this stage your teacher may wish to check your circuit for you.


[image: image2]



3.
Switch on the circuit and adjust the current so that the voltmeter reads 4 V. Quickly note the ammeter reading and voltmeter readings. Switch off for a few seconds, to prevent the coil heating up and then switch on again to take repeat readings.  Switch off while you lower the supply voltage slightly. Switch on again to take the new set of readings. Do not worry about setting the voltage to a particular value – just aim to get at least 6 readings (and check readings) fairly evenly spaced between 4 V and 0 V. Do check that 0 V reading – don't just assume it must be 0 A!

If your repeat reading does not agree with the first reading, then it may be that you are leaving the charge flowing too long and the wire is heating up – but remember that you are using 
a constantan wire. 
Will it make any difference to the conduction properties of the resistor if the current is reversed?

To find out disconnect the coil and reverse it in the circuit and repeat the experiment.
Draw up a results table


	Potential difference / V
	Current / A

ament lamp are now part of
	Current / A

ament lamp are now part of

	
	First Reading
	Check Reading
	Average
	First Reading
	Check Reading
	Average

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Plot a graph

Label the x-axis as 'potential difference / V' and the y-axis as 'current / A'. When the coil is reversed you can show that the potential difference and the current are reversed by using a negative sign.
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When you have finished plotting your results draw a best-fit line through the points.

A straight line graph through the origin shows that the current is proportional to the potential difference. This result is known as Ohm's law, which applies to metal or metal alloy wires as long as their temperature remains constant.

For any point on the graph the resistance R can be found by calculating V/I. If the graph is a straight line then the resistance is constant – the same for every value of current or potential difference. Under these conditions finding 1/gradient gives the average resistance of the wire. (Graphs using best-fit lines are often the best way of averaging results.)

The resistance stays the same when the current is reversed).

Practical advice

Where you start on this activity depends on the experience and confidence of your students. The characteristics of the wire/resistor and the filament lamp are now part of many pre-16   specifications.

You can divide the further experiments up amongst groups of students. Each group can then produce the graph, research the behaviour of the component to explain the characteristic and then give a presentation to the rest of the class. Photocopies of the graphs can be distributed to members of the class. 

If you have already introduced the potential divider then the experiments provide good practice in its use. Encourage students to use the higher range from a meter, selecting more sensitive ranges when they have an estimate for the highest reading. Digital meters are more robust, easier to read and even the 0–10 A scale is reasonably sensitive. If you do have to use moving coil instruments you will need to check that the meter is correctly inserted in the circuit and the range is suitable.

Technician's note 

The length of constantan wire used and ranges are indications only. It may be necessary to run through the experiment yourself to make sure your components and meter ranges are compatible.

Alternative approaches

These experiments can be easily adapted for datalogging and the graphs drawn automatically by the software, e.g. Insight.

Similarly results obtained manually can be keyed into a spreadsheet package such as Excel or Insight and the graphs obtained. These spreadsheets will give an analysis of the shape of the graph. 

External references

This activity is taken from Advancing Physics Chapter 2, 150E
TAP 108- 4: Electrical characteristics of a resistor

The table shows the how the current through a resistor of nominal value 4.7 k changes with the pd The resistor is designed to have a power dissipation of 1 W.

	pd / V
	5.0
	10.0
	20.0
	30.0
	40.0
	50.0

	current / mA
	1.06
	2.13
	4.25
	6.22
	7.91
	9.41


1.
Plot a graph from the data and give a possible explanation for the shape of the graph.

2.
Use the graph to find the resistance of the resistor for small applied pds.

3.
What is the resistance when the applied pd is 50 V?

4. 
For a particular experiment it is important that the resistance remains within 10% of its stated value.

Find the maximum applied pd that can be used by selecting a suitable small section of t
he graph and drawing a resistance versus pd graph.

5.
What is the theoretical maximum pd that can be applied before the resistor is permanently damaged?

Practical advice

This question can follow on after the activities on electrical characteristics. It gives practice at graph reading and graph plotting skills. 

Alternative approaches

A spreadsheet could be used to plot the graphs.

Answers and worked solutions

1.
The resistor is ohmic for pds up to about 30 V. At larger applied pds its resistance is gradually increasing (possibly because there is a heating effect).

2.
4700 
3.
5370 
4.
5170  

5.
V = 69 V
1. 
The resistor is ohmic for pds up to about 30 V. At larger applied pds its resistance is gradually increasing (possibly because there is a heating effect).

2.
Slope of the graph where it is linear » 4700 W

3.
R = 50 V / 9.41 mA = 5370 W

4.
The answer comes from the student's graph which should cover the range 40 V to 50 V. The resistance = 5170 W i.e. 4700 + 10% occurs at an applied pd of about 43 V.
5.
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