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GRADE 10A: Physics 7 

Current electricity and electromagnetism 

About this unit 
This unit is the seventh of seven units on physics 
for Grade 10 advanced.  

The unit is designed to guide your planning and 
teaching of physics lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension and consolidation activities, look at 
the scheme of work for Grade 11A and Grade 9. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already understand 
the concept of electrical potential difference between two points on a circuit 
and know how it is measured. They should know that electrical components 
have resistance, which is measured in ohms, and that the resistance of a 
wire depends on its diameter, length and the material from which it is made. 
They should be able to distinguish between good and bad electrical 
conductors and know that metals are generally much better conductors than 
non-metals. They should know that a coil of wire carrying a current produces 
a magnetic field similar to a bar magnet and be able to demonstrate and 
explain how a wire and a coil carrying a current move in a magnetic field. 
 

Expectations 
By the end of the unit, students know that an electric current is a stream 
of charged particles and solve problems related to current and potential 
difference. They know that electric currents give rise to magnetic fields, the 
shape of which they plot, and that a current-carrying wire within a magnetic 
field can experience a force that may be exploited in an electric motor. 

Students who progress further describe the distinction between 
conductors, semiconductors and insulators in terms of their mobile charges, 
and know how properties of semiconductors can be influenced by impurities 
and understand and use the concept of resistivity. They distinguish between 
electromotive force and potential difference and understand the concept of 
internal resistance. They understand the use of a Hall probe to measure 
magnetic field strength, and know that the ampere is defined in terms of the 
force between two current-carrying wires.  

Resources 
The main resources needed for this unit are: 
• ping-pong ball coated with conductive paint 
• EHT supply 
• pair of metal plates (e.g. 20 cm × 20 cm) 
• electrical appliances labelled with their power ratings 
• leaflets giving information about power ratings of electrical appliances 
• bill(s) from electricity company showing energy usage in kW h and the 

cost per unit 
• conductive putty 
• NTC thermistor 
• freezer spray 
• low-voltage, high-current DC power supply units 
• sensitive top-pan balance 
• kit for making a simple DC motor 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• electric current, charge, ammeter, coulomb, insulator, conductor, 

semiconductor, ion, electron, hole 
• potential difference, volt, voltmeter 
• power, watt 
• resistance, ohm, ohmic, non-ohmic, series, parallel, resistivity 
• electromotive force (e.m.f.), terminal potential difference, internal 

resistance, short circuit, open circuit 
• solenoid, magnetic flux 
• electromagnetic force 
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Standards for the unit 

10 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

9.13.10 Explain how atoms are bonded 
together in metals and how this can 
explain why they are good 
conductors of ... electricity. 

10A.30.1 Distinguish between conductors, semiconductors and insulators with 
reference to moving electrons or ions; know how the properties of 
semiconductors can be influenced by the presence of small quantities of 
impurities. 

 

8.19.1 Know that a coil of wire carrying a 
current produces a magnetic field 
similar to a bar magnet ... 

10A.30.7 Know the pattern of magnetic flux due to a single current-carrying wire, a 
coil and a solenoid, and know how an iron core can affect the field due to a 
solenoid. 

 

8.19.4 Demonstrate and explain how a wire 
and a coil carrying a current move in 
a magnetic field. 

10A.30.8 Know that the magnetic field around a current-carrying conductor (both a 
straight wire and a solenoid) can interact with a fixed magnetic field in 
which it is placed, generating a force that can be detected, measured and 
exploited. 

 

 10A.30.9 Show how a consideration of the force between two current-carrying wires 
leads to the definition of the ampere. 

 

9.21.7 Know that the resistance of a wire 
depends on ... the material from 
which it is made. 

10A.31.1 Know that electric current is the rate of flow of charged particles, define 
charge and the coulomb, and solve problems using the relationship Q = It. 

 

11A.27.5 Define power as the rate of doing work 
or converting energy and solve 
problems using P = W ⁄ t.  

9.21.1 Understand the concept of electrical 
potential difference between two 
points on a circuit and know that it is 
measured in volts using a voltmeter. 

 

10A.31.2 Define potential difference and the volt. Solve problems using the 
relationships V = W ⁄ Q, P = VI, P = I2R. 

11A.31.7 Describe the action of a transformer 
and explain its importance in the long-
distance transmission of electricity ... 

9.21.5 Know that electrical components 
have resistance that impedes the 
flow of electricity through them and 
that this is measured in ohms.  

9.21.7 Know that the resistance of a wire 
depends on its diameter, length and 
the material from which it is made.  

10A.31.3 Define resistance and solve problems using the relationships V = IR and 
R = ρl ⁄ A for multiple resistances connected in series and in parallel. 

11A.30.2 Explain the variation in resistance 
shown by devices such as the 
potentiometer ... the light-dependent 
resistor, the transistor and the 
thermistor; use these resistors as 
potential dividers in practical circuits.  

3 hours 

Electric current 
and potential 
difference 
 

3 hours 

Resistance 
 

1 hour 

Power supplies 
 

2 hours 

Current and 
magnetic field 
 

3 hours 

Electromagnetic 
force 

9.21.3 Recognise that the potential 
difference across a component is a 
measure of the energy carried by the 
current and transferred by the 
component ...  

10A.31.4 Distinguish between electromotive force and potential difference and 
understand the concept of internal cell resistance.  

11A.31.1 Describe the production of an induced 
e.m.f. by the relative motion between 
a conductor and a magnetic field and 
know the factors that influence the 
magnitude of the e.m.f. 
 

Unit 10AP.7 
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Activities 

Objectives Possible teaching activities Notes School resources 

3 hours 

Electric current and 
potential difference 
Know that electric current is 
the rate of flow of charged 
particles, define charge and 
the coulomb, and solve 
problems using the 
relationship Q = It. 

Define potential difference 
and the volt. Solve problems 
using the relationships V = 
W ⁄ Q, P = VI .... 

Current and charge 
Set up a circus of demonstrations showing the movement of charge. Tell students, in pairs, to 
visit each demonstration in turn and answer the following questions: 
• How is the motion of charge detected? 
• How is the charge made to move? 
• What are the moving charged particles?  

Also tell them to record any ammeter readings.  

Discuss students’ observations with the whole class and, by suitable questioning, establish the 
following points. 
• Movement of charge can sometimes be seen (e.g. movement of coloured ions; sparks) 

and/or heard (e.g. the ‘crack’ accompanying a spark), or deduced by some other effect 
(e.g. the deposit of copper on a cathode; the glow on a phosphorescent screen).  

• Charge is made to move by forces of electrostatic attraction and repulsion. Point out that a 
DC power supply has a positive and a negative terminal. You might also want to point out 
that a power supply imparts energy to mobile charges.  

• Continuous flow of charge (e.g. in the shuttling ball demonstration) constitutes an electric 
current, which can be detected with an ammeter.  

• Current can involve a flow of positive and/or negative charge (e.g. ions, electrons). Tell or 
remind students that in metals the mobile charges are electrons (which have negative 
charge). Also establish that the direction of current is conventionally defined to be that in 
which positive charge would flow, regardless of the signs of any actual moving charges.  

Establish, by suitable discussion, that electric current can be measured as the rate of flow of 
charge past a point. Introduce, or remind students of, the SI unit of charge, the coulomb (C), 
and the relationship I = Q ⁄ t, which relates current I to the charge Q flowing past a given point in 
a time interval t. Remind students of the SI unit of current, the ampere (A).  

Provide plenty of algebraic and numerical examples that allow students to practise using the 
relationship between charge, current and time. Include references to the ammeter readings that 
students have recorded in the circus of demonstrations.  

 
Suitable demonstrations include: 
• shuttling ping-pong ball (connect a sensitive 

galvanometer in series) (see Unit 10AP.6 for 
notes); 

• conduction of coloured ions (see Unit 10AP.6 
for notes); 

• piezo-electric gas lighter; 
• Van de Graaff generator producing sparks; 
• electrolysis of copper sulfate solution (connect 

an ammeter in series); 
• rub a polythene rod with a dry cloth and use 

the rod to attract small pieces of paper; 
• Maltese cross tube. 

Safety: When using an EHT supply, ensure that 
the safety resistor is included in the circuit and 
that nobody comes into electrical contact with 
the terminals.  

 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Unit 10AP.7 
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Objectives Possible teaching activities Notes School resources 

Current in circuits 
Prepare a handout containing diagrams of several simple circuits accompanied by questions 
asking students to predict and explain what will happen when each circuit is assembled. 

When students have worked individually or in pairs to answer the questions, demonstrate the 
circuits to the whole class. (It is unlikely that all students will have predicted all outcomes 
correctly.) 

Establish first that current is the same all around a series circuit and that currents combine 
algebraically at branching points. Emphasise that this conservation of current reflects the 
conservation of charge at all points in a circuit.  

Discuss with students any models or analogies that they might have used in earlier grades to 
aid their understanding of electric circuits. Such models generally fall into two categories.  
• Carrier model. For example, trucks or runners (charge) circulate round a road or track (circuit) 

collecting objects (energy) from a source (power supply) for delivery to a destination (lamps 
or other devices).  

• Driver model. For example, a cyclist or a pump (power supply) moves a chain or pumps 
water (current) around a closed loop (circuit) doing work on a bicycle wheel or turbine (lamps 
or other devices), hence energy is transferred.  

Ask students to say how well, or badly, such models help to explain and predict what happens first 
in a simple circuit with one bulb connected to a power supply, then in the slightly more complex 
circuits described on the right. Bring out the point that a carrier model works well for modelling the 
conservation of current, but a driver model is much more satisfactory for modelling the transfer of 
energy in a circuit. A picture based on a driver model accounts for the ‘instant’ transfer of energy 
between power supply and load, and raises no awkward questions about how each carrier ‘knows’ 
how much energy to deposit at each point on its journey around the circuit.  

 
Suitable circuits include the following. 
• Two identical lamps in series with a power 

supply. (Which is brighter? Why?) 
• A series circuit containing identical lamps and 

two or more ammeters. (Predict the relative 
readings of the ammeters.) 

• Two identical lamps in parallel with a power 
supply. (Which is brighter? Why? What 
happens if one lamp is disconnected?) 

• Two identical lamps in parallel with a power 
supply. One ammeter in each branch of the 
circuit and one in the unbranched section. 
(Predict the relative readings of the 
ammeters. Predict what will happen if one 
branch of the circuit is broken.) 

When demonstrating the circuits, ensure that the 
lamps really are identical, and that their 
resistance is much greater than the internal 
resistance of the power supply. Use ammeters 
with very low resistance and try to ensure that all 
meters are identically calibrated.  

Enquiry skill 10A.1.2 

 

Potential difference and energy 
Continue the discussion from the previous activity, focusing attention on the transfer of energy 
in a circuit. By suitable questioning, establish how much students recall and understand about 
potential difference from their work in earlier grades. Remind, or tell, students that potential 
difference (pd) between two points in a circuit is the energy transferred by each coulomb 
moving between those points, i.e. V = W ⁄ Q, where V is the potential difference and W the total 
energy transferred between those two points.  

Discuss the SI unit of pd (the volt, V) and establish that 1 V = 1 J C–1.  

If students have not had much experience using voltmeters, demonstrate how such a meter 
should be connected in parallel with the rest of the circuit. Then get students to work in pairs to 
set up some simple electric circuits and use voltmeters to measure the pd across the various 
devices. Include the circuits described in the previous activity.  

Discuss students’ results and establish that the sum of pds across all the devices is equal to the 
terminal pd of the power supply, and that the pds across two of more parallel branches are always 
the same regardless of the devices connected. Explain that these observations reflect the 
conservation of energy: around any loop of a circuit, the energy transferred from the power supply 
to devices in the circuit is equal to the energy transferred from the devices to the surroundings.  

 
This activity also relates to Standard 10A.25.1 

 

 



 

195  |  Qatar science scheme of work  |  Grade 10 advanced  |  Unit 10AP.7  |  Physics 7  © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Power, current and potential difference 
Set up a display of electrical appliances labelled with their power ratings and leaflets giving 
information about power ratings of electrical appliances. Tell students to visit each exhibit in turn 
and note any information about current, voltage and power, and the units used.  

Show on the board or OHP how the relationships Q = It and V = W ⁄ Q can be combined to 
eliminate Q, hence P = VI, where P is the power (i.e. the rate of energy transfer).  

Discuss the SI unit of power and show that 1 W = 1 J s–1. Point out that some appliances are 
labelled with power ratings in equivalent units, such as kV A.  

 
 

 

 

Hand out copies of an electricity bill and point out that the ‘unit’ used for charging is the kW h. 
Explain that the unit measures power × time, so it is a unit of energy. Ask students to calculate 
the number of joules transferred by a 1 kW appliance operating continuously for 1 hour.  

Ask students, working in pairs or small groups, to measure the electrical power input to one or 
more devices. Ideally, they should use a joulemeter for one measurement and a combination of 
voltmeter and ammeter for another.  

Provide plenty of algebraic and numerical examples that allow students to practise using the 
relationships between charge, energy, current, potential difference, power and time. Some 
examples should use data relating to the exhibition of appliances.  
 

 
 
 

Enquiry skill 10A.4.1 

 

3 hours 

Resistance 
Define resistance and solve 
problems using the 
relationships V = IR and 
R = ρl ⁄ A for multiple 
resistances connected in 
series and in parallel. 

Solve problems using the 
relationship... P = I2R. 

Distinguish between 
conductors, semiconductors 
and insulators with reference 
to moving electrons or ions; 
know how the properties of 
semiconductors can be 
influenced by the presence of 
small quantities of impurities. 

 

Current, potential difference and resistance 
By means of some quick-fire questions, remind students of their work on resistance from earlier 
grades. Establish the following points: 
• Electrical components have resistance that impedes the flow of current through them. 

Students might consider how resistance is modelled in a ‘driver’ model of a circuit as outlined 
above.  

• Resistance R is defined as R = V ⁄ I. Emphasise that this relationship is not ‘Ohm’s law’. 
• The SI unit of resistance is the ohm (Ω), and 1 Ω = 1 V A–1.  

Ask students, in pairs, to investigate the relationship between current and pd for a variety of 
ohmic and non-ohmic conductors. Tell them to plot graphs of pd against current and to carry out 
two calculations of the resistance of each conductor: one at high current and one at low current.  

Discuss students’ results with the whole class. Point out that the resistance of so-called ohmic 
conductors remains constant over a wide range of currents and voltages (i.e. current is directly 
proportional to pd as described by Ohm’s law): their graphs of current against pd are always 
straight lines through the origin. Non-ohmic conductors do not obey Ohm’s law: their resistance 
varies with voltage and their graphs of current against pd are curved lines.  

Revisit the previous discussion of electrical power and ask students to derive expressions for 
electrical power, P, in terms of I and R, and in terms of V and R.  

Provide plenty of numerical and algebraic examples that allow students to practise using 
relationships between current, pd, resistance and power. Point out that, while in practice many 
conductors are non-ohmic, it is usual to assume ohmic behaviour when solving theoretical 
circuit problems.  

 
Include a resistor made from an alloy such as 
constantan, whose resistivity does not change 
with temperature.  

Suitable non-ohmic conductors include a 
thermistor and a filament lamp.  

Mathematics: Plotting and interpreting straight-
line graphs. 

Enquiry skills 10A.1.1, 10A.1.3, 10A.4.1, 10A.4.2 

 
 
This discussion also relates to Standard 
10A.25.3. 

 



 

196  |  Qatar science scheme of work  |  Grade 10 advanced  |  Unit 10AP.7  |  Physics 7  © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Resistors 
Divide the class into pairs and give each pair a light-sensitive or temperature-sensitive resistor. 
Tell students their task is to investigate, as quantitatively as possible, how the resistance 
depends on light or temperature. Encourage them to use their ingenuity in devising ways to vary 
and monitor light intensity or temperature. They should have access to suitable apparatus on 
request (e.g. power supplies, meters, lamps, thermometers). Ideally, use several different types 
of resistor so that there is little duplication among the class. 

Ask each pair to prepare an OHP transparency summarising their method and results so that 
these can be presented to the rest of the class, photocopied and distributed.  

 
Enquiry skills 10A.1.1, 10A.1.3, 10A.1.4, 
10A.3.1, 10A.3.2, 10A.3.4, 10A.4.1 

 

 

 

Combining resistors 
Show the class a selection of commercially available resistors and/or pages from a catalogue 
issued by an electronics supply company. Point out that resistors are mass produced with only 
a limited number of different values. Explain that although these might not always be the most 
appropriate for use in particular applications, other values can be produced by combining two or 
more resistors in various ways.  

On the board or OHP, show students how resistors can be combined in series. Referring to 
previous activities and discussions, talk through the following steps: 
1 The current is the same in all resistors. 
2 The pd across the combination is the sum of the pds across the individual resistors. 
3 The combination of resistors can be replaced by a single resistor R = R1 + R2 + ... without 

changing either the current or the pd. 

Similarly, show how resistors can be combined in parallel: 
1 The pd across each resistor is the same. 
2 The current entering and leaving the combination is the sum of currents in the individual 

resistors. 
3 Replacing the combination with a single resistor such that 1 ⁄ R = 1 ⁄ R1 + 1 ⁄ R2 + ... does not 

alter the current or pd.  

Work through some numerical examples on the board or OHP. Emphasise that, when resistors 
are combined in parallel, the net resistance is always less than that of any of the individual 
resistors.  

 
Mathematics: Use of reciprocals.  

 

 

Ask students, in pairs or individually, to use a circuit simulation software package to measure 
the resistances of various series and parallel combinations of resistors. In each case, they 
should verify that the results are in accordance with their calculations.  

Provide several numerical and algebraic examples to give students practice calculating 
combinations of resistors. Include some that involve both series and parallel combinations 
within the same circuit.  

ICT opportunity: Use of circuit simulation 
software. 
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Objectives Possible teaching activities Notes School resources 

Resistivity 
Divide the class into pairs or small groups and provide them with samples of conducting putty, 
batteries, meters and connectors. Explain that their task is to review work on resistance from 
earlier grades, and to prepare a simple demonstration to show how the resistance of a 
conductor depends on its length and cross-sectional area. Tell them to write an instruction 
sheet for their demonstrations, explaining clearly what measurements to make and how to 
present them in order to show the relevant information. The instructions should be written for 
use by a Grade 9 student. If possible, the sheets should then be passed on to Grade 9 classes 
for use in their lessons.  

Introduce the concept of resistivity ρ as the constant of proportionality in the relationship 
between resistance, length and cross-sectional area. Ask students to use the relationship R = 
ρl ⁄ A to deduce the SI units of resistivity.  

 
This activity also relates to Standard 10A.25.1. 

Enquiry skills 10A.1.3, 10A.3.4, 10A.4.1, 10A.4.2 

 

Ask students to work in pairs to determine the resistivity of the conductive putty used earlier and 
of a metal. Give them access to, and if necessary training in the use of, appropriate measuring 
instruments (e.g. a micrometer) and ask them to consider the precision and accuracy of their 
measurements and their final result. Tell them to produce a brief written report describing their 
method, stating their results and suggesting how precision and accuracy might be improved.  

Provide plenty of algebraic and numerical examples that allow students to practise using the 
relationship between resistance, length, area and resistivity.  

This activity also relates to Standard 10A.25.2. 

Enquiry skills 10A.1.1, 10A.1.3, 10A.1.5, 
10A.3.1–10A.3.3, 10A.4.1, 10A.4.2 

 

 

Conductors, semiconductors and insulators 

Refer to the ‘conduction of coloured ions’ and ‘shuttling ping-pong ball’ demonstrations used 
earlier. Establish, by suitable discussion and questioning, that an electric current is a continuous 
flow of charge, which may be either positive or negative or both, and that, within materials, 
charge moves quite slowly.  

Ask students to speculate why different materials have very different electrical properties. By 
suitable questioning, establish that materials with low resistivity (good conductors, e.g. metals) 
have a high density of mobile charged particles, whereas those with high resistivity (poor 
conductors, e.g. polythene) do not.  

Define conductivity as the reciprocal of resistivity: σ = 1/ρ and ask students to deduce its SI units.  

  

 

Ask students to use the Internet to collect data on the conductivity or resistivity of various 
materials. Set a competition: who can find the material with the highest, or the lowest, 
conductivity?  

Using the data that students have collected, display a list of conductivities to show that there is 
a range of many orders of magnitude between the highest and lowest. Establish that materials 
can be divided into three broad classes according to their conductivity:  
• conductors; 
• semiconductors; 
• insulators. 

Point out that electrical resistors are made from conducting, or semiconducting, materials 
(i.e. ‘resistor’ is not synonymous with ‘insulator’). 

Students should take careful note of units when 
obtaining and comparing conductivity data. 
Some sources express conductivity in its SI 
units (i.e. Ω–1 m–1). Some use relative values to 
compare different materials (i.e. arbitrarily 
assign a value of 1 to the most conductive 
material listed).  

ICT opportunity: Use of the Internet. 

Enquiry skill 10A.1.8 
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Objectives Possible teaching activities Notes School resources 

 

Semiconductors 
Show the class how temperature affects conductivities of conductors and semiconductors. 
Connect a very long thin piece of coated metal wire in series with a battery, a fixed resistor and 
ammeter. Wrap the wire into a tight ball so that it gets hot and note that the current falls 
(i.e. conductivity decreases). Use a freezer spray to cool the wire and note that the current 
increases. Connect a thermistor in series with a battery, fixed resistor and ammeter. Immerse 
the thermistor in hot water and note that the current increases (i.e. conductivity increases). Cool 
the resistor with a freezer spray and note the reverse effect.  

Ask students to suggest mechanisms for the change in conductivity with temperature. Discuss 
their suggestions and establish two key points: 

1 increasing temperature causes particles in a solid to vibrate more vigorously, which impedes 
the flow of mobile charges and thus reduces the conductivity; 

2 increasing temperature can cause the release of additional charged particles, thus increasing 
conductivity.  

Explain that ,in conductors (metals), effect 1 dominates, since increasing the temperature does 
not significantly change the number of mobile charges. In semiconductors effect 2 dominates: 
there are fewer mobile charges than in metals (hence the lower conductivity) but their number 
increases dramatically with rising temperature.  

Set advanced students the task of using the Internet and textbooks to find out how doping can 
affect the conductivity of semiconductors. Ask them to write brief explanations of the following 
terms: doping, (positive) hole, conduction band, valence band, n-type, p-type. Tell them to 
download and use Java applets to show the operation of pn junction diodes and of npn and pnp 
transistors. 
 

 
Use an NTC (negative temperature coefficient) 
thermistor (i.e. one whose resistance falls as 
temperature rises). Most thermistors are this 
type.  
 
 
 

 
 
 

 
 

 

 
 
 
 

ICT opportunity: Use of the Internet and Java 
applets. 

 

1 hour 

Power supplies 
Distinguish between 
electromotive force and 
potential difference and 
understand the concept of 
internal cell resistance. 

 

Internal resistance 
Perform the following demonstrations to illustrate the effects of internal resistance. 
• Use an EHT supply with an internal safety resistor. Set the supply to a few kilovolts. Ask 

students to predict what will happen if a milliammeter is connected between the terminals 
(they will almost certainly predict a huge current that will burn out the meter). Demonstrate 
what really happens: there is a current of just a few milliamps. 

• Connect a voltmeter to the terminals of a dry cell. Ask students to predict what will happen to 
the voltmeter reading if a torch bulb is connected, then show what happens (the meter 
reading falls). Then connect an identical bulb in parallel: the bulbs glow less brightly and the 
meter reading falls further. 

Using clear diagrams on the board or OHP, explain that any real power supply has some 
internal resistance and show how this can account for the observations. Introduce the terms 
terminal potential difference and electromotive force (e.m.f.) and explain that both are ‘voltages’ 
(i.e. a measure of energy transferred to, or by, charge). Show the derivations of relationships 
between current I, terminal pd V, e.m.f. E, internal resistance r and external resistance R 
(e.g. E = I(R + r) = V + Ir). 

 
This activity relates to Standard 10A.25.3.  
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Objectives Possible teaching activities Notes School resources 

Introduce the terms open circuit and short circuit. Show by algebraic and numerical examples 
that on open circuit the terminal pd is equal to the e.m.f., and a short circuit produces a current 
I = E ⁄ r.  

Discuss some real-life examples, in addition to those demonstrated earlier, where internal 
resistance has a noticeable effect (e.g. the dimming of car headlamps when the starter motor is 
used: connecting a low resistance to the car battery causes a drop in the terminal pd).  

Emphasise that the simple picture discussed earlier in this unit (where adding components in 
parallel with a power supply does not affect the terminal pd) is not incorrect, but does assume an 
‘ideal’ power supply (i.e. one with no internal resistance). In practice, a power supply connected to a 
resistance much greater than its internal resistance behaves like an ideal supply, and in theoretical 
circuit problems there is often an implicit assumption that any internal resistance can be ignored.  

 

Mathematics: Plotting and interpreting straight-
line graphs. 

Enquiry skills 10A.1.1–10A.1.4, 10A.4.1, 
10A.4.2 

Ask students to work in pairs to determine the internal resistance and e.m.f. of a power supply 
(e.g. a dry cell). They should connect various external resistances and measure the current and 
the terminal pd. Tell them to decide, giving reasons, how best to process and display their 
results: you might need to point out to them the advantages of plotting a graph (e.g. a plot of V 
against I is a straight line of gradient –r and y-intercept E).  

Provide students with plenty of algebraic and numerical examples involving internal resistance, 
e.m.f. and terminal pd.  

 

  

Maximum power 
Encourage advanced students to explore how the internal and external resistance affect the 
power transferred by a power supply to a circuit (i.e. power transfer is maximum when R = r). 
This can be approached in various ways, depending on time available and students’ 
mathematical abilities. 
• Use a spreadsheet to calculate the power output (VI ) to various loads connected to a supply 

of given e.m.f. and internal resistance. 
• As above, but perform calculations with a range of values using a calculator.  
• A semi-quantitative argument: on open circuit, V is large but I is zero, so output power is 

zero; on short circuit, I is large but V is very small, so power is small; the maximum power 
must be achieved somewhere between these two extremes.  

• Use differential calculus to deduce the value of R for which VI is maximum.  
 

 
Mathematics: Use of differential calculus. 

ICT opportunity: Use of a spreadsheet.  
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Objectives Possible teaching activities Notes School resources 

2 hours 

Current and magnetic field 
Know the pattern of magnetic 
flux due to a single current-
carrying wire, a coil and a 
solenoid, and know how an 
iron core can affect the field 
due to a solenoid. 

Magnetic flux patterns 
Remind students that a current in a coil produces a magnetic field like that of a bar magnet. By 
means of suitable questioning and discussion, establish that one would expect any 
configuration of current to produce a magnetic field.  

Introduce the terms magnetic flux, meaning, loosely, magnetic field lines, and magnetic flux density, 
which describes the closeness of the lines; the stronger the field, the greater the flux density.  

Set students a challenge – working in pairs, devise and carry out a procedure for determining 
the pattern of magnetic flux produced by current in: 
• a solenoid (a coil whose length is much greater than its diameter); 
• a short coil whose diameter is much greater than its length; 
• a long straight wire.  

Provide each pair with a low-voltage, high-current DC power supply, insulated wire, and access 
to other apparatus on request.  

After allowing time for discussion and experimentation, you might need to provide further 
guidance, particularly for the straight wire and the short wide coil. Suggest passing the wire 
vertically through a piece of horizontally mounted stiff card and exploring the magnetic flux in 
the plane of the card. 

Ask students to investigate the direction as well as the shape of the field lines (for which they 
will need to use a plotting compass). Ask them to predict the effect of reversing the current and 
then test their predictions. Also ask them to investigate qualitatively variations in flux density 
(which can be done using iron filings).  

Tell students to record their findings by drawing diagrams showing the patterns and directions 
of magnetic field lines.  

Discuss the field patterns with the whole class. Establish that:  
• the field due to current in a long straight wire has no poles and the field lines form closed 

circles;  
• the field pattern of a short wide coil can be deduced from that of a long straight wire;  
• the field near the ends of a solenoid is like that of a short wide coil;  
• the flux density within a solenoid is uniform. 

 
Suitable methods would be: 
• explore around the coil/wire with a plotting 

compass; 
• sprinkle iron filings around the coil/wire; 
• use a Hall probe to investigate field strength 

and direction. 

If using a Hall probe, treat it as simply a useful 
measuring device. An explanation of its 
operation in terms of forces on individual mobile 
charges, and the production of the Hall voltage, 
is beyond the scope of this unit. 

Enquiry skills 10A.1.1, 10A.1.4, 10A.4.1 
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 Factors affecting flux 

Following on from the previous activity, set students another challenge – working in pairs or 
small groups, investigate, as quantitatively as possible, factors affecting the field of an 
electromagnet made from a solenoid. Depending on students’ ability and on the time available, 
you might wish to set this as an open-ended investigation where students themselves suggest 
and explore possible factors, or you might prefer to allocate each pair a specific factor to 
investigate. Factors for investigation should include current, number of turns, closeness of turns 
and core material.  

Students will need to devise a means of comparing magnetic field strength, They should be 
encouraged to be as creative and original as possible and given access to apparatus on request.  

Ask each pair or small group to produce an A3 poster with text and diagrams describing their 
method and summarising their results. Display these and give students an opportunity to 
read about and discuss one another’s work. Ensure that each student has a record of how 
the various factors affect the field of the electromagnet. 

 

Methods for comparing field strength might 
include: 
• determine the maximum length of a chain of 

steel pins suspended from a pole of the 
electromagnet so that each is held to its 
neighbour by magnetic attraction; 

• measure the force needed to detach the 
electromagnet from a steel plate; 

• determine the greatest distance at which the 
electromagnet affects a plotting compass.  

Enquiry skills 10A.1.1, 10A.1.3–10A.1.5, 
10A.3.1, 10A.3.3, 10A.3.4, 10A.4.1 

 

  Using electromagnets 

Divide the class in half. Ask one half to work in pairs to make a model electric bell, and the 
other half to work in pairs to make a model relay circuit. Provide each pair with a briefing 
sheet and a set of apparatus. When they have made their models, get pairs of students from 
each half to join to make groups of four. Tell each pair to demonstrate and explain their 
model to the other. 
 

Provide briefing sheets.  

If you wish, use other simple electromagnetic 
devices instead of, or as well as, the bell and relay. 

Enquiry skills 10A.1.4, 10A.3.4, 10A.4.1, 10A.4.2  

3 hours 

Electromagnetic force 
Know that the magnetic field 
around a current-carrying 
conductor (both a straight 
wire and a solenoid) can 
interact with a fixed magnetic 
field in which it is placed, 
generating a force that can 
be detected, measured and 
exploited. 

Show how a consideration of 
the force between two 
current-carrying wires leads 
to the definition of the 
ampere. 

Force on a current 
Set up the following ‘kicking wire’ demonstration in front of the whole class. Mount two straight 
pieces of stiff, uninsulated wire in insulated clamps so that they are horizontal and one above 
the other, about 15 cm apart. Twist a loop in one end of a third piece of stiff wire, about 20 cm 
long, and thread it onto the upper wire. Its free end should rest against the lower horizontal wire. 
Connect the two horizontal wires through a resistor and ammeter to a high-current, low-voltage 
power supply. Check that there is a current in the circuit (clean the wires so that there is good 
electrical contact between them). Disconnect the power supply and mount a horseshoe magnet 
so that the vertical wire hangs between its poles. (Instead of a horseshoe magnet, you could 
use a steel yoke to support two flat magnets positioned so that opposite poles are facing each 
other.) When the current is connected, the wire should repeatedly ‘kick’ outwards from between 
the poles.  

Ask students to brainstorm in small groups for a few minutes to describe what they observe and 
suggest an explanation. Ask them to sketch diagrams showing the fields due to the current and 
the horseshoe magnet separately, then to sketch a diagram showing what the combined field 
pattern might be like.  

In discussion with the whole class, establish that the current-carrying wire experiences a 
force at right-angles both to the direction of the current and to the magnetic field between the 
poles. When there is a current, there is a force acting on the wire, so that the wire moves and 
breaks the circuit, which is then remade as the wire falls back. 
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 Show, on the board or OHP, how the two magnetic fields combine. Establish that on one side of 
the wire the fields act in the same direction, giving rise to repulsion, whereas on the other side 
the two fields lead to attraction. It might be helpful to point out the similarity between the shape 
of the field lines and the stretched elastic of a catapult: the ‘catapult field’ expels the wire from 
between the magnetic poles.  

Ask students to suggest what will happen if the direction of the magnetic field or the current is 
reversed, then demonstrate what happens. You might want to introduce Fleming’s left-hand rule 
as a mnemonic relating the directions of field, current and force. 

  

 Ask students to suggest what factors might affect the magnitude of the force acting on the wire. 
Suggestions will probably include strength of magnet and size of current. With suitable 
prompting, students might also suggest the length of wire within the field, and the angle 
between field and current.  

  

Demonstrate using a sensitive top-pan balance to measure the force exerted on a current-
carrying wire in a magnetic field, as shown in the diagram on the left below. Also show how the 
force can be determined using a simple current balance as shown on the right below.  

  

 

 
 

Arrange the current and field in the set-up shown above so that the wire 
experiences an upward force when current flows. Add small pieces of 
modelling clay so that their weight balances the electromagnetic force. 
Weigh them to determine the size of the force.  

 

Source (diagram on the left): Salters Horners Advanced Physics A2 
Teacher and Technician Resource Pack, Heinemann Educational. 
© 2001 University of York Science Education Group. 

 

 

 

Then ask students to work in pairs or small groups to explore factors affecting the magnitude of 
the force. They should produce a brief written summary of their findings.  

Introduce the expression for electromagnetic force F = B I l sinθ, where θ  is the angle between 
field and current. Emphasise that, while the magnitude of F depends on θ, it always acts at 
right-angles to both current and field. Define B as the magnetic flux density, introduce its SI unit 
(tesla, T) and show that 1 T = 1 N A–1 m–1. Provide students with algebraic and numerical examples 
that allow them to practise using the relationship between force, current, field and angle. 

This activity also relates to Standard 10A.25.1.  
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 DC motor 
Discuss with the whole class how the electromagnetic force on a current can be exploited. Use 
models and diagrams to explain the operation of a simple DC motor. It is helpful to explain the 
motor both in terms of B I l  forces on opposite sides of a coil, and in terms of attraction and 
repulsion between the fields of the permanent magnet and the current-carrying coil. 

Ask students, in pairs, to make and test a small DC motor. They should download and use 
Java applets to model its operation then produce their own written account explaining how it 
works. Encourage them to evaluate the motor design and suggest ways in which it could be 
improved (e.g. to provide greater turning force and/or smoother running). 

 
 
 
 
 

ICT opportunity: Use of the Internet and Java 
applets. 

Enquiry skills 10A.1.4, 10A.1.5, 10A.4.1, 10A.4.2 

 

 

 

 

 Force between currents 
Perform a demonstration to the whole class to show the force between two parallel current-
carrying wires. Before switching on the current, ask students to predict and explain what will 
happen. When students have observed that currents in the same direction attract one another 
and antiparallel currents repel, use large diagrams on the board or OHP to explain the 
observations in terms of interaction between magnetic fields.  

Explain to advanced students how measurement of the force between currents leads to a 
definition of the ampere. The following points will need to be discussed and explained. 
• The flux density around a long straight current-carrying wire is found to vary inversely with 

distance, r, from the wire. 
• The flux density B is defined to be B = µ0

 I ⁄ 2πr, where the constant µ0 is called the 
permeability of free space and is defined to have the value 4π x 10–7 in SI units (see below).  

• Since the value of µ0 is defined rather than being determined experimentally, the SI unit of 
current (the ampere) is also defined once the size of the metre is defined.  

• If two long straight wires carrying a current I are separated by a distance r, then each lies in a 
field of flux density B = µ0

 I ⁄ 2πr and thus the force per unit length acting on each wire is  
F ⁄ l = B I = µ0I2 ⁄ 2πr. 

• The ampere is defined as the current that, when carried by each of two long straight parallel 
wires separated by 1 m, gives rise to a force of 2 × 10–7 N per metre length of wire.  

• The SI unit of charge (the coulomb, C) is defined in terms of the ampere, rather than the 
other way around.  

• The SI units of µ0 can be derived from the expression F ⁄ l = B I = µ0I2 ⁄ 2πr.  

Ask students to derive the SI units of µ0 (i.e. N A–2). 
 

 
Possible demonstrations include the following. 
• Mount two strips of metal foil (approx.  

1 cm × 30 cm) so that they are vertical, 
parallel to each other, a few centimetres apart 
and can flex slightly. Connect them in series 
with a resistor and a DC power supply, and 
arrange the electrical connections so that the 
currents in the foil strips can be parallel or 
antiparallel. 

• Set up a current balance as in the diagram 
above, using a horizontal current-carrying 
wire in place of the permanent magnet. In the 
absence of current, the wires should be in 
equilibrium about 1 cm apart.  

This discussion also relates to Standard 
10A.25.1. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

In the electrolysis of copper sulfate solution, two electrons must reach the cathode for every 
atom of copper that is deposited. If the current is 1.5 mA, how many copper atoms will be 
deposited in 5 minutes? (Electron charge e = 1.60 × 10–19 C.) 

  

Write a few sentences to describe the differences between conductors and semiconductors. 
Include the word conductivity in your answer, and explain how the conductivity of each type of 
material changes with temperature. 

  

A microwave oven has a power of 800 W and takes 10 minutes to cook a meal. A conventional 
electric oven draws a current of 5 A when connected to a 110 volt supply and takes 40 minutes 
to cook the same meal. Which oven is cheaper to operate? 

  

a. Use the expressions V = IR and P = VI to derive an expression for P in terms of V and R.  

b. An air-conditioner is designed to have a power of 250 W when run from a 110 V supply. What 
is its resistance?  

  

A student has three 10-ohm resistors. How many different resistances can be produced by 
combining some or all of them? Draw diagrams to show the different combinations and in each 
case calculate the overall resistance.  

  

A certain steel wire has resistivity 1.5 × 10–8 Ω m and diameter 1.0 mm. What length of wire is 
needed to make a resistance of 2.0 Ω?  

  

Explain why car headlamps dim when the starter motor is used.   

Use a plotting compass to explore the magnetic field of a current in a long straight wire. Draw a 
diagram of the magnetic field lines close to the wire. 

Provide a plotting compass, insulated wire, a 
low-voltage, high-current DC power supply and 
stiff card. 

 

The flux density between the poles of an electromagnet is 1.5 T. What is the force exerted on 
12 mm of wire carrying 3.0 A when the wire is: 

a. at right angles to the field; 

b. parallel to the field; 

c. at an angle of 60° to the field? 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

 

Write a short article explaining how a simple DC electric motor works. Include diagrams. 
 

  
 

 

Unit 10AP.7 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


