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GRADE 11F: Physics 4 

Current electricity 

About this unit 
This unit is the fourth of five units on physics for 
Grade 11 foundation.  

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 © Education Institute 
2005. For consolidation and extension activities, 
look at the scheme of work for Grade 10F and 
Grade 12F. 

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  
 

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. 

Students who progress further understand and use the concept of 
resistivity. They distinguish between electromotive force and potential 
difference and understand the concept of internal resistance.  

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 
 

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

UNIT 11FP.4 
10 hours 
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Standards for the unit 

10 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

10F.25.1 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. 

11F.23.1 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. 

 

 

12F.20.5 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. 

11F.23.2 Define potential difference and the volt. Solve problems using the 
relationships V = W ⁄ Q, P = VI, P = I2R. 

12F.22.7 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.  

11F.23.3 Define resistance and solve problems using the relationships V = IR and 
R = ρl ⁄ A for multiple resistances connected in series and in parallel. 

11F.24.2 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.  

4 hours 

Electric current 
and potential 
difference 
 

4 hours 

Resistance 
 

2 hours 

Power supplies 

 

 

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 ...  
 

11F.23.4 Distinguish between electromotive force and potential difference and 
understand the concept of internal cell resistance.  

12F.22.1 Describe the production of an induced 
e.m.f. ... 

Unit 11FP.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

4 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 10FP.5 for 
notes); 

• conduction by coloured ions (see Unit 10FP.5 
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 11FP.4 
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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 11F.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 10F.21.1.  
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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 11F.4.1 

 

4 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. 

 

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 11F.1.1, 11F.1.3, 11F.4.1, 11F.4.2 

 
 
This discussion also relates to Standard 
10F.21.3. 
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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 11F.1.1, 11F.1.3, 11F.1.4, 
11F.3.1, 11F.3.2, 11F.3.4, 11F.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.  

Remind students of Grade 10 work when they considered conductivity, and tell them that 
conductivity σ = 1 ⁄ ρ.  

 
This activity also relates to Standard 10F.21.1. 

Enquiry skills 11F.1.3, 11F.3.4, 11F.4.1, 11F.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 10F.21.2. 

Enquiry skills 11F.1.1, 11F.1.3, 11F.1.5, 
11F.3.1–11F.3.3, 11F.4.1, 11F.4.2 

 

2 hours 

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 also relates to Standard 10F.21.3.  
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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.  

  

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.  

Mathematics: Plotting and interpreting straight-
line graphs. 

Enquiry skills 11F.1.1–11F.1.4, 11F.4.1, 11F.4.2 

 

 

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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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.) 

  

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?  

  

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. 

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

  
 

 

Unit 11FP.4 
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