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GRADE 11A: Physics 6 

Electromagnetic induction 

About this unit 
This unit is the sixth of seven units on physics for 
Grade 11 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 consolidation activities, look at the scheme of 
work for Grade 10A. 

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 be able to 
describe a magnetic field as an example of a field of force, know that it can 
be represented by means of field lines, and know the pattern of magnetic 
flux due to a coil and a solenoid. They should be able to define potential 
difference and the volt, solve problems using the relationships P = VI and 
P = I 2 R. They should know that the magnetic field around a current-carrying 
conductor can interact with a magnetic field generating a force. 
 

Expectations 
By the end of the unit, students know that the relative motion of a 
conductor in a magnetic field induces an e.m.f. in the conductor and know 
the factors that influence the magnitude and direction of the e.m.f. They 
describe the commercial production of AC, perform calculations related to its 
parameters, and know why and how transformers are used in its distribution. 

Students who progress further understand concepts of magnetic flux and 
flux linkage and use Faraday’s and Lenz’s laws, can describe how eddy 
currents form and know some of their applications. They use the concepts of 
root mean square current and voltage, and solve numerical problems 
involving the period, frequency and peak value of alternating current.  

Resources 
The main resources needed for this unit are: 
• sensitive galvanometer(s) (analogue instruments, ideally with centre zero) 
• pendulums made from solid and perforated aluminium sheets 

(Waltenhofen’s pendulums) 
• copper and plastic tubes (e.g. as used in plumbing), each with diameter 

about 2 cm and length about 1.5 m  
• aluminium discs, with and without perforations, mounted on a central axis 
• bicycle dynamo 
• kit for making a simple DC motor 
• double beam cathode ray oscilloscope (CRO) 
• demountable transformer 
• labels from electrical equipment mentioning rms values 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• electromotive force, electromagnetic induction, induced e.m.f., 

galvanometer, magnetic flux, magnetic flux linkage 
• Faraday’s law, Lenz’s law, eddy current 
• alternating current (AC), root mean square, period, frequency and peak 

value (of AC) 
• transformer, primary voltage, secondary voltage, turns ratio 
 

UNIT 11AP.6 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

10A.31.4 Distinguish between electromotive 
force and potential difference ... 

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. 

 

10A.30.5 Describe a magnetic field as an 
example of a field of force and know 
that it can be represented by means 
of field lines. 

11A.31.2 Understand the concepts of magnetic flux and flux linkage and use 
Faraday’s and Lenz’s laws to solve numerical problems related to 
electromagnetic induction. 

 

10A.30.7 Know the pattern of magnetic flux 
due to a single current-carrying wire, 
a coil and a solenoid ... 

11A.31.3 Describe how eddy currents form and know some of the applications of 
eddy currents, such as zone refining of semiconductors. 

 

 11A.31.4 Know that alternating current is induced in a coil rotating in a uniform 
magnetic field and explain the operation of a simple AC generator. 

 

 11A.31.5 Describe the commercial production of alternating current using a gas 
turbine as the primary source of kinetic energy. 

11A.32.8 Understand that … nuclear fission can 
be used ... as a source of energy … 

10A.28.3 Know and use the terms ... 
amplitude, phase difference, period, 
frequency ... 

11A.31.6 Describe and use the concepts of root mean square current and voltage, 
period, frequency and peak value applied to alternating current; solve 
numerical problems related to them. 

 

4 hours 

Electromagnetic 
induction 
 

3 hours 

Electricity 
generation 
 

3 hours 

Electricity in use 

10A.31.2 Define potential difference and the 
volt. Solve problems using the 
relationships V = W ⁄ Q, P = VI, 
P = I 2 R. 
 

11A.31.7 Describe the action of a transformer and explain its importance in the long-
distance transmission of electricity; solve problems related to power 
transmission. 

 

Unit 11AP.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

4 hours 

Electromagnetic 
induction 
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. 

Understand the concepts of 
magnetic flux and flux 
linkage and use Faraday’s 
and Lenz’s laws to solve 
numerical problems related 
to electromagnetic induction. 

Describe how eddy currents 
form and know some of the 
applications of eddy 
currents, such as zone 
refining of semiconductors. 

 

Producing an e.m.f. 

Set up a circus of activities and exhibits involving the induction of an e.m.f. Each should be 
accompanied by brief instructions. You might need to introduce and explain the term galvanometer. 
Ask students to work in pairs to visit each in turn and make notes of their observations and results.  

Discuss students’ observations with the whole class and establish the following points. 
1 Each example involves changing the magnetic field around a conductor either by relative motion 

or by changing the current giving rise to a magnetic field.  
2 Changing the magnetic field around a conductor can give rise to a deflection on a galvanometer 

or CRO, indicating that there is a voltage.  
3 The size of the voltage depends on the speed of motion, the direction of motion and the magnetic 

field strength. 
4 The commercial generation of electricity involves coils being made to rotate in magnetic fields.  

Introduce and explain the term electromagnetic induction. Remind students of the term 
electromotive force (e.m.f.), its SI units, and the relationship between e.m.f., charge and energy. 

Refer to the activities outlined in the Notes column on the right and ask students to sketch the 
magnetic field lines of a bar magnet and a horseshoe magnet. Discuss the ways in which a coil and 
a single loop of wire can be moved within these fields in order to induce an e.m.f. and establish that 
an e.m.f. is induced only if a conductor cuts across magnetic field lines. Also establish that, in the 
case of a closed coil or loop, this involves a change in the number of field lines threading through, 
or ‘linking’, the coil. Point out that, if the magnetic field is that of an electromagnet being switched on 
or off, the lines can be pictured as coming together as the field grows stronger or moving apart as 
the field becomes weaker and falls to zero, and a nearby coil ‘cuts’ the lines as they move.  

Encourage students to use Java applets illustrating how the relative motion of a conductor and 
magnetic field lines gives rise to an induced e.m.f. 

By suitable questioning, establish that point 3 above is equivalent to stating that the size of an 
induced e.m.f. depends on the rate at which field lines are cut or (equivalently) on the rate of 
change of the number of lines linking a coil.  

Ask students each to produce a written qualitative explanation of one or more of the practical 
activities outlined in the Notes column on the right.  

 
Activities should include the following. In each, 
tell students to investigate changing the speed 
and direction of movement. Where possible, 
use coils with various numbers of turns.  
• Connect a flexible lead to a sensitive 

galvanometer. Move the lead between the 
poles of a horseshoe magnet. 

• Connect a coil to a sensitive galvanometer. 
Move a bar magnet in and out of the coil.  

• Connect a coil to a CRO. Suspend a bar 
magnet from a spring so that it can oscillate 
in and out of the coil with a period of 
about 1 s.  

• Connect a coil to a battery. Connect a 
second coil to a sensitive galvanometer. 
Move one coil. Switch the current on and 
off.  

• Connect a bicycle dynamo to a lamp and/or 
a CRO. Turn the handle.  

Suitable exhibits include pictures, video clips 
and information leaflets about electricity 
generation in power stations. 

Enquiry skill 11A.4.2 

ICT opportunity: Use of Java applets. 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 
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Objectives Possible teaching activities Notes School resources 

Faraday’s law 

Continue the previous discussion to provide a more quantitative treatment of electromagnetic 
induction.  

Introduce Faraday’s law of electromagnetic induction in words (i.e. the induced e.m.f. is directly 
proportional to the rate of change of flux linkage). Then talk through the following steps to explain 
what is meant by magnetic flux linkage and how it can be quantified. Illustrate each step with clear 
diagrams on the board or OHP.  
1 Loosely, magnetic flux means magnetic field lines, and magnetic flux density is the number of 

field lines passing through unit area at right angles to the field direction.  
2 The quantity B, which was introduced in an earlier unit as magnetic field strength, is more 

properly known as magnetic flux density. Remind students of the SI unit of magnetic flux density 
(i.e. the tesla, T). 

3 The total magnetic flux passing perpendicularly through a coil with area A is Φ = BA. Tell students 
that the SI unit of magnetic flux, Φ, is the weber, Wb (1 Wb = 1 T m–2 and 1 T = 1 Wb m–2) and that 
magnetic flux density is sometimes expressed in Wb m–2 rather than T.  

4 The flux linkage through a coil with N turns is equal to NΦ. Each turn of the coil contributes to any 
induced e.m.f. Flux linkage is sometimes given the SI unit weber-turns; although the number of 
turns is dimensionless so does not need a unit, this form of the unit serves as a reminder of the 
distinction between flux and flux linkage.  

5 Faraday’s law gives the size of the induced e.m.f. In SI units, the proportionality constant is 
dimensionless and equal to 1, so using calculus notation the law can be written E = d(NΦ) ⁄ dt. 

Provide plenty of numerical and algebraic examples that allow students to practise using Faraday’s 
law. If students are mathematically fluent, some of these should include the use of differential 
calculus.  

 

Mathematics: Differential calculus notation is 
used.  

 

 

Lenz’s law 

Tell the class that you are going to describe how to make a machine from which energy can be 
extracted without limit (i.e. a ‘perpetual motion’ machine). Tell them that they simply need to arrange 
for a coil to rotate in a magnetic field in such a way as to induce an e.m.f. in the coil, and to connect the 
coil into a circuit so that a current can circulate within it. Remind them that in an earlier grade they saw 
that a current-carrying coil within a magnetic field experiences electromagnetic forces that make the 
coil rotate. So the current driven by the induced e.m.f. will lead to an acceleration of the coil’s rotation. 
As the coil rotates more rapidly, the e.m.f. and current increase, thus increasing the forces on the coil 
and accelerating its rotation still further. The rotating coil can be connected so that energy is 
transferred to external devices, but the electromagnetic forces due to the induced current will maintain 
the rotation (i.e. the coil and magnet form a perpetual motion machine). Summarise the steps that you 
have just described on the board or OHP. 

Probably, by now, students will be protesting that the machine you are describing is impossible. 
Even if they have not made such comments, admit that you have been leading them astray. 
Establish by questioning and prompting that the machine would violate the conservation of energy. 
Ask students to identify the deliberate error in the steps you have outlined (it is the statement that the 
electromagnetic forces will act to accelerate the coil’s rotation). Point out that, since energy is 
conserved and the machine is impossible, the forces must act to retard the coil’s rotation.  
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Objectives Possible teaching activities Notes School resources 

Tell students that the example discussed above illustrates Lenz’s law of electromagnetic induction: 
the direction of an induced e.m.f. or current is such that any resulting electromagnetic forces act so 
as to oppose the change causing it. In symbols, the law is represented by a negative sign in the 
expression E = –d(NΦ) ⁄ dt. 

Ask students to write an account of Lenz’s law, perhaps based on the example discussed above, 
explaining that it is essentially a statement of energy conservation applied to electromagnetic 
induction.  

  

Eddy currents 
Divide the class into small groups and give each a briefing sheet and apparatus for a demonstration 
involving eddy currents. Each group should rehearse their demonstration in the style of a magic 
conjuring trick then perform it to the rest of the class.  

After students have performed the demonstrations, discuss them with the whole class. Explain how 
a changing magnetic field can induce a current that circulates within the body of a conductor (i.e. an 
eddy current). Using suitable questioning, establish that there will be electromagnetic forces due to 
the interactions between eddy currents and the magnetic fields producing them, and that these 
forces will act as described by Lenz’s law (i.e. they will act to oppose the changes causing them). 
Establish that slits or perforations within a conductor will inhibit the circulation of eddy currents and 
hence the electromagnetic forces will be reduced or eliminated.  

For one or more of the demonstrations, ask students to sketch a series of diagrams showing the 
directions of the magnetic field, the eddy currents and the resulting electromagnetic forces. Tell 
them to explain how these account for the observed results.  

Ask students to use the Internet and library resources to research one application of eddy currents. 
They should produce an illustrated written report of their findings and include a bibliography listing 
their sources. 

Suitable examples of applications of eddy currents include:  
• eddy current braking; 
• zone refining of semiconductors; 
• induction motors.  
 

 
Suitable examples include the following. 
• Pendulums made from a solid and a 

perforated sheet of aluminium. Show that the 
perforated sheet will oscillate within a 
magnetic field but the solid one will not. 

• Jumping rings. Mount a coil (e.g. 100 turns) 
so that a metal rod (e.g. a retort stand) 
passes vertically along its axis. Place an 
aluminium ring on the rod above the coil. 
Connect the coil to an AC supply (the ring 
jumps upwards). Repeat with a split ring 
(which does not jump). 

• Drop a strong ‘button magnet’ first through a 
long plastic tube (it falls freely) then through 
a metal tube of similar length (it falls very 
slowly).  

• Mount an aluminium disc so that it can rotate 
freely. When it is rotating, bring a magnet 
close to the disc (it rapidly comes to a halt). 
Repeat with a perforated disc (it continues 
rotating). 

ICT opportunity: Use of the Internet. 

Enquiry skills 11A.1.6, 11A.1.8, 11A.2.5, 
11A.3.4 
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Objectives Possible teaching activities Notes School resources 

Generating AC 
Using suitable models, diagrams and Java applets, explain the operation of a simple AC generator. 
Pay particular attention to the directions of the induced e.m.f. and current. 

Introduce the terms alternating voltage and alternating current, and establish that the abbreviation 
AC can be applied to either.  

Ask students, in pairs, to make a simple AC generator using the same apparatus as used in an earlier 
grade to make a simple electric motor. Instead of connecting the coil to a DC input, they should test the 
generators by connecting the coil to a CRO, and observe what happens when the coil is set in motion 
by flicking it with a finger. Tell them to produce a brief written report of their work. 

Establish that, in principle, any electric motor can be used in reverse as a generator and discuss 
with students how a simple AC generator can be adapted to produce a rectified output (i.e. a 
varying DC output). You might need to point out that the term DC refers to direction only, and that it 
is possible to have a varying DC voltage or current.  

With more advanced students, introduce and use mathematical expressions for the generation of a 
sinusoidal e.m.f. and current. Consider a flat coil rotating in a uniform magnetic field, about an axis at 
right-angles to the field direction. Guide students through the derivation of an expression relating the 
amplitude of the e.m.f. E to the flux density B, area of coil A, number of turns N and angular frequency 
ω. Show that if the coil is square-on to the field when t = 0, then the flux passing through the coil is 
Φ = BA sin ω t, hence E – d(NΦ)dt = –BAN ω cos ω t. Provide examples that allow students to practise 
using mathematical relationships involving the generation of an e.m.f. and current.  

 
Enquiry skills 11A.4.1, 11A.4.2 
 

 
 

 
 
 
 

Mathematics: Use of differential calculus. 

Only students taking the advanced course are 
explicitly required to understand and use 
angular frequency, which they will meet in Unit 
12AP.1. With some students, you might wish 
to omit this mathematical treatment of induced 
e.m.f. 

 3 hours 

Electricity generation 
Know that alternating current 
is induced in a coil rotating in 
a uniform magnetic field and 
explain the operation of a 
simple AC generator. 

Describe the commercial 
production of alternating 
current using a gas turbine 
as the primary source of 
kinetic energy. 

Power station 

If possible, arrange a visit to Doha power station. Tell students beforehand that their task will be to 
collect information in preparation for producing a poster or a PowerPoint presentation, which should 
include information about environmental issues and how they are addressed. 

If a visit is impossible to arrange, ask students to collect information about Doha and other power 
stations using the Internet and other resources. 

Divide the class into groups and ask each group to focus on one or two of the following points: 
• the system for using gas turbines to drive generators; 
• the source of the gas, and how it reaches the power station; 
• any waste products from the gas combustion, and how they are dealt with; 
• the need to cool the machinery and how this is achieved; 
• the siting of transmission cables and transformers close to the power station. 

After they have collected their information, ask students to work in pairs or small groups to produce 
their posters or PowerPoint presentations. Ideally, these should be presented to an audience of 
students studying other subjects.  
 

 

Visit opportunity: Visit Doha power station. 

ICT opportunity: use of the Internet; use of 
PowerPoint. 

Enquiry skills 11A.1.6, 11A.1.8, 11A.2.2, 
11A.2.3, 11A.2.5, 11A.3.4 
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Objectives Possible teaching activities Notes School resources 

Describing AC 
Use a CRO to display a voltage trace from a low-voltage AC power supply derived from the mains. 
Establish that the trace is a sinusoidal waveform. Ask suitable questions to remind students of 
terms such as frequency, amplitude and period and their SI units. Use the CRO to determine the 
period and frequency of the AC mains.  

Ask students what it might mean to specify a value for an AC voltage or current. Establish that one 
useful parameter is the peak voltage or peak current (i.e. the amplitude of a sinusoidal waveform). 

Display labels from several items of electrical equipment that specify root mean square (rms) 
values of current and/or voltage. 

Use the following steps to explain what is meant by rms and why it is useful to specify root mean 
square values of varying voltage or current.  
1 Display a graph showing a sinusoidal voltage on the board or OHP. Establish that its mean value 

is zero so this is not a useful parameter.  
2 Draw on work from earlier grades to establish that power P = VI = I 2 R = V 2 ⁄ R.  
3 Ask students to sketch graphs showing how the current and power vary with time when a 

sinusoidal voltage is applied to a resistor. Establish that, while the current and voltage take both 
positive and negative values, the power is always positive (i.e. there is always a net transfer of 
energy from the circuit).  

4 Ask students to use their sketch graphs to deduce (by inspection) the relationship between peak 
and mean power (the mean is half the peak). 

5 Explain how rms voltage and current are related to the peak and average powers, and establish that 
the rms values are useful parameters as they are related directly to the average power.  

6 Establish that, if an AC supply is to be replaced by a DC supply that produces the same power in 
a given circuit, the DC voltage must be equal to the rms voltage of the AC supply. Explain that, 
unless otherwise specified, AC voltages and currents specified on items of electrical equipment 
are rms values.  

7 Show that, for a sinusoidal voltage, Vrms = Vpeak
 ⁄ √2 and Irms = Ipeak

 ⁄ √2.  

Provide students with some numerical and algebraic examples that allow them to practise using 
peak and rms voltages and currents and the relationships between them.  

  3 hours 

Electricity in use  
Describe and use the 
concepts of root mean 
square current and voltage, 
period, frequency and peak 
value applied to alternating 
current; solve numerical 
problems related to them. 

Describe the action of a 
transformer and explain its 
importance in the long-
distance transmission of 
electricity; solve problems 
related to power 
transmission. 

Transformers 
Ask students to work in pairs to explore how changes in one circuit can induce an e.m.f. in another. 
Provide the necessary apparatus and a briefing sheet that guides them though the following steps. 
Remind them of the activity that introduced this unit.  
1 Use insulated wire and wind two coils (each of about 20 turns) on two iron C-cores. 
2 Connect one coil to a sensitive galvanometer and the other to a battery.  
3 Observe the galvanometer reading as the cores are moved together and apart. 
4 Clip the cores together to form a closed loop. Observe the galvanometer reading as the battery is 

connected and disconnected.  
5 Replace the battery with a low-voltage AC power supply. Replace the galvanometer with (in turn) 

an AC voltmeter, a small torch bulb and a CRO.  

 
Prepare a suitable student briefing sheet. 

Enquiry skills 11A.4.1, 11A.4.2 
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Objectives Possible teaching activities Notes School resources 

Discuss students’ results with the whole class and by suitable questioning establish that a changing 
current in one circuit can induce an e.m.f., and hence a current, in another to which it is 
magnetically linked.  

  

Introduce the term transformer and use a demountable transformer to demonstrate the relationship 
between the primary voltage Vp., secondary voltage (induced secondary e.m.f.) Vs, and the turns 
ratio Np

 ⁄ Ns. Introduce the terms step-up transformer (Vs > Vp) and step-down transformer (Vs < Vp).  

Use a double-beam CRO to show the relative phases of the primary and secondary voltages. Ask 
students to sketch diagrams showing the traces and make sure they are able to explain that the 
peak induced e.m.f. occurs when the rate of change of primary voltage is greatest, whereas when 
the primary voltage passes through a peak the secondary e.m.f. is zero.  

  

Discuss with students the relationship between the primary and secondary currents. Talk through 
the following steps: 
1 The primary voltage and the turns ratio determine the secondary voltage. 
2 The secondary voltage and the resistance of the secondary circuit (coil plus any load) determine 

the secondary current (Is = Vs
 ⁄ R).  

3 The power output to the secondary circuit is Ps = VsIs.  
4 The input power must be at least as great as the output power (otherwise energy would not be 

conserved). If the transformer is one hundred per cent efficient, the input and output powers are 
equal. 

5 If Ps = Pp then VsIs = VpIp, Is ⁄ Ip = Vp
 ⁄ Vs = Np

 ⁄ Ns. Thus, in a transformer that steps up the voltage, 
the primary current is greater than the secondary current, and, if the voltage is stepped down, the 
primary current is less than the secondary current.  

6 The primary current is determined by the resistance of the secondary circuit as well as by the 
primary voltage and the turns ratio.  

Point out that the relationships established above apply both to ratios of rms voltages and currents 
and to ratios of peak voltages and currents.  

Use the demountable transformer to show the principle of an induction furnace and induction 
welding.  

Discuss with students the likely sources of inefficiency in a transformer. Draw attention to the use of 
laminated cores. Students should be able to draw on earlier work to explain how eddy currents 
would circulate in a solid core, leading to dissipation of energy through heating.  

Provide plenty of numerical and algebraic examples that allow students to practise using 
relationships involving the turn ratio of a transformer.  
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Objectives Possible teaching activities Notes School resources 

  Electricity transmission 

Set up a model power transmission system as shown below. First demonstrate the system without 
either of the transformers and show that, if electricity is transmitted at low voltage, there is a 
significant drop in output voltage at the end of long transmission lines: the lamp at the ‘village end’ 
glows only faintly, and voltmeters connected across each lamp show that the output voltage is 
much less than the input. Show that inserting a step-up transformer near the ‘power station’ and a 
step-down transformer at the ‘village end’ of the transmission lines restores the output voltage to a 
value close to the input.  

 
Let students spend a few minutes brainstorming in pairs or small groups to suggest an explanation for 
what they have observed. To guide their discussions, display a large clear diagram on the board or 
OHP showing a load connected in series with two other resistors (i.e. the transmission lines). 

Use algebraic and numerical examples to explain how increasing the input voltage reduces the 
current and hence also reduces the power dissipation in the transmission lines, ensuring that the 
output voltage is not much less than the input. By suitable questioning and discussion, establish 
that a DC supply system would be inefficient to operate, as the voltage could not be stepped up or 
down by transformers.  

Provide algebraic and numerical examples that allow students to practise solving problems related 
to power transmission.  
 

Source: Adapted from T. Duncan (1978) 
Exploring Physics, Book 5, John Murray. 
© Tom Duncan 1970. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

A student connects a coil to a CRO. Using the terms magnetic flux linkage and induced 
e.m.f. in your answer, describe and explain the deflection on the CRO screen that you would 
expect to see: 

a. as a bar magnet is moved into the coil; 

b. when the coil is moved with a bar magnet at rest inside it.  

  

A magnetic flux of 8.0 Wb passes through a coil of 40 turns. The flux is steadily reduced to zero 
over a time interval of 1.5 s. What is the size of the e.m.f. induced in the coil?  

  

Using diagrams to show the directions of magnetic field lines, eddy currents and 
electromagnetic forces, explain why a pendulum made from a perforated sheet of aluminium will 
swing freely between the poles of a strong magnet but one made from a solid sheet will not.  

  

Find out the frequency of the AC mains electricity supply in Qatar and calculate its period.    

A flat circular coil with 60 turns, diameter 5 cm, is suspended in a uniform magnetic field of flux 
density 4.5 mT. The coil rotates with a frequency 2.0 Hz about an axis at right-angles to the field 
and is connected into a circuit that has a total resistance of 35 Ω. 

a. Derive an expression for the induced e.m.f. in the coil as a function of time. 

b. Calculate the peak value of the induced e.m.f. 

c. Calculate the peak current in the circuit. 

  

If the voltage of the electrical mains is stated to be 110 V rms, and assumed to be sinusoidal, 
what is the peak mains voltage? 

  

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. 

 

a. A 120 V generator is connected to transmission lines with total resistance 2 Ω and a load with 
resistance 10 Ω.Calculate: 

 i. the current in the circuit; 

 ii. the power loss in the transmission lines; 

 iii. the pd across the load.  

b. Transformers with turns ratios 1:20 and 20:1 are inserted at the ends of the transmission 
lines. Calculate: 

 i. the input voltage to the circuit;  

 ii. the current; 

 iii. the power loss in the transmission lines;  

 iv. the pd across the load.  
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