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GRADE 11A: Physics 2 

Work, energy and power 

About this unit 
This unit is the second 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 11A. 

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 
state and use Newton’s laws of motion. They should know and use the joule 
as the SI units of energy. They should know that energy can be transferred 
and transformed but that the total amount of energy is conserved. They 
should be able to define potential difference and the volt, and be able to 
solve problems relating to current and energy transfers in electric circuits.  
 

Expectations 
By the end of the unit, students know that there are many interconvertible 
forms of energy and perform calculations using expressions for kinetic 
energy and potential energy, work and power.  

Students who progress further use a force–displacement graph to 
determine work done on a body when the force is not constant. They 
calculate efficiencies relating energy input to useful energy output. 

 

Resources 
The main resources needed for this unit are: 
• demonstrations, pictures and video clips illustrating work being done 
• simple examples of energy transducers (e.g. a lamp lit from a battery; a 

mass suspended from a spring so that it bounces up and down; a wind-up 
toy; a solar-powered calculator; a bell or buzzer powered by a battery; a 
piezo-electric lighter) 

• poster tube, about 0.7 m long, with rubber bungs to fit each end 
• lead shot 
• motion sensor, freeze-frame video or multiflash photography apparatus 
• information about Qatar power stations and/or other industries that involve 

the dispersal of waste heat 
• electric motor to run from low-voltage DC supply 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• work, kinetic energy, potential energy, conservation of energy, transducer, 

efficiency, power 

UNIT 11AP.2 
7 hours 
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Standards for the unit 

7 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

8.16.6 Know and use the joule as the unit of 
energy. 

11A.26.1 State Newton’s laws of motion and 
apply them to real situations. 

11A.27.1 Define work and apply the concept of work as the product of a force and 
displacement in the direction of the force. 

12A..27.6 Calculate work done by a gas 
expanding against a constant external 
pressure using W = p∆V. 

 

8.16.1 Classify common forms of energy as 
either kinetic or potential energy.  

11A.27.2 Define kinetic and potential energy. Give examples of different forms of 
energy and their interconversion by transducers of various kinds, and 
classify them as potential or kinetic. Describe the principle of energy 
conservation and apply it to simple examples. 

12A.27.3 Recognise that the first law of 
thermodynamics is a statement of the 
principle of conservation of energy. 8.16.3 Know that during energy 

transformations energy is converted 
from one form to others but that the 
total energy remains the same.  

11A.27.3 Recall, derive and apply the formulae Ek = 1⁄2mv2 and Ep = mgh. 12A.25.6 Derive and use expressions relating 
the kinetic, potential and total energy 
of an orbiting satellite. 

8.16.4 Know that heat is produced in all 
energy transformations ...  

  

11A.27.4 Know that in practical systems energy loss, particularly in the form of waste 
heat, always occurs and use the concept of efficiency to solve problems. 
Calculate conversion efficiencies relating energy input to useful energy 
output. 

11A.28.6 Define ... and use the concepts of 
specific heat capacity and specific 
latent heat. 

1 hour 

Work 
 

3 hours 

Kinetic and 
potential energy 
 

1 hour 

Power 
 

2 hours 

Efficiency and 
energy loss 

 

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

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

 

Unit 11AP.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Mechanical work 
Ask each student to write one sentence containing the word work and read it to the rest of the class. 
Some will use work to describe moving something with a force, but others will not. Explain that, in 
physics, work has a specific meaning: define W = Fx, where W is work done when a force F 
produces a displacement x along its own direction.  

Explain the derivation of the SI unit of work, the joule (J): 1 J = 1 N m. 

Establish that the work done is related to the energy supplied, hence energy and work are 
measured in the same units. 

Discuss the scalar nature of work. The amount of work done is related to the amount of energy 
input required and does not depend on the direction of the force or displacement. Point out to 
students with a strong mathematics background that work is the scalar product (‘dot product’) of 
force and displacement vectors. 

 

 

This activity also relates to Standards 
10A.25.1, 10A.25.4. 

 

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

 

 

Show students a variety of demonstrations, pictures and video clips involving work and talk through 
each in turn with the whole class. Some should involve students making a measurement (e.g. the 
force needed to lift an object) – ask one or more students to come to the front of the class to make 
the measurements. Some should require students to deduce, or estimate, reasonable values for 
the force and/or displacement involved. In each case, ask students to calculate the work done.  

Provide plenty of examples of algebraic and numerical calculations involving the work done by a 
constant force for students to work through. 

Suitable examples for measurement include:  
• the force needed to lift an orange;  
• the force needed to lift a bag of books;  
• the force needed to push a chair along the 

floor; 
• the force needed to open a door.  
In each case, specify the distance the object 
should be moved. 

Suitable pictures or video clips include:  
• a crane on a building site lifting a load;  
• a bulldozer pushing earth;  
• a weight-lifter. 

 

 

1 hour 

Work 
Define work and apply the 
concept of work as the 
product of a force and 
displacement in the direction 
of the force. 

 

Varying force 
For some students it will be appropriate to examine situations in which the force is not constant. On 
the board or OHP, show a graph of force against displacement for a situation in which the force is 
constant. Show that the area under the horizontal straight line is numerically equal to the work 
done. Explain that the area under a force–displacement graph is always equal to the work done, 
regardless of whether the graph is horizontal; this method can be used to find the work done in 
situations where the force is not constant. Show how this can be done by (1) finding the ‘area’ (in 
joules) of one graph-paper square then (2) counting or estimating the total number of such squares 
under the line of the graph. 

Give each pair of students a rubber band and a forcemeter and ask them to generate a force–
displacement graph and hence find the work done in stretching the rubber to four times its original 
length. 

Provide a few examples of force–displacement graphs for situations in which the force varies. Tell 
students to work on these in small groups to deduce the work done.  

 

 

 

 

 

 

 
 
 
Include a graph for a spring that obeys 
Hooke’s law (straight line through the origin). 
Students can show that, to reach a 
displacement x, W = 1/2Fx. 

 

 

Unit 11AP.2 
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Objectives Possible teaching activities Notes School resources 

Transducers 
Set up a circus of activities with each illustrating an energy conversion. Tell students, in pairs, to 
visit each one in turn and use their knowledge of earlier work to identify and record the energy 
transformations involved. 

Talk through students’ observations with the whole class. Establish that all forms of energy can be 
described as either kinetic (something is moving) or potential (energy is stored so that there is the 
possibility of producing motion). Point out that the gravitational, elastic, magnetic and chemical 
energy can all be classed as potential energy.  

 
Suitable examples of energy conversion 
include:  
• a lamp lit from a battery;  
• a mass suspended from a spring so that it 

bounces up and down;  
• a wind-up toy;  
• a solar-powered calculator;  
• a bell or buzzer powered by a battery;  
• a piezo-electric lighter. 

 

 

Introduce and define the term transducer. Ask students to suggest examples of transducers 
designed to perform particular energy conversions.  

Suitable examples of transducers include:  
• a car engine (chemical to kinetic);  
• a stretched spring (elastic to kinetic);  
• a kettle (electrical to heat).  

 

Calculating energy 
In earlier grades, students will have met the notion that energy is conserved. Remind them of this 
important law of nature and point out that, in order for any statement about conservation to be 
meaningful, we need some way of measuring energy. Explain that energy is related to work, which 
gives us a way to define and measure energy.  

On the board or OHP, show how to derive an expression for the work done, and hence for the 
increase in gravitational potential energy Ep, when an object mass m is lifted (which requires a force mg) 
through a height h. Then use equations for motion at constant acceleration to show that when a 
constant force accelerates an object mass m from rest, the work done is equal to 1⁄2mv2, where v is 
the final velocity. Identify this as an expression for the object’s kinetic energy Ek. 

  

3 hours 

Kinetic and potential energy
Define kinetic and potential 
energy. Give examples of 
different forms of energy and 
their interconversion by 
transducers of various kinds, 
and classify them as 
potential or kinetic. Describe 
the principle of energy 
conservation and apply it to 
simple examples. 

Recall, derive and apply the 
formulae Ek = 1⁄2mv2 and 
Ep = mgh. 

Introduce students to Sankey diagrams (see the diagram below for a wind-up toy), which are a 
useful way to display information about energy transformations. The total width of the diagram 
remains constant throughout any process (representing energy conservation) and the widths of the 
constituent arrows represent the proportions of different forms of energy.  

 
Ask students to sketch Sankey diagrams for some of the transducers they studied in the previous 
activity. These will not be quantitative, but should indicate the likely relative proportions of the forms 
of energy involved.  

 
 
 
 
 
 
 
 
Example Sankey diagram showing energy 
transformations in a wind-up toy. 

Source: adapted from Science Focus, The 
Salters Approach: 2 Looking into Science, 
Heinemann Educational, p.27. © 1993 
University of York Science Education Group. 
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Objectives Possible teaching activities Notes School resources 

 

Measuring energy 
Divide the class into pairs or small groups and tell each to carry out one of the following activities (or 
another activity that enables energy conversion to be measured), and to draw a quantitative Sankey 
diagram for the process. Then ask them to present their results to the rest of the class. 
1 Falling object. Drop an object of mass m through a height h. Use freeze-frame video, multiflash 

photography or a motion sensor to determine its speed v immediately before impact. Compare 
the calculated values of mgh and 1⁄2mv2. 

2 Lead shot. Put a measured mass m of lead shot (about 100 g) in a plastic cup. Record its 
temperature. Seal one end of a 0.7 m long poster tube firmly with a rubber bung. Pour in the lead 
shot. Seal the other end of the tube firmly. Invert the tube 20 times in succession. Pour the lead 
shot into the cup and record its temperature. Find the total distance through which the shot has 
fallen (20 × the length of the tube) and hence calculate the total loss in gravitational energy. Find 
the rise in temperature and use the specific heat capacity of lead  
(c = 130 J kg–1 °C–1) to calculate the increase in heat energy.  

3 Catapult. Fix a rubber band so that it acts as a catapult to propel a vehicle along an airtrack or a 
dynamics trolley along a friction-compensated runway. Use a motion sensor or ticker-tape to 
record the speed v of a vehicle, mass m, after it has been set in motion by the catapult stretched 
through a measured distance. Use a forcemeter to plot a force–extension curve for the catapult 
and hence determine the elastic energy stored. Compare this with the vehicle’s kinetic energy.  

Establish the key points arising from these activities in a whole-class discussion:  
• the energy measured after the transformation is always equal to or less than that measured 

before;  
• any discrepancy can be accounted for by uncertainties in measurement and/or by loss in the 

form of heat (activity 2 illustrates that a relatively large change in potential energy gives rise to a 
relatively small rise in temperature; in practice, energy lost as heat can often go unnoticed).  

Any difference between initial and final energy can be used to deduce the width of the ‘heat’ 
component of the Sankey diagram. Point out that, in theoretical calculations, energy losses as heat 
are often ignored as they are difficult to quantify.  

Provide plenty of examples that allow students to practise algebraic and numerical calculations 
involving energy conservation and transformation.  
 

 
This activity also relates to Standards 
10A.25.2, 10A.25.3. 

Enquiry skills 11A.1.1, 11A.1.4, 11A.3.3, 
11A.4.1 

 

 

 
If students have not already met the concept 
of specific heat capacity, either introduce it 
here or omit this example.  
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Objectives Possible teaching activities Notes School resources 

1 hour 

Power 
Define power as the rate of 
doing work or converting 
energy and solve problems 
using P = W/ t. 

Power 
By means of a few quick-fire questions, build on students’ own experiences to introduce the 
scientific meaning of power. For example; two cars drive up a slope, one reaches the top in 10 s 
and the other takes 20 s – which is the more powerful? Two cranes are unloading cargo from a 
ship, one can lift 10 tonnes through 10 m in 30 s and the other can move the same load through the 
same distance in only 20 s – which is the more powerful?  

Define power P as the rate of doing work or converting energy: P = W/t. Remind students of the SI 
unit of power: 1 W = 1 J s–1. Point out that the same relationship and units are used in calculations of 
electrical power.  

Ask students to work alone or in pairs to determine the power of a muscle system. A variety of 
methods can be used, and different students might carry out different measurements. If they have 
access to a gym, students can use the equipment there to make relevant measurements.  

Provide plenty of examples that allow students to practise algebraic and numerical calculations 
involving energy and power.  

 
Safety: When asking students to measure 
their own muscle power, first check whether 
any student has health problems that would 
make this activity unsafe. 

Suitable muscle power activities include: 
• Weight-lifting. Record the time taken to lift a 

measured mass through a measured 
distance ten times. 

• Climbing steps. Record the time taken to 
run up a flight of steps. Measure body mass 
and the vertical height of the stairs.  

• Press-ups. Record the time to perform five 
press-ups. Measure body mass. Estimate the 
position of the centre of gravity and hence find 
the height through which the body mass is 
lifted.  

 

 

Waste heat 
If possible, arrange a class visit to a local industry where waste heat needs to be dispersed, such 
as a power station. Otherwise, use the Internet and/or other sources of information to gather 
information about such industries in Qatar. Present the information to students using whichever 
visual media are available and appropriate (e.g. video, PowerPoint, posters).  

Emphasise that in all industrial processes, and other practical systems, there is always some 
energy loss, generally in the form of waste heat. In order to reduce costs and save fuel, this waste 
can be reduced to some extent by good design and engineering but can never be eliminated 
completely. Discuss methods used to disperse the waste heat (e.g. cooling towers). Sometimes the 
waste heat can become a useful by-product of the process (e.g. in combined-heat-and-power 
stations where it is used for space and water heating). 

 
Visit opportunity: Doha power station. 

 

Efficiency 

Define the efficiency of a process as 
input power) (orenergy  total
output power) (orenergy  useful  and establish that this can 

be expressed as a fraction or a percentage. Relate this to Sankey diagrams: if such a diagram is 
drawn quantitatively, the efficiency is equal to the ratio of the widths of arrows representing the 
useful output and the total input. 

  
 

2 hours 

Efficiency and energy 
loss 
Know that in practical 
systems energy loss, 
particularly in the form of 
waste heat, always occurs 
and use the concept of 
efficiency to solve problems. 
Calculate conversion 
efficiencies relating energy 
input to useful energy 
output. 

 

Ask students, in small groups, to determine the efficiency of an electric motor lifting a load. Tell 
them to connect the motor to an ammeter and voltmeter in order to find the input power. They 
should record the time taken to lift a known mass through a measured distance and hence calculate 
the output power. They should observe that the motor gets warm due to energy wasted as heat.  

Provide plenty of examples that allow students to practise algebraic and numerical calculations 
involving efficiency, energy and power. 
 

You will need an electric motor that runs from 
a low-voltage DC supply. If not enough 
apparatus is available, this activity can be 
done as a student-assisted demonstration. 
Adjust the input to the motor so that the load is 
lifted quite slowly. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

A crane lifts 1 tonne of concrete through a height of 25 m. How much work does it do? (1 kg has 
a weight of 9.81 N.) 

  

Which has the greater kinetic energy: an athlete, mass 72 kg, sprinting at 9.5 m s–1, or a bullet, 
mass 15 g, moving at 560 m s–1? 

  

A student finds that a stretched rubber band stores 3.5 J of energy. She uses it to propel an 
object of mass 0.025 kg vertically upwards. What will be the initial speed of the object? How 
high can it travel before coming momentarily to rest? 

  

A lift in a building raises a mass of 1500 kg through 30 m in 1 minute. What must be the 
minimum output power of the motor? 

  

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 student of mass 65 kg climbs to the top of a building 30 m high. If the efficiency of his muscles 
is 20%, how much energy does he need to obtain from food in order to do this? 
 

  

 

 

Unit 11AP.2 
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