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GRADE 9: Physical processes 5 

Moments and levers 

About this unit 
This unit is the fifth of seven units on physical 
processes for Grade 9.  

The unit is designed to guide your planning and 
teaching of lessons on physical processes. 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 or consolidation activities, look at 
the scheme of work for Grade 11F and 11A, and 
Grade 7. 

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 
life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be familiar 
with the nature and effects of forces and be able to measure them. They 
should be able to understand how the force due to gravity acts on objects 
and be able to calculate the weight of an object given its mass. 
 

Expectations 
By the end of the unit, students know how a lever can make work easier, 
and describe applications of this. They calculate the moment of a force and 
know that the algebraic sum of all moments acting on an object in 
equilibrium is zero. 

Students who progress further calculate the work done when a force 
causes an object to move. They know that, in a simple machine, the work 
done by the effort is equal to the work done on the load and use this 
relationship in calculations on the operation of machines. 

Resources 
The main resources needed for this unit are: 
• spade, screwdriver, tin with lid, sealed bottle (not screw top) and bottle 

opener, toy crane, mobile 
• metre rules with centre holes for moment experiments, masses and 

cotton or hanging masses 
• investigation planning chart 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• fulcrum, pivot, force, distance, moment 
• machine, lever, load, effort 
• torque 

UNIT 9P.5 
9 hours 
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Standards for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

7.16.5 Represent the forces acting on an 
object diagrammatically, using 
arrows that show direction and 
magnitude. 

9.19.1 Know how a simple machine such as a lever can make work easier and 
that it has many applications. 

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. 

7.16.6 Recognise that there may be many 
forces acting on an object that may 
not be in balance, and be able to 
represent them in diagrams and to 
make deductions about the size and 
direction of any resultant forces. 

9.19.2 Know that the turning effect of a force is called its moment and calculate 
the moment of a given force. 

11F.20.7 Describe and apply the moment of a 
force and the torque of a couple, and 
apply the principle of moments to a 
system in equilibrium. 

4 hours 

Moments 
 

5 hours 

Simple machines 

 

 

 9.19.3 Know that, in a system of moments in equilibrium, the anticlockwise 
moment is equal to the clockwise moment and use this in calculating 
unknown forces. 

11F.20.8 List and explain applications of the 
principle of moments to engineering 
systems and to the muscles of the 
human body. 
 

Unit 9P.5 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction  
Introduce this unit with a number of everyday activities. Take a spade outside and ask one of 
the students to dig up a spadeful of earth. Then ask a second to do the same but without 
touching the spade handle. Open a bottle with a bottle opener and then ask a student to do the 
same without touching the bottle opener handle. Ask the class to suggest other daily tasks 
where we exert a force using an instrument with a long handle. Write them on the board or 
OHP. 

Define the important terms pivot (or fulcrum) and force exerted on a diagram of one of the 
instruments on the board or OHP. (Leave the definition of moment until later.) 

 

 

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

 

Counterbalancing 
Challenge the class to pick up an object placed just in front of their toes without bending their 
knees. Then ask them to stand with their heels against the wall and do it again (they will not be 
able to). Ask them to stand three foot-lengths away from the wall and lean forward to touch the 
wall with their noses (some will do it, others not). 

Show video clips of Olympic gymnasts in action. Play them again frame by frame to show how 
gymnasts use counterbalancing as well as muscles to perform their routines. 

Hang up a mobile somewhere in the laboratory to show counterbalancing. 

Discuss these observations, leading to an explanation of the idea of a counterbalance. When 
students bend over or they lean one way, they move a part of their body the opposite way as a 
counterbalance. Illustrate this further using a toy crane with a counterbalance weight. 

 

 
 
 
 

 
 

 

 

 

4 hours 

Moments 
Know that the turning effect 
of a force is called its moment 
and calculate the moment of 
a given force. 

Know that, in a system of 
moments in equilibrium, the 
anticlockwise moment is 
equal to the clockwise 
moment and use this in 
calculating unknown forces.  

Finding a rule for balancing  
Present groups of students with a metre rule with a carefully positioned hole in it so that it 
balances horizontally when suspended from the hole. Also give them a selection of hanging 
masses, including, initially, two holders. Challenge the groups to plan and carry out an 
investigation to discover a rule for balancing the ruler horizontally when masses are hanging from 
each side. Encourage them to use the investigation planning chart and give appropriate help to 
weaker groups. Groups may need to try out a few ideas before they come up with a clear plan.  

Most of the groups will derive the principle of moments in some form or other. To consolidate 
this activity, develop a form of words to describe the principle. Then introduce the concept of a 
moment of a force about a fulcrum and the idea of clockwise and anticlockwise moments 
balancing. Ensure they fully understand how to work out the moment of a force and express it in 
the correct units. 

Set up some practical problems that involve two forces on one side of the fulcrum. Ask groups 
to set up the equipment with two unbalanced moments and challenge them to think up what 
additional force is needed where for the ruler to balance. 

For further consolidation, set a series of graded questions on moments. 
 

 
Attach small wire or cotton loops to the hanging 
mass holders so that they can be suspend 
under the metre rule. 

Enquiry skill 9.1.1 

 

Unit 9P.5 
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Objectives Possible teaching activities Notes School resources 

How simple levers work 
Extend the ideas developed in the introduction to moments by thinking up tasks that use simple 
levers but then make them difficult by shortening the lever. A good example is to break the handles 
off a pair of scissors and ask a student to demonstrate using them to cut a piece of card. 

Conclude that a simple machine is a device for making tasks easier to accomplish.  

Analyse what is happening when a simple machine such as scissors, a bottle opener or a 
spade is used. They are all examples of levers. Define with the aid of sketches of common 
examples, the key elements; load, effort, fulcrum 

Ask students to think up additional everyday examples of levers (e.g. a wheelbarrow, the 
positioning and use of a doorknob, bath taps – particularly those designed for the elderly). This 
extends the list developed in the introduction to the first topic. Write their ideas on the board or 
OHP. 

Spend some time clarifying how the principle of moments might apply to a system such as a 
wheelbarrow, where the fulcrum is at one end of the system and the forces act on the same 
side of the fulcrum but in opposite directions. Put simple problems on the board or OHP for 
students to work out; then go though them. 

Conclude that a lever is a simple machine that uses a fulcrum and that the turning effect 
depends on the size of the force applied and its distance from the fulcrum. 

 
 
 
 
 

 

Classification of levers is not included in the 
standards, but you may wish to do it at this 
stage if you feel it helps to clarify the concept of 
a lever. 

 

A model arm 
Invite pairs of students to arm-wrestle. Discuss with them how the arm is acting as a lever with 
the fulcrum where the elbows touch the table. Elicit from them the idea that the length of the 
forearm as well as the strength of the muscle is important in deciding who wins 

Ask each student to make a model arm from card using rubber bands as biceps and triceps. 
Give them a template to help them cut out the pieces. The arm should show the two muscles 
act in opposition to each other, making the forearm a lever in both its up and down movement. 
(Link this to antagonistic muscle reaction in life science Grade 9, Unit 9L.4.) 

 

 

 

 

5 hours 

Simple machines 
Know how a simple machine 
such as a lever can make 
work easier and that it has 
many applications. 

Know that, in a system of 
moments in equilibrium, the 
anticlockwise moment is 
equal to the clockwise 
moment and use this in 
calculating unknown forces.  

Work 
Although the concept of work does not appear formally in the standards until it is linked with power 
and energy in Grade 11, it is a useful idea to develop here when considering simple machines. 

Introduce the concept of work done by a force as equal to the magnitude of the force multiplied 
by the distance it moves. Explain that the SI unit of work is the joule, the same as energy. This 
equivalence of work and energy is not an easy idea to grasp at this level but explain that, when 
one joule of work is done, one joule of energy is converted in order to do it.  

Give each group of students a forcemeter and a ruler and ask them to measure the work done 
performing simple operations, such as lifting an object from the floor to the bench or opening a 
door. Also ask them to do some rather more difficult tasks, such as calculating the work done 
when they climb the stairs or step up onto a chair. This requires them to recall earlier work on 
the force of gravity acting on a (their) body; when they climb they are working against this force. 

Check and discuss the results to ensure that all understand the concept of work and can 
measure work done when a force causes an object to move. 
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Objectives Possible teaching activities Notes School resources 

Work done when simple machines are used 
Set up a circus of some simple machine experiments that permit the measurement of the work 
done by the effort and the work done on the load. Examples include the following: 
• Lifting a 1 kg mass on the end of a ruler placed over a fulcrum. The fulcrum is close to the 

end on which the mass is placed. The mass is lifted by pulling down the other end using a 
forcemeter. The distances moved by load and effort are measured, and the work done by 
load and effort calculated. 

• Lifting a mass using a multiple pulley system. (If you use multiple pulley systems as simple 
machines in these investigations, you will need to give students a brief introduction to them.) 

• Using a spanner to unscrew a nut. This offers an opportunity to introduce the concept of 
torque when the idea of a moment is applied to this kind of machine. 

Each group should carry out at least one experiment, following instructions provided, and 
tabulate their results and calculations. Tell them to compare the work done by the effort with the 
work done on the load in each experiment. These should be almost the same in each case. 
Discuss the possible origins of any differences; in all cases, the difference, if any, should be that 
the work done by the effort is slightly larger than the work done on the load because of 
additional work done overcoming friction, etc. 

 

 

 

Draw out three general conclusions that apply to all cases: 

• the work put into the machine is the same as the work done by it; 

• the effort was smaller than the load; that is, the machine made the task easier to perform; 

• although the effort required was smaller than the load, it had to be moved further. 

The concepts of mechanical advantage and 
velocity ratio complicate rather than simplify 
these ideas at this level, so it is best not to use 
them. 

 

 
Calculations involving simple machines 
Set some graded exercises involving realistic simple machines in which some unknowns can be 
calculated based on the equality work done by effort = work done on load. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

When you bend your arm at the elbow, the bones and muscles in your arm are acting as a 
system. What simple machine does this system represent? 

A. Inclined plane 

B. Pulley 

C. Wedge 

D. Lever 

TIMSS Grade 8, 1995 

  

A uniform rod is pivoted at its centre. It is acted on by two forces in the same plane. Each force 
has the same size, equal to 10 N (newtons). In which case is there a turning effect?  

 
 

TIMSS Grade 8, 1995 

  

The diagram shows a crane lifting a load. The counterweight weighs 10 000 kg. 

a. If the load is moved towards the pivot, explain what happens to the turning moment produced 
by the load.  

b. What must the crane operator do to the counterweight to keep the arm balanced?  

c. If a load of 2000 kg is lifted from a position 6 m from the pivot, (i) what is the moment of this 
load at the pivot and (ii) what must be the distance of the counterweight from the pivot? 

d. How much work does the crane do if it lifts the load a distance of 15 m? 

e. If the counterweight is placed 4 m from the pivot, what weight can be lifted 12 m from the 
pivot? 

 

 

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. 

Ibrahim uses a spanner to unscrew a nut. If he exerts a force of 200 N on the spanner 20 cm 
from the nut, what is the moment that he is applying to the nut? List two ways by which he could 
increase this moment. 
 

  

 

Unit 9P.5 



<<
  /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


