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Delivery guides are designed to represent a body of knowledge about teaching a particular 
topic and contain:

• Content: A clear outline of the content covered by the delivery guide;

• Thinking Conceptually: Expert guidance on the key concepts involved, common difficulties 
students may have, approaches to teaching that can help students understand these 
concepts and how this topic links conceptually to other areas of the subject;

• Thinking Contextually: A range of suggested teaching activities using a variety of themes so 
that different activities can be selected which best suit particular classes, learning styles or 
teaching approaches.

If you have any feedback on this Delivery Guide or suggestions for other resources you would 
like OCR to develop, please email resources.feedback@ocr.org.uk
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Would you prefer a Word version?
Did you know that you can save this pdf as a Word file using Acrobat Professional? 

Simply click on File > Export to and select Microsoft Word
(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere 
on the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that will also 
convert PDF to Word (search for pdf to word converter).
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This section is intended to introduce students to the classification of mechanical properties 
of materials, linking these properties to the structure of the material with the use of 
appropriate scientific vocabulary. As well as the qualitative descriptive work, qualitative 
work includes Hooke’s Law, the spring constant and determination of Young Modulus for a 
material.

The physics is put into context by linking the properties of materials to their uses in 
engineering, construction, medical sciences and the manufacture of everyday objects.

Human and cultural issues arise in considering the impact of materials on the environment, 
technology and society.

 It is not intended that candidates acquire a detailed knowledge of specific individual 
materials, rather that students should have a comprehension of the terms needed to 
understand the uses and properties of materials when presented in written material and 
to be able to adequately identify and describe classes of materials using the appropriate 
technical vocabulary.

Students should be given opportunities to discuss and share their understanding of the uses 
and properties of these materials. 

The areas covered in this theme are:

Mechanical behaviour, elastic and plastic deformation, fracture

Behaviour of each class of material; metal, ceramic and polymeric

The benefits of using composite materials in specific circumstances 

The measurement of Young Modulus and Fracture Stress

The appropriate use of the terms: stress; strain; tension; compression; fracture stress; yield 
stress; stiff; elastic; plastic; ductile; hard; brittle; tough.

Students should be familiar with the following equations and techniques for their 
determination:

• Hooke’s Law, F = kx

• Energy stored in an elastic material = ½kx2;

• Energy as area under Force-extension graph for elastic materials (loading only)

• stress = force/area

• strain = extension/original length,

• Young modulus E = stress/strain
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Approaches to teaching the content
This theme introduces students to the study of materials. Students should be given 
opportunities to gain confidence in the use of technical terms, making careful measurements, 
handling large and small numbers and using graphs to analyse data. The goal for the 
experimental aspect of this theme can be seen as making a valid determination of the Young 
modulus to a sensible degree of precision with a statement of the uncertainty of the result. It 
is important to encourage the discussion of experimental results and sources of uncertainty 
in measurements. This discussion should not be limited to experiments performed in the 
laboratory; students should be encouraged to link their growing understanding of material 
properties to the use and choice of materials in everyday life.

Common misconceptions or difficulties students may have
Although earlier work will have covered the use of prefixes and standard notation, many 
students continue to find conversions difficult – for example, from mm2 to m2. It is useful 
practise to use a micrometer to measure diameter in mm and thus calculate cross-sectional 
area in m2 as this will build confidence and develop useful practical skills. Similarly the use of 
a Vernier scale in determining extension introduces another practical measuring device. 

A particular difficulty many have with this area is the terminology. This is not because the 
vocabulary is new, but because the scientific meanings are different to those in everyday 
use. Words such as tough and brittle have different meanings beyond the study of materials. 
Everyday usage also leads ‘brittle’ to be associated with ‘weak’ whilst ‘tough’ is linked to being 
‘strong’. Similarly many objects made of plastic have elastic properties and materials such as 
steel may be used to make objects which are elastic. 

Students find the concept that stored strain energy is given by  ½ Fx leading to ½kx2 rather 
than kx2 based solely on “work done = force x distance moved“ conceptually challenging.

Conceptual links to other areas of the specification – useful ways to approach this topic to 
set students up for topics later in the course.

This theme gives an opportunity to develop an understanding of the limitations of 
measurements. These ideas may have been introduced earlier, but it is perfectly possible 
to begin the course with this theme. The possible techniques for considering the spread 
of results, including range bars on graphs and giving an uncertainty to the final result will 
be used consistently throughout the course.  Work carried out with tangible data such 
as lengths and diameters of wires allows students to gain confidence in dealing with 
uncertainties. This work also gives an opportunity to introduce or develop the good practice 
of focusing attention on the largest uncertainty in an experiment.  

Using logarithmic charts to represent the range of strengths of materials helps students 
develop a familiarity with logarithms which are used in many areas of the course. 

The work on material properties links directly to that of the microscopic structure of 
materials.
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Activities

This theme has links to a wide range of contexts. For example, 

• Why choose polymers for baby cups whilst adult crockery is usually ceramic? 

• Why use of reinforced concrete for building projects when concrete is exceptional in 
compression?

• What properties do artificial joints need in medical uses?

• Why are cables on pylons wound using aluminium on the outside with a steel core? 

• What are the latest materials used in airframes of planes?

• How have polymer developments shaped fashion?

Each student should understand specific use for which a metal, a ceramic and a polymer is 
chosen. This will place ideas such as breaking stress and yield stress firmly into context. It is 
important for students to realise that the choice of materials always depends on material 
properties (though not always mechanical properties). We should not restrict our examples 
to the obvious – material choice is crucial in all areas from fashion to toothbrushes to 
spacecraft.
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Learner Activity 1
Describing materials. 
Learner resource 1

The topic can start with either the students themselves experiencing materials hands 
on, or with demonstrations creating cognitive conflict between the everyday usage and 
scientific use. Examples of this are the elastic properties of a metre rule, the elastic and 
plastic properties of a paper-clip and that not all plastics behave in a plastic manner!  An 
exercise in matching vocabulary to definitions is given in Learner Resource 1. It is worth 
emphasising the different terminology, such as the property if a ductile material being 
ductility or differentiating between resistance as the measurable property of an object and 
resistivity as the property of a material.

Learner Activity 2
The use of Material Selection Charts 
Material selection charts are available from a number of sources including Cambridge 
University Department of Engineering  (www-materials.eng.cam.ac.uk/mpsite/interactive_
charts) Where  a collection of materials data charts use log scales that show the range 
of properties of commonly used materials. Specific criteria for materials can be given to 
search and drop down menus allow selection against selected for each analysis. A useful 
introduction to the charts is available on 

http://www-materials.eng.cam.ac.uk/mpsite/physics/overview/

Learner Activity 3
Revision of Hooke’s Law and the Spring Constant 
Elasticity is easily observed using a spring. Students will probably have carried out 
experiments stretching springs a number of times in their prior education. This can be 
repeated, demonstrated or revised using a computer animation such as that from 
https://phet.colorado.edu/sims/html/hookes-law/latest/hookes-law_en.html

https://phet.colorado.edu/sims/html/masses-and-springs/latest/masses-and-springs_
en.html

Learner Activity 4
Young modulus and stress-strain graphs
This Cyberphysics site has a useful summary of Young modulus and stress-strain graphs. 
https://www.cyberphysics.co.uk/topics/forces/young_modulus.htm

This is also an opportunity to reinforce the skills necessary for the qualitative description 
of a graph.  The different areas of the Force-extension and stress-strain graphs can be 
circled and labelled, or key points can be annotated X,Y,Z. Students can then describe what 
is happening in each area. The following is a source of stress-strain graphs for different 
materials and other  resources including animations.

http://www.materials.unsw.edu.au/tutorials/online-tutorials/8-tensile-curves-different-
materials

Learner Activity 5
Strain Energy 
Breaking down the incremental extension of a spring as individual masses are added to 
illustrate that energy stored is  ½Fx and hence ½kx2 overcomes the misconception that the 
energy stored is the product of final force and extension, rather that it is represented by the 
area under the graph. 

For those studying maths and already familiar with integration this is a possible extension 
task. 

Students can calculate data for energy given extension and the spring constant. The simple 
integration on the second page will give mathematically inclined students a chance to 
check the integral given.

Resource details: http://hyperphysics.phy-astr.gsu.edu/hbase/pespr.html

http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts
http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts
http://www-materials.eng.cam.ac.uk/mpsite/physics/overview/
https://phet.colorado.edu/sims/html/hookes-law/latest/hookes-law_en.html
https://phet.colorado.edu/sims/html/masses-and-springs/latest/masses-and-springs_en.html
https://phet.colorado.edu/sims/html/masses-and-springs/latest/masses-and-springs_en.html
https://www.cyberphysics.co.uk/topics/forces/young_modulus.htm
http://www.materials.unsw.edu.au/tutorials/online-tutorials/8-tensile-curves-different-materials
http://www.materials.unsw.edu.au/tutorials/online-tutorials/8-tensile-curves-different-materials
http://hyperphysics.phy-astr.gsu.edu/hbase/pespr.html
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Learner Activity 6
Modelling Young modulus using springs 
In Learner Resource 2 students are challenged to consider the effect of changing the cross 
sectional area of a sample or its original length, considering the implications for the spring 
constant (which change, as the object being investigated has changed dimensions) and 
the hypothetical Young Modulus of spring material, which should remain constant.

The activity allows investigation of patterns of proportionality and consideration of how 
to use graphical methods to prove an inverse relationship by plotting the inverse of area 
against extension.

This resource is also similar to our suggested practical activity resource PAG2.2.

https://ocr.org.uk/Images/585205-pag-02-investigating-properties-of-materials.zip

Learner Activity 7
Investigating the Properties of a Plastic Carrier Bag 
This resource is similar to our suggested practical activity, PAG2.3. 

https://ocr.org.uk/Images/585205-pag-02-investigating-properties-of-materials.zip

This activity extends the work on Hooke’s Law and the shape of a typical Stress/Strain 
graph. It also gives evidence of the behaviour of polymers in one particular application. 

The first samples are taken in line with the load bearing structure of the bag. As load is 
applied the bag initially extends rapidly as the polymers align. The sample is then able to 
hold a significantly greater weight with little increase in extension. Ultimately it will break 
with little additional extension.

The second sample is cut perpendicular to the first. This will extend significantly with little 
force, demonstrating that it has much lower strength as it is relying on the intermolecular 
bonds rather than the bonds within the long chain polymer.

Students should at some point observe creep, when the material continues to extend with 
no additional force applied.

Learner Activity 8

Determining Young Modulus Experiment 
Details of a possible experimental procedure are given here in Episode 228-4. 

https://spark.iop.org/episode-228-young-modulus#gref

Gaining a value in reasonable agreement with the expected value requires some careful 
work and analysis on behalf of the students and they will need to be confident in the use 
of the apparatus before embarking on this practical. For example, it is useful to give them 
practice in measuring the diameter of wires using a micrometer and Vernier scale for small 
extensions in the lesson before this experiment is attempted.

The different methods of measuring lengths and the different order of lengths involved 
lend themselves to consideration of error and uncertainty. Students can ascertain which 
measurement leads to the greatest uncertainty as well as combining the uncertainties to 
allow plotting of error bars on graphs.

Other possible Resources:

https://spark.iop.org/stretchy-sweets

https://spark.iop.org/crunchie-bones

https://spark.iop.org/home-made-springs

https://spark.iop.org/stretching-copper-wire-measuring-extension-quantitative

https://spark.iop.org/episode-227-hookes-law

https://ocr.org.uk/Images/585205-pag-02-investigating-properties-of-materials.zip
https://ocr.org.uk/Images/585205-pag-02-investigating-properties-of-materials.zip
https://spark.iop.org/episode-228-young-modulus#gref
https://spark.iop.org/stretchy-sweets
https://spark.iop.org/crunchie-bones
https://spark.iop.org/home-made-springs
https://spark.iop.org/stretching-copper-wire-measuring-extension-quantitative
https://spark.iop.org/episode-227-hookes-law
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Match the word to the correct definition
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A measure of the difficulty of changing 
the shape of an object

A material whose internal structure is 
composed of crystals

A property related to the maximum 
load in terms of pressure that can be 
applied before the material breaks

A material that is very stiff but not very 
strong and snaps without significant 
deformation

A measure of the difficulty in 
scratching a substance

The property that allows a material to 
change shape even though the force 
remains constant

A material that retains a new shape 
after being distorted

A material which returns to its original 
shape after being distorted

A material composed of long chain 
molecules

A property which relates to cracks or 
defects not propagating

This type of material can be drawn  
into wires

Tough

Brittle

Strong

Elastic

Ductile

Hard

Polymeric

Crystalline

Stiffness

Creep

Plastic
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Using Springs to Investigate Young Modulus of 
Materials
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1. Connecting Springs in Series
Measure the original length, L, of a spring. 

Load the spring with 100g and determine the extension.

Connect two springs in series and repeat the measurement.

Continue up to 5 springs, recording the data.

Plot a graph of N, the number of springs on the x-axis,  
against extension on the y-axis.

Use this data to calculate the strain (x/NL)

2. Connecting Springs in Parallel
Set up the apparatus as shown with 2 springs.

Add a load of 1kg to the lower rod (shown in red).

Determine the extension of the combination

and compare this with the extension for one spring above.

What conclusion can you draw?

Increase the number of springs to 3 and determine the 
new extension.

Repeat with up to six springs.

What relationship do you observe between the number of  
springs and extension?

Plot an appropriate graph to demonstrate this relationship.

3. Drawing Conclusions
Young Modulus = (F/A)/(x/L)   Spring Constant k=F/x

Which of these constants relates solely to the material and is independent of shape, and which is a function of the 
shape of the object?
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Investigating the Properties of a Plastic Bag
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Clamp your sample of plastic bag in the holder.

Add masses one at a time measure the extension and observe any change 
in the shape of the material, waiting for any movement to stop before 
taking the measurement.

Add additional masses one at a time, making the same observations.

Try to explain what is happening to the material as it changes.

Carry on until the sample finally breaks.

[Health & Safety: Make sure the masses are less than 10cm above the desk, 
and that there is a soft protective material for them to land on after the 
material breaks.]

Repeat the experiment with a second sample of material.

Explain your observations in terms of the structure of the material.

Teaching Note:

Sample 1 – cut with top and bottom in line with the handle.

Sample 2 – cut at ninety degrees to sample 1.

Test strip clamp (for example SciChem catalogue number XPS130010)

Sample 1 Sample 2
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