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into the middle 
of the park’, 
and consider 
how it will be 
measured. 
d Put students 
into small 

groups to write the method for their 
investigation, and assign roles to all 
members of their group.
Lesson 2
e On arriving at the site, demonstrate 
taking a sample on the bark using 
sticky tape. Place a 3 cm length of 
sticky tape fi rmly onto the bark of the 
tree, leave for 10 seconds, and then 
remove it. Soot and other particles 
from the air will have adhered to the 
tape, along with debris such as loose 
bark and moss from the tree (Fig. 1).
f Ask students to get into their 
groups. Give them their starting 
points along the transect, and begin 
taking and recording measurements. 
 - Distance: Measure the distance 
from the road to the fi rst tree and 
to subsequent trees using a trundle 
wheel, or tape measure. Each tree 
should be numbered, starting from 
the road as ‘site 1, site 2, site 3… etc’.
 - Samples: Take two samples from 
the bark of each tree using sticky 
tape, 1 m from the base of the tree. 
Stick the samples onto plain paper 
and label it with the site. If time, a 
third sample can be taken and placed 
onto a labelled microscope slide.
 - Tree species: Use a suitable 
identifi cation chart and record the 
tree species.

 - Tree age: Measure the girth of the 
tree trunk using a tape measure held 
at shoulder height. The tree age can 
be estimated by dividing the tree girth 
(in cm) by 2.5. 
 - Noise (optional): A data logger / 
sensor may be used to record noise 
levels at each site.
 - Bio-indicators (optional): Observe 
and record the presence of lichens 
on the tree.
 - Other pollutants (optional): If 
sensors are available, use these to 
measure the levels of other pollutants 
e.g. CO2, SOx, NOx. 
Lesson 3
g Look at the microscope slide from 
site 1 under a microscope to observe 
in detail the types of items that are 
found on tree bark.
h Lay a mini-quadrat (acetate grid) over 
the fi rst pollution sample (sticky tape 
stuck to paper) for site 1. Randomly 
select a small (1 mm) square to 
look at, using random coordinates. 
Estimate the percentage of that 
square that is covered with black 
particulates and record your estimate. 
Only black particles of soot should be 
recorded; ignore bark and moss. 
A hand lens may be useful.
i Repeat this 15 to 20 times, each 
time randomly selecting another 
small square, and estimating the 
percentage of that square that is 
covered with black particulates. 
j Calculate an average percentage 
cover of particulates for the sample 
site, by adding together the 
estimated values and dividing by 
the number of repeats.
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k Repeat steps h to j for the second 
sample from site 1 and calculate an 
overall average. Record the overall 
average for site 1. 
l Repeat steps g to k for all sample 
sites. 
m Put the data into a spreadsheet to 
be analysed, or plot a graph by hand, 
with distance from the road along the 
x-axis and average percentage cover 
of particulates along the y-axis. If 
applicable, plot a second graph over 
the fi rst, with the sound reading, or 
concentration of other pollutants on 
the y-axis. 
n Analyse and evaluate the 
results. Consider the variables 
that were diffi cult to control, and 
how secondary data could be 
used to assess the reliability of the 
experimental results.

Teaching notes
The investigation could be put into 
a context, suitable for the location, 
such as ‘Investigate the most suitable 
site for a café in the park by collecting 
and analysing the deposition of 
airborne particulates on trees, and 
noise levels.’

A discussion of validity will be 
valuable, before and after the 
fi eldwork. The discussion could 
begin with ‘do particles on the 
sticky tape actually indicate air 
pollution?’ Repetition and standard 
procedures are important, e.g. taking 
measurements at the same height 
from the ground each time, and either 
always from the same aspect or from 
all round the circumference of the 
tree. Using the same type of tape 

and technique for applying the same 
pressure each time is important.

The investigation has many 
interesting areas to consider and 
highlights the way scientists work 
in the ‘real world’. Pupils can go on 
to consider primary data collected by 
nearby pollution monitoring stations 
(available on the internet) and observe 
how these data vary on a daily and 
seasonal basis.

An alternative method for 
investigating levels of air pollution 
by using lichens as indicators has 
been developed by the Natural 
History Museum. See www.nhm.
ac.uk/jdsml/nature-online/lichen-
id-guide/ 

Further information
The original investigation and other 
fi eldwork activities can be found 
at www.fi eld-studies-council.org/
outdoorscience.

Secondary data can be found at:
www.defra.gov.uk/noisemapping
www.airquality.co.uk/archive/index.php
www.research-tv.com/stories/health/
airpollution/bb/

Activity adapted from:
Melissa Glackin’s activities at London 
Outdoor Science (www.fi eld-
studies-council.org/outdoorscience). 
Contactable at melissa.glackin@kcl.
ac.uk
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Hydrogels in the home: 
Hair gel and disposable nappies

Introduction
In this pair of activities students investigate hydrogels – polymeric smart 
materials. They are found in many commonly available products including 
disposable nappies and cheap hair gel. The practical work is fun to do 
and the results are sudden and dramatic. 

Lesson organisation 
To do all the practical work takes 
about 30 mins. The hair gel experiment 
is a good quick introduction to 
hydrogels, while the nappy experiment 
is more detailed.

If time is available, it is worth 
considering combining this 
experiment with another experiment 
with hydrogels, using plant water 
crystals. This experiment can be 
found at www.practicalchemistry.org

It is a good idea to ask students to 
make detailed observations of each 
part of the experiment.

Apparatus and chemicals
• Eye protection

Hair gel – each group requires:
• Hair gel (see note 1)
• Salt
• Petri dish or lid
•  Teaspoon or similar – an ordinary 

spatula is a bit small

Nappies – each group requires:
• A disposable nappy (see note 2) 
• Scissors
•  A large ice cream tub or similar

container (see note 3)
• Dessert spoon or similar measure
• Stirring rod

•  Large beaker or plastic tub to 
hold at least 600 cm3

•  Plastic gloves for those with 
sensitive skin

Access to:
•  Distilled water, about 500 cm3 

per group (see note 4)
• Salt

Technical notes and safety
1 For the hair gel the cheaper and 
nastier the better. Allow about one 
large teaspoonful per group.
2 Pampers Baby Dry® nappies 
work well, but any ultra absorbent 
disposables should be fi ne. As an 
alternative to using nappies and 
extracting the hydrogel, it is possible 
to order sodium polyacrylate (Low 
hazard) from Sigma Aldrich.
3 The ice cream tub is for collecting 
the inside of the nappy and is safer 
than collecting it over newspaper 
or similar. If tubs are in short supply, 
large zip-lock bags can be used. 
Students put the nappy in the bag, 
zip it up and manipulate it until all 
the hydrogel is extracted and then 
proceed as per the directions.
4 If distilled water is not available, 
tap water can be used but the 
results are not so spectacular.

www.practicalchemistry.org
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Procedure
SAFETY: Wear eye protection

Hair gel
a Put a blob of hair gel onto the petri 
dish lid. A large teaspoonful is fi ne.
b Gently sprinkle salt from a spatula 
over the hair gel.

Disposable nappy
a Cut the middle section out of the 
nappy – the thicker piece that is 
designed to absorb the urine. 
Discard the other piece.
b Make sure the ice cream 
container is completely dry – wipe 
it with a paper towel if necessary. 
Any moisture in the tub stops the 
experiment from working properly.
c Put the centre piece of the nappy 
into the ice cream container and 
gently take it apart. Small white 
grains should start coming away and 
this is what you are trying to collect. 
Keep gently pulling the nappy apart 
until you have collected as many of 
the grains as you can. Do not do this 
roughly or you will lose your product 
and put a lot of dust and fl uff into the 
air. Avoid breathing in any of the dust.

d Remove and dispose of all the fl uff 
and other parts of the nappy, keeping 
the grains in the bottom of the tub. 
They are heavier and fall to the 
bottom, which makes it easier 
to separate them out.
e Estimate the volume of the grains.
f Pour them into the large beaker and 
add about 100 cm3 of distilled water. 
Stir. Keep adding distilled water, 
100 cm3 at a time, until no more can 
be absorbed and stir between each 
addition. Estimate the fi nal volume of 
the hydrogel.
g Add a dessert spoonful of salt and stir.

Teaching notes 
This activity can be used to enhance 
the teaching of ionic and covalent 
bonding, or hydrogels can be 
considered as an interesting polymer 
as well as an example of a smart 
material. Hydrogels are smart 
materials because they change 
shape when there is a change in their 
environment – in this case it is the 
change in the concentration of ions.

Students need to have some 
knowledge and understanding of 
ionic and covalent bonding, reversible 
reactions, and acids and bases to 
understand what is happening.
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Hydrogels are polymers that can 
retain many times their own weight 
in water. They are often polymers 
of carboxylic acids that ionise in 
water, leaving the polymer with 
several negative charges down its 
length. This has two effects. First, the 
negative charges repel each other 
and the polymer is forced to expand. 
Secondly, polar water molecules are 
attracted to the negative charges. 
This increases the viscosity of the 
resulting mixture still further as the 
polymer chain now takes up more 
space and resists the fl ow of the 
solvent molecules around it.

The polymer is in equilibrium 
with the water around it, but that 
equilibrium can be disturbed in 
a number of ways. If the ionic 
concentration of the solution is 
increased – e.g. by adding salt – 
the positive ions attach themselves 
to the negative sites on the polymer, 
effectively neutralising the charges. 
This causes the polymer to collapse 
in on itself again. Adding alkali 
removes the acid ions and moves 
the equilibrium to the right; adding 
acid has the opposite effect. 

There are a large number of 
hydrogels and they are sensitive to 
different pHs, temperatures and ionic 
concentrations. By using a mix of 
monomers to create the polymer these 
characteristics can be fi ne-tuned.

The hydrogels that are commonly 
available and are used in this 
practical activity are sensitive to 
salt concentration, but do not show 
much change across the pH range 
that can be readily investigated in 
the classroom. However, they do 

lend themselves very well to a range 
of investigative practical work. For 
example, their volume in different 
amounts of water or in different salt 
concentrations can be measured. 
For this type of investigation it is best 
to use either plant water crystals or 
to order sodium polyacrylate from 
Sigma Aldrich – this has a smaller 
crystal size and gives faster results.

Students should make detailed 
notes on their experiments, noting 
changes in volume, colour and any 
other observations. Some expected 
observations could include:

Hair gel
The hair gel shrinks in size very 
quickly when the salt is added. 
After a couple of minutes all that is 
left is some liquid in the petri dish.

Disposable nappy
About 10 cm3 of hydrogel can be 
extracted from the nappy core. 
(Exactly how much depends on the 
make and the size of the nappy.) The 
hydrogel swells up extremely quickly 
(much quicker than with plant water 
storage crystals). It absorbs about 
500 cm3 of distilled water giving a 
very viscous mixture. When salt is 
added, the viscosity immediately 
reduces and the mixture is easier to 
stir. The hydrogel releases the water 
and settles on the bottom of the 
beaker.

Further information
Inspirational chemistry on Learnnet 
has more information about hydrogels. 
www.chemsoc.org/networks/
learnnet/inspirchem.htm

www.practicalchemistry.org
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Lesson organisation
This is a class experiment suitable for 
students who already have a reasonable 
understanding of the mole concept.

The degree to which the mole 
calculations need to be structured 
will depend on the ability and 
mathematical competence of the 
class. The outline structure given 
in the Procedure below is intended 
for students with reasonable 
mathematical competence and 
experience of mole calculations.

Given adequate access to top-
pan balances, and skill in their use, 
students should be able to complete 
the experimental work in 30-40 
minutes. 

Apparatus and chemicals
• Eye protection

Each working group will require:
• Crucible (see note 1)
• Crucible tongs (see note 2)
• Tripod
• Pipe-clay triangle
• Bunsen burner
• Heat resistant mat

Access to: 
• Top-pan balance (± 0.01 g)
• Hydrated copper(II) sulfate 
(Harmful, Dangerous for 
environment), 2 - 3 g (see note 3)

Discovering the formula: 
Finding the formula of hydrated copper(II) sulfate

Introduction
In this experiment, a known mass of hydrated copper(II) sulfate is heated to 
remove the water of crystallisation. The mass of water is found by weighing 
before and after heating. This information is used to fi nd x in the formula 
CuSO4.xH2O, using mole calculations.

Crucible
Copper sulfate

Tripod

Bunsen burner

Pipe clay triangle
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Technical notes and safety
Hydrated copper(II) sulfate (Harmful, 
Dangerous for environment) Refer 
to CLEAPSS Hazcard 27C
1 Crucibles may be of porcelain, 
stainless steel or nickel, of capacity 
about 15 cm3, and should sit safely 
in the pipe-clay triangles provided. 
Lids should not be used.
2 Crucible tongs should have a bow 
in the jaws of the right size to pick up 
the hot crucibles safely.
3 The copper(II) sulfate should be 
provided as fi ne crystals. If large 
crystals are used, these should be 
ground down before use by students.

Procedure
a Weigh the empty crucible, and then 
weigh into it between 2 g and 3 g of 
hydrated copper(II) sulfate. Record 
all weighings accurate to the nearest 
0.01 g.
b Support the crucible securely in the 
pipe-clay triangle on the tripod over 
the Bunsen burner.
c Heat the crucible and contents, 
gently at fi rst, over a medium 
Bunsen fl ame, so that the water of 
crystallisation is driven off steadily. 
The blue colour of the hydrated 
compound should gradually fade 
to the greyish-white of anhydrous 
copper(II) sulfate. Avoid over-
heating, which may cause further 
decomposition, and stop heating 
immediately if the colour starts to 
blacken. If over-heated, toxic or 
corrosive fumes may be evolved. 
A total heating time of about 
10 minutes should be enough.
d Allow the crucible and contents 
to cool. The tongs may be used 
to move the hot crucible from the 

hot pipe-clay triangle onto the heat 
resistant mat where it should cool 
more rapidly.
e Re-weigh the crucible and contents 
once cold.
f Calculation:
•  Calculate the molar masses of 

H2O and CuSO4 (Relative atomic 
masses: H=1, O=16, S=32, 
Cu=63.5).

•  Calculate the mass of water driven 
off, and the mass of anhydrous 
copper(II) sulfate formed in your 
experiment.

•  Calculate the number of moles of 
anhydrous copper(II) sulfate formed.

•  Calculate the number of moles of 
water driven off.

•  Calculate how many moles of water 
would have been driven off if 1 mole 
of anhydrous copper(II) sulfate had 
been formed.

•  Write down the formula for hydrated 
copper(II) sulfate.

Teaching notes
Remind students to zero the balance 
before each weighing.

Students will probably also have to 
be reminded about the need to allow 
the crucible and contents to cool 
thoroughly before weighing.

Metal crucibles (stainless steel 
or nickel) are more robust than 
porcelain crucibles.

Further information
An alternative version of this 
experiment, illustrated with video-
clips, can be found at: http://dwb4.
unl.edu/chemistry/smallscale/
SS041c.html (This website is 
intended for teacher use.)
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Lesson organisation
As a class experiment this can be 
organised, if desired, as a class-
cooperative investigation of the 
ability of a range of alcohols to 
react with a range of organic acids. 
Working groups could compare their 
results with others to build a general 
overview of this route to the formation 
of esters, with an interesting variety 
of smells. 

Depending on the actual way the 
lesson is organised, this may be 
designed to take from 15 minutes 
to an hour.

Apparatus and chemicals
Each working group will require:
• Eye protection
• Glass specimen tubes, 4 (see note 1)
•  Plastic dropping pipettes, access to 

adequate supply 
• Beaker (100 cm3)
• Test-tubes, 4
• Test-tube rack
• Bunsen burner
• Heat resistant mat
• Tripod and gauze
• Crucible tongs

Access to the following alcohols – 
about 10 drops of each required 
(see note 2)
• Methanol (Highly fl ammable, Toxic)
•  Ethanol (Highly fl ammable, 

Harmful)

•  Propan-1-ol (Highly fl ammable, 
Irritant)

• Butan-1-ol (Harmful)
One or more other alcohols, as 
available, from:
•  Propan-2-ol (Highly fl ammable, 

Irritant)
•  Butan-2-ol (Irritant)
•  2-Methylpropan-1-ol (Highly 

fl ammable, Harmful) (see note 2)

•  Ethanoic acid, pure (Corrosive), 
about 2 cm3

• Benzoic acid (Harmful), about 0.2 g
•  Propanoic acid (Corrosive) (if 

available), about 2 cm3

•  Concentrated sulfuric acid 
(Corrosive), 5 - 10 drops (see note 3)

•  Sodium carbonate solution, 
0.5 mol dm-3 (Low Hazard at 
concentration used), about 10 
cm3 per ester

Technical notes and safety
•  Methanol (Highly fl ammable, Toxic) 

Refer to CLEAPSS Hazcard 40B
•  Ethanol (Highly fl ammable, 

Harmful) Refer to CLEAPSS 
Hazcard 40A

•  Propan-1-ol (Highly fl ammable, 
Irritant) Refer to CLEAPSS 
Hazcard 84A

•  Butan-1-ol (Harmful) Refer to 
CLEAPSS Hazcard 84B

•  Ethanoic acid, pure (‘glacial’) 
(Corrosive) Refer to CLEAPSS 
Hazcard 38A

Preparing perfumes: 
Making esters from alcohols and acids 

Introduction
In this experiment students investigate the reactions between a range of 
alcohols and acids on a test-tube scale, to produce small quantities of a 
variety of esters quickly.
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•  Benzoic acid (Harmful) Refer to 
CLEAPSS Hazcard 13A

•  Propanoic acid (Corrosive) Refer to 
CLEAPSS Hazcard 38B

•  Propan-2-ol (Highly fl ammable, 
Irritant) Refer to CLEAPSS 
Hazcard 84A

•  Butan-2-ol (Irritant) Refer to 
CLEAPSS Hazcard 84B

•  2-Methylpropan-1-ol (Highly 
fl ammable, Harmful) Refer to 
CLEAPSS Hazcard 84B

•  Concentrated sulfuric acid 
(Corrosive) Refer to CLEAPSS 
Hazcard 98

•  Sodium carbonate solution (Low 
hazard at concentration used) 
Refer to CLEAPSS Hazcard 95A 
and Recipe Card 61

1 The essential requirements for 
these tubes are: 
• neutral borosilicate glass
•  a wide fl at base, so that they are 

stable when stood in a beaker. If not 
available, small test-tubes could be 
used instead, standing in a larger 
(250 cm3) beaker.

2 The alcohols and acids may be 
best provided as a central resource, 
away from fl ames, with a supply of 

plastic pipettes for each. Ideally each 
pipette is held on to each bottle with 
an elastic band.
3 For younger students, prepare the 
specimen tubes by adding one drop 
of concentrated sulfuric acid to each. 
This minimises the risks involved 
with such students handling this 
substance. Advanced students may 
be reliable enough to prepare their 
own tubes in this way.

Procedure
SAFETY: Wear goggles throughout
a Add 10 drops of ethanoic acid (or 
propanoic acid) to the sulfuric acid in 
the specimen tube.
b Add 10 drops of ethanol (or other 
alcohol) to the mixture.
c Put about 10 cm3 of water into the 
100 cm3 beaker. Carefully lower the 
tube into the beaker so that it stands 
upright.
d Heat the beaker gently on a tripod 
and gauze until the water begins to 
boil, then stop heating.
e Stand for 1 minute in the hot water. 
If the mixture in the tube boils, use the 
tongs to lift it out of the water until 
boiling stops, then return it to the hot 
water.
f After 1 minute, using tongs, carefully 
remove the tube and allow it to cool 
on the heat resistant mat.
g When cool, pour the mixture into 
a test-tube half-full of 0.5 M sodium 
carbonate solution. There will be 
some effervescence. Mix well by 
pouring back into the specimen tube 
– repeat if necessary. A layer of ester 
will separate and fl oat on top of the 
aqueous layer.
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h Smell the product by gently wafting 
the odour towards your nose with 
your hand – do not put your nose 
near the top of the tube!
i Repeat this procedure for up to 
three more different esters.

Compare the odours of the different 
esters prepared by your group and by 
other groups. Write word equations 
for each reaction, and (for advanced 
students) chemical equations using 
structural formulae.

For solid acids, the procedures in 
steps 1 and 2 need to be changed:
j Add 1 cm3 of methanol (or other 
alcohol) to the sulfuric acid in the 
specimen tube.
k Weigh out 0.2 g of benzoic acid (or 
another solid acid, such as salicylic 
(2-hydroxybenzoic) acid (Harmful – 
refer to CLEAPSS Hazcard 52) and 
add it to the tube. Then proceed as 
above. Yields from solid acids are not 
as great, but odours are detectable 
and distinctive.

Teaching notes
This method is an updated version 
of the traditional test-tube scale 
approach to ester preparation, 
which minimises the risks involved 
in handling the reagents involved. 
For further information about this 
method of ester preparation, consult 
CLEAPSS Guidance Leafl et PS67-07 
‘Making esters’.

This method is only suitable 
for preparing small samples for 
characterisation by odour. Advanced 
students could scale up the 
quantities using larger test-tubes, 
but this would still not give suffi cient 
product for isolation, characterisation 
by boiling point, or calculation of 
percentage yield.

Do NOT be tempted to use butanoic 
(butryric) acid, because of its very 
unpleasant odour (of rancid butter).

Further information
For a broad review of esters, and 
interesting details of their odours and 
some uses, go to: http://en.wikipedia.
org/wiki/Esters

Another site which looks extensively 
at the odours and uses of esters 
in fl avours and perfumes is: www.
hartnell.cc.ca.us/faculty/shovde/
chem12b/esters.htm

And for information from a 
manufacturer of an amazingly 
wide range of esters for uses 
from fl avourings and perfumes to 
lubricants and paints, go to:
www.esterchem.co.uk/index.htm



The science of matter and its motion, as 
well as space and time. Concepts such 
as force, energy, mass and charge, and 
learning to understand how the world 
around us behaves.

Physics



 “Practical work is doing 
things with different types 
of materials” 
Teacher response to SCORE questionnaire

Introduction
Practical work in physics is important in showing things to 
learners, as well as giving them an experience or feeling 
of a phenomenon, particularly an abstract one such as 
momentum. Experiments can sharpen students’ powers 
of observation, stimulate questions, and help develop 
new understanding and vocabulary. Practical work 
plays a particularly important role in developing pupils’ 
understanding of the physical world around them. Everyone 
remembers a number of dramatic practical activities from 
school – often demonstrations or activities with unexpected 
outcomes. These vivid memories of dramatic events can 
help students to retain scientifi c knowledge.

Secondary physics experiments:
Bolt from the blue:
Timing a 100 m run accurately
Feeling the pressure:
Investigating the effects of atmospheric pressure
Power from the Sun:
What affects the output of a solar panel?
Does the Earth move?
Photographing the night sky
Kicking up a force:
Investigating the force used to kick a football
Making sparks:
Demonstrating the ionising effects of alpha radiation

www.practicalphysics.org 65
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Bolt from the blue:
Timing a 100 m run accurately

Introduction
This is an exploration of issues of measurement, such as precision, range of 
values, uncertainty or ‘error’, repeat measurements and mean values. 

Apparatus and materials
For each student or student group:
• Stopwatch or stopclock 
• String 
• Statistics board (see note 1) 
• Masses (50 g), 5 or 6 
• Cones/Track markers, 10 (optional) 
• Video camera (optional)
•  Tape measure, long (at least 10 m) 

(optional) 

Technical notes and safety
1 A statistics board is made from a 
piece of wooden board about 0.5 m 
square. 10 slotted channels are glued 
to it and metal (or other suitable 
material) discs are cut so that they 
fi t into the channels. The board is 
supported vertically. Assign values 

to each channel. Students drop in a 
disc for the value they achieve. The 
distribution of results grows as results 
are added.
2 If working outside, students must 
be appropriately supervised. 
3 If a trolley is used in the lab, ensure 
that the trolley cannot land on 
anyone’s feet or legs.

Procedure
a One student runs a distance of 
100 metres. You, and other students, 
all independently time the run. 
b Compare all of the measurements. 
What is their range (the difference 
between the highest and the 
lowest values)?
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c What is the mean of all the 
measurements? A mean is a kind 
of average. Work this out by adding 
them all together and then dividing 
by the number of measurements. 
d Did everybody make 
measurements with the same 
precision? For example, did 
everybody make measurements 
using tenths of seconds (0.1 second 
is a tenth of a second) or hundredths 
of seconds (0.01 seconds is a 
hundredth of a second). 
e How certain can you be about 
the actual time taken for the run? 
You can’t be perfectly certain! 
There must be some uncertainty 
in the measurements. The mean 
measurement could be 14.8 
seconds. Perhaps you think that the 
‘true’ time for the run is in between 
14.6 seconds and 15.0 seconds. 
Then you can say that the uncertainty 
is ± 0.2 seconds. 

Teaching notes
The times can be collated as lists 
of numbers or, using a computer, 
as bar charts, or using a statistics 
board. Bar charts enable students 
to understand range, mean and 
error visually. 

Statistical treatment plays a very 
important part in science. In advanced 
experiments students are expected to 
treat errors with some statistical care. 
In kinetic theory the steady pressure of 
a gas is recognised as an average of 
innumerable individual bombardments. 

Statistical methods are used to 
delve into details of molecular speeds 
or sizes. In atomic physics statistical 
views are of prime importance. So 

you might well make a gentle start 
now by showing how scientists look 
at a number of measurements of the 
same thing. 

It is worth pointing out that there is 
such a thing as too much precision 
in a quoted value. A student who 
uses a stopwatch and gives a time 
of 14.77 seconds is crediting the 
timing process with more precision 
than it has. Answers of 15 seconds 
or 14.8 seconds may be acceptable 
(depending on the procedure and 
the stopwatch). 

‘Mean’ is here used to indicate a 
particular kind of average – that found 
by dividing the sum of values by the 
sample size. 

In more advanced work, uncertainty 
is conventionally called ‘error’. Here, 
the word uncertainty more clearly 
describes the concept. You could 
repeat the activity for a different 
motion, such as for a trolley pulled 
across a metre distance on a table, 
or the fall of a mass. 

Again, all students should measure 
the time for the same motion. Range, 
mean, precision and uncertainty 
can be compared with those for the 
student’s 100 metre run. 

You may want to compare timings 
for real sports races. Information on 
sporting records can be found on the 
Internet. For example see Usain Bolt’s 
record breaking 100 m run in the 
2008 Olympics www.youtube.com/
watch?v=YFE1ctdRc88. Precision 
of measurement in different sports 
can be compared, and students 
can discuss the idea of uncertainty 
in the values. 
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How Science Works extension: 
This experiment already covers many 
of the areas relating to accuracy 
and reliability of data, as well as 
experimental errors. The scope could 
be increased further, as follows: 
•  Arrange pairs of students every 

5 m or 10 m apart along the 
100 m running path. Use some 
kind of signal (e.g. dropping a raised 
arm) to start both the runner and 
everyone’s timers. As the runner 
passes each student, they stop 
their timer and record the time 
taken to reach them. 

•  Students then plot this data 
graphically (distance against time). 
This will make it easier for students 
to understand average speed 
and get a feel for the variation in 
measurements. A ‘true’ velocity 
can be calculated from the gradient 
of the best fi t line. 

•  If you placed cones/markers 
along the track, you might be able 
to video each student running, with 
a stopclock also in the camera view. 
This would generate a second set 
of results that could be compared 
numerically or graphically to the 
class set. Students could comment 
on whether this method improves 
on the previous one. 
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Feeling the pressure: Investigating 
the effects of atmospheric pressure

Introduction
It is not always easy to get students to understand the effects of atmospheric 
pressure, but here are a couple of simple activities to challenge existing ideas 
and allow the development of a more sophisticated understanding of this concept.

Lesson organisation
Although these can readily be done 
as demonstrations, the simplicity of 
the equipment allows the activities 
to be done individually or in small 
groups as well.

Apparatus and materials
Each group/individual will need:
• Two straws
• A plastic cup of water
•  A clear plastic bottle up to 1 litre 

in size
•  A clear plastic bottle up to 1 litre 

in size, with a small hole on its base
•  2 well stretched balloons
•  A drawing pin to make a hole in 

a straw

Technical notes and safety
Each student who tries the two 
straws activity should use fresh 
straws and used straws should be 
thrown away.

Procedure
Activity 1 – atmospheric pressure 
and suction
1 Put a straw in the clear cup of 
water.
2 Hold a second straw outside the 
cup as shown.
3 Try sucking the water up through 
the straw.
4 Now make a small hole in one of 
the straws with the drawing pin about 
3 cm from the top and try drinking 
through it.

Plastic bottle

Balloon

Small hole
Plastic cup

Water

Suck here
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Activity 2 – balloon in a bottle
1 Place a balloon inside each bottle; 
spread its neck over the top of the 
bottle.
2 Try blowing up the balloon in each 
case – only with the bottle with a hole 
in will it work.
3 Air will exit the bottle via the small 
hole in the base of the bottle. Quickly 
seal the hole with your thumb and the 
balloon will stay infl ated.
4 By slowly allowing air to enter the 
bottle, the balloon will defl ate under 
your command.

Teaching notes
Both activities can be run after some 
discussion to encourage students 
to make predictions and attempt 
explanations that use the idea of a 
pressure difference to explain what 
happens.

Activity 1
The student will fi nd it impossible to 
drink if one of the straws is outside 
the glass.

If both straws are placed in the 
mouth it is diffi cult to maintain a 
suffi ciently low pressure to cause the 
water to be sucked up, because air 
enters the mouth through the second 
straw. In order for the water to be 
forced into your mouth, the pressure 
outside (atmospheric pressure) needs 
to be greater than the pressure inside 
your mouth. This means that no 
matter how you suck, a straw won’t 
work if air can get into your mouth.

A similar effect is achieved by 
making a small hole in a straw about 
3 cm from the top and putting this 
straw in the water.

Extension activities could include 
exploring how many straws put 
IN the water can drink be sucked 
through – increasing the surface 
area makes it harder. 

By joining straws together fi nd the 
longest straw it is possible to drink 
through.

Activity 2 
Discuss why it is not possible to 
blow up the balloon without the hole 
in the bottle and why the balloon 
stays infl ated when the hole in 
the bottle is covered. Encourage 
students to use the idea of pressure 
differences in their answers.

Putting the lid on the bottle, or tape 
over the hole, can leave the balloon 
infl ated.

By sucking air through the hole in 
the bottom of the bottle it is possible 
to infl ate the balloon.
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Power from the Sun:
What affects the output of a solar panel?

Introduction
This experiment is copyright of Gatsby Science Enhancement Programme, 
and is reproduced with permission.

A solar power system for a house is not always going to give the same power 
output. It will depend on the time of day, the season, the weather, and so on. 
In this activity, the factors that affect the power output of a solar panel are 
looked at, and may lead to an investigation of quantitative aspects of some 
of these factors.

Lesson organisation
This can be done in small groups as 
a qualitative activity to get a feel for 
the factors that affect the output of a 
solar panel, in which case the activity 
may only take up part of a lesson. 

If this is followed by a quantitative 
investigation of one of the factors, 
then this might be done in pairs and 
will take longer. 

The class could be organised so 
that different groups each look at 
a different factors in more detail, 
and then report back to the whole 
class. Students should be asked to 
explain how their results relate to real 
conditions with the Sun, and if there 
is an opportunity, they could take the 
panel outside and look at the effect 
of tilting the panel, of partially 
covering the panel or using 
different kinds of fi lters.

Apparatus and materials
Each group will need:
• Solar panel unit
• Small motor unit
• Desk lamp
• Digital multimeter (or voltmeter)
• Plug-plug leads (red), 2
• Plug-plug leads (black), 2
• Metre rule
• Piece of cardboard
•  Translucent sheets (e.g. tracing 

paper) cut a suitable size to cover 
the solar panel

• Coloured fi lters
• Clamp stand

V=
A=

V

Fig. 1: A solar panel connected 
to an electric motor

Fig. 2: A solar panel connected to an 
electric motor and a voltmeter
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Technical notes and safety
Desk lamps with metal shades can 
get very hot and care needs to be 
taken when moving them.

Procedure
1 Connect a solar panel to an 
electric motor (see Fig. 1). Shine a 
desk lamp on the panel so that the 
motor turns.
2 Next, connect a voltmeter to the 
solar panel (see Fig. 2).
The voltmeter can be used to get an 
idea about the output of the solar 
panel. A voltmeter does not measure 
power (power = voltage x current), 
but the voltage can be used to make 
comparisons.
3 Explore the effects of:
•  moving the lamp closer and 

further away
•  partially covering and uncovering 

the solar panel
•  tilting the panel backwards and 

forwards
•  putting a translucent sheet between 

the lamp and the panel
•  putting different coloured fi lters 

between the lamp and the panel.

Teaching notes
In this activity, students will get 
the opportunity to use a range of 
investigative skills, including the 
identifi cation of different kinds of 
variable, the tabulation of data and 
drawing different kinds of graphs 
and charts.

The activity works best if done in a 
room with blackout or low light levels 
as ambient light may overwhelm the 
variations in light levels being observed.

Students should fi nd that the 
maximum output is given with a high 
light intensity and the biggest surface 
area, and with no tilt in relation to the 
light source. The translucent sheet 
and coloured fi lters reduce the 
power output.

This investigation could be used as a 
starting point for further investigations, 
such as fi nding out how the voltage 
across the panel is affected by the 
distance of the lamp. A suitable 
range of distances is from 10 to 25 
cm (if using just the motor); with the 
voltmeter, a suitable range of distances 
would be from 10 to 50 cm. To help 
students to measure the distance of 
the lamp from the panel, it is helpful to 
make a mark on the lamp casing level 
with the centre of the light bulb. 

Another factor that would be worth 
investigating is the relationship between 
the area of the panel exposed and the 
voltage. Students could also try other 
factors of their own, such as putting 
glass, clear plastic sheet, white paper, 
etc over the solar panel.

v

Clamp stand

Lamp

Solar panel

Half metre rule

Voltmeter
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Students should be asked to relate 
their results to answer the question 
‘If you were using this solar panel 
outside with the Sun, what factors 
would affect its power output?’ Even 
on a clear day, much of the radiation 
from the Sun is absorbed or scattered 
as it passes through the atmosphere; 
clouds will obviously reduce the 
radiation still further. We can’t control 
the amount of radiation coming from 
the Sun, but we can tilt the panel to 
make the best use of it. If a panel is 
mounted horizontally, the maximum 
output would be produced at noon, 
when the Sun is highest in the sky. 
When the Sun is low, the radiation is 

spread over a larger area of the panel. 
(In addition the radiation is reduced 
because it travels a further distance 
through the atmosphere thus leading 
to greater absorption and scattering.) 
At the equator, the Sun is overhead at 
noon, but at other latitudes, the best 
output is achieved by tilting the panel 
(in the northern hemisphere, towards 
the south). The optimum angle of tilt 
depends on the latitude. Even better, 
is to have a panel that is able to track 
the position of the Sun and which can 
move so that it is always perpendicular 
to the radiation, though this adds 
considerably to the cost of the system.
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Does the Earth move? 
Photographing the night sky

Introduction
This demonstration uses a time exposure photograph to illustrate the apparent 
motion of the stars.

Apparatus and materials
Tripod, or other means of holding 
camera still during exposure 
Camera with B (open shutter) setting. 

Technical notes and safety
It is a good idea to cool down the 
camera by leaving it outside for some 
time before the exposure is set up, so 
that no condensation forms inside the 
camera. 

The photograph will be more 
impressive if the picture includes the 
silhouette of the school building or 
of well-known trees near by. Avoid 
doing this at a time of month near a 
full moon. 

To get a B (Bulb) setting (open 
shutter) on a digital camera, you 
need to have your camera on manual 
setting and then decrease shutter 
speed. You will also need a cable 
release that you can lock. Otherwise 
the shutter only stays open as long 
as you keep your fi nger down on 
the button!

Have the lens aperture as wide open 
as possible so that you photograph 
more than just the brightest stars. 

A digital camera or colour fi lm will 
show the different colours of the stars. 

Use a torch when setting up the 
camera and tripod. If students 
do this at home, they should make 
arrangements with parents or 
guardians to do it in a safe place.
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Procedure
a Take a photograph of the night sky 
by exposing a fi lm in a rigidly fi xed 
camera for two hours or more, and 
make it available for discussion. 
b Encourage students who are 
interested to make a photograph 
themselves. To take such a 
photograph, attach a simple camera 
with an ordinary lens (not telephoto) 
to a fi rm stand or tripod. Point it 
towards the Pole Star, open the 
shutter on a setting that keeps it 
open indefi nitely, (though the aperture 
will usually have to be found by trial), 
and leave undisturbed for the period 
chosen (at least 2 hours, preferably 
4 to 8 hours). 

6 November at 11 p.m. 6 December at 11 p.m.

Betelgeuse

Rigel
Orion

Betelgeuse

Rigel

Orion

Procyon

Sirius

Aldebaran

A view of the stars through a window in Britain at the same time of night, 
but one month apart. Can you explain why the stars appear to have moved 
in this case?

Teaching notes
1 The photograph will show arcs 
of a circle as the stars appear 
to revolve around the Pole Star. 
The length of the arc, as a fraction 
of the circumference of the circle of 
which it forms a part indicates the 
time for the exposure as a fraction 
of 24 hours. 
2 For the southern hemisphere, 
there is no bright star close to the 
celestial pole. The southern polestar, 
Sigma Octantis, is only of the 5th 
magnitude, so the direction to point 
the camera will have to be judged 
from other stars. 



www.practicalphysics.org76

Apparatus and materials
•  Scaler, or electronic timer, 

accurate to 0.001 s 
•  Round football 

(rugby type not suitable) 
•  Flexible leads, 30 cm
•  Crocodile clips, 2 
•  Stopwatch or stop clock 
• Balance (to measure mass of ball) 
•  Aluminium foil square, 

15 cm by 15 cm 
•  Aluminium foil square, 

7.5 cm by 7.5 cm 
• Sellotape 
• Plasticene

Technical notes and safety
Take care that the football is aimed so 
that it does not cause damage, and 
there is no danger of the timer being 
knocked off the bench.

The large foil is Sellotaped to the 
football: the small foil is taped to the 
toe of the kicker’s foot. 

Connections to the foil are made 
with crocodile clips. The other ends 
of the leads should be a loose fi t in 
the ‘timer input’ sockets so that they 
will come out easily in the event of 
an accident. It is sensible to have 
a student holding the timer on 
the bench. 

 Providing that the fl exible leads 
are arranged so that the period of 
contact takes place before the ball 
pulls the foil away from the crocodile-
clip contact, no diffi culties should arise. 
You should obtain consistent results. 

 It is possible to get a value for the 
time of fl ight of a ball kicked with 
medium force down a 10 m corridor 
(or even a 5 m laboratory).

 

Kicking up a force:
Investigating the force used to kick a football

Introduction
This demonstration uses impact time and change of momentum of a football 
to measure the force needed to kick the ball. 
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Procedure
a Place the ball on three small lumps 
of plasticene to stabilize it. 
b Kick the ball in a horizontal 
direction from a standing position on 
a laboratory table, with only medium 
force. More vigorous kicks can be 
used out of doors to show the longer 
time of contact. 
c Find the time of contact of the ball 
with the foot from the scaler or timer, 
t, seconds. 
d Find the mass of the ball, m kg, 
using a balance. 

Teaching notes
1 Measure how far the ball travels 
horizontally before it hits the fl oor, 
s, then s = vT. The time of fl ight, T, 
can be found from the height of 
the table, h = 1/2 gT2. 
The acceleration due to gravity 
= 10 ms-2 
T2 = 2h/g
T = √2h/g.

Substituting in the equation v = s/T 
gives a value for the initial velocity 
of the ball. 
Therefore using Ft =  (mv) the force, 
F, on the ball can be calculated.

Alternatively, fi lm the fl ight of the ball 
using a camcorder, and use frame 
by frame playback mode to calculate 
its speed. Multifl ash photography 
creates successive images at regular 
time intervals on a single frame, and 
further details can be found on 
www.practicalphysics.org. 
2 Once students have learnt about 
the conservation of momentum in 
a collision then a different method 
can be used to calculate the force. 
The football is kicked into 
a cardboard box which is fi xed 
to roller-skates or a skateboard. 

or

by multiflash 
photo

to
scaler

h

s
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The box should be made massive 
so that it moves slowly enough for 
the time of motion to be measured 
with a stopwatch. The fl aps on the 
box should trap the ball. All the 
momentum of the ball is shared 
with the box. The momentum of the 
box is calculated from its mass and 
velocity (= distance travelled in the 
measured time). This is equal to the 
initial momentum of the ball after it 
is kicked. Using Ft = (mv) then the 
force can be calculated if the time of 
contact is measured on the scaler.

Cardboard box

Door flaps 
trap the ball
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Making sparks: demonstrating 
the ionising effects of alpha radiation

Introduction
The spark counter demonstration is a highly visible (and audible) way of 
showing and counting ionisation of the air caused by alpha radiation (or a 
match). It is a useful step towards understanding the Geiger-Müller tube.

Apparatus and materials
•  Power supply, EHT, 0-5 kV 

(with option to bypass safety 
resistor) 

• Spark counter 
•  Sealed source of radium, 5 µC 

(if available) 
•  or sealed source of americium-241, 

5 µC 
•  Holder for radioactive source 

(e.g. forceps) 
• Connecting leads 

Technical notes and safety
The spark counter is a special piece 
of apparatus (see image below). 
It consists of a metal gauze with a 
wire running underneath. Philip Harris 
call it a Spark discharge apparatus. 

 Any kink or bend in the wire in 
the counter is liable to cause a 
spark discharge at that point. If that 
happens the wire should be replaced. 

A continuous spark (which will 
very soon damage the wire) shows 
the voltage is too high. 

The spark counter should be dust 
free. Dust around the stretched wire 
can usually be blown away. 

The gauze on top is connected to 
the earth on the EHT supply as a 
safety precaution. 

Radium is a source of alpha, beta 
and gamma radiation. Beta and gamma 
radiations do not cause enough 
ionisation of the air to start a spark. 

Refer to CLEAPSS for further 
guidance on managing radioactive 
materials in schools. 

A school EHT supply is limited to 
a maximum current of 5 mA which 
is regarded as safe. For use with a 
spark counter, the 50 MW safety 
resistor can be left in circuit so 
reducing the maximum shock 
current to less than 0.1 mA. 

Metal gauze

Wire beneath 
metal gauze

Spark discharge apparatus
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Although the school EHT supply 
is safe, shocks can make the 
demonstrator jump. It is therefore 
wise to see that there are no bare 
high voltage conductors; use female 
4 mm connectors where required. 

Procedure
Setting up 
a Connect the positive, high voltage 
terminal of the spark counter to the 
positive terminal of the EHT supply 
without the 50 MW safety resistor. 
(The spark counter’s high voltage 
terminal is joined to the wire that runs 
under the gauze.) 
b Connect the other terminal on the 
spark counter to the negative terminal 
of the power supply and connect this 
terminal to earth. 

c Turn the voltage up slowly until it is 
just below the point of spontaneous 
discharge. This is usually at about 
4,500 V. 
Carrying out 
d Use forceps to hold a radioactive 
source over the gauze. You should 
see and hear sparks jumping between 
the gauze and the high voltage wire 
underneath each time an alpha 
source is brought near to the counter. 
e Move the source slowly away from 
the gauze and note the distance at 
which it stops causing sparks. 

Teaching notes
1 Draw attention to the random 
nature of the sparks and hence of 
the radiation. By counting sparks 
you are counting the number of 
alpha particles emitted. 

+

+

–

–
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2 You should fi nd that the range of 
the alpha particles is about 5 cm. 
3 You could mention that this is alpha 
radiation which is the most ionising of 
the three main types of radiation. 
4 The sparks are similar to those 
produced by the Van de Graaff. The 
alpha particles ionise the air forming 
positive and negative ions. When 
these ions recombine to form neutral 
atoms then blue light is emitted. The 
noise of the spark is due to warming 
the air in the narrow region of the 
avalanche current producing a sound 
wave just like in a lightning strike. 
5 A thin sheet of tissue paper or gold 
foil held between the spark counter 
and the source will show a reduced 
range for the alpha particles or even 
prevent them getting to the counter. 

6 A version of this apparatus can be 
seen in the CERN visitor centre (if 
you happen to be passing). It detects 
cosmic rays and makes them visible 
using a 3D array of wire meshes 
with high voltages between them. 
The paths of rays can be seen by 
the trail of sparks that they leave as 
they ionise the air between the wire 
meshes. This type of 3D array of 
high voltage meshes is the principle 
used to detect the paths of particles 
produced in the collision experiments 
at CERN. 
7 Before you use the spark counter 
showing ionisations from an alpha 
source, you could use the spark 
counter to count matches (as in 
‘Counting matches with an 
EHT supply’ available on 
www.practicalphysics.org). 
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Further information

General
CLEAPSS: www.cleapss.org.uk
SSERC: www.sserc.org.uk
ASE: www.ase.org.uk
ASE Upd8: www.upd8.org.uk
SciCast: www.planet-scicast.com
Field Studies Council (FSC): www.fi eld-studies-council.org
Gatsby Science Enhancement Programme: www.sep.org.uk
Science Learning Centres: www.sciencelearningcentres.org.uk
Triple Science Support Programme: www.triplescience.org.uk
Earth Science Education Unit: www.earthscienceeducation.com 
Earth Learning Idea: www.earthlearningidea.com 

Primary science
ASE Primary Upd8: www.primaryupd8.org.uk
CREST STAR Investigators: www.the-ba.net/the-ba/ccaf/CRESTStarInvestigators/

Biology
Practical Biology: www.practicalbiology.org
BioEthics Education Project (BEEP): www.beep.ac.uk
Science and Plants for Schools (SAPS): www-saps.plantsci.cam.ac.uk
Survival Rivals: www.survivalrivals.org
Great Plant Hunt: www.thegreatplanthunt.org

Chemistry
Practical Chemistry: www.practicalchemistry.org
Nuffi eld Re:Act: www.chemistry-react.org 
RSC Classic Chemistry Demonstrations: 
www.rsc.org/education/teachers/learnnet/classic.htm
RSC Classic Chemistry Experiments: 
www.rsc.org/education/teachers/learnnet/classic_exp.htm
RSC Microscale Chemistry: 
www.rsc.org/education/teachers/learnnet/microscale.htm
RSC Video material for teachers of chemistry: 
www.rsc.org/education/teachers/learnnet/videoclips.htm

Physics
Practical Physics: www.practicalphysics.org
Physics & Ethics Education Project (PEEP): www.peep.ac.uk
Teaching Advanced Physics (TAP): www.iop.org/activity/education/Teaching_
Resources/Teaching%20Advanced%20Physics/page_8325.html
Demonstrating physics – forces: www.teachers.tv/video/2505
Demonstrating physics – radioactivity: www.teachers.tv/video/27400
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