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BUBBLES: OVERVIEW

Enquiry type: Investigating models
Suggested year group or Key Stage: This enquiry is best done at the end of 
KS3 or beginning of KS4, i.e.Y9 or Y10.

Section Activity
Links to KS3 PoS/
Scheme of work

Links to KS4 PoS Learning objectives
Students will be able to:

Assumed prior 
knowledge and
understanding

1. Core 
enquiry

1.1 Sc1: Investigative 
Skills 
Planning
Obtaining and 
presenting evidence
Considering evidence
Evaluating evidence

How science works:
Data, evidence, theories 
and explanations
Practical and enquiry skills.
Communication skills.

• decide a data collection strategy for 
generating meaningful graphs

• draw graphs and describe the relation 
between two variables

• formulate a qualitative model of the 
forces acting on bubbles

• formulate a mathematical model to 
express the relation between two 
variables by plotting graphs

• evaluate the quality of the evidence used 
to generate a mathematical model, in 
particular evaluate the range of values 
used, the number of values and the 
number of repeat readings of each value.

Different kinds of 
forces.
Unbalanced forces 
change the speed and 
direction of movement 
of objects.
If forces are balanced, 
(or the total force is 
zero)

2. Background 
knowledge

2.1 Sc4: Forces and 
motion 

Relates to forces units 
and modules in Additional 
Science and Double Award 
GCSE specifications.  

• state that a force called upthrust 
pushes upwards on objects placed in a 
liquid

• state that the size of the upthrust 
increases as the size of objects placed 
under a liquid increases.

None

2.2 Sc4: Forces and 
motion

Relates to forces units 
and modules in Additional 
Science and Double Award 
GCSE specifications.  

• identify air resistance and drag as 
forces that oppose motion (through 
air and through fluids in general, 
respectively)

• state that the size of air resistance or 
drag increases with the size of objects.

None

2.3 Sc4: Forces and 
motion

Relates to forces units 
and modules in Additional 
Science and Double Award 
GCSE specifications.  

• identify the forces acting on air 
bubbles in a liquid, when the bubbles 
are at rest, accelerating or in a state of 
uniform motion

• construct a model showing how the 
forces balance when the bubble is at 
terminal speed

• consider the effect of the size of the 
bubbles on both the upthrust and the drag.

None

3. Procedural 
understanding

3.1 Sc1 Investigative skills:
Considering evidence
Evaluating

How science works:
Practical and enquiry skills
Data, evidence, theories 
and explanations
Communication skills

• judge the confidence that can be 
placed in a line drawn through a set of 
points

• explain how the confidence to be 
placed in the shape of the line will 
depend on the number of points, the 
variability of the data and whether the 
line makes sense in relation to the real 
situation that it represents.

Plotting graphs.  Lines 
of best fit.

3.2 Sc1 Investigative skills:
Considering evidence

How science works:
Communication skills

• describe the shapes of different graphs, 
including the use of the term ‘directly 
proportional to’ for straight-line graphs 
going through the origin

• write formulae to describe the 
relationship between two variables in 
straight-line graphs

• transform some curved graphs into 
straight-line graphs to check whether 
or not they have identified the correct 
relationship.

This activity should 
ideally build on 
graphical work done in 
Mathematics lessons.
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BUBBLES: ROUTES
Route 1 
(assumes students have already learnt the skills and knowledge to begin 
activity 1)
Overall time is roughly 3 hours.

Route 2 
(uses all activities from sections 2 and 3 to provide relevant knowledge and 
procedural understanding to begin core enquiry in section 1)
Overall time is roughly 4-5 hours.

Activity 1.1: part 1

(35 mins)

Activity 1.1: part 2

(60 mins)

Activity 1.1: parts 3 & 4

(60 mins)

Activity 2.1

(15 mins)

Activity 1.1: part 1 & 
Activity 3.1

(60 mins)

Activity 2.3

(30 mins)

Activity 1.1: parts 3 & 4

(60 mins)

Activity 1.1: part 2

(60 mins)

Activity 2.2

(30 mins)
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HEALTH AND SAFETY
For practical activities, the Science Enhancement Programme has tried to ensure 
that the experiments are healthy and safe to use in schools and colleges, and 
that any recognised hazards have been indicated together with appropriate 
control measures (safety precautions). It is assumed that these experiments 
will be undertaken in suitable laboratories or work areas and that good 
laboratory practices will be observed. Teachers should consult their employers’ 
risk assessments for each practical before use, and consider whether any 
modification is necessary for the particular circumstances of their own class/
school. If necessary, CLEAPSS members can obtain further advice by contacting 
the Helpline on 01895 251496 or e-mail science@cleapss.org.uk.
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WHAT STUDENTS DO

ACTIVITY 1:1 
MAKING A SCIENTIFIC MODEL OF BUBBLES MOVING 
THROUGH A LIQUID
(CORE ENQUIRY ACTIVITY)

Students collect data about the size and speed of bubbles rising through 
glycerol. They use the data to generate a mathematical model of the relationship 
between the terminal speed of the bubbles and their radius. They evaluate the 
adequacy of the model in terms of the data collected.

Learning objectives
Students will be able to:

• decide a data collection strategy for generating meaningful graphs, 

• draw graphs and describe the relationship between two variables, 

• formulate a qualitative model of the forces acting on bubbles,

• formulate a mathematical model to express the relation between two 
variables by plotting graphs,

• evaluate the quality of the evidence used to generate a mathematical model, 
considering the range of values used, the number of values and the number 
of repeat readings of each value.

Resources needed
• Student Activity 1.1 : Making a scientific model of bubbles moving through 

a liquid

• Each group will need a bubble investigation kit, which consists of:

 A small rectangular glass or perspex tank, large enough to allow the delivery 
tube to be inserted as shown in the diagram (about 6cm wide x 16cm long x 
20cm tall)

 Glycerol to fill the tank 

 A small plastic syringe connected to a delivery tube, which feeds into the 
tank. 

 A clamp and stand to hold the syringe.

Bubbles equipment set up ready for use

syringe

glycerol

rectangular
tank
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1. Students will be making measurements as bubbles rise through the 
liquid, so it is important to use a tank which keeps any optical distortion 
to a minimum: a rectangular tank such as the one described is likely to 
be best for this. If you have access to suitable cutting tools, you could 
make such a tank from perspex pieces joined with silicone glue.

2. An alternative approach is to inject the bubbles through the base of a 
wide-bore tube, as shown:

(See Obtaining resources at the end of this section)

3. It can be very useful to use a digital video camera (many digital cameras 
allow you to record short sequences of video) to record bubbles being 
released and rising through the glycerol. This lets you save sequences 
on your computer hard disk, then view the saved sequences on the 
computer monitor or  on a whiteboard via a digital projector, and lets 
you pause the sequence at will in order to take any measurements. 

Notes on practical arrangements

syringe connected
to base of tube

glycerol

wide-bore tube
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This enquiry falls into four parts:
Part 1: Planning
Part 2: Obtaining evidence
Part 3: Considering evidence
Part 4: Evaluating

Part 1: Planning
Plenary: 

• Demonstrate how to use the bubble kit: show the class how to produce 
bubbles of different sizes by either squeezing the syringe by different 
amounts, or by squeezing the flexible connecting tube between the syringe 
and the delivery tube.

• Discuss how to measure the speed and size of bubbles. Students can measure 
the size of the bubbles by measuring the diameter of the bubbles against the 
graph paper placed behind the tank. Students can work out the speed from 
measurements of the time taken to travel between two lines drawn on the 
graph paper (They can not measure the speed directly). 

• When timing the bubbles it is best to have the end of the delivery tube 1 or 2 
cm below the start line, otherwise it is difficult to get an accurate start time. 
Select one or two volunteers to try this out, with you producing the bubbles. 
Alert the students to the problems of measurement. 

• Tell the students that they have 20-30 minutes are to carry out some 
preliminary measurements and that once they have considered the preliminary 
measurements they will be coming back to plan the enquiry more carefully. 
Discuss with the class how they will tabulate the data. Tell them to record the 
radius (or diameter) of each bubble in mm and to record the distance traveled 
in mm and then calculate the speed in mm/s. 

Group work: 
Students collect data, recording it in a table: they could draw their own or use 
the Size and Speed of Bubbles table provided. Students plot graphs of radius 
(or diameter) of the bubbles against their speed.

Students consider their preliminary data and make decisions about whether they 
have enough data to be able to draw a best-fit line with confidence.
Students revisit their plan and decide what additional data they will need to collect 
to be able to decide whether the line of best fit is a curve or a straight line.

Notes on practical arrangements

Note: We recommend 
you do Activity 2.1 and 
Activity 2.2 before starting 
Activity 1.1: Activity 2.1 
introduces the forces acting 
on air bubbles in a liquid. 
Activity 2.2 is a teacher led 
activity and is designed to 
start students thinking about 
how to make a theoretical 
model of the system after 
they have collected some 
preliminary data.

Note: Activity 3.1 
considers the range and 
quantity of data needed to 
produce a line of best fit. 
We recommend you do this 
activity before continuing. 
Alternatively, you could 
use the data generated 
by a member of this or 
another class and discuss 
the adequacy of the data 
in generating a line of best 
fit. There is an example 
of dialogue which does 
just this in the Quality 
Discussion section in the 
Beyond Fair Testing booklet. 

NOTES AND SUGGESTIONS FOR CLASSROOM ACTIVITIES
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Part 2: Obtaining evidence
Students will need about one hour to collect their next set of data to add to 
what they have already got and to plot it.

Plenary: 
Discuss with the class how they are going to tabulate the data. If they are going 
to try graphs of several relationships, they will need space for several columns 
for the independent variable, e.g. r, r2, 1/ r, √r (see Activity 3.2). If students 
have access to computers, the data handling can be simplified by use of a 
suitable spreadsheet (see Activity 3.2, spreadsheet which is on the CD in 
Bubbles, Additional Resources). A suitable table is shown below. The amount 
of guidance that students will need in constructing this table will vary from class 
to class. Alternatively, you could give them the Size and Speed of Bubbles 
table (B1.1d)

Radius of 
bubble
(mm)

Distance 
traveled
(mm)

Time (s) Speed,
v (mm/s)

Spare column 
for later use

Spare column 
for later use

Group work: 
Whilst the students are collecting data, the teacher has a key role in challenging 
the quality of evidence that different groups are collecting. Students will need 
to keep a record of the data that they collected and why they decided to collect 
more data as they proceeded.

Note: It is difficult to control the size of bubbles, and this has two important 
consequences:

• It is difficult to produce bubbles of different sizes. There is a tendency 
for bubbles to be of similar sizes and it is important to keep this in mind 
when looking at the range of sizes. 

• Producing bubbles of the same size for repeat readings is also 
difficult. An alternative strategy is to produce bubbles of a range of sizes 
making sure that the intervals between the sizes are quite small. A graph can 
then be used to smooth out the errors.

When looking at students’ graphs it is often useful to cover up one or two of 
their points and ask them if the line that they have drawn could still be drawn 
without those points. 
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Part 3: Considering evidence
The last two parts of the enquiry (parts 3 and 4) need about one hour.

The students should have been considering the quality of the evidence collected 
throughout the enquiry and this should have guided their data collection. By 
now they should have a data set that allows them to draw a graph and decide 
whether the line of best fit is a curve or a straight line.

The next step in the modeling procedure is to produce a mathematical model. 

Students first plot graphs of v against r: this will probably give a curve. 
They then try to produce a straight line graph by plotting v against other 
powers of r, e.g. r2, 1/r, r3 etc. They should generate a straight line with a plot 
of v against r2 and so the mathematical model for the relationship between the 
speed of the bubbles and their radius is:
  
  v = kr2

where v is the speed of the bubbles, k is a constant and r is the radius of the 
bubbles.

Part 4: Evaluating
It should be emphasized that the main point of this enquiry is not to generate 
this relationship. The main point of the enquiry is to decide 

• what data must be collected to be able to establish a relationship and 

• the confidence that can be placed in that relationship. 

When students evaluate their enquiry the focus should be on the adequacy of 
the data to generate the mathematical model.

Note: Activity 3.2 
introduces this process. 
We recommend you this 
activity before continuing.

Note: The theory for 
this is not expected 
at Key Stage 4, but 
there is more detailed 
background information 
at the end of this section 
for interested teachers. 
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Background information
In this system terminal speed is reached within a few microseconds, so the 
bubble is traveling at constant speed by the time any measurements are 
made. Assuming that Stokes’ Law applies:

  the drag = 6πrv,  
where η is the viscosity coefficient of the liquid, 
r is the radius of the bubble and 
v is the speed of the bubble.

  the upthrust =  4πr3ρg, 
    3

where ρ is the density of the liquid displaced by the bubble, in this 
case glycerol.

At constant speed the net force acting on the bubble is zero. The forces 
are in balance, so, ignoring the weight of the bubble:
 
 the drag = the upthrust
 
 6πηrv  = 4πr3ρg
    3
 Therefore:

 v  = 2r2ρg
    9 η
 
 or v = k r2

 where k is a constant for a particular liquid at a particular  
 temperature.

Obtaining resources
If you do not have a suitable tank or access to appropriate cutting tools, you 
could buy a set of perspex panels cut to size from MUTR (contact details below), 
and assemble them yourself using silicone glue. 

Alternatively, MUTR also supply a construction consisting of a syringe which 
connects into the base of a wide-bore tube about 30cm high. This construction 
does not involve any glueing.   

MUTR tel:   01992 716502  
Email:  sales@muventures.co.uk
Web: www.mutr.co.uk



BEYOND FAIR TESTING: BUBBLES

 Section 2/Teacher’s Guide          7

Students carry out a simple experiment, or participate in a demonstration, in 
which they experience and measure upthrust.

Learning objectives
Students will be able to:

• state that a force called upthrust pushes upwards on objects placed in a liquid.

• state that the size of the upthrust increases as the size of objects placed 
under a liquid increases.

Resources needed
• Student Activity 2.1: Upthrust.

• Each group will need:

• An electronic balance

• 500ml beaker

• Three expanded polystyrene spheres of different sizes.

If only one or two electronic balances are available, this can be done as a 
demonstration, with student participation. 

This experiment measures the force needed to submerge the spheres. For the 
spheres to remain submerged, this force must equal the upthrust (if the weight of 
the balls is ignored), which the students will be able to feel pushing against them.

Upthrust is equal to the weight of water displaced by the sphere. The size of the 
upthrust thus depends on the volume of the sphere. 

Answers to questions
The upthrust increases as the diameter of the ball increases.

WHAT STUDENTS DO

ACTIVITY 2.1: 
UPTHRUST

NOTES AND SUGGESTIONS FOR CLASSROOM ACTIVITIES
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Students answer questions about air resistance and then carry out a simple 
experiment which shows that air resistance depends on surface area.

Learning objectives
Students will be able to:
• identify air resistance and drag as forces that oppose motion (through air and 

through fluids in general respectively).

• state that the size of air resistance or drag increases with the size of objects.

Resources needed
• Student Activity 2.2: Air resistance and drag

• Each group will need:

• A sheet of A4 paper

• Stop watch or stop clock

The examples used in this activity are all to do with air resistance, so it is 
important in your introduction to the activity to stress that drag is a similar 
force to air resistance: both oppose motion. While air resistance only applies to 
motion through air, drag applies to motion in fluids, whether they are liquids 
or gases. Students will be familiar with drag if they have tried to walk across a 
swimming pool or wade in the sea.

The video clip mentioned in Part A is available on the NASA web-site at 
www1.jsc.nasa.gov/er/she/feather/html. 

The following text appears on the website:

It was the famed astronomer Galileo whose study of gravity spawned the legendary tale of 

the Leaning Tower of Pisa “feather drop.” (The story is legendary in that historians believe the 

account may not be true.) However, as the story goes, Galileo held a feather and a stone in 

either hand and released them simultaneously. Because the feather’s structure slowed its descent 

in parachute fashion, the stone reached Earth first. Had both been released above the Moon’s 

surface, where no air exists, each would have struck lunar firmament simultaneously. It was not 

until Astronauts David Scott and Jim Irwin conducted Galileo’s experiment on the Moon during 

their Apollo 15 mission that the experiment could be duplicated in the lunar environment.

An astronaut is shown dropping a hammer and a feather at the same time. 
Apart from the main point of the experiment, the feather and the hammer 
hitting the ground at the same time, it is interesting to note that both objects 
fall more slowly than expected, due to the gravity on the moon.

WHAT STUDENTS DO

ACTIVITY 2.2: 
AIR RESISTANCE AND DRAG

NOTES AND SUGGESTIONS FOR CLASSROOM ACTIVITIES
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Answers to questions

Part A
1. The hammer falls to the ground faster than the feather.

2. Because the feather is lighter, the air resistance affects its acceleration more 
than the hammer’s. 

3. Both the hammer and the feather hit the moon’s surface at the same time.

4. Objects accelerate at the same rate when in a vacuum. On the moon, where 
there is no air resistance, the acceleration is the same. On the earth, where 
there is air resistance, the acceleration differs.

Part B
5. The time it takes for the paper to reach the ground decreases as the paper is 

folded further.

6. Folding the paper means its surface area decreases, so the time it takes for 
the paper to reach the ground decreases as the surface area of the paper 
decreases. 

Falling more quickly means that on its way down the paper has a larger 
acceleration. The size of the acceleration depends on the total force acting on 
the paper, with a larger acceleration requiring a larger total force. 
The forces which make the total force on the paper are its weight, which is in 
the direction of motion, and air resistance which is in the opposite direction. 
While the weight of the paper does not change when it is folded, the air 
resistance acting on it does and gets smaller as the paper is folded.
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WHAT STUDENTS DO

Students answer questions about forces acting on air bubbles in glycerol. Next 
they are involved in a class discussion about a computer model which shows 
how drag changes with speed. Finally, students participate in a whole class 
discussion designed to begin to construct an explanatory model of how the size 
and the speed of bubbles are related.

Learning objectives
This activity is designed to give students a qualitative feel of the way in which 
the forces acting on an air bubble in glycerol change, firstly with the speed of 
the bubbles and secondly with the size of the bubbles. Students will be able to:

• identify the forces acting on air bubbles in a liquid, when the bubbles are at 
rest, accelerating or in a state of uniform motion

• construct a model showing how the forces balance when the bubble is at 
terminal speed

• consider the effect of the size of the bubbles on both the upthrust and the drag.

Resources needed
• Student Activity 2.3: Constructing models

• Program labelled ‘Modellus’, which is in the ‘Bubbles’ folder on the CD.

• Computer simulation of air bubbles moving in glycerol:  Modellus file labelled 
‘Bubbles’, which is also in the ‘Bubbles’ folder on the CD

• Access to a computer and projector.

ACTIVITY 2.3: 
CONSTRUCTING MODELS
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Activity 2.3 builds on Activities 2.1 and 2.2 and can be used to lead into 
Activity 3.2: Transforming data. This activity is in three parts: 

• Part A is a set of questions for the students to answer. 

• Part B is an animated model of the air bubbles moving in glycerol. 

• Part C is a teacher-led activity exploring the relationship between the size of 
the bubbles and their speed. 

There is a student worksheet for Part A of the activity. As students do not need to 
take any notes, there is no corresponding student activity sheet for Parts B or C. 

Part A: Forces needed for a model 

Students answer Activity 2.3: Constructing models individually or in pairs.

Part B: Animated model of the air bubbles 
moving in glycerol

The animation uses an application called ‘Modellus’. This can be downloaded 
from the Modellus web-site  http://phoenix.sce.fct.unl.pt/modellus/ and is 
reproduced on the Beyond Fair Testing CD with the kind permission of Vitor 
Date Teodoro. It is the application file ‘Modellus’ in the ‘Bubbles’ folder. The 
model includes an upthrust and a drag force depending on the radius and 
the speed of the bubble. This is a Stoke’s law drag model and it seems to fit 
the bubble motion well for glycerol. The model is created in the Modellus file 
labelled ‘Bubbles’, in the ‘Bubbles’ folder.

The animation is useful for a whole class discussion. The main points that should 
be highlighted in the discussion are:

• the speed of the bubble increases with time until the terminal speed is reached,

• the speed increases if the upthrust is greater than the drag and so the total 
force is not zero (the forces are unbalanced),

• as the speed increases the drag force also increases,

• when the drag force equals the upthrust, the total force is zero and so the 
bubble continues moving at the same speed, its terminal speed,

• the time taken to reach terminal speed in this experiment is extremely short 
(micro-seconds).

• For bubbles of different sizes, the graph is the same, but if you look at the 
scale you will see that:

• larger bubbles take longer to reach terminal speed,

• larger bubbles have larger terminal speeds.

NOTES AND SUGGESTIONS FOR CLASSROOM ACTIVITIES
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If the Modellus application and the Bubbles.mdl 
file have been copied onto the hard disk* of 
your computer:

Alternatively:

• Install the ‘Modellus’ application by double-
clicking the modellus. exe file.

• Load the software.
• Once this is done you can open the ‘Bubbles’ 

file by double-clicking on it. (If you still get a 
message telling you that windows cannot open 
the file and needs to know what programme 
created it, then click on  the ‘Select the 
programme from a list’ option , then click 
‘Browse’ and browse to the modellus.exe file).

• At the top right top of the ‘Model’ window, 
there are several buttons. Hide the ‘model’ 
window by clicking on the ‘Hide window’ 
button, which is second from right (next to the 
printer button).

• Click on the ‘play’ button of the ‘Control’ 
window. ( You may need to drag the window 
over to a more convenient position first)
This gives you an animation of the movement of 
the bubble through the liquid. 

*Note: For the simulation to run, you must have 
the application file (Modellus.exe) in a folder that is 
not on the desk top: it doesn’t matter where on the 
hard drive the Bubbles file is.

• Double click on the ‘Modellus’ 
application file.

• Choose the File menu and ‘Open’, 
then locate the ‘Bubbles’ file and 
select it. 

• Click on the play button of the 
‘control’ window.
This gives you an animation of the 
movement of the bubble through 
the liquid.

The graphs shown here are examples of those produced by the model, and 
show the speed-time curve for a bubble of 1mm radius: there is also a graphic 
depicting the relative sizes of the drag and upthrust forces. On the scale of the 
animation the weight of the bubble is so small that it is not visible.

This diagram shows the forces well before terminal speed. 
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At terminal speed, the forces on the bubble are balanced.

The model predicts the terminal speeds observed from the experiment. It 
also shows that the bubbles reach terminal speed in an extremely short time 
(microseconds) after release. 

Part C: 
The relationship between the size of the 
bubbles and their speed

The notes below are designed to highlight the key questions to be asked in a 
whole class discussion.

Key questions to identify the forces, their 
direction and their size

Key ideas

• What forces act on a bubble rising through a 
liquid?

• How do those forces change as the speed of 
the bubble changes?

• What is meant by terminal speed?
• Describe what forces are acting and their 

size and direction at terminal speed.

By now students should be familiar with the 
following ideas:
• A force called upthrust is pushing the 

bubbles upwards.
• When a bubble moves in a liquid a force 

called drag opposes the motion.
• Drag increases with the speed of the 

bubbles.
• The bubbles moving in glycerol are moving 

at terminal speed, the speed when upthrust 
and drag are equal.

They may also know that there is a downward force 
because of the weight of the air in the bubble, but 
that force is so small that it can be ignored.
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Key questions to consider the effect of the 
size of the bubbles on the size of upthrust

Key ideas

• What effect does the size of a ball have on the 
upthrust on it, when it is placed under water?

• What is meant by the ‘size’ of a ball or 
sphere? Is upthrust related to radius, diameter, 
volume, or what?

Students should already know that upthrust 
increases with the size of spheres (See Activity 
2.1, Exercise 1). There will need to be some 
discussion about what ‘size’ of spheres means. 
As the upthrust depends on the volume of water 
displaced by the bubble, then volume is a more 
suitable measure of size than radius. 
The formula for volume is 

4πr3 
3

This means that if we double the radius of the 
bubble, upthrust increases by r3, i.e. 8 times. 
If the upthrust increases with size, the drag force 
is also going to have to increase to balance this. 
We already know that drag increases with speed 
so maybe large bubbles will have to move faster, 
and this is in fact what is observed.
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Key questions about the effect of the size of 
the bubbles on the size of the drag force

Key ideas

• Do you expect the drag force to increase 
with the radius, the cross-sectional area or 
the volume of the sphere?

• What evidence do we have that drag 
forces are not proportional to the volume 
of the bubbles? (To answer this question 
the students will have to have done some 
preliminary observations using the bubbles 
apparatus).

Clearly size matters, but should size be 
measured as the radius, the cross-sectional area 
or the volume? This is where the experimental 
evidence can help us in building the model:
If drag were dependent on the volume of the 
bubble, then it would increase in the same way 
as the upthrust, i.e. with volume, and size would 
make no difference to the terminal speed of 
the bubbles. Our observations show that the 
size of the bubbles does make a difference to 
the terminal speed: large bubbles have larger 
terminal speeds, so drag does not increase with 
volume in the way that upthrust does. 
Maybe it depends on the cross-sectional area, 
maybe simply on the radius.
What is clear is that bigger bubbles move faster 
and it is something to do with the radius. The 
most obvious relationships that might apply 
are v = kr or v = kr2. We can find out which 
is correct using our experimental results as 
described in Activity 3.2.

Answers to questions
1. (A) Accelerates downwards; (B) Does not move; (C) Accelerates upwards

2. Upthrust. There is also the weight of the air in the bubble but this is very 
small compared with the upthrust.

3. Drag. Its direction is downwards and opposes the motion of the bubble.

4. It will increase. Drag is like air resistance; its size increases with speed. 

5. 

Bubble before it 
starts to move up

Bubble long 
after release
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Students examine graphs with different amounts of data plotted on them and make 
judgements about the shape of the line that can be drawn through the points.

Learning objectives
Students will be able to:
• judge the confidence that can be placed in a line drawn through a set of points.

They will know that:

• the confidence to be placed in the shape of the line will depend on the 
number of points, the variability of the data and whether the line makes 
sense in relation to the real situation that it represents.

Resources needed
• PowerPoint presentation labelled ‘Activity 3.1’, in ‘Bubbles Additional 

Resources’.

• Access to a computer and projector.

• Student Activity 3.1: Dealing with variability in data.

This activity is in two parts: 
• Part A is a teacher-led activity based on a PowerPoint presentation. As 

students do not need to take any notes, there is no corresponding student 
activity sheet for Part A of the activity. 

• Part B is a set of questions which students answer, applying what they have 
learnt in Part A. There is a student worksheet for Part B.

Part A
Plenary: 
The whole class discussion introduces the idea that that the number and range 
of readings is important in deciding the shape of a best-fit line. Many students 
have the idea that a line of best fit is a straight line. This introduction should 
help to overcome that misconception. 

The PowerPoint presentation consists of four slides. Each slide shows two 
possible lines of best fit and different amounts of other information.
Slide 1: Ask which of the lines gives the best fit with the points. At this stage 
either line could fit. We do not know because there is not enough data.
Slide 2 adds one more point. Ask which of the lines is the best fit. The extra 
point does not help.
Slide 3 adds two more points and extends the range of data. Ask which of the 
lines is the best fit. The blue line - a curve - is now the better fit.
Slide 4 adds labels to the axes. This is a graph of the distance travelled by 
someone who has fallen off a cliff. Ask students to explain what is happening. 
They should know that the further the man falls the faster he will travel. This 
additional information fits with the curve being the line of best fit rather than 
the straight line.

WHAT STUDENTS DO

ACTIVITY 3.1: 
DEALING WITH VARIABILITY IN DATA

NOTES AND SUGGESTIONS FOR CLASSROOM ACTIVITIES
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Part B
Group work: 
Students work in small groups to answer Student Activity 3.1: Dealing with 
variability in data.

Plenary: 
Summarise the main points of this activity by pointing out that:

• there need to be sufficient data points to be able to see how much variability 
there is in the data,

• if there is quite a lot of variability, then more points are needed before 
confidence can be placed in the lines drawn. Data can be added in two ways: 
increasing the density of the data so that the intervals between points are 
less; extending the range of the data so that developing shapes in the curve 
can be seen. 

• it is worth checking against reality and thinking about whether the line makes sense.

Answers to questions
1. Neither. 

2. There is not enough data to be sure. 

3. A. 

4. A line can be drawn close to all the points.

5. Neither.

6. A line cannot be drawn close to all the points. It can now be seen that there 
is quite a lot of variability in the data. The answer to question 4 is now less 
certain.

7. B. 

8. A line can be drawn close to all but one point. There are now enough points 
to be fairly confident that the line is in the right place.

9. A.

10. There is not enough data to be sure, but B is impossible as the water will not 
cool below room temperature.

11. A. 

12. A line can be drawn close to all the points and it makes sense that the water 
temperature will settle down at room temperature after a while.

Further examples of approaches to handling variability can be found in:

• Goldsworthy, A., Watson, J. R. and Wood-Robinson, V. (1999) Investigations: 
Getting to Grips with Graphs. Hatfield, Association for Science Education, 
pp. 64-87.

• Goldsworthy, A., Watson, J. R. and Wood-Robinson, V. (2000) Investigations: 
Developing Understanding. Hatfield, Association for Science Education, 
pp.63-68.

• Watson, R. and Wood-Robinson, V. (2002) Investigations: Evaluating 
evidence pp. 89-107 in (eds.) Sang, D. and Wood-Robinson, V. Teaching 
Secondary Scientific Enquiry. London, John Murray.
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Students use a straight line graph to work out a formula for the cost of mobile 
phone calls. Students are then shown graphs with curved lines of best fit. Students 
are shown how to transform these curved graphs into straight-line graphs in order 
to check if they have identified the correct relationship between two sets of data 
(speed and radius of bubbles). They then use this to suggest a mathematical formula 
describing how the speed of a bubble is related to its radius.

Learning objectives
Students will be able to:
• describe the shapes of different graphs, including the use of the term ‘directly 

proportional to’ for straight-line graphs going through the origin,

• write formulae to describe the relationship between two variables in straight-
line graphs,

• transform some curved graphs into straight-line graphs to check whether or 
not they have identified the correct relationship.

Resources needed
• PowerPoint presentation labelled ‘Activity 3.2 Presentation’, in ‘Bubbles 

Additional Resources’.

• Access to IT facilities.

• Spreadsheet in Excel file labelled ‘Activity 3.2 Spreadsheet’, in ‘Bubbles 
Additional Resources’.

Or alternatively:

• Student Activity 3.2: Using graphs to identify relationships.

This activity is in two parts: 
• Part A is a teacher-led activity based on a PowerPoint presentation. There is 

no corresponding student activity sheet for Part A of the activity.

• Part B is a set of questions to give students the opportunity to apply the ideas 
presented in Part A. 

WHAT STUDENTS DO

NOTES AND SUGGESTIONS FOR CLASSROOM ACTIVITIES

ACTIVITY 3.2: 
USING GRAPHS TO IDENTIFY 
RELATIONSHIPS
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Part A
This activity is best done as a whole class discussion. 

Using a straight-line graph to produce a formula for the cost of mobile 
phone calls.
Slide 1 shows a straight line graph with the line passing through the origin. The 
axes are labelled x and y. There is no scale. Ask students to describe the line on 
the graph. It might help to ask the students to imagine themselves as an insect 
walking along the line starting from the origin. The description should include 
the following:

• as x increases, y increases,

• it is a straight line,

• it passes through the origin.

Check that the students understand the terms horizontal axis, vertical axis 
and origin. 

Slide 2 labels the horizontal axis as time (min) and the vertical axis as cost of 
mobile phone call (pence). Now ask the students to use the graph to describe 
the relation between the cost of a phone call and the time.  Introduce the 
following form of words: the cost of the phone call is directly proportional to 
the time. 

Slide 3 adds scales for the horizontal (0 to 6 mins) and vertical axes (0 to 120 
pence). Ask the students to read off the price of calls of different lengths of 
time. 
Show how the graph can be used to generate the formula: 
Cost = constant x Time

where the constant is the price per minute. If the constant = 20p per minute, 
then the formula becomes: 

Cost = 20 x Time

Ask the students to work out the cost of calls of different lengths of time 
including some well beyond the range of the graph (e.g. 50 minutes). Relate 
this formula to the equation for a straight line, which is covered in Key Stage 4 
Mathematics, i.e. y = mx + c, where m is a constant (the gradient of the straight 
line) and c is another constant (the value of y, where the straight line crosses the 
y axis).

‘Changing a curve into a straight line’
Slide 4 shows a ‘squared curve’ graph (y = kx2). Emphasise that not all graphs 
are straight lines. Ask students to describe the line on the graph. Again it might 
help to ask the students to imagine themselves as an insect walking along the 
line starting from the origin. The description should include the following:

• as x increases, y increases;

• it is a curve which increases in steepness going from left to right;

• it passes through the origin.
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Slide 5 labels the horizontal axis as time (seconds,s) and the vertical axis as 
distance (metres,m) and adds scales for the horizontal (0 to 6 s) and vertical 
axes (0 to 200 m). This graph represents an object in free fall. Ask the 
students to read off the distance travelled after 1s, 2s and 4s. The answers are 
approximately 5m, 20m and 80m respectively. Elicit that the distances are going 
up much faster than the time.

Slide 6 shows two graphs: one for distance against time and another for 
distance against time2. It is important to emphasise that these graphs are 
based on the same experimental results. The only thing that is different 
between the two graphs is how the experimental results have been 
processed. Using time2 produces a graph that is a straight line. 
Slide 7 returns to the equation for a straight line:

 y = mx + c,

The line passes through the origin, so c= 0.
The gradient or slope of the line, m, is about 5 ms-2 (Some students may 
recognise this as 0.5 x 10m.s-2, taking 10m.s-2 as the acceleration due to 
gravity). In this graph, y is the distance travelled and x is time2.
The equation becomes:

 distance fallen = 5 x time2

Changing different shaped curves into straight lines
Slides 8-10 give three examples showing how the same data can be plotted to 
give a graph which is a curve or a graph which is a straight line. 
Slide 11 shows the three pairs of graphs together

Equations Example Formula

y = kx2 Distance travelled by an object 
accelerating under gravity

Distance = k x time2

y = kx3 Change of the volume of a 
sphere with its radius

Volume = k x radius3

y = k/x Change of the volume of a gas 
with pressure

Volume = k/pressure

In each case, the graph on the left-hand side is plotted without changing 
the power of the independent variable (i.e. using time, radius and pressure 
respectively). 

The graph on the right shows how changing the power of the independent variable 
(i.e. time2, radius3 and 1/pressure respectively) can produce a straight line.

Why is this important?
• Being able to produce a straight line using the relationship gives us 

confirmation that we have correctly identified the relationship: we can be 
confident that it should be ‘speed is proportional to radius2’, rather than 
‘speed is proportional to radius3’, for example.

• Once the graph is a straight line, we can find an equation for the graph using 

 y = mx + c as demonstrated previously for the ‘distance fallen in a given time’ 
relationship. 
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Part B
This part of the activity follows the presentation and can be done in two ways:

• You can hold a plenary session based on the spreadsheet in Excel file 
‘Activity 3.2 spreadsheet’. In this spreadsheet a graph is plotted of the 
radius of bubbles against their speed rising up through glycerol. It is a curve. 
We now know that a straight line through (0,0) tells us that y is proportional 
to x. If we can change the raw data curve into a line through (0,0) then we 
will have discovered in detail how x and y are related. The spreadsheet can be 
used to automatically change the power used in plotting the value of radius 
(e.g. to radius2 or radius3). The automation produces a new column to show 
the values of the new power being tried and automatically plots the graph. 

• Alternatively, students can use Student Activity 3.2 and work either 
individually or in groups. This version takes students through a similar 
procedure but involves them in re-plotting a graph by hand.

Using the spreadsheet:

• Open the file ‘Activity 3.2 Spreadsheet’.

• Enable macros when prompted. 

• (You might need to set the level of security on your computer to ‘low’. To do so:

 Click on ‘Tools’.

 Select ‘Macro’ and then ‘Security’.

 At ‘Security level’, click on ‘Low’ and then ‘OK’.)

 This should take you to the following screen:

Screenshot 1
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The spreadsheet shows the result of transforming the experimental data in 
certain ways. If the ‘Square x’ button is clicked, then the spreadsheet calculates 
the square of the independent variable x, in this case the radius of the bubble, 
and plots this against the dependent y variable, the speed. After this has been 
done click the ‘UNDO’ button BEFORE looking at other transformations.

In the screen shot 2, the ‘Cube x’ button has been clicked. Look at the graph 
axes. The column for radius3 has appeared next to the data for the radius.

Screenshot 2

Use the transform buttons ‘Square x’, ‘Cube x’ and ‘Square root x’, remembering 
to ‘UNDO’ after each transformation. Look at the transformed graphs and have 
students identify the relationship that produces the straight line. 
When you have tried the three different powers offered, ask the students to go 
back to the transformation which gives a straight line (this is the one for ‘Square 
x’) and ask students to:

• look at the columns in the table to identify what has been done to the values 
of the radius,

• identify the columns which have been plotted,

• find the values in the table that give particular points on the graph,

• look at the labels on the x and y axes

• use y = mx + c to generate a formula for the relationship between the speed 
and the radius, i.e. speed = constant x radius2.
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Answers to questions in Student Activity 3.2 Part B

1. The speed increases with the radius of the bubbles.

2. 4 cm/s. There are several points around this value and we can be fairly certain 
that the line will pass close to 4 cm/s.

3. Estimates between 10 and 14 cm/s are acceptable. There are fewer data 
points in this region of the graph and it is less clear where a best-fit line 
would pass.

4. No.

5. The y=kx2.

6. The radius2 column. (Given that plotting the graph will be time-consuming, 
it would be best to check that all students are plotting the squared 
relationship).

7.    Yes.

8. (b) speed = constant x radius2
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SCIENCE ENHANCEMENT PROGRAMME

Have you ever sat watching the bubbles rising up through a fizzy drink? If you watch carefully, 

you will see that the bubbles rise up in lines.  The bubbles do not come from just anywhere: 

each line always starts at the same place.

Do the bubbles travel upwards at a steady speed or does their speed change as they rise? 

Do bubbles of different sizes travel at different speeds?

In this enquiry, you will be investigating bubbles rising through a liquid.

• You will be using a thick liquid, glycerol, to slow the bubbles down and make them easier 

to investigate.

• You will plan an enquiry to explore how the speed at which the bubbles rise is affected by the 

size of the bubble.

• You will develop a model to describe the relationship between the speed and size of the bubbles.

The research problem
You may have come across various equations in physics like:

Average speed =  distance   or using symbols:  v = s 
       time              t

 or  Force = mass x acceleration using symbols,   F = ma  
Equations and formulae, whether they use words or symbols, describe the relationship between different 
physical variables.          

In this enquiry you are going to find out how the speed of a bubble is related to its size. 

The speed of a bubble in a liquid is controlled by the forces acting on it.  First, you need to identify the forces acting 
on the bubble. Once you have thought about the forces acting on the bubble, you might be able to predict how 
the speed will be related to the size of the bubble. 

You can measure the size of the bubbles by measuring their diameter or their radius (half the diameter). 
Here are some possible formulae relating speed and radius:

  v = kr  or v = kr2  or v = k/r

where v is the speed, r is the radius of the bubble and k is a constant.

If you measure the speeds of different sized bubbles, you will be able to plot graphs to find out which formula fits 
best by looking at the shape of the line of best fit.  

Part 1: Planning

Before you begin planning you will need to try out the apparatus and practice making bubbles of different sizes 
and measuring their speeds. Whilst doing this you will be able to see whether larger or smaller bubbles travel 
faster. This should give you a feel for how accurate it is possible to be and, therefore, how many readings you will 
need to make. The apparatus is shown in the diagram:

B1.1A

ACTIVITY 1.1: MAKING A SCIENTIFIC MODEL OF BUBBLES MOVING THROUGH A LIQUID
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ACTIVITY 1.1: MAKING A SCIENTIFIC MODEL OF BUBBLES MOVING THROUGH A LIQUID

B1.1B

• Set up the apparatus as shown. Pour the glycerol in carefully, to avoid making any bubbles. 
 One way of measuring the size and speed of bubbles is to fix a piece of graph paper at the back of the 

container and use this to measure the size of the bubbles and how long the bubbles take to travel a fixed 
distance. Exactly how you do this is up to you. 

 Identify which quantities you can measure directly and which ones you need to calculate.
 You will also need to decide whether to take repeat readings and, if so, how many.
• Write down your plan.

Part 2: Obtaining evidence

Record your readings in a table. You can draw your own table 

Here are some things you need to consider before you draw your table and start 

recording results:

What quantities can you measure directly?  Each of these needs its own column.

Which ones do you need to calculate? Each of these needs its own column, too.

It may be a good idea to allow space for a couple of spare columns in case you need to calculate 

any more values.

syringe

glycerol

rectangular
tank
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B1.1C

ACTIVITY 1.1: MAKING A SCIENTIFIC MODEL OF BUBBLES MOVING THROUGH A LIQUID

Part 3: Considering evidence

Try plotting different graphs to find out if one is a straight line.

You could try plotting speed (v) against

• the radius (r),
• or radius squared (r2) 
• or other powers of r, such as radius cubed (r3), the square root of r (√r), or inverse of the radius (1/r). 

Before you try to plot the graphs, you need to put all the calculated values in your table: you need a column for 
each power of r you decide to try out.

You can draw your own table or use the Size and Speed of Bubbles table.

If none are straight lines, there are two possible reasons:

• You have inaccurate data: you will need to consider how you can improve the quality of your data.
• None of the relationships tried is a good mathematical model for a bubble rising in glycerol: you will need to 

consider different equations and try more graphs to check the relationship.

Describe your analysis of the data.

What is the mathematical formula for describing the relationship between the size of bubbles and the speed at 
which they rise up through the liquid?

Part 4: Evaluating

How confident are you that this is an accurate representation of bubbles rising through a liquid? Look back at your 
graphs and evaluate how close the points are to the straight line that you drew. You could collect more data to 
check any points that you were uncertain about or to average out uncertainties in measurement.

Write down your evaluation of the quality of the evidence and its relation to the conclusion.
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ACTIVITY 1.1: MAKING A SCIENTIFIC MODEL OF BUBBLES MOVING THROUGH A LIQUID

B1.1C B1.1D

Size and speed of bubbles

Bubble 
diameter 

(mm)

Distance 
between 
start and 

finish (mm)

Time 
taken (s)

Speed v
(mm/s)

Bubble 
radius r
(mm)

Use these columns to try out different powers of 
r, such as r2, r3, etc
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ACTIVITY 2.1: UPTHRUST

B2.1A

Have you ever tried holding a ball under the water in a swimming pool? It is not as easy as it 

seems.

In this activity you will find out about upthrust, the force that pushes things up when they are 

pushed in water. 

What to do    
You are given three different sized polystyrene balls. 

Take each ball in turn: 
• Measure and record the diameter of the ball.
• Place the ball on the surface of the water so that it is floating. 
• Zero the balance.
• Push the ball just under the water and record the reading on the balance.

Repeat this with the other two balls.

Explanation
When you push the balls under the water you feel the water pushing back. The force from the water is called 
upthrust. When the ball is held under the water, the force of your hand pushing down exactly balances the up-
thrust (ignoring the weight of the ball). The force measured by the balance is equal to the force of your hand.

Push the ball under the water

polystyrene ball

   water

  beaker

balance
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ACTIVITY 2.1: UPTHRUST

B2.1A B2.1B

Draw an arrow on each of the balls to show the direction of the upthrust and the relative size of the upthrust on 
the three balls.

The relationship
Describe the pattern of the relationship between the upthrust on the balls and the diameter of the balls.
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ACTIVITY 2.2: AIR RESISTANCE AND DRAG

B2.2A

When you cycle a bicycle fast you feel a force from the air pushing against you. This is called air 

resistance. When you wade through deep water, you feel a force pushing against you. This is 

called drag.

In this activity you will look at objects travelling in air. Later in your scientific enquiry you will be 

looking at bubbles travelling in a liquid.

There are two parts to this activity 
•  Part A: Light as a feather
•  Part B: Air resistance and surface area

Part A: As light as a feather

Dropping things on earth
If you dropped a feather and a hammer at the same time what would you expect to happen to each of them and why?

1. Write down what happens to
 (a) the feather,
 (b) the hammer.

2. Why do they behave differently?

Dropping things on the moon
You may have seen a video clip of an astronaut dropping a hammer and a feather on the surface of the moon. 

3. Describe the differences when a hammer and a feather are dropped on the moon instead of the earth.

4. Explain why there is a difference.
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ACTIVITY 2.2: AIR RESISTANCE AND DRAG

B2.2B

Part B: Air resistance and surface area

You are going to investigate the effect of surface area of a sheet of paper on the time it takes to fall.

What to do

• Take a sheet of paper. Drop it and watch the paper fall. 
• Time how long it takes to reach the ground. 
• Fold the paper in half and repeat. 
• Carry on folding the paper until more folding is impossible. Record the fall times each time you make a new fold. 
• Make a table of results. 

5.  Describe the pattern shown by your results.

6.  Explain the pattern in your results in terms of the combined effect of the forces acting on the paper (that is, the 
total or resultant force) as it falls through the air. 

 Does the rate at which the paper falls towards the ground change as the paper is folded? 
 What can you conclude about the size of air resistance as the paper is folded?
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ACTIVITY 2.3: CONSTRUCTING MODELS

B2.3A

A scientific model is a small collection of related ideas, pictures and sometimes equations that 

help scientists think about phenomena in the Universe. Scientific models can explain experi-

mental data and suggest new experiments worth trying.  They are never perfect: the task of the 

scientist is always to improve the model.

In this activity you will construct models to explain how bubbles move through glycerol.

1. The diagram below shows three stationary balls in different circumstances.

Remember that when the forces on an object are not balanced (in other words, the total force on an object is not 
zero), the object accelerates. Describe what happens to each ball as a result of the forces acting on it.

A:

B:

C:

2. At the instant when an air bubble is released in glycerol, its speed is zero. It is not moving. What forces, if any, 
are acting on the bubble, just before it starts travelling through the glycerol?

3.  As the bubble starts moving through the glycerol, what additional force starts to act?

4. How will that additional force change as the bubble moves faster?

5. Use arrows to show the size and direction of the forces acting on the two bubbles shown below. Label each 
arrow with the name of a force.

   

A B C

Bubble long 
after release

Bubble before it 
starts to move up
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ACTIVITY 3.1: DEALING WITH VARIABILITY IN DATA

B3.1A

How do you know which line on a graph is the ‘best fit’ line?

The best answer to this question has to do with the number of points, the variability of the data 

and whether the line makes sense in relation to the real situation that it represents.

In this activity you will find out how to decide which is the line of best fit on a graph.

In this activity you will use information given on the graphs to answer questions. Graphs 1 - 4 are all from the 
same experiment.

Graph 1

1.  Which line is most likely? (choose one)  A  B  Neither

2.  Explain your choice.

Graph 2

3. Which line is most likely? (choose one) A  B  Neither

4. Explain your choice.

B3.1A
BEYOND FAIR TESTING:  BUBBLES
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ACTIVITY 3.1:  DEALING WITH VARIABILITY IN DATA 

How do you know which line on a graph is the ʻbest fitʼ line? 
The best answer to this question has to do with the number of points, the variability of the data and 
whether the line makes sense in relation to the real situation that it represents. 

In this activity you will find out how to decide which is the line of best fit on a graph.

In this activity you will use information given on the graphs to answer questions. Graphs 1 - 4 are all from 
the same experiment.

Graph 1 

1.  Which line is most likely? (choose one) A  B  Neither 

2.  Explain your choice. 

Graph 2 

B

A

B

A

3. Which line is most likely? (choose one) A  B  Neither 

4. Explain your choice. 
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ACTIVITY 3.1:  DEALING WITH VARIABILITY IN DATA 

How do you know which line on a graph is the ʻbest fitʼ line? 
The best answer to this question has to do with the number of points, the variability of the data and 
whether the line makes sense in relation to the real situation that it represents. 

In this activity you will find out how to decide which is the line of best fit on a graph.

In this activity you will use information given on the graphs to answer questions. Graphs 1 - 4 are all from 
the same experiment.

Graph 1 

1.  Which line is most likely? (choose one) A  B  Neither 

2.  Explain your choice. 

Graph 2 

B

A

B

A

3. Which line is most likely? (choose one) A  B  Neither 

4. Explain your choice. 
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ACTIVITY 3.1: DEALING WITH VARIABILITY IN DATA

B3.1B

Graph 3

5.  Which line is most likely? (circle one)  A  B  Neither

6.  Explain your choice.

Graph 4

7. Which line is most likely? (choose one)  A  B  Neither

8. Explain your choice.
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8. Explain your choice. 
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Graphs 5 and 6 are from an investigation of hot water cooling down. Boiling water was poured into a metal can 
and left to cool down at room temperature for 5 minutes. Graph 5 was plotted. 

Graph 5

9. Which line is most likely? (choose one) A  B  Neither

10.  Explain your choice.

Next, the experiment was repeated but this time three more readings were taken. Graph 6 was plotted. 

Graph 6

11. Which line is most likely? (choose one) A  B  Neither

12. Explain your choice.
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B3.2A

Graphs and equations are useful for making predictions. In the ‘Bubbles’ enquiry they can be used 

to model the relationship between the size of bubbles and the speed with which they travel. The 

problem is, when we plot results from experiments as a graph, the best fit lines are not always 

straight lines: they are often curves. The exact shape of the curve depends on the relationship. 

In this activity you will plot the same data in different ways in order to see which produces a straight-

line graph. The straight-line graph will then be used to generate a mathematical model describing 

the relationship between the radius of the bubbles and the speed with which they move.

Table 1 shows data collected when bubbles were allowed to rise through glycerol. All the bubbles travelled the 
same distance (12.2cm) and this has been divided by the time to work out the speed of each bubble. In graph 1 
the speed of the bubbles has been plotted against their radius.

Table 1: Bubbles rising through glycerol

Radius 
(cm)

Time
(s)

Speed
(cm/s)

1.00 0.90 13.56

0.70 1.50 8.13

0.70 1.56 7.82

0.75 1.69 7.22

0.60 2.19 5.57

0.45 2.87 4.25

0.50 3.30 3.70

0.50 3.41 3.58

0.45 4.06 3.00

0.30 5.66 2.16

0.35 5.77 2.11

0.35 5.84 2.09

0.25 14.28 0.85

0.25 14.28 0.85

0.20 16.16 0.75

0.20 16.28 0.75

0.20 19.65 0.62

0.15 21.47 0.57

0.10 76.22 0.16

1. Describe how the speed changes with the radius of the bubbles.

2. Estimate the speed of a bubble with a radius of 0.5 cm.

3. Estimate the speed of a bubble with a radius of 1cm.

4. Is the speed directly proportional to the radius? 

B3.2ABEYOND FAIR TESTING:  BUBBLES
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1. Describe how the speed changes with the radius of the bubbles. 

2. Estimate the speed of a bubble with a radius of 0.5 cm. 

3. Estimate the speed of a bubble with a radius of 1cm. 

4. Is the speed directly proportional to the radius?  

Graph 2
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It is not clear whether the line on the graph should be straight or curving upwards. We want to find the power of 
radius that will produce a straight line graph when we plot speed against it. 

5. First, study the graphs below and decide which curve is most like graph 1.

y=kx2

Example
How does the distance an object falling 
under gravity change with time?

distance = k x time2

y=kx3 
Example
How does the volume of a sphere 
change with its radius?

volume = k x radius3

y=k/x 
Example
How does the volume of a gas 
change with its pressure?

volume = k / pressure
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5. First, study the graphs below and decide which curve is most like graph 1.

y=kx2

Example
How does the distance an object falling under
gravity change with time?

distance = k x time2

y=kx3

Example
How does the volume of a sphere change with its
radius?

volume = k x radius3

y=k/x
Example
How does the volume of a gas change with its
pressure?

volume = k / pressure

Table 2 shows calculated values for radius2, radius3 and 1/ radius as well as speed of the bubble for each
value of the radius.

6. Choose the column that you think is most likely to produce a straight line if you plot speed against it.
Plot a new graph of speed (y axis) against the values from this column (x axis).

Table 2: Bubbles rising through glycerol
Radius

(cm)
Radius2

(cm2)
Radius3

(cm3)
1/ Radius

(cm-1)
Time
(s)

Speed
(cm/s)

1.00 1.00 1.000 1.00 0.90 13.56
0.70 0.49 0.343 0.84 1.50 8.13
0.70 0.49 0.343 0.84 1.56 7.82
0.75 0.56 0.422 0.87 1.69 7.22
0.60 0.36 0.216 0.77 2.19 5.57
0.45 0.20 0.091 0.67 2.87 4.25
0.50 0.25 0.125 0.71 3.30 3.70
0.50 0.25 0.125 0.71 3.41 3.58
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5. First, study the graphs below and decide which curve is most like graph 1.

y=kx2

Example
How does the distance an object falling under
gravity change with time?

distance = k x time2

y=kx3

Example
How does the volume of a sphere change with its
radius?

volume = k x radius3

y=k/x
Example
How does the volume of a gas change with its
pressure?

volume = k / pressure

Table 2 shows calculated values for radius2, radius3 and 1/ radius as well as speed of the bubble for each
value of the radius.

6. Choose the column that you think is most likely to produce a straight line if you plot speed against it.
Plot a new graph of speed (y axis) against the values from this column (x axis).
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Table 2 shows calculated values for radius2, radius3 and 1/ radius as well as speed of the bubble for each value of 
the radius.

6. Choose the column that you think is most likely to produce a straight line if you plot speed against it. Plot a new 
graph of speed (y axis) against the values from this column (x axis). 

Table 2: Bubbles rising through glycerol

Radius 
(cm) Radius2 (cm2) Radius3 (cm3) 1/ Radius (cm-1)

Time
(s)

Speed
(cm/s)

1.00 1.00 1.000 1.00 0.90 13.56

0.70 0.49 0.343 0.84 1.50 8.13

0.70 0.49 0.343 0.84 1.56 7.82

0.75 0.56 0.422 0.87 1.69 7.22

0.60 0.36 0.216 0.77 2.19 5.57

0.45 0.20 0.091 0.67 2.87 4.25

0.50 0.25 0.125 0.71 3.30 3.70

0.50 0.25 0.125 0.71 3.41 3.58

0.45 0.20 0.091 0.67 4.06 3.00

0.30 0.09 0.027 0.55 5.66 2.16

0.35 0.12 0.043 0.59 5.77 2.11

0.35 0.12 0.043 0.59 5.84 2.09

0.25 0.06 0.016 0.50 14.28 0.85

0.25 0.06 0.016 0.50 14.28 0.85

0.20 0.04 0.008 0.45 16.16 0.75

0.20 0.04 0.008 0.45 16.28 0.75

0.20 0.04 0.008 0.45 19.65 0.62

0.15 0.02 0.003 0.39 21.47 0.57

0.10 0.01 0.001 0.32 76.22 0.16

7. Does your new graph produce a straight line? If not, choose another column and plot another graph.

8.  Which of the following is the best equation to describe the relationship between the radius of the bubbles and 
their speed?

 (a) speed = constant x radius
 (b) speed = constant x radius2

 (c) speed = constant x radius3

 (d) speed = constant/radius

ACTIVITY 3.2: USING GRAPHS TO IDENTIFY RELATIONSHIPS

B3.2C


