BEYOND FAIR TESTING:  BUBBLES
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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:




· 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.


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.

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