BEYOND FAIR TESTING:  BUBBLES
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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)
	 Graph 1
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	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? 

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



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
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