
Logarithmic scales
Students investigate sound pressure and decibels to recognise the usefulness of logarithmic scales before using them to model and solve problems across various scientific applications.
Learning intentions
To be able to recognise when a logarithmic scale is useful to represent a variable.
To be able to apply and interpret logarithmic scales in a variety of contexts.
Success criteria
I can explain the differences between linear and logarithmic scales.
I can explain when and why a logarithmic scale is used.
I can find and plot values on a logarithmic scale.
I can interpret data shown on a logarithmic scale and draw meaningful conclusions.


Outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01  
models, analyses and solves practical problems involving functions and their transformations MAV-12-02
Content
Modelling with functions
Recognise that logarithmic scales are useful to represent a variable that ranges over a large set of values and explain when a logarithmic scale is suitable
Use logarithmic scales to model and solve problems involving decibels (dB) in acoustics, seismic scales for earthquakes, magnitudes of stars and the pH scale in chemistry
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Retrieval practice
	Use slide 4 of the PowerPoint Logarithmic scales for students to recall logarithmic calculations and apply the change of base rule before comparing responses and reviewing solutions.
	Mini whiteboards
	Reinforce the use of logarithms in base 10 and the application of the change of base rule. Ensure students are aware that the calculator log function evaluates base 10 logarithms.

	Activating prior knowledge
	Use slide 6 to present a table of values and have students identify patterns between inputs increasing by powers of 10 and their corresponding outputs. Students then complete the missing values and discuss the underlying relationship.
	Notice and wonder
Think-Pair-Share
	Highlight the relationship between powers of 10 and linear changes in outputs. Connect exponential and logarithmic representations to prepare for log-9 scales.

	Connecting learning
	Use slides 8–14 and Appendix A for students to rank sound sources and apply a logarithmic model to convert pascals to decibels. Students then compare linear and logarithmic scales using number lines to interpret changes in sound intensity.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
Mini whiteboards
	Emphasise the relationship between pascals and decibels and how logarithmic scales represent multiplicative change. Highlight differences between linear and logarithmic scales, including how equal differences in decibels correspond to multiplicative changes in air pressure.

	Releasing responsibility
	Use slide 16 to define logarithmic scales, slides 17–20 to model worked examples, and Appendix B for students to consolidate understanding of when logarithmic scales are appropriate.
	Worked examples (Your turn)
Turn and talk
Notes to future forgetful selves
	Emphasise when logarithmic scales are more suitable than linear scales and how they represent multiplicative change. Support students to interpret and apply logarithmic scales in context.

	Independent practice
	Use an existing resource and slide 22 for students to practise solving problems involving logarithmic scales in context.
	
	Emphasise the application of logarithmic scales in different contexts and the interpretation of solutions. Support students to select appropriate representations for comparing large variations in data.
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Activity structure
Please use the associated PowerPoint Logarithmic scales to display images in this lesson.
Retrieval practice
Distribute mini whiteboards (bit.ly/miniwhiteboards) and display slide 4 of the PowerPoint to check for student understanding of how to perform logarithmic calculations.
Students will need to recall that the  button on their calculator calculates . Students will need to apply the change of base rule from the Mathematics Advanced – HSC reference sheet. Students learnt how to apply the change of base rule in Year 11 – Unit 8 – Lesson 7 – change of base.
Have students compare their answers with a peer and discuss whether there are any discrepancies. Animate slide 4 to reveal the answers.
Activating prior knowledge 
1. Display slide 6 and ask students to notice and wonder (bit.ly/noticewonderstrategy) about the table of values.
Students may notice that the input values are increasing by a power of 10 and that the associated output values are increasing in a linear pattern. Students may wonder what function created the output values. 
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students discuss what the missing values in the table could be.
1. Animate slide 6 to display the missing values and 2 prompts for students to discuss and answer.
1. In a Think-Pair-Share, ask students to consider what function has been applied to the input values to generate the output values.
Students should recognise that  has been applied to the input values. Students learnt about this in Year 11 – Unit 8 – Lesson 3 – finding the power.
Connecting learning
1. Display slide 8 which shows sources of sound. Have students rank these sources from the quietest to the loudest.
The correct order is total silence, breathing, normal conversation, hair dryer, rock concert and jet plane taking off.
1. Distribute Appendix A ‘Sounds’ and explain to students that they are going to apply a logarithmic scale to the values in pascals to determine the sound in decibels. Provide time for students to complete the table and answer the questions.
1. Using the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557KB) (bit.ly/posepausepouncebounce), draw out how the increase in pascals is related to the change in decibels. Some possible prompts include:
What is the input and output in the formula?
Why is total silence  and how does the formula convert this to ?
If there is a 20 dB increase in sound, what is the change in air pressure? 
Slide 9 has the completed table which can be used during the discussion. The relationship between pascals and decibels will be further unpacked on slide 12.
1. Display slide 10 and explain to students that the first 4 pascal values have been plotted. Ask students to notice and wonder (bit.ly/noticewonderstrategy) about the difference between the 2 scales.
Students may notice that the first scale has the first 2 values on top of each other before spacing out, while the second scale has all the values spaced out and is more readable. Students may wonder why the second scale has uneven spacing on the axis or how the second scale was generated.
Explain to students that the second scale is called a ‘logarithmic scale’ and can be used to represent variables that range over a large set of values.
Display slide 11 which shows pascal and decibel values and, in a Think-Pair-Share, ask students to consider what has occurred between the pascal values displayed on the logarithmic scale and the decibel values displayed on the linear scale.
Students should recognise that to obtain the decibel values, a logarithmic function was applied to the pascal values to make the values easier to read and interpret.
1. Ask students to consider what would happen to both number lines if they were extended to include the sound level for the rock concert. 
1. Provide time for students to draw 2 number lines that include the rock concert on their mini whiteboards.
1. Display slide 12 to show the number lines when the rock concert is added and use the Pose-Pause-Pounce-Bounce questioning strategy to have students identify different features of each scale. Some possible prompts include:
What do you notice about how the sounds are spaced on the pascal scale compared to the decibel scale?
On which number line is it easier to compare breathing and normal conversation?
Which number line better shows how many times louder a jet plane taking off is compared to that of a normal conversation?
11. Display slide 13 which shows the number line for decibels, including the decibel difference and pascal difference between a normal conversation and a jet plane taking off. In pairs on their mini whiteboards, ask students to consider the relationship between decibels and air pressure.
Teachers may wish to display the animation on slide 13 to show students 1000 written as a power of 10 along with a bar model linking the 60 dB difference with the factor change in pascals. Students should determine that a 20 dB change is equivalent to a tenfold change in air pressure.
12. Display slide 14 and in a Think-Pair-Share, ask students to consider how they could use the 50 dB difference between a normal conversation and the rock concert to determine the air pressure of the rock concert.
If students are struggling to see the connection, prompt them by asking ‘How many 20 dB increases are there in a 50 dB change?’
13. Animate slide 14 to display the solution and prompt. Provide time for students to complete the prompt on their mini whiteboards.
The chainsaw’s air pressure is 
Releasing responsibility
1. Display slide 16 which shows the definition and common uses of a logarithmic scale.
1. Use slides 17–20 to model worked examples of solving problems involving logarithmic scales using the Worked example (Your turn) method (bit.ly/supportingstrategies).
Animations on each slide reveal either the self-explanation prompts or solutions.
1. Have students annotate Appendix B ‘Decibels’ to write note to their future forgetful selves (bit.ly/notestofutureself) around logarithmic scales. Prompt students to include when a logarithmic scale would be more suitable to represent information than a linear scale.
Independent practice
1. Have students practise solving problems involving logarithmic scales using an existing resource.
1. Display slide 22 for students to complete independently.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Extend students by asking them to justify and reason if an input value of  would be closer to the output value of 1 or 2.
Connecting learning 
Support students by having them complete Appendix A in pairs or visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
Provide students with a linear and logarithmic scale for them to plot the pascal values to observe the difference between using the 2 scales.
Provide students with the number lines from slide 12 when asking them to consider where to plot the rock concert.
Extend students’ understanding of logarithmic scales by asking them to determine the sound level, in decibels, of a vacuum cleaner given that its sound pressure is 0.126 Pa.
Releasing responsibility
Have students research the formula for calculating earthquakes and pH to extend their thinking on how the multiplicative factor in the logarithmic scale is applied in the formulas.

Suggested opportunities for assessment
Retrieval practice
Monitor student responses on mini whiteboards to quickly gauge individual understanding and identify misconceptions when operating with logarithms.
Activating prior knowledge 
A Think-Pair-Share provides students with the opportunity to reflect on their understanding of the pattern before sharing with the class.
Student responses to the self-explanation prompts provide an opportunity to assess their reasoning.
Connecting learning 
Monitor responses in class discussions to check for student understanding of how an increase in the logarithmic scale corresponds to a multiplicative change in the linear scale.
Use students’ mini whiteboard answers as a formative assessment tool to provide immediate feedback and adjust instruction accordingly around how a change in the logarithmic scale affects the linear scale.
Releasing responsibility
Student responses to the self-explanation prompts during worked examples provide an opportunity to assess student reasoning of how to use the logarithmic scale to calculate differences.
Monitor student responses in the Your turn section to check for student understanding of how to model and solve problems involving logarithmic scales.
Review students’ notes to future selves for understanding of when a logarithmic scale is suitable to represent values and how it can be used to solve a variety of problems.
Independent practice
Students’ solutions to slide 22 could be collected as an exit ticket to check for student understanding of how to model and solve problems involving logarithmic scales.

[bookmark: _Appendix_A]Appendix A 
Sounds
Sound is a change in air pressure, measured in pascals . However, the human ear does not perceive these changes linearly. To better reflect how we hear sound, we convert pressure into decibels  using the formula:

where  is the decibels and  is air pressure.
Using the formula, convert the following sounds from pascals to decibels.
	Sound
	Pressure (
	Decibels (

	Total silence
	
	

	Breathing
	
	

	Normal conversation
	
	

	Hair dryer
	
	

	Rock concert
	
	

	Jet plane taking off
	
	


1. A new hair dryer has a pressure 10 times greater than breathing. What is the sound level in decibels?
1. How much quieter, in decibels, is the new hair dryer compared to the hair dryer in the table?
1. By what factor is the air pressure of the hair dryer in the table greater than that of the new hair dryer?
1. Compare the air pressure of a jet plane taking off to that of a normal conversation. By what factor is the air pressure of a jet plane taking off greater than that of a normal conversation?
1. What is the difference in decibels between a jet plane taking off and a normal conversation?


[bookmark: _Appendix_B]Appendix B 
Decibels
[image: Horizontal scale from zero to 120 showing sound levels. Marked points include total silence at zero, breathing at 20, normal conversation at 60, hair dryer at 80, rock concert at 110 and jet engine at 120.]


[bookmark: _Appendix_C]Sample solutions
Appendix A – sounds

	Sound
	Pressure (
	Decibels (

	Total silence
	
	

	Breathing
	
	

	Normal conversation
	
	

	Hair dryer
	
	

	Rock concert
	
	

	Jet plane taking off
	
	


1. Pressure of new hair dryer = 

1. 
1. 
.
1. 
.
1. 

Slide 22 – brightness of stars
1. 
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