
Finding zeroes
Students further develop their understanding of the features of a polynomial by considering zeroes of and multiplicity of zeroes.
Students will need at least one digital device per pair to interact with Amplify Classroom during this lesson.
Learning intention
To learn how zeroes, roots and multiplicity link the equation and graph of a polynomial function, enabling movement between the 2.
Success criteria
I can find the zeroes of a polynomial and state the multiplicity of each one from its factored form.
I can explain how multiplicity affects the graph and apply this when sketching.
I can sketch the overall shape of a polynomial by using zeroes, multiplicity and end behaviour.


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
applies the remainder and factor theorem and sums and products of zeroes to solve problems involving polynomials ME1-11-02
Content
Language and graphs of polynomials
Define the zeroes of  to be the numbers  such that , and define the roots of polynomial equations  to be its solutions, and recognise that every real number is a zero of the zero polynomial
Define  as a repeated zero or multiple zero of a non-zero polynomial  when  is a factor of , and as a single zero of  when  is not a factor of , for 
Define  as a zero of  of multiplicity  if  where  is a positive integer and 
State the multiplicity of each root of a polynomial equation given in factored form
Find the zeroes of a polynomial that is expressed as a product of linear factors, determine their multiplicity and graph the polynomial
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Retrieval practice
	Students complete a warm‑up by finding the discriminant of 3 quadratic expressions and identify how the discriminant affects the number of real roots. A brief class discussion follows to summarise the meaning of , , and .
	
	This activity refreshes students’ understanding of roots from quadratics and prepares them to recognise repeated roots when they appear in polynomial factors. It reinforces that algebraic structure determines the number of intercepts, which is essential before introducing multiplicity.

	Activating prior knowledge
	Students enter the Amplify Classroom activity (bit.ly/FindingZeroes) (screens 1–7), sorting quadratic expressions and graphs into ‘distinct roots’, ‘repeated roots’ and ‘no real roots.’ After consolidating these categories, students view slide 4 of the PowerPoint Finding zeroes to propose possible equations for the displayed polynomial graph, drawing on their understanding of roots and intercepts.
	Think-Pair-Share
	This section bridges prior knowledge of quadratics with the behaviour of higher-degree polynomials. Students revisit how intercepts relate to factorised forms and begin to see that similar intercept patterns can arise from different polynomial degrees. It is important to highlight that the shape of the graph, not just the intercepts, determines the degree.

	Connecting learning
	Students examine slide 6 and compare the definitions of a root and a zero. They then complete the Amplify Classroom screens 8–11, exploring polynomial expressions in factored form. Slide 7 presents an incorrect statement about a polynomial’s equation, prompting students to justify why it cannot be correct. Students continue with Amplify Classroom screens 12–18, investigating multiplicity and how factors influence behaviour at the ‑axis.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	This section clarifies the distinctions between roots, zeroes and ‑intercepts, ensuring students can move confidently between the equation and the graph. Students notice that multiplicity affects how the graph behaves at each intercept, not just where it crosses. It is helpful to emphasise that the factorised form reveals both the location and the nature of each zero.

	Releasing responsibility
	Students explore multiplicity explicitly using slides 9–11, examining how even and odd multiplicities affect the graph and how increasing multiplicity changes the ‘shape’ of the intercept. Slide 12 asks students to compare 2 possible graphs for . Slides 13–18 model worked examples and then students complete the banner task in Appendix A to consolidate sketching skills.
	Think-Pair-Share
Worked examples (Your turn)
Worked examples – comparison
Banner task
	Students apply multiplicity rules and end-behaviour knowledge to sketch polynomials independently. Teachers should emphasise that even multiplicities cause the graph to touch and turn, while odd multiplicities cause it to cross and that higher multiplicities flatten the graph near the intercept. Students should combine zeroes, multiplicity and end behaviour to produce a coherent sketch.

	Independent practice
	Students attempt past HSC multiple-choice questions (slides 20–21). They then complete Appendix B independently, analysing a real-world polynomial model.
	Pose-Pause-Pounce-Bounce
	This section provides exam-style practice and an applied modelling task that requires students to interpret zeroes and multiplicity in context. Students learn to eliminate incorrect options using structural features rather than relying on visual intuition. The battery model reinforces that polynomial behaviour must be interpreted within a realistic domain.
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Activity structure
Please use the associated PowerPoint Finding zeroes to display images in this lesson.
Retrieval practice
Provide students with the following quadratic expressions and ask them to calculate the discriminant for each.



Lead a class discussion to summarise the impact of the discriminant on the roots of a quadratic equation.
two real roots 
 one repeated root
 no real roots
Activating prior knowledge
Before completing this activity, you will need to set up an Amplify Classroom (bit.ly/createamplifyclassroom). Teachers may wish to use the pacing tool to restrict students from screens until appropriate.
Amplify Classroom provides the opportunity for immediate feedback, as well as tailored feedback from the teacher as students progress.
1. Ensure all students have access to a digital device for them to access the Amplify Classroom activity ‘Finding Zeroes’ (bit.ly/FindingZeroes).
Pace students to screen 2 of the Amplify activity, where they sort quadratic expressions and graphs into the categories: ‘distinct roots’, ‘repeated roots’ and ‘no real roots’.
Upon conclusion, lead a class discussion with students to consolidate what constitutes ‘distinct roots’, ‘repeated roots’ and ‘no real roots’. 
Pace students to screens 3–7 of the Amplify Classroom activity which consolidates students’ understanding of how -intecepts relate to the equation of a parabola. 
Students should have an understanding that a repeated root appears in the factorised form as , while a distinct root appears as a single factor  from Lesson 6 – graphing monic quadratic functions of Mathematics Advanced Unit 3 – .working with linear and quadratic functions.
Display slide 4 of the PowerPoint. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to consider and agree on a possible equation for this polynomial, using their understanding of roots from quadratics.
Connecting learning
1. Display slide 6 and have students consider the definitions of a ‘root’ of a polynomial and a ‘zero’ of a polynomial.
Animate the slide and conduct a Think-Pair-Share to have students discuss the similarities and differences between a ‘root’ and a ‘zero’.
Students often use ‘root’, ‘zero’ and ‘‑intercept’ interchangeably. It is important to distinguish between each. That is, functions have zeroes and equations have roots.
Pace students to screens 8–11 of the Amplify Classroom activity which introduces students to considering the formulas of a polynomial in the form 
Display slide 7, which contains an incorrect statement and have students use a Think-Pair-Share to justify why the statement is invariably incorrect.
Students should note that while the -intercepts are correct,  describes a parabola, while the graph is showing a polynomial in the shape of a cubic.
Pace students to screens 12–18 which introduces the concept of multiplicity of a zero of a polynomial.
Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to gather students’ understanding of the factors of a polynomial and the powers of the factors. Ask:
What were the different ways that the polynomials behaved at the -axis at their zeroes?
Could you describe a pattern between the polynomials that were provided and the -intercepts?
Releasing responsibility
1. Define ‘multiplicity’ for students as the number of times a factor is repeated, that is, when a factor has a power greater than one. 
1. Tell students that to understand how multiplicity affects the graph, we focus on whether the multiplicity is even or odd.
1. Slides 9–10 can be used to explicitly explain to students how even and odd multiplicity impacts the zeroes of a polynomial.
1. Use slide 11 to graphically summarise the impact that increasing odd and even multiplicity has on the zeroes of a polynomial. 
Students should be able to summarise the changing behaviour of the zero as ‘The turn becomes flatter and wider as multiplicity increases because the graph lingers longer near the -axis. Higher even multiplicities make the graph touch more gently, while higher odd multiplicities make it cross more gradually. In both cases, the root’s neighbourhood becomes deeper and less sharp with each increase in power.’
Display slide 12 and use a Think-Pair-Share for students to consider the polynomial
 and the 2 options for its graph.
Lead a class discussion to have students consider what elements of a polynomial function need to be considered to allow for sketching to occur.
The discussion should focus on identifying zeroes and multiplicity, as well as the behaviour of the polynomial as .
Use slides 13–17 to model a worked example of sketching a polynomial using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Use slide 18 to model 2 different approaches to sketching a polynomial using the Worked examples – comparison method (bit.ly/supportingstrategies).
Students are to complete the banner task (bit.ly/supportingstrategies) from Appendix A ‘Banner tasks’ to consolidate their understanding of sketching polynomials. 
Independent practice
1. Display slides 20–21 and provide students with an opportunity to solve the past HSC questions independently. For each question, ask students to provide their answer by indicating with their fingers. That is, one finger is option A.
Encourage students to consider how they can eliminate incorrect options from the multiple-choice questions. They could consider location of zeroes and the end behaviour. 
Distribute Appendix B ‘Independent practice’ for students to complete independently.
Upon completion, use the Pose-Pause-Pounce-Bounce questioning strategy for students to reflect on their thinking. Ask:
How did the multiplicities help to predict the graph’s behaviour before you sketched anything?
What does the sign of the polynomial tell you about the battery’s behaviour that the graph alone might not make obvious?
In what ways is this polynomial a good model for solar-battery behaviour and where does it stop being realistic?

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
Support students by providing visual cues for identifying repeated roots or allowing pairs to work through Amplify Classroom screens.
Extend by asking students to justify why multiple different equations could produce the same intercepts.
Connecting learning
Provide a matching task linking terminology or guided examples of rewriting polynomials in factored form.
Extend by challenging students to construct a polynomial with specified zeroes and multiplicities. 
Releasing responsibility
Provide a sketching checklist (zeroes, multiplicity, end behaviour) or partially completed sketches.
Extend by asking students to design a polynomial with specific intercept behaviour or to explain how altering multiplicity changes the sketch.
Students may benefit from constructing a table of values to support the diagrams on slide 11.
Independent practice
Support students with guiding questions:
Which intercepts are possible? 
What must the end behaviour be?
Extend by asking students to critique the realism of the model or propose modifications.


Suggested opportunities for assessment
Activating prior knowledge
Review students’ choices in Amplify Classroom sorting tasks.
Observe reasoning during the Think‑Pair‑Share when proposing equations for slide 4.
Connecting learning
Observe student explanations when comparing roots and zeroes.
Review Amplify Classroom responses for correct identification of multiplicity.
Listen for clear reasoning during the Pose‑Pause‑Pounce‑Bounce discussion.
Releasing responsibility
Review banner task sketches for correct interpretation of multiplicity and end behaviour.
Observe reasoning during the graph comparison on slide 12.
Check whether students can independently justify why a graph must take a particular form.
Independent practice
Use finger‑response questions to gauge whole-class understanding.
Review Appendix B for accurate interpretation of zeroes, multiplicity and context.
Listen for reasoning during the final reflective discussion.


[bookmark: _Appendix_A]Appendix A
Banner task
Students are to sketch these polynomials, showing zeroes and end behaviour:








Note: access graphical solutions at (bit.ly/BannerTaskSoln).
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Independent practice
A household with rooftop solar and a home battery is analysing how power flows throughout the day. The net power into the battery (in kW) is modelled by:

where  is the number of hours after sunrise and is a positive constant.
A positive value of  means the battery is charging.
A negative value of  means the battery is discharging.
Find the values of for which  and interpret each in context.
Explain how the graph behaves at each intercept, referring to multiplicity and interpret this in terms of ‘charging’ and ‘discharging’. 
Determine the end behaviour of  as and explain why this is not realistic for the household. 
For , sketch a possible graph of , labelling intervals of ‘charging’ and ‘discharging’ and showing how multiplicity affects the shape.


Sample solutions
Appendix B – independent solutions
1. Set 
 
Hence when 
Interpretation of zeroes:
  At sunrise, the net power flowing into the battery is zero, which means the household’s solar generation exactly matches its electricity usage, so the battery is neither charging nor discharging at that moment.
 Three hours after sunrise, the net power becomes zero again because solar production and household consumption are equal, so the battery briefly stops changing its charge level before switching behaviour.
  Eight hours after sunrise, the net power returns to zero, indicating another moment when solar output matches usage and the battery transitions between charging and discharging.
At  (even multiplicity): graph touches the axis and turns – no sign change → battery does not switch between charging and discharging exactly at sunrise.
At  (odd multiplicity): graph crosses with a flattened ‘S‑shape’ – sign changes → battery switches between charging and discharging, but gradually.
At  (odd multiplicity): graph crosses sharply – sign changes → a more abrupt switch between charging and discharging.
As  as 
The model says that the net charging rate grows without bound for very large values of  which is not realistic as solar power and battery charge rates have limits. The model only makes sense over a reasonable daytime interval such as .
 Battery charging for  and  and battery discharging for .
[image: A line graph on an x–y grid showing a curve that rises to a peak, drops to a low point, then rises again toward the right.]


Independent practice – slides 20 and 21
Slide 20
3 roots: 
Graph will cross the axis at  with a cubic shape and touch at 
Leading term is positive, both ends approach .
‘C’ is the correct answer.
Slide 21
2 roots: 
Graph will cross the axis at  with a cubic shape and touch at 
Leading term is positive, as ,  and as , .
‘A’ is the correct answer.
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