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Year 9  Number and Algebra 

Moving through the air (introduction to parabolas) 
Learning goal Students will: 

• Discover the shape of a parabola in the path of an object moving through the air 

Content 
description 

Number and Algebra – Linear and non-linear relationships 
• Graph simple non-linear relations with and without the use of digital technologies 

and solve simple related equations (ACMNA296) 

Big idea Algebra – relationships and functions  

Resources Tennis ball, water hose; possibly laptops, a smart phone and app 

Reality 
Local knowledge We can model the real world mathematically by recording and analysing the relationship 

between variables. This allows us to understand the movement of objects more fully and 
make predictions about the behaviours of objects. 

Prior experience Throwing a tennis ball 

Walk into the classroom and throw a tennis 
ball to a student in the room. Ask the 
student to throw it back to you. Continue 
throwing to other students; vary the height 
of the ball as you throw. 

What do you notice about the path of the 
ball? Try to elicit the following answers: 

• It goes up and down. 

• It has a maximum height. 

• The maximum height varies; 
sometimes it is high and sometimes it is low. 

• It’s shaped like this (student traces the shape through the air). 

• The shape is symmetrical. 

Why does the ball go up? [We project it up with the force from our hand.] 

Why does the ball go down? [The force of gravity acts on the ball. On the way up, the ball 
moves against gravity until a point where the gravity equals the propulsion from our hand. 
This is when the ball reaches its maximum height, then gravity is stronger and the ball moves 
back to earth.] 

Kinaesthetic Cannonball interactive software 

The shape this ball makes in the air is 
interesting to us. People have studied it for 
years. It is called a parabola.  

Look at the path of a cannonball in this 
interactive software: 
https://scratch.mit.edu/projects/77800/  

You can change the angle of the cannon and 
the size and direction of the wind. 

Allow students to experiment with the different shapes of the parabola. 

  

https://www.buzzle.com/articles/real-life-examples-of-a-parabola.html  

 

http://www.scootle.edu.au/ec/search?accContentId=ACMNA296
https://scratch.mit.edu/projects/77800/
https://www.buzzle.com/articles/real-life-examples-of-a-parabola.html
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Abstraction 
Body/Hand We are now going to transfer this shape onto the Cartesian plane so that we can investigate 

it mathematically. Here are three ideas for activities.  

Within each activity aim to create parabolas that have different concavity and compare them 
(concavity is the mathematical term referring to the curvature of the parabola). 

Throwing a ball along a wall: Appendix A 

This is a ‘no-tech’ activity and involves up to 8–10 students engaging 
very kinaesthetically to plot the points for the flight of a ball using a 
wall as the Cartesian plane. 

Water from a hose: Appendix B  

This activity uses the path of water from a hose. This changes from 
the ball context but creates a good reliable parabola. You need to 
then draw the Cartesian plane over the image – either by hand or 
with technology. The equation of the parabola produced may be 
quite complex. 

Create your own time-lapse photo: Appendix C 

Many new smartphones have the capacity to create both time-lapse videos and time-lapse 
photos. We want the photo not the video. These are now known as motion shots. This can be 
achieved by using a simple free app such as the Android app Motion Shot or similar Apple apps. 

Mathematics 
Language Cartesian plane axes, x and y axes, origin, scale, linear relationship, non-linear relationship, 

parabola, coordinates, distance, displacement, pattern, rule, function, constant common 
difference 

Practice The benefit of making your own time-lapse photos is that students have more buy-in to the 
task. They can also make parabolas in the same context with different concavity (curvature). 
The advantage of using a prepared photo is that you can plan the maths you want to 
demonstrate. 

We can use this photo of a person diving into 
the water to find the equation of motion. 
Looking at the bottom left corner you can see 
the image has been reversed to allow us to 
work in the positive quadrant. See Appendix D 
(D.1 to D.5) for the analysis here.  

There are two approaches here: 

1. The low-tech approach is to insert the 
image into Microsoft Word and place a 
table on top of it as coordinate axes. Print 
the image and give it to students to analyse 
by hand, which is really a preferable 
method that allows students to work 
through the mathematics themselves. 

2. After the students have analysed it by 
hand and if you are familiar with 
mathematics software (such as Geogebra or Desmos, both free resources) you can 
analyse the photo to find the line of best fit for the path of the diver. This could also be 
done on a graphics calculator. See the note on Geogebra and Desmos under Extension. 

https://www.pinterest.com.au/pin/239183430187426097/  

https://www.pinterest.com.au/pin/239183430187426097/
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Reflection  
Validation Where else do you see parabolas? Generally it is with flight of 

an object through the air. Projectile motion is studied in Year 
12 Maths. The way a rope hangs between two points is not 
actually a parabola – it is slightly different mathematically and 
is called a catenary. 

 

https://www.themorningbulletin.com.au/news/north-rocky-courageous-in-afl-defeat/3066120/  

Extension Taking a video or producing your own time-lapse photo 

If you wish to investigate this further there is free software available that will process a short 
video of a ball throw or ball toss by tracking the object as it moves, producing coordinates 
and analysing the points mathematically.  

Try using Tracker from Physlets, https://physlets.org/tracker/. There are plenty of videos on 
YouTube to show you how to use it. Vernier provide a similar package which is licensed; they 
also have a free app for Apple iPad only. This style of analysis can be used in Maths in Year 11 
and 12 and of course Physics (wave motion, simple harmonic motion, etc.). 

 Using Geogebra and Desmos 

Geogebra and Desmos are both interactive maths software packages. They are both well 
supported and stable products and free to download. There is also a large amount of material 
written for them by other teachers or Geogebra and Desmos staff members, all of which is 
available within the websites. There is also plenty of help either within the package or on 
YouTube – often from other teachers. 

• Geogebra https://www.geogebra.org/  

• Desmos  https://www.desmos.com/  

Well worth a look if you have not seen them as they are very useful for secondary maths 
teachers. 

Teacher’s notes 

• Suggestions in Local Knowledge are only a guide. It is very important that examples in Reality are taken 
from the local environment that have significance to the local culture and come from the students’ 
experience of their local environment. 

• Where possible students need to be taught the skill of visualising: closing their eyes and seeing pictures 
in their minds, making mental images. 

• Useful websites for Aboriginal and Torres Strait Islander perspectives and resources: www.rrr.edu.au; 
https://www.qcaa.qld.edu.au/3035.html 

• Explicit teaching that aligns with students’ understanding is part of every section of the RAMR cycle 
and has particular emphasis in the Mathematics section. The RAMR cycle is not always linear but may 
necessitate revisiting the previous stage/s at any given point. 

• Reflection on the concept may happen at any stage of the RAMR cycle to reinforce the concept being 
taught. Validation, Application, and the last two parts of Extension should not be undertaken until 
students have mastered the mathematical concept as students need the foundation in order to be able 
to validate, apply, generalise and change parameters. 

  

https://www.themorningbulletin.com.au/news/north-rocky-courageous-in-afl-defeat/3066120/
https://physlets.org/tracker/
https://www.geogebra.org/
https://www.desmos.com/
http://www.rrr.edu.au/
https://www.qcaa.qld.edu.au/3035.html
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Appendices 

Appendix A: Throwing a ball along a wall 

This is a body activity to draw the shape of a parabola from the path of the flight of a tennis ball. The activity is 
not just low-tech, it is “no-tech” and involves up to 8–10 students. The advantage is that the students engage 
very kinaesthetically to actually plot the points as the ball flies past them. 

We are going to draw the points for the flight of the ball onto a wall. The wall becomes our Cartesian plane, so 
you need to be able to mark a wall for this exercise. You need to experiment: the back of a classroom (use chalk 
to mark the wall or put up butcher’s paper), a long whiteboard or an outside wall would be suitable. Don’t make 
the flight of the ball too short. 

Two students stand at each end of the wall and throw a tennis ball gently between them, forming the arc of a 
parabola. You can experiment but you don’t want the ball to go too far above the students’ heads. They need to 
practise this until they can do it consistently. Now about 5 to 10 students stand and face the wall at regular 
intervals between these two students (they are spaced evenly along the x-axis). The ball passes between their 
faces and the wall. When the ball is thrown, the “in-between” students look at where the ball is when it flies past 
them, and as accurately as they can, they point to that position (this height will become the y-coordinate of their 
point). Then they or someone else comes in and marks the wall at this point. Also mark the start and end of the 
flight of the ball. 

Now stand back and join the points with a curved line (it should approximate a parabola).  

Discuss the line that is formed:  

• Discuss where the origin and the axes could be placed. 

• You can consider some other coordinates that would be on this parabola.  

• Don’t arrive at an equation at this point; the numbers may be difficult to work with. 

• We are just after the general shape.  

• It is good if you can leave the shape there and you could always come back to it to develop an equation.  
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Appendix B: The path of water from a hose 

This is another context that produces an excellent reliable 
parabola.  

Experiment with different-shaped parabolas by varying 
the height of the angle of the hose and the strength of 
the water flow. 

Create a grid over the image and discuss the choice of the 
origin. The origin at the maximum height of the water 
leads to an easier equation. 

This image has been copied into Microsoft Word and set 
as “behind text” with a table with square cells placed on 
top of it.  

Note: The position of the table and the size of the table 
cells has been adjusted and resized so that some of the 
coordinates of the water spout will be integers. This can 
take a little time to get right but is worth the effort, to 
facilitate easily analysis of the points.  

Give the students a paper copy of this to mark the points 
and step through the algebraic analysis together. You 
need some discussion on where to place the axes. The 
easiest analysis is when the origin is at the height of the 
water spout, as shown below: 

 

Of course the image can be copied into software that will do more mathematical analysis. You can still hand the 
paper copy out, do the algebraic analysis by hand and then follow up with finding the equation of the line of best 
fit from the software package. The line of best fit can also be found using a graphics calculator. 
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Algebraic analysis 

It is a curved function obviously, not linear.  

We can experiment with a function with highest power of 𝑥𝑥2. The curve passes through 
(0,0) so it could be 𝑦𝑦 = 𝑥𝑥2. We will soon find we need it to be 𝑦𝑦 = 𝑎𝑎𝑥𝑥2.  

Choose one coordinate pair to calculate the value of 𝑎𝑎. Choose (2,-1)  

−1 = 𝑎𝑎 (22) 
−1 = 𝑎𝑎 × 4 

−
1
4 = 𝑎𝑎 

𝑎𝑎 = −0.25 

This gives an equation of 𝑦𝑦 = −0.25 𝑥𝑥2. Now try this with the other points: (3,-2) 
𝑦𝑦 = −0.25 (−3)2 
𝑦𝑦 = −0.25 × 9 
𝑦𝑦 = −2.25 

According to this function the point should be (3, −2.25). We can see that the water spout is slightly to the right 
of (3,-2) making (3,-2.25) a possible point. 

Using software to analyse the data will give more mathematical accuracy. You can use Geogebra with only a small 
amount of knowledge. You need to be able to insert the image as a background image in the correct position. 
This can be a little tricky to do. Then work with Geogebra on top of it. 

 

Now plot points on the image and use the fitpoly command to fit a polynomial of degree 2.  

Note: You could also use a graphics calculator to derive the equation that passes through a set of points. 

Note that the line of best fit from Geogebra is actually 𝑓𝑓(𝑥𝑥) = −0.23𝑥𝑥2 + 0.03𝑥𝑥 − 0.08. But because the 
coefficients of the x term and the constant term are so close to zero, below right we have drawn the function: 

𝑦𝑦 = −0.23 𝑥𝑥2 

  
This works quite well to describe the shape of the water. Comparing this to the equation we developed with 
algebra: 

𝑦𝑦 = −0.25 𝑥𝑥2 

we did quite well with our algebraic methods! 

𝒙𝒙 𝒚𝒚 
-3 -2 
-2 -1 
0 0 
2 -1 
3 -2 
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See what happens if you place the origin at the start of the water spout. Still an 𝑥𝑥2 function but the equation is 
more complex: 
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Appendix C: Taking your own motion shot 

Many new smartphones have the capacity to create time-lapse videos, but we want a time-lapse photo (these 
are now known as motion shots). This can be achieved by using an app such as the Android app Motion Shot or 
similar Apple apps.  

This image has been taken with Motion Shot. Note the coloured ball against a light background and the flight of 
the ball is 4 or 5 metres across. Experiment with these factors. 

Also experiment with different-shaped parabolas by varying the height of the ball toss. 

It can be analysed in the same way we analysed the water from the hose. 
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Appendix D: Analysis of person diving into the water 

Appendix D.1 

 

https://www.pinterest.com.au/pin/239183430187426097/  

Note that the photo has been reversed to allow the function to be in the first quadrant with positive coordinates 
for easier analysis.  

https://www.pinterest.com.au/pin/239183430187426097/
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Appendix D.2 

Place a Cartesian plane over the picture. 

The axes have been placed so that the man jumping is at +10 units on the y-axis at the top of the jump. His legs 
hit the water somewhere around the x-axis. 
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Appendix D.3 

Plot some points.  

Notice we have only plotted x values that are whole numbers and we are trying to put the point on his head not 
his feet. 
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Appendix D.4  

Use the coordinates to develop the equation of the function.  

We are trying to find a relationship between x, the horizontal distance from the top of the jump, and y, the 
vertical distance below the top of the jump: 

𝒙𝒙 𝒚𝒚   𝒙𝒙 𝒚𝒚 

0 10   0 10 

2 9   2 9 

4 6   4 6 

6 1   6 1 

 

 

 

𝒙𝒙 𝒙𝒙𝟐𝟐 𝒚𝒚 

0 0 10 

2 4 9 

4 16 6 

6 36 1 

 

 

𝒚𝒚 +
𝟏𝟏
𝟒𝟒
𝒙𝒙𝟐𝟐 = 𝟏𝟏𝟏𝟏 

or 

𝒚𝒚 = −
𝟏𝟏
𝟒𝟒
𝒙𝒙𝟐𝟐 + 𝟏𝟏𝟏𝟏 

 

1 

3 

5 

There is a regular pattern here, but there is not a 
constant common difference.  
The equation is obviously not linear.  
We can try a function with 𝑥𝑥2. 

2 

2 

 

This is another way to 
derive the equation. 
With the hose example 
we substituted the 
values from a coordinate 
to find the value of a. 

𝒙𝒙 𝒙𝒙𝟐𝟐 
𝟏𝟏
𝟒𝟒
𝒙𝒙𝟐𝟐 𝒚𝒚 

0 0 0 10 

2 4 1 9 

4 16 4 6 

6 36 9 1 
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Appendix D.5 

We can use graphing software to draw in this equation: 𝑦𝑦 = −0.25𝑥𝑥2 + 10  

Or we can draw it in by hand. Now ask questions that help analyse the graph such as:  

How far to the right of the pole does the person’s feet touch the water? 
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