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Modelling Parabolas – The Bridge 
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  TI-Nspire™ Investigation Student 50 min 

Introduction 

The building located at 20 Fenchurch St London, often referred to as the “Walkie Talkie” building provides an example of 

the importance of modelling. It is unlikely the building’s curvature was designed specifically around a parabola, however, 

the fact that it can be modelled by one means it possess some parabolic properties.  One of these properties (focal point) 

caused significant issues leading to its other nickname: “The Fry Scraper”.  

Much debate exists around the iconic Sydney Harbour bridge, is it a parabola or a catenary. The purpose of this activity is 

to ‘model’ the bridge using a parabola. The distinction here is that we are modelling the curve, not providing any theoretical 

proof of its nature. Understanding the purpose of a model, it’s opportunities and limitations is a useful mathematical 

exercise in its own right.  

Set up 

Open the TI-Nspire document: “The Bridge”.  

A picture of the bridge has been inserted in the Graphs Application for 

the purposes of modelling the two main arches and road way.  

The axes provide a numerical reference frame for the model. To make 

the reference frame meaningful it needs to have a common sense 

reference point and scale.  

 

 

There are several opportunities for the placement of the origin. For the 

purposes of this activity, the reference point will be placed as close as 

possible to the centre of the bridge (laterally) with the x axis aligning to 

the roadway of the bridge.  You can achieve this by changing the 

window settings directly or by clicking and dragging the axes.  

 

 

You may notice that the roadway for the bridge is not perfectly flat (straight), this is done on purpose! 

Imagine standing in the middle of the bridge. Your weight is pushing down on the roadway. Now imagine 

the enormous load placed by vehicles. If the road dips under all the weight, the curve will flatten out. 

As the curve flattens out or straightens, it pushes outwards. For this to happen the pillars (bridge 

supports) would need to move further apart. The pillars are enormous and will not move, the roadway 

for the bridge is therefore in compression, making it even stronger.  
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2  Transformations – The Bridge! 

Key Measurements:  

• Distance between granite faced pylons =  503m 

• Highest point on bridge above roadway = 73m 

To scale the window and align the cartesian plane with the actual 

distance measurements, a point can be placed on the x axis. 

• Press: P  to create a Point.  

• Place the point on the x axis.  

• Measure the coordinates. ( / + b on the point) 

• Move the point(s) to align with the granite faced pillars.  

Note:  Natural perspective makes the second (rear) pillar visible. 

Align the point with the front pillar.  

 

 

You can change the colour and style of the point to make it easier to see.  

• Changing the attributes of the point allows you to make it appear as a ‘cross’.  

• Changing the colour to white makes it more visible.   

Question: 1  

Scaling the Window:  

a) Move the point to align with the inside edge of each of the two pillars and record the respective coordinates.  

b) Using the “distance between pylons” and previous measurements, determine the corresponding scale factor. 

The scale factor can be stored to make it easier to use.  

The window settings can be adjusted using the stored variable. In the 

example shown here, the scale factor has been stored as: “scale”.  

Notice that the “xscale” in the Window Settings has been changed to 

an appropriate value. (Hash marks every 50 metres).  

Notice also that the y scale must also be adjusted by the same scale 

factor to ensure the window remains ‘square’.  

  

The image of the bridge is approximately symmetrical about the y axis. 

Place a new point on the y-axis and capture the coordinates of the 

point as close as possible to the top of the bridge.   

The graph shown opposite illustrates this and captures the height of 

the bridge. The measurement: 69.9 which is quite close to the actual 

measurement of 73m, and certainly within the margin of error given 

the respective scales.  

This confirmation means we are ready to model the curvature of the 

bridge and that the axis have been set correctly.   
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3  Transformations – The Bridge! 

Modelling the lower arch:  

There are two arches on the bridge the ‘upper’ and ‘lower. We start with the lower arch.  

Question: 2 Equation 1 – Difference of perfect squares  

a) Move the point on the y – axis to the top of the lower arch and record the coordinates.  

b) Move the point on the x – axis to where the lower arch intersects the x axis. This point may be slightly higher 

than the actual roadway and slightly different on either side. For the purposes of this model we assume that 

the bridge is symmetrically oriented around the y – axis. Record the coordinates of the axis intercepts.  

c) Use the previous two results to determine an appropriate equation of the form: ( )( )y a x m x n= − + . 

 

 
You may need to hide your equation to ensure maximum visibility for the next question.   

 
Question: 3 Equation 2 – Translational Form:  

a) You no longer have to assume the image is symmetrical. Determine the coordinates for the x axis intercepts. 

b) Use your previous result to help locate the coordinates for the top of the lower arch.  

c) Use your results from part (b) to determine the values of h and k, and then your results from part (a) to 

determine the corresponding value for a for the equation of the form:  
2( )y a x h k= − + .  

Question: 4 Compare the pair: 

a) Compare the methods used to determine the equations in Questions 2 & 3. Which method did you find 

easier? 

b) The final equations from Questions 2 & 3 should be very similar given they are modelling the same arch. 

Compare the two equations. (Hint: Express them both in expanded form.) 

Modelling the upper arch:  

Question: 5 Equation 3 – Upper Arch 

Using the same approach as the lower arch, determine an equation for the upper arch and comment on:   

a) How well a parabola models the upper arch. 

b) Which method(s) you used to determine the equation. 

c) Adaptations to the equation to make it a better ‘general’ fit. 

Modelling the roadway & Water:  

Question: 6 Equation 4 – Roadway: 

 You may have noticed the roadway is not perfectly flat. This is done on purpose!  

a) The roadway for the bridge is not flat. Use the free-range point and move it to the far right of screen where 

the road dips below the x - axis. Write down the coordinates of this point.   

b) The road can be modelled by the equation:  
2y ax= .  Use your result from the previous question to 

determine the value of ‘a’.  

Question: 7 Equation 5 – Sea Level 

 The sea level is as horizontal as it can be! Determine an equation to model the sea level.   
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4  Transformations – The Bridge! 

Extension: Linking it Together  

Question: 8 Cables: 

There are 19 clearly visible cables connecting the lower arch to the roadway. The appearance of two adjacent 

cables is due to the viewing angle. The further away from the middle, the more prominent the double cable 

appearance.  

a) Use a free-range point to determine the location of the first cable (left) connecting the lower arch to the 

roadway. Record the coordinates of this point.   

b) Determine the distance between successive cables. (Show your working out) 

c) The length of any one of the cables can be calculated by: 2 4( ) ( )f x f x−  where: 

 2 ( )f x  is the equation for the lower arch;  

4 ( )f x  is the equation for the road;  

x is the abscissa (x coordinate) of the cable.   

 Determine the total length of the cables supporting the bridge. 

d)  Jess approximated the total length (sum) of the cables using the following formula:  

( )
18

2 4

0

( 146 16 ) ( 146 16 )
n

f n f n
=

− + − − +  

Explain how this formula works. (Test it on your own calculations where -146 is the starting point of the 

first cable on the left.  

Question: 9 The Bridge Climb: 

Yes, this is a thing!   

According to the National Construction Code (NCC), for industrial and commercial buildings specifically, the 

Australian Standard AS1657 specifies a maximum riser height of 190 mm.  

a) If the external component of the bridge climb started at road level at the base of the granite tower and 

finished at the top of the top arch, what would be the minimum number of steps required to complete the 

journey to the top of the bridge?  

b) In addition to the maximum riser height, each step needs a minimum tread length between 240mm and 

355mm. Using your previous answer, what is the range of distances potentially covered by the steps?  

Note any assumptions made in the calculation of this range of lengths.  

c) Discuss any issues that might occur with the steps at the start of the climb. Include calculations to support 

any issues. 

 

 


