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Modelling Quadratic Functions

A whirlybird is a flying machine that is constructed from paper and paper clips.  In this investigation you will determine a model for how the length of wing of a whirlybird affects the flight time. 

The wing lengths to be explored must be between 0 and 16cm.  Using 2 cm intervals is recommended.  Work in groups of three or four to obtain the data.  

GROUP WORK  - Data Collection
i)       Form groups, with 3 or 4 students in each group. Construct your whirly birds. 
ii)       Allocate tasks to group members. You will need a Timekeeper, Dropper and Recorder. 
iii) Measure the time it takes for the whirly bird to fall a certain distance (the distance from the roof to the floor is a handy fixed distance) with 16cm wings. Record this time. Repeat this measurement at least two more times. 

iv)       Cut the wings of the whirly bird so that they are 14cm long. Again record the time taken for the whirly bird to fall from the ceiling to the floor.
v)       Continue this process until the wings of the whirly bird have been completely cut off. 

INDIVIDUAL WORK – Written Report 


Your report must include an introduction and conclusion and must explain the mathematics involved using language another grade 10 mathematics student could understand. Your report should be written in such a way that your teacher does not have to refer to the question sheet. Data should be displayed in meaningful graphs and tables and the information on the following page should be included. 


1 – Data Processing 

i)  Examine your data. Do you have any measurements that seem wrong? If so you may choose to discard these measurements. 

ii)  Find the average time for each wing length.  
iii) Plot the data on your graphics calculator/computer graphing software. 

2 – Creating a model

i) Use the information you have learned about quadratic functions of the form y=a (x - h)2 +k to choose a function that you think may fit the data. Explain why you chose this function.
ii) Improve your function by modifying the values of a, h and k until you are satisfied with its fit. You need to show all the functions you try and explain how and why you make each change.
iii) You must show your final function with the data.
3 – Using the model to make deductions

i)  Use your model to deduce:

· The flight time of a whirlybird of wing length 11cm.

· The length of wing that will result in the longest flight time.
· The longest possible flight time of the whirlybird.
ii)  Comment on the degree of accuracy you used in your answers. 
iii) Compared with the rest of your data, do you think these answers make sense?
Step 4 – Commenting on the validity of the model

Do you think your model is a good representation of the flight time of a whirly bird? Give clearly reasoned examples why or why not. 

Comment on any limitations of your model. 

Use the regression tool on your calculator, excel or autograph to generate a quadratic line of best fit. How does it compare to the line you deduced from first principals. Which line do you think best models the data and why?

Step 5 – Improving your method.

How could you further improve the accuracy of your model? 
Whirlybird

Criterion C: Communication in mathematics
	Achievement level 
	Descriptor
	Clarifications

	1–2 
	The student shows basic use of mathematical language and/or forms of mathematical representation. The lines of reasoning are difficult to follow. 
	· Uses mathematical terms eg. intercept, maximum, vertex, equation.

· Writes equations or draws graphs.

· Does not explain, or provides very little explanation of method, conclusions or findings.

	3–4 
	The student shows sufficient use of mathematical language and forms of mathematical representation. The lines of reasoning are clear though not always logical or complete. The student moves between different forms of representation with some success. 
	· Uses correct mathematical terminology, for example, intercept, vertex, equation, maximum.

· Writes equations and draws graphs that are generally well represented.

· Provides some explanation of method, conclusion and findings. May not write report as “stand alone” item, may require reference to task sheet. 

· The student demonstrates some ability to link graphs, descriptions and equations.

	5–6 
	The student shows good use of mathematical language and forms of mathematical representation. The lines of reasoning are concise, logical and complete. The student moves effectively between different forms of representation. 
	· Consistently uses correct mathematical terminology.

· Graphs and other diagrams carry appropriate titles and labels.

· Lines of reasoning fully explain the mathematics used, using language another grade 10 mathematics student could interpret. 

· Reference to the task sheet is not required.

· Clear links are explicitly drawn between the equations and graphs. The student explains how the turning point form of the quadratic can be represented graphically. 


Criterion D: Reflection in mathematics
	Achievement level
	Descriptor
	Clarifications

	1–2 
	The student attempts to explain whether his or her results make sense in the context of the problem. The student attempts to describe the importance of his or her findings in connection to real life.
	· Comment on whether results make sense.

· Comment on importance.


	3–4 
	The student correctly but briefly explains whether his or her results make sense in the context of the problem and describes the importance of his or her findings in connection to real life.

The student attempts to justify the degree of accuracy of his or her results where appropriate.
	· Valid comment on reasonableness of results that may take collected data or limitations of the model into account. 

· Valid comment on the importance of quadratic modelling, or the importance of this particular task.

· Degree of accuracy of maximum time of flight and corresponding wing length taken into account. 


	5–6 
	The student critically explains whether his or her results make sense in the context of the problem and provides a detailed explanation of the importance of his or her findings in connection to real life.

The student justifies the degree of accuracy of his or her results where appropriate.

The student suggests improvements to the method when necessary.
	· Valid explanation on reasonableness of results, taking collected data, limitations of the model, model created by regression into account.  Describes positive and negative features of the model. Evaluates the model as a method of predicting times of flight. 

· Valid comment on both the importance of mathematical modelling and the importance of this particular task in the context of the real world.

· Degree of accuracy of maximum time of flight and corresponding wing length taken into account. 

· Valid and useful improvements suggested that would significantly contribute to a more accurate model.



