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PRACTICE ASSESSMENT 1
Mathematical Methods: Problem solving and modelling task
Unit

Topics
Topic 2: Further differentiation and applications 2

Duration Mode Individual/group

4 weeks Written report, up to 10 pages (maximum 2000
words) excluding appendix

Individual

Resources permitted

The use of technology is required, for example:
• graphing calculator
• computer
• internet
• graphing packages.

Milestones

Week 4

Week 5

Week 6

Week 7 (assessment submission)

Criterion* Marks allocated Result

Formulate
*Assessment objectives 1, 2, 5

4

Solve
*Assessment objectives 1, 6

7

Evaluate and verify
*Assessment objectives 4, 5

5

Communicate 4

Total 20

Scaffolding

Please refer to the third page of this assessment for an appropriate approach to problem solving and modelling.

*Queensland Curriculum & Assessment Authority, Specialist Mathematics General Senior Syllabus 2019 v1.1, Brisbane, 2018.
For the most up to date assessment information, please see www.qcaa.qld.edu.au/senior.
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Conditions

Unit 3: Further calculus

*Assessment objective 3

Topic 3: Integrals
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Context
Three engineers are discussing various cross-sections for a proposed new irrigation canal. The canal needs to be
14metres across at the surface, with a maximum depth of 6 metres. As the canal should be able to carry as much
water as possible, the engineers are analysing their proposals to find which gives the greatest area. When making
calculations, they decided to express all lengths in metres, to 6 decimal places where necessary, and all angles in
degrees, correct to 1 decimal place.

FPO
The first engineer proposes a canal with straight sloping sides of length 5 metres with a curved section at the base.

He has sketched his proposal, not drawn to scale, and shown it to his colleagues. He maintains that the curved
section would be quadratic, cubic, quartic or exponential in shape.
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The second engineer proposes a simple trapezoidal canal, as he estimates it would be the most cost effective. He
maintains it could easily be constructed with the same area as any other proposal, and with the same length sloping
sides of 5 metres.
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The third engineer proposes a canal which is the lower half of a sine function. She has stated that the function
would be of the form y = a sin(𝜋nx)+ k and has presented her sketch to her colleagues.
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Task
You are helping the engineers with their calculations to determine the shape of the irrigation canal that gives the
greatest volume.
For the first engineer, determine the equations of the curves in his diagram and the areas of the cross-sections.
Determine the angle the second engineer would find for 𝜃 if his diagram is to have the same area as the largest area

of the first engineer’s proposal. Discuss the method used to find this angle.
The third engineer maintains her canal would in fact be greater in area than both of the others. Determine whether

she is, in fact, correct.
In making a final decision on the cross-section for the new canal, the three engineers will check all regulations for

irrigation canals. One regulation requires, for safety reasons, that the angle made between the side and the surface of
the canal needs to be as small as possible. Discuss, with reasons, which of the cross-sections would give the best
result for the proposed new irrigation canal when this regulation is considered.
As an engineering student, you are asked to alter the first engineer’s proposal to meet the added requirement that

the angle between the surface and the side be as small as possible. Prepare your altered design to present to the
engineers with justifications for why it is a reasonable model.

Approach to problem-solving and modelling

Formulate

In this task, you will develop equations of various cross-sections from the given information. Using these equations
and your knowledge of calculus, you will solve the given problem. Appropriate mathematical procedures and use of
technology will be used to develop your response. Your report should include:
• the various types of functions
• algebraic solutions
• solutions derived using technology.
Remember to state all assumptions and variables along with how you made use of technology.

Solve

Select and apply your knowledge of mathematical functions to determine the various equations needed to solve the
problem. You must demonstrate how you obtained the functions.
You must use both technological and algebraic solutions efficiently and show detailed calculations demonstrating

the procedures used to formulate your solutions. In your solutions, include all diagrams, clearly labelled.
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Evaluate and verify

Justify and explain all the procedures you have used to come to the decision you have made on the most appropriate
cross-section. You must interpret the restrictions placed on the irrigation canal to ensure your solution is valid.

Communicate

Once you have completed all necessary calculations, you should consider how you have communicated the aspects
of your report. Your response should have:
• used appropriate mathematical language
• included any graphs or diagrams
• shown all calculations or stated how they were obtained
• drawn conclusions, noting particularly how key concepts were addressed.
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Is it solved?

?Is the solution verified
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