
Lost in the clouds
Students explore locating places for drone delivery using bearings and distances. Students will use Bathurst as a case study due to its grid-like street layout.
Visible learning
Learning intention
To be able to calculate bearings to and from a point.
Success criteria
I can identify directions using compass points.
I can estimate the value of a bearing from a diagram.
I can calculate bearings to and from a point.


Syllabus 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 trigonometry to solve problems, including bearings and angles of elevation and depression MA5-TRG-C-02
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Activity structure
Please use the associated PowerPoint Lost in the clouds to display images in this lesson.
Launch
Show students the video ‘How does Amazon drone delivery work? – BBC News’ (2:58) (bit.ly/Amazondronedelivery).
Display Figure 1 on slide 3 of the PowerPoint Lost in the clouds, which shows a map of Bathurst town centre.
[bookmark: _Ref167437140]Figure 1: Bathurst town centre
[image: Screenshot of a map of Bathurst town centre.]
Map data by Google and Airbus
Please note for this task, the original map has been rotated from its northern orientation for content accessibility. Please consider north to be pointing towards the top of the map.
Inform students that The Oxford Bathurst restaurant is trialling delivering meals with drones within the Bathurst town centre.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students how a drone would know where to go on a delivery, assuming it does not have GPS to help it.
Students may talk about direction and distance using terms such as north, east, north-east or in terms of bearings as seen previously in Lesson 6 – getting my bearings of Unit 9 – surveying.
Student thinking can be extended to include 3D trigonometry as the drone would need to fly vertically up to a certain height and distance or diagonally in a 3D prism.
Explore
1. Assign students into visibly random groups of 3 (bit.ly/visiblegroups).
1. Distribute grid paper printed on A3 paper and placed in a plastic pocket.
Standard grid paper can be found on the Math-Aids website ‘Printable Math Graph Paper’ (bit.ly/Printablegridpaper).
1. Distribute Appendix A ‘Driving instructions’ on A3 paper which provides students with a map of Bathurst and the different routes a car would drive to reach a location.
1. Tell students they need to turn the instructions for delivery drivers into instructions for the drone. Students will need to consider both the route to and from the destination.
Students will need to move from the map to the grid paper to complete all the routes in the activity as the routes extend beyond the limitations of the map. It is assumed that the map will continue in a grid format.
1. Students are to do a gallery walk (bit.ly/DLSgallerywalk) and give peer feedback using the TAG feedback strategy (bit.ly/TAG-strategy).
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to ask students what strategies they used to write the drone instructions.
Students could say 2 points on the grid paper, as you can find the distance between them or how far north or south and east or west the original location is from the end location.
Summarise
1. Distribute Appendix B ‘Variation problems’ to each group. This appendix has a collection of questions that use Variation Theory (variationtheory.com/introduction/).
1. Instruct students to find the bearing of B from A and then A from B for each question.
1. Students should compare their answers with other groups. If they have differing solutions, they should work together to find the correct solution.
 Apply
Pose the scenario below to students:
We know that a delivery car has travelled a total of 10 km (round trip) and only travelled in the directions north, south, east or west.
Find as many locations as possible for the car by calculating its bearing and distance from its original position.
Some sample solutions have been provided in ‘Apply – scenario solutions’.
1. Use the following assessing and advancing questions (DOCX 327 KB) to further student thinking:
Table 1: assessing and advancing questions
	Assessing questions
	Advancing questions

	What is a combination of directions that the car could travel?
	Can you draw one path that the car could have driven?

	How did you calculate the distance and/or bearing of the delivery car?
	How could you find all the combinations of lengths in 2 directions you could have?

	Can you explain how you decided on this route?
	Have you noticed a similarity in your distances for when the car travels the same amount of kilometres east or west? What does it change in your solution?

	Can you tell me what values your bearing should be between?
	What do you think would happen to the distances and bearings if the car had only travelled a total of 5 km?


2. Students are to do a gallery walk and observe the solutions other groups have found. 
3. Use the Pose-Pause-Pounce-Bounce question strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to ask students what strategies helped them to find the bearing and distance of each solution they found.
Some students may find that when their route is reflected from travelling in a north-east to north-west direction, the distance stays the same but the bearing differs. Knowing this, they could calculate multiple solutions more efficiently by adding or subtracting from the compass bearings.


Assessment and differentiation
Suggested opportunities for differentiation
Explore
The driving routes can be simplified to only include one turn.
Students can move straight to the use of grid paper to find route bearings.
Students can be supported by providing the following prompts to help them write their drone instructions:
draw a triangle that includes how far they have travelled horizontally and how far they have travelled vertically
calculate the distance from The Oxford Bathurst to the end location
calculate the bearing from The Oxford Bathurst to the end location
calculate the bearing from the end location to The Oxford Bathurst.
Students may benefit from first revising how to find a missing angle using right-angled trigonometry.
To extend students in the activity in Appendix A ‘Driving instructions’, change the delivery instructions away from the street corner. Have students investigate how this would change the instructions.
Summarise
The teacher can provide more variation problems if students require further practice.
Apply
To extend students, adjust the scenario to include movement in more than 2 directions and with longer distances or encourage them to consider decimal distances, for instance, 2.1 km north and then 2.9 km east.


Suggested opportunities for assessment
Explore
Students will demonstrate their Working mathematically skills in discussions and justifications while completing Appendix A ‘Driving instructions’ and the scenario.
The teacher can collect students’ responses from Appendix A ‘Driving instructions’ to check students’ understanding of calculating bearings.
Summarise
Create an exit ticket where students need to calculate the bearing from a given diagram.
The teacher can collect Appendix B ‘Variation problems’ to check students’ understanding of calculating and finding bearings.
Apply
Students will demonstrate their Working mathematically skills in discussions and justifications while completing the scenario.
The teacher can collect student responses to the scenario to check students’ understanding of calculating and finding bearings.


Appendix A
Driving instructions
Listed below are common driving instructions for delivery drivers from The Oxford Bathurst restaurant. On the map of Bathurst, it is assumed that each block is 100 m and that north is at the top of the page.
You need to turn each of these routes into instructions for a drone to deliver.
1. Route 1:
3 blocks north
4 blocks east.
1. Route 2:
1. 5 blocks west
4 blocks north.
1. Route 3:
1. one block south
6 blocks east
2 blocks south.
1. Route 4:
1. 9 blocks south
1. 3 blocks west
1. 2 blocks north
1. 3 blocks west.
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Map of Bathurst
[image: Screenshot of a map of Bathurst town centre, with an arrow pointing to The Oxford Bathurst restaurant in the middle of town.]
Map data by Google and Airbus.
Appendix B
Variation problems
Find the bearing of point B from point A and then point A from point B for each question.
1. 
[image: Compass shows a diagonal line between south and west, from point A in the centre of the compass to point B. A dotted vertical line is drawn from point B to the west line and shows a distance of 430 km. A dotted horizontal line is drawn from point B to the south line and shows a distance of 250 km. ]

 [image: Compass shows a diagonal line between south and west, from point A in the centre of the compass to point B. A dotted vertical line is drawn from point B to the west line and shows a distance of 250 km. A dotted horizontal line is drawn from point B to the south line and shows a distance of 430 km. ]

[image: Compass shows a diagonal line between north and west, from point A in the centre of the compass to point B. A dotted vertical line is drawn from point B to the west line and shows a distance of 250 km. A dotted horizontal line is drawn from point B to the north line and shows a distance of 430 km.]

[image: Compass shows a diagonal line between north and west, from point A in the centre of the compass to point B. This line measures 430 km. A dotted vertical line is drawn from point B to the west line and shows a distance of 250 km.]



[image: Compass shows a diagonal line between north and east, from point A in the centre of the compass to point B. This line measures 430 km. A dotted vertical line is drawn from point B to the east line and shows a distance of 250 km.]


Sample solutions
Apply – scenario solutions
	Directions
	Distance
	Bearing
NE
	Bearing
SE
	Bearing
SW
	Bearing
SE

	Travelling N to S 1 km and E to W 9 km
	
	
The bearing is 084
	
The bearing is 096
	
The bearing is 264
	
The bearing is 276

	Travelling N to S 2 km and E to W 8 km
	
	
The bearing is 076
	
The bearing is 104
	
The bearing is 256
	
The bearing is 284

	Travelling N to S 3 km and E to W 7 km
	
	
The bearing is 067
	
The bearing is 113
	
The bearing is 247
	
The bearing is 293

	Travelling N to S 4 km and E to W 6 km
	
	
The bearing is 056
	
The bearing is 124
	
The bearing is 236
	
The bearing is 304

	Travelling N to S 5 km and E to W 5 km
	
	
The bearing is 045
	
The bearing is 135
	
The bearing is 225
	
The bearing is 315

	Travelling N to S 6 km and E to W 4 km
	
	
The bearing is 034
	
The bearing is 146
	
The bearing is 214
	
The bearing is 326

	Travelling N to S 7 km and E to W 3 km
	
	
The bearing is 023
	
The bearing is 157
	
The bearing is 203
	
The bearing is 337

	Travelling N to S 8 km and E to W 2 km
	
	
The bearing is 014
	
The bearing is 166
	
The bearing is 194
	
The bearing is 346

	Travelling N to S 9 km and E to W 1 km
	
	The bearing is 006
	
The bearing is 174
	
The bearing is 186
	
The bearing is 354



Appendix A – driving instructions
	Route
	Diagram
	Driving distance
	Bearing from The Oxford Bathurst to the end location
	Bearing from the end location to The Oxford Bathurst

	1
	[image: Compass shows a diagonal line between north and east, from point A in the centre of the compass to point B. A horizontal line is drawn from point B to the north line and shows a distance of 400 m. A vertical line is drawn from point A along the north line until it meets the horizontal line from B. A right-angled triangle is created. The vertical line from point A shows a distance of 300 m. ]
	
	
The bearing is .
	
The bearing is 

	2
	[image: Compass shows a diagonal line between north and west, from point A in the centre of the compass to point B. A vertical line is drawn from point B to the west line and shows a distance of 400 m. A horizontal line is drawn from point A along the west line until it meets the vertical line from B. A right-angled triangle is created. The horizontal line from point A shows a distance of 500 m. ]
	
	

The bearing is .
	
The bearing is 

	3
	[image: Compass shows a diagonal line between south and east, from point A in the centre of the compass to point B. A vertical line is drawn from point B to the east line and shows a distance of 300 m. A horizontal line is drawn from point A along the east line until it meets the vertical line from B. A right-angled triangle is created. The horizontal line from point A shows a distance of 600 m. ]
	
	

The bearing is ,
	
The bearing is 

	4
	[image: Compass shows a diagonal line between south and west, from point A in the centre of the compass to point B. A vertical line is drawn from point B to the west line and shows a distance of 700 m. A horizontal line is drawn from point A along the west line until it meets the vertical line from B. A right-angled triangle is created. The horizontal line from point A shows a distance of 600 m. ]
	
	

The bearing is 
	The bearing is 




Appendix B – variation problems
1. 

The bearing of point B from point A is 
The bearing of point A from point B is (alternate angles in parallel lines are equal).


The bearing of point B from point A is .
The bearing of point A from point B is  (alternate angles in parallel lines are equal).


The bearing of point B from point A is .

The bearing of point A from point B is .




The bearing of point B from point A is 270.

The bearing of point A from point B is .



The bearing of point B from point A is .
(alternate angles of parallel lines are equal, then adding from south).
The bearing of point A from point B is .
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