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Crossing the centre line
Investigating the distance travelled across the centre line in a car using trigonometry.
Introduction
There are many things which can cause a short lapse in concentration for drivers: getting distracted, daydreaming or even falling asleep briefly at the wheel. 
When this lapse in concentration occurs the driver often turns the wheel slightly, causing the car to veer off-course.
This series of investigations uses trigonometry to find out how far a car travels off course during the short time a driver is distracted, ‘zones out’ or has a micro-sleep.  
The time it takes for the car to cross the centre line of a straight road, potentially colliding with traffic in the opposite lane, is also investigated.
Lesson 1: Practice calculations
1. When calculating the distance travelled towards the centre line the speed of the car in km/h will need to be converted into m/s. Complete the following table, converting speeds between km/h and m/s to practice these calculations.

	km/h
	30
	45
	
	
	75
	
	90
	
	100

	m/s
	
	
	13
	15
	
	22
	
	27
	



2. A car is travelling at 50 km/h on a straight road. Positioned in the centre of the lane, the right edge of the car is 1 meter from the centre line. It starts veering to the right at an angle of 5°. Below is a diagram which represents the situation.
[image: ]
(a) How far has it travelled when it starts to cross the centre line?
(b) How long would it take before it starts to cross the centre line?
(c) What would the distance travelled and time taken be if the car had been travelling at 70 km/h?



3. A car travels on a straight open road at 100 km/h. Positioned in the centre of the lane; the right edge of the car is 0.5 m from the centre line.
(a) If the car veers towards the right at an angle of 5°, how far has it travelled before it starts to cross the centre line? Draw a diagram to represent this situation.
(b) How long would before it starts to cross the centre line?
(c) If it had instead veered to the right at an angle of 10°, how long would it be before it starts to cross the centre line? Remember to include a diagram with your calculations.

4. [image: ]A car is travelling down a straight road which has 2.8 m wide lanes. The car is 1.6 m wide and is positioned in the centre of the lane. The car starts to veer towards the right at an angle of 7°. Below is a diagram which represents the situation.

(a) How far would the car have travelled before it could touch a car in the opposite lane (assuming the car is the same width and positioned in the centre of the opposite lane)?
(b) The speed limit for the road is 70 km/h. If the car is travelling at this speed how long does it take for it to travel the distance calculated in (a)?
(c) The car was travelling down the street at 92 km/h, how long does it take for it to travel the distance calculated in (a)?

5. A 1.7 m wide car is positioned in the centre of a 2.5 m wide lane on a straight road. It is travelling at 65 km/h. The driver ‘zones out’ for 1 second and the car veers to the right at 8°. How far has the car travelled across the centre line?

6. A 1.6 m wide car is positioned in the centre of a 2.9 m wide lane on a straight road. It starts to veer to the right at an angle of 3°. After 0.85 seconds it crosses the centre line.
(a) How fast was it travelling in m/s? 
(b) How fast was it travelling in km/h

7. A 1.6 m wide car starts off positioned 0.75 m from the centre line. It is travelling at a speed of 56 km/h. After 0.35 s it reaches the centre line. What angle did it veer to the right at?


Lesson 2: investigating the effect of speed 
In this investigation you will be looking at the effect that speed has on the time to start crossing the centre line after veering to the right at a fixed angle (of your choice).
1. Use the following information to label a diagram of the scenario you are investigating:
Car width: 1.6 m
Lane width: 3.5 m
Veering angle (1-10°):				
[image: ]
2. Complete the following table of speeds and times to cross the centre line.
	Speed (km/h)
	Speed (m/s)
	Time taken to cross the centre line (s)

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	

	60
	
	

	70
	
	

	80
	
	

	90
	
	

	100
	
	





3. Produce a graph displaying the data from the table.


4. Describe the appearance of your graph
5. What assumptions are being made in this investigation?
Use your graph to answer the following questions:
6. You are driving to your friend’s house along a straight road at 45 km/h. You reach down into your bag to pull out your phone and are distracted from your driving. You start to veer towards the centre of the road. Using your graph (and the information you used to form this graph), how long does it take you to start to cross the centre line?
7. Another friend is driving to meet you both. He stayed up all night finishing his Maths assignment and is exhausted. While driving along a quiet stretch of road he falls asleep briefly and veers to the right. In half a second he has crossed the centre line. Using your graph (and the information you used to form this graph), what speed was he travelling at when he fell asleep?
Use trigonometry calculations to answer the following questions. Remember to include a diagram with your calculations.
8. You are travelling along a straight stretch of SH1 at 98 km/h in a car that is 1.7 m wide. You are positioned in the centre of the second lane in a 4 lane part of the highway. Each lane is 2.7 m wide. You get distracted talking to a passenger in the backseat and the car starts to veer off course.
(a) If the car was veering to the left by 10°, how long would it be for you to start to leave the road?
(b) If the car was veering to the right by 10°, how long would it be before you hit another car in the opposite lane?
(c) If the car took 0.15 s to reaches the centre line, what angle did it veer to the right at?


Lesson 3: investigating the effect of distraction time 
In this investigation you will be looking at the effect distraction time has on the distance travelled towards the centre line after veering to the right at a fixed angle (of your choice).
1. Use the following information to sketch a diagram of the scenario you are investigating:
Car width: 1.6 m
Lane width: 3.5 m
Veering angle (1-10°):				
Speed (40-100 km/h):				 km/h = 			 m/s
[image: ]
2. Complete the following table of distraction times, distance travelled and distance towards the centre line. 
	Distraction times (s)
	Distance travelled (m)
	Distance towards the centre line (m)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	





3. Produce a graph displaying the data from the table.


4. Describe the appearance of your graph.
5. What assumptions are being made in this investigation?
Use your graph to answer the following questions.
6. Your friend is driving you to sports practice along a straight road. Her phone rings and although she doesn’t answer the phone while driving, she looks down to check who is calling. The car starts to veer towards the centre of the road for the 1.3 seconds that she is distracted. Using your graph (and the information you used to form this graph), how long far does she travel towards the centre line? Does she cross the centre line?
7. You are driving home after picking up your younger brother. While driving along a straight stretch of road you start playing with the car stereo to change the song. While distracted you start to veer to the right and by the time you look up the right edge of the car has crossed the centre line by one metre. Using your graph (and the information you used to form this graph), what how long were you distracted for?
Use trigonometry calculations to answer the following questions.
8. You are driving along a straight stretch of road, which is clear for at least 200 m in front of you. Your car is 1.6 m wide and you are positioned in the centre of the lane. The road lanes are 3.6 metres wide and on either side of the road are ditches. You are travelling at 90 km/h. You reach across the glove box and fish around for the road map.
(a) If you veer 5o to the right and travel for 1 second while looking down, where are you in relation to where you started and to the ditches? Sketch a diagram to show this.
(b) What happen if you look down for 2 seconds and not 1 second?
(c) What happens if you veer to the left for 1.3 seconds at an angle of 3°?
9. [image: ]A student completed the graph below showing the distraction time and distance travelled to the right at a fixed angle and a fixed speed. Their title shows that they used a speed of 60 km/h, but they haven’t noted down the angle used. The gradient of their graph is 0.8723.

(a) How does gradient relate to the angle used?
(b) Calculate the angle used above.
(c) Using the graph above, what is the distance travelled to the right with a distraction time of 0.8 seconds?
(d) At the same speed, what is the distance travelled right towards the centre line in 0.8 seconds, if the veering angle was now 8° to the right?

Lesson 4: further investigations
Part A
This time you will choose which variable you will investigate to find the effect on the distance travelled towards the centre line or the time taken to cross the centre line.
You will need to decide which parameters to fix and what these values will be. Use the previous worksheets to help you decide.
You will need to state the values you are using, draw a diagram, construct a table and draw a graph of your data.
Describe the appearance of your graph.
Describe assumptions are being made in your investigation.
Part B
You have been asked by your principal to write a paragraph for your school’s newsletter about vehicle safety based on the findings on this investigation.
You should describe your findings and give advice to your peers who are learning to drive based on what you have investigated. 
Your paragraph needs to be factual, informative and interesting.
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Self-assessment: crossing the centre line
Tick one box for each row to assess how you went in the investigation.

	I needed help to produce a table of values for an investigation
	
	With minimal guidance I produced a table of values for an investigation
	
	I produced a table of values for an investigation without assistance
	

	My graph had a title
	
	My graph had a title and the axes were both labelled
	
	My graph had a title and the axes were both labelled (including units)
	

	I needed help to use the graph to answer a question 
	
	With minimal guidance I used the graph to answer a question
	
	I used the graph to answer a question without assistance
	

	I carried out a trigonometry calculation with assistance
	
	I carried out a trigonometry calculation
	
	I carried out an inverse trigonometry calculation
	

	I can list 1-2 causes of distraction or micro-sleeps when driving
	
	I can describe causes of distractions and micro-sleeps when driving
	
	I can describe causes of distractions and micro-sleeps when driving and could explain to my peers why it is so dangerous in terms of crossing the centre line
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