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Introduction

This day is written for year 8 pupils focussing on some circle work that extends into trigonometry all in a problem based context.

It is intended for 30 pupils, which are split into 5 groups of 6. Our intention is that you would run this day for 10 of your own pupils and 10 from two other local schools.
The day requires space such as a hall or gym- it will be very difficult to work through the practical activities in a classroom situation.

As well as all the materials for the day, we have also supplied follow up materials for top year 8 classes to work through, so that all pupils can have access to some extended work and allows the G&T pupils to feedback and share with other pupils what they learnt on the G&T day.

Organising the G&T Day
In advance:

· Identify two other secondary schools to invite 
· Identify 10 G&T pupils in year 8
· Book room (gym/ hall) for day in question
· Send letters to all participating pupils’ parents /partner schools
· Arrange to meet these teachers before the day and take them through the materials so they know what to expect. Give them a copy of the follow up materials to use after the event and ensure their attendance on the day

Nearer the time:

· Arrange break and lunch times for pupils (these might fall in different places to your usual times)
· Arrange drinks and snacks for breaks and lunch

· Warn all teachers about pupils missing the day of lessons
· Inform caretaking staff about set up of the room that is required 
· Copy materials required for the 3 sessions. Ensure you have all the practical equipment required too.

· Decide which pupils are going into which group (e.g. 2 from each school in each group, mixture of boys and girls)

On the day:
· Tea and coffee for staff 

· Toilets are open or easily accessible

· Hall/Gym is warm

· Computer and projector are working
Plan for the Day

9.30

Session 1
Set up, registration, seating, table puzzles, introductions
10.30

Break

10.45

Session 2

Go Karts Activity



Turning circles

12.15

Lunch

1.15

Session 3

Grand Prix Circuits

Designing a circuit 

2.45

Plenary and farewell
3.00

End

Session 1

1.INTIAL SETUP
· Five large tables seating 6 pupils

· Tables to have:

· License plate with table numbers (1 to 5) 
· Plate of healthy snacks (small packets of raisins, satsumas etc)

· A4 paper

· Markers to write team name

· Pens, pencils and calculators (in case pupils forget)

· Ongoing problems (2/3 sets per table)
2.REGISTRATION & SEATING: 15 mins
· On arrival students will pick a seating problem 
· There will be 3 bags containing a set of seating questions. Each bag (1 bag per school) should have questions with different coloured card.  

· Make sure the students do not put the cards back into the bags.

· Answers to the problems will be a number from 1 to 5, which is the number of the table they have to sit at. 

· This will ensure there are 2 students from each school at each of the 5 tables.

3.TABLE PUZZLES: 15 mins

· Once at the table, the students can start work on table puzzles; starting with easy ones and progressively getting harder.

· Teacher’s pack will have solutions to the puzzles.

· Puzzles will be left on table all day.

· Each puzzle will have points.

· There will an answer sheet where answers should be recorded. This will be handed in later for points to be added to the overall total for each team.

4.FORMAT OF DAY AND INTRODUCTIONS: 20 mins
· General 

· Team names & points system
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Table Markers

Below are the five table labels

GAT 1 – Gifted and talented team 1 

GAT 2 – Gifted and talented team 2 etc
Each team can decide on a team name and write it below the car on their label.

	

	

	

	

	

	

	

	

	

	


Table Puzzles


CAR FERRY
144 square based Smart cars are to be arranged on a car ferry in a rectangle.  The car ferry is longer than it is wide.  

a) How many different arrangements could there be?

b) If the ferry can fit 18 more cars along its length than it can across its width which arrangement should the captain use?





CAR SHOWROOM

The  car showroom manager has 2 red, 1 blue and 1 silver Ferraris to arrange.   

a) How many different arrangements could there be?
b) In how many of these arrangements would the 2 red Ferraris be together

c) What is the probability of the two red Ferraris being together?
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HOW FAR?

A car travels downhill at 72 mph (miles per hour), on the level at 63 mph, and uphill at only 56 mph  The car takes 4 hours to travel from town A to town B.  The return trip takes 4 hours and 40 minutes.

Find the distance between the two towns.




CAR IMPORTER
A new assignment of Japenese cars had just been offloaded onto the dock.  The importer checked that they were all the same model and went to see customs officials to complete the paperwork.  He was intrigued to notice that the total value of the new cars was £1 111 111.

What was the price of one car and how many cars were there?


Introduction of the day

· Introduce all the staff
· Welcome the pupils to your school
· Say why they have been invited – G&T- high praise

· Explain fire drill/ toilets etc
· Give overview of day’s plan

· Explain procedures for breaks and lunches
· Remind pupils to fill in name badges/ table labels
· Go through rules for the day and expectations
Session 2

The first copy of the worksheet is the teacher version which includes the answers.
The second copy of the worksheet is the pupil version.

U-TURNs
The Problem:
How wide does a road have to be for a car to perform a U-turn? What is a car’s “turning circle”?

Variables:

· Complete the spider diagram below of features of a car that might affect its turning circle.



U-TURNs
Our Model:


Start by considering a small car, the Renault Clio.


Length of wheelbase 
= Lb 
= 2.5m



Width of wheelbase 
= Wb
= 1.5m



Length of car

= Lc
= 4m



Width of car

= Wc
= 2m

What will the model of the Renault Clio look like?

Using a scale of 1m = 4cm, draw a scale diagram of the car in the space below. Label the wheels, wheelbase and body of the car.


wheels

wheelbase

body of car

Scale: 1m = 4cm


U-TURNs

The Turn:

Most cars are FRONT WHEEL drive. This means that the front wheels direct the car’s turn.

Below is the model of the WHEELBASE of the car performing a 10º turn.


On the large pieces of paper on your table, draw a scale model of this diagram. Use a scale of 1m = 2cm and make sure you use a protractor to measure the angle and be as accurate as possible.







Now measure the length of the radius, R, and mark on diagram.


U-TURNs

The Results:

Repeat for an angle of turn of 20º, 30º, 40º and 50º. Record your results in the table below. 

Q.
How will you calculate the turning circle, T ?

A.
Turning circle, T, is diameter of circle drawn.


Therefore, T is double R.
	Angle of Front Wheels, θ (º)
	Radius of Turn, R

(m)
	Turning Circle, T

(m)

	10
	14.40
	28.80

	20
	7.31
	14.62

	30
	5.00
	10.00

	40
	3.89
	7.78

	50
	3.26
	6.52


Q. What adjustments do we need to make to the turning    

     circle to find the width of road needed to perform a      

     U-Turn?

A. For width of road needed, we need include the width of 
    the car from inside edge of wheelbase to outer edge of 
    car.

Q. Can you write this as a formula involving T, Wb and Wc?

A. Width of road needed = T + 2(Wc – ½(Wc-Wb)) 

U-TURNs

The Results:


On the graph paper provided, plot a graph of your results. Put the angle of front wheels, θ, on x-axis and turning circle, T, on y-axis.

Q. What does your graph show you?

A. The bigger the angle of turn in the steering wheels and 

    front wheels of the car, the smaller the turning circle. 
    The graph is not a straight line so the relationship is not 
    linear. An extra degree of turn will reduce the turning 
    circle more when the angle of turn is small.

Q. What angle will produce the smallest turning circle?

A. The bigger the angle the smaller the turning circle. If 

    the greatest angle we can turn the wheels is 90 degrees, 
    then this will produce the smallest turning circle.
Q. What is the problem with your answer in real life? 

A. In real life, steering wheels have a “steering lock” which 
    means there is a maximum amount you can turn a 
    steering wheel. This in turn means there is a maximum 
    amount you can turn the front wheels. The “steering 
    lock” will therefore be the angle which produces the 
    smallest turning circle. There is a physical limit in real 
    life not included on model.


U-TURNs

The Geometry:

Investigate geometry of model by completing the table below.

	θ
	90- θ
	Lb (m)
	R (m)
	Lb ÷ R
	cos(90- θ)

	10
	80
	2.5
	14.40
	0.1736
	0.1736

	20
	70
	2.5
	7.31
	0.3420
	0.3420

	30
	60
	2.5
	5.00
	0.5000
	0.5000

	40
	50
	2.5
	3.89
	0.6428
	0.6428

	50
	40
	2.5
	3.26
	0.7660
	0.7660


Q. Look at your model, where is the angle of size (90 – θ)?

A. Angle between radius and wheelbase of car.

Q. Looking at the table, what do you notice?

A. The values in the last two columns are the same.

Q. Write this as an equation using Lb, R and cos(90 – θ).

A. Lb ÷ R = cos (90 – θ)
Q. The car has turning circle 10.7m, what angle are the 
     wheels?

A. T = 10.7 so R = 5.35 and Lb ÷ R = 2.5 ÷ 5.35 = 0.4673

    Therefore cos(90 – θ)= 0.4673, 90 – θ = 62.1 and θ = 27.9


U-TURNs

The Limitations:

In our model we simplified the steering mechanism of the car.

Q. Why did we do this?

A. To make the angle of turn of the steering wheel the 
    same as the angle of turn of the front wheels. Then we 
    could draw a 2-D scale diagram of the movement of the 
    car and measure the radius of the turning circle.


Look at the actual model of a steering mechanism below:

Q. What shape is the steering mechanism based on?

A. Trapezium

Q. What happens to this shape as the wheels turn?

A. One wheel turns by more than the other changing the 

    angles inside the trapezium. It is now a quadrilateral.


This is known as the Ackermann steering mechanism after a C18th British bookseller (Rudolf) who bought the UK rights from George Lenkensperger of Munich in 1818.  
U-TURNs
The Problem:

How wide does a road have to be for a car to perform a U-turn? What is a car’s “turning circle”?

Variables:

Complete the spider diagram below of features of a car that might affect its turning circle.



U-TURNs
Our Model:


Start by considering a small car, the Renault Clio.


Length of wheelbase 
= Lb 
= 2.5m



Width of wheelbase 
= Wb
= 1.5m



Length of car

= Lc
= 4m



Width of car

= Wc
= 2m

What will the model of the Renault Clio look like?

Using a scale of 1m = 4cm, draw a scale diagram of the car in the space below. Label the wheels, wheelbase and body of the car.


U-TURNs

The Turn:

Most cars are FRONT WHEEL drive. This means that the front wheels direct the car’s turn.

Below is the model of the WHEELBASE of the car performing a 10º turn.


On the large pieces of paper on your table, draw a scale model of this diagram. Use a scale of 1m = 2cm and make sure you use a protractor to measure the angle and be as accurate as possible.








Now measure the length of the radius, R, and mark on diagram.


U-TURNs

The Results:

Repeat for an angle of turn of 20º, 30º, 40º and 50º. Record your results in the table below. 

Q.
How will you calculate the turning circle, T ?

A.


	Angle of Front Wheels, θ (º)
	Radius of Turn, R

(m)
	Turning Circle, T

(m)

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	


Q. What adjustments do we need to make to the turning    

     circle to find the width of road needed to perform a      

     U-Turn?

A. 

Q. Can you write this as a formula involving T, Wb and Wc?

A. 

U-TURNs

The Results:


On the graph paper provided, plot a graph of your results. Put the angle of front wheels, θ, on x-axis and turning circle, T, on y-axis.

Q. What does your graph show you?

A. 

Q. What angle will produce the smallest turning circle?

A. 

Q. What is the problem with your answer in real life? 

A. 


U-TURNs

The Geometry:

Investigate geometry of model by completing the table below.

	θ
	90- θ
	Lb (m)
	R (m)
	Lb ÷ R
	cos(90- θ)

	10
	
	
	
	
	

	20
	
	
	
	
	

	30
	
	
	
	
	

	40
	
	
	
	
	

	50
	
	
	
	
	


Q. Look at your model, where is the angle of size (90 – θ)?

A. 

Q. Looking at the table, what do you notice?

A. 

Q. Write this as an equation using Lb, R and cos(90 – θ).

A. 

Q. The car has turning circle 10.7m, what angle are the 

     wheels?

A. 


U-TURNs

The Limitations:

In our model we simplified the steering mechanism of the car.

Q. Why did we do this?

A. 

Look at the actual model of a steering mechanism below:
Q. What shape is the steering mechanism based on?

A. 

Q. What happens to this shape as the wheels turn?

A. 


This is known as the Ackermann steering mechanism after a C18th British bookseller (Rudolf) who bought the UK rights from George Lenkensperger of Munich in 1818.  
Session 3
Teacher Guidance for Grand Prix Activity

Equipment per group (5 groups of 6):
6m of string

1m2 of card

Board protractor

Pair of board compasses

Meter ruler

3 scientific calculators

File paper

Structure of activity:

	Timing
	What to do

	10 mins
	Simple race track question.  Show the problem on powerpoint (slide 2).  

· Describe car travelling around the dotted line in the middle of the track.  Question and answer – get them to say how to break down the track into two straights and two semi-circles.  

· Hand out worksheet, one between two, for them to do workings on. 

Show answers (slide 3), complete with workings, and they can mark their own.

	10 mins
	Introduce main task – size of field, amount of track possible, aim to create a track where all wheels travel the same distance (slide 4).  Show them the criteria that they need to meet (slide 5).  Explain what equipment they will have to help them.

	40 mins
	Group work creating track and proof that it meets criteria

· Allow the groups to make a start on their own, trying different shapes with the string.  We want them to create their own track without too much input from us.

· When they are ready to turn a string shape into a drawn diagram, be prepared to help groups ‘model’ their shape as a combination of straight lines and parts of circles.

· Do make sure groups use the protractor and compasses accurately, and keep a record of the radius and angle of all the arcs they draw.

· As groups begin to write down their ‘proof’, question anything that they write down that isn’t explained or justified to encourage them to be really clear and thorough.

	10 mins
	Show slide 6, and give out feedback forms.  Each group completes a form about their own track and proof.

	10 mins
	Rotate groups round so they all see another group’s work.  Complete a second feedback form.  

· Encourage students to really check the workings in the proof are accurate and easy to follow.

	10 mins
	Return to own table and compare the two assessments (theirs and the other group that looked at their work).  Invite one spokesperson per group to describe how well they did (an average of the marks) and how well they assessed themselves compared to the other group.


Feedback Form 
For each of the statements below, agree on a mark out of 10, tick the box on the number line, and write a sentence explaining why you gave that mark.

1. There is a clear proof that all the wheels of the car will travel the same distance:


Because………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

2. The design of the track is imaginative:
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Because………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

3. The track is close to, but no more than, 600m long:
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Because………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

4. The whole track fits inside the 100m square field:
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Because………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

[image: image6.wmf]Here is a simple race track:

Assuming a racing car is 2m wide, and travels around the centre 

line of the track, work out how much further the right wheels 

travel than the left wheels.

100m

80m

50m
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Extra mileage
Here are some extra materials that can be used with top set year 8 classes to continue the theme of motor.

It will allow the G&T pupils to feedback to the group and for the others to have access to some extension materials.
Find some motivating applications


For example trigonometry can be a bit isolated and uninspiring.  Here is an example from steering geometry where we can model using trig functions and the sine/cosine rules. 

How does a car turn corners without wearing out tyres?
I own a Vauxhall (Opel) Zafira - below are some measurements found from the web-site:

http://uk.cars.yahoo.com/carspecs/vauxhall/zafira/mini_mpv/5/p/m/1_8/463462.html 

	Overall Length (mm)
	4317 

	Overall Width (mm)
	1742 

	Overall Height (mm)
	1684 

	Wheelbase (mm)
	2694 

	Front track (mm)
	1470 

	Rear track (mm)
	1487 

	Turning circle (Corner-to-corner) (mm)
	10500 

	Turning circle (Wall-to-wall) (mm)
	11200 


The picture shows my car on full right-hand lock - where the inner front wheel has clearly turned through a larger angle than the outer front wheel - why?  
From the data above can you work out the angle the outer front wheel should turn through, given the angle turned by the inner wheel?  
We can make a geometric model using geometry software.

      
Here we see that when the inner wheel moves by about 30( then the outer wheel needs to turn by about 24( in which case all four wheels are describing arcs of circles centre K.  The one with largest radius is then about 6580 mm.  
Can you find a means to calculate angle B for any angle A?

The diagram below is there to help you.  You know one side and one angle of the red right-angled triangle PRK, so can you find the length PR?  If so, you now know the length QR and so you should be able to find the angle RQK, and hence the angle B.  Steer1.gsp

Can you find an expression Y=f(X) which represents the function of A you need to compute in order to work out B ?

Using graph-plotting software, like TI Interactive!, or a graphical calculator like a TI-83, can you plot the graph of Y = f(X) for values of X between 0( and 90( ? - remember to make sure the angle setting is for degrees and not radians.

Here are our solutions using TI Interactive! – 

note that  arctan(x)  is another way of writing 

tan-1(x).
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The blue graph is that of y = f(x), and the red graph is that of y = x, showing that the outer wheel always moves through a smaller angle than the inner one.

Extension

The steering mechanism that causes this to happen is known as Ackermann steering, after a C18th British bookseller (Rudolf) who bought the UK rights from George Lenkensperger of Munich in 1818.  It is based on a quadrilateral which is a symmetric trapezium when the wheels are straight.  Can you suggest suitable values of a, b and c for my car?

Carriage Wheels

A horse-drawn carriage used in parades has back and front wheels of different sizes, as shown below.




The large back wheels are 165cm in diameter, and the smaller front wheels are 121cm in diameter.

How many revolutions of each are required before the points touching the ground on all wheels are again touching the ground?

Explore this question for different sized wheels, such as 165cm and 66cm, or 180cm and 40cm.

Did you wonder why those numbers were chosen for the diameters of the carriage wheels?
How easy was it to devise other pairs of wheel sizes that posed similar problems?
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LET’S MAKE A DEAL!
Imagine that the set of your game show has three closed doors. Behind one of these doors is a car; behind the other two are goats. The contestant does not know where the car is, but you do. 

The contestant picks a door and you open one of the remaining doors, one you know doesn’t hide the car. If the contestant has already chosen the correct door, you are equally likely to open either of the two remaining doors. 

After you have shown a goat behind the door that you open, the contestant is always given the option to switch doors. 

What is the probability of winning the car if she stays with her first choice? 

What if she decides to switch?
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Here is a simple race track:









Assuming a racing car is 2m wide, and travels around the centre line of the track, work out how much further the right wheels travel than the left wheels.
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