Roller coasters
Aims: to explore motion, up and down.

NC links:

Sc4
that objects are pulled downwards because of the gravitational attraction between them and the Earth.
Sc4 
about friction, including air resistance, as a force that slows moving objects and may prevent objects from starting to move
Sc1
ask questions that can be investigated scientifically and decide how to find answers
Equipment: (per 2 students)

2m length of 10mm diameter clear, flexible plastic tubing.
Some longer and some shorter lengths may be useful.

Ball bearings or marbles of different diameters which all fit down the tube.

Rulers or measuring sticks.

stopwatches

Health and Safety

Ball bearings or marbles on the floor are a trip hazard.  Sealing one end of the tube will make it less likely that the balls will end up on the floor, although it is necessary to tip the tube to get them out.
Beware pupils may be tempted to climb to give their roller coaster a higher starting point.

Lesson Plan

Ask students about their own experiences of slides, chutes and roller coasters.  
There are lots of videos on google video of roller coaster rides. (play with the sound off or check first for inappropriate language).  http://www.sixflags.com/greatAdventure/Rides/Kingdaka.aspx
has a video of the world’s fastest roller coaster the Kingda Ka.
Encourage the pupils to consider when they/the riders are going fastest and slowest.  When is the ride being driven and when is it freewheeling?
Give students a tube and one ball and let them investigate how the height of the start affects the speed of the ball at the end.  If the tube is sealed they could see how far the ball bounces back.
Then encourage the students to add a hill or loop to their ride.  How high can the hill or loop get before the ball can’t get over?

The students can then discuss what else they could investigate about the ride.  Snowballing ideas and discussing them as a class may help.  How can they test their ideas?  

Students play with their rides altering them and seeing the effect.  
Each pair of students shares one observation with the class.

Teacher notes
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Consider the forces acting on a ball rolling down 
a slide.  There is the weight of the ball due to 
gravity acting on it, a reaction force from the 
surface of the slide and friction acting up the 
slide.  The weight provides the largest force and 
so the ball accelerates down the slide.  The 
steeper the slope, the smaller the reaction force from the surface of the slide and consequently the lower the friction.  
In the first activity the aim is just to confirm that the higher the start, the faster the ball goes at the end.  The ball is getting faster and so a force is acting.  At this stage if the pupils can appreciate the accelerating force is weight due to gravity that is enough.

At the start of the ride the balls have gravitational potential energy and as they roll down they gain kinetic energy.  The ball also loses some energy as it works to overcome friction with the tube.  The result of this is that for the same length of tube, increasing the starting height increases the speed at the end.  The relationship is not proportional and so doubling the height will only increase the speed by about 1.5 times.  
The hills or loops introduced convert the kinetic energy back to gravitational potential energy.  However as some of the energy has been lost the ball cannot get as high as it was originally.  Pupils have not met the concept of energy at KS2 but may appreciate that the ball has lost some speed due to friction.

Further things to investigate may include:

Does the size of the ball affect how high a loop it can get over?

Does the steepness of the first drop affect how high a loop the ball can get over?

Does the position of the loop (eg close to the first drop or further away) affect the ability of the ball to get over it?

If you add more than one loop how does their maximum height vary?

High achieving students may be able to compare observations quantitatively.  For example:

 Is the maximum hill the ball can get over always xcm less than the start height?  

Do successive hills reduce in size by the same amount (or the same fraction)?

Allowing the ball to run out of the tube along the floor will enable pupils to estimate its speed by timing how long it takes to travel 1m.

All children seem to investigate these ideas naturally when playing with motion toys.  However verbalising their ideas and changing only one factor at a time is more challenging.  Presenting the task to low achievers as building the best roller coaster and asking them to discuss what makes the ride the best should encourage them.
Further activities on roller coasters:
There are a few websites that allow you to design and test your own roller coasters.

This one is for children and allows you to change three components and then select the starting speed and the value of friction.

http://www.sci-quest.org/home/just_for_kids/coaster.phtml
This one is designed for more advanced students and is a more schematic version but it allows you to change the heights of the first hill, second hill and loop, and then change the mass of the car, the initial speed and interestingly gravity.  This could lead to discussions about a roller coaster on the moon.  Unfortunately you can’t set it to zero (in which case the roller coaster would fly in a straight line and not on the track at all.)
http://www.funderstanding.com/k12/coaster/
Most theme parks are set up for educational visits.

The roller coaster database
http://www.rcdb.com/rhr.htm
has statistics on the world’s roller coasters.  There is a set of cards, top trump style, for students to use if you would prefer.  Students could use these for maths work such as putting in order or drawing bar charts etc.
A ball bearing will roll down the tube and this models a roller coaster.  Students can add hills or loops as they wish.
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