Name: Teacher:

Roller Coaster Marbles: How Much Height to Loop the Loop?

Difficulty s I
M' il HARD

Time Short (2-5 days)

Required NOTE: This time requirement only applies to the
experimental procedure (conducting trials
and collecting data) of the project. An
additional 3-5 days is needed to complete the
other components such as testable question,
research, hypothesis, data analysis,
conclusion, and preparing the display board.

Prerequisites None

Material . .
ey a ey Readily available
Availability
Cost Very Low (under $20)
Safety Adult supervision recommended when using utility

knife

Abstract (Read this component to set purpose for the project)

This is a really fun project even if you don't like going on roller coasters yourself. You'll
build a roller coaster track for marbles using foam pipe insulation and masking tape, and
see how much of an initial drop is required to get the marble to "loop the loop." It's a
great way to learn about how stored energy (potential energy) is converted into the

energy of motion (kinetic energy).

Objective (Read this component and rewrite as a testable question; a cause and effect question)

The goal of this project is to build a roller coaster for marbles using foam pipe insulation
and to investigate how much height is needed in order for the marble to run through a

loop of fixed size.

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml
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Introduction (Begin your research by reading this component first)

Slow and clanking, the string of cars is pulled up to the crest of the tallest point on the
roller coaster. One by one, the cars start downhill on the other side, until gravity takes
over and the full weight of the train is careening down into curves, twists, and turns. The
roller coaster is a great example of conversions between potential energy (stored
energy) and kinetic energy (the energy of motion). As the cars are being pulled up to the
top of the first hill, they are acquiring potential energy. The chain that pulls them up the
hill works against the force of gravity. At the top of the hill, the cars' potential energy is
at its maximum. When the cars start down the other side, this potential energy is
converted to kinetic energy. The cars pick up speed as they go downhill. As the cars go
through the next uphill section, they slow down. Some of the kinetic energy is now being
converted to potential energy, which will be released when the cars go down the other

side.

You've probably noticed that the first hill on the roller coaster is always the highest
(unless the coaster is given another "boost" of energy along the way). This is because
not all of the potential energy is converted to kinetic energy. Some of the potential
energy is "lost" in other energy conversion processes. For example, the friction of the
wheels and other moving parts converts some of the energy to heat. The cars also
make noise as they move on the tracks, so some of the energy is dissipated as sound.
The cars also cause the supporting structure to flex, bend, and vibrate. This is motion,
so it is kinetic energy, but of the track, not the cars. Because some of the potential
energy is dissipated to friction, sound, and vibration of the track, the cars cannot
possibly have enough kinetic energy to climb back up a hill that is equal in height to the
first one. The way that physicists describe this situation is to say that energy

is conserved in a closed system like a roller coaster. That is, energy is neither created
nor destroyed; there is a balance between energy inputs to the system (raising the train
to the top of the initial hill) and energy outputs from the system (the motion of the train,
its sound, frictional heating of moving parts, flexing and bending of the track structure,

and so on).

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml
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You can investigate the conversion of potential energy to kinetic energy with this
project. You'll use foam pipe insulation (available at your local hardware store) to make
a roller coaster track. For the roller coaster itself, you'll use marbles. There are as many
possible variations to this project as there are twists and turns on a great roller coaster
ride, but a good place to start is to see how much initial height you need in order to have

your marble successfully navigate a loop in the track.

You'll use the same size loop for each of your tests, but you'll add (or subtract) track
before the loop so that you can change the initial height where the marble starts. For
each track configuration, you should try at least 10 separate tests with the marble to see
whether it can loop the loop or not. You should also measure the slope of each track
configuration. An easy way to think about the slope is the expression rise/run (see the
illustration below). The rise is the height of the starting point, and the run is the

horizontal distance from the starting point to the beginning of the loop.

rise

The illustration above shows how to measure "rise" and "run” in order to calculate
the average slope of the track leading in to the loop.

How much height (rise) will be required to successfully navigate a given loop size? A
foam roller coaster for marbles is easy to build, so try it for yourself and find out!

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml
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Terms and Concepts (Find the definitions to these vocabulary words to continue your research)

To do this project, you should do research that enables you to understand the following

terms and concepts:

« Potential energy (stored energy)
« Kinetic energy (energy of motion)
« Conservation of energy (basic law of physics)

o Gravity
e Velocity
e Friction

e Slope (rise/run)

Questions (Answer these questions in complete sentences after you complete your research)

e How high do you have to make the starting point of your roller coaster in order for

the marble to "loop-the-loop"?

Bibliography (Read two more sources from the list below to complete your research; list these

sources including the Science Buddies project in the bibliography worksheet supplied by the teacher)

e Here's a good webpage on kinetic and potential energy applied to roller coasters:
Houghton Mifflin Company. (n.d.). Energy and Motion. Education Place: Discover!
Retrieved August 20, 2014,

fromhttp://www.eduplace.com/kids/hmsc/activities/simulations/qr4/unitf.html.

e This short animation explains kinetic energy and potential energy:
Brain POP. (n.d.). Kinetic Energy. Brain POP Animated Educational Site for Kids.

Retrieved August 23, 2007, fromhttp://www.brainpop.com/science/energy/kineticenergy/.

e Here is a good reference for more advanced students:
Henderson, T. (2004). Work, Energy, and Power. The Physics Classroom and Mathsoft
Engineering & Education, Inc. Retrieved August 23, 2007,

fromhttp://www.physicsclassroom.com/Class/energy/u5l1lc.html.

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml
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News Feed on This Topic (Additional sources to help you complete your research; if you read
any of these sources list them in the bibliography worksheet also)

Roller Coaster Science: Marbles, Tubes, and Loops, Science Buddies Blog, June 12, 2012

Girls Explore Engineering with Marble Run Challenge, Science Buddies Blog, April 19, 2013

Speedy Science: How Does Acceleration Affect Distance?, Scientific American, November 6, 2014

Materials and Equipment (Gather these before conducting experiment — NOTE: Any
substitutions require teacher approval)

To do this experiment you will need the following materials and equipment:

e At least two 6 foot (183 cm) sections of 1-1/2 in (about 4 cm) diameter foam pipe
insulation

e Glass marbles

« Ultility knife

e Masking tape
o Tape measure

o Bookshelf, table, or other support for roller coaster starting point

e

e " 6
Source: http r-projects/project_ideas/Phys_p036.shtml
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Experimental Procedure (Conduct the experiment at home with adult supervision)

Note: use the utility knife with care. A fresh, sharp blade will make cutting the insulation easier.

1. Do your background research so that you are knowledgeable about the terms,
concepts, and questions, above.

2. Cut the foam pipe insulation in half (the long way) to make two U-shaped
channels.

a. The illustration below shows the foam pipe insulation, end-on.

The illustration above shows the cross-section at one end of the foam pipe insulation.

b. The insulation comes with one partial cut along the entire length.
Complete this cut with the utility knife (yellow circle in the illustration
above).

c. Make a second cut on the other side of the tube (yellow line in the
illustration above), along the entire length of the tube.

d. You'll end up with two separate U-channel foam pieces. You can use
masking tape to attach pieces end-to-end to make the roller coaster track
as long as you want.

3. Pick a diameter for the loop. Something in the range of 30-50 cm (12-20 in)

should work well.

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml



Name: Teacher:

Roller Coaster Marbles: How Much Height to Loop the Loop?

4. Tape two lengths of the foam U-channel together, end-to-end. The joint between
the two pieces should be as smooth as possible.

5. Curl the track into a loop of the desired diameter. Tape the loop together where
the two tracks meet at the bottom (see illustration below). Don't tape the loop to
the floor just yet.

6. Raise the other end of the track up to make a ramp coming down into the loop
(see illustration below).

7. Tape the top of the ramp in place on a bookshelf or other piece of furniture.

The illustration above shows two different roller coaster tracks for marbles. How much height is
needed at the starting point in order for the marble to loop the loop?
8. Now you can tape the loop down to the floor.
9. Measure the diameter of the loop.
10.Measure the height of the starting point for the track (rise).
11.Measure the horizontal distance from the track starting point to the beginning of

the loop (run).

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml
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12.Run a single marble down the track 10 separate times. How many times does it
successfully go through the loop?

13.Change the height and repeat the previous step. If the marble makes it through
the loop most of the time, lower the height. If the marble fails to make it through
the loop most of the time, raise the height.

14.What starting height was needed for the marble to make it through the loop most

of the time?
Trial Table
Rise = Height of starting point of the track (in cm)
Run = Horizontal distance from the track starting point to the beginning of the loop (in cm)
Slope = Divide the rise by the run to calculate the average slope
Does the marble loop the loop? YES or NO
TRIALS Rise Rise Rise Rise Rise Rise
Run Run Run Run Run Run
Slope Slope Slope Slope Slope Slope
1
2
3
4
5
6
7
8
9
10
Total YES

Source: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p036.shtml
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