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Abstract

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 leam about how stored energy (potential energy) is converted into the ensrgy of
motion (kinetic energy).

Objective

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.
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Introduction

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
curnves, twists, and tums. The roller coaster is a great example of conversions between potential energy (stored enengy)
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 ensrgy is at it's 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 be released when the cars
go down the other side.

Youve prolxably noticed that the first hill on the roller coaster is always the highest (unless the coaster is given another
"bocst” 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 "lest” in other energy conversion processes. For example, the friction of the whesls 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
miotion, 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 encugh 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 consenved
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 (raizing 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).

You can investigate the conversion of potential energy to kinetic enengy with this project. Youll use foam pipe
insulation (available at your local hardware store) to make a roller coaster track. For the roller coaster itself, youll use
miarbles. There are as many possible vanations to this project as there are twists and tums 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 successiully
navigate a loop in the track.

You'll use the same size loop for each of your tests, but youll 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 rizefrun (see the lllustration below). The rse is t
height of the starting point, and the rur is the horizontal distance from the starting point to the beginning of the loop.
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marginal notes
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rise

The illustration above shows how to measurs "rise” and "run” in order to calculate the average slope of the track |
in to the: koop.

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

Terms and Concepts

To do this project, you should do research that enables you to understand the following terms and concepts:

= Potential energy (stored enengy)

= Kinetic energy (energy of motion)

« Conservation of energy (basic law of physics)
+ Gravity

= \Velocity

= Friction

= Slope (rizefrun)

Questions

= How high do you have to make the starting point of your roller coaster in order for the marble to "loogithe-loop”?

Bibliography

= Here's a good webpage on kinetic and potential energy applied to roller coasters:
Houghton Mifflin Company. (n.d.). Energy and Mofi~m S nrdinn Dloan: Pin s Do nd
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(hitp:/rwww.edupiace. convkids Mimsc/ activities/simuations/gra/unit?. ntn).

« 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,
from http://www_brainpop.convs cience/energy/kineticensrgy/ (http:ww.brainpop. comscience/anergy/kineticenargy/).

* 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, from http://www.physicsclassrcom.comiClass/energy/uSiic. htmi
(nitp://wiwaphysicsclassroom comyClass/energy/usi 1¢. htm).

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

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

= Utility knife P

= Masking tape

« Tape measure

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

Experimental Procedure

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 tems, 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.

marginal
notes and/or
questions

b. The insulation comes with one partial cut along the entire length. Complete this cut with the
(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
length of the tube.

d. Youll end up with two separate U-channel foam pieces. You can use masking tape to a
to-end to make the roller coaster track as lon
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3. Pick a diameter for the loop. Something in the range of 30-50 cm (12-20 in) should work well.

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 fumiture.

marginal
notes
and/or
questions

The illustration above shows two different T8
starting point in orde

8. Now you can tape the loop down to the fioor.
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 o
12. Run a single marble down the track 10 separate times. How many times does it succes
loop?
13. Change the height and repeat the previous step. If the marble makes it through the loop most of TTR§g
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?

ly go through the

Variations

Here are just a few of many possible variations on this project. Perhaps these will stimulate your thougy
experiments you could try:
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different diameter on your roller coaster? Can they all loop the leop? If some markles cant make it, can you
figure out why?

= You can expand the experment by building a set of roller coaster tracks with vanous loop sizes. How does the
height requirement change when the loop diameter increases? How does the height reguirement change when
the loop diameter decreases?

« Maybe you noticed that your loop wobbles a bit as your marble passes through it. The energy to move the track
comes from the marble. The energy that the marble loses to make the track move means less energy is
available to make the marble itself move. Can you think of a way to stabilize the loop so that it doesn't wobble?
With a stabilized loop, can the marble start at a lower height and still make it through the loop? Design an
experment to find out!

= Try using different lengths of roller coaster track 2o that you can adjust the slope of the track leading to the loop.
Keep the starting height the same, but change the slope by adding additional track length. (Remember, slops is
rise/run, 5o you'l be holding the "rise™ constant, and gradually increasing the "run.") Do you think that the
marties will continue to "loop the loop™ as the slope is decreased? Tip: start with a track height and loop
diameter such that the marbles just make it around the loop.

= For a more advanced version of this experiment, see the Science Buddies project Roller Coaster Marbles:
Converting Potential Energy to jlinetic Energy (nttp:awaww sciensabucies. or/ssience-falr-project s/project_ioeas Phys_pOs7.shimi).

Good source to seek clarification if

parent and/or teacher can not assist.

5 ience guestions that
they have been unable to find using resources. If you have specific questions about your science fair project or
science fair, our team of volunteer sciStists can help. Our Experts won't do the work for you, but they will make
suggestions, offer guidance, and help you troubleshoot .
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If you like this project, you might enjoy exploring these related careers:

Mechanical Engineer

Mechanical engineers are part of your everyday life, designing the spoon y
eat your breakfast, your breakfast's packaging, the fliptop cap on your b

tube, the zipper on your jacket, the car, bike, or bus you took to school, jife chair you
zat in, the door handle you grasped and the hinges it opened on, and t allpoint pen
you used to take your test. Virtually every object that you see around has passed

through the hands of a mechanical engineer. Conseguently, their sig
to design millions of different products in almest every type of industry. Read more it scenc
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Mechanical Engineering Technician

You use mechanical devices every day—to zip and snap your clothing, open doors,
refrigerate and cook your food, get clean water, heat your home, play music, surf the
Intermet, travel around, and even to brush your teeth. Virtually every object that you
see around has been mechanically engineered or designed at some point, requiring

E the =kills of mechanical engineering technicians to create drawings of the product, or
to build and test models of the product to find the begllesign. Fi=ad more (nitp:/hwww sciencabundes. oy sCence-EngNeeng-

. ) Additional sources of information related to
News Feed on This Topic ) i
your project to help with the research.

NEWS == | Roller Coaster Science: N B, Tubes, and Loops mipmwesciencebuddies. oginevesarticie?
e 2 W=a7aTE), Science Buddies Blog, JuneNg, 2012

Y Shriek Science: Simple Physics Powers Extreme Roller Coasters
; (it sclencebuddles. ong'news/articie id=175056), Scientific American, October 14, 20135

NEWS =21 Girls Explore Engineering with Marble Run Challenge jtp:imww sciencetudds oginews/articie?
-‘- - w=a77ag), Science Buddies Blog, Apnl 19, 2013

Nofe: A computerized matching algorithm suggests the above articles. It's not as smart as you are, and it may
occasionally give humorous, ridiculous, or even annoying results! Leam maore sbout the MNews Feed
[PEtEC i sClencetuddies. apnews leam-more)

Looking for more science fun? ma rginal notes

Try one of our science activities for quick, anytime science explorati and/or questions
school vacation, or moment of boredom.

Find an Activity

You can find this page online at: http:/fwww sciencebuddies_org/science-fair-projects/project_ideas/Phys_p038_gitml
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