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UNIT 2: Work and Energy

mff;/? Energy Conservation @

Question: What is energy and how does it behave?

In this Investigation, you will:

1. Discover the relationship between speed and height on a roller coaster.
2. Describe how energy is conserved on a roller coaster.

Thin, e To pedal your bike up a hill, you have to work hard to keep the bike
%, Sp e, going. However, when you start down the other side of the hill, you

i "'Je |as".b é,:‘ | . . . .
® ride coast! You hardly have to pedal at all. In this Investigation, you will

find out what happens to the speed of a marble as it rolls up and
= down the hills and valleys of the CPO roller coaster.

n Setting up the roller coaster

Attach the roller coaster to the fifth hole from the bottom of the stand. Use the starting peg to start the
marble in the same place each time you roll it down. It sometimes takes a few tries to roll it straight so
that it stays on the track. Watch the marble roll along the track. At which place (or places) do you think
the marble moves fastest? Why?

Startthe Where does the marble go fastest?
marble against

the peg e 5@

a Measuring the speed of the marble

To understand what is happening to the marble, you need to measure the speed and the height at
different places on the roller coaster.

1. To measure the speed of the marble, attach a
photogate so that the marble breaks the light beam
as it rolls through.

Marble Light Beam

2. Plug the photogate into input A of the timer and
use interval mode.

3. Be sure that the bottom of the photogate is flat |
against the bottom of the roller coaster. If the —)_\
I

To Timer
photogate is not attached properly, the light beam ®) Clamp ® | Ninput A
will not cross the center of the marble and the e J

speed you calculate will not be accurate. Rollercoaster

ARG 8,
§ ey Fi;
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The ball has not broken the beam yet. The timer is not counting.
. The timer starts counting when the front edge of the marble breaks the beam.

1

2

3. The timer keeps counting while the beam is blocked by the marble.

4. The timer stops counting when the back edge of the marble goes out of the beam.
5

The display shows the time that the marble blocked the beam.

time that the timer is counting, the marble moves one diameter. Therefore, the distance
traveled is the diameter of the marble, and the time taken is the time from photogate A.
The speed of the marble is its diameter divided by the time from photogate A.

Speed is the distance traveled divided by time taken to travel that distance. During the ’» §%-dva 4‘

Use the photogate to test your hypothesis about where the marble would go fastest.
Measure and record the speed of the marble at each of the seven places. Positions 2, 4,
and 6 should be as close to the same height as you can get. If they are the same height,
you can easily compare uphill and downhill motion.

Position number Time, photogate A Distance traveled Speed of marble
(sec) (cm) (cml/sec)
2
3
4
5
6
7

a. Did your measurements agree with your hypothesis or did they point to a different hypothesis? If the
answer did not agree with your hypothesis, what sort of hypothesis do the observations support about
where the marble is fastest?

b. What did you notice about the motion of the marble from the measurements? For example, do you
think that going uphill or downhill makes a difference in the speed? Does height affect speed? Which
has a larger impact, height or direction (uphill or downhill)?

-
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B Energy conservation

When the marble speeds up, it is gaining kinetic energy from falling down a hill. The kinetic energy is
converted from the potential energy the marble had at the top of the hill. As the marble goes along it
trades potential and kinetic energy back and forth.

To measure the kinetic energy, we use the photogate to find the speed
of the marble. To get the potential energy, we need to measure the
height. The light beam passes through the center of the marble, so
you should measure the height from the table to the center of the hole
for the light beam.

Photogate

For the positions close to the start, you will have to measure from the
base of the stand. Add the height of the base to the height you
measure to get the total height.

ll' mmrna 'I'l_i"'l' rmrnrny

1. Place the photogate at different places along the roller coaster.
Measure the speed and height of the marble at each place.

2. Write your data down in the table below

Position Time from Distance Speed of marble
photogate A traveled

(cm) (sec) (cm) (cm/sec)

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9
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Graphing height vs. speed

Take your measurements and make a graph that shows the relationship between height and speed. The
graph provided already shows the height of the roller coaster plotted against the position along the
track. Plot the speed vs. position on the same graph.

Height and Speed vs. Position
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a. What can you tell from your graph? Describe the relationship you see between the speed of the marble
and the height.
Where is the speed of the marble greatest?

Does the uphill or downhill direction matter to the speed of the marble, or is the height the only
contributing variable?

d. Describe the flow of energy between potential and kinetic along the roller coaster. Your answer should

indicate where the potential energy is greatest and least, and also where the kinetic energy is greatest
and least.

W




The cover colorfully combines illustrations of the forces of nature studied in the various
fields of the physical sciences. Here, the “evolving tapestry of conceptual thinking”
begins with water. Water droplets dance with the planets including our own watery planet
and Saturn with its icy rings. Water reappears in the combustion reaction of methane, as
the substance on which plants depend, as pounding waves, and, on the back cover, as the
darkening clouds of a coming storm. From this cycle of water, a modern bicycle rolls into
a graphical interpretation of white light split into its rainbow of wavelengths and a fiber
optic. You may lose yourself in many of these images which represent hundreds of years
of scientific and technological innovation. Nevertheless, that our innovations are
inextricably woven into and from the natural world is illustrated by the images of Earth
and the spiral connection between the DNA helix and a bicyclist ever-moving forward.
On the back cover, images from physics, chemistry, and earth and space science move
around a chambered nautilus seen through the windows of the Golden Rectangle. We at
CPO Science with Bruce Holloway, the spirited illustrator of the cover, hope these
images will inspire your interest and excitement about the discovery of science.
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