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Preface

The Event-Based Science
Model

Thrill Ride! is a module on force and motion that
follows the Event-Based Science (EBS) instructional
model. You will watch videotaped news coverage
about two of the biggest, fastest, and scariest thrill
rides in the country. You will also read authentic
newspaper stories about thrill rides and
amusement parks. Your discussions about thrill
rides and amusement parks will show you and your
teacher that you already know a lot about the
physical-science concepts involved in these rides.
Next, a real-world task asks you and your
classmates to apply scientific knowledge and
processes to the design of a thrill ride for a new
amusement park. You will probably need more
information before you start designing your ride. If
you do, Thrill Ride! provides hands-on science
activities and a variety of readings to give you
some of the background you need. About halfway
through the module, you will be ready to begin
the task. Your teacher will turn you and your team
loose to complete the task. You will spend the rest
of the time in this module working on that task.

Scientific Literacy

Today, a literate citizen is expected to know more
than how to read, write, and do simple arithmetic.
Today, literacy includes knowing how to analyze
problems, ask critical questions, and explain events.
A literate citizen must also be able to apply
scientific knowledge and processes to new
situations. Event-Based Science allows you to
practice these skills by placing the study of science
in a meaningful context.

Knowledge cannot be transferred to your mind
from your teacher’s mind or from the pages of a
textbook. Nor can knowledge occur in isolation
from the other things you know about and have

experienced in the real world. The Event-Based
Science model is based on the idea that the best
way to know something is to be actively engaged
in doing it.

Therefore, the Event-Based Science model
simulates real-life events and experiences to make
your learning more authentic and memorable.
First, the event is brought to life through television
news coverage. Viewing the news allows you to be
there “as it happened,” and that is as close as.you
can get to actually experiencing the event. Second,
by simulating the kinds of teamwork and problem
solving that occur every day in our work places and
communities, you will experience the roles that
scientific knowledge and teamwork play in the
lives of ordinary people. Thus Thrill Ride! is built
around simulations of real-life events and
experiences that dramatically affected people’s
lives.

In an Event-Based Science classroom, you
become the workers, your product is a solution to a
real problem, and your teacher is your coach,
guide, and advisor. You will be assessed on how
you use scientific processes and concepts to solve
problems and on the quality of your work.

One of the primary goals of the EBS Project is
to place the learning of science in a real-world
context and to make scientific learning fun. You
should not allow yourself to become too
frustrated. There is more than one correct way of
completing the task, and science activities can have
many different solutions.

Student Resources

Thrill Ride! is unlike a regular textbook. An
Event-Based Science module tells a story about a
real event; it has real newspaper articles about the
event and inserts that explain the scientific
concepts involved in the event. It also contains
science activities for you to conduct in your science
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class and interdisciplinary activities that you may do
in English, math, or social studies classes. In
addition, an Event-Based Science module gives you
and your classmates a real-world task to do. The
task is always done by teams of students. The task
cannot be completed without you and everyone
else on your team doing your parts. The team
approach allows you to share your knowledge and
strengths. it also helps you learn to work with a
team in a real-world situation. Today, most
professionals work in teams.

interviews with people whose jobs are related
to amusement parks are scattered throughout the
Event-Based Science module, and middle school
students tell of their experiences on thrill rides, too.

Since this module is unlike a regular textbook,
you have much more flexibility in using it.

¢ You might read The Story of the event for
enjoyment or to find clues that will help you
tackle your task.

¢ You might read the Discovery Files when you
need help understanding something in the
story or when you need help with the task.

* You might read all the On the Job features
because you are curious about what
professionals do or to find ideas that will help
you complete the task.

e You might read the In the News features
because they catch your eye or as part of your
search for information.

 You will probably read all the Student Voices
features because they are interesting stories
told by middle school students like yourself.

Thrill Ride! is also unlike regular textbooks in
that the collection of resources found in it is not
meant to be complete. You must find additional
information from other sources too. Textbooks,
encyclopedias, pamphlets, magazine and
newspaper articles, videos, films, filmstrips,
computer databases, and people in your
community are all potential sources of useful
information. If your school can link you to the
World-Wide Web, the Event-Based Science Web
page (www.PHSchool.com/EBS) puts you in touch
with timely data, images, and resources from
around the world. It is vital to your preparation as a
scientifically literate citizen of the twenty-first
century that you get used to finding information
on your own.

The shape of a new form of science education is
beginning to emerge, and the Event-Based Science
Project is leading the way. We hope you enjoy your
experience with this module as much as we enjoyed
developing it.

— Russell G. Wright, Ed.D.
Project Director and Principal Author
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THE STORY—PART 1

Fairs and Horses

ave you ever heard of the Beast, Rebel Yell,
Hor Screechin’ Eagle? How about the

Corkscrew, Avalanche Run, or Magnum XL-
200? They sound a little like television shows, or
maybe books or movies, but they are structures that
combine science, technology, and culture. They are
thrill rides.

Hold on to the bar and keep reading.

Amusement parks started long ago.
Archaeologists think the first recorded carnival was
held in Egypt—a celebration of the receding of the
Nile River's annual flood. Similarly, the Greeks and
Romans set up markets at periodic times of celebra-
tion.

Fairs started in Europe during the twelfth cen-
tury and flourished until the nineteenth century,
when better transportation made goods available
anywhere, anytime. The fairs often took place at the
same time as religious festivals. Visitors to a fair
came to sell and trade things.

To keep people at a fair, the organizers set up
amusement centers where strolling musicians, pup-
peteers, jugglers, and dancers entertained the visi-

Kiddieland Carousel at Cedar Point in Sandusky, Ohio.

tors. These outdoor events were held throughout
Europe. The London Fair in England was one of the
most famous. When fairs became hangouts for ruffi-
ans and criminals, however, they were stopped.

In the late seventeenth and early eighteenth
centuries, pleasure gardens were built in Europe.
Such places were more peaceful than the old fairs.
Visitors walked through carefully planned and
groomed landscapes. Some of the urban parks of-
fered fireworks and balloon rides. Sales booths and
tents dotted these early amusement parks.

Fairs started in the United States in 1811 when
Elkanah Watson organized the Berkshire County
Fair in Pittsfield, Massachusetts. U.S. fairs were more
like exhibitions than markets, but they, too, had
amusement centers.

Thrill rides had nonthrilling beginnings. The
merry-go-round, or carousel, was the first. It can be
traced back to twelfth-century war games held in
Arabia and Turkey. Horsemen threw clay balls at
each other. The balls contained stinking water. If the
horsemen didn’t catch the ball properly, they were
fouled by the odor.

The Story—Part 1 1



In France, the war game changed to a ring-
spearing tournament. This horse-riding contest was
called a carousel. To improve their hand-eye coordi-
nation for the carousel game, contestants practiced
on wooden horses mounted on a circular platform.
servants, and later horses or mules, provided power
to turn the apparatus.

By the eighteenth century, crude carousels ap-
peared in parks as rides. You can find carousels to-
day in most amusement parks.

........................................................................................................................

1. Have you ever ridden a roller coaster? If so,
describe the forces and feelings you
experienced.

2. Is it harder to get a stopped roller coaster to
move, or to keep it moving?

3. When you are riding a roller coaster—or ina
fast automobile—that is rounding a sharp turn,
you feel as if you are about to be thrown out
of your seat. If the door were to fly open at
that moment, and you were not wearing your
seat belt, which direction would you go?

4. Which has more energy, a roller coaster almost
stopped on top of the first hill, or one that is
moving at its maximum speed at the bottom of
the first hill?

On the first hill of
the Shockwave,

it feels like you're

falling straight down.

I think that's because
you're standing instead of sitting.
You actually feel like you're up-
side down. You see the ground,
and then you don’t. You see the
sky, and then you see the ground
again. Straps keep you from
falling out. My favorite ride is the
Rebel Yell, going backward. You
don’t know what's going on.
Everything is totally unexpected.
It's fast, and I like speed.

Tim KASSEL
SouTH BosTon, VA
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By Gene Sloan
USA TODAY

Parents, are you ready for this?

Starting Saturday, Paramount parks
across the nation open new themed ar-
eas for kids designed to recreate the
messy, handson children’s TV shows
on Nickelodeon.

Three-acre Nickelodeon Splat City

first at Paramount's Great Amer-

ica in Santa Clara, Calif., then at Kings
Dominion in Virginia (April 8) and
Kings Island in Ohio (April 15). Like the
cable network shows, they're aimed at
7- to 13-year-olds. “It's supposed to be
an area where kids can run loose,” says
Paramount’s Hugh Darley.

it looks that way. The attractions:

» Mega Mess-a-Mania. Get mega-
messy at this live game show, with
stunts, lots of audience participation

Theme parks let kids run a-muck

and elements from popular Nickelode-
on shows such as Double Dare and
What Would You Do? “We took all the
mess that ever used on televi-
sion and combined it,” Darley says.

» Gak Kitchen. Help prepare new
recipes from gooey Gak. Then taste
suchfavoritesasyeensllmeslusham
Gak du jour.

» Green Slime Transfer Truck.
Watch the park * conduct
Green Slime experiments — and, yes,
kids can participate. In case you
haven't had encugh, monitors on the
truck broadcast clips from Nick shows.

Children can also climb through the
Crystal Slime Mining Maze, get
drenched under an erupting slime gey-
ser and ride the Green Slime Mine-Car
roller coaster.

“Bring a towel,” Darley advises. And
a sense of humor.

USA TODAY, 24 MARCH, 1995
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Disney animal kingdom

4 Inamim

By Gene Sloan
USA TODAY

Central Florida just keeps
getling wilder and wilder.,
World’s announce-
ment Tuesday that it will open
1998 follows & lonaacrark by
OWS a long-popular sa-
fari attraction at Busch Gar-
dens Tampa Bay and an earli-
€r announcement by Universal
Studios Florida that it plans a
park that will include dinos.

But of the current and future
attractions, Disney’s $760-mil-
lion Wild Animal Kingdom ap-
pears the most ambitious.

“It's a celebration of all ani-
mals that ever or never exist-
ed,” Disney chairman Michael
Eisner said Tuesday.

Herice, -the 500-acre park
will feature everything from gi-
raffes and elephants to dino-
saurs ta;xd“urnii:oms — with the
usual thri es interspersed.

Plans throug:" for visi;grs to :n-
ter a misty jungle big-
ger than a football field, then
be taken into two mammoth
themed areas:

» Africa. A cardike vehicle
takes visitors for a safari, start-
ing in a re-created African vil-
lage and moving across a sa-
vanna for close encounters
with herds of giraffes, zebras,
hippos and elephants. Chase
Bgacmill: and bta(:e obstacles

e collapsing bridges.

> Dinoland. Disney design-
ers’ version of Jurassic Park.
Ride through the Cretaceous
Period past animatronic dino-
saurs. Join a “mission” to save
a dino. Visit a dino dig

Another attraction: Conser-
vation Station, where visitors

pe
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AP
DISNEY PLANS: Creative
director Joe Rohde, left, CEQ
Michael Eisner and Roy
Disney look over a model of
planned animal kingdom.

learn how to protect animals
and how the park works.

The park centerpiece — the
size of EPCOT's familiar
Spaceship Earth — will be the
Tree of Life, carved with swirl-
ing animal forms and with a
yet-unnamed ride inside.

Disney is also leaving room
to add two more areas later —
an Asianthemed safari with
live animals and a mythologi-
cal animalthemed land, says
Judson Green, president of
Walt Disney Attractions.

In the dogeat-dog world of
central Florida theme parks,
Disney’s new park is currently
scheduled to open a year
ahead of the previously an-
nounced Jurassic Park dino
area at nearby Universal Stu-
dios Florida.

undertaking

Gay, * Atlantic
10 ' Ocean
f\ = \Disney World A
\\ ,
Orlando
St. 4 X
Petersburg | N\
Tampa
Gulf of
Mexico 75 Ay
(/] 50
W \\Miaml
y!
Magic Kingdom
Epcot
® Disney -
MGM
Studios
1

4 A Wild Animal
N Kingdom

USA TODAY. 21 JUNE, 1995

The Story—~Part 1



Maximum Fear

erhaps you have been to an

amusement park. Some of

the rides there are down-
right thrilling. They make your
heart pound, your stomach rise
into your throat, and your hands
squeeze the closest person or ob-
ject. Thrill rides give you a real
rush!

One reason these amusement
park rides are so much fun is the
fear factor. For example, a roller
coaster subjects you to forces you
do not usually experience—unless
you are a race car driver or astro-
naut. You are pitched, rolled,
bounced, shaken, vibrated, lifted,
dropped, and generally thrashed
by the rides. if you are not used to
that kind of treatment, you proba-
bly find it thrilling! You might also find it frighten-
ing at times.

The forces you experience on thrill rides were de-
scribed almost three hundred years ago by a scientist
and mathematician named Isaac Newton. After
some keen observations, he wrote down his ideas
about motion and gravitation. Today, we call his
written observations laws because they are widely
accepted as being scientifically accurate.

Newton's three laws of motion describe relation-
ships between force and motion. The laws apply any-
where in the universe. They operate not only here on
Earth, but also in interstellar space and on other
planets. Newton's laws of motion can be measured
on the Moon, in the space shuttle, in your family car,
on your bike or in-line skates, and of course, on thrill
rides. Newton’s laws of motion are an important
part of your everyday life. They affect almost every-
thing you do!

Designing a Thrill Ride
A land developer is planning to build an amuse-
ment park on land outside your town. The developer

Demon Drop at Cedar Point in Sandusky, Ohio.

wants visitors to the park to have fun, but she is also
interested in the educational value of each ride. She
wants her amusement park to demonstrate basic
forces of nature—Newton'’s laws of motion.

The park needs to attract a variety of visitors and
have safe rides. In order to get the best and safest
designs for its rides, the developer has sent out a
Request for Proposal (RFP) to companies that build
amusement-park rides. You are a professional em-
ployee of one of these companies.

You will be working with one or two other stu-
dents to design your thrill ride. As you design and
build a working model of your ride, you may find it
is too complicated to build the whole structure. If
you obtain approval from the chairperson of the
park’s board of directors (your teacher), you may
build only part of the ride. Remember, for your ride
to be selected, it must illustrate Newton's laws of
motion and it must be safe, thrilling, and fun!

At the very end of this modaule, you will be asked
to vote for the best rides. These models will be dis-
played together in the actual layout of the amuse-
ment park.

4 Thrill Ride!




Goround Amusements, Inc.
1928 Flume Street
Acceleration, NM 87543
Mary Goround, President

A Request for Proposals

We have received state and local approval for a new theme park on the outskirts of your
town. We are looking for ambitious companies to design exciting new rides. The new park will
offer rides that demonstrate some of the basic laws of physics. Special attention will be paid to
Newton'’s laws of motion. The park will be called Sir Isaac’s Inertialand.

Your proposal will be considered if you do all of the following:

1.
2.

Create a design for one ride that is fun and demonstrates Newton’s laws of motion.

Give the ride a clever name that matches its target audience (young children,
teenagers, adults, seniors, and so on).

Label the ride to show where it demonstrates each of the laws of motion (physics).

Create asign to place at the entrance to the ride. The sign should explain, in simple lan-
guage, the physics of your ride.

Create a brochure with a science activity that riders can perform while they are on the
ride.

Give evidence that the ride is safe and will not subject riders to forces the human body
cannot stand.

Write a newspaper advertisement for the ride. The ad should be designed for the tar-
get audience identified above.

Approximately one month from today, you and your colleagues will be invited to demon-
strate a model of your ride to our board of directors. The board will make the final selection
from all proposals submitted.

The Task




Walt Davis, Jr., with a model
of his patented water return
system.

climb stairs to get back uphill.
That interrupts their fun. Some
water parks have tried pushing
water uphill by brute force.
Using big water pumps is very
expensive and people don’t like
them.

As my son talked about the
problem, he came up with a so-
lution. Just use an Archimedes
screw. He sketched it out and
built a small working model us-
ing little Cheerios® for people
in inner tubes.

The concept is to build a gi-
ant spiral out of fiberglass. You
can then turn the spiral by elec- the ride. The solution got him parks see the idea as an inex-
tric motor. As it rotates, it moves | the patent. pensive answer to their prob-
people and water up the hill A company in Canada has li- | lem. And even better, it’s fun to
and puts them out at the top of censed his patent. The water watch.

STUDENT VOICES

I like the Hurler because it has

sharp turns and deep hills. The
last time I rode it, my stomach

dropped a lot, and my head got

©. turned around. On the Anaconda,
my earlobe started bleeding and I lost my ear-

ring.

A thrill ride should have a lot of hills and turns,
and at the end it needs a big loop. [ wouldn’t
want the loop to go all the way around though. I

think it should go up, stop, then come back
down and do the whole ride again.

STEPHANIE HALL
RAPIDAN, VA

10 Thrill Ride!
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SCIENCE ACTIVITY

Brake It, But Don’t Break It!

Purpose

To use Newton’s laws of motion
to design a ramp that can trans-
port fragile materials safely.

Background

You and your partners are indus-
trial engineers working at a glass-
ware company. At the warehouse,
cartons of fragile glassware are
stored in a loft above the ground
floor. The president of the com-
pany has given you the job of de-
signing a ramp for carts to carry
boxes of glassware down to the
main floor. The ramp must fit in
a relatively small area and get
the glass down quickly but with-
out breakage.

The president decided it will
take too long to wrap each glass
with protective padding or to fas-
ten the boxes down. Speed
alone must provide the margin
of safety.

Materials
For each group:
e Cart on wheels
* 2 or more wooden blocks
smaller than the cart
¢ Long, flat board
® Meterstick
® 6 or more sheets of grid pa-
per
¢ Assorted materials to slow
the cart at the end of the
ramp
® Thick books
* Masking tape

Procedure
1. Cut a piece of paper the size
of the top of the cart. Trace
the shape of one block on
the center of the paper. The

block must be smaller than
the cart and free to move in
any direction on it. Measure
outward from the tracing
and mark the paper every
0.5 centimeters in all
directions. Draw an arrow
down the middle of the
figure. Tape the paper to the
cart with the arrow pointing
forward. During trials, the
block should not move.

T
block
trated

here

. Place the block on the paper

exactly where you traced it.
Do not tape it down or do
anything else to keep it from
moving.

. Create a table to record such

data as track height, start
and stop distance, number
of blocks, and block move-
ment. Each time you have a
trial as explained in steps 5,
6, 8, and 10, record data in
the table.

. Prop up one end of the

board on a stack of books or
other support. You may
notice there is a big bump at
the bottom of the ramp.
Design a way to lessen or get
rid of this bump.

5. Start the cart at various
positions on the ramp.
Record each position as the
distance from the starting
position to the base of the
ramp.

6. Release the cart. Measure
and record the distance
from where it starts to where
it stops. Decide on a number
of trials you think will show
the relationship between
starting positions and
distances rolled. Keep track
of any movement of the
wood block.

7. On grid paper, plot the
relationship between starting
position and total distance.
Do not connect the points.

8. Now explore the effect of
varying the steepness of the
ramp. This time, always start
the cart from the same
position on the ramp. Only
vary the steepness. Record
steepness as the height of
the top end of the ramp.
Record the total roll distance
for each trial.

9. Use your data table to plot
the points on grid paper. Do
not connect these points.

10. Vary loads on the cart by
adding blocks. These
represent boxes of glassware,
s0 you must not let the
blocks move or fall off as
they travel. Record your data
on another sheet of grid
paper.

11. Stop here and answer
questions 1 through 4 in the
Conclusion.

The Story—Part 1 1



Now that you have finished
the preliminary tests, it is time to
prepare your design for the
warehouse ramp. Your teacher
will ask you to set up the ramp at
a certain steepness. This time,
you may use materials to stop
the cart after it rolls down the
ramp. The block should not
move much after hitting the bar-
rier. The group that does the fol-
lowing will win the contract with
the glassware company:

¢ has the cart starting at the
the highest position on the
ramp

¢ stops the cart in the shortest
distance

¢ moves the load the least

Keep the block loose on the
cart. The cart must run out
(down) on a flat (not uphill)
surface. After the competition is
over, answer question 5 and the
Extension.

Conclusion

1. Make a final copy of the
graphs showing run
distances related to ramp
lengths and to ramp
steepness (height). Choose a
creative way to show the
results of the load test. What
effect does a longer ramp
length have on run distance?
What effect does a steeper
ramp have on run distance?

2. What would happen to the
blocks if the cart ran into a
solid barrier? How does this
observation show Newton’s
first law (the law of inertia)?
(See the Discovery File

“Newton's Laws, a Moving
Experience” on page 23.)

3. What kind of energy does
the cart have before it starts
to roll down the rampy? (See
the Discovery File
“Indestructible Energy” on
page 17.) Describe the
energy transformations as
the cart rolls down the ramp
and as the cart rolls along
the flat surface. What is the
cart’s energy at the end of
the run?

4. Describe the procedure you
used to prepare for the
competition. If your blocks

moved or fell off the cart,
what was the cause?

5. How can the results of this
experiment be applied to
the design of amusement
park rides?

Extension

In mountainous regions, road
builders construct runaway
truck ramps near the bottoms of
long hills. These ramps allow a
truck with failed brakes to leave
the main road and coast uphill
to a stop on a sand or gravel-
filled path. Explain why the sand
or gravel helps stop the truck.

%‘! Ihke the White Water Rapids be-
e cause you get wet and there are

é lots of bumps and stuff. It’'s cool.

Thrill rides should have good fea-

tures, like going very fast with lots of turns . . .

things that will make you almost throw up.

CARLOS BACELIS
CULPEPER, VA
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Gravity Rules

lagers popularized winter ice sliding in the out-

skirts of their towns. By the seventeenth century,
ice sliders in St. Petersburg, Russia, had built a 70-
foot-high framework of timber and logs. Thrill seek-
ers sat in a block of ice, shaped to form a sled. They
zoomed down the high indline on hard-packed snow.
The rides were known as the Flying Mountains and
the Russian Mountains.

Russian ice-slide managers made more elaborate
and highly decorated ice sleds. They angled some of
the slopes as steep as 50 degrees! They used sand to
help slow the sleds. Slides quickly grew in length to
several city blocks. Some ice-sled runs could accom-
modate up to 30 sleds.

The intoxication of height, speed, and sheer ter-
ror led to long waiting lines. Torches allowed the
riders nighttime entertainment.

There were accidents, but despite the risk of be-
ing hurt, more and more daredevils were drawn to
the ice slides. Survivors of these high-speed rides
could boast of their courage and self-control.

It wasn't long before the sleds were fitted with
small wheels so they would slide without ice, and
roller coasters were born.

Most historians site the birthplace of the mod-
ern roller coaster as Paris, France, where a wheeled
coaster ride called the Russian Mountains began en-
tertaining Parisians in 1804. Accidents were common
because carriages jumped off the track.

In 1817, Aerial Walks opened in Paris. Coaster
cars rumbled down curved ramps on dual tracks,
reaching speeds of 40 miles per hour. After each
ride, attendants had to push passenger-filled cars up
to the summit of the artificial hill to start the next
run. Later, coaster cars were locked onto the track to
prevent accidents, and a cable to pull the cars to the
top of the hill replaced the pushing attendants.

Early roller coasters took various forms. One
ride, called Niagara Falls, was much like shoot-the-
chute rides. Passengers in a gondola were lifted into
the air on one end of a giant seesaw. When released,
the car sped down the slope into a river 60 feet below.

I n the fifteenth and sixteenth centuries, Russian vil-

An engineer in Paris constructed the first loop-
the-loop ride. Other loop-the-loops soon appeared.
One ride, called the Centrifugal Railway, had a verti-
cal somersaulting loop as part of its track. It opened
in Paris in 1846. Released 30 feet above the ground,
a car would run down a sloping 100-foot track. At
the hill’s end, the car would roar around a 13-foot-
high circle of rail before stopping.

As a safety check, the Centrifugal Railway’s first
passengers were sandbags and monkeys. A work-
man then took a turn. At ride’s end, he reported no
trouble breathing during his looping ordeal.

STUDENT VOICES

wooden roller
coasters seem

faster. The metal ones

just kind of clank

o
around. On wooden ones, you're
going up and down hills, and you

don’t know what's coming next.

My favorite ride is the Grizzly. It's
totally different from any other
ride I have ever been on. When
you get on the first hill, you aren’t
expecting anything, then you feel
like you're going to come out of
your seat. You have to hang on

just to make yourself sit.

HoLLl Davis
CULPEPER, VA
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Newton Rules

ir Isaac Newton described
Smany of the laws of physics

that explain the relation-
ships among forces, objects, and
motion.

Newton’s three laws of mo-
tion and law of universal gravita-
tion help engineers design faster
and more terrifying thrill rides
that are also safer.

Isaac Newton was a pioneer
in physics, the study of matter
and energy. He was also an as-
tronomer and a mathematician.
He has been called the greatest
scientific genius who ever lived.

Newton was born in England
in 1642 to a farming family in
Lincolnshire. He attended
Trinity College of Cambridge
University, where he studied the
work of Nicolaus Copernicus,
René Descartes, Galileo Galilei,
Johannes Kepler, and other fa-
mous philosophers, scientists,
and astronomers. He became a
professor of mathematics at
Trinity College in 1669.

By the time he was 24,
Newton had already thought a
great deal about forces between
objects. One story says Newton
got the idea about how gravity
might work when he saw an ap-
ple fall from a tree. He won-
dered why the Moon did not fall
from the sky the way the apple
fell, and why, if it did not fall, it
did not move away from Earth.

Newton did some calculating
(much harder in those days with-
out calculators). He estimated
numbers, including how much
pull the force of Earth’s gravity

might exert on the Moon. He
knew he had to be more exact
before telling people about his
idea, but it was 20 years before
he solved all the problems he
encountered.

To see what drew Newton'’s
curiosity, drop a pencil or other
solid object. What do you think
causes it to fall to Earth?

Newton reasoned that all ob-
jects attract one another. He
called the force gravity. This sin-
gle force not only pulls objects
to the ground, Newton said, but
also affects Earth’s Moon and
the planets. Newton showed in
his theory how the entire uni-
verse is held together by gravita-
tional force.

In 1687, Newton published
his book Philosophiae Naturalis
Principia Mathematica. (The book
is usually referred to as the
Principia.) In English, the title is
Mathematical Principles of Natural
Philosophy; like other professors
of the time, he wrote his books
in Latin.

Newton’s laws were a triumph.
His colleagues recognized his vi-
sion and reasoning power. Later,
Newton laid the foundation for
calculus, a branch of mathemat-
ics. His work also contributed
greatly to the study of optics and
color vision.

Using glass prisms, Newton
discovered that a beam of sun-
light (white light) passed
through one prism split into
beams of color that broadened
as they traveled away from the
prism. Newton then selected the

blue light from the first prism
and passed it through a second
prism. He hoped this would help
him understand how prisms pro-
duced the different colors. But,
when he passed the blue light
into the second prism, only blue
light came out. This led Newton
to propose the idea that white
light is a mixture of different
colors of light.

Although there are infinite
colors that make up white light,
Newton identified the red, or-
ange, yellow, green, blue, indigo,
and violet that we call the visible
spectrum. He developed the
laws of refraction and reflection
of light and, in 1668, built the
first reflecting telescope.

Queen Anne knighted him
in 1705. He was the first scientist
to be given the title. He was very
proud of being Sir Isaac Newton.
He is buried in Westminster
Abbey, among the most famous
people of England.

Isaac Newton created much
of the basic foundation of to-
day’s physics. Single-handedly,
he devised a framework for un-
derstanding the forces and mo-
tions of Earth and the heavens.
Yet he honored Galileo,
Descartes, and others when he
said, “If I have seen farther than
others, it is because I have stood
on the shoulders of giants.”
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Roller Coaster Engineer
and Project Manager

CYNTHIA EMERICK
ToGo INTERNATIONAL, INC.
CINCINNATI, OHIO

ere at Togo
International, we manu-
facture roller coasters,

I’'m manager of the engineering
department. My background is
in material engineering.

My high school offered the
usual blend of subjects, and I
took them all. If you are inter-
ested in engineering, you need
Practical knowledge about just
about everything. Take as many
Classes as possible. Every one is
important, including shop.
Knowing how tools are used i vi-
tal to my job.

In college, I studied engi-
neering, but I received a lot of
on-the-job training before com-
ing to work here. My father is an
industrial engineer and works
with pneumatics and hydraulics.
I worked with my father’s busi-
ness for many years.

Togo hired my father as a
subcontractor to work on a pro-
totype roller coaster. The com-
pany saw my skills in action as I
helped my father on the project.
Later, Togo hired me as a pro-
Ject manager.

No one engineer develops
an entire roller coaster. It usually
takes a team of more than a
dozen engineers. The team com-
prises structural, electrical, me-
chanical, and biological
engineers.

I often use my science knowl-
edge outside work. Every winter,
we have a lot of snow and ice.
When my car gets stuck and the
wheels are just spinning in the
slush, I know there’s no fric-
tion—nothing for the tires to
grab. So I use a cardboard box.
Putting cardboard underneath
the tire creates friction. That’s
simple physics. It is surprising
how much science we use daily.

Since I started working here,
we've sold the first coaster that
uses the heartline roll maneuver,
Togo is the only manufacturer to
build this type of ride segment.
The heartline roll means just
that. Your heart is in the middle,
staying basically in one line. It’s
as if you were in a jet fighter do-
ing a snap roll.

Some roller coaster rides
have very big corkscrew rolls.
Those have positive G forces.
You feel several times the nor-
mal gravity on Earth. Centrifugal
force is still pushing you into
your seat.

Our very tight barrel roll
makes you feel like you’re falling
out of your seat. The heartline
roll produces a negative G force,
so you feel like you're weightless,
Jjust hanging in the air.

The heartline roll was a
tough engineering problem.
Other manufacturers tried this
same effect, but they didn’t suc-
ceed. We had to engineer the
track pipe in just the right way.
We also had to design a car for
the heartline roll segment. Of
course, we had to keep the rider
safe, and the rider’s experience
had to be fun. The combination
of conditions was a challenge.

As a project manager, I am
in front of the computer quite a
bit. I review drawings. I decide
what to buy and where to buy it.
L also have to arrange for ship-
ments to the construction area.

I often get calls from other
engineers at various amusement
parks. They ask for advice or
have questions about one of our
rides. On some days, I wear a
business suit. Other times, I wear
a hard hat, steel-toed boots, and
Jeans. That usually means I'm
headed for a manufacturing
plant. It is great fun seeing an
entire project being completed.

As you work on building a
ride, remember that the first pri-
ority is safety. Never forget that
riders must be able to survive
the forces you want to put them
through. Decide what feelings
you want your riders to experi-
ence. Do you want them to feel
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Gravity’s No-Show

weightless? What about positive
G force? Answer those questions,
then determine what physical
forces are needed to produce
the feelings you want. But never
forget the safety of the rider.

We have a lot of ideas for the
thrill rides of the future. Some
ideas would be too expensive to
develop now, but virtual reality
rides are possible. Virtual reality
rides make people feel things
without actually moving; they
tease the mind. Ideas about fu-
ture thrill rides are often top se-
cret.

Watching a train full of peo-
ple get off aride I designed is
fun for me. They’ve been
screaming with fear all the way
through. Then they climb oft
the ride and say, “Let’s do that
again.” That’s when I love my
job the most.

Torpedo water slide, Paramount’s
Kings Dominion.

By Dave Barry

SETTLE BACK, BECAUSE TODAY
I’'m going to tell you the dramatic true story
of what happened when some Japanese re-
searchers decided to recreate the historic
discovery of the law of gravity:

As you recall, this discovery occurred in
an English orchard in 16656, when, accord-
ing to legend, Isaac Newton, the briiliant
mathemitician, fell out of a tree and landed
on an apple.

No, hold it, upon reviewing the videotape
I see that in fact the apple fell out of the tree
and landed on Newton. Had this occurred
today, of course, Newton would have sim-
ply put on a foam neck brace and sued
everybody within a radius of 125 miles. But
those were primitive times, and Newton
was forced to settle for discovering the law
of gravity, which states: “A dropped object
will fall with an acceleration of 32 fect per
second per second, and if it is your wallet, it
will make every effort to land in a public
toilet.”

Later on, Newton also invented calculus,
which is defined as “the branch of mathe-
matics that is so scary it causes everybody
to stop studying mathematics.” That’s the
whole POINT of calculus. At colleges and
universities, on the first day of calculus
class, the professors go to the board and
write huge incomprehensible “equations”
that they make up right on the spot, know-
ing that this will cause all the students to
drop the course and never return to the
mathematics building again. This frees the
professors to spend the rest of the semester
playing cards.

Yes, Newton made many contributions to
science, but gravity was definitely his
biggest. That's why a group of Japanese re-
searchers decided, as an international good-
will project, to recreate the original
discovery, using an apple tree that was de-
scended from the original Newton tree.

1 found out about this project thanks to an
alert reader named (really) Harley
Ferguson, who sent me a story about it
from an English language Japanese news-
paper called the Daily Yomiuri. The article
states that researchers at the Construction
Ministry’s Public Works Research Institute
in Arai, Japan; received a sapling de-
scended from the original Newton tree. This
sapling, according to the story, came from
the U.S. Commerce Department's National

_ Institute of Standards and Technology, or

NIST, which is in charge of weights and
measures. (So, if your pants don’t fit the
way they used to, this is the agency to com-
plain to.)

I was curious as to why a U.S. govern-
ment agency would be providing Newton
saplings, so I called NIST and spoke with
the official archivist, whose name (really) is
Karma A. Beal. She sent me a bunch of in-
formation, which I will attempt to summa-
rize here:

The original Newton tree—for simplic-
ity’s sake, let’s call it “Bob”—died in 1814,
But before Bob went to the Big Orchard in
the Sky, cuttings were taken, and over the
years these cuttings became trees, and cut-
tings were taken from those, and so now
there are genetically identical offspring—
let’s call them “Boblets"—all over the
world.

One Boblet lives at the NIST facility in
Gaithersburg. It produced apples, but not
many; the information Karma Beal sent me
refers to the tree as (I am not making any of
this up) “a very shy fruiter.” The story gets
a little murky at this point, but apparently
the sapling sent to Japan for the historic
recreation of Newton’s discovery was
grown from a seed from one of the NIST
Boblet apples. This is significant, because if
the sapling came from a seed, as opposed to
a cutting, it is probably NOT a pure Bob
descendant. As the NIST documentation
states, “the original flower was almost cer-
tainly pollinated by some other tree.”

But let’s not be picky. The important
thing is that the Japanese researchers had a
sapling that was in some way connected to
the original historic Bob. According to the
Daily Yomiuri, their plan was to videotape
the exact moment when the very first apple
fell.

The sapling was planted, and eventually it
produced a single apple. The researchers set
up a video camera. All was in readiness as,
day by day, the apple grew riper and riper,
getting closer and closer to the big moment.
And then, finally, it happened: A local resi-
dent, who knew nothing about any of this,
wandered by, saw the apple, and ate it.

So the researchers never did get to video-
tape the apple falling ina historic manner,
although the article states that “they did get
scenes of the man munching on the apple.”
The man is quoted as saying: “It just tasted
really bad.”

But this does not mean the project was a
waste of time. Often, in science, so-called
“failures” produce the greatest discoveries.
And this project resulted in a discovery
whose value to hurnanity cannot be
overemphasized. I refer, of course, to the
fact that “Shy Fruiter and the Saplings”
would be a great name for a rock band.

© 1997 Tribune Media Services. All Rights Reserved.
Reprinted with permission.
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Indestructible Energy

Energy that appears to van-

ish in one form must reap-
pear in another form. It cannot
actually disappear. That is
against the law.

The transformation is de-
scribed by the law of conserva-
tion of energy, the principle that
energy cannot be created or de-
stroyed. Energy can change
forms, but does not cease to ex-
ist. All the energy at the end of
any event is equal to the total en-
ergy before the event.

Consider a roller coaster
speeding along on its tracks. As
it moves along, it slows. It can
never climb back up a hill as
high as the first hill. In fact, the
hills become lower and lower as
the energy from the first hill is
lost.

The wheels under the
coaster car turn—a mechanical
process. They become warm as
they speed over the track. The
warming is due to friction be-
tween the wheels and the track,
and the axle and its bearings.
Mechanical energy has been lost
to friction. That lost energy
reappears as heat, another form
of energy.

Friction with the air also
slows the coaster car. What hap-
pens to the energy lost to fric-
tion with the air?

On a roller coaster ride, en-
ergy also changes back and forth
between potential energy and ki-
netic energy. Kinetic energy is
the energy of motion while po-
tential energy is stored energy.

Imagine this disappearing act.

A stretched rubber band, wa-
ter at the top of a waterfall, and
gasoline in a car are all examples
of stored—or potential—energy.

From the top of a roller
coaster’s first hill, gravity pulls
the cars down the track.
Potential energy turns into ki-
netic energy—stored energy be-
comes the energy of motion.
Rolling up the next hill, the cars
start to slow. Kinetic energy is
converting back to potential en-
ergy. Throughout the ride, en-
ergy is always conserved.

Putting on the brakes means
turning up the friction. Flying
down the tracks, coaster cars
have loads of kinetic energy.
Braking the cars demonstrates
conservation of energy.

When brakes are applied to
the car wheels, friction slows the
wheels. As the brakes grab the
wheels, the friction between
wheel and brake converts the en-
ergy of rolling wheels into heat
energy. If the brakes are applied
long enough, the car comes to a
stop. Kinetic energy of motion
has transformed into kinetic en-
ergy of heat.

At the end of the run, the
potential energy is gone—Ilost to
friction and transformed into
heat. Mechanical energy must
be put back into the coaster cars
again to haul the cars to the top
of the first hill. Once at the top,
the coaster has enough potential
energy to keep the cars going to
the end of the ride.

STUDENT VOICES

head down.

y favorite thrlill ride is the
MRebel Yell. When we were go-
ing down the first hill, I put my head

down and it wouldn’t come back up.

I felt like the wind was holding my

On a roller coaster, you can’t tell the exact

speed you're going, but you can tell when you're

accelerating. The pressure builds up on you. You

feel like you weigh more. I feel it mostly in my

stomach.

PETRA L.AWSON
CULPEPER, VA
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Vice President of
Maintenance and Construction

ToNY RYLAND
PARAMOUNT’S KING’S
DOMINION

DoswELL, VIRGINIA

the mid-1970s when I was 16

years old. I had a summer
job working in the ride opera-
tions department. Our job was
to run the rides and keep the at-
tractions safe for our guests.

Later I was offered a full-
time job. [ was in charge of the
whole department of ride opera-
tions. About 10 years later, I was
offered my current job. Now I'm
in charge of running and build-
ing the rides as well as maintain-
ing them. Through the years, my
experiences have helped me
take on the everyday challenges.

When I was in school, com-
puters weren’t available. But to-
day, I would not be able to do
my job without computer skills.
We depend on computers in the
office and out in the park. Even
checking how our rides are op-
erating, we use laptop comput-
ers. If your school offers classes
in computers, be sure to sign up.
Also take courses in math and
science.

Don’t forget, every job re-
quires good communications
skills too. Right now, I’m respon-
sible for some 160 full-time peo-
ple. About 85 of those people
work directly for me. I can’t do
everything or be everywhere, so I
communicate to others what
tasks need to be done. I have to
be on the same wavelength with

Istarted here at the park in

my fellow workers. You must be
able to communicate in order to
give good directions.

At one time in my life, I was
planning to be a school teacher.
In a sense, this job is like teach-
ing. We have a great team of
people working here. And the
work environment is very plea-
surable. I wouldn’t trade it for
anything.

Here at the park, every day is
interesting. There are always
challenges. When we’re open,
we start early in the morning.
Most days you’ll find me working
until 6:00 p.m. or later. A typical
day starts by reviewing the previ-
ous day’s problem reports. Ride
problems have to be dealt with
promptly.

Walking or riding my bike
around the park is a daily task. I
average around 15 to 20 miles
during the day. As I walk, I check
how the ride maintenance is go-
ing. It’s good exercise, too. I usu-
ally get back to my office around

the noon hour, just in time for
staff meetings. Some days, there
are budget reviews or discussions
about future rides.

The science skills and knowl-
edge I use at work I also apply at
home. Right now, I'm building a
new house. Reading the plans,
changing the dimensions of a
room, picking the right site—
that’s basic science. I play a lot of
sports, too. There’s a lot of sci-
ence in keeping your body in
condition.

It’s great fun to see a new
ride completed. One of my big
challenges is to crank up a ride
and make sure it works as we
thought it would. When every-
thing is finished and a ride is
built, testing begins. At first, we
use bags filled with sand or wa-
ter. They simulate the weight of
people. We run aride for a day
or so using those weights while
we complete safety checks. We
make sure the ride will stop and
all restraints work properly.
Often, we use an outside com-
pany to do final checks on the
ride and the tracks.

Then it’s my turn to be the
test pilot! Many times, I'll take
the first ride along with others in
the maintenance and operations
division. I’'m not too nervous
anymore. I've taken a lot of rides
over the years.

We’'re excited about a new
ride we’re developing. It will use
magnets to lift the cars rapidly to
the top of the ride. The launch-
ing system is really different.
Other roller coasters use other
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kinds of lift mechanisms, then
let gravity do the work.

This new ride is inside a big,
dark dome. There are lots of fast
loops and four or five inversions,
It’s important to always come up
with new ride ideas to keep
ahead of the competition.

In designing your thrill ride,
I'have some thoughts for you.
You need to target the type of
guest you're trying to thrill. Is it
an older person, a young adul,
or a teenager? Your final park
needs to be balanced.

Perhaps you want to design a
wooden roller coaster. That
means it will be difficult or al-
most impossible to do loops. On
the other hand, a steel coaster
allows you to do loops as well as
various twists and turns. But
above all, remember the safety
factor. You must make sure your
thrill ride is safe for the guests.

Don’t forget the weather
conditions. Is the ride indoors
or outdoors? Consider the differ-
ent kinds of weather in which a
ride must operate.

Finally, be patient with each
other. When you are brainstorm-
ing ideas, remember that no-
body on your team has a bad
idea. Work together. When we
work on a project, it’s not Jjust
one person who makes a ride
work. Each person brings exper-
tise. One person may offer talent
in electrical engineering, an-
other in mechanical hardware,
Every person contributes,
There’s no weak link when you
work as a team.

OLD-FASHIONED RIDE:

Kennywood in West Miffiin, Pa,

ThewoodmlwcoasterThundetboltat

ranks second in a ride survey.

Try traditional Kennywood
for turn-of-the century fun

By Gene Sloan
USA TODAY

If you long for the goad ol
days at amusement parks,
head to West Mifflin, Pa,, out-
side Pittsburgh.

There, you'll find
Kennywood (since 1898), voted
most “traditional” by members
of the National Amusement
Park Historical Association,
Despite upgrades, Kennywood
has to save many of
the old rides once common at
turn-of-the-century parks, such
as a rocking Noah's Ark ride,
says Jim Futrell, the associa.
tion’s historian,

Runnersup in the survey
were Cedar Point (Sandusky,
Okio) and Knoebel’s (Elys-
burg, Pa.).

When it comes to roller
Coasters, however, the tables
are turned and Cedar Point
lands on top. The survey rated
its Magnum X1.200 and Raptor,
8 newcomer built last year at
the 125-year-old park, the na-
tion's No. 1 and No. 2 steel
coasters. Kennywood's Steel
Phantom is No. 3.

Among wood coasters, rated
separately, the Texas Giant, at
Six Flags Over Texas near Dal-
las, is tops. Kennywood’s Thun-
derbolt ranks second,

USA TODAY, 11 APRIL, 1995

The Story—Part 2

19



sparked the thrill ride. Mining engineers needed

reliable ways to move coal from point to point.
Workers at coal mines laid tracks made of wooden
rails topped with iron bars. Sets of coal-carrying cars
were locked together at their hinges. Under gravity,
the cars needed little more than a nudge to roll
down a hill on the rails.

A notable development was the Switchback in
Mauck Chunk (now called Jim Thorpe), Pennsylvan-
ia. It was the first gravity railroad in the United
States. Originally built in 1827 to haul coal from
eastern Pennsylvania mountains, the railway was
abandoned in 1870. Townspeople converted it into
a scenic tourist attraction. Passengers had panoramic
views from the railway. Thousands of ticket-buying
customers rode the Switchback. Today, the 16-mile
railroad bed is a recreational trail.

The inventiveness of La Marcus Adna Thompson
turned the Switchback railroad idea into a workable
coaster ride. His ride opened June 13, 1884, at Coney
island, New York. The resort area was a popular
summer weekend getaway for thousands of people.

Thompson's coaster was an instant hit with
beachgoers. At five cents a ride, Thompson typically
took in $600 a day. Sitting in cars holding 10 passen-
gers each, riders experienced a scenic tour

|n the United States, coal mining and railroads

Thompson's highly successful coaster at Coney
island led to the construction of more daring rides.
In all, three amusement parks were built on Coney
Island—Steeplechase, Luna, and Dreamland. Each
park premiered thrill-ride attractions.

The Flip-Flap, for example, opened at Luna Park
in 1900. The device put its riders through a 30-foot-
high loop. The ride lasted 10 seconds. A passenger
on this mechanical wonder was subjected to about
12 Gs of force. That's 12 times the gravity pull you
feel standing on Earth’s surface. Complaints of neck
problems by some riding the Flip-Flap led to its early
dismantling.

Yet another attraction at Coney Island was the
Leap Frog. The thrill ride involved two electric cars
full of passengers. Using the same set of tracks, the
cars looked as if they would have a head-on colli-
sion. Just as an accident seemed certain, one car
would race up and over the other on a set of curved
rails.

Other coasters opened at Coney Island and
Rockaway Beach, New York, as well as in Atlantic
City, New Jersey, Ohio, and Massachusetts. Some
coaster rides were deliberately engineered to in-
clude creaks and groans. Those sounds added more
terror to the already fast-beating hearts of passengers.

of the beach area at six miles per hour.
They gently coasted on a 600-foot-long
structure, which passed through a dark-
ened tunnel (perfect for stealing romantic
kisses).

Leap Frog Scenic Railway, circa 1920,
at Cedar Point in Sandusky, Ohio.
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SCIENCE ACTIVITY

Roller Derby

Purpose

To roll a ball down a track so
it comes to a stop at a predeter-
mined point, and to analyze en-
ergy transformations
experienced on a slide.

Background

You are designing a slide at-
traction for a traveling carnival.
For a slide to be safe, the rider
must slow to a stop at the end of
the ride.

You cannot take any
chances, so you build a scale
model of the slide. Carnival offi-
cials want to see your design
work successfully before they
give you their approval to build
the fullscale attraction. They are
also interested in the energy
transformations that occur. The
longer the slide, the more the
carnival officials will like it!

Materials
For each group:
* Meterstick
* Strips of poster board, flexi-
ble white tag board, or other
material to make a track
® Tape
* Support materials (books,
blocks, pieces of wood)
¢ A few different balls (such as
a marble, table-tennis ball,
and golf ball)
® Small cup
* Blank paper

Procedure

1. Use poster board or other
materials to build a
troughlike track. Connect
several sections together
with tape. Be sure the tape
does not interfere with a
rolling ball.

. Set up the track so the

starting point is at least 50
centimeters above the floor.
Mark off in centimeters the
section of track where you
will start the ball rolling. Lay
track elements end-to-end
and carefully tape the
sections together.

. Position the track so the last

segment of track runs uphill
and the finish is a few
centimeters above the floor.
Place a cup under the end of
the track.

. Bewween the start and finish,

the track can carry the ball
downhill, uphill, or along a
level path. The track can
even curve, but somewhere
along the way, it must touch
the floor.

. NOTE: Since this is a

traveling carnival ride, the
slide must come apart in
several sections for
transportation and storage.
The longer your track, the
more impressed the carnival
officials will be.

. Hold the ball somewhere on

the upper part of the

incline, and note the starting
point. Let the ball roll down
the track toward the finish
line. If the ball is going too
fast, 1t will shoot off the end
of the track and miss the
cup. If it is going too slowly,
the ball will not make it to
the end of the track.

7. Each time you roll the ball,
record the starting position
on the incline and note
where the ball ends up. Keep
adjusting until the ball falls
into the cup at least twice in
a row. Record the exact
location where successful
rolls began. Measure the
height of this point above
the floor. Also measure the
height of the end of the
track above the cup.

8. Try balls of different weights
or sizes. Keep an organized
data table.

9. Now it is time to
demonstrate your attraction
to the carnival officials.
During your demonstration,
you cannot touch or move
either the ball or the slide. If
it works, you are on your
way! If it does not work, go
back to the drawing board. If
you have difficulty meeting
this standard, others in the
class will give suggestions as
to how to fine-tune your
model. Then you can make
modifications and try again.

Conclusion

Since the carnival officials
are looking at designs from sev-
eral manufacturers, they want a
written record of your design.

Include in the report a
sketch of a side view of your
slide. Mark the approximate
starting location of the ball.
Label where the ball’s velocity is
increasing, where it is decreas-
ing, and where it stays about the
same.

Whenever the velocity of an
object changes, a force must be
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Science Friction

iction is nature’s way of

F:aying no. Newton’s first

law of motion states that an
object in motion will remain in
motion unless it is acted on by a
force. Try this experiment. Start
a ball rolling across a bare floor.
Does it move forever, as
Newton’s first law suggests? If
not, what is the force that slows
the ball to a stop?

Friction is the force that resists
motion. Friction is caused when
a moving object makes physical
contact with a surface—the ball
contacts the floor.

Contact between a moving
object and the medium through
which it is moving also causes
friction, such as a car moving
through air and a boat moving
through water. Friction is also
caused by moving parts rubbing
against other parts, such as an
axle spinning inside a bearing.
Friction pushes or pulls, slowing
a moving object until it stops.

A roller coaster slows due to
friction. When roller coaster
wheels rumble over the track,
friction between the wheels and
the track opposes the coaster’s
motion.

Friction is also a destructive
force. It causes wear and creates
unwanted heat between the sur-
faces in contact. Coaster car
builders sometimes use special
material on wheels and rails to
reduce friction.

Air also resists the roller
coaster’s movement. Friction
caused by movement through
the air is called drag.

When engineers build roller
coaster rides, they take friction
into account. Without friction, a
roller coaster car released from
the top of one hill could climb to
the top of the next hill of the
same height.

But friction causes energy
loss. Friction transforms the me-
chanical energy of the turning
wheels into heat energy. The
heat energy is lost to the air.

At the top of the first hill, the
coaster car has lots of potential
energy. As gravity pulls the car
downward, the potential energy

becomes mechanical energy—a
form of kinetic energy. Because
the cars lose some of that me-
chanical energy to heat through
friction, each hill on a coaster
ride must be somewhat lower
than the first hill.

The longer the ride, the
greater the energy loss and the
lower the hills have to be. The to-
tal energy of a ride does not in-
crease or decrease, but the
energy changes from one form
to another form.

All this is not science fiction,
it is science fact.

. Di1scoVERY FILE

Mass and Weight

at is the difference
between mass and
weight?

Mass is the amount of matter
an object contains. You have
mass. Everything in the universe
has mass. All objects have this
property.

The mass of an object never
changes by itself. The object can
be on Earth, near Earth, or by a
distant planet, and its mass re-
mains constant.

The mass of an objectis a
measure of the object’s inertia—
resistance to change in motion.
Inertia governs how an object re-
sponds when a force is applied
to it.

Weight is the force gravity ex-
erts on the mass of an object. An

object has weight only in rela-
tion to gravity.

Different sizes of objects
have different gravity. For exam-
ple, the gravity on the Moon is
one-sixth the gravity on Earth. If
you weigh 100 pounds on Earth,
you would weigh about 17
pounds on the Moon.

Weight even changes on
Earth itself. A brick placed in a
deep valley below the level of the
sea will weigh very slightly, but
measurably, more than the same
brick placed on top of a moun-
tain. In Death Valley, California,
a brick is closer to Earth’s center
than it is on the top of Mount
Whitney. The closer you are to
the center, the greater the pull
of gravity.
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ON THE JoB

Ride Designer

RON TOOMER
ArRrRow DYNAMICS
SaLt LAakE CiTY, UTAH

would never have dreamed

that my job would be design-
ing roller coaster rides. It’s
been a ball. You just do one ata
time. Then, pretty soon, you’ve
got lots of them everywhere.
Right now, we have nearly 90
coasters running. Our roller
coasters carry close to 200 mil-
lion riders every year.

I've always been a mechanic
of one kind or another. In this
job, you must understand how
everything works.

In the early days, just out of
high school, I was an automo-
bile mechanic at a Ford dealer-
ship. In the early 1950s, I got
drafted into the Army. Then I
attended college and earned a
mechanical engineering de-
gree. It was in college that |
picked up a lot that I had
missed earlier. I took classes in
physics, chemistry, and math.

Then I settled into an aero-
space career. I worked on the
rocket that launched America’s
first satellite, Explorer 1, in
1958. I also worked on the
Minuteman rocket and the
Apollo Moon landing program.

That was followed by a big
dip in aerospace work. A friend
of mine had been employed by
Arrow Dynamics. He told me
about this company and how
they built amusement park
rides. It sounded to me like the
greatest thing. He introduced

Ihave a great job. Years ago, |

me to the people who owned
the company. They just hap-
pened to be looking for a me-
chanical engineer. I was the first
one they had ever hired.

My first job here was to work
on the company’s first roller
coaster ride. There were no
promises of work after that one
roller coaster was done. That
was more than 30 years ago.

A typical day for me still in-
volves a lot of original design
work for coaster rides. I do legal
work for the company as well.
Writing proposals to sell our
rides is another task.

When designing a coaster
ride, the drawing board and a
pencil are my main tools. I also
use wire that I can bend into
various shapes. The wire helps
me imagine a new turn or up-
side down part of the ride.
When drawing or working with
wire, my imagination puts me
on the ride.

Real coaster riding isn’t for
me anymore. But I've ridden
enough of them over the years.
I know what sensations are be-
ing produced. You get that seat-

of-the-pants feeling after all
those rides.

It is typically one year from
the time a customer orders one
of our coaster designs until the
time the ride opens.

Engineers here at the com-
pany like to use computers to
design rides. I think using com
puters to do your design work
can sometimes slow you down.
My adpvice is, don’t forget the
hands-on, practical side of me-
chanics.

Science has always been of
interest to me. Understanding
the weather, astronomy, and
what makes the Earth work—
these are special pursuits of
mine. Understanding what
things are all about is very im-
portant to me.

In designing your thrill ride,
there are several considera-
tions. First, take into account
how much land you have to
work with. Don’t forget to ad-
just the curve radius of the
track to the velocity of the
coaster train. If you don’t, that
could put gigantic forces on the
riders. Remember, as you go
faster and faster, the curves
have to get bigger and bigger.
Banking of the coaster track is
really important.

In our coaster rides, we call
the G forces (gravity forces) the
seat force. That is the force peo-
ple feel in their seat. We try to
keep the positive seat force of
our rides at 3.5 Gs or less. One
G is normal gravity here on
Earth. On the roller coaster,
positive G force is down
through your seat.
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Coaster rides have upward,
or negative, seat forces too.
That feeling is like being pulled
off your seat into the air. For
our rides, that force is half of 1
G. Some coaster enthusiasts call
this feeling air time. We also
make sure a rider won’t get
slammed across the side of the
coaster car. To avoid that prob-
lem, we shoot for less than 1-G
side force.

You don’t want to have sus-
tained high G forces on riders.
We typically design our rides
with less than 20 milliseconds of
the higher forces. A longer time
might make people get dizzy
and have other unwanted feel-
ings. But people can be their
own worst enemies. On certain
rides, everyone must heed
posted signs. Sitting up straight
with your head back against the
head rest is really important.
Obeying the signs will prevent
neck injuries.

What about the future?
Coaster rides will likely get big-
ger and bigger. The next big
step is the 100-mile-per-hour
coaster. That has to get really
high—way over 300-feet high—
for the coaster car to gain that
much speed.

The limiting factor in the
future might be money. The re-
ally big rides, by the time
they're installed, can cost any-
where from $8 million to $12
million.

I think the roller coaster will
remain the king of the park. It
has been that way for more than
100 years now. I am sure the fu-
ture will be equally as exciting
as what is being built today.

In some ways, my job is very
odd. You start the work by sit-
ting down with a blank piece of
paper. When the work is fin-

ished, people wait in line for laughing. There’s a lot of satis-

two hours to experience what faction in that.
you’ve done. Then you hear If people aren’t screaming,
them yelling, screaming, and it’s not a good ride.

IN THE NEWS

The latest thrills
on dry ground

Roller coasters. Motion simulators. Thrill rides. Thems
parks are roling out attractions like never before Lo woo
visitors this summer, experts say. A look at what's new:

Dl. ’Mvmw:‘m Take computerized 1

cars for

mﬂmwmeTWedmmEy&
opeq.

gout‘mum's Great America, santa Clara,

Nickelodeon Splat get messy at a live game
showmdphyareulnc:"mmm themed land based on
the mwk‘uthw

(Similar attractions at Paramount’s Do-

minimlanveu.Va andanmoum’sl(mﬁ
near Cincinnati.)

Dollywood, Pigeon Forge, Tenn.

Jukebox Junction. Return to the ‘508 in this seven-acre
themed ares with a rock '’ roll show, a diner, a ‘308 car
ride and more. Now open.

e:lseh Gardens Willlamsburg, wiltamsburg,

wmwmﬂd&wuodedm
ins ends with Vesuvius erupting. Now open.

Dorney Park & Wildwater Kingdom,
Allentown, Pa.

Berenstain Bear Country. Meet Papa, Mama, Brother
and Sister Bear at this children's play land, for ages 3 to 8.
Now open.

Six Flags AstroWorld, Houston
u?num. an anclent temple that
holds Texas’ first indoor coaster. Opens Saturday.

Sea World of Florida, oriando

Arctic, then in wmkedshlpmrwndedbyl:m
[] ve
uwam May 24

Opryland, Nastville
The Hangman. dange Inverted, looping
roller coaster, wuelfgmelommupmm

Opens June |.
Knott’s Berry Farm, Buena Park, Calif., near Los

Enter the Te of the
e e T
Six Flags Great Adventure, Jackson, NJ.

Viper. Walk into 8 Southwestern ghost town and onto a
colled coaster, where you'll get the sensation of weight-
lessness with a 360-degree Opens in June.
Magic Kingdom, Lake Buena Vista, Fla.

Encounter. What appears

ExtraTERRORestrial Alien
to be a theater show becomes a thrill attraction as
Iﬁwmmmdamanmm.

Universal Studios Florida, ortando

A in the Park With Barney. along with Bar-
neya?:’muslcalmw mmmwuanasmmmedm
tional play area themad to his show. Opens in July.

USA TODAY, 12 MAY. 1935
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THE STOorRY—PART 4

Ferris Wheels, Figure Eights,

and Moon Trips

merica’s industrial revolution brought with it
Awider use of gears, iron, steel, and electricity.
Technology helped advance thrill rides.

Using the latest engineering techniques, George
Washington Gale Ferris erected his Ferris Wheel in
1893. The gigantic wheel, 264 feet in diameter, was
built for the World’s Columbian Exposition in
Chicago. The grand structure weighed 1,200 tons
and could give an uplifting experience to 2,160 rid-
ers at once.

At the turn of the century, the first figure-eight
roller coasters began running. This type of coaster
track weaves over and under itself.

The 1901 Pan-American Exposition in Buffalo,
New York, showcased one of the first illusion rides.
The attraction was really out of this world! For the
Trip to the Moon, some 30 passengers boarded a
structure similar to an airship. Attendants then
rocked the ship back and forth, simulating a blast-
off for the Moon. Looking out portholes, riders flew
over the fairgrounds and Niagara Falls. Once landed
on the Moon, passengers debarked and walked on a
fake lunar landscape. Each rider was given a sou-
venir chunk of cheese for taking the voyage. The trip
seemed so real, several thrill seekers passed out.

If you didn't like rocketing to the Moon, air-
plane swings were available. They appeared just af-
ter the Wright Brothers took to the sky in late 1903.
Aerial rides became very popular as part of amuse-
ment park fare.

In 1909, designer and builder John Miller pio-
neered high-speed coasters and numerous safety de-
vices. He has been called the Thomas Edison of roller
coasters. Miller’s patents included innovative de-
signs for brakes, coaster cars, and wheels. Using his
designs, megacoaster rides with vicious curves and
deep dips became feasible.

Thrill seekers were treated to many forces on
roller coasters. Any good high-speed coaster ride
could offer short bursts of force, from severe gravi-
tational stress to complete weightlessness. Albert
Einstein would later call the roller coaster a perfect
example of energy conversion in a mechanical system.

Giant Wheel at Cedar Point in Sandusky, Ohio at
night.

Roller coasters were on a roll. The rush was on to
find new ways safely to speed, lift, drop, spin, jolt,
whirl, and otherwise frighten a customer, all for the
price of a ticket. The concept was simple: People will
plunk down good money to be scared out of their
wits. For some, a death-defying ride was not
enough. Among white-knuckled riders holding on
for their lives, there was always a showoff or two.
These were the “Look, Ma, no hands” daredevils.
Bars, belts, and other restraints today make it more
difficult to be a daredevil.

By 1929, recreational parks across the United
States had nearly 1,300 roller coaster structures.
Then America was engulfed in the Great Depression
and the start of World War ll. Extra cash and the
public’'s appetite for entertainment disappeared.
The scream machines fell silent.
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atch a roller coaster
car speeding down its
first hill. Newton’s first

law of motion says the car will
continue to move in the direc-
tion it is already heading, unless
an outside force changes its di-
rection.

When the speeding coaster
car comes to a curved section of
track, it does not follow a
straight path. Instead, it swiftly
curves to follow the track. A
force must be acting on the car!
Otherwise, the car would con-
tinue in a straight line.

The force acting on the car
is called centripetal force. Cen-
tripetal force is the amusement
park’s true friend. Centripetal
means “toward the center.”
Where does this force come
from? What gives the car its
push toward the center of the
circle?

The track itself does the
pushing. Curved sections of
track push the wheels, forcing
them to follow the curve.
Sometimes the curved tracks are
banked, too. That is, the outer
track is raised higher than the
inner track. The banking, when
combined with the curve of the
track, allows the coaster to make
even sharper turns.

Magnum XL-200 roller coaster at Cedar Point in Sandusky, Ohio.

You might have heard of cen-
trifugal force (force “away from
the center”). It is the apparent
force that seems to push you
against the outside wall of the
coaster car when the roller
coaster whips around a curve.
This thrust toward the outside
might be called centrifugal
force, but it’s not really a force.
Nothing is pushing or pulling
on you.

Your body, moving at the
same speed as the coaster car, is
traveling straight ahead at every
point on the curve. Newton’s
first law of motion is acting on
your body. Inertia makes your
body move in a straight line.
Centripetal force, applied by the
track, is acting on the car. You
are strapped in and hang on.
The car transmits the cen-
tripetal force to you.

Instead of continuing along
your straight path, you curve
with the coaster car. It feels as
though something is pulling you

against the person next to you
or against the outside wall of the
car. That is your own inertia re-
sisting the change in direction.

Inertia (real)

Centrifugal force
(tmaginary)

tal force
(real)

Think about being in a ride
that is a rotating, circular con-
tainer (often called a centrifuge).
As the ride spins, everything—
including you—has inertia.
Everything wants to move in a
straight line; but everything is
being pushed toward the center
of rotation by centripetal force.

Future space colonies might
be large rotating structures.
Inside, people will be able to
live comfortably because the
speed of rotation will be ad-
justed so the centripetal force is
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equal to 1 G—the force of grav-
ity here on Earth. For space
colonists, “down” will be created
by the body’s reaction to cen-
tripetal force.

The Shock Wave at Six Flags
Great America park in Gurnee,
Illinois, is a centripetal thrill
ride. It uses a design called a
Klothoid loop—a curve that is
higher than it is wide. This
shape was first described by the
eighteenth-century Swiss mathe-
matician Leonhard Euler. It is a
perfect shape for the roller
coaster somersault.

The Klothoid loop is actu-
ally not a loop. It has a teardrop
shape. You would think a 360-

degree circle would be ideal,
but looping a circle puts too
much force on a car passen-
ger—too many Gs.

The Klothoid loop is less
stressful. It has a radius that de-
creases along the upward part of
its shape. The continual de-
crease in radius means greater
centripetal force at lower
speeds. When coaster cars are
upside down, the combination
of centripetal force, speed, and
inertia keeps passengers in their
seats.

On your next loop-the-loop
ride, don’t be too scared.
Remember, the force is with
you.

Magnum XL-200 roller coaster at
Cedar Point in Sandusky, Ohio.
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ere on Earth, we live .
with gravity every day.
We depend on it to put

the thrill in our thrill rides and
to get the ketchup out of the
bottle. However, it sometimes
works against us. For example, it
makes things fall to the floor
and break.

More than 300 years ago, Sir
Isaac Newton described the true
nature of gravity for the first
time.

Gravity, he said, is a force
throughout the universe. Every
object pulls every other object
toward itself by exerting a gravi-
tational force. The more massive
an object is, the greater its grav-
ity. The farther away an object is,
the weaker its gravity.

Magnum XL-200 at Cedar Point in
Sandusky, Ohio.

One day, an apple fell from a
tree and struck Newton on the
head. According to the story, he
realized that the same force that
made the apple fall extends all
the way to the Moon, holding it
in orbit around us.

In the same way, the gravity
of the Sun and other planets in-
fluences the orbit of each
planet. Because the Sun has a
much greater mass, it influences
the planets far more than they
influence each other or the Sun.

Newton’s law of universal
gravitation is a mathematical
statement. It says that the attrac-
tive force between any two ob-
jects increases in proportion to
the product of the two masses. It
also says that the attractive force
decreases in proportion to the

Raptor at Cedar Point in Sandusky, Ohio.

square of the distance separating
them.

If every object attracts every
other object, why don’t you feel
an attraction as you walk past a
big building? After all, the build-
ing’s mass is much greater than
yours. The answer is that Earth is
by far the most massive object
near you. It exerts the mightiest
force on us all. The mass of any
object on Earth is small com-
pared to Earth’s mass, and all
objects on Earth are strongly
held by Earth’s gravity.

Sensitive scientific instru-
ments can measure the small
gravitational attraction of big
buildings or great mountains by
subtracting Earth’s very large
gravitational pull from their
measurements.
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SCIENCE ACTIVITY

The Swing of Things

Purpose

To study forces that influence
the motion of a pendulum, and
to identify energy transforma-
tions in pendulums.

Background

You are an amusement park op-
erator with a pendulum ride. All
it does is swing people back and
forth. The ride was very popular
when it first opened. Long lines
formed as people anxiously
awaited their chance to swing.
Now, the pendulum ride has lost
its appeal. You are losing money
staffing it, and you must do
something to make it interesting
again.

Some of the complaints
from riders are, “It doesn’t last
long enough,” and “It’s not very
exciting. I want a real thrill out
of this ride.” Before you meet
with the design engineer, you
want to learn more about pen-
dulum motion so that you will
not sound like a swinging idiot
during the meeting.

Materials
For each pair:
¢ About 150 cm of string
e Scissors
® Pencil
® Masking tape
* Large paper clip
¢ 5 or more washers
e Meterstick
® Clock or watch

Procedure
1. Tape a pencil to the edge of
a desk or table so the eraser
part extends beyond the
edge. If other supports are
available, use them too. The

pencil acts as the pendu-
lum’s pivot point.
pencil

string

e
...........

2. Measure about 50
centimeters of string and tie
a paper clip to one end. Slip
one washer on the paper
clip. Attach the other end of
the string to the pencil.
Carefully measure and
record the length of the
string from the pencil to the
center of the washer.

3. Pull the washer to the side
about 20 centimeters and let
it swing. Count the number
of full swings (back and
forth) in one minute. Repeat
the procedure and find the
average. Record this average
number of swings in a data
table. Also describe what
happens to the size of each
swing (its amplitude) as time
passes. This first set of trials
represents the unpopular
ride you want to change.

4. What variables (such as
string length) can you
change to test different pen-
dulum designs? Conduct a
series of experiments,
changing one variable at a

time. Each time you run an
experiment, record the
number of swings in one
minute. Record what
happens to the amplitude
after one minute. Present
the data in an organized
form.

Conclusion

Making the swing ride more
interesting will cost money. But
as they say, it takes money to
make money. Prepare a memo
to the owners of the amusement
park. In the memo, state your
recommendation for making the
swing ride more interesting.
Estimate the cost of the changes
required (any reasonable esti-
mate will be accepted). In addi-
tion, you must explain the
science behind your recommen-
dation.

Be sure to explain the sci-
ence in simple terms. The own-
ers of the amusement park are
scientifically illiterate.

Here are some questions to
consider as you write your
memo.

1. What force keeps a
pendulum going? What
forces cause a pendulum to
come to a stop?

2. Atwhat pointin a
pendulum’s swing does the
washer have the most
potential energy? At what
point does it have the most
kinetic energy?

3. What is happening to the
total energy of the
pendulum as time goes on?

4. Will lifting the ride higher at
the start produce a longer
ride or faster ride?
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Virtual reality 1

High-tech vans bring
kids hands-on experience
By Belinda Thurston

USA TODAY

Rainfall and evaporation.

Water comes down. Then it goes up. No
big deal, right?

But through the eyes of the molecules
involved, it's major action.

And that's just the perspective students
from 14 Western states are getting through
virtual reality.

Three vans stocked with Space Age-
LIR hoods and computers, called Virtu-

Washington )
$1.25 million project, run by Seattle’s Ho-
man Interface Technology Lab, affiliated
with the University of Washington and the

Virtual reality is a 3-D, computer-gener-
ated environment in which the computer
user can make things happen. By using a
visor and hand controls, students can acty-
ally enter a microscopic world and con-
struct a water molecule, picking up elec-
trons and neutrons as if they were tennis

The three vans tour public and private
schools in Washington, Arizona, Colorado,
Idaho, lowa, Minnesota, Montana, Nebras-

ka, New Mexico, North Dakota, Oregon,
South Dakota, Utah and Wyoming through

June.

Kimberiey Osherg, operations manager
of the project, says the goal is to expose stu-
dents to new technology as well as study
whether it helps them learn.

“Instead of through what you

talking
want to convey, you're showing feeling

STUDENT VOICES
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LEARNING VIRTUALLY: Kimberley Osberg, operations
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and doing," Osberg says.

Chemistry teacher Mark Stewart, Gar-
field High Schoo, Seattle, says virtual real-
ity is just another tool to reach
kids with a variety of learning styles.

“In chemistry we talk about a lot of ab-
stract ideas,” Stewart says. “This may be
that one tool that helps that one kid who
works better hands-on.”
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My favorite ride is the Anaconda. It's not too rough,
and it's not too big, it's just fun. You're pushed in
every direction, and when you're upside down, it’s really

cool because you feel like you're going to fall out.

I don't like wooden rides very much because I feel that if a

board broke, it could be disastrous. 1 think the metal rides are safer.

DawN COMPTON
RixeyviLLE, VA

USA TODAY, t1 APRIL, 1995

34

Thrill Ride!



— ————— :

. DI1sScoVERY FILE

You've Got Potential

he slippery trough twists
I to the left just below your
feet. You feel a spray of
cool water as you slide through
the curve. You are gaining speed
with every turn. It is a long way
down, but it is over too quickly.

When you sit at the top of a
water slide, you are a storehouse
of energy. You have potential en-
ergy—the stored energy of your
position above the ground.

As you descend, you are
obeying a physical law—the law
of conservation of energy. The
law says energy can change from
one form to another, but energy
cannot be created or destroyed.
All of the energy in the universe
remains constant.

As you start your slide, some
of your potential energy begins
to change into another form of
energy called kinetic energy.
Kinetic energy is the energy of mo-
tion. The potential energy you
had before you started to slide is
transformed into kinetic energy
as gravity pulls you lower.

Now that you are wet, climb
an even taller slide. The higher
climb is worth the extra effort
because you now have even
more potential energy.

Once again, as you swish
down, your potential energy
changes to kinetic energy. The
higher slide allows you to go
faster and farther. Because you
started with more potential en-

= . | < :
Corkscrew. at Cedar Point in Sandusky, Ohio.

ergy, you wind up with more ki-
netic energy as you scream off
the end of the slide.

While you are thinking
about energy, where did you get

the energy to climb to the top of
the slide? What happened to
your kinetic energy when you hit
the water at the bottom of the

slide?

Blue Streak at Cedar Point in Sandusky, Ohio.
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Screaming for Speed

lack, clack, clack—gears
‘ slowly pull the roller

coaster cars to the top of
the first hill. The train of cars
arches as it passes over the top.
Then the cars start their descent.
They move slowly at first, but
rapidly gain speed. Faster and
faster they fly. Long before they
reach the dip and head up the
next hill, all the passengers are
screaming.

The cars slow slightly going
up the second hill. Shrieking
passengers momentarily lift from
their seats at the hill’s crest. The
cars streak down the second
slope, accelerating, gaining the
momentum that will carry them
over the third hill.

Engineers design the slopes
of gravity thrill rides so accelera-
tion going downhill is greater
than deceleration going uphill.
That keeps the coaster cars mov-
ing without having to add any
energy to the system. To stop the
cars, engineers use mechanical
brakes.

What are acceleration and de-
celeration? The words mean
“speeding up” and “slowing
down.” The root Latin word,
celer, means “swift.”

Velocity is the speed of an ob-
ject traveling in a specific direc-
tion. Acceleration is a measure
of how fast an object’s velocity is
changing.

The units of acceleration are
a combination of units of speed
and units of time—meters per
second per second, or meters
per second squared.

When the velocity of an ob-
jectincreases, the object is accel-

Raptor, inverted roller coaster at Cedar Point in Sandusky, Ohio.

erating. When the velocity de-
creases, the object is decelerat-
ing. A roller coaster moving at a
constant speed of 50 miles per
hour has an acceleration of 0.

A coaster headed downhill is
almost a freely falling object.
The force accelerating it is grav-
ity. Free-falling objects accelerate
at the constant rate of 9.8 meters
per second squared. The coaster
accelerates at a constant rate
that is almost that great.

From a standing start with a
velocity of 0, a freely falling
coaster reaches a speed of 9.8
meters per second (22 miles per
hour) after the first second, 19.6

meters per second after two sec-
onds (44 miles per hour), and
29.4 meters per second after
three seconds (65 miles per
hour). Its actual speed at the
bottom of a slope depends on
the height from which it started
and the amount of slope.

The Italian scientist Galileo
Galilei was first to state the law
of constant acceleration. From
experiments he did in 1589 with
balls rolling down inclines, he
proposed that, in the absence of
forces other than gravity, all ob-
jects will fall at the same rate de-
spite their masses. There is a
catch, however. You need to take
air resistance away.
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Galileo's finding was demon-
strated nearly 400 years later on
the Moon, where there is no air.
On August 2, 1971, Apollo 15 as-
tronaut David R. Scott dropped
a feather and hammer in the
Moon’s vacuum. Released at the
same time, both landed on the
lunar surface at the same time.

Thrill rides deliver accelera-
tion in different ways:

® A ride moving downhill in a
straight line speeds up. The
direction of the acceleration
is in the direction of motion.

* A ride moving uphill in a
straight line slows down. The
direction of acceleration is
opposite the direction of
motion. This is deceleration.

* A ride moving in a circle at a
constant speed is also accel-
erating. The direction of ac-
celeration is toward the
center of the circle.

* A ride speeding over a hill,
which is a parabolic curve, is
accelerating. The direction
of acceleration is along the
axis of the parabola.

Several directions of acceler-
ation can affect a roller coaster
rider:

® Vertical acceleration is perpen-
dicular, or at a right angle
(90 degrees), to the track
and toward it. You feel com-
pressed in your seat. The
greater the acceleration, the
more squashed you feel.

® Longitudinal acceleration is in
the direction of the coaster’s
motion. You feel pushed
back against your seat. Your
head and shoulders may
swing backward.

® Lateral acceleration is to the
side, relative to the coaster’s
motion. It makes you slide

sideways across the seat. You

might even squash your ride

partner.

In an accelerating coaster,
potential energy is changing to
kinetic energy. A coaster deceler-
ates when it loses kinetic energy.
Twists and turns in a track help
decrease the kinetic energy.
Friction between wheels and
rails slows the cars. Air resis-

tance, or drag (the friction be-
tween the cars and the air), also
plays a part. Brakes bring the
cars to a stop, ultimately dissipat-
ing any remaining kinetic en-
ergy in the friction between
brakes and wheels.

The passengers stop scream-
ing, get out of the cars, and line
up to buy tickets for another
ride.

Yy favorite ride is the

.Anaconda. It's a metal ride
with a bunch of turns and loops. It
makes you go upside down without

actually doing a loop.

I think that some of the thrill of a roller coaster

is taken away when you see what's coming up.

If I were designing a ride, I'd do a dark tunnel,

soO riders wouldn’t know what was coming. |

would also include loops and corkscrew turns.

I believe that roller coasters are safe. They

wouldn’t let people go on them if they weren't.

They test roller coasters with dummies. If the

dummies survive, then they know that people

will too.

Wooden coasters shake a lot, and they don’t do

loops. They never spin you around, they just do

hills and turns. Metal ones have a lot more

stuff.

McAbam WEBB
CULPEPER, VA
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ccording to scientists,
math homework is not
work. Science homework

is not work either. Then what is
work?

To a scientist, work has a very
precise meaning. Work is done
when a force acts on a mass and
causes it to move. The amount
of work done is the product of
the force exerted times the dis-
tance moved.

work = force x distance

Energy is related to work be-
cause it takes energy to do work.
Units of energy are measures of
the amount of work done. The
joule is the unit of energy in the
metric system. One joule is the
amount of energy needed to
produce 1 newton of force over
a distance of 1 meter.

Energy may be electrical,
mechanical, chemical, thermal,

unds .I_-lke Work to Me

or nuclear. It can be used now or
stored for later use. Stored en-
ergy (potenual energy) has the
capacity to do its work in the fu-
ture. Kinetic energy is doing its
work now.

A tightly stretched rubber
band has potential mechanical
energy. Can you think of other
examples of stored energy?

ey

=

SCIENCE ACTIVITY

So Nice of You to Drop In

Purpose

To apply Newton’s second law to
the motion of falling objects,
and to design and demonstrate a
parachute-drop device.

Background
A famous amusement park com-
pany has hired you and your
partner(s) as consultants. They
need your help designing a para-
chute ride. Their attorneys are
worried. A parachute that drops
too fast might injure riders. The
parachute must also land the
riders in a small area directly un-
der the release point. Otherwise,
people might crash onto the
shaved ice stand.

Before you draft your reply,
you have a few days to use the

laboratory to sharpen your un-
derstanding of falling objects
and parachute design.

Materials
For each group:
e Paper clip
e 5 washers
e Several meters of string
e Scissors
e Stopwatch
e Hoist mechanism or card-
board tube with extra string
(optional)
e Several sheets of blank paper
® Tape

Procedure
1. Slide five washers onto a
paper clip, then devise a way
to drop this mass from a
high place in the classroom.

The drop height should be a
minimum of 3 meters.
Measure the drop height to
the nearest hundredth of a
meter.

2. Use a stopwatch to measure
the free-fall drop time for
the mass to the nearest tenth
of a second. Repeat for a
total of five trials. Create a
table to record the data.
Record times in nearest
tenths of seconds. Calculate
and record the average free-
fall time.

3. Use the chart to find a
calculated drop height based
on your average free-fall
time. If time permits, collect
data for other heights.
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' Drop Heights

Free-Fall Drop Ht Free-Fall
Time (s) (m) Time (s)
0.05 0.01 1.05
0.10 0.05 1.10
0.15 0.11 1.15
0.20 0.20 1.20
0.25 0.31 1.25
0.30 0.44 1.30
0.35 0.60 1.35
0.40 0.78 1.40
0.45 0.99 1.45
0.50 1.23 1.50
0.55 1.48 1.55
0.60 1.76 1.60
0.65 2.07 1.65
0.70 2.40 1.70
0.75 2.76 1.75
0.80 3.14 1.80
0.85 3.54 1.85
0.90 3.97 1.90
0.95 4.42 1.95
1.00 4.90 2.00

4. Make a parachute out of
paper and fasten it to the
five-washer mass using short
lengths of string. The para-
chute can be any shape.

5. Tape a small paper loop to
the top of the chute so you
can hold the mass at the
drop height. Start the mass
under the parachute at the
same drop height as you did
for the free-fall trials.

6. Let go of the parachute.
Find and record the para-
chute drop time. Repeat for
five trials, and calculate the
average parachute drop
time. Organize your data
into a table.

7. Now perfect your parachute.
You may redesign it in any
way, but your goal is to have
the drop time as long as

Drop Ht Free-Fall
{m) Time (s)
5.40 2.05
5.93 2.10
6.48 2.15
7.06 2.20
7.66 2.25
8.28 2.30
8.93 2.35
9.60 2.40
10.30 245
11.02 2.50
11.77 2.55
12.54 2.60
13.34 2.65
14.16 2.70
15.01 2.75
15.88 2.80
16.77 2.85
17.69 2.90
18.63 2.95
19.60 3.00

possible and the landing as
accurate as possible (directly
under the drop point). Dem-
onstrate your design for the
class.

. When all groups have dem-

onstrated their parachute
drops, brainstorm as a class
why some designs worked
better than others. Take
notes during the discussion
of points a-f below. The
answers will help you with
your response to the amuse-
ment park company.

. Compare the height you got

from the chart provided with
the measured drop height of
the object. If the two heights
are not equal, suggest rea-
sons why they are different.

. What do you think would

happen to the free-fall time

Drop Ht Free-Fall Drop Ht
{(m) Time (s) (m)
20.59 3.05 45.58
21.61 3.10 47.09
22.65 3.15 48.62
23.72 3.20 50.18
24.81 3.25 51.76
25.92 3.30 53.36
27.06 3.35 54.99
28.22 3.40 56.64
29.41 3.45 58.32
30.62 3.50 60.02
31.86 3.55 61.75
33.12 3.60 63.50
34.41 3.65 65.28
35.72 3.70 67.08
37.06 3.75 68.91
38.42 3.80 70.76
39.80 3.85 72.63
41.21 3.90 74.53
42.64 3.95 76.45
44.10 4.00 78.40

if you dropped a more
massive object from the
same height? How about
something with less mass?
Speculate, then experiment
to test your ideas.

Release a mass to fall freely
to the floor. Compare the
mass’s speed just after
release with its speed near
the floor. Make the same
comparison for a mass with a
parachute attached to it.

. According to Newton’s

second law, any acceleration
is caused by a force or a
group of forces acting
together. Compare the
acceleration of the free-fall
mass to the mass on the
parachute.

Discuss what other force or
forces might be canceling
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the effect of gravity when
you use a parachute to drop
a mass.

f. Your challenge was to design
a parachute that causes the
mass to drop in the longest
time while landing directly
below the drop point. From
the brainstorming you did

with your colleagues, what
things made some designs
work better than others?
Which was more difficult,
slowing the drop time or
improving the landing
accuracy?

Conclusion

Draft your reply to the company
that hired you. You may use an
informal fax format, or the
more formal memo format. Be
sure to address their concerns.
As you prepare your response,
pay particular attention to the
answers to the six questions.

DiscoveEry FiLE

Three Laws fér the Price of One

0 you want to experience
D all three of Newton’s

laws of motion for the
price of one ride? Try bumper
cars!

What happens when you run
your bumper car into another
person’s bumper car? Your car
stops, but your body lurches for-
ward. That’s inertia at work—
Newton’s first law. Your body

continues in motion until it en-
counters a force to stop it.

If you drive slowly and lightly
tap another car, the other car
only moves a little bit. At higher
speeds, your moving bumper car
packs a real wallop. You become
a force in motion! When you hit
another car, the force of the hit
causes it to accelerate away from
you. These collisions demon-
strate the relationships among

force, mass, and acceleration—
Newton’s second law.

When your bumper car
smacks into a bumper car that is
just sitting there, your car exerts
a force on the sitting car, send-
ing it moving. The sitting car ex-
erts an equal force on your car
that sends it moving, too. This is
Newton’s third law—action and
reaction.

On your next bumper car
ride, enjoy your experience with

By Martha T. Moore
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Physicist

ROBERT SPEERS
FIRELANDS COLLEGE
BowLING GREEN STATE
UNIVERSITY

HURON, OHIO

physics at Firelands College.

I use roller coasters and
other rides to help explain
physics to students and teachers.

Near the college is a famous
amusement park called Cedar
Point. It’s located in Sandusky,
Ohio. I'm no stranger to the
rides there. As a kid, I lived
across the bay from the park.
Cedar Point has been an enjoy-
ment for me for many, many
years.

Every couple of years, a ma-
jor new ride is installed there.
Each year, the rides seem bigger,
better, and different. A recent
addition is the tallest, fastest,
and steepest standup roller
coaster!

My interest in physics began
in the mid-1950s. I wanted to
find out why the world worked
the way it did, in a general sense.
The space race between the
United States and the then
Soviet Union was very strong in
those years. Rocketry and space
seemed like a very interesting
area as a career.

I was intrigued by the ques-
tions the physics people were
asking at the time. What was the
Moon really like? What was the
Moon made of? Is gravity differ-
ent there than here? What
would it be like up in orbit? How

l ’m an associate professor of

will plants grow in space? There
were a lot of questions.

Along with an interest in en-
gineering, I found the atomic
and nuclear side of things fasci-
nating. Nuclear reactors were
being built. There were lots of
unanswered questions.

In high school, I can’t say I
was a top student. But I did dedi-
cate my interests to one area and
kept after it. I took physics in un-
dergraduate school.

In the 1960s, I started work-
ing in the semiconductor field.
Those are electronic compo-
nents now in use everywhere.
Integrating semiconductors into
circuits was just a vision some-
body had back then.

Then I attended Ohio State
University. My research there in-
volved studying solid-state and
semiconductor electronics. I re-
ceived my master’s degree and
then a doctorate in solid-state
electronics. From there, I began
to work for RCA, a research cor-

poration in Princeton, New
Jersey. Developing infrared tele-
vision systems was my job then.

Following that experience,
teaching seemed like an attrac-
tive thing to do with my life.
Firelands College was being built
next to my hometown, so I came
here and shifted back into pure
physics. It’s been a nice journey
learning about science, physics,
and now teaching.

My teaching at the college
begins early in the day. There’s
lots to do working with students
in the laboratories. I set up the
lab experiments and repair and
buy equipment. These days,
computers are used quite a bit in
lab work. So a constant thing is
to keep the computers running
properly. I'm always installing
new software or hardware.

Other parts of my day in-
volve grading papers. My contact
with students is not just at
school, but in outside tutoring as
well.

If you're interested in pursu-
ing a career in physics, doing
well in math is important. Take
college prep math classes.
Courses in the sciences, such as
biology, chemistry, and physics,
are important. Environmental
science classes are good to take
as well. Take shop courses, too.
They turned out to be very help-
ful for me. Making a drawing of
a gizmo means communicating
your idea to others. That’s very
important.

Remember, there are many
types of physicists. Some are the-
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oretical, looking at the far edge
of physics. Many are experimen-
tal physicists who build things.
They need to understand why
things work the way they do.
Physicists also have careers in
molecular physics, in nuclear
physics, and in biomedical fields.

Here’s something to remem-
ber. Many great physicists had
learning disabilities. Albert
Einstein and others didn’t do
well in the traditional course
work. They had trouble focusing
and were always daydreaming.
They used their creative talents
differently.

Using physics in my daily life
...that happens when I’'m driv-
ing a car. It can snow and rain
quite a bit here in the northern
part of the country. We've got
lots of slippery roads. When I'm
driving, I always think to myself:
How fast should I be going?
What's the right speed for me to
take that curve in the road?

Even driving over a hill
brings up some physics. How
much does the car weigh? It’s re-
ally slippery, so I'd better watch
the traction. Also, the brakes
won’t work as well. Neither will
the steering.

I drive a Mustang convertible
with rear-wheel drive. It has a big
V-8 motor. That car is a chal-
lenge to drive in the winter.
Look in my trunk—TI’ve got a
load of bricks in there so I don’t
do donuts in the snow!

If you are trying to come up
with a new ride, I have some
thoughts. Take a hard look at ex-
amples of current rides. You
might want to go to a play-
ground and think through some

different ideas. Write down your
impressions of a playground
ride. What would you do if there
were no boundaries on safety?
Let your imagination flow.

Perhaps you want to figure
out the G-force level you want a
passenger to experience. Making
a two-dimensional drawing or
building a three-dimensional
model is helpful. That’s an es-
sential communication skill.

Don’t forget about the feel-
ing of a ride. Perhaps 99 percent
of the way we interact with the
world is visual. The rest is feel-
ing. Try to ignore the visual part
of things. Feel what is going on
with your body during a ride.

A real pleasure for me is
teaching physics at the amuse-
ment park. I organize Physics
Day at Cedar Point each May.
The program involves high
school teachers and about 8,000
of their students.

Students have assignment
sheets. We hand out instruments
to measure the various forces
they experience on the rides.
Students record data, such as
the G forces and acceleration
forces. The instruments also
record time in free fall. Students
then compare their theoretical
predictions about the ride with
their actual measurements. That
allows them to better under-
stand the physics behind thrill
rides. You might call it in-your-
face physics.

If there is an amusement
park near your school, perhaps
your science teacher will arrange
a field trip for your class. There
is no better place to learn
Newton’s laws of motion.
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G-Whiz, I'm Falling

he unit of measurement
I used to describe gravity
forces is the G. On this
planet, we say the gravity force
we experience is a 1-G force.
How many Gs do you feel on
thrill rides?

Roller coasters are some-
times called gravity rides.
Machinery pulls the coaster cars
to the top of the first hill. As the
cars reach the crest, they are re-
leased and gravity takes over.
From that point, gravity does all
the work. At the very top of the
first hill, before starting that first
plunge, the coaster cars have
their maximum potential en-
ergy.

During sharp twists and
turns of a coaster ride, cen-
tripetal forces come into play.
The rider feels heavy at the bot-
tom of a long drop or rounding
a corner. The higher the speed
and sharper the turn, the higher
the G force experienced.

For example, the Steel
Phantom at Kennywood Park in
West Mifflin, Pennsylvania, has
the world’s longest hill drop—70
meters (about 225 feet). Coaster
cars there reach a speed of 130
kilometers (about 80 miles) per
hour. Passengers then endure
four inversions, a vertical loop, a
boomerang, and a corkscrew. All
this action takes just 1 minute,
45 seconds.

Many theme parks boast of
rides that hit speeds of more
than 100 kilometers (60 miles)
per hour and cause passengers
to experience well over 6 Gs.
That is six times Earth’s normal
gravity. At that moment, you

would weigh six times more than
you weigh at 1 G! That’s a lot for
the human body to endure.

Engineers have learned
many lessons building roller
coasters. One early roller coaster
ride involved a wicked loop-the-
loop. A rider would briefly feel
12 Gs taking the ride. Many cus-
tomers complained of backaches
and neck pains. The G force was
too great.

Jet pilots in their F-16 fighter
planes can take high G forces
because they wear special pres-
sure suits. The suits make sure
their blood stays distributed cor-
rectly through their bodies.
Correct distribution prevents jet
pilots from blacking out from
blood loss in the brain. They can
then make sharp turns and
other maneuvers in the air. But
taking forces as high as 11 Gs for
long periods is dangerous. Even
jet fighter pilots would black
out.

A roller coaster rider can
feel weightless as well as heavy.
Roller coaster hills are curved in
parabolas. (A parabola is an
open, bowl-shaped curve.) Just
as riders go over the top and
start down the slope, they enter
free-fall.

This floating feeling is what
an astronaut feels in space. A
shuttle astronaut is constantly
falling around and around
Earth. During free-fall, the force
you feel is less than 1 G. This
condition is called microgravity.

NASA trains its astronauts
for microgravity using a specially
equipped airplane. You could
call it the ultimate thrill ride.

The plane flies a parabolic tra-
jectory. It climbs at a 45-degree
angle, then dives at a 45-degree
angle. As the plane arcs over the
high point of the parabola,
everything in the plane is in mi-
crogravity—free-falling for about
60 seconds. Bringing the plane
out of the dive produces a 2.5-G
force.

Movie makers used a plane
to achieve free-fall for the film
Apollo 13. Many scenes in the
movie were filmed in free-fall.
The actors felt short periods of
microgravity without actually go-
ing into space.

On your next coaster ride,
enjoy the gravity of your situa-
tion—the heaviness you feel at
the bottom of each hill and the
weightlessness as you free-fall!
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Steel roller coasters have a smoother ride, but since wooden

they seem faster. You feel more secure in the

(2

coasters shake a lot

. Sitting down with a lap bar doesn’t

rides that you stand up in

seem as safe to me.

CRAIG ROGERS
CuULPEPER, VA

Thrill Ride!
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Imagineering the Future

rooted orange trees on 160 acres in Anaheim,

California. Few realized that a new kind of
amusement park was being planted. Disneyland
opened July 17, 1955. It was the first completely
planned theme park.

Walt Disney and his team of “imagineers” cre-
ated a unique form of amusement park. They built a
central plaza surrounded by five different worlds:
Main Street U.S.A., Frontierland, Adventureland,
Fantasyland, and Tomorrowland. The Jungle Cruise,
Submarine Voyage, Mr. Toad's Wild Ride, and even a
new-style Trip to the Moon, were highly visited
rides. The latest in electronics and other technolo-
gies made these adventures possible.

Disneyland put a new spin on the roller coaster.
The Matterhorn was the first steel coaster to use a
tubular track. Passenger-filled cars are taken to the
146-foot summit. Let loose, the cars race through
and around the icy mountain. The tobogganlike ride
ends with a splash. The cars slow when they hit the
water at the mountain‘s base.

The Magic Kingdom at Disneyland was an imme-
diate success. The family theme park was born.
Disney magic was used to design Walt Disney World
in Orlando, Florida. In addition, Disney engineers
constructed the Experimental Prototype Community
of Tomorrow (EPCOT) in Orlando.

Many copied the Disneyland concept. The Six
Flags theme parks were an early success. Their de-
sign both borrowed from the Disneyland formula
and incorporated unique thrill rides. Six Flags Over
Georgia, for instance, adopted the slogan “Land of
Screams and Dreams.”

Coaster builders designed rides that produce ac-
ceptable G-force (gravity force) levels on riders. One
of the Six Flags rides is the Mind Bender, a triple-
looping steel coaster ride lasting 2 minutes, 33 sec-
onds. On the Mind Bender, the center of gravity is
not at the top or bottom of the roller coaster car. It
is at the rider’s heart. Engineers found that by
changing the shape of the loop into an elliptical
corkscrew, they could minimize G forces.

In the summer of 1954, construction workers up-

Only three theme parks existed in 1970. A
decade later, two dozen theme parks existed, draw-
ing more than 60 million people. MCA, the motion
picture and entertainment business giant, created
two theme parks. Tourists flock to Universal Studios
Hollywood in Universal City, California, and to
Universal Studios Florida in Orlando.

These parks use movie themes to attract the
public. Thrill rides based on movies such as King
Kong, Jaws, and Earthquake: The Big One draw
record crowds. Sitting in moving cars, spectators
come face to face with the giant Kong or are nearly
caught in the jaws of a great white shark. Cars al-
most tip over in the simulated rumbling quake that
shakes thrill seekers. (Or are they thrill shriekers?)

Given the incredible success of theme parks, can
you still find a speedy thrill ride in an old-fashioned
amusement park? You bet. Go to Cedar Point near
Sandusky, Ohio. More than a century old, it is one of
America’s longest-surviving amusement areas.
Packed with thrill rides, the entertainment area is
called the “Amazement Park.”

Cedar Point has 56 rides including 11 roller
coasters—state-of-the-art scream machines. Try the
Corkscrew, the world’s first triple-looping roller
coaster, or the Raptor, where passengers in cars sus-
pended from an overhead track are turned upside
down six times.

Better yet, take a trip on the steel cars of
Magnum XL-200. The towering roller coaster struc-
ture tops at 205 feet. Cars reach 72 miles per hour.
Magnum drops passengers 194 feet at a 60-degree
angle. The entire ride takes a heart-pounding 2.5
minutes. While you are at Cedar Point, put yourself
on the Mean Streak. With its top speed of 65 miles
per hour, it is the world’s fastest wooden roller
coaster.

For the fastest steel coaster, try the three-minute
ride of the Desperado at Buffalo Bill’s Resort and
Casino near Las Vegas, Nevada. On the Desperado,
you can reach a top speed of 80 miles per hour.

The longest roller coaster ride in North America
uses wooden cars. It is the 7,400-foot-long track of
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Giant Wheel at Cedar Point in Sandusky, Ohio.

The Beast at Paramount’s Kings Island at Kings Mills,
Ohio, north of Cincinnati. Total ride time is 4 min-
utes, 30 seconds.

What does the future hold for thrill rides? More
and more, theme parks are taking on a wet look
with rides that offer log flumes, wild rapids, and
other water-oriented adventure. Linking amuse-
ment parks and shopping malls is another trend.

Perhaps the ultimate thrill ride is one used by as-
tronauts and cosmonauts to prepare for the weight-
lessness of space. They train in large aircraft that
repeatedly arc and dive through the air. The planes
fly parabolic paths that create many seconds of free-
fall at the crest of the curve. Private companies have
begun offering these roller-coaster-like airplane
rides to the public.

The late science writer Isaac
Asimov envisioned amusement
parks on the Moon. Can you
imagine a thrill ride in just one-
sixth gravity?

Today, the thrill-ride and
theme-park industries face con-
flicting demands. More terrify-
ing thrill rides are likely in the
future. After all, what young
person would miss the chance
to challenge and survive a
higher, faster, more daring thrill
ride? However, the average age
of an amusement park visitor is
increasing. Older visitors may
want less unnerving rides.
Catering to the older ticket holder
will become more important.

Theme-park experts predict
more simulation rides. Sitting in
a large simulator, passengers can be visually trans-
ported down waterfalls. They can fly over the high-
est mountains or touch down on the surface of Mars.
Such rides put less physical stress on passengers. How
about coupling computer-controlled, virtual-reality
technology with television? That could bring the
thrill ride directly into the living room.

From the fairs and celebrations of early days to
the speediest of today’s roller coasters, escape and
entertainment seem to be a basic human desire. The
thrill ride is a safe way to accept risk while con-
fronting fear and panic. Famed coaster designer
John Allen once said, “Part of the appeal is the imag-
ined danger.”

And for the price of another ticket, going on a
thrill ride is easier the second time around!
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Newton’s Space Program

he rocket carrying the
Tspace shuttle Endeavor

rises from Cape
Canaveral, Florida.

A space probe whips around
Earth, using the boost of Earth’s
gravity to head for deep space.

Orbiting the Sun, a family of
worlds called planets, asteroids,
moons, and comets makes up
the solar system.

What do the rocket, the
space probe, and the solar sys-
tem members have in common?
Newton explains their paths in
his laws of motion and law of
universal gravitation.

On its launch pad, a rocket
is a system at rest. It is in bal-
ance, or equilibrium. Gravity pulls
the resting rocket down and
Earth pushes back. At blast-off,
an opening permits exploding
gas to escape from the bottom of
the rocket. The gas rushes out at
high speed, exerting an upward
force that propels the rocket skyward.

The force of the rocket is
greater than the force of gravity.
The thrust overcomes the rock-
et’s weight. The rocket passes
from a state of rest to a state of
faster and faster motion.

The rocket is obeying New-
ton’s third law of motion. For
every action, there is an equal
and opposite reaction. The
downward action of the expand-
ing gases produces an upward
reaction of the rocket itself.

If the rocket runs out of fuel
before it is moving fast enough
to escape the pull of gravity, it
drifts and slows. Then it begins
to fall. Gravity pulls the rocket
back to Earth.

What happens if the rocket
reaches too great a speed? If it is
moving fast enough, the rocket
will continue moving away from
Earth even after using up its
fuel. If a rocket’s speed is just
right, it will go into orbit around
Earth. That happens when the
forward momentum just equals
the pull of gravity.

When a rocket is in orbit, it
is actually falling toward Earth,
but just missing it. (The orbit is
the path of one object moving
around another object.)

Newton explained orbital
motion with his law of universal
gravitation. He worked out the
principles as he tried to under-
stand why the Moon did not fall
to Earth like an apple.

He reasoned that all objects
in the universe attract one an-
other. The force of gravity,
Newton theorized, pulled the
Moon toward Earth. Without the
pull of Earth’s gravity, the Moon
would fly off into space. The
Moon is continuously falling
around Earth, yet flying away
from it.

The planets must fall around
the Sun in the same way that the
Moon falls around Earth. A
planet’s momentum is equal to
the gravitational pull of the Sun
on the planet. (The gravity of
the rest of the solar system also
affects a planet, but that is small
compared to the Sun’s gravity.)

Take away the Sun and the
planets would fly off into space.
Newton reasoned that the larger
the celestial body, the more grav-
ity it has. He calculated how
much the effect of gravity de-

| W -
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creases as bodies move farther
apart.

Kepler had determined
through observations that plan-
ets move in elliptical orbits.
Newton explained mathemati-
cally why planets move in el-
lipses. (An ellipse is a closed
curve that looks like a flattened
circle.)

Newton would surely be
pleased by how his ideas are now
applied. Today, robot spacecraft
use the gravity of one planet to
reach another planet. These
gravity-assist trajectories enable
space probes to increase their
speeds. The added speed lets
them reach other destinations
without using extra rocket fuel.

Newton’s theories on gravita-
tion and objects in motion were
revolutionary in his time. They
have lasted for hundreds of
years. The foundation that has
made space exploration possible
is due to Isaac Newton’s innova-
tive mind and sense of wonder.
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Soaal Studies: A Successful Park

Purpose

To determine factors that affect
the success of theme parks and
amusement parks.

Materials
For each group:
e Adas of the United States
For each student:
¢ Drawing compass
* 3 sheets of clear acetate (op-
tional)

Procedure

With your class, list as many fac-
tors as you can that might influ-
ence the success of a new
amusement park. From the class
list, choose three factors you
think are most important.

The chart below identifies 15
of the top 25 amusement parks
in the United States as measured
by their 1994 attendance. Some
theme parks are themselves des-
tinations. For example, people
fly to Orlando, Florida, just to go
to Disney World. These kinds of
parks have been omitted.

Work as a group to locate
the parks on a map of the
United States.

Each group member should
draw the table shown below on a
sheet of paper. Include all
columns.

Once you have constructed

Top Amusement Parks By Attendance

Rank Park Location 1994
Attendance*
8 Knott's Berry Farm Buena Park, CA 38
11 Cedar Point Sandusky, OH 36
12 Six Flags Magic Mountain Valencia, CA 35
13 Paramount's Kings Island Kings Island, OH 33
14 Six Flags Great Adventure Jackson, NJ 3.2
16 Six Flags Over Texas Arlington, TX 3.0
17 Six Flags Great America Gurnee, IL 29
19 Six Flags Over Georgia Atlanta, GA 2.6
20 (tie) Paramount's Great America Santa Clara, CA 25
20 (tie) Knott's Camp Snoopy Bloomington, MN 25
22 (tie) Six Flags Astroworld Houston, TX 24
22 (tie) Paramount’s King’s Dominion  Doswell, VA 24
24 Busch Gardens The Old Country Williamsburg, VA 23
25 (tie) Opryland Nashville, TN 2.0
25 (tie) Fiesta Texas San Antonio, TX 20
Source: Amusement Business magazine
* in millions
your table, divide the work of Conclusion

completing it. Try to give each
group member the same num-
ber of parks to measure. For
each park, list all major cities
within the distances listed. Use a
compass to check the distances
on a map of the United States.
Be careful not to draw on the
map. Once all members have
gathered the data for their
parks, share answers and com-
plete the table.

Where are successful amuse-
ment parks located? Write your
answer on a sheet of lined note-
book paper. Use details from
your table to support your an-
swer.

As a group, select another
town or city where a new amuse-
ment park might be successful.
Give three or more sensible rea-
sons for placing your new
amusement park there.

Park

Cities Within 50 Miles

Cities Within 100 Miles

Cities Within 200 Miles

\/\/\/

e
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Math: Warm-Up Activities

Purpose

To practice math skills using
word problems about an amuse-
ment park.

Procedure
Find answers for the following
problems as directed by your
teacher:

1. An amusement park will

reduce its admission price 20

percent for students who get
As in both science and
mathematics. What will the
discount price be for a
$27.00 ticket?

2. The Mondo Mountain ride
takes 6 minutes. The Mellow
River cruise takes 16
minutes. If both rides start at
10:00 a.m., when is the next
time they will both start at
the same time?

3. The acceleration (a) of a
mass (m) by a force (F) can
be expressed by the formula
a =F/m. Find the
acceleration when the force
is 25 newtons and the mass is
2.5 kilograms. (The answer
will be in meters per second
per second.) What happens
to the acceleration if you
double both the force and
the mass?

4. We can find the distance a

ball travels by using the
formula § = vt, where S
represents distance, v is
velocity, and ¢ represents
time. Find the distance
traveled when a ball rolls for
10 seconds at a velocity of 2
feet per second. What
happens to the distance
when the time is doubled?

5. The Reverse Rotor ride has a
radius (7) of 12 feet. How
many people can ride if each
person standing around the
circumference (C) of the
ride must be given 3 feet of
space? (C = 2nr)

6. The park must maintain a
99.5 percent or better
accidentfree ride record in
order to renew its license
each year. Last year the park
reported 828 accidents over
a period of 180,000 rides.
What percentage of the rides
are accident free? Will the
park have its license
renewed?

7. The waiting area for
Tetrahedral Spin is too
small. If the length of the
waiting area is increased by
25 percent and the width is
increased by 20 percent, the
area will increase by what
percentage?
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Math Turn Off the Rldes

Purpose

To use the techniques of simpli-
fying and making a table to solve
a problem.

Background

The City Power Company (CPC)
has asked businesses to conserve
energy on extremely hot days. As
manager of an amusement park,
you want to follow CPC’s recom-
mendations. If you and other
managers don’t help conserve,
CPC may cut off power to all
businesses.

Your assistant has a plan to
randomly select which of the
park’s 100 rides you will close.
Her plan is to leave all 100 rides
turned off for the first minute.
Then, turn on every second
ride. After another minute,
every third switch is changed—if

it is off, it is switched on, and if it
is on, it is switched off. When an-
other minute passes, every
fourth switch is changed and so
on until 100 minutes have
elapsed. After 100 minutes, each
ride that is off would remain off
for the rest of the day. On the
second day, you can try a differ-
ent plan.

What a crazy idea! However,
since you do not have a better
one, you decide to give it a try.

Procedure

There must be a faster way to
come up with the same answer.
Make the problem simpler by
looking for any patterns that ap-
pear after ten minutes. Make a
table showing the position of the
first ten switches each minute
for the first ten minutes. Identify

which rides are closed after ten
minutes. Find what these num-
bers have in common. Use the
pattern you find to identify the
rides that will remain closed for
the day.

Conclusion

Which rides were closed after
100 minutes? What percentage
of the rides were closed? If the
park opens at 10:00 a.m., and it
takes 5 minutes to place signs on
the closed rides, find the latest
time you could start and be ready
at opening time. How many
rides would be closed if the park
had 200 rides? What percentage
of the 200 rides would be
closed? Give at least two reasons
why your assistant’s method
would be less likely to be used if
the park had 1000 rides.
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English: Thrilling Memories

Purpose
To write a description of your
last trip to an amusement park.

Procedure

Remember the last time you vis-
ited a carnival, an amusement
park, a fair, or similar place.
Recall the sights and sounds you
experienced there. Think of the
things you smelled and some of
the special things you tasted.

You are going to write a de-
scription of that carnival or
amusement park for your school
newspaper. The editor wants you
to create a vivid word picture for
the readers.

Before you begin writing, list
the things you remember about
the trip. As you complete this
prewriting activity, think about

how each of your five senses ex-
perienced the day.

Imagine you are there right
now. What do you see as you
look around? If you close your
eyes, what sounds and smells
stand out in your memory? What
do you feel underfoot or against
your skin? Finally, what special
foods do you remember? How
did they taste? If you went on a
thrill ride, what thrills did you
get? How did the ride make you
feel?

When your list is complete,
think of how you can link the
words in the list together. Create
a web or other graphic orga-
nizer. As you move from the
word list to the web, focus on a
small part of the whole story. Do
not try to describe every part of

your day. Instead, select one ride
or experience that captures the
feeling of the place.

Now write your first draft.
Try to include as many specific,
vivid details as possible. Select
verbs that best describe what is
happening. Organize details in
such a way that your reader can
easily envision what you are de-
scribing.

Conclusion

You might want to give your de-
scription to a friend to review.
Ask for constructive criticism
and revise your work before you
write the second draft. Continue
to do this until you are satisfied
you have the best possible de-
scription.
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Writing to Persuade

Purpose

To demonstrate knowledge of
Newton’s Laws of Motion in a
persuasive-style letter to the pres-
ident of Goround Amusements,
Inc.

Background

Your company has just designed
a ride for the new amusement
park, Sir Isaac’s Inertialand.
Although you are only required
to demonstrate a model of your
design, a letter to the president
of the company will help to
strengthen your case.

Materials

e Discovery File “Newton’s
Laws, A Moving Experience”
(page 23)

¢ Discovery File “Three Laws
for the Price of One” (page
40)

¢ Discovery File “The Force is
With You” (page 30)

e Copy of Peer-Response
Form (page 53)

¢ Proofreading Guidesheet
(page 54)

¢ Student Voices

Prompt

As the proud designer of a new
thrill ride, you now have the job
of persuading the president of
Goround Amusements to choose
your ride for the new park being
built on the outskirts of town.
You have decided to write a
strong letter emphasizing the
features of your ride and stress-
ing the ways it demonstrates
Newton'’s Laws of Motion. You
want your letter to persuade the
president that your ride will
demonstrate each of Newton’s
Laws, and will be fun and safe to
ride.

Begin with an introduction
that gets Ms. Goround’s atten-
tion. Describe your ride and its
target audience. Tell about the
points in your ride where each
of Newton’s Laws is demon-
strated. Also describe the safety
features of your ride. Use facts
and data from science activities
and discovery files to support
your statements.

Finally, write a brief conclu-
sion that sums up your points
and tells whom to call if Ms.
Goround has questions.

An exceptional letter:
e gets the reader’s attention.
* clearly states an opinion.
e gives facts to support the
opinion.
¢ has a strong conclusion.
¢ has no errors in grammar,
punctuation, or spelling.
Use the Proofreading Guide-
sheeet on page 54 to edit your
letter. Have your peers evaluate
and react to your letter using a
copy of the Peer-Response Form
on page 53.

Questions

1. How do you get your reader’s
attention?

2. How and where is your
opinion stated?

3. What information about
Newton’s Laws do you
include? What other
information might you
include?

4. What data and facts do you
use to support your opinion?

5. What other data might you
use?

6. How could you improve your
conclusion to make it
stronger?
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Peer-Response Form

Directions
1. Ask your partners to listen carefully as you read your rough draft aloud.

2. Ask your partners to help you improve your writing by telling you their answers to the questions
below.

3. Jot down notes about what your partners say:

a. What did you like best about my rough draft?

b. What did you have the hardest time understanding in my rough draft?

c. What can you suggest that I do to improve my rough draft?

4. Exchange rough drafis with a partner. In pencil, place a check mark near any spelling,
punctuation, or grammatical construction about which you are uncertain.

5. Return the papers and check your own. Ask your partner about any comments you do not
understand or agree with on your paper. Jot down notes you want to remember when writing
your revision.

Performance Assessment
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Proofreading Guidesheet

. Have you identified the assigned purpose of the writing assignment? Have you accomplished

this purpose?

. Have you written on the assigned topic?

. Have you identified the assigned form your writing should take? Have you written accordingly?
. Have you addressed the assigned audience in your writing?

. Have you used sentences of different lengths and types to make your writing effective?

. Have you chosen language carefully so the reader understands what you mean?

. Have you done the following to make your writing clear for someone else to read?

¢ used appropriate capitalization

¢ kept pronouns clear

¢ kept verb tense consistent

* used correct spelling

* used correct punctuation

¢ used complete sentences

¢ made all subjects and verbs agree

® organized your ideas into logical paragraphs

54
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RESOURCES

Video

America’s Greatest Roller Coaster
Thrills, Telemedia Productions,
1994, Goldhil Video, Thousand
Oaks, CA

Organizations

American Coaster Enthusiasts
(ACE), P.O. Box 8226, Chicago,
1L 60680

International Association of
Amusement Parks and
Attractions (IAAPA), 1448 Duke
Street, Alexandria, VA 22314.

Books

Adams, Judith A. The American
Amusement Park Industry—A
History of Technology and Thrills.
Boston, MA: Twayne Publishers,
1991.

Cartmell, Robert. The Incredible
Scream Machine—A History of the
Roller Coaster. Bowling Green,
OH: Bowling Green State
University Popular Press, 1987.

Epstein, Lewis Carroll. Thinking
Physics Is Gedanken Physics—
Practical Lessons In Critical
Thinking (Second Edition). San
Francisco, CA: Insight Press,
1995.

Freeman, Ira. (Revised William
J. Durden.) Physics Made Simple
(Revised Edition). New York:
Bantam Doubleday Dell
Publishing Group, Inc., 1990.

Kasson, John F. Amusing the
Million—Coney Island at the Turn
of the Century. New York: Hill and
Wang, a Division of Farrar,
Straus and Giroux, 1978.

Kuhn, Karl F. Basic Physics—A
Self-Teaching Guide. New York:
John Wiley & Sons, Inc., 1979.

Mungenast, Marcia. Kings
Dominion Science Day
Middle/Secondary Teacher Resource.
Doswell, VA: Paramount’s Kings
Dominion, Published by
Prentice-Hall, Inc., 1993.

{.I .

O’Brien, Tim. The Amusement
Park Guide. Chester, CT: The
Globe Pequot Press, 1991.

Paramount’s Great America Physics
Day—Science Day 1995. Santa
Clara, CA: Paramount’s Great
America, 1995.

Throgmorton, Todd. Roller
Coasters of America. Osceola, WI:
Motorbooks International
Publishers & Wholesalers, 1994.

Wiese, Jim. Roller Coaster
Science—50 Wet, Wacky, Wild,
Dizzy Experiments About Things
Kids Like Best. New York: John
Wiley & Sons, Inc., 1994.

Kits

Amusement Park Physics
Accelerometer Kits

PASCO Scientific

10101 Foothills Blvd.

Roseville, CA 95678

Phone: 1-800-772-8700

(Call for kit prices and ordering
information)
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4 SCIENCE SAFETY RULES

General

Follow all instructions. Never
perform activities without the
approval and supervision of your
teacher. Do not engage in horseplay.
Never eat or drink in the laboratory.
Keep work areas clean and
uncluttered.

Dress Code

Wear safety goggles whenever you
work with chemicals, glassware, heat
sources such as burners, or any
substance that might get into your
eyes. If you wear contact lenses,
notify your teacher.

Wear a lab apron or coat
whenever you work with corrosive
chemicals or substances that can
stain. Wear disposable plastic gloves
when working with organisms and
harmful chemicals. Tie back long
hair. Remove or tie back any article
of clothing or jewelry that can hang
down and touch chemicals, flames,
or equipment. Roll up long sleeves.
Never wear open shoes or sandals.

First Aid

Report all accidents, injuries, or fires
to your teacher, no matter how
minor. Be aware of the location of the
first-aid kit, emergency equipment
such as the fire extinguisher and fire
blanket, and the nearest telephone.
Know wham to contact in an
emergency.

Heating and Fire Safety
Keep all combustible materials away
from flames. When heating a
substance in a test tube, make sure
that the mouth of the tube is not
pointed at you or anyone else. Never
heat a liquid in a closed container.
Use an oven mitt to pick up a
container that has been heated.

Using Chemicals Safely
Never put your face near the mouth
of a container that holds chemicals.
Never touch, taste, or smell a
chemical unless your teacher tells
you to.

Use only those chemicals needed
in the activity. Keep all containers
closed when chemicals are not being
used. Pour all chemicals over the sink
or a container, not over your work
surface. Dispose of excess chemicals
as instructed by your teacher.

Be extra careful when working
with acids or bases. When mixing an
acid and water, always pour the
water into the container first and
then add the acid to the water.
Never pour water into an acid. Wash
chemical spills and splashes
immediately with plenty of water.

Using Glassware Safely
If glassware is broken or chipped,
notify your teacher immediately.
Never handle broken or chipped
glass with your bare hands.

Never force glass tubing or
thermometers into a rubber stopper
or rubber tubing. Have your teacher
insert the glass tubing or
thermometer if required for an
activity.

Using Sharp Instruments
Handle sharp instruments with
extreme care. Never cut material
toward you; cut away from you.

Animal and Plant Safety
Never perform experiments that
cause pain, discomfort, or harm to
animals. Only handle animals if
absolutely necessary. If you know
that you are allergic to certain plants,
molds, or animals, tell your teacher
before doing an activity in which
these are used. Wash your hands
thoroughly after any activity
involving animals, plants, plant parts,
or soil.

During field work, wear long
pants, long sleeves, socks, and closed
shoes. Avoid poisonous plants and
fungi as well as plants with thorns.

End-of-Experiment Rules
Unplug all electrical equipment.
Clean up your work area. Dispose of
waste materials as instructed by your
teacher. Wash your hands after
every experiment.
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