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■ KidsPost Reprint: “How Do Roller Coasters Work? 
 Come Along for the Ride.”
■ Student Activity: Water in the Cup Lab
■ Student Activity: The Revolution of the Ferris Wheel
■ Student Activity: All Aboard the Ferris Wheel
■ Student Activity: Picture the Wheel

Physics of Fun
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INTRODUCTION

Some articles are evergreen. Not news sensitive, they may be published as space 
allows in print editions or when they may be grouped with other stories online. 
The KidsPost and Post articles in this resource guide are examples.

The evergreen article is a foundation for comparison and contrast with then and 
now.  They may be updated 
with innovations in roller 
coaster design or construction 
of higher observation wheels.

The articles, animation and 
science labs in this guide 
address the learning styles: 
visual (animation, labs), 
auditory (reading articles aloud, 
discussion), kinesthetic (Water 
in the Cup Lab) and reading/
writing (“How Do Roller 
Coasters Work? Come Along 
for the Ride.”). Mathematics, 
visual arts, engineering, reading 
and composition disciplines 

work together with students’ experiences at fairs and amusement parks.

Newton’s Laws can be seen all over amusement parks in experiences as varied 
as bumper cars, tests of attendees’ strength with hammer and bell, and Gravitron 
rides. In this resource guide, we focus on roller coasters, Ferris wheels and 
observation wheels.

Whether on a Ferris wheel, observation wheel or roller coaster, students experience 
wonder, thrills and frights as well as the forces of gravity and centripetal 
acceleration, influence of speed and personal expectations. It’s what Joni Mitchell 
called “Moons and Junes and Ferris wheels, the dizzy dancing way you feel.” If 
only Newton could take a ride today.

If Only Newton Could Take 
a Ride Today

On the cover: RICKY CARIOTI/THE WASHINGTON POST
On the cover: A drone’s view of the Jolly Roger amusement park in Ocean City on April 8. Devoid of people because of stay-at-home orders amid the 
pandemic, public spaces appear almost like empty movie sets.

KATHERINE FREY/THE WASHINGTON POST 
Apocalypse, a roller coaster at Six Flags in Largo, Md., on a test run.
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KidsPost

How Do Roller Coasters Work? 
Come Along for the Ride.

Is there anything that compares with 
the mounting terror you feel as a roller 
coaster lurches up that first big hill? 
“What was I thinking? Is it too late to 
get off?”

Of course, you don’t really want to get 
off. Being scared is a big part of the fun 
of riding a coaster. Still, how do they stay 

on the track? Why do you come out of 
your seat? And, of course, what’s the best 
place to sit in a coaster for the maximum 
thrill? KidsPost’s Michael Cotterman 
talked with roller coaster designer Jim 
Seay (pronounced “Shay” — he designed 
the Joker’s Jinx at Six Flags America) to 
figure out how coasters work and why 

we love them so much.
Coasters look like trains but they don’t 
have engines. What makes them go?

Traditional coasters have energy from 
what’s called potential energy. You 
get potential energy when you raise 
anything from one height to a higher 
height. So when the coaster train goes 

MARVIN JOSEPH/THE WASHINGTON POST 

Apocalypse was very much a work in progress when KidsPost took a tour in April 2012. The ride welcomed its first thrill-seekers in May.
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from the station to the top of the lift, it 
has potential energy.

If you have a ball that’s sitting on 
the ground, it has no energy. But when 
you’re lifting it up in the air you’re 
giving it potential energy. When you 
drop it, the potential energy changes to 
kinetic energy.
Why do you come out of your seat 
coming down a steep hill?

When you go down a steep hill 
you’re starting to reach a case of almost 
weightlessness. As you get closer and 
closer to being weightless, your body’s 
pressure against the seat becomes less 
and less [and you come out of your seat 
a little bit].

The other time you feel as if you’re 
coming out of your seat is when you’re 

going over the bunny hops, because the 
vehicle is being forced to change its 
direction. When you go over the crest of 
the hill, the roller coaster is being pulled 
downward, but your body is a split-
second behind, so you feel weightless.
Is it better to ride in the front or back 
or middle?

Personally, I like riding in the back, 
because you can see the train in front of 
you doing incredible twisting motions 
as you are traveling down the track. 
You have that anticipation as you see 
the train making a sweeping turn to the 
right, and you know in a split-second 
you will be experiencing that.
How can a roller coaster go upside 
down in those big loops? Why doesn’t 
it fall?

Understanding g-forces (gravity 
forces) are the key to designing rides. 
G-forces are what we feel every day. 
When you accelerate in a car, you feel 
your body pushing you in the seat. 
There is more gravity acting on you 
because you’re going faster. On coasters 
the g-forces you feel are the ones that 
are pushing you down in your seat. 
Those g-forces are affected by how tight 
the curves in the track are and how fast 
you are traveling on the track. Designers 
use the speed and the curves of the 
track. Even if you’re upside down they 
can make sure that your body is still 
pushing into the vehicle. ■

Michael Cotterman
August 28, 2003

MARVIN JOSEPH/THE WASHINGTON POST 

There’s 2,900 feet of track that climbs and dips, twists and turns on Apocalypse, Six Flags’ roller coaster at its Prince George’s County theme park. 
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Centripetal Force 
Is there a way to have a cup of water over your head without it spilling all 
over you? Keeping the water in the cup could seem like an act of defying 
gravity — but there is a way! Newton’s first law states that an object in 
motion will stay in a straight line motion until acted upon by an outside 
force. If you can redirect the water away from you, the water will not spill 
onto your head.

The weight force, Fw, of the water is always pointed down, towards the 
center of the Earth. Luckily the bottom of the cup is holding water up with 
an equal and opposite force, FN, consistent with Newton’s third law.  When 
you turn the cup upside down, there is no longer a support force, FN, the 

forces are unbalanced, and the water accelerates towards your head (Newton’s second law) and gets you all wet. 

Attaching supportive strings to the edge of a cup and swinging the cup around over your head, you turn the water’s 
inertia to your advantage. At each point of the circle, the water wants to shoot out tangentially, but the cup being 
pulled by the string’s tension force applies an outside centripetal force, Fc, to change its direction. The constant 
change in direction keeps the water herded in the cup overcoming the water’s inertia to escape and keep you from 
getting your head wet.  

In this lab, you will construct a cup to verify water will stay in the cup even when the cup of water is upside down.

Materials
• Plastic cup, sturdy
• Nail
• Three 3-foot pieces of string

Directions
1. Use a nail to poke three holes equally spaced around the top of a sturdy plastic cup.
2. Tie one of the 3-foot strings to each of the holes around the cup.
3. About one foot above the cup, tie all three pieces of string together.
4. Fill the cup with water. Start with less to practice.
5. Hold the string so the cup hangs about knee height.  Make sure you have a tight grip 

on the strings. Start to swing the cup back and forth. Then make a complete circle with 
the full cup. Keep up the speed.

6. When you’re ready to stop, extend your arm on the down swing to give the cup a 
chance to slow down to stop before spilling

Water in the Cup Lab

+
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Optional Calculations 
During this lab you can feel the force involved to make the cup swing in a circle. There are 
qualitative questions below to answer based on your interactions. The actual amount of force can 
be calculated. A list of required measurements are listed followed with step-by-step calculations. 

  = _________  

  = _________  

Data 
Gravity
Mass of cup and water
Length of string from hand to the middle of the 
cup  Time for one revolution  = _________  

(Hint: Record the time it takes to make five revolutions. Divide by 5 for an average time of one revolution.) 

Calculations  
Weight of cup and water:  _________  

Circumference of the cup’s path:   _________  

Linear velocity around the circle:  _________

Centripetal acceleration: _________

Centripetal force: _________  

The force body diagram of the cup shows two forces acting on the cup. 

Rearrange the above equation to solve for the apparent weight (normal force): 
 

Apparent weight: _________  

m g
r m
𝖳𝖳 s

FW = m ⋅ g FN = N

C = 2πr C = m

v =
d
t

=
C
𝖳𝖳

v =
m
s

ac =
v2

r
ac =

m
s2

ΣFc = m ⋅ ac ΣFc = N

ΣFc = FN + FW

FN = ΣFc − FW

FN = N

m = 9.8 m
S2
__

Optional Calculations



Name  Date

Questions
1. Why doesn’t the water pour out when it is upside down?

2. How does the tension in the string feel at the top compared to the bottom?

3. What happens to the cup of water if the speed slows too much ?

4. At the slowest speed, where the water does not pour out, 
    what is the only force acting centripetally?

5. While swinging the cup around, the string breaks as  
    shown in the illustration.  What path does the cup take?

6. What happens to the speed as the radius increases? 

7. Redo the calculations for the bottom of the circle. You will need to draw a new force body diagram. 
 What is the apparent weight, FN, in this position? How does it compare to the actual weight of the cup? 

8. Calculate the slowest speed you can whirl the cup. Do this by setting  FN = 0. 

9. What concerns do you need to worry about when the cup is at the bottom of the circle? At the top of the circle?

10. Design an experiment to determine the amount of force the plastic cup can withstand before breaking.
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The Revolution of the Ferris Wheel
The Original Wheel

Around the world, cities are 
erecting giant Ferris wheels as a 
destination attraction. They have 
names like Giant Wheel, SkyWheel, 
and Eye in the Sky. There have been 
more than one hundred notable 
Ferris wheels built around the world 
since 1893. They are marvels in the 
sky ready to take their passengers on 
a spectacular ride. But what kind of 
ride are passengers expecting? 

The original Ferris Wheel was 
constructed in Chicago for the 1893 
World’s Columbian Exposition. It 
debuted as a grand endeavor and a 
first of its kind creation, just like the 
Eiffel Tower was presented at the 
1889 Paris Exposition. Constructed 
of 4,800 tons of steel, the Ferris 
Wheel stood a miraculous 264 feet 
(80.4 meters) tall. Although only a 
fourth the height of the Eiffel Tower, 
in 20 minutes and three revolutions, 
the riders could see a view never 
experienced before for a mere 50¢.   

The height of Ferris wheels 
are quite spectacular. Carts and 
capsules evolved over the years 
to be fully enclosed, environment 
controlled, television equipped, and 
WIFI capable. The journey around 
the circle is about the experience 
of leaving the ground and the 
viewpoints, not a thrill ride. Most of 
the large observation Ferris wheels 
move at a speed of 1.5 mph or 
slower. At this speed the carts can be 
loaded and exited without the wheel 
ever stopping, riders enjoying a 
continuous, constant speed. If Ferris 

wheels are so slow moving, where 
do the thrill-seeking adventurists 
experience their rides?

One rider who visited the 1893 
Chicago Expo was W. E. Sullivan. 
He was inspired by the Ferris Wheel 

but envisioned a smaller, faster 
ride. Sullivan owned the Eli Bridge 
Company so he drew up plans for 
a 45-foot (13.7 meters) version with 
sixteen three-person bucket seats. 
The compact size allowed for a 
faster speed so people could feel a 
thrill coming around the top but still 
feel in control. In 1900, the bridge 
building company produced the Big 
Eli wheel. It was opened for business 
in Jacksonville, Illinois’ Central 
Park. The Big Eli wheels are now 
the iconic Ferris wheel in carnivals 
all around the world.

These two productions have led to 
two paths for the rides. The original 
Ferris Wheel has seen progress 
in height and design whereas the 

smaller production has seen a change 
in efficiency and mobility.

The oldest Ferris wheel still in 
operation is in Austria, built in 
1897.  Its 212 feet (64.8 meters) of 
height is now dwarfed with modern 

observation Ferris wheels. The 
height record has changed twelve 
times with the current holder, High 
Roller, located in Las Vegas at a 
height of 550 feet (167.6 meters), 
more than twice the height of the 
original Ferris wheel.  There are 
current plans for Ain Dubia, a 689-
foot (210 meters) observation wheel 
in Dubai, opening in 2020.

The smaller carnival Ferris 
wheels do not focus on height, but 
rather consistent performance. 
They switched from steam power to 
electric and outfitted the rides with 
lights and music. Modern materials 
are stronger so they can be designed 
to fold up and be transported from 
town to town. Even with those 
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changes, the basic design is still the 
same as the original concept.  

The biggest difference in the 
operation of these two types of Ferris 
wheels is their speed. Let’s calculate 
how fast each of these designs move. 
Speed, v,  is equal to distance divided 
by time. The distance, d, in this case is 
the circumference, C, of the wheel. The 
time, t, for a repeated motion is called 
the time period, 𝘛, the amount of time 
for one repetition.

The High Roller, the Las Vegas 
observation wheel, revolves once 

every 30 minutes for a speed of 0.6 
mph, the speed of a slow crawl. The 
Big Eli revolves six times per minute 
for a speed of 10 mph, the speed of 
a six-minute-mile run. That is a huge 
difference in speed as far as thrill 
seeking goes. The slow speed takes 
away any effect of moving in a circle 
leaving the riders able to focus on the 
scenery. The faster Big Eli requires a 
stop to load and unload and secure the 
riders to ensure a safe ride. The extra 
speed and going in a circle affects 
how you feel, giving an eye-opening 
feeling cresting the top and a sinking 
feeling whooshing away backwards at 
the bottom. ■

Sources
Eli Bridge Company 
http://www.elibridge.com/history.htm

Ferris Wheel Comes Full Circle 
https://www.nytimes.com/2001/05/20/
nyregion/ferris-wheel-comes-full-
circle.html

History of Early Ferris Wheels 
https://showmensmuseum.org/
vintage-carnival-rides/history-early-
Ferris-wheel/

“Who Made That Ferris Wheel?” 
https://www.nytimes.com/2013/04/07/
magazine/who-made-that-ferris-
wheel.html?searchResultPosition=1

http://www.elibridge.com/history.htm
https://www.nytimes.com/2001/05/20/nyregion/ferris-wheel-comes-full-circle.html
https://www.nytimes.com/2001/05/20/nyregion/ferris-wheel-comes-full-circle.html
https://www.nytimes.com/2001/05/20/nyregion/ferris-wheel-comes-full-circle.html
https://showmensmuseum.org/vintage-carnival-rides/history-early-ferris-wheel/
https://showmensmuseum.org/vintage-carnival-rides/history-early-ferris-wheel/
https://showmensmuseum.org/vintage-carnival-rides/history-early-ferris-wheel/
https://www.nytimes.com/2013/04/07/magazine/who-made-that-ferris-wheel.html?searchResultPosition=1
https://www.nytimes.com/2013/04/07/magazine/who-made-that-ferris-wheel.html?searchResultPosition=1
https://www.nytimes.com/2013/04/07/magazine/who-made-that-ferris-wheel.html?searchResultPosition=1
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All Aboard the Ferris Wheel 

Stepping up to the Ferris wheel and seeing it up close is where the ride begins. A sense of ner-
vousness and excitement fills your body. As you board, the wheel is stopped and you feel your 
same weight sitting as you did standing in line. That is about to change. Moving in a circle intro-
duces centripetal acceleration. This acceleration is produced with any circular motion. It pro-
duces a force that is always acting towards the center of the circle which will change how heavy 
you feel as you go around. The biggest changes due to the centripetal force is at the top and the 
bottom of the ride. Let’s see how this is found. 

No matter the position around the wheel, your weight force, Fw, is always pointing down.  New-
ton’s third law says there must be an equal and opposite 
force. The force opposite is the force with which the cart is 
supporting the rider, FN, also known as the normal force. So, 
when the Ferris wheel is stationary and you are loading, they 
are equal and you feel your normal weight, Fw = mg, sitting 
in anticipation for the ride to start. 

As the ride starts, you speed up in a circle. Even at constant 
speed, the change in direction creates an acceleration. Newton’s second law is used to describe 
all of the forces acting on you. The centripetal acceleration creates a centripetal force. A unique 
feature of centripetal force is that it is just a renaming of a force that is causing something to go 
in a circle. For example, twirling a string above your head, the tension force is acting as the cen-
tripetal force. With the Ferris wheel, it is the sum of the weight force and normal force that be-
comes the centripetal force. In a circle, centripetal values are used instead of linear values. 

 

Motion towards the center is taken as positive. At the top of the Ferris wheel the forces point in 
opposite directions. 

 

Solving for FN, the support force, the equation predicts you will feel less gravity than if you were 
not moving; you feel lighter. 

 

 
 

ΣFc = m ⋅ ac

Fw − FN = m ⋅ ac

FN = Fw − m ⋅ ac

FN = m ⋅ g − m ⋅ ac
FN = m ⋅ (g − ac)

FW

FN

All Aboard the Ferris Wheel
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At the bottom, the centripetal acceleration is still towards the center so now down is negative. 

Now the centripetal acceleration adds to the gravity you 
feel. At the bottom you will feel heavier and pressed 
into your chair. Your apparent weight changes as you 
experience an acceleration. The extremes in the change 
of apparent weight in a vertical circle is at the bottom 
(max) and the top (min). Halfway between the 
centripetal acceleration is perpendicular to the forces. 
Since forces are up and down (y axis) and the ac is 
pointing left (x axis) we set ac to zero. 

As you travel around the Ferris wheel your weight will go 
between normal-heavy-normal-light. This constant change 
of apparent weight is what gives the nostalgic thrill ride its 
excitement. Not to mention that great feeling of being 
stopped at the very top while the ride is loaded and not knowing when it will start up again. 

So how do the enormous observation wheels com-
pare to the smaller carnival wheels? The speed of 
the observation wheel is so slow that a person’s 
apparent weight is unchanged. Although there is a 
centripetal acceleration since the motion is circu-
lar, it is approximately 1/32 in/s2. This 
acceleration is unnoticeable to the riders reveling 
over extreme height above the ground. However, 
the speed of the carnival wheel is fast enough that 
there is a noticeable change in apparent weight 

from the top to the bottom. The thrill seekers will feel some butterflies in their stomachs at 
the top and a heavy feeling as they pass through the bottom. 

FN − FW = m ⋅ ac
FN = Fw + m ⋅ ac

FN = m ⋅ g + m ⋅ ac
FN = m ⋅ (g + ac)

FN − FW = m ⋅ 0
FN = Fw

FN

FN

FN

FW

FW+ac

FW
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Apparent Weight Calculation 
Apparent weight is the weight you feel in a situation rather than your actual weight. From a sky-
diver in free fall feeling weightless to a jet fighter in a turn pulling 5-g’s (feeling five times your 
normal weight), apparent weight can change even though your mass stays the same. The weight 
change is due to the accelerations a person feels other than only gravity. Using the above equa-
tions is a little tricky with the English standard units and substituting linear motion for the circu-
lar motion. Let’s take a look. 

When someone says he or she weighs 150 pounds, it is describing the weight force, not mass.  
There is such a unit as pound mass, but we are not using that in this situation. We need to convert 
the pound force into a mass in order to use it in calculations. We still use Newton’s second law 
with gravity equal to 32.2 ft/s2. 

 

 

 

Slugs is the unit of mass in the system of measurements we are using. The English standard units 
are not as elegant as the metric system but they are usable. Now we will substitute in for cen-
tripetal acceleration in linear terms. Linear speed at any point on a circle is dependent on the dis-
tance away from the center. We are still using the circumference for the linear distance and the 
time for one revolution. 

 and  

 

Combining this in Newton’s second law with the other values of mass and gravity.  
 

 

This is the equation used to find the apparent weight at the bottom of the ride. Plugging in the 
values for the High Roller in Vegas, the apparent weight does not change enough to move from 
the 150 lbs. 

Fw = m ⋅ g

m = Fw /g = 150lb /32.2
f t
s2

m = 4.7slugs

ac =
v2

r
v =

C
𝖳𝖳

=
2πr
𝖳𝖳

ac =
4π2r
𝖳𝖳2

FN = m ⋅ (g + ac)

FN = 4.7slugs ⋅ (32.2
f t
s2

+
39.5 ⋅ r

𝖳𝖳2
)
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How Fast is Too Fast? 
How fast can a carnival Ferris wheel go before it is unsafe for riders? The Big Eli has an operating 
range of five to seven revolutions per minute. This is between 8 mph to 11 mph. How fast is too 
fast? As the wheel speeds up the effect is that you feel heavier and heavier at the bottom of the 
wheel but the chair is there to support you to keep you in a circle.   

At the top of the wheel you will feel lighter and lighter until the ride is unsafe. At the top only your 
weight force is acting as your centripetal force to keep you in a circle with the wheel. In order to 
calculate the unsafe speed we set the support force (FN) to zero. This means that the weight force is 
still pointing down, but it is just enough force to keep you moving in a circle but not enough to 
register a weight. For example, if you were sitting on a bathroom scale it would regis-ter zero. You 
would feel weightless even though you still have mass and gravity acting on you. 

Fw − FN = m ⋅ ac
Fw − 0 = m ⋅ ac
m ⋅ g = m ⋅ ac

g = ac =
4π2r
𝖳𝖳2

𝖳𝖳 =
4π2r

g

The Big Eli’s 45-ft diameter gives an unsafe time period of 5.25 s. Using that time period in the 
speed equation, the wheel would need to be spinning with a speed of 27 mph before you will feel 
weightless on a Ferris wheel. Notice that the mass of the person cancels out of the calculation. 
[The variable for mass is seen on both sides of the equation. Because of this, the mass of a 
person is eliminated as a factor to consider.] This means that this speed limit is the same for 
everybody and everything that gets on the ride. Luckily the thrill seekers are perfectly safe with 
the speeds the carnivals use to entertain riders. 

Both are Exciting 
The same physics describes both types of Ferris wheels. The only decision is which experience 
you want. You can rise high, nearly two football fields stacked high, above a city and see it 
nearly in its entirety. Or you can jump on the fast paced wheel to whirl you around, teasing your 
stomach and daring your sense of safety. But rest assured, either wheel you decide to try you will 
have phun. 

2



Name  Date

Turn of the Ferris Wheel
Russian winter ice slides in the 15th century and French summer slides on wheels in the early 1800s. 
Egyptian circular wheels and Pennsylvania switchback coal cars. All indicated a fascination with height 
and speed playing with gravity that lead to Ferris wheels, observation wheels and roller coasters. Observe 
the photographs of the first Ferris Wheel and the innovations that followed with lights and music and new 
technology.

1904 | Precursor to  
Today’s Ferris Wheel
The ancestor of the  
Ferris Wheel

1893 | Ferris Wheel,  
World’s Columbian Exposition, Chicago

1903 | Loop the Loop, Coney Island, New York

LIBRARY OF CONGRESS

DETROIT PUBLISHING CO./LOC.GOV

WEBER/LOC.GOV



2018 | Wonder Wheel,  
Coney Island, New York

1943 | Line for Roller Coaster, Glen Echo 
Amusement Park, Maryland

2012 | Ferris Wheel,  
California State Fair, Sacramento

1904 | Great Ferris Wheel,  
World’s Fair, St. Louis

LIBRARY OF CONGRESS
JOHN COLLIER JR./LOC.GOV

CAROL M. HIGHSMITH/LOC.GOVCAROL M. HIGHSMITH/LOC.GOV


