Education Days – Fysics Phun

https://www.lakecompounce.com/

FYSICS PHUN

Your visit to Lake Compounce is an opportunity not only to have fun, but also to learn
about science and the use of technology throughout the park. Use our education program and
our exciting rides to broadcast your appreciation of science.
In this program you will learn about how each ride operates and the laws of physics that
allow some of our most popular rides to function! Experience freefall, uniform circular motion,
and impulse: the perfect program to learn by doing! From the #1 wooden roller coaster in the
world Boulder Dash, to the first triple launch steel roller coaster in New England Phobia, to our
fun, family classic rides, like Bumper Cars, Giant Wheel, and Saw Mill Plunge, who would have
ever thought learning could be so much fun!

Note: The qualitative questions and quantitative analysis are designed to be completed by any
high school students with a working knowledge of Newtonian Mechanics. The rides are
generally grouped by type; roller coaster, pendulum, circular motion, etc. It is intended that
students work in small groups to complete the analysis of multiple rides of different types, I
typically give each group two rides. Additionally, you can add a written component that requires
the student to describe the physics behind the different thrill components of the ride. A sample
of this written requirement is included at the end of the workbook.
If you have any questions or comments,
kmichaelsen@southingtonschools.org.
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Saw Mill Plunge
A classic style log flume ride that takes you on a scenic tour through the woods of Lake
Compounce! Experience a winding course weaving around and through the forest, in a water
filled track. Nothing can prepare you for the finale where your log takes a plunge to the
bottom of the mountain!

To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
To determine the vertical height of the drop hill enter the Thunder & Lightning ride you
walk along side a fence that overlooks the lift hill and water pumps for the Saw Mill
Plunge. At the first point where the fence jogs away from you, count back to the fourth
vertical rail. Stand at this point and look to the top of the first drop hill. This point is 48
meters from a point directly under the top of the drop hill and is 1 meter below the
water level at the bottom of the hill.
Data Table:
Log Length (9 feet)
Log Mass (350lb)
Angle to Top of Drop Hill
Duration of Splash

m
kg

s

Results Table:
Total Mass w/Passengers
Vertical Height of Drop Hill

kg
m

Qualitative Question(s):
Is there any place on the ride where the riders appear to lunge forward? Explain where this
occurs and why.

There are several purposes for the water on this ride, identify and explain each.
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Computations:
1. What is the speed of the log before going up the hill? Calculate by establishing how
long the boat takes to pass a given point on the ride

2. Determine the average speed of log at the bottom of the drop hill, just before the
splash.

3. Determine the change in momentum (Impulse) caused by the splash at the bottom of
the hill. (We are assuming that the average initial velocity at the top of the drop hill is
the same as the average velocity at the bottom when you enter the lift hill.)

4. Draw a free-body diagram of the boat at the bottom of the hill during the splash. Make
sure your vectors are to scale.

5. Determine the average net force acting on the boat during the splash portion of the
ride.
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4

https://www.lakecompounce.com/

Zoomerang
Zoomerang is a boomerang style steel roller coaster that reaches speeds up to 45 miles per
hour, drops from a height of twelve stories, and a cobra roll inversion. Once you’ve reached
the end of the track, it’s time to experience it again, in REVERSE!

To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
As you walk along the asphalt road, you will look for a lamp and tree in front of the
Zoomer’s Gas N Go Station, Standing on the grate you are 61m from a point directly
under the center of the Loop. It is also 70m from a point under the starting end of the
track for Lift 1
Data Table:
F
Car Mass
680 kg
Total # Passengers x 60kg
Number of Cars
Angle to top of lift hill
A
Height of the lift hill
E
Angle to the top of loop
Height of the Loop
B
Total Distance (one-way)
286m
Time For Initial Lift
Results Table:
Height of the lift hill
Height of the Loop

D

C
m
m

Qualitative Questions:
______1. Where is your potential energy greatest?
______2. Where is your kinetic energy greatest?
______3. Where is your velocity least, while the ride is in motion?
______4. Where is your velocity greatest, while the ride is in motion?
______5. Where is your sense of weight the least?
______6. Where is your sense of weight greatest?
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Computations:
1. How much work is required to bring the riders to the top of the first hill (point A)?

2. How much power is required to bring the riders to the top of the first hill (point A)?

3. What is your maximum speed during this ride?

4. What is your speed at the top of the loop (point F)?

5. Draw your freebody diagram when you are at the top and bottom of the loop, assume
the loop is a circle. Make sure your vectors are to scale.
TOP
BOTTOM
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Bolderdash
This mountain coaster, new in 2000, is a marvel of engineering. It is the longest wooden
roller coaster on the east coast and the only one of its kind, built on a 750ft mountain that
forms the western boundary of Lake Compounce Park. The course is determined by the
mountain topography and designed to disturb as little of the natural setting as possible,
including the trees, bushes, ledges, and boulders.
The unusual design tries to keep the coaster a hill hugger and very fast. The speed
doesn’t change greatly during the ride as with most roller coasters. Heavily dependent on
gravity from the top of the first initial drop on, it maintains a high range speed throughout
the ride. For true coaster lovers (as well as everyone who dares to ride), a deluxe
assortment of other specialties complete the unparalleled ride. In amusement park lingo,
your experience might include sideways jogs, bunny hops, ejector or floater airtime,
laterals, and a feisty 180-degree turnaround.
In short, Boulder Dash may be one of the coolest psychologically thrilling rides in the
world. Because you are actually riding on a real intact mountain, many unexpected “blind”
surprises may have your hair standing on end.
To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
To determine the height of drop hill for Bolderdash, enter the ride. Standing on the
platform just before you enter the loading area you can see the top of the first drop hill.
The platform is located 90m from the point direction below the top of the first drop hill.
This location is 4.5m higher than the bottom of the first drop hill.
Data Table:
Your Mass

kg

Angle to top of the first hill



Time to travel up the first
hill

s

Stopping Time

s

Results Table:
Elevation of first hill

m

Qualitative Question(s):
At the turnaround point on this ride you hear a distinct clicking noise. This is a form of
dynamic braking. Why are they slowing you down at this point?
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Computations:
1) What is your potential energy at the top of the first hill?

2) How much power is required to get you up the first hill?

3) When you reach the bottom of the first hill what is your maximum speed?

4) Draw and label all of the forces acting on you while you are at the top and bottom of the
camel hump. Make sure your vectors are to scale.
TOP
BOTTOM

5) Determine the average net force to bring you to a complete stop at the end of the ride.
You can assume that you enter the breaking area at the maximum velocity.

© 2017 Keith Michaelsen. All rights reserved
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Wildcat
Born in 1927, Wildcat is a ferocious beast not to be reckoned with! 2,746 feet, a more than
seven story drop, and reaching 48 miles per hour, Wildcat jolts you all around the center of
the park! A fierce wooden roller coaster equipped with twists, turns, drops, and bunny hills,
Wildcat will only leave you wanting more.
To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
A nail is located in the asphalt 7’5’ in front of the raised garden (with Carousel Horse)
in the entrance Plaza when facing the flag on atop the Wildcat. It is 186’ from the point
directly below the highest point of the first hill on the Wildcat
Data Table:
Your Mass

kg

Angle to top of the first hill



Time to travel up the first hill

s

Est. Radius of First Turn
Results Table:
Elevation of first hill

m
m

Qualitative Question(s):
Why is the track banked in the curve?

Computations:
1) What is your potential energy at the top of the first hill?
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2) How much work is required to get you up the first hill?

3) When you reach the bottom of the first hill your elevation 5’2” above grade. What is your
speed?

4) Determine your velocity as you enter the first turn knowing the elevation of the turn is
57’9” above grade.

5) Draw and label all of the forces acting on you while you are in the middle of the first turn.
(note: You will need to estimate the radius of the turn, which is a banked turn)

6) Determine the magnitude of each force that acts on you while in the first turn.

© 2017 Keith Michaelsen. All rights reserved
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Phobia Phear
New England’s first triple launch steel roller coaster uses linear energy to launch Phobia
forwards, backwards and then forwards again. Phobia Phear Coaster reaches speeds that
would get you a speeding ticket on most highways and possesses a blood chilling cobra roll
inversion over fifteen stories high!

To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
Look for the bench mark ??? which is ????feet from the point directly below the top of
the ride. From this point measure the angel of elevation top of the ride. The propulsion
system on this ride ends when the cars are 7.0ft above the ground.
Data Table:
Number of Passengers
Each Car Mass (4500lb)
Angle to top
Results Table:
Total Mass
Elevation to top

kg

kg
m

Qualitative Question(s):
Why does the Phobia coaster take multiple passes before gaining enough speed to
reach to top of the first lift hill?
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Computations:
1. At the top of the ride, the cars are traveling at 15mph, what is the maximum velocity of the
ride to achieve this height at this velocity?

2. How much energy is needed to propel the riders to the top?

3. At a cost of $0.176 /kJ ($0.176/kWh) what is the electrical cost for one ride?

4. The Phobia uses a flywheel recovery system to capture 25% of the rides energy during
breaking. What is the cost saving for each ride?

5. The Phobia can run 30 rides/hour, during a typical 10-hour day. The park is open a total of
125 days/year. Based upon this information and knowing that the cost of the recovery
system is $600,000, how many years does it take to break even?

© 2017 Keith Michaelsen. All rights reserved
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Thunder Rapids
White water rafting family tube style! Flow through the rapids, around scenic Lake
Compounce! Let nature run its course and ride the white caps on the natural terrain. You will
get soaking wet on this ride!

Data Table:
Raft Mass
Raft Radius
Height of Conveyor
Horizontal
Conveyor
Length
Raft Rotational Period
Time for raft to pass

682 kg
m
m

s
s

Qualitative Question(s):
Is there any place on the ride where the riders appear to lunge forward? Explain where this
occurs and why.

Why is the ride designed to hit the sidewalls as the raft moves along the rapids?
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Computations:
1. Determine the average velocity of the raft before going up hill. Use the time for whole raft
to pass any given point before going up to top of hill to determine the velocity.

2. Calculate the length of the conveyor hill and then determine the average speed of the raft
up the hill

3. Assuming the speed of the raft at the top of the hill is the same as the speed before the
hill, calculate the speed of the raft at the end of the trough just prior to entering the load /
unload station.

4. Calculate the centripetal acceleration of the rider when the raft is rotating.

5. Calculate the Net Centripetal force acting on you while the ride is spinning. Is it
significant?

© 2017 Keith Michaelsen. All rights reserved
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Thunder & Lighting
3 G’s are in the forecast! Thunder N’ Lightning swings back and forth in a simple harmonic
motion, reaching speeds of up to highway speeds, at over nine stories in the air, putting
Newton’s Laws of Motion to the ultimate test!

To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
To determine the total height of Thunder & Lightning, go to the Market Place located
directly in front of the ride. There is a storm drain located just outside of entrance to the
Market Place located in the middle of the walkway. This grate is located 63m directly
under the ride.
Data Table:
Rides Period
Angle to top of Ride
Results Table:
Total Ride Height
Total Arm Length

s


m
m

Qualitative Question(s):
The total arc of this ride is 230º, how does this impact the riders’ experience at point shown in
the picture.
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Computations:
1. What is the riders’ maximum gravitational potential energy?

2. What is the riders’ tangential velocity at the bottom of the swing?

3. Provide a free-body diagram for the rider at the following locations. Make sure your
vectors are to scale.
TOP

BOTTOM

4. Determine the magnitude of for each of these forces.

5. Determine the acceleration due to gravity at this location from the data you have collected
assuming the ride exhibits simple harmonic motion.

© 2017 Keith Michaelsen. All rights reserved
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The Pirate
Arr you ready to experience simple harmonic motion, while swinging on our Pirate Ship? Up
and down, back and forth, this classic pirate ship ride will toss you around like a ship in a
perfect storm. Disclaimer: You don’t have to be a pirate to ride.

To aid triangulation measurements a “bench mark” is provided at the following location for
your convenience.
A nail is located 100’ directly in from of The Pirate. Its location is at the intersection of
the perpendicular line from the lamppost in front of The Pirate and a nearby lamppost
in front of the Twister.
Data Table:
Weight Empty
Number of Riders x 60kg
Angle To Top Of Ride
Angle to Boat Center @ max
Period
Results Table:
Total Mass
Radius of Swing
Maximum
Height
center

6490 kg
kg


s

/boat

kg
m
m

Qualitative Question(s):
Explain the energy transformation that occurs when The Pirate is in an operational mode
between positions 1, two and three.

The kinetic energy at the bottom of the ride will be: (Choose one)
(a) equal to the potential energy at the top.
(b) about 70% of the potential energy at the top.
(c) about 50% of the potential energy at the top.
(d) about 30% of the potential energy at the top.
© 2017 Keith Michaelsen. All rights reserved
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Computations:
1) Find the potential energy at the top using the height at the center of the boat.

2) What is your maximum velocity on the pirate ship and where does it occur?

3) Establish the period of the pirate ship and from that determine the frequency of oscillation.

4) Assume that the pirate ship is undergoing simple harmonic motion (simple pendulum) and
determine the acceleration due to gravity at Lake Compounce.

5) On the diagram provided, draw and label all of the forces acting on you at location 2 while
The Pirate is operational. Determine the magnitude for each of these forces.

© 2017 Keith Michaelsen. All rights reserved
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Rev-O-lition
It rocks, it rolls, and it spins a full 360 degrees. You'll feel like you're floating on air as the
giant platform both spins and glides in two directions on a huge half-pipe-shaped track up to
three stories tall!

15.0m
Maximum Height

Disk Radius

5.6m

Rotational Period

s

SHM Period

s

Qualitative Question(s):
Explain the different forms of motion that the rider experiences on this ride.

Computations:
1. Draw and label all of the forces acting on the rider at the bottom of the ride before it
starts to rotate. Assume that the rider is facing you at this location

© 2017 Keith Michaelsen. All rights reserved
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2. Determine the maximum linear velocity of the rider at the bottom after the ride is in full
motion. (We will assume the it is not rotating)

6. Draw and label all of the forces acting on you at the bottom of the ride while it is also
rotating. Make sure your vectors are to scale. Assume that the rider is facing you at this
location.

3. Determine your tangential velocity? Indicate the direction of the velocity on the
diagram since it can rotation in both directions.

4. What is the maximum and minimum velocity that the rider will experience at the bottom
of the ride while it is operating?

© 2017 Keith Michaelsen. All rights reserved
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Wave Swinger
What goes around comes back around! Tilt and Twirl in a circular motion on The Wave
Swinger, while you’re suspended from a chair hanging from the top of a Carousel!

Data Table:
Chair Mass

9.0 kg

Your Mass

kg

Est. Radius ( r )

m

Period (not tilted)

s

Angle (not tilted)



Period (tilted)

s



r

Results Table:
Circumference

m

Qualitative Question(s):
How does the angle of an empty swing compare to the angle of an occupied one? Does the
mass of the rider make any difference? Why/Why not?
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Computations:
1) On the diagram provided, draw and label all of the forces acting on you while the swing is
not tilted.

2) Determine the tangential velocity of the swing.

3) What is the magnitude of the net centripetal force acting on the rider?

4) What is the tension in the chain supporting the rider and chair?

5) We know that the hub is rotating at a constant rate, is your tangential velocity constant
when the hub is tilted? Explain.

© 2017 Keith Michaelsen. All rights reserved
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America Flyers
Flying Scooters that glide through the air as they are
turned by the center base. A motor causes the ride to
turn, and centrifugal force allows each cart to fly
outward. The vehicles on the ride all have a rudder
which gives the rider access to controlling the motion of
their individual compartment.

Data Table:
Mass of Car
Mass of Passenger
Period
Angle (w/o using sail)
Radius (w/o using sail)
Angle (with sail)
Radius (with sail)

kg
kg
s

m

m



r

Qualitative Question(s):
How does the angle of an empty car compare to the angle of an occupied one? Does the
mass of the rider make any difference? Why/Why not?
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Computations:
1) What is the net centripetal force acting on the rider & car when the sail is not engaged?

2) What is the tension in the chain supporting the rider and car?

3) Draw and label all of the forces acting on the rider and car while the sail is engaged?

4) What is the net centripetal force acting on the rider and car when the sail is engaged?

5) What is the magnitude of the force exerted by the sail?

© 2017 Keith Michaelsen. All rights reserved
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Twister
Twister opened at the turn of the century in 2000. It is a tornado style ride which allows riders to
twist, turn, and rotate their compartment. The center of the ride turns at 10 RPM, while tilting at
a 20 degree angle, allowing guests to feel the force of gravity as their car goes up and down.

Data Table:
Period of Rotation
Est. Radius
Est. Gondola Angle

s
m
º

Qualitative Question(s):
While on the ride you are able to independently spin the gondola. What affect, in terms of
physics, does this have on the ride? (Explain what changes in terms of forces acting on the
rider)
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Computations:
1) Determine the tangential velocity of the rider without independent spinning.

2) Determine riders’ centripetal acceleration when you are not spinning the gondola.

3) Draw and label all of the forces acting on you while the Twister is operating at full speed
without independent spinning.

4) Determine the magnitude of each force when you are not spinning the gondola.

© 2017 Keith Michaelsen. All rights reserved
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Down Time
A heart pumping, adrenaline flowing, white knuckled, and literally hair raising experience,
DownTime is a vertical drop tower with attitude and turbo action.
After the guests are seated, the cart is raised slightly and weighed. Then it is steadily
lifted the top of the tower where it is locked in brakes. Stationary for a few seconds, the
cart is then abruptly launched toward the ground with chilling acceleration. The ride
softens with a bungee like bounce before reaching the bottom of the tower and rebounds
for a few soft bounces before descending slowly back to the ground. Air pressure, power
cylinders, pistons, and air powered brakes work in harmony with each other to provide
guests with some exciting ups and downs. Whether you’re a watcher or a rider,
DownTime is an interesting phenomenon to investigate.
To aid triangulation measurements a “bench mark” is provided at the following location for
your convenienc.
The distance from the center DownTime tower panel to the right front corner of the
retail building (facing building) is 83.79 feet.
Data Table:
Mass of Rider
Mass of Car
Time to raise the car
Time To Fall (First Bounce)
Distance Fallen (# Horizontal
Crossbars)
Angle to top of Flag Pole

kg
?????kg
s
s

Total Mass
Distance Fallen (#Crossbars
x 2.44m)

kg
m

Total Height

m



Results Table:
Qualitative Question(s):
Define each portion of the ride where the rider experiences freefall.

© 2017 Keith Michaelsen. All rights reserved
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Computations:
1. Determine the average acceleration during the first fall.

2. Draw a freebody diagram at the moment you first begin to fall and at the bottom of the first
bounce.

3. Assuming the cable lifts you at a constant velocity, determine the total amount of work to
get to the top of the ride.

4. How much power is required to lift the passengers and cars to the top.

5. What is the electrical motor (in horsepower) necessary to lift the car and passengers in
the beginning of the ride?

© 2017 Keith Michaelsen. All rights reserved
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The Carousel
Built in 1898, and moved to Lake Compounce in 1911, our Candy Carousel is one of the
oldest operating carousels in the United States! The carousel consists of a circular platform
that rotates along to the music! Our carousel is equppied with beauifully painted horses and
other animals, and guests can choose whichever one they’d like to ride! One time on our
candy carousel, and you’ll be humming along to the tune all day!

In order to answer these questions, you must ride the Carousel at two different locations. One
location must be on the outside of the ride, while the other is one the inside.

Data Table:
Radius Ride 1
Radius Ride 2
Period

Ride 1 Circumference
Ride 1 Velocity
Ride 2 Circumference
Ride 2 Velocity

m
m
s

m
m/s
m
m/s

Results Table:

Qualitative Question(s):
In order to move in a circular path, an object must experience a net centripetal force that
points toward the center of the circle. What force or forces are acting as the centripetal force
while on the Carousel?

© 2017 Keith Michaelsen. All rights reserved
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Computations:
1. Determine your tangential velocity for each location?

7. Draw a free-body at each location, making sure that the length of the vectors corresponds
to their relative magnitude. Make sure your vectors are to scale.

2. Determine the magnitude for each of these forces.

3. If the electric motor required to operate this ride is 25hp, how much work is required to
turn the Carousel once. (Note: 1 hp = 550 ft-lbs/sec or 746 watts)

4. If the Carousel runs 50% of the time that the park is open on a typical nine-hour day, how
much does it cost to operate this ride. We can assume that the cost for electricity is
$0.175/kJ

© 2017 Keith Michaelsen. All rights reserved
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Ferris Wheel
Our Ferris Wheel is not to be missed, and actually you can’t
miss it, it’s GIANT! Consisting of an upright wheel that rotates
its guests into the sky; the cabins are attached to the rim
which allows the passenger carrying car to remain upright,
thanks to gravity! The views from the top are an added bonus.

Data Table:
Period
Radius (40 feet)

s
m

Results Table:
Circumference

m

Qualitative Question(s):
If you were sitting on a bathroom scale, in which location would your weight be the greatest?
Explain the reasoning for your answer.

If you were sitting on a bathroom scale, in which location would your weight be the least?
Explain the reasoning for your answer.
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Computations:
1. What is your velocity while the ride is operating?

2. Draw a free-body when you are at the top and bottom of the ride, making sure that the
length of the vectors corresponds to their relative magnitude.
TOP
BOTTOM

3. Determine the magnitude for each of these forces at the top and bottom of the ride.

4. How fast would the ride need to go in order for you to be weightless when you were at the
top of the ride?

5. At this new velocity, what is your apparent weight at the bottom of the ride?
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Bumper Cars
The bumper cars at Lake Compounce opened in 1997. The rides features classic cars that
use elecricity from the floor and ceiling to power the vehicles! Each car uses its own power
polarity to ignite and run! The perfect place to “bump” into a friend or two.

Data Table:
Mass of bumper car: 385lbs
Mass of rider

kg
kg

Results Table:
Total Mass
Velocity Before Collision
Velocity After Collision

kg
2.0m/s
1.0m/s

Qualitative Question(s):
Why do the cars have rubber bumpers?
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Computations:
1. Compute the momentum of the car before and after a collision with the wall. We are
assuming that the car bounce backwards after the collision.

2. Assuming that the collision takes 0.5s, determine the force acting on the car during the
collision.

3. What is the acceleration of the passenger in g’s?

4. Now let’s consider a head on collision with another car, which is not allowed on this ride.
We can assume that both cars have the same magnitude of velocity before and after the
collision.

5. What is the acceleration of the passenger in g’s?
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Triangulation
To determine the height of a ride use a simple “protractor” elevation finder.

Have one student sight through the straw at the top of the ride. Another student reads the angle
on the protractor. The angle read is then subtracted from 90 degrees.

To calculate the height of the ride you will also need the distance between the student and the
ride.

tanq =

opp side
height
=
adj side dis tan ce

h = d tanq
(Remember to add the height of your eye to the ground.)

© 2017 Keith Michaelsen. All rights reserved
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1. Cut out the protractor including the dashed line section.
2. Trace the protractor part only on a piece of cardboard, such as the back of a tablet.
3. Glue or staple the cardboard to the back of the paper protractor.
4. Roll the top section around a straw and tape.
5. Punch a hole and tie a 9 inch string of heavy black thread through the hole. On the other end
tie a metal nut, washer, or fish sinker.
6. Follow the directions on the page titled “An Angle on Distance.”
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Written Component
Each group must complete their Lake Compounce activity for their two rides. The data obtained and
measurements made at the park must be used to complete the required information. Each group will
also provide a write-up for each of the rides that they analyzed. This write-up should included the name
of the rides and the following:
In 400-500 words (typed, twelve point, double-spaced, one inch margins), describe the physics
principle behind the perceived experience during three different thrill locations on the ride. You
must use your knowledge of physics to explain what causes experiences at these locations.
Provide an analysis, using physics laws, theories, and concepts, of these three locations along the
ride. Compare and contrast these different locations, what makes them different and why.

© 2017 Keith Michaelsen. All rights reserved

39

https://www.lakecompounce.com/

