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NASA Connection-Student Reading Guide 

Read the following NASA Connection section, then use a separate piece of paper to answer the 
following questions. 

Free-Fall Rides 
1. When do the effects of gravity seem to disappear on free-fall rides? 
2. How is an orbiting shuttle similar to a free-fall ride? 
3. What facilities do scientists who study the effects of microgravity use at Glenn Research Center? 
4. Which drop tower located at the Glenn Research Center has the least amount of air resistance 

when the experiment drops? 

Roller Coasters 
1. What does it feel like when you are experiencing high g on a roller coaster ride? 
2. How long does it take the space shuttle orbiter to travel from the ground to orbit? 
3. What is the KC-13S? 
4. How is the KC-13S's flight path similar to a roller coaster? 

Bumper Cars 
1. You collide head-on with another car. Describe how Newton's third law of motion applies. 
2. How does Newton 's second law of motion apply to a rocket launch? 
3. How much microgravity experiment time does a sounding rocket provide? 

Carousel 
1. What would happen to the riders if the carousel spun out of control? 
2. What type of acceleration is acting on the riders once the ride has achieved a constant speed? 
3. The banking of curves on a road is similar to what on a carousel? 
4. How did the first fundamental space biology experiment on the ISS simulate 1 g? 

Loop Coasters 
1. What sensation (high g, low g, or normal g) do you experience most when riding the inside 

loop of a roller coaster? 
2. How is the force you experience in a loop different than the sensation you have going over the 

top of a floater hill? 
3. When does a KC-13S fly in banked curves for extended periods of time? 

Pendulum Rides 
1. When is high g experienced on the KC-13S? 
2. When is high g experienced on a pendulum ride (as the rider reaches the bottom of the arc 

or as the rider reaches the top of the arc)? 
3. When is low g experienced on the pendulum ride? 
4. What is the difference between the flight path of the	 KC-13S and the circular motion of the 

pendulum ride? 
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NASA Connection-Student Reading Guide Answer Key 

Free-Fall Rides 
1. When do the effects of gravity seem to disappear on free-fall rides? 

The effects of gravity seem to disappear during the actual fall, when the car and rider are falling at the same rate. 

2. How is an orbiting shuttle similar to a free-fall ride? The orbiting shuttle is falling toward Earth. 

3. What facilities do scientists who study the effects of microgravity use at Glenn Research Center? 
Scientists use the 2.2-second and 5.2-second drop towers to study microgravity at the Glenn Research Center. 

4. Which drop tower located at the Glenn Research Center has the least amount of air resistance 
when the experiment drops? 
The 5.2-second drop tower has the least amount of air resistance because the air is evacuated from the drop 

tower before each drop. 

Roller Coasters 
1. What does it feel like when you are experiencing high g on a roller coaster ride? 

You get pushed back or pushed down in your seat, you feel like something heavy is on your chest, and at times 
your face feels like something is pushing in on it. 

2. How long does it take the space shuttle orbiter to travel from the ground to orbit? 
It takes the Shuttle orbiter 8 minutes to travel from the ground to orbit altitude. 

3. What is the KC-135? 
The KC-135 is a NASA research aircraft. 

4. How is the KC-135's flight path similar to a roller coaster? 
The KC-135 flies parabolas similar to continuous roller coaster hills. 

Bumper Cars 
1. You collide head-on with another car. Describe how Newton 's third law of motion applies. 

Both cars bounce backward because equal and opposite forces are acting on the cars. 

2. How does Newton's second law of motion apply to a rocket launch? 
The amount of fuel and engine size needed for thrust depends on the weight of the rocket and its payload. The 
greater the mass, the greater the amount of force needed to accelerate it. 

3. How much microgravity experiment time does a sounding rocket provide? 
Sounding rockets provide 6 to 8 minutes of microgravity. 

Carousel 
1. What would happen to the riders if the carousel spun out of control? 

Riders would fly off of the carousel. 

2. What type of acceleration is acting on the riders once the ride has achieved a constant speed? 
Centripetal acceleration occurs in a turn. 

3. The banking of curves on a road is similar to what on a carousel? 
Banking of road curves is similar to leaning poles and benches on the carousel. 

4. How did the first fundamental space biology experiment on the ISS simulate 1 g? 
The experiment used a centrifuge to spin quail eggs to simulate 1 g in their development. 
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Loop Coasters 
1. What sensation (high g, low g, or normal g) do you experience most when riding the inside 

loop of a roller coaster? 
Most of the time the rider experiences high g in a loop. Depending on the geometry of the track and many other 
ride conditions, one may experience a range from low to normal to high g at the top of the loop. 

2. How is the force you experience in a loop different than the sensation you have going over the 
top of a floater hill? 
You feel pushed into your seat in the loop and you feel like you are flying out of your seat when going over the top 
of a floater hill. 

3. When does a KC-135 fly in banked curves for extended periods of time? 
The KC-135 flies in banked curves for extended periods of time if researchers want to study the effects of high g 

on experiments. 

Pendulum Rides 
1. When is high g experienced on the KC-135? 

High g is felt when the KC-135 pulls up and out of the parabola. 

2. When is high g experienced on a pendulum ride (as the rider reaches the bottom of the arc or as 
the rider reaches the top of the arc)? 
High g is felt on the pendulum ride as the rider reaches the bottom of the arc. 

3. When is low g experienced on the pendulum ride? 
Low g is experienced when the riders reach the top of the arc. 

4. What is the difference between the flight path of the	 KC-135 and the circular motion of the 
pendulum ride? 
The flight path of the KC-135 is a parabolic path and the pendulum ride is a circular path . 
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NASA Connection-Free-Fall Rides 

Demon Drop-a free-fall ride. 

A free-fall ride, like the one pictured here, lets you fall for about 
1.5 seconds. Once the car is lifted to the top and released , the 
force of gravity pulls it toward the ground. You are inside falling 
at the same rate as the car ; the effects of gravity seem to 
disappear. This is similar to what astronauts experience on the 
space shuttle or ISS. The space vehicles are falling toward the 
Earth just as you were falling towards the ground . The astro
nauts inside are falling at the same rate as the vehicle . Thus, 
the astronauts float. On rides, however, the riders experience 
the weightless feeling for less than 2 seconds, while the 
astronauts experience it for days or months. 

Two facilities at NASA Glenn Research Center are very similar 
to a free-fall ride. Scientists that study the effects of micro
gravity on fluids, combustion, and materials use either the 
2.2-second drop tower or the 5.2-second drop tower. An 
experiment is prepared in a special configuration, suspended 
above an airbag or pit of Styrofoam" beads and then dropped. 
The 2.2-second drop tower uses an airbag to stop the experi
ment, which is traveling 22 meters/seconds (50 mph) before 
impact. The 5.2-second drop tower experiments travel 
50 meters/seconds (110 mph) near the bottom. A pit holding 
small Styrofoam" beads (similar to those inside of a beanbag 
chair) decelerates the experiment. The 5.2-second drop tower 
has little air resistance because all of the air is pumped out of 
the chamber before the experiment is dropped. 

) ~ 

_ f r / 
~ !/~ / 

=-~~-=>;:- / ,I " 

The 2.2-second drop tower. An experiment at the end of its fall International Space Station. 
inside the 5.2-second drop tower. 
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NASA Connection-Roller Coasters 

Once roller coaster cars start moving , your body is forced to 
change direction with the cars because of the track and your 
seatbelt. As the coaster car reaches the top of a hill, the 
rider's body tends to keep moving upward in a straight line 
due to inertia . The car curves away as it follows the track . As 
a result, the rider is lifted out of the seat until the rider 
experiences low g. At the bottom of a hill the rider is pushed 
into the seat and he or she experiences a force greater than 
that of gravity, making one feel heavy. The riders are 
experiencing high g at that point . 

Astronauts experience extreme shifts in g when they are 
launched into orbit by the Shuttle Transportation System. 
They are at 1 g on the ground and within 2 minutes they are 
experiencing about 3 g which then lasts for about 6 minutes. 
Once they are in orbit (after about 8 minutes total) they are in 
free fall and experience 0 g. Their bodies adjust to the new 
"weightless" environment after about 1 day. 

The KC-135 is a NASA research aircraft that flies parabolas 
similar to continuous roller coaster hills. As the pilot controls 
the plane's direction, the passengers bodies want to continue 
on a parabolic path, just like on a coaster. Unlike a coaster, 
they are not harnessed down and there is no track, so they 
float until the plane pulls out of the arc (about 20 seconds) . 
As the plane pulls out of the parabolic path, the researchers 
again hit the floor and experience up to 2 g. 

A scientist doing microgravity research on the 
KC-135 experiences microgravity conditions. 

Z" 
Mean Streak-When the roller coaster rolls 
over the top of a hill, seat restraints keep the 
rider's body from moving upward. 

------------- ..Astronauts experience a maximum of 3 g 
during liftoff, similar to the high g felt on a 
roller coaster. 
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NASA Connection-Bumper Cars 

Three bumper cars colliding are an 
excellent example of Newton's laws of 
motion. 

Thrust causes a Black Brant XII 
sounding rocket to take off. 

When bumper cars are not spinning in circles, they travel 
along linear paths. They also provide firsthand experience 
with Newton's laws of motion. 

How do Newton's laws of motion apply to bumper cars? 
• First law of motion: Before the driver has pressed on the 

"gas" pedal , the car is at rest. The driver, after pushing on 
the pedal, begins traveling in a straight line at a steady 
speed. Unless the driver hits another car, steps on the 
brakes, turns the steering wheel, or accelerates the car (so 
that there is no net external force acting), the motion of the 
car will remain in a straight line. So unless a net external 
force acts on an object, it will remain at rest if at rest or 
move in a straight line at a constant speed if in motion. 

• Second law of motion: The	 driver and the car are both 
moving at a constant rate across the floor when another 
car that is moving faster than the first driver hits the car. 
The car that is hit will either speed up or slow down, 
depending on the direction of the hit, due to the force of 
impact. The harder the car is hit, the greater the change of 
speed or acceleration. 

• Third law of motion: What happens if two	 drivers collide 
head-on with each other? Both cars will bounce backward 
after collision. Each car exerts an equal and opposite force 
on the other car causing them both to accelerate and move 
in the opposite direction. For every action or force, there is 
an equal and opposite reaction force. 

Rockets are a very good example of Newton's laws of motion 
in action. The rocket starts out on a launch pad, where it is not 
moving. The amount of thrust required for the rocket to move 
upward depends on the mass of the rocket and the mass of 
the payload (the experiment) that it is carrying. As the rocket 
engines fire, the exhaust thrusts down while the rocket gets 
propelled upward. 

Sounding rockets are another microgravity research tool used 
by scientists. The rockets provide scientists with 6 to 8 
minutes of microgravity by coasting after the rocket engines 
are turned off. Scientists who have an experiment that needs 
more microgravity flight time than a KC-135 to obtain appro
priate data will sometimes use a sounding rocket. 

66 

Amusement Park Physics With a NASA Twist	 EG-2003-Q3-01 G-GRC 



NASA Connection-Carousels 
Carousels are by no means a thrill ride, yet they rely on Newton's 
laws of motion as much as roller coasters. It is actually possible 
that if allowed to spin out of control, a carousel could gain 
enough speed so that the riders would be thrown off. Fortu
nately, runaway carousels do not exist.The carousel is a delicate 
balance of motion and forces. All of the horses move through 
one complete circle in the same amount of time. This means the 
inside horses have a slower linear speed than the outside horses 
because they do not have to move as far. 

Centripetal acceleration occurs whenever 
the rider makes a turn. Both centripetal 
force and the resulting acceleration are 
directed inward, toward the center of the 
circle. There has to be an inward force if 
one is to move in a circular path , otherwise 
one continues on a straight path. The 
riders, however, experience a sensation of 
an outward force . This is the same experi
ence as rounding a tight curve in an 
automobile. The passengers feel pushed 
against their door, when actually inertia is 
causing them to move in a straight line that 

A carousel ride is a ride that has centripetal acceleration. 
is tangent to the circular path of motion. 

Curves are banked on roads to prevent the necessity of a 
large friction force from the tires on the road. The banking of 
curves transfers this sideways force to a downward direction, 
thus reducing the needed friction. The leaning of the benches 
and poles on the carousel is the same as the banking of a 
curve. The direction of the outward force is changed to 
another direction. 

The first fundamental space biology experiments to fly on the 
International Space Station used a centrifuge to simulate gravity 
conditions for bird eggs (Japanese quail). The experimental 
setup was in an apparatus called the Avian Development 
Facility (ADF). The ADF has special egg holders that fit into two 
centrifuge carousels, which can be independently programmed 
to simulate different gravity levels; from 0 up to 1 g. The 
purpose of the ADF experiment was to observe developmental Japanese quail eggs are tested in micro
changes of quail embryos in near weightless conditions. gravity conditions. 
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The Raptor is located at Cedar Point in 
Sandusky, Ohio. 

The Mantis provides thrills to riders at 
Cedar Point in Sandusky, Ohio. 

NASA Connection-Roller Coasters-Loops 

Loop roller coasters may seem scary to riders. They may think 
that they could fallout as the car goes around the loop. 
However, in reality, when the rider travels in a loop fast 
enough, it creates a sensation that there is a force pushing 
him or her into the seat, especially entering and exiting the 
loop . The sensation that the riders have is one of high g. The 
force they experience comes from the track (or whatever 
holds the car into the loop). The track pushes in on the car 
and riders, while the car and their bodies continue to travel in 
a straight line. This creates the increased force acting on the 
car and the riders. This is very different than approaching and 
going over the top of a hill on a traditional roller coaster, 
where the rider experiences weightlessness. No wonder 
many people have a headache by the end of the day! 

If riders feel weighted down in their seats in a loop-de-Ioop, 
imagine flying in a high-speed aircraft. A coaster car in a loop 
will probably not exceed 3 g, similarly the KC-135 pulls 2 to 
3 g as it heads back upward after a 45° descent when flying 
parabolas. Sometimes the KC-135 flies in banked curves for 
extended periods of time so researchers can study the effects 
of high g on experiments. Military aircraft can pull up to 10 g, 
but the pilots must wear special pressure suits to keep them 
from blacking out. 

:;. 

A KC-135 jet aircraft. 
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NASA Connection-Pendulum Rides 
Although most pendulum rides do not make a full circle, riders 
do experience circular motion. Swinging back and forth on 
this curved path allows you to feel the sensations of high and 
low g ("g" refers to the force caused by the acceleration of 
gravity) . 

On the pendu lum ride, the riders feel both high and low 
accelerations like the researchers do on the KC-135 aircraft. 
The KC-135 follows a parabolic path that plummets about 
2400 meters (approximately 8000 feet) before nosing up. As 
the airplane pulls up and out of the parabola, high g is felt. 
Just before, during , and just after it flies over the top of the ------

....parabola, the passengers inside feel weightless. Unlike a , ,- --	 .... .... 
/	 .... 

/	 
....pendulum ride in which the car swings passengers back and 

/	 .... 
/	 .... 

\forth along the same arc , the KC-135 flies	 a series of I \I 

continuous curves. I
I \

\,
I 

\I 

The KC-135 flight path looks similar to the path of a 
pendulum ride. However, the path of the pendulum is a circle, 
while the path of the KC-135 is a parabola. 

A pendulum-type ride at an amusement 
park. 

A drawing of a typical pendulum-type ride. 

Low g's 
I 
I 

/ 
/ Low g's 

I 
/ 

I 
\ 
\ 

Low g's 

The flight path of the KC-135 aircraft.	 KC-135 flight path with an overlay of the path of a 
pendulum-type ride. 
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Ride Workbook
 

The Tower of Doom is located at 
Six Flags of America, Largo, 
Maryland. The riders plunge into 
free fall from a height of 150 
feet. This ride has magnetic 
brakes to cushion the descent. 

I 

Millennium Force's initial hill has a On the Roll-a-Plane ride, the cars roll around 
steepness angle of 80 0 At that angle, as the arm rotates. It is located in Kennywood • 

the riders swear that they are in free Park, West Mifflin, Pennsylvania.
 
fall. Millennium Force is located at
 
Cedar Point, Sandusky, Ohio.
 

School 

Names 

Group number _ 
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Free-Fall Rides 
Ground Measurements 

Stand near the ride entrance to take the following measurements: 

1. Using figure	 1, estimate how high the ride car actually 
goes (point A) using the scale drawing method of angles 
and point of intersection. If you forgot how to do th is, see 
the Basic Skills section (page 31). Show your work below. 

---------------------If-----I--------
2. Estimate	 the height of point B. Calculate the distance 

between point A and point B. Show your work in the space 
below. 

3. Calculate the average speed of the ride. 
a) Time the lift from the start point to the highest point 

(point A in fig. 1) the car travels. Time three different 
cars as they travel from the start to point A. Fill in the 
table below. 

b) Time the fall from point A to point B. Stop the timer as 
soon as the car reaches the low point of the ride (point B 
in fig. 1). Don't wait for the ride to come to a complete 
stop. Time three different cars as they travel from point 
A to point B. Fill in the table below. 

Figure 1. 

Time trial 1 Time trial 2 Time trial 3 Average 
time , s 

Distance using 
figure 1 above, m 

Average speed , 
m/s 

Lift to A 

Fall from 
A to B 
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Free-Fall Rides 
Ride Measurements 

When measuring the end of the fall, make sure that you 
measure the g's before the ride bends away from the vertical. 
Always hold the accelerometer so that it is vertical , or the 
measurements will not be correct. 

1. Take	 the accelerometer on the ride to measure the 
accelerations (g's) during the ride. 

2. Complete column g in the data table below. 

3. Indicate with an ")(" which of the four locations below have a 
maximum kinetic energy (KE), maximum potential energy 
(PE), minimum KE, or minimum PE.There should be only one 
X in each column. That is, there is only one location (either 
during the lift, at the top of the ride, during the fall, or the end of 
the fall) in which there is a maximum KE. Remember, KE is 
energy of motion and PE is energy of position. 

g Maximum KE Maximum PE Minimum KE Minimum PE 

During the lift 

At the top of the ride 

During the fall 

End of the fall 

A team of girls works together to answer the ride worksheet questions. 
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Roller Coasters-Initial Hill 
Ground Measurements 

Find a coaster that has an initial hill that can be measured 
using the structure est imation method . 

1. Estimate the	 height of the first hill from the ground by 
using the design of the structures. See the Basic Skills 

your work below. 
section (page 31) if you have forgotten how to do it. Show 

Figure 1. 

2. Find the base length of the hill by stepping (see fig. 1). 

3. Calculate	 the approximate hill distance by using the 
Pythagorean theorem. (Note, this is an approximation of 
the distance down the first hill because the track is curved 
at the top and bottom.) Show your work. 

(basef + height2 =hill distance-) 

4. Time the roller coaster going down the first hill from point 
A to point B as shown in figure 1. Do this three times and 
fill in the data table below. 

5. Calculate the average speed of the cars down the first hill. 
First find the average time of your three trials, and then 
calculate (s =d/t). Fill in data table below. 

A Peak 

Base 

Height 

Base 

Figure 2. 

Time trial 1 Time trial 2 Time trial 31Average time, s Distance , m I Speed , m/s 

From A to B I I 
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Roller Coasters-Initial Hill 
Ride Measurements 

Take the accelerometer on the ride, paying close attention to 
the g measurements. 

1. When do microgravity «1 g) moments occur (up and over a 
hill, down a hill and into a valley, up a hill, down a hill, over 
the crest of a hill, going through a valley, around curves)? 

2. What was the highest g-Ievel reading you observed? Where 
was it (up and over a hill, down a hill and into a valley, up a 
hill, down a hill, over the crest of a hill, going through a valley, 
around curves)? _ 

A student is using the altitude tracker to measure the 
height of a ride . 
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Bumper Cars 
Ride Measurements 

For each collision shown below, circle the appropriate set of arrows to indicate which direction the 
cars and riders move immediately after impact. Assume the masses of riders A and B are equal. 

2. Rear-end collision 1. Head-on collision 

Before impact Before impact 

~0~~ 
no motion After impact After impact 

Cars: A B Cars: A B 

a. 0( no motion a. ~ 

b. no motion ~b. 0( no motion 
c. 0( c. ~ • 

d. no motion 0(d. no motion 

Riders: A BRiders: A B 

a. ~ 0(a. ~ 

0(b. no motion b. • no motion 
c. 0( c. 0( ~ 

d. no motion d. no motion 0( 

4. Car hits wall 

( A 

3. Side-impact collision 

Before impact 
Before impact 

Ai 
B 

After impact After impact 
Car: ACars: A B 

a.a. ~ ~ 
b.b. ~ ~ c. no motion 

c. jI ~ 
d. no motion ~ 

Rider : A
Riders: A B 

a. 
a. ~ ~ 

b. 
b. ~ ~ c. no motion 
c. jI ~ 

d. ~ ~ 
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Bumper Cars 
Ride Measurements 

Answer the following questions in complete sentences. 

1.	 During collision 2, is kinetic energy (KE) conserved? 
Explain why or why not. _ 

2. In collision 3, KE is not conserved. If the total energy of 
the system is conserved, where did the KE go? _ 

3. During collision 4, is KE conserved? Explain why or why not. 

Bumper cars can be used to demonstrate Newton's laws of motion and 
energy transformations. 
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Roller Coasters-Floater Hills 
Ground Measurements 

Locate a medium-sized hill on a coaster ride. 

1. Estimate the height of the hill from the ground to the 
peak (A) by using the design of the structures. See 
the Basic Skills section (page 31) if you have 
forgotten how to do this . Show your work in the box . 

2. Use stepping to find the hill base distance B to C 
(low points before and after the hill). 
a) Your steps for 30 meters _ 
b) Number of steps taken _ 
c) Hill base distance (B to C) _ 
(Hint: Multiply the number of steps taken by 30 
meters and divide this answer by the number of 
steps you take for 30 meters.) 

3. Check the ride information sign by the entrance of 
the ride to find the total distance of the coaster. 
a) Distance in feet _ 
b) Convert your answer to meters - --- - - 

4 . Calculate the average speed of the ride. Stand by the 
start and exit area. Take note of the number or color 
of the car you will time. Time the ride from when the 
train of cars leaves the start gate until it returns. Time 
three cars from start to finish. Be sure to convert the 
time to seconds. Fill in the table below. 

B C
 

Show your work here.
 

Car 1 Car2 Car3 Average time, s Total ride 
distance, m 

Average 
speed, m/s 

Total ride 
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Roller Coasters-Floater Hills 

The Timber Terror is located at Silverwood 
in Athol, Idaho. 

" 

"! '. 

.t , tc; 

This floating hill is located near the 
end of Phantom's Revenge. It is located 
in Kennywood Park, West Mifflin, 
Pennsylvania. 

Ride Measurements 

Take the accelerometer on the ride, paying attention to the 
g levels. The ride is very fast so it helps if you call out the 
g measurements to your partner as you go up and down the 
hills and around the curves. 

1. Where did you experience microgravity or low g? Check 
all that apply. 

around curves
 
_ _ going up and over the top of the hills
 
_ _ going down and into a low point or valley
 

2. What was the lowest g reading? _ 

3. Where did you experience high-g levels? Check all that 
apply. 
-- around curves 
- - going up and over the top of the hills 
- - going down and into a low point or valley 

4. What was the highest g reading? _ 
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Carousels 
Ground Measurements -
Determine the revolutions per minute of the carousel. 

1. Stand	 on the ground in front of the carousel and locate a 
particular spot on the ride. Make sure that you have a way to 
remember that spot. Position yourself directly in front of it. 

2. If the ride is not moving, wait until it begins and has made 
several turns. When the point that you have selected is 
directly in front of you, start your stopwatch and keep it 
running for 5 revolutions. Total time for 5 revolutions in 
seconds:	 _ 

4. Calculate the time for 1 revolution. This is called the period 
of rotation of the ride. Time for 1 revolution (period of 
rotation) : _ 

5. To find the revolutions per minute of the ride, divide 60 by 
the period of rotation, since there are 60 seconds in 1 
minute. Revolutions per minute: _ 

Carousels 
Ride Measurements 

Measuring the angle of the carousel pole 

Carousel pole 

1. There is a "lean" of the benches and	 on the poles that support the animals. When the ride is 
stationary, use your altitude tracker to determine the angle that an animal in the outer row makes 
with the vertical. While holding the tracker vertically, place it against the animal's support pole, 
reading the angle between the washer and the zero mark on the tracker. Angle = _ 

2. Measure the angle that an animal in the inner row makes with the vertical. Angle = _ 

3. Which animal has a larger angle , the one located in the inner row or the one in the outer row? 

4. Do the same measurements on the very same animals while the ride is in motion. 
Inner angle: Outer angle: _ 

5. How do the results of angle measurements compare when looking at stationary ride animals 
versus moving ride animals? Explain your answer. _ 
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Figure 1. 

B
 

Figure 2. 

Roller Coasters-Loops 
Ground Measurements 

The loops of a roller coaster are not circles; they are called 
clothoid loops. Circular loops require a higher amount of 
speed to keep the riders from falling out when they are 
upside down. Roller coasters use c1othoid loops, which have 
a smaller radius at the top of the loop, and a longer radius 
where the cars enter and exit the loop (see fig . 1). 

Why do you think roller coasters use clothoid loops instead 
of circular loops? _ 

Roller Coasters-Loops 
Ride Measurements 

1. When riding in a loop at high speeds, pay close attention to 
whether you feel heavier, lighter, or normal in your seat. Refer 
to figure 2 to assist you when completing the following table 
(select one per row). 

Location of ride Heavier Lighter Normal 

Going into loop (A) 

At top of loop (B) 

Going out of loop (C) 

2. A rider experiences a differentsensation when sitting in the front 
than sitting in the back. First, ride the coaster seated in a front 
car. Secondly, ride the coaster again seated in a back car. 
Finally, try sitting in the middle of the coaster. In which seat 
locationdid you experience faster speeds at the top of the loop? 

3. If you had a hat on your head while riding and your hat fell 
off as the coaster car approached the top of the loop, 
which way would it go, ignoring air resistance? (Caution: 
Do not actually try this on the ride!) 
a) Draw the path of the hat by drawing an arrow on figure 2. 
b) Which of Newton's laws applies to the hat when it leaves 

your head. State the complete law below. 
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The Kumba, located in Busch Gardens in Tampa, 
Florida, has many high-g loops within the ride. 

Example of Two
 
Roller Coaster Loops
 

The Shock Wave, built in 1978, was the first coaster to 
feature two consecutive vertical loops. It still runs 
without shoulder restraints . It is located at Six Flags 
Over Texas, Arlington, Texas. 
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CI

Pendulum Rides 
Ground Measurements 

Stand facing the ride, lined up with the center of the pendulum. 
See point B in the figure below. 

1. Estimate the height of point A using the "scale drawing 
A method." Show your work, including the diagram. 

10 , ,I , , I 
I 

I,,,, 
~ 

2. To determine the radius of the pendulum ride, find the distance 
that point B is above the ground. Subtract this number from 
the answer found in number 1 above. Show your work. 

3. The time of a simple pendulum's swing can be expressed as t = 2rr Jl 
where t = time for one full swing in seconds (period), I = length of 
pendulum's radius, rr "" 3.14, g = 9.8 meters/second". Calculate the 
expected time for one full swing (from C to 0 to C) for the ride. Show 
your work. 

4. Wait until the ride reaches the top of the swing (point C or D) then begin counting the number of 
swings, or vibrations (C-O-C) that occur in 30 seconds. Estimate any fractional portions of the 
swing. Do three trials and calculate an average. Fill in the table below. 

B
 

Trial 1 Trial 2 Trial 3 Average 

Number of swings/ 
vibrations in 30 seconds 

5. Calculate the average time for a swing/vibration by dividing 30 seconds by the average number 
of swings. The average number of swings was found in number 4 above. 

6. Explain why the pendulum ride is not actually a true pendulum that falls due to gravity. 

84 

Amusement Park Physics With a NASA Twist EG-2003-03-010-GRC 



Pendulum Rides 
Ride Measurements 

1. Take the accelerometer on the ride. Label figure 1 where you 
experienced 
a. The highest g, lowest g, and 1 g 
b.Your weight to be normal , heavier, or lighter 

[ :J,,,,, 

Figure 1. 

The Skymaster is located in PNE 
Playland, Vancouver, British Columbia, 
Canada. 

2. A daring rider wants to experience the greatest range of 
g loads . Draw two arrows in figure 2 to indicate where he 
or she should sit. Hint: Consider working with another 
group or two, each sitting in different rows. Compare which 
rows give the highest and lowest accelerometer readings. 

3. The KC-135 flies in a parabolic path, similar to the pendulum 
ride. Draw the entire path of two KC-135 parabolas in the 
box below. Circle the portion that is similar to the path of 

Figure 2. 
the pendulum ride. 
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Figure 1. 

Free-Fall Rides-Nonattending Students 
Ground Measurements 

The following measurements were taken near the ride entrance. 
Use them to complete the worksheet. 

1. Using figure 1, estimate how high the ride car actually goes 
(point A) using the scale drawing method of angles and point 
of intersection. If you have forgotten how to do this, see the 
Basic Skills section (page 31). Show your work below. 

Eye height = 1.4 meters, first angle = 29°, 
second angle =20° 

---------------------1----------1--------
2. The height of point B is approximately 3.6 meters above the 

ground. Calculate the distance between point A and point B. 
Show your work in thespace below. 

3. Calculate the average speed of the ride. 
a) Time the lift from the start point to the highest point (po int 

A in figure 1) the car travels. Time three different cars as 
they travel from the start to point A. Fill in the table below. 

b) Time the fall from point A to point B. Stop the timer as soon 
as the car reaches the low point of the ride (point B in fig. 
1). Don't wait for the ride to come to a complete stop. Time 
three different cars as they travel from point A to point B. 
Fill in the table below. 

Time trial 1 Time trial 2 Time trial 3 
Average 
time , s 

Distance using 
figure 1 above, m 

Average speed , 
mls 

Lift to A 7.57 s 7.645 7.375 

Fall from 
A to B 

3.455 3.61 5 3.59 s 
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Free-Fall Rides-Nonattending Students 
Ride Measurements 

When measuring the end of the fall, make sure that you 
measure the g's before the ride bends away from the vertical. 
Always hold the accelerometer so that it is vertical, or the 
measurements will not be correct. 

1. If	 you were to take the accelerometer on the ride to 
measure the accelerations (g's) during the ride, where 
would you experience various g levels? 

2. Complete column g in the data table below. 

3. Indicate with an "X" which of the four locations below have 
a maximum kinetic energy (KE) , maximum potential 
energy (PE) , minimum KE, or minimum PE. There should 
be only one X in each column. That is, there is only one 
location (either during the lift, at the top of the ride , during 
the fall, or the end of the fall) in which there is a maximum 
KE. Remember, KE is energy of motion and PE is energy 
of position. 

g Maximum KE Maximum PE Minimum KE Minimum PE 

During the lift 

At the top of the ride 

During the fall 

End of the fall 
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Roller Coasters-Initial Hill-Nonattending Students 
Ground Measurements 

Use the following data from a coaster that has an initial hill 
that can be measured using the estimation techniques you 
are familiar with. 

1. Estimate the	 height of the first hill from the ground by 
using the design of the structures. See the Basic Skills 
section (page 31) if you have forgotten how to do it. Show 

s your work below. 
Eye level height = 1.4 meters, 

I~ .4 meter 

/ I" I\. i. r- 11\." '" 1"\ ~ fractional part =8/10, number of structures =six/"" -, ~ ~ " "" "'I ' BI	 I
Figure 1. Base 

2. Find the base length of the hill by stepping (see fig. 1). 

Stepping distance is 30 meters =39 steps 
the base of the hill =32 steps 

3. Calculate	 the approximate hill distance by using the 
Pythagorean theorem. (Note , this is an approximation of 
the distance down the first hill because the track is curved 

Height 

Base 

Figure 2. 
at the top and bottom.) Show your work.
 

(base- + height2 =hill distances)
 

4. Time the roller coaster going down the first hill from point 
A to point B as shown in figure 1. Do this three times and 
fill in the data table below. 

5. Calculate the average speed of the cars down the first hill. 
First find the average time of your three trials, and then 
calculate (s =d/t). Fill in data table below. 

Time trial 1 Time trial 2 Time trial 3 Average time, s Distance, m Speed, m/s 

From A to B 3.0 s 2.6 s 2.8 s 
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RollerCoasters-Initial Hill-Nonattending Students 
Ride Measurements 

The accelerometer was taken on a ride , with close attention 
paid to observing the g measurements. 

1. When do microgravity «1 g) moments occur (up and over a 
hill, down a hill and into a valley, up a hill, down a hill, over 
the crest of a hill, going through a valley, around curves)? 

2. What was the highest g-Ievel reading you observed? Where 
was it (up and over a hill, down a hill and into a valley, up a 
hill, down a hill, over the crest of a hill, going through a valley, 
around curves)? _ 
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Bumper Cars-Nonattending Students 
Ride Measurements 

For each coll ision shown below, circle the appropriate set of arrows to indicate which direction the 
cars and riders move immediately after impact. Assume the masses of riders A and B are equal. 

1. Head-on coll ision 2. Rear-end collision 

Before impact Before impact 

~0~~ 
no motion After impact After impact 

Cars : A B Cars: A B 

a. 0( no motion a. .
b. no motion .b. 0( no motion 

c. 0( c. . • 
d. no motion 0(d. no motion 

Riders: A B Riders : A B 
a. a. .- 0(• 
b. 0( no motion b. .- no motion 
c. 0( c. 0( .. 
d. no motion d. no motion 0( 

3. Side-impact collis ion 4. Car hits wall 

[ A ) Before impact 
Before impact 

Ai 
B 

- After impact After impact 
Car: ACars: A B 

a.a. + ~ 

b. b. ~ ~ 
c. no motion c. jI ~ 

d. no motion ~ 
Rider: ARiders: A B 

a. 
a. + ~ 

b. 
b. ~ ~ c. no motion 
c. jI ~ 

d. + + 
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Bumper Cars-Nonattending Students 
Ride Measurements 

Answer the following questions in complete sentences. 

1.	 During collision 2, is kinetic energy (KE) conserved? 
Explain why or why not. _ 

2. In collision 3, KE is not conserved. If the total energy of 
the system is conserved, where did the KE go? 

3. During collision 4, is KE conserved? Explain why or why not. 
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Roller Coasters-Floater Hills-Nonattending Students 
Ground Measurements 

C
B
 

Show your work here.
 
Eye level height =1.4 meters
 

fractional part = 4/10
 
number of structures =five
 

Students located a medium-sized hill on a coaster ride. 

1. Estimate the height of the hill from the ground to the 
peak (A) by using the design of the structures. See 
the Basic Skills section (page 31) if you have 
forgotten how to do this. Show your work in the box. 

2. Use stepping to find the hill base distance B to C 
(low points before and after the hill.) 
a) Your steps for 30 meters ----'3=-=9=---- _ 
b) Number of steps taken 8=2=- _ 
c) Hill base distance (B to C) _ 
(Hint: Multiply the number of steps taken by 30 
meters and divide this answer by the number of 
steps you take for 30 meters.) 

3. Check the ride information sign by the entrance of 
the ride to find the total distance of the coaster. 
a) Distance in feet __3=--9=--3=--5=---- _ 
b) Convert your answer to meters _ 

4. Calculate the average speed of the ride. Stand by 
the start and exit area. Take note of the number or 
color of the car you will time. Time the ride from 
when the train of cars leaves the start gate until it 
returns. Time three cars from start to finish . Be sure 
to convert the time to seconds. Fill in the table 
below. 

Car1 Car 2 Car3 Average time, s Total ride 
distance, m 

Average 
speed , m/s 

Total ride 146 s 152 s 144 s 
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Roller Coasters-Floater Hills-Nonattending Students 
Ride Measurements 

If you were to take the accelerometer on the ride, paying attention to the g levels, you would experience 
various g levels. 

1. Where would you experience microgravity or low g? Check all that apply. 
_ _ around curves 
-- going up and over the top of the hills 
_ _ going down and into a low point or valley 

2. What would be the lowest g reading? _ 

3. Where would you experience high-g levels? Check all that apply. 
__ around curves 
__ going up and over the top of the hills 
_ _ going down and into a low point or valley 

4. What would be the highest g reading? _ 
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Carousels-Nonattending Students 
Ground Measurements -

Measuring the angle of the carousel pole 

Determine the revolutions per minute of the carousel. 

1. Stand	 on the ground in front of the carousel and locate a 
particular spot on the ride. Make sure that you have a way to 
remember that spot. Position yourself directly in front of it. 

2. If the ride is not moving, wait until it begins and has made 
several turns. When the point that you have selected is 
directly in front of you, start your stopwatch and keep it 
running for 5 revolutions. Total time for 5 revolutions in 
seconds: _ _9=0=-	 _ 

4. Calculate the time for 1 revolution. This is called the period 
of rotation of the ride. Time for 1 revolution (period of 
rotation): _ 

5. To find the revolutions per minute of the ride, divide 60 by 
the period of rotation, since there are 60 seconds in 1 
minute. Revolutions per minute: _ 

Carousel pole 

Carousels-Nonattending Students 
Ride Measurements 

1. There is a	 "lean" of the benches and on the poles that support the animals. When the ride is 
stationary, use your altitude tracker to determine the angle that an animal in the outer row makes 
with the vertical. While holding the tracker vertically, place it against the animal's support pole, 
reading the angle between the washer and the zero mark on the tracker. Angle = 8 0 

2. Measure the angle that an animal in the inner row makes with the vertical. Angle =_--=3_° _ 

3. Which animal has a larger angle, the one located in the inner row or the one in the outer row? 

4. Do the same measurements on the very same animals while the ride is in motion. 
Inner angle: 0° Outer angle: 0° 

5. How do the results of angle measurements compare when	 looking at stationary ride animals 
versus moving ride animals? Explain your answer. _ 
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Roller Coasters-Loops-Nonattending Students 
Ground Measurements 

The loops of a roller coaster are not circles; they are called 
clothoid loops. Circular loops require a higher amount of 
speed to keep the riders from falling out when they are 
upside down. Roller coasters use clothoid loops, which have 
a smaller radius at the top of the loop, and a longer radius 
where the cars enter and exit the loop (see 'fig. 1). 

Why do you think roller coasters use c1othoid loops instead 
of circular loops? _ 

Roller Coasters-Loops-Nonattending Students 
Ride Measurements 

Figure 1. 

1. If you rode a coaster loop	 at high speeds and paid close attention to whether you felt heavier, 
lighter, or normal in your seat, how do you think you would feel in the various locations? Refer to 
figure 2 to assist you when completing the following table (select one per row). 

Location of ride Heavier Lighter Normal 

Going into loop (A) 

At top of loop (8) 

Going out of loop (C) 

2. A rider experiences a differentsensation when sitting in the front 
than sitting in the back. First, one would ride the coaster seated 8 
in a front car. Second, he or she would ride the coaster again 
seated in a back car. Finally, the rider would try sitting in the 
middle of the coaster. In which seat location do you think the 
rider would experience faster speeds at the top of the loop? 

3. If you had a hat on your head while riding and your hat fell 
off as the coaster car approached the top of the loop, 
which way would it go, ignoring air resistance? (Caution: 
Do not actually try this on the ride!) 
a) Draw the path of the hat by drawing an arrow on figure 2. 
b) Which of Newton's laws applies to the hat when it leaves 

your head. State the complete law below. 

Figure 2. 
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Pendulum Rides-Nonattending Students 
Ground Measurements 

Stand facing the ride, lined up with the center of the pendulum. See point B in the figure below. 

1. Estimate the	 height of point A using the "scale drawing A 
method." Show your work, including the diagram. 

I	 0Eye height =1.4 meters, first angle =35°, C 
I ,second angle = 22 ° 

I 
I 

I,,,,, 

2. To determine the radius of the pendulum ride, find the distance 
that point B is above the ground. Subtract this number from 
the answer found in number 1 above. Show your work. 

3. The time of a simple pendulum's swing can be expressed as t =21t ~ , 
where t = time for one full swing in seconds (period) , I = length of 
pendulum's radius, 1t "" 3.14, g = 9.8 meters/second". Calculate the 
expected time for one full swing (from C to 0 to C) for the ride. Show 
your work. 

4. Wait until the ride reaches the top of the swing (point C or D) then begin counting the number of 
swings, or vibrations (C-D-C) that occur in 30 seconds. Estimate any fractional portions of the 
swing . Do three trials and calculate an average. Fill in the table below. 

B
 

Trial 1 Trial 2 Trial 3 Average 

Number of swings/ 
vibrations in 30 seconds 3.8 3.7 3.9 

5. Calculate the average time for a swing/vibration by dividing 30 seconds by the average number 
of swings. The average number of swings was found in number 4 above. 

6. Explain why the pendulum ride is not actually a true pendulum that falls due to gravity. 
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Pendulum Rides-Nonattending Students 
Ride Measurements 

1. If you took the accelerometer on the ride with you , where do 
you think you would experience the following sensations? 
Label figure 1 where you think you would experience 
a. The highest g, lowest g, and 1 g
 
b.Your weight to be normal, heavier, or lighter
 

Figure 1. 

, 

I 

,I , 
I 

,I

,
,, 

2. A daring	 rider wants to experience the greatest range of 
g loads. Draw two arrows in figure 2 to indicate where he 
or she should sit. 

3. The KC-135 flies in a parabolic path, similar to the pendulum 
ride. Draw the entire path of two KC-135 parabolas in the 
box below. Circle the portion that is similar to the path of Figure 2. 

the pendulum ride. 
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Names _ Date _ 

Pendulums-Part 1-Answer Key 

Pendulums swing back and forth in a regular pattern. One 
back and forth movement is called a vibration. The time it 
takes to complete one vibration is called the period. This lab 
tests the effects of different lengths of string on the period of a 
pendulum swing. 

Task 
Test what will happen to the period of a pendulum when the 
length of the string changes. 

Hypothesis 
Predict how you think the string length will affect the period. 
(Will the period of the pendulum change when you change 
the length of the string?) Write your prediction here. 

As the length of the pendulum decreases. the speed increases. Thus the 

period or time for each vibration decreases as the length is shortened. 

Procedure 
1. Tie the paper clip to the end of a string so that you have 

1 meter of string length to work with, measuring from the 
middle of the paper clip. Allow enough extra string for tying. 

2. Attach the top of the string to a ring stand or the edge of 
a table with tape so the paper clip can hang freely without 
touching the floor. Remeasure to make sure that the total 
length is 1 meter. 

3. Hang the washer onto the paper clip and pull it to the side 
at a small angle and release. 

4. Count the number of vibrations that occur in 30 seconds. 
A vibration is one swing out and back. 

5. Do three trials and average the results. 
6. Record your averages in the table on the next page . 
7. Repeat steps 3 through 5, decreasing the string length by 

10 centimeters each time. Continue for a total of 10 trials. 
8. Make a coordinate graph of the results comparing the 

average number of vibrations in 30 seconds (y-axis) to 
the length of the pendulum string (x-axis). 
Don't forget to label! 

Materials 

• Stopwatch 
• 1-meter string 
• One washer 
• Meter stick 
• Tape 
• Paper clip 
• Ring or support stand 
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Length of string 100 em 90em 80 em 70em 60 em 50 em 40 em 30em 20 em 10 em 

Average number 
of vibrations 

in 30 seconds 
14.9 15 16.7 17.9 19.3 21.1 23.6 27.3 33.4 47.3 

Title : Average number of vibrations versus length of a pendulum 

50 

10 

\ 
\ 

r\.,r-, 
~ <; 

~.... 

o 
o 10 20 30 40 50 60 70 80 90 100 

Length, em
 

Increasing string length
 

Conclusion (Write answers in complete sentences.) 
1. What effect does the length of string have on the period of a pendulum? Explain. 

The shorter the length of the pendulum, the shorter the period. 

2. Name three common amusement park rides or other objects that are examples of pendulums in action. 

Examples of pendulums are rides such as the Pirate Ship, the Mirage, the Texas Twister, Time Warp, Ocean Motion. 

Some objects that are pendulums are a grandfather clock and a child's swing. 
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Names	 _ Date _ 

Pendulums-Part 2-Answer Key 

Pendulums swing back and forth in a regular pattern . One
 
back-and-forth movement is called a vibration or oscillation.
 
The time it takes to complete one vibration is called the
 
period. This lab is going to test the effects of different masses
 
on the period of a pendulum swing.
 

Task
 
Test what will happen to the period of a pendulum when the
 
mass attached to the string changes.
 

Hypothesis
 
Predict how you think the mass attached to the pendulum will
 
affect the period. (Will the period of the pendulum change
 
when you change the mass attached to the string? If so, how?
 
Will more mass cause the period to shorten or increase?)
 
Write your prediction here .
 

The period of the swing will not be affected ov changing the mass. 

Procedure 
1. Glue Velcro"	 to the outside of the lid of a film canister. 

Attach one end of a string to the Velcro". Use enough 
string so that the total length from the bottom of the film 
canister to the point of attachment is 60 centimeters, 
allowing extra string for tying. 

2. Tie the top of the string to a ring stand, support rod, or 
the edge of a table so that the canister can hang freely 
without touching the floor. 

3. Put a washer inside the canister and close the lid . Pull the 
canister to the side at a small angle and release. 

4. As the canister (with the washer inside) swings, count the 
number of vibrations that occur in 30 seconds. A vibration 
is one out and back swing. 

5. Do this three times and average your results. 
6. Record each average in the table on the next page. 
7. Repeat steps 3 through 5, adding another washer each 

time to the canister. Continue for a total of 10 trials. 
8. Make a coordinate graph of the results comparing	 number 

of vibrations that occur in 30 seconds (y-axis) to the number 
of washers (x-axis) . Don't forget to label! 

Materials 

• Stopwatch 
• 50-centimeter string 
• Ten washers or masses 
• Meter stick 
• Tape 
• Film canister 
• Ring or support stand 
• Velcro" 
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Number of washers 1 2 3 4 5 6 7 8 9 10 
Average number 

of vibrations 
in 30 seconds 

19 19 19 19 19 19 19 19 19 19 

Title: Average number of vibrations versus number of washers (mass) of a pendulum 

50 f------+---+- -\--t-- +--+-t--t--1f---+---+--+---+-+--+-+--+--t---t---i- -t---I 

40 f------+---+- --1--t--+--+-t--t--f------+---+--+--+--\---t--+--+--t---t---i--t----1 
U)
c: 
.~ ....... 

1530 1---+- +--+- +--+- -+--t- +----1r---+-- +--+- +--+- -+--t- +----Jf----+-- +--+-1 
os: 
.... 
o 
'
~20 1---+--1---+--+--+--t---+--t------1r---+--1---+--+--+--t--t--t--f--+--1---+---1 

E 
:::J 
< 

to f----t---t- -+--+- -/---t-- +--+-- t---t---t- -t---+- -\--t-- +--+- t--t- f---/---i 

O '---'-- .l..---'-- --'------'-- ---'---'- ---'-- '-------'---- -'------'-- --'-------'-- ---'---'- ---'----- '-----'-- .l..------L.---l 

o 1 234 567 8 9 10 
Number of washers, mass 

Increasing number of washers 

Conclusion (Write answers in complete sentences.) 
1. What effect does the mass attached to the string have on the period of a pendulum? 

Changing the amount of mass does not affect the period of the pendulum. 

2. Two grandfather clocks are built at factories across town from each other. One is made of bronze 
and one is made of plastic. Is it possible for the two clocks to keep the same time? Explain. 

It is possible for the two clocks to keep the same time as long as their pendulums are the same length. 
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Names _ Date _ 

Collisions-Part 1-Answer Key
 

Task 
You will be observing colliding marbles, which demonstrate the 
conservation of momentum. The momentum of a moving object 
is the product of its mass and its velocity (M =mv). If all of the 
marbles are identical in mass and size, a moving marble will 
transfer its momentum to a stationary marble when they collide. 

Parameter 
Make sure your marbles are identical in size and mass. 

I I I! I r II 1111 I I I I I I I I I I I I I I II 1'1 " I J I ' 1' 1' II I I I ' I ' I o 1 2 3 4 5 6 7 8 9 10 11 12 

Materials 

• Plastic ruler with center groove 

(30 centimeters long) or similar 
items for tracking the marbles, such 
as grooved wooden molding 

• Eight identical marbles 

om 0 , 2 3 • • • 7 • • .0 " '2 ' 3 " ss .. .. te ' . 20 2. 22 23 .. 25 ce 27 26 29 30 Don't forget to return the 

111 1~mllll~IIIl ~II~IIIII1JII~III II1I1 I !wblllllllll~~III~lII lnukl lllllllll~II ~IIlIIIl~I JuJIIII IIII~~IlIIlIl~II~UIlIIl!~~IIII1I1 II1~II~III1WmIIIll IUl~JII~III1I.IIIII IIlJJ!II1IIIIIJiillllllu: marbles. 

Procedure 
1. Place all eight marbles in the ruler groove next to and 

touching each other. 
2. Pull one of the marbles about 10 centimeters away from the 

rest and then push it back toward the other marbles, giving it 
some speed. Note what happens when the marbles collide. 

3. Place the marbles back at their original position and pull two marbles about 10 centimeters 
away from the rest. Push the two marbles together toward the other six marbles so that they 
collide. Note what happens after the collision . 

4. Repeat step 3 with three marbles, then four marbles, and finallyfive marbles. 

Conclusion 
1. When one marble bumps against the other seven, why does just one marble move away? 

Momentum is conserved in elastic (frictionless) collisions One marbLe impacts the other with a mass times velocity 
causing another marble of the same mass to move away with the same speed as the impact speed (disregarding fricuon). 

2. Did the other six marbles move much after the first collision? Why? "-,Nc=o,--"t'-'-'h.=.e'-Y=d'= _·d-'-n.=o--'-'t. 

Momentum was transferred from the first marble through the line of marbles to the last marble. 

3. How many marbles moved away when you pulled three marbles back and made them collide 
with the remaining five marbles? Three marbles moved away and two marbles remained stationarv. 

4. If you were to use a twice-as-massive marble to collide with the seven other marbles of regular 
mass, would that cause just one marble to move away? Explain. No, in order for momentum to be 

conserved. the mass times velocity of the initial marble equals the mass times velocity of the marbles that move off. The more 

massive marble would cause two (or more, depending on how massive the marble is) smaller marbles to move off slow/lt 

5. Would the end marble also move faster when one is hitting the row with a faster speed?---,-Yl=es",-,-,_ _ 
the mass times velocity of the initial marble equals the mass times velocity of the marbles that move off. The faster the veloc
ity of the incident marble, the faster the end marble will fall off if the masses are equal. 
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Names _ Date _ 

Materials 

• Two plastic rulers with center groove 
(30 centimeters long) or similar items 
for tracking the marbles, such as 
grooved wooden molding 

• Two identical marbles 
• Two identical books or boards to 

use as ramp supports 

Collisions-Part 2-Answer Key 

Task 
You will cause two moving marbles to collide and observe the 
direction of the movement after collision. 

Parameters 
Make sure your marbles are identical in size and mass. 

Procedure 
1. Make a ramp using each of the rulers and a support, such 

as a board or a book . 
2. Place the ends of the rulers that are resting on the table 

facing each other separated by a 1O-centimeter distance, 
as shown in figure 1. 

3. Place a marble at the top of each ruler and then release the 
marbles at the same time . Note and record the direction 
of movement after the marbles collide. After collision. each 
marble will rebound backward at the same soeed. 

Figure 1. 4. Move the rulers farther apart so that there is 20 centimeters 
between them . Place a marble at the top of each ruler. 
Give one of the marbles a push, and let the other marble 
roll without a push (one fast-moving, one slow-moving). 
Note and record the differences between this collision and 
the collision in the previous step. After collision, the fast-moving 
marble should rebound back at a slower rate, and the slower marble 
should rebound at a faster rate, due to momentum transfer. 

Figure 2. 5. Place one marble on the table 10 centimeters from the 
base end of one ruler to be a target. Place the other 
marble at the top of the ruler ramp, releasing it to hit the 
target marble. Note and record the direction of movement 
after the marbles collide (see fig. 2). After collision. the 
target marble will move forward with the same speed as the incident 
marble, and the incident marble will stop. 

6. Change the direction of the rulers so that they will collide and 
hit perpendicular to each other. Note and record the direction 

Figure 3. of movement after the marbles collide (see fig. 3). 

After collision, the marbles will move off in a diagonal path to the 
original and at a slower speed. 
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7. Remove one of the rulers, placing the other ruler so that 
it faces the ramp stand directly head-on. Place a marble 
at the top of the ruler and release it. Note the direction 
that the marble moves after it collides with the ramp 
stand (see fig. 4). The marble will rebound directly backward 
with the same speed of impact. Figure 4. 

8. Move the ruler so that it is at an angle with the ramp stand 
so that the marble will not hit head-on, such as in a side
impact collision (see fig. 5). Note the direction that the 
marble moves after it collides. The marble wi" reflect off the 

ramp stand with the same speed and angle of impact. 

Figure 5. 9. Return the marbles to your teacher when you are finished 
with this activity. 

Conclusion 
1. Describe or illustrate how the marbles moved after they collided head-on in step 3 of the procedure. 

Is KE conserved? Each marble wi" move the opposite way after collision with the same speed. 
KE is conserved. 

2. The marble that was pushed has more KE, because it is moving faster. After the collision, which 
marble has more KE? The slower marble should move the opposite way with a faster speed having more 
KE. and the faster one should rebound at a slower speed than its original speed, having less KE. 

3. Although the bumper car riders are strapped in and do not fly out of the	 car, their heads are 
relatively free to move. Two bumper cars have riders that are the same size and mass, but 
rider A's car is moving faster than rider B's car when the cars collide head-on. 

a. What will be the resulting motion of each rider's head after collision (assuming they stay 
attached to the bodies)? The riders have the same initial speed as the cars they are riding. The head 

of the rider in the faster moving car will lose speed and therefore lose KE when rebounding. The head of the 

slower rider will recoil with a faster speed and thus gain KE when rebounding. 

b. What will be the resulting motion of the cars after the collision? The faster moving car will lose 

KE when rebounding and transfer the momentum to the slower car. which will gain KE when rebounding. 

4. If the marble sitting still at the bottom of the ramp, in step 5 of the procedure, were twice as massive 
as the marble rolling down the ramp, how would the resulting movement of marbles be different 
than what you observed? Because it is twice as massive, the target marble will move more slowlv than the 
incident marble. Thus, KE is not conserved. 

5, Illustrate or describe the movement of the marbles after the collision that was set up in step 6 of 
the procedure. Is the KE of the marbles conserved after the collision? 
The marbles will move off in a diagonal line from the original paths and at a slower speed. KE is not conserved. 

6. How is the direction of movement following the collision in step 7 different from that in step 8 of 
the procedure? The marble will rebound straight back in step 7, while the marble in step 8 will reflect off the 

ramp at the same angle that it hit . However. both examples illustrate the law of reflection. which states that the 
angle of incidence equals the angle of reflection. 
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Names Date _ 

Marble Run-Part 1-Answer Key 

Task 
You will work as a group to build a roller coaster and to 
diagram the forces of motion and energy transformations that 
apply to the track. 

Parameters 
1. Use 5.49 meters (18 feet) of copper pipe insulation for the 

track. 
2. Select any type of marble, but only one marble. You will be 

able to make one switch if you want to change marble type. 

Materials 

• Three half pieces of copper pipe 
insulation (gray, spongy); each 
piece 1.83 meters or 6 feet 

• Masking tape 
• One marble 
• Stopwatch 
• Meter stick 

3. Avoid putting tape on the surface of the track on which the 
marble rides. 

4. This is not a race, so take time to enjoy it. Don't forget to label! 

Procedure 
1. As a group, build a roller coaster that has 

• An initial hill and one additional hill 
• A complete loop 
• A gap where two pieces of track do not touch each other 
• A run that a marble can roll the entire distance of the track (except at the gap) 

2. Time five complete marble runs. 
3. Sketch the shape of the coaster below. 
4. Label the forces that are present during the marble run (include gravitational, centripetal, and frictional). 
5. Label energy transformations in your diagram where the potential energy and kinetic energy 

increases or decreases. 

Roller Coaster Diagram Average time for 5 trials 2.00 seconds 

PE ,KEf Gravitational force 
PE ,KEf 

PE fKE, 

Gravitational force 

Centripetal force 
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Names _~~~_~_~ 

Materials 

• Three half pieces of copper pipe 
insulation (gray, spongy); each 
piece 1.83 meters or 6 feet 

• Masking tape 
• One marble 
• Stopwatch 
• Meter stick 
• Digital camera (optional) 

Make sure you leave enough 
time to make the scale drawing 
and time five marble runs. 

Date _ 

Marble Run-Part 2-Answer Key 

Task 
You will work as a group to calculate the average speed of a 
marble for the team's roller coaster, and to draw the roller 
coaster to scale. 

Parameters 
1. Use 5.49 meters (18 feet) of copper pipe insulation for the track. 
2. Select any type of marble, but only one marble. You will be 

able to make one switch if you want to change marble type. 
3. Avoid putting tape on the surface of the track on which the 

marble rides . 

Procedure 
1. As a group, build a roller coaster that has 

• An initial hill and one additional hill 
• A complete loop 
• No gap 
• A run that a marble can roll the entire distance of the track 

2. Draw a scale drawing of your roller coaster using the 
grid graph below. 

3. Time the marble from start to finish five times and 
calculate the average time of travel. 

4. Calculate the average speed of the marble. 
(s = d/t, where s =speed, d = distance, and t = time) 

Scale drawing of roller coaster: 1 block =20 centimeters 
(Suggestion: Photograph your roller coaster with two meter sticks at right angles to represent the 
X and Y axes. Answers will vary.) 

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

" V ~ r-,, 
~ / \ / <, 
\ 1/ \ I 

\ J \ 
i\ / \ 

~ \ ) 

'\ 1/ " i'-.... - <,-V 
<,V """"""r-~ 
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Data and Calculations 

Trial Distance, m Time, s Speed, m/s 
1 5.49 2.68 2.03 

2 5.49 3.06 1.78 

3 5.49 2.78 1.96 

4 5.49 2 .70 2.02 

5 5.49 2.72 2.00 

Average 5.49 2.79 1.95 
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Names Date _ 

Materials 

• Two half pieces of copper pipe 
insulation (gray, spongy) ; each 
piece 1.83 meters or 6 feet 

• Masking tape 
• One marble 
• Stopwatch 
• Meter stick 

Dent forget to return 
the marbles! 

Marble Run-Part 3-Answer Key 

Task 
You will build a roller coaster having a 4-foot hill where the 
marble stays on the track at all times and then calculate the 
average speed of the marble for five trials. 

Parameters 
1. The first hill must be at a height of 1.22 meters (4 feet) 

measured from the top of the first hill to the bottom of the 
first hill. 

2. The two additional hills should be as tall as possible. 
3. The marble must run the entire length of two pieces of 

track, 3.67 meters (12 feet). 
4. You may add turns or any side motion to the track to 

increase speed. 
5. You may try different types of marbles (small, big , heavy, 

and light). 

Procedure 
1. As a group, build a roller coaster that has 

• Three hills 
• Conditions to allow the marble to remain on the track 

for the entire run (the marble cannot leave the track at 
any point) 

2. Use a stopwatch to time the marble from the beginning to 
the end of the track. Repeat for a total of five trials. Record 
the times below. 

3. Calculate the average speed of the marble (s=d/t) . Record 
below. 

4. Draw your roller coaster on the following page and 
indicate the height of each hill. 

Data and Calculations (Answers will vary.) 

Trial Distance, m Time, s Speed, m/s 
1 3.67 3.07 1.20 

2 3.67 2.92 1.26 

3 3.67 3.00 1.22 

4 3.67 2.96 1.24 

5 3.67 3.10 1.18 

Average 3.67 3.01 1.22 
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Draw your coaster and label the height of each hill in centimeters. Label the four items 
listed in the conclusion below. 

Maximum PE 122 em 

41em 

Maximum KE .. 
21 em 

Conclusion 
1. What was the combined height of the three hills of your coaster? 184 em (answers will vary) 

2. Indicate on your diagram the one location where the potential energy (PE) of the coaster is the 
greatest (maximum PE). Note, there can only be one of these for the entire coaster. 

3. Indicate on your diagram , the area of each hill where	 PE is decreasing and kinetic energy (KE) 
is increasing. (PEl KEi) 

4. Indicate on your diagram where the	 KE of the coaster is the highest (maximum KE). Note, 
there can only be one of these for the entire coaster. When you are finished with your drawing 
it should have each of the following things labeled: 

• Height of each hill 
• Maximum PE (one only) 
• Areas of PEl KEi 
• Maximum KE (one only) 
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Names 

Materials 
• Two half pieces of copper pipe 

insulation (gray, spongy) ; each 
piece 1.83 meters or 6 feet 

• Masking tape 
• One marble 
• Stopwatch 
• Meter stick 

The starting heights will 
directly affect the speed of 
the marbles.Each hill shape 
is optimal for one starting 
level. 

Procedure 

Date _ 

Marble Run-Part 4-Answer Key 

One of the most exciting parts of a roller coaster ride is feeling 
weightless while traveling over a hill. If the coaster can simulate 
the path of a projectile (like a ball that rolls off a table) the riders 
will come close to experiencing free fall and will feel weightless. 

Task 
As a group, test three different hill formations to find out the 
optimal hill shape for a roller coaster. 

Parameters 
1. Use two pieces of track . The marble must run the entire 

length of track. 
2. The marble cannot leave the track at any time from start 

to finish . 
3. You may try different types of marbles (small, big, heavy, 

and light), but you must use the same one for all three hills. 

1. Tape the two tracks together on the bottom. 
2. Test three different types of hills (A, B, and C) from three different starting heights (levels 1, 2, and 3). 

Determine which hill shape is optimal for each starting height. Level 1 is 1.0 meter, level 2 is 
0.8 meter, and level 3 is 0.6 meter above the lowest point of the hill (see diagrams below). Note, 
the height of the middle hill shown in the diaqrarns are exaggerated for purposes of clarity. 

Levelt --_
 
Level2 --~
 

Level3 --~
 

Levelt
 

Level2 ---\
 
Level3 ---\
 

Levelt
 
Level2 ---\
 

Level3 ---\
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Fill in the table below according to the following descriptions : 

Optimal hill-The marble is close to free fall for the longest period of time, and is softly caught at 
the bottom. This is the fastest ride while still staying on the track. 

Safe hill-The marble stays on the track, but is not traveling as fast as it could, nor does it remain 
close to free fall for the maximum amount of time. 

Unsafe hill-The marble leaves the track and possibly hits the other side of the track, or the marble 
doesn't have enough speed to go over a hill or complete a loop. 

Starting 
height 

HillA Hill B Hille 

1 unsafe unsafe optimal 

2 unsafe optimal safe 

3 optimal safe safe 

Dont forget to return 
the marbles! 

Conclusion 
1. Which hill type is optimal when starting the marble at level 1, and why do you think this is true? 

Hill C because level 1 has the highest starting point and the highest middle hill requiring the most potential 

energy. 

2. Which hill type is optimal when starting the marble at level 2, and why do you think this is true? 
Hill B because level 2 is the middle starting point and has the midsized hill requiring a medium amount
 

of potential energy.
 

3. Which hill type is optimal when starting the marble at level 3, and why do you think this is true? 
Hill A because the lowest starting point has the lowest hill reguiring less potential energy. 

4. When you ride down a roller coaster hill , does the angle of the slope of the track make a 
difference in the sensation that you get on the ride? Why? The steeper the slope of the hill, the 
more frightening the ride, because the track is not supporting the car as much as when it is not as steep. 
Thus, the rider has the sensation of being in a free-fall environment. 
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Figure 1. 

Free-Fall Rides 
Ground Measurements-Answer Key 

Stand near the ride entrance to take the following measu rements: 

1. Using figure 1, estimate how	 high the ride car actually 
goes (point A) using the scale drawing method of angles 
and point of intersection. If you forgot how to do this, see 
the Basic Skills section (page 31). Show your work below. 

3.4 em 

3.4tR:!.X 10m=34m 
1 Cq) 

34 m + 1.4 m = 35.4 m 

2[F 
---------------------~--~----~---------

2. Estimate	 the height of point B. Calculate the distance 
between point A and point B. Show your work in the space 
below. 

The height of point B, the end of the ride, is 
approximately 3.6 meters above the ground. 

35.4 - 3.6 = 31.8 meters 

3. Calculate the average speed of the ride. 
a) Time the lift from the start point to the highest point 

(point A in fig. 1) the car travels. Time three different 
cars as they travel from the start point to point A. Fill in 
the table below. 

b) Time the fall from point A to point B. Stop the timer as 
soon as the car reaches the low point of the ride (point B 
in fig. 1). Don't wait for the ride to come to a complete 
stop. Time three different cars as they travel from point 
A to point B. Fill in the table below. 

Time trial 1 Time trial 2 Time trial 3 Average time, s 
Distance using 

figure 1 above, m 
Average speed, 

rn/s 

Lift to A 7.575 7.645 7.375 7.535 31.8m 4.2 m/s 

Fall from 
A to B 3.455 3.615 3.595 3.555 31.8m 8.9m/5 
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Free-Fall Rides 
Ride Measurements-Answer Key 

When measuring the end of the fall, make sure that you 
measure the g's before the ride bends away from the vertical. 
Always hold the accelerometer so that it is vertical , or the 
measurements will not be correct. 

1. Take	 the accelerometer on the ride to measure the 
accelerations (g's) during the ride. 

2. Complete column g in the data table below. 

3. Indicate with an "X" which of the four locations below have 
a maximum kinetic energy (KE) , maximum potential 
energy (PE), minimum KE, or minimum PE. There should 
be only one X in each column. That is, there is only one 
location (either during the lift , at the top of the ride , during 
the fall, or the end of the fall) in which there is a maximum 
KE. Remember, KE is energy of motion and PE is energy 
of position. 

g Maximum KE Maximum PE Minimum KE Minimum PE 

During the lift 1 

At the top of the ride 1 X X 

During the fall 0 

End of the fall 0 X X 
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A Peak 

Base 
Figure 1. 

Hill distance 
(approximate) 

Height 

Base 

Figure 2. 

Roller Coasters-Initial Hill 
Ground Measurements-Answer Key 

Find a coaster that has an initial hill that can be measured 
using the structure estimation method. 

1. Estimate the height of the first hill from the ground by 
using the design of the structures. See the Basic Skills 
section (page 31) if you have forgotten how to do it. Show 
your work below. 

If eye level height = 1.4 meters;
 

Fractional part =8/10, then 1.4 meters/(8 /10) = 1.75 meters
 

(1.75 meters/structure){6 structures) = 10.5 meters 

2. Find the base length of the hill by stepping (see fig. 1). 

If base of hill = 32 steps, 
32/39 = xl30 meters 
39x = (30){32) meters 
x = 24.6 meters 

3. Calculate	 the approximate hill distance by using the 
Pythagorean theorem. (Note, this is an approximation of 
the distance down the first hill because the track is curved 
at the top and bottom.) Show your work. 

(base- + height2 =hill distance-) 

(base)2 + (height)2 = (hill distance)2 

(24 .6 meters)2 + (10.5 metersy' = (hill distance)2 

hill distance = 26.7 meters 

4. Time the roller coaster going down the first hill from point 
A to point B as shown in figure 1. Do this three times and 
fill in the data table below. 

5. Calculate the average speed of the cars down the first hill. 
First find the average time of your three trials, and then 
calculate (s =d/t). Fill in data table below. 

Time trial 1 Time trial 2 Time trial 3 Average time, S Distance, m Speed, m/s 

From A to B 3.0s 2.6 s 2.8s 2.8 s 26.7m 9.5 m/s 
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Roller Coasters-Initial Hill 
Ride Measurements-Answer Key 

Take the accelerometer on the ride, paying close attention to 
the g measurements. 

1. When do microgravity «1 g) moments occur (up and over a 
hill, down a hill and into a valley, up a hill , down a hill, over 
the crest of a hill, going through a valley, around curves)? 

Microarevitv conditions occur when moving up and over a hill. 

2. What was the highest g-Ievel reading you observed? Where 
was it (up and over a hill, down a hill and into a valley, up a 
hill, down a hill, over the crest of a hill, going through a valley, 
around curves)? High-g readings will occur while going through 

a valiev and around curves. The values will vary from slightly more 
than 1 g to up to 4 g. 
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Bumper Cars 
Ride Measurements-Answer Key 

For each collision shown below, circle the appropriate set of arrows to indicate which direction the 
cars and riders move immediately after impact. Assume the masses of riders A and B are equal. 

2. Rear-end collision 1. Head-on collision 

Before impact Before impact 

~0~~ 
no motion After impact After impact 

Cars: A B Cars: A B 

a. .. no motion a. 

(9 no motion .b. no motion 

c. -~ .
~ no motion 

... 
d. no motion .. 

Riders: A B Riders: A B 

a. .- ..<p 
no motion (9 .- no motion 

c. .. .c. ... .
d. no motion ........f-- d. no motion .. 

3. Side-impact collision 4. Car hits wall 

A Before impact 
Before impact 

A 

B 
After impact After impact 

Car: ACars: A B 

t a.a. ~ 

(9(9 ~ ~ 
c. no motion c. jI ~ 

d. no motion ~ 
Rider: ARiders: A B 

~ o0 t b. 
b. ~ ~ c. no motion 
c. jI ~ 

d. t t 
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Bumper Cars 
Ride Measurements-Answer Key 

Answer the following questions in complete sentences. 

1. During	 collision 2, is kinetic energy (KE) conserved? 
Explain why or why not. Yes, KE is conserved. Except for the 

loss of energy due to heat and sound formed by the collision, the 

speed and thus the KE of car A was transferred to car B. 

2.	 In collision 3, KE is not conserved. If the total energy of 
the system is conserved, where did the KE go? 
Although both cars end up in motion, some KE is lost. The total 
energy of the system , howevee ;s constant as some of the KE or 
energy of motion, is changed to heat and sound. Also, the two cars 
lock up and comb ine to be a unit. This unit has a large mass , thus 
they end up going slower. 

3.	 During collision 4, is KE conserved? Explain why or why not. 
There will be some loss due to heat and sound, but most of the KE 

is conserved as the car rebounds from the wall. The harder the 

surface of the wall. the more KE is conserved. 
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B C
 

Show your work here. 

If eye level height = 1.4 meters, 
fractional part = 4/10, then 
1.4 meters/(4/10) = 3.5 meters 
3.5 meters X 5 = 17.5 meters 

(30 meters/39 steps)(82 steps) = 63 meters 

39351t. X 0.3048 m = 1199 meters 
1'f.t. 

Roller Coasters-Floater Hills 
Ground Measurements-Answer Key 

Locate a medium-sized hill on a coaster ride. 

1. Estimate the height of the hill from the ground to the 
peak (A) by using the design of the structures. See 
the Basic Skills section (page 31) if you have 
forgotten how to do this. Show your work in the box. 

17.5 m 

2. Use stepping to find the hill base distance B to C 
(low points before and after the hill). 
a) Your steps for 30 meters _--=3=9'--- _ 

b) Number of steps taken _-'=8"'=.2 _ 

c) Hill base distance (B to C) _ =63=-- _ 

(Hint: Multiply the number of steps taken by 30 meters 
and divide this answer by the number of steps you 
take for 30 meters.) 

3. Check the ride information sign by the entrance of 
the ride to find the total distance of the coaster. 
a) Distance in feet _",-,39~"-,,,,--- _35

b) Convert your answer to meters ----'1'--'.1=99:::.-- _ 

4. Calculate the average speed of the ride. Stand by 
the start and exit area. Take note of the number or 
color of the car you will time. Time the ride from 
when the train of cars leaves the start gate until it 
returns. Time three cars from start to finish. Be sure 
to convert the time to seconds. Fill in the table 
below (answers will vary). 

Car 1 Car 2 Car3 Average time, s Total ride 
distance, m 

Average 
speed , m/s 

Total ride 146 s 152s 144 s 147s 1199 m 8.16 m/s 
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.:toner Coasters-Floater HiHs 
Ride Measurements-Answer Key 

Take the accelerometer on the ride, paying attention to the g leveis.The ride is very fast so it helps if you 
call out the g measurements to your partner as you go up and down the hills and around the curves. 

1. Where did you experience microgravity or low g? Check all that apply. 

_ _ around curves 
~ going up and over the top of the hills 
_ going down and into a low point or valley 

2. What was the lowest g reading? Answers will var from values sli htl less than 1 

3. Where did you experience high-g levels? Check all that apply. 

--L..- around curves 
_ _ going up and over the top of the hills 
~_ going down and into a low point or valley 

4. What was the highest g reading? Answers will vary from values greater than 1 to 4 9 or more. 
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Measuring the angle of the carousel pole 

Carousels 
Ground Measurements-Answer Key 

Determine the revolutions per minute (rpm) of the carousel. 

1. Stand	 on the ground in front of the carousel and locate a 
particular spot on the ride. Make sure that you have a way to 
remember that spot. Position yourself directly in front of it. 

2. If the ride is not moving, wait until it begins and has made 
several turns. When the point that you have selected is 
directly in front of you, start your stopwatch and keep it 
running for 5 revolutions. 
Total time for 5 revolutions in seconds: _ _9_0 _ 

4. Calculate the time for 1 revolution . This is called the period 
of rotation of the ride. Time for 1 revolution (period of 
rotation): 90 seconds/5 revolut ions = 18 seconds/revolution 

5. To find the revolutions per minute of the ride, divide 60 by 
the period of rotation , since there are 60 seconds in 1 
minute. Revolutions per minute: 
(60 seconds/minute)/(18 seconds/1 revolution) = 3 .33 rpm 

Ca rousel pole 

Carousels 
Ride Measurements 

1. There is a	 "lean" of the benches and on the poles that support the animals. When the ride is 
stationary, use your altitude tracker to determine the angle that an animal in the outer row makes 
with the vertical. While holding the tracker vertically, place it against the animal 's support pole, 
reading the angle between the washer and the zero mark on the tracker. Angle = __-=8_° _ 

2. Measure the angle that an animal in the inner row makes with the vertical. Angle = _--=3:..-° _ 

3. Which animal has a larger angle , the one located in the inner row or the one in the outer row? 
Outer row 

4. Do the same measurements on the very same animals while the ride is in motion. 
Inner angle: 0° Outer angle: 0° 

5. How do the results of angle measurements compare when looking at stationary ride animals 
versus moving ride animals? Explain your answer.	 The motion of the ride (circular path) creates a 

centripetal force acting on the horses and the riders . The horses are angled inward. which is similar to banking 
a road around curves. Thus. the rider is able to stav on the horse eas ier. 
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Roller Coasters-Loops 
Ground Measurements-Answer Key 

The loops of a roller coaster are not circles; they are called 
clothoid loops. Circular loops require a higher amount of 
speed to keep the riders from falling out when they are 
upside down. Roller coasters use c1othoid loops, which have 
a smaller radius at the top of the loop, and a longer radius 
where the cars enter and exit the loop (see fig. 1). 

Why do you think roller coasters use c1othoid loops instead 
of circular loops? The smaller radius at the top of the ride allows 
for slower speeds,while still maintaining a curved path, preventing the 
car and riders from falling off the track. 

Roller Coasters-Loops 
Ride Measurements 

1. When riding in a loop at high speeds, pay close attention to 
whether you feel heavier, lighter, or normal in your seat. Refer 
to figure 2 to assist you when completing the following table 
(select one per row). 

Location of ride Heavier Lighter Normal 

Going into loop (A) X 

At top of loop (B) X' X' X' 
Going out of loop (C) X 

Figure 1. 

'Note, depending on the rider's speed at 
the top of loop, all three choices here 
would be correct. 

B 

2. A rider experiences a differentsensation when sitting in the front 
than sitting in the back. First, ride the coaster seated in a front 
car. Secondly, ride the coaster again seated in a back car. 
Finally, try sitting in the middle of the coaster. In which seat 
location did you experience faster speeds at the top of the loop? 

One would experience faster speeds when seated in the back. 

3. If you had a hat on your head while riding and your hat fell 
off as the coaster car approached the top of the loop, 
which way would it go, ignoring air resistance? (Caution: 
Do not actually try this on the ride!) 
a) Draw the path of the hat by drawing an arrow on figure 2. 
b) Which of Newton 's laws applies to the hat when it leaves 

your head. State the complete law below. 
Newton's first law of motion: A body in motion cont inues in motion, 
in a straight line, unless acted on by an external net force. 

... ... - .... ,,, 
I 

I 
I 

I 

Figure 2. The dashed line is a parabolic 
curve . 
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Pendulum Rides 
Ground Measurements-Answer Key 

Stand facing the ride, lined up with the center of the pendulum. See point B in the figure below. 

1. Estimate the height of point A using the	 "scale drawing A 
method." Show your work, including the diagram. 

IL	 1 == 35" , L 2 == 2ZO C 0 

2. To determine the radius of the pendulum ride, find the distance 
that point B is above the ground. Subtract this number from 
the answer found in number 1 above. Show your work. 

25.4 meters - 1.6 meters == 23.8 meters 

3. The time of a simple pendulum's swing can be expressed as t =2rrJ& ' 
where t = time for one full swing in seconds (period) , I = length of 
pendulum's radius, rr :::::: 3.14 , g = 9.8 meters/second". Calculate the 
expected time for one full swing (from C to 0 to C) for the ride. Show 
your work . 

23.8 meters 
!= 2 Xn 9.8 meters/seconcJ2 

4. Wait until the ride reaches the top of the swing (point C or D) then begin counting the number of 
swings, or vibrations (C-O-C) that occur in 30 seconds. Estimate any fractional portions of the 
swing . Do three trials and calculate an average. Fill in the table below. 

2 .4 em x 10m == 24 m 
1 em 

24m+ 1.4m==25.4m 

2.4 cm 

I 

••
I 

I 
I 

I,,, 
-'" 

B 

Trial 1 Trial 2 Trial 3 Average 

Number of swings/ 
vibrations in 30 seconds 3.8 3. 7 3.9 3.8 

5. Calculate the average time for a swing/vibration by dividing 30 seconds by the average number 
of swings. The average number of swings was found in number 4 above.
 
30 seconds/3.8 vibrations == 7.9 seconds/vibration
 

6. Explain why the pendulum ride is not actually a true pendulum that falls due to gravity. 

The time for a true pendulum with the given radius is 10.4 secon ds, while the pendulum ride was only 7.9 seconds. 
There are moto rs and other machinery that control the speed of the ride. 
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Pendulum Rides 
Ride Measurements-Answer Key 

1. Take the accelerometer on the ride. Label figure 1 where you 

exper ienced

a.The highest g, lowest g, and 1 g
 
b.Your weight to be normal , heavier, or lighter
 

Lowest g, 
lighter weight 

Figure 1. 

,, 

Highe st g, 
heavie r weight 

2. A daring rider wants to experience the greatest range of 
g loads. Draw two arrows in figure 2 to indicate where he 
or she should sit. Hint: Consider working with another 
group or two, each sitting in different rows. Compare which 
rows give the highest and lowest accelerometer readings. 

3. The KC-135 flies in a parabolic path, similar to the pendulum 
ride. Draw the entire path of two KC-135 parabolas in the 
box below. Circle the portion that is similar to the path of 

the pendulum ride. 

I 
Lowest g, 

I lighter weight , , 
I 

,I

,, 

Figure 2. 
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Pretest
 
Amusement Park Physics With a NASA Twist
 

1.- - True or False. Astronauts experience weightlessness because they are high enough where 

the Earth's grav ity is extremely low, as in microgravity. 

2.__ True or False. There are microgravity research facilit ies at NASA where scientists drop 
their experiments to eliminate some of the effects of gravity. 

3._ _	 True or False. In the loop rides, where the riders experience circular motion , they also 

experience high gravity conditions. 

4._ _	 I\Jewton's first law of motion states that objects tend to move in a straight line at a constant 
_ _ _ _ , unless acted upon by an outside force . 
A. acceleration B. temperature C. speed D. speed and acceleration 

5.	 True or False. The horses located on the outer part of a carousel travel at a different speed 

than the horses located in the inner part . 

6.__ Given a normal walking stride, which value most nearly applies to pacing a distance of 30 

meters. 
A. 11 to 15 steps B. 18 to 25 steps C. 40 to 60 steps D. 100 to 110 steps 

Place an "X" on the lines next to all the locations on a roller coaster hill where the rider 7 . 
might experience high-g loads while traveling at high speeds. 
_ _ _ at the top of a hill at the bottom of a hill going around a curve 

8.	 Place an "X" on the lines next to all that are correct. A pendulum that moves freely back 
and forth will move faster if 
_ _ the string that supports it is shortened . 
_ _ the string that supports it is lengthened. 
__ the mass or bob at the end of the string is made heavier. 
_ _ the mass or bob at the end of the string is made lighter. 
_ _ the pendulum is moved to the International Space Station. 
_ _ the pendulum is moved inside a deep mine shaft that is closer to the center of Earth 

9._ _	 True or False. When two identical marbles collide head-on and each marble rebounds c 
the same speed that it was initially travel ing , we can say that momentum was conserved i' 
the collision , but kinetic energy was not. 

10.__ True or .False. I~ order for the roller coaster to take full advantage of the physical propertie 
of the nde design, the first hill must be the highest hill. 
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Pretest Answer Key
 
Amusement Park Physics With a NASA Twist
 

1.~ True or False. Astronauts experience weightlessness because they are high enough where 
the Earth's gravity is extremely low, as in microgravity. 

2._T_ True or False. There are microgravity research facilities at NASA where scientists drop 
their experiments to eliminate some of the effects of gravity. 

3._ T_ True or False. In the loop rides, where the riders experience circular motion, they also
 
experience high gravity conditions.
 

4.~ Newton's first law of motion states that objects tend to move in a straight line at a constant 
____, unless acted upon by an outside force. 
A. acceleration B. temperature C. speed D. speed and acceleration 

5._T_ True or False. The horses located on the outer part of a carousel travel at a different speed 
than the horses located in the inner part. 

6.	 C Given a normal walking stride, which value most nearly applies to pacing a distance of 30 
meters. 
A. 11 to 15 steps B. 18 to 25 steps C. 40 to 60 steps D. 100 to 110 steps 

7.	 Place an "X" on the lines next to all the locations on a roller coaster hill where the rider 
might experience high-g loads while traveling at high speeds. 
___ at the top of a hill X at the bottom of a hill X going around a curve 

8.	 Place an "X" on the lines next to all that are correct. A pendulum that moves freely back 
and forth will move faster if 

X the string that supports it is shortened. 
_ _ the string that supports it is lengthened. 
_ _ the mass or bob at the end of the string is made heavier. 
_ _ the mass or bob at the end of the string is made lighter. 
_ _ the pendulum is moved to the International Space Station. 
_ _ the pendulum is moved inside a deep mine shaft that is closer to the center of Earth. 

9._ F_ True or False. When two identical marbles collide head-on and each marble rebounds at 
the same speed that it was initially traveling, we can say that momentum was conserved in 
the collision, but kinetic energy was not. 

1O._T_ True or False. In order for the roller coaster to take full advantage of the physical properties 
of the ride design, the first hill must be the highest hill. 
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Posttest
 
Amusement Park Physics With a NASA Twist
 

1.__ True or False. Astronauts experience weightlessness because they are high enough where 
the Earth's gravity is extremely low, as in microgravity. 

2.__ True or False. There are microgravity research facilities at NASA where scientists drop 
their experiments to eliminate some of the effects of gravity. 

3.__ True or False. In the loop rides, where the riders experience circular motion, they also
 
experience high gravity conditions .
 

4._ _	 Newton's first law of motion states that objects tend to move in a straight line at a constant 
____, unless acted upon by an outside force. 
A. acceleration B. temperature C. speed D. speed and acceleration 

5.__ True or False. The horses located on the outer part of a carousel travel at a different speed 
than the horses located in the inner part. 

6._ _	 Given a normal walking stride, which value most nearly applies to pacing a distance of 30 
meters. 
A. 11 to 15 steps B. 18 to 25 steps C. 40 to 60 steps D. 100 to 110 steps 

7.	 Place an "X" on the lines next to all the locations on a roller coaster hill where the rider 
might experience high-g loads while traveling at high speeds. 
___ at the top of a hill at the bottom of a hill going around a curve 

8.	 Place an "X" on the lines next to all that are correct. A pendulum that moves freely back 
and forth will move faster if 
__ the string that supports it is shortened. 
__ the string that supports it is lengthened. 
__ the mass or bob at the end of the string is made heavier. 
__ the mass or bob at the end of the string is made lighter. 
__ the pendulum is moved to the International Space Station. 
__ the pendulum is moved inside a deep mine shaft that is closer to the center of Earth. 

9._ _	 True or False. When two identical marbles collide head-on and each marble rebounds at 
the same speed that it was initially traveling, we can say that momentum was conserved in 
the collision, but kinetic energy was not. 

10._ _	 True or False. In order for the roller coaster to take full advantage of the physical properties 
of the ride design, the first hill must be the highest hill. 
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Posttest Answer Key
 
Amusement Park Physics With a NASA Twist
 

1.	 F True or False. Astronauts experience weightlessness because they are high enough where 
the Earth's gravity is extremely low, as in microgravity. 

2.	 T True or False. There are microgravity research facilities at NASA where scientists drop 
their experiments to eliminate some of the effects of gravity. 

3.	 T True or False. In the loop rides , where the riders experience circular motion, they also
 
experience high gravity conditions.
 

4.	 C Newton's first law of motion states that objects tend to move in a straight line at a constant 
_ _ _ _ , unless acted upon by an outside force. 
A. acceleration B. temperature C. speed D. speed and acceleration 

5.	 T True or False .The horses located on the outer part of a carousel travel at a different speed 
than the horses located in the inner part. 

6.	 C Given a normal walking stride, which value most nearly applies to pacing a distance of 30 
meters. 
A. 11 to 15 steps B. 18 to 25 steps C. 40 to 60 steps D. 100 to 110 steps 

7.	 Place an "X" on the lines next to all the locations on a roller coaster hill where the rider 
might experience high-g loads while traveling at high speeds. 
___ at the top of a hill X at the bottom of a hill X going around a curve 

8.	 Place an "X" on the lines next to all that are correct. A pendulum that moves freely back 
and forth will move faster if 

X the string that supports it is shortened . 
__ the string that supports it is lengthened. 
__ the mass or bob at the end of the string is made heavier. 
__ the mass or bob at the end of the string is made lighter. 
__ the pendulum is moved to the International Space Station. 
__ the pendulum is moved inside a deep mine shaft that is closer to the center of Earth. 

9.	 F True or False. When two identical marbles collide head-on and each marble rebounds at 
the same speed that it was initially traveling, we can say that momentum was conserved in 
the collision, but kinetic energy was not. 

10 .	 T True or False. In order for the roller coaster to take full advantage of the physical properties 
of the ride design, the first hill must be the highest hill. 
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Purpose of Amusement Park Physics Day 

Amusement parks are exceptional places to 
study forces and motion firsthand . On and off 
the rides, students can experience the same 
moments of high gravity and microgravity that 
astronauts encounter. In addition to having 
fun , students can do scientific research, take 
measurements, and can collect data about 
forces they encounter on the rides. 

Amusement Park Physics Day is a culmin
ating event of an integrated science and 
mathematics unit that centers on topics of 
energy, motion , force, gravity, and the NASA 
microgravity connection. Students prepare for 
several weeks learning the physics involved 
in amusement park rides and practicing how 
to estimate heights, speeds, and accelerations. 

National Standards Correlations 

The activities in this Amusement Park Physics unit correlate with the following National Science 
Education Standards by the National Research Council for grades 5-8 and Mathematics Principles 
and Standards for Schools by the National Council of Teachers of Mathematics for grades 6-8. 

National Science Education Standards 
• Unifying Concept and Processes 
• Science as Inquiry 
• Physical Science 
• Science and Technology 
• Science in Personal and Social Perspectives 
• History and Nature of Science 

Mathematics Principles and Standards for Schools 
• Numbers and Operations 
• Algebra 
• Geometry 
• Measurement 
• Problem Solving 
• Connections 
• Representation 

Microgravity Man demonstrates physics principles at Amuse
ment Park Physics Day 
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Amusement Park Physics Day 
Ride Station Rotation Chart 

1.
 

7. REMEMBER 

• Start at your assigned 
station number. 

6. 

t 
• Rotate to the next ride 

in the correct sequential order. 

• Check in with the 
teacher/adult at each 
ride station with your 
whole team before 
riding the ride. 

• Complete the ride work
sheets at each station. 

5. 

t 
• After completing the 

worksheets, obtain the 
initials of the teacher/ 
adult at that station 
before riding another 
ride. 

2. 

'-- ---1 

r------------. 

3. 

4.
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Amusement Park Physics Day
 
Eye Level Height and Stepping Estimation Record
 

Name Eye level height 10 meters = __ steps 30 meters = _ _ steps 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 
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Amusement Park Physics Day
 
Ride Attendance Form
 

Team # _ Starting station # _ Team # _ Starting station # _ 

Name 
Present at 

station 

1. 

2. 

3 . 

4 . 

Name 
Present at 

station 

1. 

2. 

3. 

4. 

This ride worksheet is complete. _ _ (Initials)
 

Team # _ Starting station # _
 

Name 
Present at 

station 

1. 

2. 

3. 

4. 

This ride worksheet is complete. __(Initials)
 

Team # _ Starting station # _
 

Name 
Present at 

station 

1. 

2. 

3. 

4. 

This ride worksheet is complete. _ _ (Initials)
 

Team # _ Starting station # _
 

This ride worksheet is complete. __(Initials)
 

Team # _ Starting station # _
 

Name 
Present at 

station 

1. 

2. 

3. 

4. 

This ride worksheet is complete. __(Initials)
 

Team # _ Starting station # _
 

Name Present at 
station 

1. 

2. 

3. 

4 . 

This ride worksheet is complete. __(Initials)
 

Team # _ Starting station # _
 

Name Present at 
station 

1. 

2. 

3. 

4. 

Name Present at 
stat ion 

1. 

2. 

3. 

4 . 

This ride worksheet is complete. _ _ (Initials) This ride worksheet is complete. _ _ (Initials) 
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Amusement Park Physics Day
 
Classroom Master Materials List
 

Basic Skills	 Classroom Activities (per group) 
Time 
o	 Stopwatch 

Distance 
o	 Meter stick 
o	 Masking tape 

Eye Level Height 
o	 Meter stick 
o	 Masking tape 
o	 Ruler for sighting along 

Altitude Tracker 
o	 Cardboard or file folders 

(6 by 8 inches) 
o	 Altitude Tracker templates 
o	 6-inch-length dental floss 
o	 One washer 
o	 One st raw 
o	 Glue 
o	 Scissors 
o	 Clear tape 
o	 Push pin 

Altitude Estimation Methods 
o	 Altitude Tracker 
o	 Ruler 
o	 Pencil 
o	 Protractor 
o	 Calculator (optional) 

Accelerometer 
o	 Plastic thermometer tube 
o	 Rubber band (large) 
o	 Two end caps 
o	 Two masses or fishing sinkers 

(1 .5 ounces) 
o	 Spring 
o	 Red tap e (1/8 inch wide) 
o	 Paper clip 
o White duct tape or masking tape 

(1/2 inch wide) 
o	 Push pin 
o	 String (12 inches long) 
o	 Scissors 
o	 Pliers 
o	 Permanent marker 

Pendulums-Part 1 
o	 Stopwatch 
o	 1-meter-long string 
o	 One washer 
o	 Meter stick 
o	 Tape 
o	 Paper clip 
o	 Ring or support stand 
o	 C-clamp 

Pendulums-Part 2 
o	 Stopwatch 
o	 60-centimeter-long string 
o	 10 washers or masses 
o	 Meter stick 
o	 Tape 
o	 Film canister 
o	 Ring or support stand 
o	 C-clamp 
o	 Velcro® 

Collisions-Part 1 
o Plastic ruler with center groove 

(30 centimeters long) or similar items 
for tracking marbles, such as grooved 
wooden molding 

o	 Eight identical marbles 

Collisions-Part 2 
o Two plastic rulers with center groove 

(30 centimeters long) or similar items 
for tracking marbles, such as grooved 
wooden molding 

o Two identical books or boards to use 
as ramp supports (5 centimeters high) 

o	 Two identical marbles 

Marble Run-Part 1 
o Three half pieces of copper pipe 

insulation (18 feet in length or 
5.49 meters) 

o	 Masking tape 
o	 Meter stick 
o	 Stopwatch 
o	 One marble 

Marble Run-Part 2 
o Three half pieces of copper pipe 

insulation (18 feet in length or 
5.49 meters) 

o	 Masking tape 
o	 Meter stick 
o	 Stopwatch 
o	 One marble 
o	 Dig ital camera (opt ional ) 

Marble Run-Part 3 
o Two half pieces of copper pipe 

insulation (12 feet in length or 
3.66 meters) 

o	 Masking tape 
o	 Meter stick 
o	 Stopwatch 
o	 One marble 

Marble Run-Part 4 
o Two half pieces of copper pipe 

insulation (12 feet in length or 
3.66 meters) 

o	 Masking tape 
o	 Meter stick 
o	 Stopwatch 
o	 One marble 
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Amusement Park Physics Day 
Amusement Park Day Master Materials List 

Ride Worksheets 
Teacher Supplies (one per student group) 
o Plastic resealable-top bag (gallon size) 
o Altitude Tracker 
o Accelerometer 

Protractor 
o Ride worksheets and answer key 

Student Supplies (at least one per group) 
o Pencil 
o Stopwatch or watch with a second hand 
o Calculator 
lJ Metric ruler 
o Clipboard (optional, but very helpful) 
o Backpack (optional) 

Other Materials to Consider 
o Extra student ride packets 
o Lunch money or a bagged lunch 
o Change of clothes 
o Sunscreen/hat/sunglasses 
o Raincoat/poncho/umbrella (inclement weather) 
o Camera and film 
o Comfortable walk ing shoes/socks 
o Layered cloth ing (Students should be prepared for inclement weather. ) 
o Wristwatch (Students need to be aware of the time throughout the day.) 
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Amusement Park Physics Day 
Bus List 

Bus number _ 

Name Name 

1. 26. 

2. 27. 

3. 28. 

4. 29. 

5. 30. 

6. 31. 

7. 32. 

8. 33. 

9. 34. 

10. 35. 

11. 36. 

12. 37. 

13. '38. 

14. 39. 

15. 40. 

16. 41. 

17. 42. 

18. 43. 

19. 44. 

20. 45. 

21. 46. 

22. 47. 

23. 48. 

24. 49. 

25. 50. 
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