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DR. DAVID WRIGHT 
 
 

Along with Griffin, Alpengeist and Apollo’s Cha riot, spring a t Busch Gardens showcases 
the physics shenanigans of Tidewa ter community college professor David Wright in his 
highly intera ctive shows tha t began in April. Wright rides a hovercraft, j ump s o n  a  p ogo  
s t i ck  and removes a tablecloth from a table, leaving the dishes inta ct. 

 

His shows are presented to middle & high school physica l science & physics students a long 
with some college students. The idea is to show off how relevant and fun studying physics 
can be. 

 

He has ta ught physics a t Tidewa ter Community College since 1974, took pa rt in the debut of 
the Travel channel series “ Insane Coa ster Wars.”, was Dr D in the NASA Sci Files TV series, and is also the 

author of this workbook.
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LAU N CH IN TO PH YSICS 
 

BENCHMARKS FOR SCIENCE LITERACY 
PROJECT 2061 

 
 
 
 
 
 
 
 

“The terms and circumstances of human Benchmarks are different from a curriculum, a 

existence can be expected to change radically curriculum framework, a curriculum design or a 

during the next human lifespan. Science, plan for a curriculum. It is a tool to be used by 

mathematics and technology will be at the educators in designing a curriculum that makes 

center of that change—causing it, shaping it, sense to them and meets the standards for 

responding to it. They will therefore be essential science literacy recommended in Science for All 

to the education of today’s children for Americans.1 

tomorrow’s world. What should the substance 

and character of such education be? Project Doing physics at Busch Gardens is an excellent 

2061—which began in 1985, the year Halley’s 

Comet was last here—is a long-term effort of 

way to work on advancing these standards for 

Science Literacy. Relevant Benchmarks, from 

scientists and educators on behalf of all the book Benchmarks for Science Literacy, are 

children. Its purpose is to help transform the listed below with activities from the Launch 

nation’s school system so that all students Into Physics Workbook listed after each 

become well educated in science, mathematics 

and technology. Today’s young people will, as 

adults, greatly influence what life on earth will 

be like in 2061,the year Halley’s Comet next 

returns. Being literate in science is condition for 

doing so responsibly, as well as or living a full 

Benchmark that can contribute to its 

achievement. 

and interesting life. Benchmarks for Science 

Literacy and its companion publication Science 

for All Americans, contribute to that end.” 
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BENCHMARKS FOR SCIENCE LITERACY: 
PROJECT 2061 

 
 
 
 
 
 
 

4E Energy Transformation 
 
 
 

GRADES 6TH - 8TH 

Whenever energy appears in one place, it must have disappeared from another. 

Level 1: Finnegan ’s Flyer 

Level 2: Pantheon, Escape from Pompeii, Lock Ness Monster, Battering Ram, Griffon 
 
 
 

GRADES 9TH - 12TH 

Whenever the amount of energy in one place or form diminishes, the amount in other places other 

forms increase’s by the same amount. 

Level 1: Finnegan ’s Flyer 

Level 2: Pantheon, Escape from Pompeii, Lock Ness Monster, Bettering Ram, Griffon 
 
 
 
 
 

4F Motion 
 
 

GRADES 6TH - 8TH 

An unbalanced force acting on an object changes its speed or direction of motion or both. Whenever 

an object is seen to speed up, slow down or change direction, it can be assumed that an unbalanced 

force is acting on it. 

Level 1 and Level 2: All Ridess 
 

GRADES 9TH - 12TH 

The change in motion of an object is proportional to the applied force and inversely proportional to 

the mass. (Newton’s Second Law) 

Level 1 and Level 2: All Rides 

Whenever one thing exerts a force on another, an equal amount of force is exerted back on it. 

(Newton’s Third Law) 

Level 1: Der Autobahn, The Trade Wind 
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8C Energy Sources and Use 
 
 

G R A D E S  6 T H  - 8 T H  

Transformations and transfers of energy with a system usually result in some energy escaping into its 

surrounding environment (heat). 

Level 2: Escape from Pompeii, Loch Ness Monster (Power) 
 
 
 
 
 
 

9B Symbolic Relationships 
 
 

GRADES 6TH - 8TH 

Graphs can show a variety of possible relationships between two variables. As one variable increases 

uniformly, the other may do one of the following: always keep the same proportion to the first, 

increases or decreases steadily, increase or decrease faster and faster, get closer and closer to some 

limiting value, reach some intermediate maximum or minimum, alternately increases and decreases 

indefinitely, increase or decrease in steps or do something different from any of these. 

Level 1: Le Scoot Log Flume, Griffon 

Level 2: Alpengeist, Apollo’s Chariot 

 
 

GRADES 9TH - 12TH 

Any mathematical model, graphic or algebraic, is limited in how well it can represent how the world 

works. The usefulness of a mathematical model for predicting may be limited by uncertain-ties in 

measurements, by neglect of some important influences, or by requiring too much computation. 

Level 1: Apollo’s Chariot 

Level 2: Apollo’s Chariot, Alpengeist 

Tables, graphs and symbols are alternative ways of representing data and relationships that can be 

translated form one to another. 

Level 1: Loch Ness Monster 

Level 2: Alpengeist, Griffon 
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9C Shapes 
 

GRADES 6TH - 8TH 

The graphic display of numbers may help to show patterns such as trends, varying rates of change, 

gaps or clusters. Such patterns sometimes can be used to make predictions about the phenomena being 

graphed. 

Level 1: Le Scoot Log Flume, Alpengeist 

Level 2: Alpengeist, Apollo’s Chariot 

 

GRADES 9TH - 12TH 

Distances and angles that are inconvenient to measure directly can be found from measurable distances 

and angles using scale drawings or formulas. 

Level 2: Apollo’s Chariot 
 

12B MANIPULATION AND OBSERVATION 
 

GRADES 6TH - 8TH 

Insert instructions in a computer spreadsheet to program arithmetic calculations. 

Introduction: Spreadsheet Simulations of a Roller Coaster 

 
 

12C Manipulation and Observation 
 

GRADES 6TH - 8TH 

Use calculators to compare amounts proportionally. 

Level 2: Loch Ness Monster (both sections), Der Wirblewind, Escape from Pompeii, Battering 

Ram, Alpengeist, Griffin 
 

GRADES 9TH - 12TH 

Use computers for producing tables and graphs and for making spreadsheet calculations. 

Pre-Activities: Spreadsheet Simulation of a Roller Coaster 

 

12D Communications Skills 
 

GRADES 6TH - 8TH 

Read simple tables and graphs produced by others and describe in words what they show. 

Level 1 and Level 2: All Rides 
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L A U N  C H I N T O  P H Y S I C S  

V I R G I N I A  S T A N D A R D S  O F  L E A R N I N G  
 
 
 
 
 
 
 
Th e wo rk b o o k p ro vid es o p p o rtu n i t i es t o wo rk o n Virgin ia S tan d ard s o f Learn in g fo r 
b o th Ph ysical Scien ce an d Ph ysics . Fo l lo win g each SOL is a l i s t o f th o se r id es t h a t are 
relevan t . Teach ers a lso can ad d ad d i t io n al q u es t io n s t o t h e wo rk b o o k t o ad d ress a 
p art i cu lar SOL n eed . 

All r ides involve research sk i l ls and inv e s t iga t io n o f real world prob lems. 

 

P H Y S I C A L  S C I E N C E  

P S .  1 

The student will plan and conduct investigations in which; 

independent and dependent variables, constants, controls, and repeated trials, are identified. 

valid conclusions are made after analyzing data 

research methods are used to investigate practical problems and questions; and 

experimental results are presented in appropriate written form. 

 
 

Th e fo l lo win g u t i l ize in te rp re ta t io n o f grap h s: 
 

Level 1: Le Sco o t lo g f lu me, Alp en gei s t , Ap o l lo ’s Ch ario t , Lo ch Ness Mo n st er , 
Gri ffo n , In vad r, Fin n egan ’s Flyer, Pan th eo n 

 
Level 2 : Lo ch Ness Mo n ster , Alp en gei s t , Ap o l lo ’s Ch ar io t , Bat t er i n g Ram, Gri f fo n , 
Temp es to , Verb o l ten , Pan th eo n 

 
 

P S .  6 

The student will understand states and forms of energy and how energy is transferred and transformed. 

Key concepts include: 

potential and kinetic energy 

mechanical, chemical and electrical energy 

Level 1: Finnegan ’s Flyer 

Level 2: Escape from Pompeii, Loch Ness Monster (energy), Battering Ram, Apollo’s Chariot 
 

P S .  7 

The student will investigate and understand temperature scales, heat and heat transfer. Key concepts 

include: 

absolute zero, phase change, freezing point, melting point, boiling point, conduction, convection, 

vaporization and condensation 

Level 2: Escape from Pompeii, Loch Ness Monster (power) 
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L A U N  C H I N T O  P H Y S I C S  

V I R G I N I A  S T A N D A R D S  O F  L E A R N I N G  
 
 
 
 
 
 
 

P S .  1 0 

The student will investigate and understand scientific principles and technological applications of work, 

force and motion. Key concepts include: 

Work, Force, Mechanical Advantage, Efficiency, Power, Horsepower, Gravitational Force, 

Speed/Velocity, Mass/Weight, Newton’s three laws of motion acceleration: 

Level 1: Loch Ness Monster, Der Autobahn (bumper cars), Le Scoot Log Flume, The Trade Wind, 

ALpengeist, Apollo’s Chariot, Griffon, Invadr, Finnegan’s Flyer 

Level 2: Loch Ness Monster (both sections), Der Wirblewind (swings), Escape from Pompeii, 

Battering Ram, Alpengeist, Apollo’s Chariot, Griffon, Tempesto, Verbolten, Pantheon 

 
 
 
 

P S .  1 1 

The student will investigate and understand basic principles of electricity and magnetism. Key concepts 

include: 

Static Electricity, Current Electricity, and Circuits 

Magnetic Fields and Electromagnets 

Motors and Generators 

Level 2: Verbolten, Pantheon, Tempesto 
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L A U N  C H I N T O  P H Y S I C S  

V I R G I N I A  S T A N D A R D S  O F  L E A R N I N G  
 
 
 
 
 
 
 
 
 

P h ys i c  s  
 
 

P H .  1 

The student will investigate and understand how to plan and conduct investigations in which the 

components of a system are defined 

Instruments are selected and used to extend observations and measurements of mass, volume, 

temperature, heat exchange, energy transformations, motion, fields, and electric charges 

Information is recorded and presented in an organized format 

Metric units are used in all m measurements and calculations 

The limitations of the experimental apparatus and design are recognized 

The limitations of measured quantities through the appropriate use of significant figures or error 

ranges are recognized. 

 
 
 

Almo s t a l l o f t h e r ide se c t ion s sa t i s f y th i s S O L. 

 

P H .  2 

The student will investigate and understand how analyze and interpret data. Key concepts include: 

A description of a physical problem is translated into a mathematical statement in order to find a 

solution 

Relationship between physical quantities are determined using the shape of a curve passing through 

experimentally obtained dates 

The slope of a linear relationship is calculated and includes appropriate units 

Interpolated, extrapolated, and analyzed trends are used to make predictions 

Situations with vector quantities are analyzed using trigonometric or graphical methods 
 
 
 
 
All o f t h e Level 2 sec t io ns invo lve math emat ica l in t e rpre ta t ion o f a phy s ical s i tu a t io n , and a l l e xc e p t f o r 
Escape f ro m Po mpeii and Der Wirb lewind invo lve graphical i n te rp re ta t ion , ana ly sis and p red ic t ion . Many o f 
t h e Level 1 r ides a lso sa t i s f y t h i s S O L. 
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L A U N  C H I N T O  P H Y S I C S  

V I R G I N I A  S T A N D A R D S  O F  L E A R N I N G  
 
 
 
 
 

P h ys i c  s  

P H .  5 

The student will investigate and understand the inter-relationships among mass, distance, force and time 

through mathematical and experimental processes. Key concepts include: 

Linear motion 

Uniform circular motion 

Newton’s laws of motion 

Gravitation 

Work, Power, Energy 

Level 1: Loch Ness Monster, Der Autobahn, Le Scoot Log Flume, The Trade Wind, Alpengeist, 

Apollo’s Chariot, Griffon, Ivadr, Finnegan’s Flyer, Pantheon 

Level 2: Loch Ness Monster (both sections), Der Wirblewind, Escape from Pompeii, Battering 

Ram, ALpengeist, Apollo’s Chariot, Griffon, Tempesto, Verbolten, Pantheon 
 

P H .  6 

The student will investigate and understand that quantities including mass, energy, momentum and charge 

are conserved. Key concepts include: 

Kinetic and potential energy 

Elastic and inelastic collisions 

Level 1: Der Autobahn, Verbolten, Pantheon 

Level 2: Escape from Pompeii, Loch Ness Monster (energy), Battering Ram, Apollo’s Chariot 
 

P H .  7 

The student will investigate and understand the energy can be transferred and transformed to provide 

usable work. Key concepts include: 

Transformation of energy among forms, including mechanical, thermal, electrical, gravitational, 

chemical and nuclear 

Efficiency of systems 

Level 1: Finnegan’s Flyer 

Level 2: Escape from Pompeii, Loch Ness Monster (Energy), Battering Ram, Griffon, Pantheon 
 
 
 

A no te f rom Busch Gardens Wil l iamsburg 
**The in fo rma t ion con ta ined in th i s workbook is n o t based on any sc ien t i f ica l l y accura t e acce le ro mete r 
te s t in g o f t h e a musemen t r ides . In f a c t , t h e t e s t in g was done so le ly f o r t h e purpose o f p rovid ing th i s p rogram 
wi th in fo rmat ion necessary t o co mple te v i ta l academic e xp e r i m e n t s n o t in any way to re f l e c t t h e ac tua l r ide 
cond i t ions . 

 

S tu d e n t s wi l l n o t be ab le t o take any mea surem ent dev ices on t h e rides . 
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L A U N  C H I N T O  P H Y S I C S  

I N T R O D U C T I O N  
 
 
 
 
 
 
 

Busch Gardens is one of the world’s largest physics labs. Here you can investigate forces and 

accelerations, energy, weightlessness and inertia. Instead of just watching forces act on objects, you 

will be the object on which the forces are acting. You can experience forces similar to the space shuttle 

astronauts on the Loch Ness Monster, feel the effects of inertia as you rapidly decelerate on Escape from 

Pompeii, feel close to weightless as the log plunges down the incline on the Le Scoot log flume or confuse 

your senses as you go upside down on Alpengeist. Physics at Busch Gardens is definitely X-treme physics. 

Why do people love roller coasters and other thrill rides? Speed alone is not the answer. An airplane 

trip at 500 mph is not very exciting, unless the plane is taking off, landing, turning or experiencing 

turbulence. It is accelerations that provide the excitement. The rides are in many ways very similar to 

experiences in cars or airplanes, but everything is very much exaggerated. 

 

Launch into Physic Show 

The Launch Into Physics workbook may be used at Busch Gardens on any day that the park is 

open. There also will be a number of special days each year in which there will be a “Launch into Physics 

Show” in the Abbey Stone theatre. Busch Gardens Williamsburg, presents this 

high-energy physics show where hip-hop jams collide with the physics of motion. Inspired by the 

perplexing twists and turns of the park’s world famous roller coasters, this dynamic show encompasses 

interactive demonstrations and energetic experiments. Don’t miss the extraordinary David Wright, 

Ph.D., Professor of Physics a t Tidewater Community College, as he explains the physics behind Busch 

Gardens Williamsburg’s thrills. For more information, email: BGW.GroupSales@BuschGardens.com 

 

Preparation for Your Visit 

Each set of exercises in the workbook is designated as Level 1 or Level 2 and generally focuses upon a particular physical principle 

such as Acceleration or Energy. Most roller coasters have both Level 1 and Level 2 exercises. (The Loch Ness Monster has two sets of 

Level 2 exercises: one covering Vertical Accelerations and the other concerned with Power, Energy and Acceleration.) There are nine 

sets of Level 1 exercises and eleven sets of Level 2 exercises. To allow for maximum flexibility, there are many more exercises in the 

workbook than can be done by the students in one day. You should make copies of those sections of the workbook that you want 

your students to do. You may assign all of the students to do the same rides, let them choose from a list or arrange for different 

groups to do different rides and then share with each other later. You can also choose to allow students to just do parts of some rides 

(i.e Apollo’s Chariot Level 2 Questions 1,2,4,7,9) Your students will get more out of their experience if you prepare them for it. This 

workbook contains a number of pre-activities, and also a review of Principles of Physics applicable to a park visit. This Principles of 

Physics section also includes the relevant equations that are needed to complete some of the questions in the workbook. Plan a recap 

day after your return from the park to discuss the activity, compare notes and reinforce the concepts learned. 

 
Middle school teachers will want to assign Level 1 exercises. If you have an advanced middle school class, you also may pick some of 

the Level 2 exercises. High school teachers may want to mix some Level 1 experiences in with a Level 2 core. Level 1 questions are less 

mathematical than Level 2. Level 1 exercises do not require the use of any equipment. Stopwatches are needed to gather data in all of 

the Level 2 exercises, except Apollo’s Chariot. Angle measuring devices are needed for some Level 2 rides (Der Wirblewind, Loch 

Ness Monster, and Battering Ram). The instrument requirements are mentioned at the beginning of each set of exercises. 

 
Student will not be able to take any measuring equipment on the rides 
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L A U N  C H I N T O  P H Y S I C S  

I N T R O D U C T I O N  
 
 
 
 
 
 
 

Graphs 

1. Theoretical graphs: These graphs in the workbook were produced using a computer program. They include 

the following relationships: Force Factor vs. Distance, Force Factor vs. Speed, Force Factor vs. Banking Angle, 

Speed vs. Height and Force Factor vs. Radius. They can be used in the place of equations to determine values 

or simply used to get a visual representation of the relationships 

. 

2. CBL Force Factor graphs: These graphs were produced with the use of a TI-83 calculator, a CBL and a low g 

accelerometer. Data for the Loch Ness Monster, Alpengeist, Da Vinci’s Cradle, Apollo’s Chariot, Griffon and 

the Battering Ram is included in the workbook. 

 
These Force Factor graphs are not based on any scientifically accurate accelerometer testing of the ride. In fact, 

the testing was done solely for the purpose of providing information necessary to complete the experiments in 

this workbook and does not reflect the actual ride conditions. 

 
3. Coaster Profile Graphs: These graphs represent only an approximate representation of the coaster. They are 

not intended to provide an accurate scale drawing of the coaster. 

 

Suggestions 

1. Have the students work in groups of three to five. They will be able to share ideas as well as equipment. 

Arrange to have them check in with you in the middle of the day to monitor their progress. 

 
2. Have the students make three measurements for each time measurement required. You may decide to have 

one person make three measurements or three people make one measurement each. This may depend on how 

many rides you want them to investigate. 

 
3. Have students read the section entitled WHAT TO DO ON THE RIDE before they get on the ride. Have 

them circle their answers to the PREDICTIONS before riding the rides or making any measurements. 

 
4. Those who do not wish to ride can make those observations and measurements that can be done OFF THE 

RIDE while they are waiting. 

 
5. Please be courteous and obey all of the park rules. 

 

6. If you visit on a “Funky Physics Show” day, plan to have your students attend the show at the Abbey Stone Theatre. 

 

Measurements 

Time 

Time measurements are used to find speeds. In equations, the speed will be indicated by the letter “v” for velocity. 

The terms velocity and speed are often used interchangeably in ordinary language. Strictly speaking, a velocity has 

both a magnitude and a direction, and the magnitude of the instantaneous velocity is called the speed. 
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L A U N  C H I N T O  P H Y S I C S  

I N T R O D U C T I O N  
 
 
 
 
 
 
 

a. Front to Back times are used to find the speed of coaster trains such as the Loch Ness Monster. They also can 

be used with slow moving boats, like Escape from Pompeii after the splash. 

 
Speed =  length of coaster train/front to back time 

 
 
 
 
 
 

Start stopwatch as the front of the 

coaster train arrives at reference post. 

Stop stopwatch as the rear 

of the last car passes the same point. 

 
 

b. Total time is used to find the average speed for an entire ride, such as on Apollo’s Chariot. 

 

Average speed =  total distance/beginning to end time 

 

c. Point to Point time is a technique that is useful when a front to back time is just too small. The boat in Escape from Pompeii is timed 

between a post and the splash at the bottom of the hill. It is also used to measure the speed of Alpengeist as it passes between two 

columns at the bottom of its first hill. The stopwatch is started when the front of the boat or coaster passes point A and then stopped 

when the front arrives at point B. 

 
Average speed =  (distance between A & B)/time to go between A & B) 

 

Force 

Vertical Forces 

Forces that are experienced while on the rides are measured using something called the Force factor (FF). 

 

Force Factor(FF) =  Seat force on rider 

Weight of the rider =   Force  

mg 

If riders are not accelerating, they will be experiencing a vertical force factor of 1. This is because the chair (or seat) must exert an 

upward force equal to their weight to keep them from falling. A force factor of 1 is normal. 

 
In order for the rider to accelerate upward, such as the bottom of a coaster hill or at the bottom of the swing of Da 

Vinci’s Cradle, the chair must push up on the rider with a force that is greater than the rider’s own weight (mg). If 

the rider experiences a force factor of 2, this signifies that the force is twice normal body weight and the rider will 

feel twice as heavy as normal. On hilltops, the rider may experience a force factor of 0.5. This would indicate that 

the seat is pushing up with a force that is half the normal weight of the rider and he will feel light. 

Astronauts and test pilots talk about “pulling g’s.” Pulling 3 g’s means the same thing as a force factor of 3. When 

discussing forces, force factor and “g’s” are often used interchangeably. Typically, theme park rides do not exceed a 

force factor of about 4. 
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L A U N  C H I N T O  P H Y S I C S  

I N T R O D U C T I O N  
 
 
 
 
 
 
 
 
 

If we were t o use t he “ force” in s t ea d of t he “ force f a c tor ,” ea ch person wi l l ha v e t o repor t a d i f fe rent 
number , ba sed upon hi s own weig ht . 

 
The fo llowing r ides ha ve moun ted a cce lerom eter s : B a t t e r in g Ra m (a s seen f rom th e r ide queue: l e f t 

mo s t se a t , a nd f i r s t se a t r igh t of cen ter ) , Da Vinci ’s Cra dle ( rows 5 a nd 6) , Alp eng ei s t ( row 6 ) , 
Apo llo ’ s Ch a r io t (row 6) , Gri f fon ( row 3 ) . 

 
 

The norma l pos i t ion of the ha nging we igh t i s a force f a c tor of 1. One l ine be low t h a t i s 2 . The low es t 
l ine i s a force f a c tor of 4. When th e spr ing i s to t a l l y compressed th a t represen t s a force f a c tor of 0. 

The middle of t he ha nging we igh t i s u sed to ind ic a te th e force f a c tor . 

 
 
 
 
 
 
 
 

Horizontal Forces 
If a r ider i s s t a t iona ry or moving a t a con s t a n t speed in a s t r a i gh t l ine , he or she exper ience a 

hor izon ta l force f a c tor of ze ro . A hor izonta l force f a c tor of 0 i s norma l . If t he r ider i s a cce lera t ing a nd 
the hor i zonta l force f a c tor i s 1 , then th i s would indica t e a hor izonta l force equa l t o t he we igh t of t he 

r ider . A r ider t h a t weighs 1 0 0 lbs a nd experiences a hor izon ta l force f a c tor of .5 would be exper iencing 
a hor izonta l fo rce of 5 0 lbs. These hor izont a l forces a re produced by the ba ck of th e cha ir (or s ea t ) , 

f r ic t ion be twe en the pa n t s a nd se a t a nd the s ide of t he ca r or th e l a p ba r . The hor izonta l force f a c tor i s 
se ldom grea te r tha n 1. 

 
Horizonta l forces ca n be forwa rd, ba ckwa rd or sidewa y s. I f the hor izonta l force i s forwa rd, the per son 
wil l f ee l pushed ba ck in to the i r sea t . I f t he force i s ba ckwa rd, then the per son wil l f e el pushed forwa rd. 
A per son experiencing a force t o th e l e f t w il l fee l thro wn t o th e r igh t . A force t o t he r ig h t wi l l f eel l ike 

be ing th rown to th e l e f t . 
 
An a ng le mea sur ing dev ice ma y be cons t ruc te d for of f - the -r ide mea suremen ts . They wil l be used on th e 
fo llowing Leve l 2 Rides: Der Wirblewind, Loch Ness Monste r , a nd B a t t e r ing Ra m. A pro t ra c tor w i th a 

ha nging w eigh t on a s t r ing works we ll . There a lso a re commercia l ly a v a i l a b le ca rdboa rd devices t h a t 
cons i s t o f m e t a l ba l l s in a p la s t i c tube . 

 
 
 
 

To mea sure a n a ngle , l ine up the s t r a i gh t edge of th e pro t ra c tor , or the top of th e c a rdboa rd wi th t he 
incl ine of t h e Loch Ness Monst er , or the ha nging swing of t h e Der Wirblewind. In the ca se of t he 

B a t t e r ing Ra m, you wi l l l ine up th e top of t h e pro t ra c to r be tw een the ro ta t ion a l po in t a t the top , a nd 
the middle po in t of the B a t t e r in g Ra m bo a t a t i t s h ighe s t pos i t ion. W i th th e B a t t e r in g Ra m a nd Der 

Wirb lewind, you wil l be mea suring th e a ngle w i th re spec t t o t h e v er t ic a l . This ca n be rea d d i rec t ly of f 
the pro t ra c tor . Wi th the incl ine of th e Loch Ness Monst er , 

you wi l l need to sub t r a c t t he pro t ra c tor r ea ding from 9 0 degrees t o f ind th e a ngle w i th r e spec t t o the 
hor izon ta l . The ca rdboa rd a ngle mea sur ing dev ice works ju s t the oppos i t e , w i th a sub t ra c t ion f rom 90 

required for t he Der Wirblewind a nd th e B a t t e r in g Ra m. 
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1. Practice wi th the Stopwatch 
 
 

a . Front t o Ba ck Mea surements 
On th e Loch Ness Mon ster th e speed ca n be de termined by t im ing how long i t t a k e s th e coa s te r 

t r a in t o pa ss a f ixed po in t . Severa l of the se f ro n t to ba ck t im e me a surement s th a t need t o be ma de 
a t Busch Ga rdens a re le ss th a n one second, a nd there fore i t i s a good idea to ha ve th e s tud en t s 

pra c t i ce . Ha ve th em mea sure th e leng th of th e ca r , th en ma ke f ron t t o ba ck t im e me a su remen ts a s 
i t dr ives by. 

 

They s t a r t th e s top wa tch a s th e f ron t of th e ca r pa sses some po in t , such a s a l igh t po le or t r e e , a nd 
th en s top th e s topwa tch when th e ba ck bumper of th e veh icle pa sses t h e sa me po in t . Speed th en 
is equa l t o th e leng th of th e ca r div ided by th e f ron t to ba ck t im e. This i s a g rea t opportun i t y t o 
discuss me a suremen t errors . S ince ea ch s tud en t is mea sur ing th e sa me even t , th e y a l l should ha ve 

th e sa me t im e . This a lso wil l g ive th em a cha nce to pra c t ice ta k ing mea su rement s of sma ll t im e s . A 
typ ic a l ca r i s a bout 15 fe e t long. Thus, i f i t d r ives by a t 10 mi les /hour , th e f ron t to ba ck t im e wi l l 

be c lose to 1 second. If i t d rives by a t 15 mi les /hour th e f ron t t o ba ck t im e wi l l be a bout .7 seconds. 
Ma ny of th e t im es th a t th e s tud en t s wi l l mea sure a t th e them e pa rk wi l l be in th e neighborhood 

of .7 seconds. The coa s ter s wi l l be go ing a bout 60 miles /hour , which is four t ime s fa s te r th a n 
15 mph, bu t th e y a lso wi l l be a bou t four t im e s a s long. 

 

If you a re una ble to go ou ts ide to use a ca r, th en t ry using one of th e fol lowing : 
1 . Ha ve a person wa lk by w i th a boa rd or a po le . Chose a boa rd leng th , a nd speed of wa lk ing 

so th a t th e f ron t to ba ck mea surement wil l be be tween .5 a nd 1 second. 
2 . Ha ve a cha in of people ho ld ing ha nds run by. This wi l l s imula te t h e coa s te r t r a in , which is 

ma de of severa l ca rs . 
 

b. Point t o Point Mea surements 
If a veh icle i s very sma l l ( such a s th e bo a t on Esca pe f rom Pompeii ) i t is d i f f icu l t to ma ke a Front 

to Ba ck t im e me a su rem ent t o determ ine i t s speed. Times less th a n a ha l f a second a re a lmo st 
imposs ib le to ta k e a ccu ra te ly . With Esca pe f rom Pompeii , i t i s poss ib le to ta k e a f ron t to ba ck 

me a surement a t th e top of th e hil l where th e speed is s low, bu t no t a t th e bo t tom of th e hil l where 
i t i s go ing much fa s te r . Wi th the se sma ller veh ic les, t im ing th e veh ic le be tween two d i f fe ren t po in ts 

ca n be used to de term ine th e speed . As long a s th e d is ta nc e be twe en the se t wo d i ffe ren t po in ts 
(po st s , l igh t poles, rocks, e tc . ) is known a nd t h e po in ts a re fa r enough a pa r t such th a t th e t im e wi l l 

be longer th a n 0 .5 seconds, th e speed ca n be d e term ined . 
 

Mea sure th e d is t a nce be tween two po in ts (desks , s t a nd ing s tuden t s , cones, e tc . ) in th e c la ssroom or ha l lwa y 
a nd ha ve a s tud en t run by. Ha ve th e c la ss t i m e th i s s tud en t be twe en these t wo po in ts a nd de termine th e 

speed . Ha ve severa l s tu d en t s t im e th e runner , a nd compa re the i r resu l t s . Th is should he lp ind ica te th e need 
for mul t ip le me a surements a nd pra c t ice . 
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2. Pre-Acti v i t ies Involv ing the Physics Pr inciples 
 

a. Which Way i s Up? 
Upside down - Ask th e c la ss t o ima g ine t h a t someone is g ra sping the i r a nkles a nd holding th em 

upside down. Ha ve th em na me a s ma ny wa ys a s poss ib le th a t th e y a re ha nging upside down. 
 

Poss ib le a nswers m igh t include : ha ir fe l l down, blood rushed to th e hea d ( th ey wi l l look red, a nd 
fee l wa rm a nd “ hea vy hea ded” ) , everyone looked upside down, th e y fe l t th e force o f th e ha nds 

hold ing th em up. The s tuden t s ca n th en be a sked to remember the se th ing s when th e y a re upside 

down on th e coa s ter s a nd see how ma ny of the se th in gs th e y exper ience on th e coa s te r . 
 

We igh t le s s - Drop a mi lk ca r ton ful l of wa te r w i th a ho le punched in th e bo t tom. No wa te r wi l l lea ve 
th e ca r ton on th e wa y down. While i t i s in a s t a t e o f f ree fa l l , th e wa te r a nd c a r ton a re we igh t le ss . 

 

Chair Force determines “ weigh t .” S i t in a cha ir a nd ta k e your fe e t of f th e f loor . Descr ibe wh a t you 
fee l . Only th e force of t h e cha ir . ) Now pu t your ha nds undernea th your cha ir a nd pul l up fa ir ly 

ha rd . Descr ibe how you fee l . Would your bo t t om feel a ny d i f fe ren t if you were t o pu t on a lo t of 
we igh t ? (No. The force w i th which th e cha ir pushes on you de term ines your “ we igh t” o r how hea vy 

you feel . ) 
 

b. Centripetal Acceleration 
Bucket o f Wa te r - Ta ke a bucket of wa te r a nd sp in i t a round your hea d. The wa te r doesn ’ t fa l l ou t . 

The wa te r t r i e s t o go in a s t r a igh t l ine a nd th e bucket keeps a pp ly ing a force to wa rd th e middle th a t 
ma kes i t go in a c i rc le . 

 

c. Banking Angle 
Sp in n ing Hang ing We ig h t - Hold a s t r ing w i th a n ob jec t t i ed on to i t a t a rms leng th a nd sp in 

a round. The a ng le a t which th e weigh t ha ngs i s th e ba nking a ng le for t h a t speed a nd ra d ius of turn . 
 

Sp in n ing Book - Ta ke a book a nd pla ce a n ob jec t such a s a penc il or era ser on i t . Then hold th e 
book a t a rms leng th w i th th e ob jec t on top of th e book. S t a r t to sp in s lowly a t f i r s t a nd a s you 

speed up slowly inc line th e book, g iv ing i t a ba nking a ng le . Ha ve th e s tud en t pa y a t t en t ion t o how 

th e ba nking a ng le depends on how f a s t you sp in a nd how fa r ou t you hold th e book. 
 

Bicy c le - Ride a b icyc le a round in a c irc le . No te how th e ba nking a ng le depends upon th e speed 
a nd ra d ius of th e tu rn . 

 

d. Energy 
Baske tb a l l and Tenn is Ba l l - I f a ba ske tba l l a nd tenn i s ba ll a re dropped sepa ra te ly , th e y wi l l bo th 

bounce up t o a posi t ion t h a t is below where th e y were dropped . This i s beca use some of th e 
or ig ina l g ra v i ta t iona l po ten t i a l energy i s cha nged in to he a t energy in th e coll i s ion . I f th e tenn is ba l l 

is p la ced on top of th e ba ske tb a l l a nd th en dropped, th e tenn is ba l l wi l l bounce much higher th a n 
th e posi t ion f rom which i t wa s dropped. I t a ppea rs th a t i t g o t th e energy f rom nowhere. However , 

you a lso should no t ice th a t th e ba ske tba l l bounced some wha t lower t h a n before . Some of th e 
or ig ina l energy of th e ba ske tb a l l wa s t ra n sfer red t o th e tenn is ba ll . 

 

Pendulum - T ie a s t r ing to th e ceil ing a nd a t t a ch a m eta l ba l l . Once t h e ba ll i s re lea sed, i t wil l no t 
ga in new energy bu t wi l l s imply cha nge g ra v i ta t iona l po ten t i a l energy in to k ine t ic energy , a nd then 
ba ck t o gra v i t a t iona l po ten t i a l energy . Therefore, i t ca n ’ t swing a ny higher th a n i t s re lea se po in t . 

Hold th e ba ll up to your nose a nd re lea se i t . Fr ic t ion wi l l a ssure t h a t i t wi l l no t qu i te come ba ck t o 
th e nose . 

 

e. Osci l lat ions 
Period - Mea sure th e per iod of a ba ll on a s t r ing . Keep th e a ngle sma l l . Compa re th e theory t o th e a c tua l 

me a surement . Now t im e th e per iod a ga in, bu t th i s t im e use a very la rge swing a ngle . Does th i s c r ea te much 
of a d i f ference? 
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3. Spreadsheet Simulation of a Rol ler Coaster 
This ac t i v i t y can be e i t h er a p re - or p o s t - t r ip ac t iv i t y . 

 
Equipment Required: Computer w i th spre a d shee t progra m (Lotu s 1-2 -3 , Qu a t t ro Pro, Exce l, Appleworks, 
e t c . ) A g re a t wa y t o unders ta nd th e physics o f ro ller coa s ter s i s to “ pla y” wi th a model of a coa s te r on a 

sprea d- shee t . Even i f s tud en t s don ’ t ha ve a n unders ta nd ing of th e equa t ion s th a t produce th e resu l t s , th e y 
ca n s t i l l a l te r th e in i t i a l condi t ion s a nd see wh a t th e e f fec t s a re ( i .e . Wh a t if th e in i t i a l h i l l were tw ice a s 

h igh , how much would th e speed a t th e bo t tom increa se? How ca n I produce a force of 4 g ’ s a t th e bo t tom 
of th e f i r s t h i l l ? Wh a t i f th e second h il l were h igher th a n th e f i r s t ? ) . The s tud en t s ca n see a t a g la nce how 

th e ma gni tud e of th e Veloc i ty ( speed), 
Po ten t i a l Energy (PE) , Kine t ic Energy (KE) , Tota l Energy (TE) , Ba nking Angle (BNK ANGL), a nd Force 

Fa c tor(FF) va ry a s th e He igh t (H) , Ra d ius of t h e turn s a nd loops (R) a re cha ng ed . 
 

The spre a dshee t model presen ted on th e pa ge en t i t l ed Sprea dshee t Formula s wa s w r i t t en in Exce l , bu t o th er 
spre a dshee t progra ms a re very simi la r . The in i t ia l co a s t e r ha s a f i r s t h i l l 25 m ete rs h igh , fo l lowed by a 

c lo tho id loop th a t is 15 mete r s h igh , a second hi l l 15 m ete rs h igh a nd a hor izonta l loop th a t i s 10 me te r s 
a bove th e ground. The f i r s t h i l l bo t tom (C) ha s a ra d ius o f curv a ture of 35 me ter s , th e ra d ius of th e top of 

th e c lo tho id loop is 10 mete r s , a nd th e ra d ius of curva tu re o f th e second h i l l top is 60 m ete rs . The ba ck 
curve ha s a n in i t i a l hor izonta l ra d ius of 70 m e te rs a nd th e b ig hor izonta l loop ha s a ra dius of 30 me te rs . 

 

The equa t ions th a t a re used t o f ind th e force f a c to r s , ba nking a ng le a nd energy a re l i s ted be low. In a l l of 
the se ca lcu la t ion s th e va lue of ma ss is t a k en to be “ 1.” 

 
 

Bot tom of Hil l 
v2/rg + 1 

Force Factor Equations 
Top of Loop Hil l tops 
v2/rg – 1  1-v2/rg 

 

Ba nked Turns 
             1 /cos ( a n g l e )  

 
Ba nking Angle: t a n (angle) = v2 /rg 

Kine t ic Energy .5mv2 Po ten t i a l Energy mgh Tot a l Energy PE+KE 
 

The s t u d e n t s shou ld only make changes in he igh ts ( H) and rad ius ( R) o f t h e tu rn s and loop s . The new va lues 
o f energy , fo rce f a c to r and banking ang le wi l l t h e n be compu ted by t h e sp read shee t . The s tu d e n t s wi l l need a 

copy o f t h e sh ee t w i th t h e t o p and side v iews o f t h e ro l ler coas te r . 
 

The she e t en t i t l ed What I f (Spre a dshee t ) demonst ra te s some o f th e poss ible cha nges th a t ca n be ma de t o th e 
coa s te r , a nd i l lu s t ra te s some of th e inve s t iga t ions th a t ca n be ma de . 

 

Misce llaneous Note s: A nega t ive force f a c tor ind ica te s th e coa s te r wi l l lea ve th e t ra ck unless i t ha s a second 
se t of whee ls undernea th th e t ra ck . An ima g ina ry a nswer ind ic a te s th a t th e resu l t is no t poss ib le . Fr ic t ion is 
no t ta k en in to a ccount in th i s model , so th e sum of Kine t ic + Poten t i a l energy is a lwa ys equa l to th e to t a l 

energy. 
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BASIC ROLLER COASTER 

TOP VIEW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SIDE VIEW 
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SPREADSHEET FORMULAS 
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SPREADSHEET 
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Original Specifications of the Roller Coaster with m=1 

Location     Height       Velcoity PE KE                 TE               Radius       BnkAngle         FF 

B (Hilltop #1       25      0.00                245     0     245 

C  (Bottom of Drop         0     22.14                      0         245             245                    35                                    2.43 
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WHICH WAY IS UP? 
 
 
 
 
 
 
 
 

As th e s tud en t s r ide th e rol ler coa s te r s , th e y ma y ha ve a ha rd t im e te l l ing which wa y is up . When th e y a re 
upside down in a loop , th e y wi l l no t feel l ike th e y a re fa l l ing ou t a nd up seems l ike down. When go ing a round 

a tu rn th a t i s s teep ly ba nked, th e y wi l l no t fa l l t o th e side a nd up now seems t o be s idewa ys. Going over a 
pa ra bol ic h i l l , th e re seems t o be no “ up” a s th e y exper ience weigh t les sness . 

 

Think of s i t t in g in a cha ir . If you conc en t ra te , you wi l l no t i ce th e force of th e cha ir push ing up on your sea t . 
You ca n ’ t feel th e g ra v i ta t ion a l force a c t in g on a ny pa r t icu la r p a r t of your body, bu t you know from 

exper ience th a t i t ex is t s . You know th a t you need th i s “ up” cha ir force t o keep you f rom fa l l ing “ down.” 
 

“ Up” i s th e d irect ion of th e fe l t force , which keeps you f rom fa l l ing down. The d irec t ion of “ up” i s 
there fo re th e sa me a s th e d irec t ion of th e “ cha ir force” o r support force . Th is cou ld a lso be th e f loor 

pushing up on your fee t . Your weigh t , i s rea l ly a mea sure of th e s t r en g th of th e “ cha ir force” or support 
force . 

 
 
 
 
 
 
 
 
 
 
 
 

Top of th e Loops on th e In a s teep ly Ba nked Turn 
Loch Ness Monst er 

 
 
 

Weightlessness 
 

Accord ing t o Einste in ’ s Princ iple o f Equiva lence , a n observer ca nnot t e l l th e dif fe rence be twe en 
th e a bsence of g ra v i t a t iona l forces a nd be ing in a s t a t e of f ree fa l l . Bo th observers would exper ience 

“ weight l essness .” 
 

If on ly th e force of g ra v i ty a c t s on a n ob jec t , i t is in a s t a t e o f f ree fa l l . Div ing of f a h igh d ive or bunge e 
cord jumping produce s th i s sensa t ion . When a n upside-down cup of w a te r i s dropped , th e wa te r wil l no t fa l l 

ou t . The wa te r a ppea rs we igh t les s beca use i t i s fa l l ing ju s t l ike th e cup. 
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Afte r a foo tba l l is k icked, i t i s in a s t a t e of f ree fa l l . I t fo l lows th e pa th ca l led a pa ra bola . 

 
 
 
 
 
 
 
 
 
 
 

NASA t ra ins a s t ron a ut s t o dea l w i th we igh t le ssness by pu t t in g th em in a pla ne th a t f l ie s in a pa ra bol ic pa th . 
A ro l ler coa s t e r a lso ca n a ch ieve “ weight le ssness” i f th e t r a ck fo llows a pa ra bolic pa th l ike a Ca melba ck 
Hump. A s t eep coa s te r h i l l , which ha s th e sha pe of a ha l f pa ra bola , l ike th e Loch Ness Mon ster a lso 
produces nea r weigh t le s s sensa t ions . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Horizontal Accelerations 
Accelera t ion i s a change in speed or a change in direc t ion. Acce lera t ions a re produced by forces . 

Ne wton ’ s La ws of Mot ion descr ibe th e re la t ionsh ip be tween a cce lera t ion a nd forces . 
 

Newton’s F ir st Law : Ob jec ts a t re s t rema in a t r e s t a nd ob ject s in mot ion rema in in mot ion unless a c t ed upon 
by a n externa l force . 

 
 
 
 
 
 
 
 
 
 

Ta ble Clo th a nd Dishes Bowling Ba ll Rolls 
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A t a b l e c lo th ca n be pu l led ou t f rom undern e a th a s e t o f d i shes , i f i t i s pul led quickly . Th is i s beca use th e 
dishes ha ve wh a t is ca l l ed iner t i a , or a t end en c y t o rema in a t re s t . The bowl ing ba l l on th e o th er ha nd, once 
in mot ion wil l con t inu e in a s t r a i g h t l ine forever, unless i t h i t s th e pins or f r ic t ion e ven tua l l y supplies th e 
force to s low i t down. 
 

Newton’ s Second Law: Every a cce le ra t ion (cha nge in speed or di rec t ion ) requi res a force . 
The gre a te r t he 
a cce l era t ion , th e g re a te r th e requ ired force . I f t wo ob j e c t s undergo th e sa me a c cel era t ion , th e more ma ss ive o f 
th e t wo wil l require a g rea ter force . 
 
A hori zon t a l a cc e l era t ion o f 9 .8 m/s requires a force equa l t o th e w ei g h t of th e ob j e c t (1 g ) . A ver t i c a l 
a cce l era t ion o f 9 .8 m/s requ ires a force equa l t o tw ic e th e w ei gh t o f th e ob j e c t (2 g ’s ) , s ince a n upwa rd force 
of 1 g i s requ ired t o s imply keep th e ob je c t from fa l l ing through th e f loor. 

 
 
 

Dodge Viper 0 t o 60 mph in 4 .1 seconds. Acce lera t ion=6.43 m/s or 
2 /3 g . The ca r mu s t produce a force th a t i s 2 /3 th e we igh t of th e ca r 
to ca use th i s cha nge in speed . The pa ssengers a lso exper ience a 
hor izonta l force of 2 /3 the i r we igh t pushing th e m forwa rd . 

 
 
 

Spa ce Shut t l e Ta keoff 3.0 g ’s 
 
 
 
 
 
 
 

Dra gs ter 3.5 g ’s 

Apol lo Moonshot 7.5 g ’s 
 
 
 
 
 
 
 

Commercia l Airl iner ta k ing off 1/5 g ’s 

Newton’ s Thir d Law : F o r every a c t ion, the re i s a n equa l a nd opposi t e rea c t ion. 
 
 
 
 
 
 
 

Person A on th e ska tebo a rd wi l l a lwa ys lose th e tu g o ’ wa r. Person A c a n ’ t pu l l on th e rope w i thout being 
pul led. 

 
 

To a cce le ra te th e person in th e e leva tor upwa rd, th e f loor of th e e lev a to r mus t push up on th e fe e t 
w i th a force g rea te r th a n th e we igh t of th e person, a nd th e fe e t push ba ck on th e f loor w i th th e sa me 
force . The person wil l f ee l hea vy. 

( If th e upwa rd force wa s 3 g ’ s , th e y would feel 3 t ime s hea v ier th a n norma l .) 
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Appl icat ions 
On a ro ller coa s te r , i t i s th e a cce le ra t ion th a t produces th e thr i l l s . Acce lera t ion s ca n be cha nges in e i th er 
speed or d i rec t ion . While exper ienc ing a cce le ra t ions pa ssengers fee l hea vy or l igh t , feel pushed ba ck in to 
the ir s e a t s or th ro wn forwa rd , or f ee l l ike th e y a re thro wn t o th e le f t or to th e r igh t . 

Force < 1 g 
 
 
 
 

Change in Speed: BRAKING 

A force i s requ ired to ma ke th e pa ssengers s low down. If th e cha nge in speed occurs qu ick ly , th e se a t of 
th e coa s te r ca r c a n ’ t p roduce enough force a nd th e pa ssengers feel a s i f th e y a re th ro wn forwa rd . Actu a l ly , 
th e coa s te r ca r s topped a nd th e y d idn ’ t . These forces a re genera l ly le ss th a n 1g. 

 

Ini t ial Speed 

Force < 1 g 
 
 
 
 
 

Increase in Speed: HORIZONTALLY 
 
If th e speed a long th e hor izonta l i s increa sed, t h e ba ck of th e sea t s mu s t push th e pa ssengers . They in 
tu rn fee l pushed ba ck in to the ir sea t s . Th is sensa t ion occurs for pa ssengers in th e la s t coa s t e r ca r a t th e 
top of th e hil l s . 

 
 
 
 
 
 
 

Changing Di rect ion: TURNING A CORNER 
To tu rn a corner to th e le f t requ ires a force t o th e le f t . The pa ssengers feel l ike th e y a re thro wn t o th e 
r igh t . ( In r ea l i ty , th e i r iner t i a ca rr ies th em forwa rd a s th e coa s t e r tu rns th e corner . Th is ma kes i t a ppea r 
a s if th e y were th ro wn t o th e r igh t . ) The grea te r th e speed or sma l ler t h e ra dius o f th e tu rn , th e grea te r 
th e force required . When g forces a re h igh , th e turn s a re ba nked to keep pa ssengers f rom be ing thro wn to 
th e le f t a nd r igh t . (See sec t ion on Cent r ip e t a l Force) . 

 

Force Factor 
Every a ccele ra t ion requ ires a force to ca use i t . The force fa c to r (FF) ind ica te s how much la rger or sma l ler 
th a n th e we igh t of a n ob jec t a force a c t ing on t h a t ob je c t i s . Thus, i f a n ob jec t “ weighs” 100 lbs , a nd i t 
exper iences a hor izonta l force of 150 lbs , th a t would be ca l led a force fa c tor o f 1 .5 . I f th e hor izonta l force 
were 50 lbs, t h a t would then be a force fa c tor of 0 .5 . To compute th e force f a c to r , t a k e th e force a c t in g on 
th e ob jec t a nd div ide by th e weigh t of th e ob jec t . 

Force Factor = Force/mg 
Newton’s Second Law states F=ma 
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Sub s t i tu t in g th i s in to th e force fa c tor equ a t ion produces 
 

Force Factor=m a/mg or FF=a/g 
 

So, a n a cce lera t ion of 1 .2 g in th e hor izonta l d ire ct ion corresponds to a force f a c to r of 1 .2 . Somet ime s, th e 
force fa c tor is expressed in g ’ s w i th 1 g corresponds t o a force equa l t o th e weigh t . 
 

Vertical Accelerations 
 
A ve r t ic a l a cce le ra t ion ma y be e i th e r a cha nge in speed or cha nge in d irec t ion . In bo th ca ses a ve r t ic a l 
force i s requ ired t o ca use th i s a ccele ra t ion . When th e ver t ica l force a c t ing on a person i s equa l to the i r 
we igh t , th en th e person wi l l ha ve no ver t ic a l a cce lera t ion . Th is force could be th e ground push ing up or th e 
force o f th e cha ir th a t th e person i s s i t t in g in . 

 
 
 
 
 
 
 
 
 
 
 
 

The person fee ls norma l. We sa y t h a t th e y a re exper iencing a force fa c tor of 1 , which is som et ime s a lso 
expressed a s 1g. ( I f a force o th er th a n gra v i ty a c t s on a person , th e force f a c to r te l l s how m a ny t ime s th e i r 
we igh t (mg) th e force i s . ) 
 

If th e upwa rd force is g re a t e r th a n the i r we igh t , sa y tw ic e a s much, then th e force f a c to r i s 2 , or th e y a re 
exper ienc ing 2g ’ s. 
 

If the re i s no upwa rd force , th en the person feels weigh t le ssnes s a s th e y free fa l l . 

 
 
 
 
 
 
 
 
 
 

Cha nge in Direc t ion : BOTTOM OF HILL Force exper ienced is 2 .5-3 .5 g ’ s 

 
 
 
An upwa rd force is required to ma ke th e coa s t e r cha nge i t s d irec t ion a t th e bo t tom of a h il l . The coa s t e r 
ca r se a t pushes up on th e pa ssenger , so th e pa ssenger pushes down on th e sea t a nd feels hea vy. On 
Apol lo ’s Ch a r io t a nd Loch Ness Mon ste r th i s force exceeds 3 g ’ s on ma ny of th e hi l l bo t tom s . The 
ma x imum force exper ienced is be tw een 3 .5 a nd 4 g ’ s. 
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The resul tant o f these two forces m ust equal the centr ipeta l fo rce . 

 
Cha ir Force 

 
 
 

mg 

 

Chair Force - mg = mv^2/r 
Chair Force= m v^2/r + mg 

Force Factor=Chair Force/mg=v^2/rg + 1 

 
 
 
 
 
 
 

Change in Direct ion: TOP OF A LOOP Force experienced i s 0 to 2 g ’s 

 
A downwa rd force i s required to ma ke th e coa s te r cha nge i t s d ire c t ion a t th e top of a loop. Gra v i ty 
provides pa r t of th e force , bu t genera l ly th e coa s t e r is des igned to move fa s t enough a t th e top so th a t th e 
t r a ck mu s t a lso push down on th e coa s ter . ( I f th e t ra ck does no t push down a t a l l , th en th e pa ssengers 
would feel we igh t le s s a t th e top . ) On some loops th e pa ssengers feel l i gh t , le ss th a n 1 g , bu t never lea ve 
the ir se a t s . On o th e r loops, th e pa ssengers wi l l a c tua l ly feel hea vy a t th e top . Ei the r wa y, down now seems 
to be up. If th e r iders keep the i r eyes c losed on a loop, th e y wil l never know th a t the y were upside down. 
Alpenge is t r iders exper ience s ix invers ions. 

 
 

Chair Force + mg = m v^2/r Chair Force = 

mv^2/r –mg produce the centr ipeta l force . 

 
 
 
 
 
 
 
 
 

Cha nge in Direc t ion : TOP OF THE HILL 

Chair Force + mg = m v^2/r Chair Force = 

mv^2/r –mg produce the centr ipeta l force . 

 
 
 
 
 
 
 
 
 
Force exper ienced is le ss th a n 1

At th e top of a h il l , a downwa rd force i s needed t o ca use th e cha nge in d irec t ion . If th e coa s te r i s moving 
slowly enough, g ra v i ty ca n prov ide su f f i c ien t force t o ca use th i s cha nge in d irec t ion . As a re su l t , however , 
th e pa ssengers fee l l igh t . Th is i s th e sa me sensa t ion exper ienced when a ca r goes over a la rge bump in th e 
roa d a nd th e pa ssengers exper ience a “ tummy l i f te r .” The Ca melba ck Hump on Apol lo ’ s Ch a r io t i s des igned 
so t h a t th e force exper ienced is very c lose t o zero for more th a n 3 seconds. ( I f a force g rea te r th a n th a t of 
g ra v i ty i s requ ired beca use o f th e speed of th e coa s te r , th en th e pa ssengers mu s t ha ve 

shoulder ha rnesses a nd th e coa s te r mu s t ha ve two se t s of wheels , one a bove a s we ll a s be low th e t ra cks . ) 

 
 

Here the Cha ir Fo rce is up and 
the Weight i s down, so these two 
for ces subtract Toward the center of 

the c irc le is considered pos it i ve . 

mg-Chair Force= mv^2/r 
Chair Force=mg- mv^2/r 

Force Factor=1- v^2 /rg 
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CENTRIPETAL ACCELERATIONS 
 
An a cce le ra t ion is e i the r a cha nge in speed or a cha nge in d irec t ion . An ob jec t t ra ve l in g in c ircula r mo t ion 
is cons ta n t ly cha ng ing d irec t ion a nd there fo re a cce lera t ing . Th is k ind of a cce lera t ion (c ircu la r mot ion) i s 
ca l led Cent r ipe t a l Acce lera t ion . Ne wton ’ s La ws ind ica te th a t a l l a cce lera t ions a re c re a t ed by forces a c t ing 
on a n ob jec t . Cent r ipe t a l a cce lera t ion s a re c re a t ed by forces a c t ing in to wa rd th e cen ter of t h e c irc le , 
which a re ca l led Cent r ipe ta l Forces. 
 

The m a gn i tud e of th e c en t r ip e ta l a cce le ra t ion of a n ob jec t t ra v e l ing a t ve loc i ty v a nd in a c irc le of ra dius r 
is g iven by a = v^2 /r . The d irec t ion of th i s a cc e lera t ion is in towa rd th e cen ter of th e c irc le . According to 
Ne wton ’ s Second La w, th e force required t o crea te th i s a cce lera t ion is g iven by mv^2/r a nd is ca l led th e 
Cent r ipe t a l Force . 

 
In order for a ca r to turn a corner t o th e le f t , 
the re mu s t be a force t o th e le f t . Fr ic t ion 
be twe en th e t i re s a nd t h e roa d provides th e 
force for th e ca r to tu rn th e corner . The ca r in 
tu rn mu s t a pp ly a force t o th e people ins ide t o 
ma ke th em tu rn th e corner. 

 
 
 
The cen t r ipe ta l force f a c tor i s g iven by th e cen tr ipe ta l force d iv ided by th e weigh t of th e ob jec t . I t 
ind ica t e s wha t f ra c t ion of th e ob jec t ’ s we igh t i s requ ired to ma ke i t go in a c irc le . In th e ca se of th e ca r , i t 

is g iven by (mv^2 /r ) /mg = v^2 /rg 

 
 
 
 
 
 
 

In th e exa mple i l lu s t r a t ed a bove , th e tens ion in th e s t r ing prov ides no t only th e force requ ired t o ma ke th e 
ba ll go in a c irc le bu t a lso th e force t o suppor t th e weigh t of th e ba ll . 

 
 
 
 
 
 
 

Cent r ipe t a l Force Fa c tor= Force /mg = Ta n θ 
Ta n θ = Cent r ipe ta l Force /mg or 

Cent r ipe t a l Force= mg (Ta n θ ) 

 

The cen t r ipe ta l force f a c tor on a ny ob jec t t ra v e l ing in a c irc le i s s imply equa l to th e t a n g en t of th e a ngle 
a t which th e swing ing ob jec t ha ngs. Th is is t ru e whethe r th e a ngle i s formed by th e ha ng ing weigh t of a 
hor izon ta l a cce le rometer , or th e swing on Der Wirb lewind . The a ng le of swing ca n be mea su red wi th a 
pro tra c tor a nd th en th e cen t r ipe ta l force fa c to r ca n be computed a s t h e t a n g en t of th is a ng le . 
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As ind ic a ted on th e previous pa ge , th e cen tr ip e ta l force fa c to r a lso ca n be de termined if th e 
ve loc ity a nd ra d ius of t h e tu rn a re known ( v^2/rg ) . The a ng le th a t such a n ob jec t wi l l ha ng a s i t swings 
a round ca n th en be determined by us ing th e inverse ta n g en t . 

 
 
 
 
 
 
 
 
 
 
 
 

If a bucket of wa t e r is swung in a ve r t ic a l c i rc le , a cen t r ip e ta l force i s requ ired. When th e bucket i s upside 
down, th e bucket mu s t push th e wa te r in to wa rd th e cen te r o f th e c irc le , or in th i s ca se downwa rd. 
Accord ing t o Ne wton ’ s Third La w, th e wa te r th en pushes up on th e bucket . The wa te r doesn ’ t fa l l ou t if th e 
bucket is spun fa s t enough. 
 

The Loch Ness Mon ste r ha s t wo la rge ver t ica l loops. When a coa s t e r ca r i s upside down in th e loop th e t ra ck 
mu s t push down on th e ca r t o keep i t going in a c irc le . The ca r th en pushes up on th e t ra ck . The se a t o f th e 
ca r pushes down on th e pa ssengers a nd th ey in tu rn push up on th e sea t . They th ink th a t down is up . 
 

At th e top of loops, pa ssengers do no t feel upside down, beca use th e force of th e se a t i s pushing th em down. 
 

The loops on th e Loch Ness Mon ste r a re ca l led Clo tho id Loops. The curv a ture of th e se loops i s sha l low nea r 
th e bo t tom a nd very t i g h t nea r th e top . Beca use th e loop is so high , th e coa s te r ca rs ha ve s lowed down t o 
under ha lf th e i r bo t tom speed by th e t i m e th e y rea ch th e top . The sha pe of th e loop is c r i t ic a l . If th e loop 
ha d th e sa me sha pe a t t h e bo t tom where th e speed is very high a s i t does a t th e top , th e pa ssengers would 
exper ience over 10 g ’ s a t th e bo t tom. If th e curve were a s sha l low a t th e top a s i t i s a t th e bo t tom, th e 
pa ssenger would rea l ly need th e “ sa fe ty ” ha rness t o keep you f rom fa l l ing ou t of th e coa s ter . 
 

At th e top of th e loop, th e t ra ck pushes down on th e coa s te r ca r , a nd th e sea t in tu rn pushes down on th e 
pa ssengers . Gra v i ty a lso pulls down on th e ca r a nd th e pa ssengers . 
 

The sum of the se t wo forces on th e pa ssengers , th e sea t force a nd gra v i ty mu s t equa l th e cen tr ipe ta l force . 

 
 

Seat Force + mg = mv^2/r 
Seat Force = mv^2/r – mg 
Since the Force Factor i s Seat Force div ided by mg, 

Force Factor = (mv^2/r – mg)/mg = v^2 /rg – 1 

 
 
Thus , if th e f i r s t t e rm is le ss th a n one , th e coa s te r ca r would fa l l of f th e t ra ck . As th e ve loc i ty increa ses , th e 
force fa c tor g e ts la rger . 

 
 
 
 
 
 

La unch in t o Phys ic Principles of Physics - Pa r t 5



 

 

31 
 

L A U N  C H I N T O  P H Y S I C S  

P R I N  C I P L E S  O F  P H Y S I C S  
 
 
 
 
 
 
 

BANKING ANGLE 
 
 
 
 
 
 
 
 
 
A bobsled ca n ’ t tu rn a f l a t corner beca use the re i s very l i t t l e f r i c t ion w i th th e ice . The tu rn mu s t be 
ba nked. When a tu rn i s ba nked properly , the re i s no sidewa ys force required , on ly a force perpendicula r 
to th e t ra ck . If th e bobsled pushes w i th a force of 3 t ime s th e we igh t of th e r iders ( force f a c to r of 3 ) , th e y 
push ba ck wi th a force fa c tor o f 3 a nd feel thr ee t im es hea v ier th a n norma l (Ne wton ’ s Thi rd La w) . The 
a ng le of ba nking depends on th e speed of th e bobsled a nd th e sha rpness of th e turn . 

 
 
 
 
 
 
 
A buck et of wa te r tw ir l ed a round wi l l na tu ra l ly ha ng a t th e a ppropr ia te a ng le so th a t the re i s no s idewa ys 
force . Therefore , th e wa te r does no t spi l l ou t . The wa te r leve l rema ins pa ra l le l t o th e bo t tom of th e 
bucket . Ha nging coa s te r s don ’ t ha ve ba nked turn s , bu t th e coa s te r ca rs swing ou t a s th e y tu rn th e 
corners . The a ng le of swing for a ha ng ing coa s te r i s ma th ema t i ca l ly t h e sa me a s th e ba nking a ng le for a 
st a nd a rd coa s te r th a t i s turn ing a corner w i th th e sa me speed a nd ra d ius of curva ture . 
 

Beca use of th e ba nked tu rn s of a ro l ler coa s te r , e spec ia l ly in t i g h t tu rn s a s i l lu s t r a t ed below, th e 
pa ssengers exper ience a force pa ra l le l to the i r sp ine, in s tea d of “ fee l ing” a s idewa ys force. The r iders wi l l 
fee l hea vy , bu t even a t h igh ba nking a ng les , which a re a s h igh a s 70 degrees on some coa s te r s , th e y wi l l 

no t be thro wn a ga ins t th e side o f th e ca r . 

 
 
 
 
 
 
 
 
 
 
 
 
To compute th e ba nking a ng le: As a coa s te r rounds a corner or th e swings go a round in a c irc le , t wo 
forces a c t on th e pa ssengers : th e se a t force a nd the ir we igh t . The se a t force ha s a ve r t ic a l a nd a hor izonta l 
component . The ver t ica l componen t mu s t equa l th e weigh t of th e ob je c t so th a t i t ca n ba la nce gra v i ty . 
The hor izonta l component mu s t be equa l t o the cen t r ip e t a l force (mv^2/r ) so th a t i t ca n cre a te c ircu la r 
mo t ion . 
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ver t ic a l component 
of se a t fo rce=mg 

Seat Force 

 
 

horizonta l component of se a t 
force=mv^2 /r 

 

Weight=mg 

 
 
Using t r igonomet ry , th e t a n g en t is equa l t o the opposi te d iv ided by th e a d ja cen t : 

 
 

mv^2/r 
 

mg θ  
tan θ = (mv^2/r ) / mg = v^2/ rg 

Seat Force 

 
 

To compute th e force f a c to r : By t r igonomet ry , cos θ = mg /Sea t Force or S e a t Force /mg = 1 /cos θ . S ince 

Se a t Force /mg = force fa c to r , 

 
 

Force Factor = 1/cos θ 
 
 
 
 

The ba nking a ng le ca n be computed using th e ra d ius a nd ve loc i ty or mea su red wi th a pro t ra c to r . Once th e 
ba nking a ng le is known, th e force fa c to r ca n be computed . 
 

Exam ple : Find the bank ing ang le and the force factor when 
r = 8 m v = 14 m/s 
θ = invtan (14 m/s)^2 /(8m)(9 .8 m/s^2) = 68 .1 degrees . 

Force Factor = 1 /cos (68 .1 deg) = 2 .69 
 

( No te : The cen t r ipe ta l f o rce f a c to r ( v^2 /rg) , which was der ived in t h e Cen t r ipe ta l Acc ele ra t io n sec t ion o f th i s 
bookle t , i s t h e fo rce required t o make th e r ider go in a c irc le o f rad ius r . In t h i s exa mp l e , i t s va lue o f 2 .5 i s 
on ly s l igh t l y le ss th a n th e t o ta l f o rce f a c to r exper ie nce d by t h e r ider. These t wo va lues a re d i f f e re n t , 
because o f t h e banking angle. The sea t mus t supp ly a fo rce t o b o th caus ing th e rider t o go in a c irc le , and a lso 
t o suppo rt t h e we igh t o f t h e rider . ) 
 

The force f a c to r cou ld a lso be computed by us ing th e force t r i a ng le a bove , a pp lying th e Py tha gorea n 
theorem to f ind th e Se a t Force , a nd th en div id ing by mg. 
 

(Seat Force)^2 = (mg)^2 + (mv^2/r )^2 thus, 

Seat Force/m g = Force Factor = Sqrt (1 + (v^2/rg)^2) 
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Energy 
 
 
Energy can be changed f rom one form to another , but i t can never be lo st 
. 
Rol ler coa s t e r ca rs do no t ha ve a moto r . A hea v y-duty mo to r a t t a ch ed to a cha in pu l ls th em up the f i r s t 
h il l . A t th e top of th e f i r s t h i l l , t h e rol ler coa s te r ca rs ha ve wha t is ca l led Gra v i ta t ion a l Po ten t ia l 
Energy . They ha ve th e gre a te s t Gra v i ta t iona l Po ten t ia l Energy when th e y a re th e h ighes t . 

 

Afte r th e cen ter of ma ss pa sses over th e top of th e hil l , th e coa s te r ca rs beg in t o speed up. They begin t o 
lose the i r Gra v i t a t ion a l Po ten t ia l Energy a s g ra v i ty pu l ls th em down th e hil l a nd ga in Kine t i c Energy or 
energy o f mo t ion . The t o t a l a mount of energy rema ins th e sa me. As t h e y go up th e ne x t h il l , th e y slow 
down a nd lose Kine t ic Energy whi le ga in ing Gra v i t a t ion a l Po ten t i a l Energy . 

 

The to t a l a mount of energy rema ins th e sa me. As the y go up th e ne x t h i l l , th e y s low down a nd lose 
Kine t ic Energy whi le ga in ing Gra v i t a t iona l Po ten t i a l Energy 

 
 
 
 
 
 
 
 
 
 
 
 
 

The coa s t e r ha d 10 un i t s of energy a t th e top of th e hi l l a nd 10 un i t s of energy a t th e bo t tom of th e hi l l . 
Th is i s ca l led Conse rv a t ion of Energy . The sum of th e Po ten t i a l a nd Kine t ic Energy a lwa ys a dds to th e 
sa me number. The less Po ten t i a l Energy th e coa s t e r ha s th e more Kine t i c Energy i t wi l l ha ve a nd th e 
fa s te r i t wil l go. 

 
 
 

Kinetic energy (Highest 
to Lowest) : D, F, E, C 

 
 
 
In a c tu a l opera t ion th e coa s te r ma y lose n ine un i t s of po ten t i a l energy a nd only ga in seven un i t s of 
Kine t ic Energy . I t ma y a ppea r th a t energy ha s been los t . Wh a t a c tua l ly ha ppened is th a t p a r t of th e 
energy ha s been cha nged in to hea t . As th e coa s te r ca rs move over th e t ra ck , f r ic t ion be tween th e whee ls 
a nd th e t ra ck a nd a ir f r ic t ion produces h e a t energy. The coa s t e r h i l l s mus t become sma l ler a s th e r ide 
progresses beca use of th i s h e a t product ion . Apol lo ’ s Cha r io t loses a lmo st 60% of i t s in i t ia l energy due t o 
fr ic t ion before i t i s bra ked a t th e end of th e r ide . Bra kes mu s t th en conver t a ny rema in ing energy of 
mot ion in to h e a t a t th e end of th e r ide , or i t wil l no t s top a t th e s t a t ion . Even though th e coa s t e r i s 
tra v e l ing s lower a t th e end of th e r ide beca use of f r i c t ion , th e r ide ca n s t i l l be ma de exc i t in g by ha v ing 
sha rper tu rn s . 
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Examples of Energy Conservation 
 
 

The he igh t of th e f i r s t h i l l (or ig ina l g ra v i t a t iona l po ten t i a l energy ) de termine s 
th e ma x imum speed of a ro l ler coa s te r r ide . A s teeper f i r s t h i l l wi l l g e t you t o th e 
bo t tom quicker, bu t no t cha nge th e speed a t th e bo t tom. The he igh t o f th e f i r s t h i l l 
on th e Loch Ness Mon s ter i s 34 .8 m (114 f t ) . If we a ssume no f r ic t ion , a nd a fa ir ly 
slow speed a t th e top , th en th e speed a t th e bo t tom of th i s coa s te r would be a bou t 
26 .1 m/s (59 mph) . 

 

In order to ha ve a speed th a t is tw ic e th i s va lue (52 .2 m/s or 118 mph) would 
require a h i l l th a t is four t ime s a s h igh (139 .2 m or 457 t ) . A speed of 40 m/s, 
which is a bou t 30 mph fa s t er th a n th e orig ina l would requ ire a h i l l th a t wa s 81 .6 m 
or 268 f t . The co s t of producing h i l l s th i s h igh exp la ins why coa s te rs genera l - ly 
ha ve ma x imum speeds of no grea te r th a n 60 t o 70 mph. 

 
 
 
I f th e speed a t th e top of th e hil l i s sma l l , th en th e speed a th e bo t tom wi l l be g iven by th e squa re roo t of 
2*g*h. 
 

Lis ted be low a re o th e r r ides in th e pa rk wi th the ir h il l he igh ts , a nd th eore t ic a l speeds. 

 
 

Apol lo ’s Cha r io t 

Esca pe from Pompei i 

64 m                        35.4 m/s 

15.2 m                    17.2 m/s 

 
If th e speed a t th e top of th e hil l i s no t sma l l , or you wish t o compute a more a ccura t e speed a t th e 
bo t tom, use th e fo l lowing equa t ion (conserva t ion of energy) a nd so lve for v a t th e bo t tom. 
 

( .5 mv^2 + mgh ) at top = ( .5 m v^2 + mgh) at bottom 
 
In order to compute energy losses (convers ions to hea t ) th e fo llowing equa t ion could be used: 
 

(Energy at top - Energy at bottom)/ (Energy at top) x 100%= % of energy los t 
 
 

The th ird hi l l ca n be higher th a n th e second, a s long a s i t i s no t h igher 
th a n th e f i r s t . S ince k ine t i c a nd po ten t i a l energy a re conver ted to he a t 
th rou ghou t th e r ide, th e hi l l s mu s t in genera l be g e t t in g sma l ler nea r th e 
end of th e r ide . 

 
 
 
I t t a k es work to cha nge th e energy of a n ob jec t . When th e Le S coo t log f lume or Esca pe f rom Pompeii 
ma kes th e big sp la sh a t th e bo t tom of th e hil l , th e wa te r does work on th e bo a t t o slow i t down. S ince th i s 
ha ppens when th e bo a t i s moving hor izonta l ly , there i s no cha nge in t h e gra v i ta t iona l po ten t i a l energy. 

The work done is there fore equa l t o th e cha nge in k ine t i c energy of th e boa t . 
 

Work = Force * dis tance= Ini t ial Kinet ic Energy - Final Kinetic Energy 
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OSCILLATIONS 
 
 

A simple pendulum osc i l la te s a bou t a p ivo t w i th a per iod descr ibed by 

 
 
 
 
 
 
The per iod describes th e t im e th a t i t t a k e s t o go from a n ex t rem e posi t ion , ba ck t o th a t posi t ion a ga in. 
 

If a ha nging ob jec t is o sc i l l a t ing ba ck a nd fo r th , th en a t th e bo t tom of th e swing , th e cord is t i g h t , 

wherea s i t i s a lmo s t s la ck a t th e top . 
 

The k ine t i c energy i s ma x imum a t th e bo t tom a nd th e po ten t i a l energy i s a min imum. 

 
 
 
 
 
 
 
 
 
 
 
 
 

To f ind th e ve loc i ty a t th e bo t tom : 

 
 

1/2 mv^2 = mgh 
 

where H = L - L cos θ 
 

Therefore 1/2 mv^2 = mg(L - L cos θ ) 
 

and v = sqrt (2g(L-Lcos θ )) 
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WHICH WAY IS UP? LOCH NESS MONSTER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Predict ions: 
Circ le your a nswers before r id ing th e r ide or ma king a ny me a surement s . Draw a l ine 
under your a nswer after you comple t e th e quest ions a nd ca lcu la t ions . 
1 . When wi l l you fee l l i gh t or c lose t o weigh t l essness ? 

A t th e bo t tom of th e f i r s t h i l l Coming down th e f i r s t h i l l Top of th e loops 
2 . When you a re upside down wi l l you 

Fee l pressed in to your se a t Lose con ta c t w i th your se a t 
3 . When th e r ide goes in hor izonta l c i rc les ins ide th e mounta in a t a s t eep ly ba nked 
a ng le, you wi l l 

Fee l l i gh t Fee l hea vy a nd pushed a g a in s t th e s ide Fee l hea vy , bu t upr igh t in ca r 

 
 
 

WHAT TO DO AND NOTICE ON THE RIDE 
1. When go ing a round a ba nked tu rn , no te whe the r you a re thro wn to th e le f t or th e r igh t or 
rema in upr igh t in your se a t . When you a re go ing in c irc les in th e da rkness of th e Monste r ’ s 
La ir , no te how s teep ly th e tu rns a re ba nked a nd pa y a t t en t ion to whethe r you fee l pressed 
in to your sea t . 
2 . When you a re upside down, no t e a l l th e wa ys th a t you ca n te l l th a t you were upside 
down. Close your eyes on one of th e two loops. No te whethe r you ever lose conta c t w i th th e 
se a t . 
3 . Pa y a t t en t ion t o your fee l ings when you a re coming down hi l l s A a nd C. No te whethe r 
your s tom a ch feels l igh ter or hea v ier . 
4 . Ride once in th e f ro n t ca r (or nea r th e f ron t ) a nd once nea r th e rea r o f th e coa s te r t r a in . 
No te a ny d if ferences in th e two r ides . 
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Quest ions: 
 

1a . L i s t a l l the wa ys t h a t you could te l l t h a t you were ups ide down. 
 
 
 
 
 

1b. Did you ever l ea ve your s ea t when you were upside down? Did you feel upside down? 
 
 
 
 
 

1c. When you closed your eyes , how could you te l l t h a t your were upside down? 
 
 
 
 
 

1d. According t o the CBL gra ph** on t he next pa ge, wha t wa s your force fa c tor when you 
were upside down? Does th i s ma tch your a nswer t o ques t ion 1b? 
 
 
 
 
 
2a . Whi le going a round the s t eeply ba nked turns , did you feel pushed t o the l e f t or r ight 
or did you s t a y upr ight in the coa s ter ca r? Why? 
 
 
 
 
 
2b. In the da rkness of the Monster ’s La ir , a s you a re turn ing in circles a t a s t eeply 
ba nked a ngle, a re you pressed in to your sea t ? Which di rec t ion a ppea rs t o be down? 
 
 
 
 
 
3a . Whi le going down the f i rs t a nd second hi l l s , did you feel weight less ? Why? 
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3b. Does the CBL gra ph** on the next pa ge ma tch your feel ings on these two hi l l s? 
According t o the gra phs, for how long did you feel l i ght? 
 
 
 
 
 
 
 

4. Describe a ny di f ferences be tween r iding in the front ca r a nd the rea r ca r of the coa s ter 
t ra in . Expla in why these were d i f f erent . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
**The in fo rma t ion con ta ined in th i s workbook is n o t based on any sc ien t i f ica l l y accura t e acce le ro mete r t e s t in g 

o f t h e amusemen t r ides. In f a c t , t h e t e s t in g was done so le ly f o r t h e purpose o f p rov id ing th i s p rogram wi th 
in fo rm at ion necessary t o co mple te v i ta l academic exp e r i men t s , and does n o t in any way t o re f l e c t t h e ac tua l 

r ide cond i t ions . 
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HORIZONTAL ACCELERATION 

DIE AUTOBAHN BUMP ER 
 

CAR 

 
Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under 
your a nswer a f t e r you comple t e th e quest ions a nd ca lcu la t ions . 
 

1. When your ca r i s h i t f rom th e rea r , your body wi l l 
lea n forwa rd fee l pushed ba ckwa rd 

2 . When your ca r i s h i t f rom th e le f t , you wi l l f ee l 
pushed to th e le f t pushed to th e r ig h t 

3 . When you s t r ike a ca r , you wil l 
lea n forwa rd fee l pushed ba ckwa rd i t depends on how you h i t th em 

4. Ca r A co ll ides w i th a s t a t ion a ry Ca r B. Which pa ssenger experiences a g re a te r force? 

 
 
 
 
 

The s ta t iona ry pa ssenger (B) The moving pa ssenger (A) Both the Sa me 
 
 

WHAT TO DO AND NOTICE ON THE RIDE 
 
1. In th e fol lowing co l l i s ions , no te whethe r your body fee ls pushed forwa rd , ba ckwa rd to th e le f t or t o th e r igh t . 
a . You s t r ike a s t a t ion a ry ca r f rom th e rea r (Like A a bov e ) 
b . You a re s t a t iona ry a nd a re s t ruck f rom behind. (Like B a bo ve) 
c . You a re s t ruck f rom th e le f t or r igh t by a no ther ca r 
2 . You s t r ike a ca r on i t s s ide. 
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Quest ions: 
 

1 . In which kind of col l i s ion did you feel th e gre a te s t force? 

 
 
 
 
2. How does th i s force compa re t o wha t you feel on Le Scoo t log f lume or Esca pe f rom Pompei i? 

 
 
 
 
3. The d irec t ion of force is opposi te to th e d irect ion th a t your body move s. Ind ica te th e d ir ec t ion of th e 
force exper ienced by A, B, C a nd D in ea ch of th e coll i s ions i l lu s t ra t ed below. 

 
 
 
 
 
 
 
 

4. Ba sed upon your observa t ions , who exper iences a g re a te r force in a co l l i s ion? Is i t th e person be ing h i t , 
th e person h i t t in g or a re th e y bo th th e sa me? 

 
 
 
 
 

HORIZONTAL ACCELERATION 

LE SCOOT LOG FLUME 
 
Pred ic t ions: Circ le your a nswers before r id ing th e r ide or ma king a ny me a su rements . Dra w a l ine under 
your a nswer a f t e r you comple t e th e quest ions a nd ca lcu la t ions . 
 

1. A t th e bo t tom of th e hil l when th e log ma kes a b ig sp la sh, wi l l you 
 

fee l p ressed ba ck in to your se a t s l ide forwa rd ne i the r 
 

2. Which ma kes a b igger sp la sh 
 

a n emp ty log a log w i th t wo in th e f ron t a log w i th t wo in ba ck a l l th e sa me 
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WHAT TO DO AND NOTICE ON THE RIDE 
 
1. A t th e spla sh a t th e bo t tom of th e la s t h il l , no te whether you fee l pressed ba ck in to your sea t or s l ide 
forwa rd. 
 

2. Pa y a t t en t ion t o your fee l ings on th e la s t long drop. 

 
 

WHAT TO DO AND NOTICE OFF THE RIDE 
 

1. From th e wooden br idge t h a t lea ds to Germ a ny , wa tch a number o f logs come down th e hi l l . Try to 
discover wh a t de term ines th e ty p e of sp la sh produced. (Big or sma l l , long la s t in g or sho r t , e t c . ) Also no te 
wheth e r empty logs or pa r t i a l ly f i l l ed logs come down s lower , fa s te r or th e sa me a s logs w i th four people . 

 
 

Quest ions: 
 
1 . How do your fee l ings on the drop compa re t o th e drops on th e ro l ler coa s te rs in th e pa rk ( i .e . i s i t 
sca r ier , does i t fee l more weigh t les s ? ) Does th e fa c t th a t the re i s no la p ba r ma ke a d i fference? 

 
 
 
 
2. Were you th ro wn forwa rd or pushed ba ck in to your se a t a t th e bo t tom of th e hil l ? Why ? 

 
 
 
 
3. Ba sed upon your observa t ions , wh a t ma kes a d if ference in th e s ize of th e sp la sh? (Wh a t produces a 
ma x imum sp la sh, minimum spla sh , e tc . ) 

 
 
 
 
 

4. Wh a t i s th e d irect ion of th e force th a t you exper ienced? Dra w a ske tch of you in th e log showing th e 
mov ement of th e log a nd th e d irec t ion of th e force a nd remember th e force i s opposi te to th e d irec t ion th a t 
your body moves. 
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5. The shor te r th e s topp ing d is ta nce , th e grea te r th e force . The cha r t belo w, ba sed on Ne wton ’ s La ws, 
i l lu s t r a t es th e force fa c tor required t o s top a log a t th e bo t tom of th e la s t drop in a g iven di s ta nc e . 
 

a . Accord ing t o th e gra ph, wha t i s th e min imum stopping d i s ta nce th a t you th ink would be sa fe? Wh a t i s 
th e force f a c to r corresponding t o th i s d is ta nce? 
 

b. When th e Dis t a nce i s doubled , th e force fa c tor i s : (Hin t : Compa re 11m a nd 22 m) Doubled S t a y s th e 
Sa me 1 /2 a s much 1/3 a s much 1 /4 a s much 1 /5 a s much 
 

c. Wh a t would be th e force f a c to r i f th e d i s ta nce were 60 m eter s ? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Do th e pa r t i a l ly loa ded logs come down f a s t er , s lower , or th e sa me a s ful ly loa ded logs? Why ? 
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Centripeta l Accelerat ion 

The Trade Wind 
 
Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e ques t ions a nd ca lcula t ions . 
 

1. As The Tra de Wind ca rs sp in in a c irc le , a force 
 

pushes you outwa rd pushes you in to wa rd th e cen ter 
 

2. If you a re r id ing w i t h a l i t t l e ch ild , th e y should s i t on th e s ide of t h e ca r c loses t to th e 
 

outs ide inside 

 
 
 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
 
1 . Ride The Tra de Wind twice , once to wa rd th e middle a nd once to wa rd th e ou ts ide . No t i ce th e dif ferences in 
r ide sensa t ions . 
 

Quest ions: 
 
1 . As you a cce le ra te , your body wi l l feel l ike i t is pushed or f lung in t h e d irec t ion opposi te t o th e d irec t ion of 
th e force a c t in g on you. Beca use o f th e high speed a nd fa ir ly sma l l ra dius of ro t a t ion of th i s r ide, th e force 
required to ca use th e a cce lera t ion i s very c lose t o your own we igh t . Remember ing your fee l ings on th e r ide, 
ind ica te on th e dia gra m below th e d ir ec t ion of th i s force on you a t po in ts A a nd B. 

 
 
 
 
 
 
 

A 
 
 
 

B 
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2. Using Ne wton ’ s La w of Iner t i a , exp la in why you fee l a s if you a re f lung ou twa rd. 

 
 
3a . Wh a t pushes on you to ma ke you go in a c irc le if you a re sea t ed a lone? 

 
 
 
3b. Wh a t pushes on you if you a re sea ted on th e ins ide ne x t t o someone? 

 
 
 
3c. Wh a t i s th e di f ference be tween r iding on the ins ide or th e ou ts ide? 

 
 
 
3d. Where should a l i t t l e ch i ld s i t ? ins ide ou t s ide 

 
 
Vert ical Acce lerat ion 

Alpengeist 
 
In s t r u m e n t Needed : Mount ed V e r t i c a l Ac c e l e ro me t e r . S i t in R o w 6. 
 

Pred i c t ion s : Ci r c l e you r a n s w e r s b e fore r id ing t h e r id e o r ma king a ny mea s ure men ts . D ra w a l ine unde r you r 
a ns w e r a f t e r you compl e t e th e que s t ions a nd ca l cu la t ion s. 
 

1. A t wh a t po in t on th e r ide wil l you exp er i enc e th e ma ximum forc e ? 

 
 

(3) B o t to m of th e F i r s t Hil l (4) Imme lma n Loop (5) V e r t i c a l Loop (6) Cob ra R o l l 
 

(7) Ca melba ck Hump (8) F l a t Sp in (9) High Speed Sp i ra l 

 

2. Which p a r t of th e r id e wi l l be t h e sc a r i e s t ? 
 

(3) (4) (5) (6) (7) (8) (9) 
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WHAT TO DO AND NOTICE ON THE RIDE 
 
1. Record th e ma ximum force f a c to r a nd no te where on th e r ide i t occurs . 

 
 
 
 
 
 

I f y ou are n o t in a row wi th t h e acce lerometer , or t h e acce lero mete r i s miss ing or n o t f unc t ion ing pay a t t e n t io n t o 

where y ou fe e l t h e heav ies t on t h e r ide 

 

Quest ions : 
 

1. The speed a t th e bo t tom of th e f i r s t h i l l of A lpenge is t i s a pprox im a te ly 67 mph. How does th i s compa re t o 
th e Loch Ness Mon ste r ? Why is th i s speed d i f f eren t f rom th e Loch Ness Monster ? 

 

2a . Wh a t i s th e force fa c tor a t th e bo t tom of th e f i r s t h i l l where th e speed is 67 mph (30 m/s)? 
 

Force Fa c to r (a ccord ing t o th e cha r t ) : 

 

2b. If th e des igner wa n ted t o ma ke a more in t ense r ide , wh a t ma ximum force fa c to r should th e y se t for th e 
bo t tom of th i s h i l l ? Wh a t speed would correspond t o th i s force fa c to r ? 

 

2c. If you were a sked t o redesign th e coa s te r for tho se who don ’ t l ike a thr i l l in g r ide a nd ca n ’ t exceed a force 
fa c to r of 1 .5 , wh a t speed should you se t for th e bo t tom of th i s h i l l? In s te a d of cha ng ing th e speed , how e lse 
could you ma ke i t “ wimpy ?” 

 

3. As a ro l ler coa s te r des igner , wh a t do you cha nge in order to cha nge th e speed a t th e bo t tom of th e f i r s t 
h il l ? 

 

4a . According to your me a surements , wh a t po in t on th e r ide ha d th e grea t force f a c to r ? Why wa s i t b ig a t 
th a t po in t ? 

 

4b. According to th e CBL force fa c to r g ra ph** (fo l lowing ques t ion 5 ) wh a t po in t on th e r ide ha s th e 
ma x imum force f a c to r . How does th i s compa re to your a nswer to 4a ? 

 

4c. Accord ing t o th e CBL force f a c tor g ra ph ,** wh a t i s th e force fa c tor a t th e bo t tom of th e f i r s t h il l ? How 
does th i s compa re to th e force f a c to r computed in quest ion 2b? 

 

5a . Ba sed on your exper iences , which pa r t of t h e r ide wa s th e sca r ie s t ? Which wa s th e mo s t d isor i en t ing ? 
Which pa r t ha d th e gr e a t e s t thr i l l s ? 

 

5b. According to th e CBL force fa c to r g ra ph** on th e ne x t pa ge , which pa r t of th e r ide i s th e mo s t in tense? 
(You m igh t def ine in tense a s be ing th e h ighes t force fa c tor for th e longes t in terv a l of t ime , or perha ps i t i s 

th e g re a te s t number of cha nges in force fa c to r s in a shor t per iod of t ime . ) 
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Alpengeist 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Alpengeist 
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WEIGHTLESSNESS 

APOLLO ’S CHARIOT 
In s t rum ent Needed : Mounted Ver t ic a l Acc elerometer . S i t in Row 6 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under 
your a nswer a f t e r you comple t e th e quest ions a nd ca lcu la t ions . 
 

1. Weigh t le ssness occurs on th e Ca melba ck hi l l s (Circ le a l l th a t a pp ly ) 
 

a pproa ch ing th e h i l l top coming down from th e h i l l top a t th e h i l l top 
 

2. Which produces a we igh t less fee l ing? 
 

going over th e h i l l top coming down th e h i l l top bo th 
 

3. From th e top of th e f i r s t h i l l t o ju s t a f t e r th e l a s t d ip seconds i s a pprox im a te ly 66 seconds. From how 
ma ny of tho se seconds wi l l you be “ ou t of your se a t” (c lose to weight lessne ss) ? 
 

5 seconds 10 seconds 25 seconds 40 seconds 

 
 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
 
1. Pra c t ice count ing in seconds (one thou sa nd one, one thousa nd two , . . .or one Miss iss ipp i, two 
Miss iss ipp i, a nd then from th e topof th e f i r s t h i l l t o th e end of th e r ide , count how ma ny seconds you 
exper ience “ a ir t ime .” (“ Air Time” o r Weigh t lessne ss re fers t o be ing very l igh t , or ou t of your sea t . I t i s a 
t im e where th e force f a c tor is le ss th a n one, a pproa ch ing zero .) Record your own t im e a nd th e t im e of two 
f r iends, or do i t th re e t ime s yoursel f . 

 

2. Pa y a t t en t ion t o where th e longes t per iod of we igh t lessne ss occurs. 
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3. No te where on th e r ide you fee l weigh t l ess (go ing up hi l l s , coming down hi l l s , top s of h il l s , sp ira ls , 
bo t tom of hil l s , e tc . ) . 

 
 
 
4. Record th e force f a c tor a t bo t tom of th e f i r s t h i l l , th e bo t tom of th e second h i l l a nd th e la s t d ip. 

 
 
 
 
 
 
 

Quest ions: 
1. The gra ph* be low shows th e top of th e f i r s t ca melba ck hi l l , w i th th e sca le in mete r s . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a . Wh a t m a them a t ic a l sha pe does th i s h i l l a ppea r t o be? 

 
 
 
b. Is th e weigh t less fee l ing exper ienced on th e wa y up th e hil l , on th e wa y down, or bo th ? 

 
 
 
c. Where on th e r ide did you exper ience th a t longes t per iod of weigh t lessness? 

 
 
 
d. According t o th e CBL Force Fa c to r g ra ph (Apol lo ’ s Cha r io t 4 th Row) which is on th e pa ges fo llowing b 
quest ion 6 , wh a t i s th e longes t per iod of we igh t lessness exper ienced on Apollo ’ s Cha r io t (Ta ke th e t im e of 
we ight les sness to be th e t im e th a t th e force fa c tor i s le ss th a n 1 . ) Where does i t occur? 
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e. Descr ibe in genera l , where on th e r ide you exper ience weigh tle ssness . 

 
 
 
 
2. When th e a s t ron a ut s t r a in for spa ce t r a ve l , th e y f ly in a n Air Force pla ne , KC 135 , th a t f l ies in a 
t ra j ec to ry , a s i l lu s t r a ted below. The pla ne i s ca l led th e “ Vomit Come t .” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a . Accord ing t o th e gra ph, how long a per iod of we ight les sness is a ch ieved in th e Vomi t Com et ? 

 
 
 
b. How does th e sha pe of th e Ca melba ck h il l s on Apollo ’ s Ch a r io t compa re t o th e f l igh t pa t h of th e KC-135 ? 

 
 
 
3. The gra ph* a t th e top of th e follo wing pa ge shows th e f i r s t coa s te r drop of 64 m (210 f t ) . The c irc les 
ind ica te th e a c tu a l sha pe of th e hi l l . The l ine ind ica te s a “ perfec t” pa ra bola . The na tura l mot ion of a f ree ly 
fa l l ing ob jec t i s a pa ra bola . When th e coa s te r t r a ck fo l lows th i s pa ra bol ic pa th , th e pa ssengers exper ience 
f ree fa l l , o r we igh t lessness . 

 
 
 
a . For how ma ny mete r s does th e t ra ck “ e ssen t ia l ly ” fo l low th e pa ra bolic sha pe? 

 
 
 
b. Wh a t ha ppens a t th e bo t tom of th e hil l when th e t ra ck dev ia tes f rom th e pa ra bola ? 
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*This g ra ph is on ly a n a pprox im a te rep re sen ta t ion of th e a c tu a l coa s t e r . 
c . Accord ing t o th e CBL Force Fa c to r g ra ph**, how ma ny seconds of f ree fa l l does th e coa s t e r experience on 

th e f i r s t drop? (Mea sure th e t im e th a t th e force fa c to r i s le ss th a n 1 .) 

 
 
 
d. The f i r s t h i l l is 64 m ete r s t a l l , bu t the re i s a bout a 4 -mete r dip, before th e f i r s t b ig drop of 60 mete rs . The 
gra ph on th e ne x t pa ge ind ica te s th e d is ta nce fa l len in a g iven t im e. Wh a t would be th e fa l l ing t im e for a h i l l 
60 mete rs t a l l ? 

 
 
 
e. Wh a t i s th e fa l l ing t im e for th e por t ion of t h e curve th a t i s “ c lose” to th e pa ra bola ? How does th i s 
compa re to th e a c tu a l “ a i r t ime ” found in 3c? 
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4a . Using th e Free Fa ll gra ph a bove, developed using equa t ions of mot ion , compute th e “ a ir t ime ” on th e 
Ca melba ck Hil l th a t i s i l lu s t ra t ed for Que st ion # 1 . (Assume t h a t th e por t ion of th e hil l th a t i s shown, i s th a t 
f ra c t ion of th e hi l l t h a t is c lose to pa ra bolic .) 

 

4b. Find th e a c tua l “ a i r t ime ” f rom th e CBL Force Fa c tor g ra ph**(FF<1). 

 

4c. If your a nswer t o 4a i s of f by severa l seconds, exp la in why . 

 

5a . Wh a t i s th e a vera ge number o f seconds of “ a i r t im e ” th a t you counted on th e r ide? 

 

5b. Wh a t f ra c t ion of the 66-second dura t ion of th e r ide a re you weigh t les s? 

 

c. Using th e CBL Force Fa c to r g ra phs  on  the  nex t  page ,  f ind how ma ny seconds th e coa s te r ha d a force fa c tor 
le ss th a n 
1 .5d . How does th i s number compa re t o your “ counted” va lue? Why a re th e y d i f ferent ? 

 

 

 

 

6. Using th e CBL Force Fa c to r g ra ph o n  t h e  n e x t  p a g e ,  e s t im a te th e force fa c to r a t th e bo t tom of th e 
f i r s t h i l l , th e bo t tom of th e second hi l l a nd th e la s t d ip . f i r s t Hil l bo t tom Second Hill bo t to m La s t Dip How 
do these numbers 
compa re w i th your da t a ? 

Fi r s t Hi l l bo t tom ________ Second Hil l bo t tom _______ La s t Dip _______ _ 
 

How do the se numbers compa re w i th your da t a ? 
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WEIGHTLESSN ESS 

GRIFFON 
In s t rum ent Needed : S top wa tch . 
 

Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under 

your a nswer a f t e r you comple t e th e quest ions a nd ca lcu la t ions . 
 

1. How long wi l l you feel we igh t less on th e big drop? 
 

.5 seconds 1 .5 seconds 2 .5 seconds 3 .5 seconds 
 

2. Will you ever fee l we igh t less when you a re upside down? 
 

yes no 
 

3. How ma ny t im e s wi l l you exper ience weigh t lessness ? 
 

once twice three t im es four t im e s more th a n four t ime s 
 

WHAT TO MEASU RE AN D N OTICE ON THE RID E 
1. Pra c t ice count ing in seconds (one thousa nd one, one thousa nd two , … o r one Miss iss ipp i, two 

Miss iss ipp i, e tc . ) a nd e s t im a te th e t im e t h a t you ’re weigh t l es s on th e big drop . Es t i m a t e to th e nea res t ½ 
second . This weigh t les s , ou t of your sea t t im e , is o f t en re ferred to a s “ a ir t ime.” I f you ha ve a s top 
wa tch you ca n t i m e in s t ea d of count ing ou t loud. 

 
 

2. No te how ma ny t im e s you a re we igh t les s throug hout th e r ide, a nd which weigh t le ss periods a re th e 
g re a t e s t . 

 

3. Es t i m a te how long a re you we igh t le s s dur ing th e second ver t ic a l drop? I f you ha ve a s top wa tch you ca n 
t im e in s t ea d of count in g ou t loud . 

 
 

WHAT TO MEASU RE AN D OFF THE RID E 
1. Es t i m a te or mea sure th e t ime th a t i t t a ke s for th e coa s te r to “ f ree fa l l” down th e f i r s t h i l l . Beg in when 
th e coa s te r begins t o fa l l ( i t wi l l ha ng a t th e edge for a pprox im a te ly f ive seconds before fa l l ing ) , a nd s top 
when th e coa s t e r a rr ives a t th e top of th e f i r s t whi te po s t th a t supports th e t r a ck . The t ra ck beg ins t o curve 

a f t e r th i s po in t . If you ha ve a s top w a tch , you ca n t im e i t ins t ea d of count ing ou t loud. 

 
 
 
 
 
 
 
 

Quest ions: 
1. How does th e weigh t less t im e on th e f i r s t drop es t im a ted on th e r ide, compa re t o th e t im e es t i m a ted 
whi le wa tch in g th e coa s te r o ff th e r ide? 
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2a . From th e Drop Dis t a nce versus Time gra ph a t th e bo t tom of th i s pa ge , de term ine how fa r th e coa s te r 
dropped in th e t ime mea sured wi th th e s top wa tch . 

 
 

2b. If th e coa s te r dropped th e en t ire 62 .5 meter s t o th e ground, how long would th e fa l l ing t im e be? (Of 
course , th i s i s no t possible beca use th e coa s te r t r a ck mu s t beg in curv ing before i t rea ches th e ground .) 

 
 

2c. Using th e drop d is t a nce gra ph, wh a t should th e “ f ree fa l l” t i m e be? ( I t i s 34 .1 m eter s f rom th e top of th e 
hil l t o th e wh i t e post . ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
3a . Using your experiences on th e r ide, ind ica te where e lse on th e r ide, o th e r th a n th e two ver t i ca l drops, a re 
you “ we igh tles s .” 
 

Def in i t ions: The upside down loops a re ca l led “ Immelma n” or inverse dive loops. 
 

Ca melba ck hump re fers t o a pa ra bo l ic h i l l a s i l lu s t r a ted to th e r igh t . 
Hil l bo t tom is s imply th e bo t tom of a la rge drop. 
The block bra ke i s th e f l a t sec t ion of t ra ck in th e middle of th e r ide, th e wa te r bra ke i s where th e big plumes 
of wa te r a re crea t ed , 1 s t a nd 2nd drop refers t o th e ver t ica l drops on th e r ide. 

 
 

4a . Now, using th e Grif fon 1 s t Row gra ph a t th e end of th i s sec t ion , na me a l l of th e t ime s when you 
exper ienced “ weight lessness .” P ick periods where th e force fa c to r is le ss th a n 0 .5 seconds . I s th i s th e sa me 
a nswer th a t you ha d in quest ion No. 3 ? 

 
 
4b. Using th e cha r t , compute how long th e f i r s t drop , a nd second drop produced weigh t le ssn ess . (For a n 
es t im a t ion , a ssume th a t a force f a c to r o f le ss th a n 0 .5 i s a ppa ren t weigh t les sness. ) How do th ese t ime s 
compa re to wh a t you es t im a ted whi le r id ing or wa tch ing th e r ide . 

 
 
4c. Using the chart, how does the weightless period for the first drop compare to the weightless period on the first Immelman?  
 
1st drop is:            much greater          a little bit longer     almost the same time           a bit shorter  
 
4d.  Dod the weightless periods on the 1st drop and Immelman feel the same or different?  If different, why? 
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5a . There a re th ree d i f f eren t s i tu a t ion s t h a t prov ide weigh t lessne ss on th i s r ide . Wh a t a re th e y ? 

 
 
5b. The ver t ic a l drops a re v isua l ly very di f fe ren t f rom th e o th e r t wo s i tu a t ions . How e lse do th e weigh t le s s 
periods d i ffer f rom ea ch o ther ? 

 
 
6. How do th e weigh t le s s per iods on Grif fon compa re t o the weigh t le s s per iods on Apol lo ’ s Ch a r io t (Use th e 
8 th Row gra ph)? (Compa re number of we igh t les s per iods a nd leng th of a i r t ime for ind iv idua l ins ta nce s a nd 
for th e en t i re r ide .) 
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ESTIMATION QUESTIONS: 
 

1 . How long did i t t a k e t o cons truc t Gri f fon? 
 

6 months 10 month s 12 month s 15 month s 18 month s 
 

2. How ma ny sec t ions o f t r a ck were used t o cons truc t Gri ffon? 
 

56 92 150 183 274 
 

3. Wh a t i s th e hea v ies t sec t ion of t ra ck? 
 

2,125 lbs 34 ,215 lbs 58, 116 lbs 111 ,800 lbs 223 ,520 lbs 
 

4. Wh a t i s th e to t a l l en g th of t r a ck ? 
 

560 fe e t 1 ,814 fe e t 3 ,108 fe e t 4 ,456 fe e t 6 ,321 fe e t 
 

5. Once a coa s te r t ra in i s in i t ia l ly p la ced on the t ra ck , wha t i s th e min imum run t ime , fu l ly loa ded wi th wa te r 
dummies , before i t ca n be cer t i f ied a s sa fe? 
 

1 hour 2 hours 4 hours 8 hours 12 hours 

 

Note: Busch Gardens runs t h e coas ter t ra in s f o r many more hours t h a n th e min imum. 

 

Vert ical Accelerat ion and Weightlessness 

Invadr 
 
n st rum ent Needed : None 
 

Pred ic t ions: 
1 . How c lose to g e th e r wi l l th e va r ious e lemen ts  
of th e t r a ck be( i .e t i m e be tween weigh t les s fee l ings) 
 

a ) 1 sec b ) 3 sec c ) 4 sec d) 6 sec 
 

2. The longest weigh t les s per iod (<.Sg ) wi l l be a bout 
 

a ) 2 sec b ) 4 sec c ) 6 sec d) 8 sec 
 

3. You wi l l feel hea vy on th e coa s ter s a t 
 

a ) Hil l bo t tom s b) ba nked turn s c) ne i the r d ) bo th 

 

 
 
 
 
Quest ions : 
The gra ph o n  t h e  n e x t  p a g e  ind ica te s th e Force Fa c to r (g force) for th e e lement s of th e lnva dr . Ea ch l e t t e r 
corresponds to th e l e t t e r s on th e ske tch of lnva dr . A a nd D a re ba nked turns . B, C a nd E a re ca melba ck 
hi l l s , F is a   Hel ix -a 360 degree tu rn a t th e very end of th e r ide , a nd G is th e f i r s t drop of 74 f t . 
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1 . There a re ma ny t im e s dur ing th e r ide , where you wi l l f ee l weigh t l es s . I f we a ssume t h a t experiencing a Force 
Fa c to r of le ss th a n 0 .5 (0 .5 gs ' ) f ee ls very c lose to we ightle ssness , which weigh t les s exper ience wa s th e longes t ? 
How long wa s i t ? 
 

2. Going over a ca melba ck h i l l , p roduces a we igh t les s exper ience . I t i s a pa ra bol ic h i l l : 
You wi l l a l so f ind a lo t of these pa ra bolic h il l s on Apol lo 's Cha r io t , b u t th e y a re a lo t b igger th a n those on 
lnva dr. The th re e pa ra bol ic h il l s on lnva dr th a t ha ve th e gre a te s t "a ir t i me " a re B( th e f i r s t ca melba ck a f te r th e 
ba nked tu rn a f te r th e f i r s t drop) , C ( th e ca melba ck th a t you a pproa ch soon a f te r B, ju s t a f t e r you ma ke a tu rn to 
th e r igh t ) , a nd E( th e ca melba ck th a t goes over top of th e f i r s t drop) . You wi l l f ee l we igh t les s bo th going up a nd 
a lso coming down th e se ca melba ck hi l l s . Which of the se thr ee b e l o w  ha ve th e longe s t we igh t les s sensa t ion(< 0 .5 
g ' s) ?(The x a x is i s mea sured in un i t s of seconds.) Descr ibe your exper iences on the se three ca melba ck h il l s . 

 
The top line is 1 g 
 
The middle line is 0.5 g                                   
 
The bottom line is 0 g 
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3. There were 13 t im e s low g e lement s , where th e Force Fa c to r d ipped below 0. How ma ny t ime s did 
th e Force Fa c tor go come close to or go over 1 .5 ? How ma ny t ime s did i t go over 2 .0? According t o 
th e gra ph , th e La rge s t Force Fa c to r wa s a lmo st 3 .4 . How does th i s compa re t o the f i r s t drop of th e 

Loch Ness Mon ste r or A lpenge is t . 
 

4. The highes t speed on th e coa s te r i s a bout 48 mph, a t th e bo t tom of th e 74 f t drop. 
a . I t i s th e s lo we st o f th e big coa s te r s a t th e pa rk , bu t i t doesn ’ t f eel s low? Why? 

 

b. Wh a t i s ne x t s lo wes t coa s ter ? Apol l i ’s Ch a r io t , Gri f fon , Alpenge is t , Loch Ness Monste r , 
Verbol ten . 

 

c. The second f a s t e s t speed on Iva dr is th e bo t t om of th e Hel ix nea r th e end of th e r ide . 
Nea r th e end of th e r ide, f r i c t ion ha s robbed th e coa s te r o f a lo t of i t s speed , so how is th i s 
poss ib le? 

 

5. Hil l bo t tom s produce a high Force Fa c tor , l ike ju s t a f t e r G, a nd a t th e bo t tom of th e helix {F) . Wh a t 
o th er pla ce on th e r ide ha s high force fa c to rs ? 

 
6. Wa s th e t ra ck ba nked ea ch t im e you turn ed a corner , or ju s t some of th e turns ? Why a re th e tu rns 
ba nked, a nd which of t h e fo llowing would de termine th e ba nking a ng le ( speed, ra d ius o f th e tu rn , 
bo th)? Did you feel hea vy in th e turns? 

 
7. One of th e th ing s th a t ma kes lnva dr so exc i t ing is th e non-s top a c t ion . From th e top of the f i r s t h i l l 
to th e end of th e Hel ix i s a bou t 36 seconds. How c lose to g e th e r a re t h e e lement s on th e a vera ge? (Find 
th e a vera ge t im e by looking a t th e number of d i f fe ren t e lem ent s in th a t t im e f ra me. You mig h t counts 
episodes of le ss th a n lg , or g re a t th a n a bout 1 .3 g , bu t don ' t coun t both . So you ' l l e i the r be f ind ing th e 
t im e be tw een l igh t po in t or hea vy po in ts . {For compa rison sa ke , Apol lo 's Ch a r io t ha s some gre a t thr i l l s 
a nd wonder ful a i r t im e ( i t ' s lon ges t a i r t im e (<0 .5 g ' s ) i s 4 seconds) . I t ha s a s imi la r , bu t a l i t t l e b i t 
sma ller number of e lem ents th a t a re below 1 g , bu t th e t ime spa n is 66 seconds .) 

 
8. How would compa re th i s wooden ro l ler coa s te r t o th e s tee l rol ler coa s te r s a t th e pa rk? How a re th e 
simi la r , how a re th e y d i f fe ren t ? (No te : This co a s t e r is ca l led a Hybrid coa s ter , beca use th e r ide 
support s a re ma de of s t ee l , a nd no t wood a s on a t ra d i t iona l wooden coa s ter . S te e l supports a re more 
re s i s t a n t to th e wea the r a nd require much less bo l t t igh ten ing th a n wooden supports . ) 
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         Force Factor-Oscil la tions 

Finnegan’s Flyer 
 

Ins t rument Needed: Wr i s twa t ch or s topwa tch 
 

Predict ions: Ci rcle your a nswers before r iding the r ide or ma king a ny mea surements . Dra w 
a l ine under your a nswer a f te r you comple te the ques t ions a nd ca lcula t ions. 

 

1. Wh a t i s th e period of one osc i l la t ion on Finnega n ’ s Flyer a t ma x imum a ngle. 
 

a . 6 sec b. 8 sec c . 10 sec d. 12 sec 
 

2. How much wi l l th e la rge s t force fa c to r be? 
 

a . 3 .0 b. 3 .3 c . 3 .5 d . 3 .7 e . 3 .9 
 

3. Wh a t i s th e longes t t h a t you wi l l feel c lose t o weigh t les s (Force Fa c tor <0 .5)? 
a . 0 .8 sec b . 1 .1 sec c . 1 .4 sec d . 1 .8 sec 

 
WHAT TO MEASURE AND NOTICE ON THE RIDE 
1. Where do you feel weigh t le ss on th e r ide? How ma ny t im e s do you feel weigh t les s ? Wh a t seems to be th e 
ma x imum t im e for a we igh t less e ven t ? 

 

2. Where do you feel hea vy? How does th i s hea vy fee l ing compa re t o th e bo t tom of th e f i r s t h i l l on Loch 
Ness Mon ste r or th e Alpenge is t ? 

 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
 

1. Using your wa tch or th e s top wa tch on your phone, t im e 2 
comp le te osc i l l a t ions (per iods) of Finnega n ’ s Flyer , when i t i s a bove 90 degrees . 

(One comple te per iod is f rom “ A” ba ck to “ A” ) 
Do th i s tw ice , or use a f r iend ’ s d a t a for th e second t r i a l . 
Find th e per iod, by ta k ing th e a vera ge t i m e for 2 osc i l la t ion s a nd d iv id ing by 2 . 

 
 
 
 

T1(time for 2 

oscillations) 

T2(time for 2 

oscillations) 

 

Ave ra g e  T (T1+T2)/2 Period (T/2 

 
 
 
 
 
 
 
 
 

Quest ions: 
1. At the top of the next page is a force factor (g force)  versus t im e  graph of th e pendulum ’ s 
osc i l la t ion . I t is no t a posi t ion versus t i m e gra ph , so a per iod is no t th e d is ta nce be tween two 
pea ks, bu t be tween th ree pea ks, or th re e zero po in ts shown by th e double a rrow 

 
 

 
La unch in t o Phys ic S tude n t Workbook Level 1 - Pa r t 7



 

 

61 
 

L A U N  C H I N T O  P H Y S I C S  

S T U D E N T  W O R K B O O K  
L E V E L  1 

 
 
 
 
 
 
 

. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 
 
 
 
 
 
 
 
 
Use Figure 2 to f ind th e period . (One per iod is ind ica ted on th e gra ph by th e double a rrow.) 
This should be c lose t o th e va lue th a t you mea su red w i th your wa tch / s top wa tch . I s i t ? If i t 
i sn ’ t , why no t ? 

Per iod is ___________ seconds 
(No te : Th is per iod ca n ’ t be a ccura te ly computed using th e pendulum equa t ion T=2π√ (L/g). 
Th is equa t ion is a sma ll a ng le a pprox im a t ion , which is fa ir ly a ccura t e when th e a ngle i s le ss 
th a n 10 degrees . However , when th e a ng le i s more th a n 90 degrees, l ike i t i s on Finnega n ’ s 
Flye, th e pred ic ted va lue ca n be of f by more t h a n 20%. In th i s ca se , us ing th e pendu lum 
leng th L=15 .9m, produces a n expec ted per iod of on ly a bou t 8 seconds.) 

 
2. a . Where do you feel hea vy on th e r ide? Is th i s in th e sa me loca t ion a s you feel hea vy on coa s ter s ? I s i t th e 
sa me go ing forwa rd a nd ba ckwa rds? 
 

b. Using Figure 2 to exa mine th e hea vy t im e s on th e r ide . 
 

The la rges t Force Fa c tor FF=___________________ ____ 
How does th i s compa re t o th e FF on th e coa s ter s a t th e pa rk? 

 

c. Wh a t i s th e number of t im e s th a t th e Force r i ses a bove 2? 
 

3. a . Where do you feel l igh t or c lose to weigh t les s on th e r ide? Descr ibe th i s “ weigh t les s” feel ing . 
 

b. Def in ing a “ weigh t less feel ing” a s ha v ing a force fa c to r of le ss th a n or equa l t o 0 .5 , a ccord ing to th e 
gra ph, how ma ny t ime s would you fee l “ we igh t less” _________ 
 

c. Th is w eigh t l es s fee l ing rea l ly a dds to th e th r i l l o f th e r ide . Ma ny r ides a t Busch Ga rdens ha ve severa l 
we igh t les s per iods. Are the re a ny r ides th a t ha ve a s ma ny or more th a n Finnega n ’ s Flyer? 
 

d. Figure 3 , shows th a t sa me th in g a s Figure 2 , bu t we ha ve zoomed in to be a ble t o f ind th e t ime th a t you 
ha ve a force f a c to r o f le ss th a n 0 .5 . 
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Figure 3 

Time a t le ss th a n a Force Fa c to r of le ss th a n 0 .5= ___________ sec 
 

(For some compa r ison, a t th e Ba t te r in g Ra m, th e o th er pendulum ride a t th e Pa rk , th e we ig h t les s t im e is 
a bout 1 .2 seconds.) 
 

e. Are th e o th er r ides a t th e pa rk where you feel “ weigh t les s” for a s long a s on Finneg a n ’ s Flyer . 

 
4. Compute th e ma x imum speed of Finnega n ’ s Flyer? We ca n use th e conserv a t ion of energy to compute th e 
speed (mgh=1/2 mv2) . I f a n ob jec t is dropped f rom re s t a t he igh t “ h” , a nd we ignore f r ic t ion , i t ’ s speed a t 
th e bo t tom wi ll be g iven by v=√(2*g*h) where g=9 .8 m/s2 
 

At i t ’ s h ighe s t , Finnega n ’ s Flyer is a bou t 22 .5 m a bove i t s lo we st po in t . (The pendulum len g th is 15 .9 mete rs 
i t s b igg es t a ng le i s a bou t 115 degrees) 
 

V =_______________ _ m/s = ______________ _ mph (mult ip ly ve loc i ty in m/s by 2 .24 to produce mph) 

 
5. Compa r ison of Finnega n ’ s Flyer t o Ba t t er in g Ra m 
 

a . Why does th e gra ph of th e Force Fa c to r o f th e ex trem e sea t on Ba t t er in g Ra m look so d i f f eren t t o th e 
gra ph for Finnega n ’ s Flyer . We ha ve inc luded a p ic tu re which shows t h e posi t ion of th e a cce leromete r on 
Ba t te r ing Ra m w ith a whi te c irc le , 

 

b. Why is th e ma x imum Force Fa c to r on th e Ba t te r in g Ra m so much sma l ler th a n on Finnega n ’s Flyer? 
(Hin t : I t ’ s no t th e leng th of th e a rm, beca use i t every th ing else i s th e sa me, a sma l ler a rm would ha ve a 
la rger Force Fa c tor . ) 
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Magnetic Launch and Air Time Hi l l s 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Predict ions: Ci rcle your a nswers before r iding the r ide or ma king a ny mea surements . 
Dra w a l ine under your a nswer a f t er you comple te the ques t ions a nd ca lcula t ions. 
 
1 . Which po in t in th e r ide wi l l ha ve a b ig force fa c to r (g ' ) for th e longes t t im e ? 
(The bo t tom s of h i l ls B a nd C ha ve mult ip le numbers , beca use th e coa s t e r pa sses th a t po in t severa l t im e s) 
 

a ) 1 b) 6 c) 8 d) B e) C f) D 
 

2. Which po in t in th e r ide wi l l ha ve th e very c lose to O g 's for th e longes t t im e ? 
 

a ) 1 b) 6 c) 8 d) B e) C f) D 
 

3. Which coa s te r ca r ha s th e more in ten se exper ience a t th e top of th e hil l s? 
 

a ) Ca r 1 b) Ca r 10 

 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
 

1. Where do you feel th e hea v ies t for th e longes t t im e ? 
2 . Which m a gnet ic la unch fe l t th e mos t in tense ? 
3 . How does your invers ion on Hil l E compa re t o your 
fee l ings on th e top of Hi ll D? 
4 . Ride in th e f ron t a nd th e ba ck ca r (or c lose to th e f ron t a nd ba ck) 
a nd pa y a t t en t ion to your exper ience a t th e top s of th e hil l s , 
espec ia l ly Hi l l top 8 a nd 9 . 

 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
 

1. Wa tch ca re fu lly f rom a d is ta nce , a s th e coa s te r goes over th e top of Hi ll Ba nd Hil l D. Pa y ca re ful 
a t t en t ion to th e speed of ca r 1 a nd ca r 10 a s th e y rea ch a nd go over t h e top of th e hil l . 
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Quest ions: 
The Ver t i c a l Force Fa c tor g ra phs for Pa n theon, ha ve th e hil l bo t tom s la be led wi th numbers a nd th e h i l l tops 
la be led w i th Le t t e r s . (A force f a c to r of 1 , i s th e sa me th ing a s 1 g) These numbers correspond to th e 
dia gra m on Pa ntheon on th e f i r s t pa ge of th i s Pa n theon workbook sec t ion . Use th e Row 1 gra ph t o a nswer 
th e ques t ions , un less o therwise d irec ted . The numbers 10 , 20, 30, e t c . a re th e t im e s in seconds. All o f th e 
gra phs ha ve th e ver t ic a l Force Fa c to r (or g ' s ) p lo t t ed on the y a x is a nd t im e p lo t ted on th e x a x is. 
 

1. Use th e Force Fa c tor Cha r t for Row 1 t o f ind ou t how ma ny a ir t im e hil l s the re a re. Now f ind th e number 
on th e Row 10 cha r t . We ca n def ine a ir t im e a s be ing less th a n a force fa c to r of 1 . I s th i s number d i f fe ren t 
on th e Row 10 cha r t ? 
 

Row 1 Number of a i r t im e hi l l s_______ Row 10 Number of a i r t ime h i l ls ________ _ 
 

2. A ve r t ic a l force fa c tor of zero fee ls l ike f loa t ing . A posi t iv e force fa c tor ind ica te s t h a t you a re pressed 
in to your se a t a nd fee l hea vy . (A force fa c to r of 1 , i s th e sa me th ing a s 1 g .) A Ne g a t ive force fa c tor feels 
l ike you a re be ing pu lled ou t of your sea t . 
 

a . Where in genera l do you f ind th e nega t ive g ’ s? 
 

b. Where do you f ind a fa ir ly con s t a n t zero g rea d ing ? How is th i s h i l l d i f fe ren t f rom th e o ther s ? 
 

c. Where do you f ind th e high g rea d ings? 
 

3. a . Which pla ce ha s t h e longes t a i r t im e ( le ss th a n 0 .5 g) How long is i t ? (The AIR TIME HILL CHARTS 
below show 6 of th e hil l s w i th th e longes t a i r t im e . ) 
 

Lon ges t A i r t im e _______________ (Hil l Top # _ _ _ _ _ ) 
 

b. How does th i s compa re to th e longes t a i r t im e on th e o th er r ides a t Busch Ga rdens? Is i t more less a ir 
t im e th a n  Apollp’s  Char io t  o r Gri f fon? Which r ide a t Busch Ga rdens ca n come c lose to ma tch ing the se 
a ir t i m e 
hil l s on Pa n theon ? 
 

c. Wh a t i s genera l ly th e sha pe of the se a ir t im e hil l s? 
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4. a . Where is th e g force gr ea t e s t fo r th e longes t per iod of t im e ? 
 

La rge force f a c to r for th e longes t t im e: Force Fa c to r ___________ 
Time a t c lose to ma x imum __________ _ Loca t ion __________ _ 
 

b. Compa re th i s to o th e r pla ces w i th big t ime s a t a h igh force fa c to r 
 

Force Fa c to r ________ _ Loca t ion ________ _ Leng th of t i m e a bove 3g ’ s_____ 
Force Fa c to r ________ _ Loca t ion ________ _ Leng th of t i m e a bove 3g ’ s 
 

c. Did the se p la ces on th e r ide feel l ike th e p la ces of g re a te s t in ten s i t y ? 
 

5. La unches : There a re 7 la unches on th i s rol ler coa s te r . The pa rk publ ic i t y sa ys th a t the re a re four la unches , 
one a t th e beginn ing a nd th en three be tween h i l l s Ba nd C. Be tween Ba nd C the re a re a c tua l ly two la unches 
ea ch wa y. 13 i s th e la unch c lose s t to Hil l B, a nd why is th e la unch c lose s t t o Hi ll C. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Between th e t wo la unches is a sma l l ca melba ck hump h il l th a t produced low g 's . The whi te s t r ip down th e 
middle of th e t r a ck is t h e e lect rom a gne t s th a t produce th e la unch. The a rrows show th e beginning a nd end of 
th e la unches . Not i ce th a t ln th e 13 la unch , th e e lec t roma gnets con t inue up th e hil l a l i t t l e . 
Also , th e gua rd ra i l s (a nd th e t ra ck) on th e Hi ll C s ide of th e hump a re go ing s l igh t ly uph i l l be tween th e t wo 

wh i t e c irc les 
 

The f a c t o r  f a c t o r  gra ph below is o f th e coa s te r go ing ba ckwa rds to wa rd Hill C, th e Pike . 

 
 
 
 
 
 
 
 
 
 
 
 
 
B is th e bo t tom of hi l l B, C is th e Bo t tom of h i l l C, a nd His th e top of th e hump be tween th e two m a gnet ic 
la unches. Lis ca used by th e s l igh t r i se a f t e r th e Hump. I t ' s l ike ha lf of a pa ra bola . One m a gnet ic la unch 
occurs be tween Ba nd H. The o th e r m a gnet ic la unch occurs a round th e v ic in i ty of L. 
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a . Do the se la unches feel th e sa me when you a re going ba ckwa rds a nd when you a re go ing 
forwa rds? 

b . How do the se la unches compa re to th e f i r s t la unch a t th e beginn ing of th e r ide . Which la unches 
were th e mos t in tense ? 

 

6. From your observ a t ions a nd exper iences on th e coa s te r t ra in a t th e top s of th e hil l s , which coa s te r ca r wa s 
fa s te r a t th e top a nd why. How does th i s a f f ec t th e r ide? Would ca r 10 or ca r 1 be a "b e t te r ' ' r ide a t th e top , 
a nd why ? 
7 . Compa re your exper ience on Hi l l top D a nd Hi l l top E which is a n inver ted a ir t i m e hi l l . Now look a t bo th 
th e row 1 gra ph a nd th e row 10 gra ph . Which one ha s more a i r t im e? Does th e gra ph g ive you a ny h in t th a t th e 
coa s te r is upside down. 
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Vert ical Accelerat ion 

Loch Ness Monster 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ins t rument Needed: S topwa tch. 
 
Pred ic t ions: Circ le your a nswers before r id ing th e r ide or ma king a ny me a su rements . 
Dra w a l ine under your a nswer a f te r you comple t e th e ques t ions a nd ca lcu la t ions . 

 

1. On th e Loch Ness Monster you exper ience forces s imi la r to those exper ienced by th e spa ce 
shu t t l e a s t ron a ut s . Wh a t ma x imum force wi l l you exper ience? (A force fa c to r of 1 , o f t en ca l led 
1 g , is a force equa l t o your norma l we igh t . 2 g ’ s mea ns tw ice your norma l we igh t , e t c . ) 
 

1.5 g 2 .0 g 2 .5 g 3 .0 g 3 .5 g 4 .0 g 4 .5 g 5 .0 g 5 .5 g 6 .0 g 
 

2. When you a re upside down, wil l you ever lose con ta c t w i th your se a t? Yes No 
 

3. When wi l l you fee l t h e l igh te s t ? 
 

going down th e hi l l s in th e va l leys on th e h i l l tops 
 

WHAT TO DO AND NOTICE ON THE RIDE 
1. No te where on th e r ide you fee l hea vy a nd where you fee l th e l ig h tes t . 

 
 

2. Do you ever feel we igh t less ? 

 
 
 
3. Do you ever lose conta c t w i th your se a t ? 
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WHAT TO DO AND NOTICE OFF THE RIDE 
Mea sure th e f ron t t o ba ck t ime a t th e bo t tom of th e f i r s t h i l l a t po in t B. Also mea sure th e f ron t t o ba ck 
t im e s a t D a nd E. (Note : The po s t a t po in t B in th e middle of th e la ke ha s a g reen r ing a round i t . ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quest ions: 
1. Where on th e r ide did you fee l th e hea vy ? Why were you hea vy ? Where d id you feel th e hea v ies t ? 

 
 
 
 
2. Where d id you feel l i gh t on th e r ide? Why ? Did you ever fee l weigh t less ? 

 
 
 
 
3. When you were upside down, did you ever lose con ta c t w i th your sea t ? Why ? 

 
 
 
 
4. Compute th e ve loc i t i e s a t po in ts B, D, a nd E us ing th e f ron t t o ba ck t ime s mea su red . The leng th of th e 
coa s te r t r a in (d) i s 18 .2 m. v= d / t . Conver t to Miles /Hour us ing th e fol lowing convers ions: 
 

1 hour=3600 seconds, 1 mi le=160 9 me te rs . 
 

Veloc i ty a t bo t tom of hi l l (B) = __________ 
 

Veloc i ty a t bo t tom of hi l l (D) = __________ 

 
 

m/s=__________ miles /hr 
 

m/s=__________ miles /hr 

 

Veloc i ty a t top of loop (E) = ___________ m/s=__________ miles /hr 
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5. Given th e ra d ii of curva tu re a t po in t B, D, a nd E, compute th e force fa c to r s a t the se three po in ts . 
 

Ra dius a t B= 30 m Ra dius a t D= 16 m Ra dius a t E= 4 .6 m 
 

Force Fa c tor s : B __________ D ___________ E __________ 
 

FF=1+(v^2 /rg) Hi ll Bo t tom s FF=(v^2 /rg) -1 Tops o f Loops 
 

6. Where on th e r ide did you fee l hea vy? 

 
 
 
 
7a . The g ra ph be lo w, ba sed on Ne wton ’ s La ws, repre sent s th e force f a c to r a s a func t ion of ve lo c i ty a t th e 
top of th e loop. Wh a t i s th e minimum ve loc i ty requ ired t o g e t th e coa s te r th rough th e loop? Wh a t ra nge of 
ve loc it ie s would produce a l ig h t fee l ing a t th e top ? Wh a t should th e coa s te r designer use a s th e ma x imum 
ve loc ity a t th e top ? 

 
 
 
 
 
 
 

Minimum Veloc i ty __________ 
 
 

Ra nge of Veloci t ies__________ 
 
 

Ma ximum Veloci ty __________ 
 
 
 
 
 
 
 
 
 
 
 

7b. Using th e speed a t th e top of th e loop (E) compu ted in quest ion 4 , f ind th e force fa c tor f rom th e gra ph . 
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8. The sha pe of th e loop is ca l led a Clo tho id . I t ha s a la rge ra d ius of curv a ture a t th e bo t tom a nd a sma l l 
ra d ius a t th e top . To in ve s t iga te wh a t th e loop would be l ike w i thou t a va r ia b le ra d ius, f i r s t f ind th e force 
fa c to r a t th e bo t tom, if th e ra d ius a t th e bo t tom of th e loop were th e sa me a s th e top of th e loop (4 .6 m). 
Ne x t f ind th e force fa c tor a t th e top of th e loop, if th e ra dius a t th e top were th e sa me a s th e ra d ius a t th e 
bo t tom (16 m) . In bo th ins ta nces , u se th e ve loc i t ie s computed in # 4 . 

 
 
 
9. Accord ing to th e CBL Force Fa c to r g ra ph** on th e ne x t pa ge , wh a t a re th e force fa c to r s a t po in t B, D, 
a nd E? How do the se compa re to your ca lcu la t ions in ques t ion 5? 
 

B __________ D __________ E __________ 
 

10a . Accord ing to th e CBL Force Fa c tor g ra ph**, when do you fee l l igh t ? Does th i s correspond t o your 
exper iences? How long does th e gra ph ind ic a t e th a t you wi l l fee l l ig h t (FF<1)? 

 
 
 
10b. Wh a t va lue of force fa c to r would ind ica t e th a t you would lose con ta c t wi th your sea t ? Does th e gra ph 
ind ica te th a t you wi l l lose con ta c t ? Did you lose con ta c t ? If so , where? 

 
 
 
11. Accord ing to th e CBL Force Fa c to r g ra ph**, how long do you feel hea vy a t th e bo t tom of th e f i r s t h i l l ? 
(Note s : We wi l l def ine hea vy a s being a force fa c to r of 1 .5 or g re a te r . The do t s on th e gra ph a re 0 .1 seconds 
a p a r t . ) 
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BANKING ANGLE 

DER WIRBELWIND 
In s t rument s Needed : S top wa tch , a ng le mea sur ing dev ice. 
 

Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e ques t ions a nd ca lcula t ions . 

 

1. How wi ll th e a ng le t h a t a n empty swing se a t ma kes compa re t o th a t of a swing w i th a pa ssenger? The 
emp ty se a t wi l l ha ve : 
 

sa me a ng le sma ller a ng le la rger a ng le 
 

2 As you s i t in th e swing, does your body na tu ra l ly a l ign wi th th e cha ins , or do you fee l pul led towa rd th e 
inside of th e c irc le or pushed to th e ou ts ide of th e c irc le? 
 

na tu ra l ly a l igns w i th cha ins pulled to wa rd cen te r pulled to wa rd ou ts ide 
 

3. As th e swings go a round, th e top t i l t s so t h a t you a re go ing up p a r t of th e wa y a round , a nd down p a r t o f 
th e wa y . As you a re on your wa y up, you fee l : 
 

hea v ier l i gh te r norma l 

 
 

WHAT TO DO AND NOTICE ON THE RIDE 
1. Do you feel hea vy or l ig h t a s you sp in a nd a re t ra ve l ing upwa rd? 
 

2. No te how th e a ng le your body na tura l ly a ssumes compa res to th e a ng le of th e swings. (Do you ha ve t o 
lea n one wa y or th e o the r t o keep yourse l f pa ra l le l t o the swing cha ins?) 

 

WHAT TO DO AND NOTICE OFF THE RIDE 
1. Wi th a n a ng le mea sur ing dev ice, f ind th e a vera ge a ng le a t which th e swings ha ng re l a t iv e t o th e ver t ica l . 

 
 
 
 
 
 
 
 
 
 
 
 
2. Find th e revo lu t iona ry per iod of th e swings , by wa i t in g un t i l i t a ch ieves ful l speed a nd th en t im ing th ree 
revo lu t ions a nd div id ing by 3 . 
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3. No t ice th e a ngle a t which ful l a nd empty swings ha ng . 

 
 
 
 
 
 
Quest ions: 
1. Given th a t th e ra d ius of th e ou ts ide swing is 9 m ete r s when a t ma x imum ve loc i ty , ca lcu la t e th e 
ve loc ity of th e swings . 
 

veloci ty= circumference /per iod 
 

ve loc ity= __________ 
 

2. De te rm ine th e a ng le a t which th e swings should ha ng , ba sed upon the i r ve loc ity a nd ra d ius , a nd 
compa re th i s t o the a c tua l a ng le of swing . ta n (a ngle )=v^2 / rg 
 

Comp Mea sured a ng le __________ 
 

% error be twe en computed a nd mea su red va lues __________ 
 

3. Using th i s computed a ng le of swing, compu te th e force f a c to r . How does th is compa re to how you fe l t ? 
 

Force factor= 1/cos(θ ) = sqrt (1 + (v^2 /rg )^2) 
 

Force f a c to r= __________ 
 

4. On Alpenge is t rol ler coa s ter , th e coa s te r t r a in goes th rou gh a hor izonta l c i rc le nea r th e end of th e r ide 
ca l led th e High Speed Spira l . The ra d ius of th i s sp ira l i s 8 meter s , a nd th e ve loc i ty of th e coa s te r t r a in a t 
th i s po in t is a bout 12 .3 m/s. In order for th e coa s t e r t r a in to success ful ly ne go t i a t e th e turn , th e t r a ck 
mu s t be ba nked. The sa me force dia gra m a nd equa t ions a re used t o f ind th e ba nking a ngle of a coa s te r 
a nd th e forces experienced , a s you used for th e swings. Compute th e force f a c to r a nd th e ba nking a ng le. 

 
 
 
 
 
 

Ba nking Angle (θ ) __________ 
 

Force Fa c to r __________ 
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5. Do th e empty swings ha ng a t th e sa me a ng le a s th e ones w i th people? Why ? 

 
 
 
 
6. While Der Wirb lewind wa s sp inn ing, d id your body na tu ra l ly ha ng a t th e sa me a ngle a s th e swings? Did 
you feel a ny force to wa rd th e cen te r or to wa rd th e ou ts ide of th e c irc le of swing ? 

 
 
 
 
7. There a re t wo kinds of mot ion in th i s r ide: th e s ta nda rd ro t a t ion , a nd th e cha ng ing t i l t of th e top . Wh a t 
dif ference does th e t i l t of th e top ma ke in r ide exper ience? 

 
 

Energy 

Escape from Pompei i 
Equipment needed: S topw a tch . 

 
 
 
 
 
 
 
 

Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e quest ions a nd ca lcula t ions . 
 

1. Es t i m a te th e speed of th e boa t a t th e bo t tom of th e hil l in mph. The hi l l i s 15 m (5 s to r i es ) h igh . 
 

5 10 15 20 25 30 35 40 45 50 55 60 
 

2. A fu l ly loa ded bo a t wi l l be fa s te r s lower a bout th e sa me a s pa rt i a l ly fu ll or emp ty boa t 

 

3. Which s i tua t ion ma kes for th e b igges t sp la sh? 
 

emp ty boa t fu l ly loa ded boa t pa r t i a l ly loa ded bo a t a l l a re th e sa me 

 

4. Which r ide “ loses” more o f i t s energy go ing downhi l l ? 
 

A ro l ler co a s t e r A wa te r r ide l ike Pompei i 
 

5. How much energy i s “ lo s t” coming down th e big drop? 
 

10% 20% 40% 60% 80% 
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WHAT TO DO AND NOTICE ON THE RIDE 
1. No te wha t ha ppens t o you a t th e bo t tom of th e f i r s t drop . Do you fee l pressed ba ck in to your se a t or do 
you sl ide forwa rd in your se a t a s i f pushed forwa rd? Is th e force you exper ience g rea te r th a n or le ss th a n 
th a t of th e Le Scoo t log f lume? 

 
 
 
 

WHAT TO DO AND NOTICE OFF THE RIDE 
1. Time th e bo a t f rom th e lower s te e l bea m (P) , which is ma rked wi th a t a n colored s t r ip e , to th e beg inn ing 
of th e spla sh (S) . S t a r t th e s top wa tch when th e f ron t of th e bo a t rea ches P , a nd s top i t a t the sp la sh (S) , a t 

th e bo t tom of th e hi l l . 

 

2. Are a l l th e spla shes th e sa me s ize a nd dura t ion? If no t , wha t seems to ma ke th e di f ference? Is th e force 
you exper ience grea te r th a n or less th a n th a t of th e Le Scoo t log f lume? 

 

3. Record th e dece lera t ion d is ta nce in mete r s . Th is is th e d i s ta nce th a t th e boa t t ra ve l s dur ing th e spla sh, 
whi le i t i s s lowing down to a con s t a n t speed . (Use th e me ta l ba rs in th e wa te r , a s i l lu s t ra ted belo w, t o 
de termin e th e d is t a nce . Every f i f th ba r ha s a bra cke t support . ) 

 
 
 
 
 
 
 
4. Pick a po in t some d is ta nc e a f te r th e sp la sh when th e bo a t is moving a t a con s t a n t speed , a nd t im e th e 
bo a t p a s t th a t po in t (Front t o Ba ck t ime ) . 
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Quest ions: 
1. Compute th e a vera ge ve loc i ty of th e bo a t a t th e bo t tom of th e hil l , by div id ing th e d is ta n ce be tween P 
a nd S (12 .5 mete rs ) by th e a vera ge t ime . Conv er t t o mi les /hour by us ing th e fol lowing conver s ion fa c tor s : 1 
mi le=1609 m ete r s 1hour=3600 seconds. 
 

Veloc i ty= 12.5 m/ ( sec )= __________ _ m/s = ___________ mph 
 

2. Accord ing to th e energy conserv a t ion , th e po ten t i a l energy a t th e top of th e hil l (mgh), should equa l th e 
kine t ic energy a t t __________ ) . The hi l l is 15 .0 mete rs h igh , a nd _________ _ . I f we a ssume th a t th e 
ve loc ity a t th e top of th e hi l l i s sma l l , a nd se t these t wo energies equa l to ea ch o the r , you ca n solve for th e 
ve loc ity a t th e bo t tom of th e hil l . 1 /2 mv^2 =mgh 
 

Pred ic ted ve loc i ty= m/s 
 

3. Compute th e percen ta g e of th e in i t ia l energy (po ten t i a l energy a t th e top of th e hil l= mgh) th a t wa s no t 
conver ted to Kine t i c energy a t th e bo t tom of th e hi l l (Fina l energy=.5mv^2) Use ve loc i ty f rom Q # 1 . 
 

( In i t i a l Energy-Fina l Energy)/ Ini t i a l Energy * 100 % = __________ % 
 

4. Wh a t ha ppened t o th i s energy t h a t wa s “ lo s t ? ” 

 
 
 
 
 

5. The Alpenge is t ro l ler coa s t e r i s repor ted to ha ve a ve loc i ty a t th e bo t tom of i t s f i r s t h i l l of 67 mph (30 .0 
m/s) The he igh t of i t s h i l l i s 49 .4 m. Assuming a sma l l speed a t th e top of th e hil l , wha t a re th e energy 
“ losses” on th e Alpenge is t ? 
 

( In i t i a l Energy-Fina l Energy)/ Ini t i a l Energy * 100 % = __________ % 
 

6. Wh a t f a c tor s seem t o de termine th e s ize a nd dura t ion of th e spla sh a t th e bo t tom of th e hil l? Why do 
the se fa c tor s ma ke a di f ference? 
 

7a . Compute th e force fa c tor exper ienced by t h e r iders a t th e sp la sh . 
 

Accord ing t o th e conserva t ion of energy , i f th e re a re no cha nges in po ten t i a l energy , Work= Cha nge 
in Kine t i c Energy, where Work= F*d = Force * Dis ta nce of sp la sh Fi r s t compute th e ve loc i t ie s before a nd 
a f t e r th e spla sh . 
 

v(before) wa s computed in ques t ion # 1 __________ = Dis ta nc e o f sp la sh= __________ 
 

v( a f te r )= l eng th of boa t / f ron t to ba ck t ime= _________ _ 
 

Leng th of boa t= 5 .4 m 
 

Using the se ve loc i t ie s a nd th e spla sh d is t a nce , compute th e force f a c tor . 
 

F*d=1/2 mv(before)^2 - 1 /2 mv (a f ter ) ^2 
 

If bo th sides a re d iv ided by mgd, th en Force fa c to r=v(before )^2 - v (a f ter )^ 2 ) /2dg where F/mg is th e 
def in i t ion of force fa c tor . Force fa c to r = __________ 
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7b. How is th i s force f a c tor d i f f eren t f rom th a t exper ienced on th e rol ler coa s te r s? How does i t compa re to 
your exper ience on th e log f lume? 

 
 
 
 
8. From your obse rv a t ions , does a n emp ty (or pa r t i a l ly fu l l) boa t ha ve th e sa me speed a t th e bo t tom a s a 
fu l l boa t ? Why ? 

 
 
 
 
9. Did you feel pressed ba ck in to your se a t , or did you s l ide forwa rd a t th e bo t tom of th e hil l ? Why ? 

 
 
 
 
10. Hea t energy i s t r a ns fer red by one of thr ee methods : convec t ion , conduct ion or r a d ia t ion . As your boa t 
tours th e ru ins of Pompeii , which o f the se thr ee methods prov ides th e predomina nt mea ns o f hea t ing you? 
 

Conve c t ion Conduct ion Ra dia t ion 

 
 

Power, Energy and Acceleration 

Loch Ness Monster 
Equipment Needed: S topwa tch, Angle mea suring device. 
 
Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e quest ions a nd ca lcula t ions . 
 

1. A fu l ly loa ded coa s t e r consi s t s o f 7 ca rs (914 kg/ ca r ) a nd 28 people. An e l ec t r i c moto r dr ives a cha in t h a t 
l i f t s th e coa s te r up to t h e top of th e f i r s t h i l l . How powerful mu s t th e moto r be? 
 

25 horsepower (19 kw) 125 horsepower (93kw) 400 horsepower (298 kw) 

2 . How much energy i s lo s t t o he a t a s th e coa s te r p lunges down th e f i r s t h i l l ? 

5% 15% 25 % 
 

3. Which of th e coa s te r ca rs ge t s f rom th e top of th e hi l l t o th e bo t tom th e qu ickes t? 
 

f i r s t ca r la s t ca r bo th th e sa me 
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WHAT TO DO AND NOTICE OFF THE RIDE 
1. Mea sure th e f ron t t o ba ck t im e a t th e bo t tom of th e f i r s t h i l l . ( I f you ha ve a lrea dy ha ve th i s da ta , th en 
ju s t copy i t in to th e da t a ta b le . ) The re ference po s t a t th e bo t tom of th e hil l is ma rked wi th a g reen s t r ipe . 

 
 

2. Mea sure s t e ep es t a ngle of desc en t of th e f i r s t h i l l . Th is i s b e s t done on th e bridge be tween Germa ny a nd 
I ta ly . 

 
 

3. Time th e f i r s t ca r f rom th e top of th e hil l (po in t where th e n e t ends) to th e bo t tom ( lo we s t po in t in th e 
middle of th e r iver , ma rked w i th th e green s t r ipe) . T ime th e l a s t ca r be tween th e sa me t w o po in t s . (Hin t : 
These t ime s a re g rea t e r th a n 2 seconds. ) 

 
 

4. Time th e a sc en t of th e coa s te r a s th e cha in pul ls i t up th e l i f t h i l l . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Quest ions: 
The gra ph ba sed on k inem a t ic s be low shows how th e speed of a coa s t e r depends on th e he igh t of th e f i r s t 
h il l . The do t t ed l ines ind ica te how t o f ind th a t 20 mph corresponds t o a he igh t of 4 me te rs . 
 

The he igh t of th e f i r s t h i l l de termine s th e to t a l energy of th e coa s te r . As i t comes downhi l l i t conver t s th i s 
g ra v i t a t iona l po ten t i a l energy t o k ine t i c energy or energy of mot ion . The gra ph is ba sed upon a neg lig ib le 

speed a t th e top . 
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1a . The Loch Ness Monste r hi l l i s 34 .8 mete rs ta l l . According to th e cha r t , wha t should be th e speed a t th e 
bo t tom ? 

 
 

1b. Compute th e speed a t th e bo t tom using th e f ron t to ba ck t ime me a su rement , a nd th en conver t t o mph by 
us ing 1 hour=3600 seconds a nd 1 mi le=1609 m eter s . 
 

speed a t bo t tom of th e hil l = 18 .2 m/ ( _____ _____ sec) = _________ _ m/s = __________ mph 
 

1c. Compute % error be tween a nswers 1a a nd 1b a bove. % error Use 1a a s th e s ta nda rd . 

 
 

1d. Expla in a ny d if ference be twe en th e speed computed wi th th e gra ph a nd th e speed computed wi th th e 
f ron t t o ba ck t im e . 
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2. Li s t th e hi l l he igh t s required for th e fol lowing speeds. Li s t th e he ig h ts t o th e nea re s t me te r . 
 

20 miles /hour h= 4 mete rs 40 mi les /hour h= __________ 
 

40 miles /hour 
 

80 miles /hour 

h= __________ 60 mi les /hour h= __________ 
 

h= __________ 

 
3. How h igh would a hi l l ha ve to be to ha ve a speed of 120 mi les /hour? (Hin t : No te how ma ny t ime s higher 
is a 40 mph hi l l compa red to a 20 mph h il l . Also no te how ma ny t im e s higher i s a n 80 mph h il l compa red t o 
a 40 mph hil l . ) 
 

72 m (23 6 f t ) 108 m (354 f t ) 144 m (472 f t ) Do you th ink th a t th i s wi l l ever be bu i l t ? 
 

4. Given th e fol lowing in form a t ion in a dd i t ion t o th e da t a th a t you ga the red , f ind th e percen ta ge of energy 
th a t i s lo s t to h e a t a s th e coa s te r comes down th e f i r s t h i l l : 
 

Ma ss o f coa s te r= 6400 kg 
Ma ss o f 28 People (e s t i m a te ) __________ 
He igh t of f i r s t h i l l a bove th e r iver= 34 .8 m 
Veloc i ty of th e coa s t e r a t th e top of th e hil l=5 .7 m/s 
Pe rcen ta ge of to t a l energy lo s t = __________ 

 

5. Using th e t im e of desc en t for th e f i r s t ca r a long wi th th e in i t ia l ve loc i ty a t th e top of th e hi l l (5 .7 m/s) 
a nd th e ve loc i ty computed a t th e bo t tom of the hil l , compute th e a vera ge a cce lera t ion of th e f i r s t coa s te r 
ca r . How does th i s compa re wi th th e theo re t i ca l ve loc i ty ba sed on the a ngle o f descen t? Why wi l l th e 
compu ted a cce lera t ion of th e la s t ca r be d i ff eren t? 
 

Acce le ra t ion (Fi r s t Ca r)= __________ Theore t ica l Acc e lera t ion( f i r st ca r ) __________ 
 

6. Using th e t im e of a scen t , th e leng th of th e inc line (75 m) , th e a ngle of a scen t (25 degrees) a nd th e ma ss o f 
th e coa s te r t r a in a nd pa ssengers , compute th e power t h a t th e moto r mus t ha ve t o l i f t th e coa s t e r t r a in up 
th e hil l . (See Que st ion 4) 

 
 
 
 

Power = __________ 
 
 
 
 
 
 
 

7. Wa s th e top t o bo t tom t im e for th e f i r s t ca r s ign i f ica n t ly d i f feren t f rom th e top to bo t tom t im e of th e l a s t 

ca r? I f so , why ? 
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Osci l lations 

Battering Ram 
Ins t ruments Needed: S topwa tch, Angle mea surement device, Mounted a ccelerometer. 
 
Pred ic t ions: Circ le your a nswers before r id ing th e r ide or ma king a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e quest ions a nd ca lcula t ions . 
 

1. Where should you s i t on the Ba t te r ing Ra m to exper ience weigh t lessness ? 
 

in to wa rd th e middle on th e ex trem e edges 
 

2. The sh ip i s go ing f a s t e s t when th e 
 

cen te r of th e sh ip is a t th e lowe st po in t edges of th e sh ip a re a t th e lo we st po in t 

 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
1. S i t t in g in th e ex trem e se a t on th e le f t s ide , ma ke th ree me a surements of th e ma x imum force f a c to r . 

 
 

2. S i t t in g in a middle sea t ( r igh t ha nd s ide) , ma ke thr ee me a su rement s of th e ma x imum force fa c tor . 

 
 

3. No t ice where you a re when you exper ience a “ weigh t l es s” sensa t ion . Ride p a r t of th e r ide w i th your eyes 

c losed. 

 
 
 
 
 
 
 
 
 
 
 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
1. Mea sure th e per iod of th e osc i l l a t ion . (Tim e th e bo a t f rom i t s h ighes t po in t on one s ide, un t i l i t r e turn s t o 
th i s posi t ion on th e sa me s ide . ) 

 
 

2. No t ice where people screa m, or the i r ha ir f l ies up . 

 
 

3. Mea sure th e ma x imum a ng le th a t th e cen te r of ma ss ma kes w i th th e ver t ica l . 

 
 
 
 
 

La unch in t o Phys ic S tude n t Workbook Level 2 - Pa r t 8



 

 

82 
 

L A U N  C H I N T O  P H Y S I C S  

S T U D E N T  W O R K B O O K  
L E V E L  2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Quest ions: 
1. Find th e ve loc ity a t th e bo t tom by us ing th e La w of Conse rva t ion of Mecha n ica l Energy. The ra dius 
(L) of th e Ra m ’ s swing is 12 .8 m. H is th e ma ximum he igh t of th e cen ter of ma ss. 

 
 
 

H= __________ V= __________ 
 
 
 
2a . Compute th e force fa c tor a t th e bo t tom of th e swing . The force f a c to r is computed in th e sa me wa y a s 
th e force f a c to r a t th e bo t tom of a rol ler coa s te r h il l . FF= v^2/rg +1 
 

FF(computed) = __________ 
 

2b From th e CBL gra phs** a t th e end of th i s sec t ion , f ind th e ma x imum force f a c to r . Are th ese force 
fa c tor s c lose? Why or why no t ? 
 

FF ( f rom gra ph) = _________ _ 
 

2c. How does your force fa c tor s for th e middle sea t compa re w i th th e computa t ion ? 

 

2d. How do your t wo ma x imum force f a c to r s compa re w i th th e corresponding force fa c to r s on th e CBL 
gra phs? 

 
 

2e. If the re i s a d i f ference be tween th e ma ximum force fa c to r s for th e middle a nd ex trem e sea t , exp la in 
why . 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
La unch in t o Phys ic S tude n t Workbook Level 2 - Pa r t 8



 

 

83 
 

L A U N  C H I N T O  P H Y S I C S  

S T U D E N T  W O R K B O O K  
L E V E L  2 

 
 
 
 
3a . Compute th e Per iod of Osc i l la t ion using th e ba s ic pendulum equa t ion . 

 
 

T= __________ 

 
 

3b How does th i s compa re to your mea su red va lue? How would you exp la in th e di f ferences? 

 
 
 
 
3c. Wh a t i s th e per iod ob ta ined f rom th e CBL Force Fa c to r g ra ph**? How does th i s compa re t o your 
mea sured t ime ? 

 
 
 
 
4. When does th e Ba t t e r in g Ra m exper ience ma x imum ve loc i ty ? I s th i s th e sa me po in t th a t th e ma ximum 
force i s exper ienced? 

 
 
 
 
5a . Where on th e r ide do you exper ience weigh tles sness ? Why a re you we igh t le s s a t th i s po in t ? 

 
 
 
 
5b. In which sea t ing posi t ion (midd le or ex t r em e edges) wi l l pa ssengers exper ience more we igh tles sness ? 
Expla in. 

 
 
 
5c. Accord ing t o th e CBL Force Fa c to r g ra phs**, wh a t is th e min imum force f a c to r exper ienced in th e 
ex t rem e sea t ? Wh a t i s t h e min imum force f a c tor exper ienced in th e middle se a t? 
 

ex t re m e sea t _________ _ middle se a t __________ 
 

5d. Why does th e ex trem e se a t g ra ph look so d i f fe ren t f rom th e middle se a t g ra ph? 

 
 
 
 
6. Does r id ing w i th your eyes c losed ma ke a ny di f ference in th e sensa t ions exper ienced? 

 
 
 
 
7. Where do people screa m? Why? 
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Miscel laneous 

Alpengeist 
Ins t ruments Needed: S topwa tch, Mounted vert i ca l a ccelerometer. (S i t in Row 6. ) 
 
Pred ic t ions: Circ le your a nswers before r id ing th e r ide or ma king a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e quest ions a nd ca lcula t ions . 
 

1. Will you lea ve your se a t or feel upside down when you a re inve r ted 106 f t (32 m) a bove t h e ground in th e 
ve r t ic a l loop? 
 

lea ve your se a t fee l upside down ne i the r 
 

2. Where wi l l th e l ig h te s t f ee l ing on th e r ide be exper ienced? 
 

The Fi r s t Hil l (Be tween 2 a nd 3 
 

The Ver t i c a l Loop (5 ) 
 

The Ca melba ck Hump (7) 
 

The High Speed Sp ira l (9 ) 

The Immelma n (4) 
 

The Cobra Roll (6) 
 

The Fla t Sp in (Pa nca ke Fl ip) (8) 

 

3. Where on th e r ide wi l l you experience th e gr ea te s t ba nking a ng le? 
 

(3) (4) (5) (6) (7) (8) (9) 
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WHAT TO MEASURE AND NOTICE ON THE RIDE 
1. On a l l of th e invers ions, no t i ce whethe r you feel l i gh t , hea vy or norma l. 
 

2. Do you ever lea ve your se a t or feel upside down? 
 

3. Record th e force f a c tor a t th e bo t tom of th e f i r s t h i l l , a t th e bo t tom of th e second hi l l a nd a t th e top of 
th e ver t ica l loop . 

 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Wi th a s top w a tch , t im e th e coa s te r be tween post s A a nd C a t th e bo t tom of th e f i r s t h i l l . B is th e column 
th a t i s a t t a ch ed to th e t r a ck nea r i t s lo we st po in t , a nd A a nd C a re th e f i r s t co lumns t o the le f t a nd r igh t of 
th e po s t B. Columns A a nd C a re ma rked wi th a wh i t e s t r ipe a t the i r bo t tom. This ca n be b e s t v iewed f rom 
deck ne x t t o where th e dr inks a re so ld . I t ma y a lso be v iewed f rom th e covered br idge . 

 
 
 
 
 
 
 
2 . In th e ver t ic a l loop (5) , record th e t im e be tween th e f ron t ca r a rr iv ing a t th e top of th e loop a nd th e end 
of th e ba ck ca r a rr iv ing a t th e top of th e loop. This i s ca l led a f ron t to ba ck t im e. (This ma y be v iewed f rom 
a number o f d i f feren t p la ces inc lud ing th e deck by th e drink s t a nd a nd th e covered br idge . ) 

 

3. Pa y a t t en t ion t o where on th e r ide th e coa s t e r ca rs a re f lung ou twa rd a t a n a ng le . 
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Quest ions: 
1. Compute th e speed o f th e coa s te r a t th e bo t tom of th e f i r s t h i l l . Conver t to miles per hour by us ing 
1mile=1609 mete rs a nd 1 hour=3600 seconds. The d is t a nce be tween post s A a nd C is 24 mete r s . 
 

Veloc i ty a t h i l l bo t to m = __________ m/s = __________ mph 
 

2. Compute th e speed o f th e coa s te r a t th e top of th e ver t i c a l loop. The leng th of th e coa s te r t r a in i s 11 .6 
mete r s . 
 

Veloc i ty a t top of loop = _________ _ m/s = __________ mph 
 

3a . Given th a t th e ra d ius of curva tu re a t th e f i r s t h i l l bo t tom is 44 m ete rs , a nd th e ra d ius of th e top of th e 
loop is 7 .0 meter s , compute the force f a c to rs . 
 

Force Fa c to r (bo t tom of f i r s t h i l l ) __________ Force Fa c to r ( top of ver t i ca l loop) __________ 
 

Hil l bo t tom s FF= v^2 /rg + 1 Tops of loops FF= v^2 /rg -1 
 

3b. From th e CBL Force Fa c to r g ra ph** on th e pa ge fo l lowing quest ion 8 , f ind th e force fa c tor s a t th e 
bo t tom of th e f i r s t h i l l a nd a t th e top of th e loop . Are the se t wo se t s of force fa c to r s c lose t o th e computed 
va lues? Why or why no t ? 
 

Force Fa c to r (bo t tom of f i r s t h i l l ) __________ Force Fa c to r ( top of ver t ic a l loop) __________ 
 

3c. Compa re your mea sured force fa c to r s for t h e bo t tom of th e f i r s t h i l l a nd th e top of th e ver t i ca l loop, t o 
th e CBL a nd your computed va lues . 
 

The fo l lowing gra ph, ba sed on Ne wton ’ s La ws , i l lus t ra t es th e re l a t ionsh ip be tween th e ra d ius of curv a ture a t 
th e bo t tom of a h i l l a nd th e force f a c to r for a coa s te r w i th a ma x imum speed of 67 mph. 
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3d. Also compa re your mea su red force f a c tor a t th e bo t tom of th e second hil l t o th e CBL va lue. 

 
 
 
 
4a . According to th e gra ph, wha t ra d ius of curva tu re corresponds to th e force fa c tor t h a t you computed in 
quest ion 3 for th e bo t tom of th e f i r s t h i l l ? 

 
 
 
 
4b. Does th e force fa c tor double when th e ra d ius of curv a ture i s cu t in ha l f? I f no t , why no t ? 

 
 
 
 
4c. Wh a t number does t h e force f a c to r a pproa ch when th e ra d ius becomes ex tr emely la rge? 
(Hin t : FF= 1 + v^2/rg .) How la rge would th e ra dius ha ve t o be t o equa l th a t number? 

 
 
 
 
4d. Wh a t do you th ink should be th e ma x imum force f a c to r a t th e bo t tom of th e h i l l ? Wh a t ra d ius of 
curva tu re corresponds to th i s force f a c to r ? 

 
 
 
 
5. Are the re o th e r p la ces on th e r ide, o th e r th a n th e high-speed spira l (9 ) , where th e re i s a ba nking a ng le? 
Which p la ce ha s th e gr e a te s t ba nking a ng le? (A lpenge is t i s a n inve r ted coa s te r . On a suspended coa s te r th e 
ca rs a re a l lowed t o swing, bu t a n inver ted coa s ter ’ s ca rs mu s t ha ng a t th e sa me a ng le a s th e tr a ck . ) 

 
 
 
 
6a . Discuss th e differences in th e invers ions. Did you ever fee l upside down? Did you ever lea ve your se a t ? 
A t which po in t on th e r ide d id you feel th e l ig h te s t ? 

 
 
 
 
 

6b. According to th e CBL Force Fa c to r g ra ph** fo l lowing quest ion 8 , which of th e invers ions ha d th e 
lo we st force fa c tor ? Which invers ion ha d th e gre a te s t force fa c to r ? Is there a n invers ion where you would 
lea ve your se a t ? How does th i s m a tch your exper iences? 
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Compa r isons 
7a . The ra d ius o f curva ture of th e bo t tom of t h e second h i l l of th e Loch Ness Mon ste r i s only 16 m ete rs . 
Why i sn ’ t th e force f a c tor a t th i s po in t excess ive ly la rge? 

 
 
 
 

7b. Why is th e force f a c tor a t th e bo t tom of th e f i r s t h i l l on A lpenge is t le ss th a n t h a t a t th e bo t tom of th e 
f i r s t h i l l of th e Loch Ness Mon ster , even thou gh Alpenge is t i s go ing a bout 7 mph fa s te r ? 

 
 
 

7c. The ver t i c a l loop of Alpenge is t (106 f t or 32.3 m) i s a lmo st tw ic e a s h igh a s th e ver t ic a l loops on th e 
Loch Ness Monster (57 f t or 17 .4 m). These a re c lo tho id loops wi th a va r ia b le ra dius. On Alp enge is t th e 
ra d ii a re 30 .5 m a t th e bo t tom a nd 7 .0 m a t th e top , whi le th e Loch Ness ha s a ra d ius of 16 m a t th e 
bo t tom a nd 4 .6 m a t th e top . Wha t would ha ppen if you pu t th e Loch Ness Mon ste r Loop on Alpenge is t 
a nd v ice versa ? 
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MISCELLANEOUS- 

E N E R G Y , V E R T I C A L A C C E L E R A T I O N , BANKI N G A N G L E 

APOLLO ’S CHARIOT 
Ins t rument Needed: Mounted vert i ca l a ccelerometer. S i t in Row 6. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Predict ions: Ci rcle your a nswers before r iding the r ide or ma king a ny mea surements . 
Dra w a l ine under your a nswer a f t er you comple te the ques t ions a nd ca lcula t ions. 
 
1 . Wh a t i s th e a vera ge speed of th e r ide ( f rom th e top of the f i r s t h i l l to ju s t a f te r th e la s t d ip fol lowing 
hi l l top # 9 ) ? 
 

20 mph 30 mph 40 mph 50 mph 60 mph 
 

2. How much energy i s d iss ipa ted ( tu rned in to hea t ) before th e coa s te r rea ches th e bra kes a t t h e end of 
th e r ide ? 
 

30% 40% 50% 60% 70% 80% 
 

3. Which r ide i s th e mo s t “ in tense ” ? 
 

f ron t row middle row l a s t row 

 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
1. Ride nea r th e f ron t a nd nea r th e ba ck a nd pa y a t t en t ion t o th e dif ferences in th e r ide . 
 

2. In th e spira l up por t ion of th e r ide, focus on th e ba nking a ngle a nd force fa c to r . Do th e y s t a y th e sa me 
or cha nge dra m a t ic a l ly ? 
 

3. Record th e force f a c tor a t bo t tom of th e f i r s t h i l l , th e bo t tom of th e second h i l l a nd th e la s t d ip ( ju s t 
before th e coa s te r ge t s s lowed down by th e bra kes) . 
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4. No t ice th e a pprox ima te va lue of th e force f a c to r in th e spira l up por t ion of th e r ide (where i t turn s a round 
to come ba ck. ) Also no t ic e whe the r i t i s increa s ing, decrea s ing or s t a y ing th e sa me. 

 
 
 
 
 
 
 
 
 

Quest ions: 
1. The gra ph* on th e le f t shows th e coa s te r t r a ck a t th e hil l bo t tom fo l lowing h i l l top # 6 , w i th th e dimensions 
expressed in mete r s . The CBL gra ph** on th e r ig h t shows th e force f a c tor exper ienced a t th a t h il l bo t tom 
(This force fa c to r g ra ph beg ins w i th th e previous h i l l top a nd conc ludes w i th th e ne x t h i l l top . ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*This g raph is on ly an a ppro x i ma te rep rese n ta t ion o f t h e ac tua l coas ter . 
 

a . Why is the re a d ip in th e force fa c tor a t 51 seconds? 

 
 
 
b. The va lue of th e dip i s a pprox im a te ly one, b u t th e force fa c to r rem a ins a t one for only a f ra c t ion of a second. 
Why ? 

 
 

c. Wh a t does th i s force fa c to r o f one ind ica te a bout th e exper ience o f th e pa ssengers a t th i s po in t ? There a re 
three o th e r pla ces on th e r ide where th e force fa c tor is a pprox ima te ly one for a t le a s t a second. Where a re 
the y ? Use th e CBL Force Fa c to r g ra phs** on th e pa ge fol lowing quest ion 12 . 
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2. The thr i l l s of a rol ler coa s te r r ide come w i th a cce lera t ions . Be ing pressed in to your sea t (h igh force fa c to r ) 
or exper ienc ing “ a ir t im e” ( low force fa c to r ) i s exc i t ing . How ma ny seconds is th e fa c tor h igh (gre a te r th a n 2 )? 
How ma ny seconds is t h e force f a c to r low ( less th a n 1)? Use e i the r th e 2nd Row or 8 th Row CBL 
gra phs** for th e mea su rements . 
 

Gre a te r th a n 2 __________ Less th a n 1 __________ 
 

3a . Which one wa s des igned for th e l a rges t spe ed a t th e top (c i rc le , squa re , t r i a ng le ) ? 

 
 
 
 
3b. If th e coa s te r i s go ing fa s te r a t some po in t on the ca melba ck h il l th a n th e middle ca r would go a t th a t 
po in t , th e force f a c to r for th a t ca r wi l l be ( le ss tha n , g rea te r th a n ) th e force fa c to r of th e middle ca r a t th a t 
po in t . 

 
 
 
 
3c. If th e coa s te r i s going s lower a t some po in t on th e ca melba ck hi l l th a n th e middle ca r would go a t th a t 
po in t , th e force f a c to r wi l l be ( le ss th a n , g re a t e r th a n ) th e force fa c to r of th e middle ca r a t t h a t po in t . 
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3d. The ca melba ck hil l s on Apol lo ’ s Cha r io t a re a l l 
des igned t o ha ve th e sa me a pprox ima te speed a t th e 
top (+/ - 2mph of th e a vera ge) , a nd thu s th e y a l l ha ve 
a s imi la r sha pe . The gra ph to 
th e r igh t shows th e sim il a r i t ie s in sha pes be tween 
th e h ighes t a nd lo we st speeds How is i t poss ib le t o 
ha ve th e speeds be th e sa me, cons ider ing a l l of th e 
energy th a t i s lo s t th rou ghou t th e r ide beca use of 
fr ic t ion ? 

 
 
 
 
 
 
 
 
 
 

4. Af te r coming down ca melba ck hi l l # 3 , th e coa s t e r begins a sp ira l up. The co a s t e r goes through a bou t 
540 degrees (a c irc le a nd a ha lf ) , a s i t t a k e s a bout 7 or 8 seconds t o go uphi l l on a t r a ck of con s t a n t 
s lope . 
 

a . In your experience , d id th e force f a c to r a nd ba nking a ng le ( s t a y a bout th e sa me, increa se , decrea se ) 
a s th e coa s te r wen t up th e hil l ? 

 
 
 
 

b. The ra dius a t th e bo t tom of th i s spira l i s 40 m a nd th en i t decrea ses g ra dua l ly un t i l th e curve a t th e 
top of th e spira l ha s on ly a ra d ius of 16 m. Why does th e curve decrea se in ra d ius? 

 
 
 
 

c. Compute th e force f a c tor experienced a t th e bo t tom, if th e speed is 28 m/s . Wh a t is th e ba nking 

a ng le a t th i s po in t ? 

 
 
 
 
d. The top of th e spira l is a bou t 27m h igher th a n th e bo t tom. Using energy conserva t ion , f ind th e speed a t 
th e top . Compute th e force fa c to r exper ienced a t th e top , a nd th e ba nking a ngle. 
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6. The g ra ph be low, ba sed on theory , ind ica tes th e force fa c to r exper ienced when a co a s t e r rounds a 
corner (or goes in a hor izonta l c i rc le) . I t shows th e force f a c to r a s a func t ion of th e ra dius, for a f ixed 
speed . There a re f ive curves , ea ch repre sen t ing a d i f fe ren t f ixed speed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a . Wh a t does th e force fa c tor a pproa ch, a s th e ra d ius ge t s very la rge? 

 
 
 
 
b. Wh a t i s th e min imum ra d ius t h a t should be considered for sp ira l up a t th e bo t tom of th e hi l l where th e 
speed is 28 m/s? 

 
 
 
 
c. In order to keep th e force fa c tor th e sa me a s a coa s t e r goes in a c irc le , whi le going uph i l l , th e ra d ius 
mu s t cha nge . Th is i s beca use th e speed wi l l be cha ng ing. Give th e ra d ius th a t would be needed a t ea ch 
speed to produce a force f a c to r of 2 .2 . 
 

Ra dius (28m/s)= __________ Ra dius (25 m/s)= __________ Ra dius (22 m/s)= _________ _ 
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d. Wh a t ha ppens t o th e force fa c tor i f th e ra d ius s ta y s th e sa me a s th e coa s t e r goes uphi l l whi le th e speed 
decrea ses? 

 

Give th e force f a c to r for ea ch speed, w i th a f ixed ra d ius of 25 m. 
 

FF(28 m/s)= _________ _ 
 

FF(19 m/s)= _________ _ 

FF (25 m/s)= __________ FF (22 m/s)= __________ 
 

FF (16 m/s)= __________ 

 
7. How does r iding in th e f ron t ca r di f fer f rom r id ing in th e ba ck ca r? Use th e two CBL force fa c to r g ra phs** 
a nd inform a t ion ob ta ined by r id ing in bo th th e f ron t a nd th e ba ck ca r s t o a nswer th i s quest ion . Which is th e 
“ more intense ” r ide , th e f ron t or th e ba ck? 

 
 

8. Wh a t i s th e a vera ge speed of th e r ide? (The t im e f rom th e top of the f i r s t h i l l to ju s t a f t e r th e l a s t d ip i s 66 
seconds. The to t a l d is t a nce t ra ve led in th i s t i m e is a bout 1220 m.) Conver t th i s to mi les /hour , g iven th a t 
1mile=1609 m. 

 
 

9a . Given th e fol lowing a pprox ima te ra d ii of curv a ture a nd speeds, compute th e force fa c to r for th e fo l lowing 
three loca t ions . 
 

Fir s t Hi l l : ra d ius=45 .6 m speed=32.6 m/s Force Fa c to r= _________ 
 

Second Hil l : ra d ius=37 .0 m speed= 28 .1 m/s Force Fa c to r= _________ 
 

La s t Dip: ra dius 17 .0 m speed= 19 .6 m/s Force Fa c to r= _________ 
 

9b. Using th e 8 th row CBL da ta , l i s t th e force fa c tor s for th e sa me th re e pla ces . 
 

f i r s t h i l l __________ second hi l l __________ la s t d ip _________ _ 
 

Ra dius (19m/s) = __________ Ra dius (16m/s) =__________ 

 
 
9c. Compa re your a cce leromete r me a surements t o th e CBL d a t a a nd th e computa t ions . Are th e y c lose? If no t , 
why no t ? 

 
 
10a . This r ide i s ca l led a hypercoa s te r , beca use of i t s h igh speeds a nd thr i l l s . The drops on Apol lo ’ s Ch a r io t , 
a re l i s ted be low (Drop # 1 fol lows Hil l top # 1 ) 
 

1. 64 m 2. 40 m 
 

6. 27 m 7. 12 m 

3. 44 m 4. 31 m 5. 15 m 
 

8. 5 m 9. 15 m 

 
For some per spec t ive , t h e f i r s t drop on th e Loch Ness Mon ste r i s 35 m. Alpenge is t ha s a f i r s t drop of 49 m 
a nd a ve r t ica l loop of 32 m. 
 

Ba sed upon th e he igh t of th e f i r s t h i l l a nd a speed a t th e top of 2 m/s , wha t should be th e speed a t th e bo t tom 
of f i r s t h i l l o f Apol lo ’ s Cha r io t ? Why is th e a c tua l speed (32 .6 m/s) s lower th a n th e pred ic t ion? How much 
energy is lo s t coming down th e f i r s t h i l l ? 
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10b. The top of th e f i r s t h i l l i s 64 .0 mete r s a bove th e lowest po in t on th e coa s te r a nd th e speed of 
th e coa s te r a t th e top is a pprox im a te ly 2m/s . A t th e bo t tom of th e la s t d ip , th e e leva t ion is a bout 
6 .9 mete r s a bove th e lowe st po in t on th e coa s t e r a nd th e speed is a pprox im a te ly 19 .6 m/s. Wh a t 
percen ta ge of th e energy ha s been lo s t to f r ic t ion in th e course of th e r ide? 
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VERTICAL ACCELERATION 

GRIFFON 
In s t rument s needed : S t opw a tch , Mounted ver t ic a l a cce leromete r ( s i t in Row 3 .) 
 

Pred ic t ions: Circ le your a nswers before r id ing th e r ide or ma king a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e quest ions a nd ca lcula t ions . 
 

1 . Wh a t wi l l be th e ma ximum force f a c to r on th e r ide? 
 

2 2 .5 3 3 .5 4 
 

2. Where wi l l th i s occur? 
 

bo t tom of th e f i r s t ve r t ic a l drop 
 

in th e wa te r bra ke 

 
 

bo t tom of th e second ver t i ca l drop 
 

a t th e bo t tom of th e f i r s t d ive loop 

 

3. Wh a t i s th e ma x imum speed on Grif fon? 
 

62 mph 68 mph 73 mph 

 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
1. Pa y a t t en t ion t o how hea vy you feel a t th e bo t tom of th e two drops, a nd how l igh t you fee l in th e drops. 
2 . No te th e feel of th e “ wa te r bra ke .” 

 
 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
1. Time th e coa s te r a t th e bo t tom of th e f i r s t h i l l , be tween po st s A a nd B. A is th e f i r s t po s t inside th e fence, 
a nd B is a t th e very bo t tom of th e h i l l . 

 
 
 
 
 
 
 
 
 
 
 
 

#1 #2  #3  A v era g e  

 
 
 

Time from 

A  to B  
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Quest ions: 
1. Using th e gra ph be low, de termin e how long th a t i t t a ke s for th e force fa c to r t o r i se f rom i t s lo we st 
leve l t o i t s ma x imum of 3 .5 on th e f i r s t drop. (This going qu ickly ba ck a nd for th be twe en 
high a nd low force fa c tor s i s one of th e thr i l l s of a ro l ler coa s te r . ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Using th e Griffon 1 s t Row gra ph below, f ind which p a r t of th e r ide ha s th e g re a te s t 
force f a c to r . Li s t th e force fa c to r . Which p a r t ha s th e second h ighe s t force fa c to r ? 

 

3. Which e lemen t of th e r ide m a in ta in s a h igh force f a c to r for th e long es t t im e ? 

 

4. Compa re your fee l ings coming down th e two drops a nd th e hea viness a t th e bo t tom to th e va lues on th e 
gra ph? 
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5. Why does th e coa s te r pa use a t th e top of th e f i r s t h i l l for a bout f ive seconds, before dropping ? 

 
 

6a . Looking a t th e expa nded version of th e force f a c tor g ra ph for th e bo t tom of th e f i r s t ve r t ica l drop, ind ica te 
how long you fee l hea vy. (Le t ’ s def ine hea vy a s a force fa c tor of g rea t e r th a n 2) . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

6b. The gra ph be low repre sen t s th e force f a c to r exper ienced by th e spa ce shu t t l e a s t ron a ut s be tween the i r l i f t of f 
a nd being inse r ted in to orb i t , where th e y exper ience a force fa c to r of 0 . Compa re a nd con t ra s t th e spa ce shu t t l e 
a nd th e Griffon. You ma y use th e gra ph a bove of th e f i r s t h i l l bo t tom, a long wi th th e comp le t e g ra ph a t th e end 
of th e sec t ion . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. The second drop is only 130 f ee t , compa red to 205 fe e t for th e f i r s t ver t ica l drop. Why is t h e force f a c tor a t th e 
bo t tom of th e second drop a bout th e sa me a s for th e f i r s t drop? 
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Problems: 
1. Using your t i m e me a surement be tween A a nd B, compute th e ve loc i ty a t th e bo t tom of th e f i r s t h i l l . The 
dis ta nce be tween po st s A a nd B is 26 .8 m ete r s . Compute th e speed in m/s a nd conver t to miles /hour by 
mult ip ly in g by 2 .24 . 

 
 
 
 
2. Compute th e force f a c to r a t th e bo t tom of th e f i r s t h i l l . Use th e ve lo c i ty t h a t you computed in prob lem 
1. The ra dius of curva ture o f th e t ra ck is 40 .0 meter s . How does your computed force f a c tor compa re to th e 
force fa c tor ind ica ted on th e Grif fon force fa c tor g ra ph? 

 
 
 
 
3. Compute th e force f a c to r a t th e bo t tom of th e second drop . The ra dius of curv a tu re i s 25 .0 m ete rs , a nd 
th e speed a t th e bo t tom is 26 .9 meter s / second. How does th i s compa re wi th th e force f a c to r g ra ph? 

 
 
 
 
4. The speed a t th e beg inn ing of th e wa te r bra ke i s 22 .4 m/s , a nd th e speed a t th e end is 20 .5 m/s. Wh a t 
f ra c t ion of th e energy i s lo s t in th e wa te r bra ke? Given th a t th e wa te r bra ke i s 30 m ete rs long, wh a t i s th e 
force fa c tor exper ienced by th e r iders? Wa s th i s no t icea b le on the r ide a s a decele ra t ion? (Note : th e force 
fa c to r a t th e “ wa te r bra ke” of Esca pe f rom Pompeii is a bou t 1 .0 . ) 

 
 
 
 

Est ima t ions : 
1. How ma ny cubic ya rds of d i r t were removed t o crea te th e t ren ch a t th e bo t tom of th e f i r s t h il l ? 

 

200 970 2 ,500 3 ,800 10 ,316 
 

2. How ma ny dump t rucks cou ld you f i l l w i th th i s a mount o f d i r t ? 
 

15 81 116 225 380 

 
 

3. How ma ny ga l lons of wa te r a re in th e wa te r bra ke? 
 

97 ,000 150 ,000 225 ,000 350 ,000 660 ,000 
 

4. How ma ny b a th tub s cou ld you f i l l w i th th i s wa te r ? 
 

100 500 2 ,000 50 ,000 100 ,000 
 

5. There a re concre t e foo ters , a bove which th e columns a re pla ced . Wh a t i s th e a vera ge dep th of th e 
foo ter s? 
 

8 f t 12 f t 20 f t 35 f t 70 f t 
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Interpret ing Graphs 

Pantheon 
 
In s t rum ent Needed : S top wa tch , or s top wa tch on a cel l phone 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pred ic t ions: Circ le your a nswers before r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under your 
a nswer a f t e r you comple te th e quest ions a nd ca lcula t ions . 
 

1. Which row wi l l ha ve genera l ly exper ience a higher force f a c to r a t th e hil l bo t tom s 
 

a ) 1 b) 10 
 

2. Which row of th e coa s t e r wi l l exper ience th e gre a te s t force f a c to r a t th e bo t tom of hi l l C. 
 

a ) Row 1 b) Row 10 (Hin t : th e coa s te r is go ing ba ckwa rds a s i t f i r s t a pproa ches h i l l C) 
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WHAT TO MEASURE AND NOTICE ON THE RIDE 
 

1. Where do you feel hea vy ? Which e lem ent ma de you fee l th e hea v ie s t ? 
2 . Where do you feel l i gh t? Which E lem ent ma de you feel th e l igh te s t ? 
 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
 

l . Mea sure th e t im e of pa ssa ge of th e coa s te r a t th e top of hil l B ( th e t a l l e s t h il l ) . Co a st e r Leng th i s13 .1m. 
Ma ke th ree mea surements a nd compute th e a vera ge . ( S t a r t your s topwa tch when th e f ron t of th e f i r s t ca r 
a rr ives a t 
th e top , a nd s top i t when th e ba ck of th e la s t ca r a rr ives .) You ca n a lso use your me a su rement a nd t wo of 
your f r iends. 
 

2. Mea sure th e t im e of pa ssa ge of th e coa s te r a t th e top of hil l D. Ma ke thre e me a surements a nd compute 
th e a vera ge. 
 

3. Es t i m a te how fa r c lose t o th e top of B th e coa s te r goes on i t s in i t ia l a pproa ch . Express your va lue a s a 
% of th e to t a l he igh t . (Here is one wa y to do i t . Find a loc a t ion on the bridge over th e ra i lroa d t r a cks , or 
somewhere e lse , where i t i s ea s i ly v is ib le . You ca n ho ld th i s pa per a t a rms- leng th , a nd ma rk on th e pa per th e 
a pp a rent posi t ion of the bo t tom of th e hil l B, th e top of the hil l T , th e high po in t of th e coa s te r P. You ca n 
mea sure th e d is t a nc e s (BP a nd BT) l a te r w i th a ruler. If ra t io BP/BT is equa l to .62 , th a t mea ns t h a t i t i s 

62%) 

 
 
 

#1 #2 #3 Average 
 
 
 

1. 

Time of Passage at 

Hilltop B 

 
 
 

2. 

Time of Passage at 

Hilltop C 

 
 
 

3. 

Estimate how close BP =  BT =  BP/BT =  % 

to the top the coaster goes 
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Quest ions: 
 

The Ver t i c a l Force Fa c tor g ra phs for Pa n theon, ha ve th e hil l bo t tom s la be led wi th numbers a nd th e h i l l tops 
la be led w i th Le t t e r s . (A force f a c to r of 1 , i s th e sa me th ing a s 1 g) These numbers correspond to th e 
dia gra m on Pa ntheon on th e f i r s t pa ge of th i s Pa n theon workbook sec t ion . Use th e Row 1 gra ph t o a nswer 
th e quest ions , un less o therwise d irec ted . The numbers 10 , 20, 30, e t c . a re th e t im e s in seconds. All o f th e 
gra phs, ha ve Force Fa c tor (or g Force) on th e y a x is a nd t i m e on th e x a x is . 

 
 
 
 
 

1 . Iden t i fy where th e gra ph t o th e r ig h t wa s 
produced on th e Row 1 gra ph . Why does i t 
ha ve th e f l a t bo t tom, where mo s t of th e a ir 
t im e h il l s look more l ike th e p ic ture s belo w. 

 
 
 
 
 
 
 
 
 
 
 
 
 

2. The gra ph be low shows th e force fa c to r be tween hi l l bo t tom 9 a nd hil l bo t tom 10, where th e ma x imum 
force fa c tor is a bou t 3 .2 . a nd th e lo we st force fa c tor i s a pprox im a te ly 1 (The a na lysis i s ea s ier if you a ssume 
th a t i t i s ex a c t ly 1 

 
 
 
 
 
 
 
 
 
 
 
 

On lnva dr , th e wooden ro l ler coa s te r , th e gra ph be twe en 
two hi l l bo t tom s a nd the ca melba ck a ir t im e h i l l s looks 
l ike th i s . Wh a t i s ha ppen ing on Pa n theon be twe en th e 
two hi l l bo t tom s 9 a nd 10, th a t i s d i f fe ren t th a n lnva dr. 
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3. When th e coa s t e r i s go ing ba ckwa rds to wa rd th e bo t tom of Hi ll C ( th e Pike) , th e r iders wil l fee l hea vy a s 
i t beg ins to tu rn uphi l l . Look a t th e gra phs, loca ted a t th e end of th i s workbook sec t ion , to f ind th e Force 
Fa c to r (g force) on th e pa ssengers a t Hi l l Bo t t om 5 ( s t a r t in g t o go up Hil l C} a nd Hil l Bo t tom 7 ( s t a r t in g t o 
go up Hill B for th e second t ime . ) , a nd record th e va lues for Row 1 a nd Row 10 

 
 
 

Hill B o t t o m  5 Hill B o t t o m  7 
 
 
 

R o w  1 R o w  10 R o w  1 R o w  10 
 
 
 
 
 
 
a . How do you exp la in th e fa c t th a t Row 1 a nd Row 10 don ' t ha ve th e sa me ma ximum g force a t th e bo t tom 
of th e hi l l ? (Hin t th e force f a c tor depends on bo th th e ra dius of th e curve a t th e bo t tom a nd th e speed of th e 
ca r a t t h a t po in t . The ra dius is th e sa me for bo th coa s te r ca rs .) 

 
 
 
 
b. Why does Row 10 ha ve th e g re a t e s t force fa c tor on Hill bo t tom 5 , bu t Ra wl ha s th e g rea t e s t force f a c to r 
on Hil l Bo t tom 7 . 

 
 
 
 
 

c. Wi thou t looking a t th e cha r t s , which ca r do you expec t t o ha ve a g rea t e r force f a c to r a t Hi l l bo t tom s 6 
a nd 4 . (Hi l l bo t tom 6: The co a s t e r i s go ing forwa rd a ga in coming down th e Hi ll C( the Pike) a nd in Hil l 
bo t tom 4 th e coa s ter s i s go ing down Hill B go ing ba ckwa rds. 

 
 

Hil l bo t tom 6 Which ca r ha s th e h igher force f a c to r 
 

Hil l bo t tom 4 Which ca r ha s th e h igher force f a c to r 

1 or 10 (c irc le one) 
 

1 or 10 (c irc le one) 

 
Check th e Force Fa c to r gra phs for Row 1 a nd Row 10 t o see . How did you do? Ca n you expla in why i t 
worked th e wa y t h a t i t d id . 

 
4. How d id your es t i m a te for how c lose th e co a s t e r ge t s to th e top of Hil l B compa re w i th your c l a s sm a te s ? 
I s the re a wide ra nge of va lues? Wh a t does th i s sa y a bout th e a ccura cy of th e me thod used to f ind th e 
a nswer? 
 

5. This g ra ph of g force versus t i m e is for th e a cce lera t ion of Row 1, in th e ma gnet ic la unch ju s t before th e 

Ver t i ca l Sp ike. 
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The equa t ion for ve loc i ty i s V= a t +Vo, where " a t " i s th e cha nge in ve loc i ty be tween th e in i t i a l a nd f ina l 
ve loc ity . S ince we ha ve p lo t t ed Force Fa c tor (g force) on th e y a xis a nd t ime on th e x a x is , th e a rea under th e 
curve wi l l be th e cha nge in ve loc i ty (V) in th e t wo seconds of th e a cce lera t ion . Now count th e number of 
boxes under th e curve .Add up ha l f boxes . If i t ' s mos t ly there , count i t . Now mult ip ly th e number of boxes by 
(0 .05*9.8 m/s2 )*(0 .05s*)=0 .0 .0245 m/s, which is th e a rea of ea ch box , in m/s . 
We ha d t o mul t ip ly th e a rea he igh t o f ea ch box by 9 .8m/s2 so th a t i t would ha ve th e cor rec t un i t s . 
 

V=___________ _ m/s=_____________ mph m/s*2 .24=mph 
 

6. Using th e t im e of pa ssa ge t h a t you mea sured ea r l ie r , a nd knowing th a t th e leng th of th e coa s t e r i s 13 .1 m 
 

a . Find th e speed of th e coa s te r a t th e top of Hi ll B. v=d / t 

 

b. Compute th e speed o f th e coa s te r a t th e top of h il l D. 

 
c. The drop on Hill Bis 180 f t (54 .9 m). Wh a t should be th e speed a t th e bo t tom. 

So lve v2-vo2= 2gh for v or (a lso 1 /2mvo ' +mgh=l/2mv2 y ie lds th e sa me re su l t ) 

 

d. Assuming no f r ic t ion , how ta l l would Hill D be? 
So lve v2-vo2= 2gh for h. (g=-9 .8 m/s2 ) 

 
7. One of th e thr i l l s of coa s te r is going ba ck a nd for th be tween zero or nega t iv e g 's a nd fee l ing th e h igh force 
fa c to r of be ing pressed in to your sea t . Wh a t i s th e b igges t cha nge in Force Fa c to r on th e Row 1 Force Fa c to r 
Ch a r t . On th e Row 10 Ch a r t ? P ick th e force fa c tor s th a t a re ne x t t o ea ch o th er (Exa mple f rom Row 1 Ato 2 -0 .6 
to 3 .2 to t a l 3 .7 or Row 10  10 t o E 3 .2 t o -0 .6 t o t a l 3 .8) The th i rd co lumn is for th e di f fe rence be tween th em ( i .e 
4 .0 a nd -0 .5 would be 4 .5 ) 
 

Row 1  ______   ______   difference ________        Row 10  ______   ______   difference_________ 
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8.  a . How ma ny t ime s does th e force f a c to r equa l to or g rea te r th a n 3 .5 on  
Row 1 __________      Row 10 _________ 
b. On which hi l l bo t tom s does Row 1 ha ve a higher force f a c to r th a n Row 10 _________ _ c . Why a re    
th e hil l s bo t tom s where Row 10 i s h igher d i f fe ren t th a n those where i t is lower? 

(Hin t : Look a t tho se hi l l bo t tom s of Row 10 a re a t lea s t 0 .4 g ' s h igher th a n Row 1 . 
There a re couple o f o th er p la ces, where Row 10 i s only a bout 0 .2 g ' s h igher, bu t the se a ren ' t 
a s ea sy to f igure ou t w i thou t more d a t a a bout th e coa s ter . ) 

 

9.  a . Which e lemen t of th e coa s te r r ide ma de you fee l th e l i gh t e s t ? How d id your feel ing 
compa re w i th th e force fa c to r g ra phs? 

 

b. Which e lement ha d th e mo s t in tense Force f a c to r . How d id your feel ing compa re t o th e 
Force Fa c to r g ra phs. 
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Interpret ing Graphs 

Tempesto 
 
 
 
 
 
 
 
 
 

Ins t rument Needed: 
None 
 

Predict ions: 
Circ le your a nswers before r id ing th e r ide or ma king a ny me a surement s . Dra w a l ine under your a nswer 
a f t e r you comple te th e quest ions a nd ca lcu la t ions . 
 

1. Where wi l l th e g re a t e s t Force Fa c to r occur (He a v ie s t Po in t ) 
 

a . B b. C c. G d. M 
 

2. There a re th re e pla ces where you wil l experience a nega t iv e Force Fa c to r ? Which one of 
th e fol lowing p la ces does no t ha ve a nega t iv e Force Fa c to r . 

 

a . D b. E c . F d. G 
 

3. Wh a t i s a pprox im a te ly th e h ighes t speed on Tempe st a ? 
 

a . 40 mph b. 50 mph c. 60 mph d. 70 mph 
 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
 

1. Ma ke a no te of where you feel hea vy, where you feel l igh t (we igh t less ) a nd where you feel 
a neg a t iv e force f a c to r where you l i f ted ou t of your sea t . 

 

2. How do th e hor izonta l a cce le ra t ions (where you a re speed ing up), compa re t o ea ch o th er 
 

3. Tempesto i s ju s t 50 second long , bu t i t rea l ly pa cks a punch . Prepa re t o ra t e you top 
three exper iences in order. ( i . e . La unches, neg a t iv e g ' s , s low ro ll up top , zero g ' s , la rge g ' s , 
e t c . ) Pa y a t t en t ion t o th e va rious e lem ents . You ma y w a nt t o r ide tw ice , jus t to keep t ra ck . 

 
 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
 

1. Ma ke a no t ice of wh a t ha ppens a t po in t E. Po in t E is ca l led a hea r t l ine ro ll , beca use you 
a re ro t a t in g a bout a n a xis a t a pprox im a te ly he a r t leve l. Try t o f igure ou t where th e force 

fa c to r wi l l be c lose t o or le ss th a n zero by wa tch ing Tempe sto . 
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Quest ions: 
 

1. La bel th e gra ph be low, of th e Force Fa c tor in th e Fron t Ca r us ing th e ske tch of Tempe st a on 

th e f i r s t pa ge t o f ind th e " le t te r s" . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 . Whenever th e coa s te r t r a in pa sses through i t s or ig ina l posi t ion on th e hor izonta l por t ion of 

th e t ra ck "A", th e Force Fa c to r is 1 . Why is th a t ? (The Ch a r t be low is a ma gnif ied por t ion Figure 1 . ) 

 
 
 
 
 
 
 
 
 
 
 
3 . The ma ximum speed occurs a pprox im a te ly a t po in t B, a f te r th e th i rd la unch . The ra d ius of 

th e t ra ck a t th a t po in t i s a pprox im a te ly 23 m. Wh a t i s th e Force Fa c tor a t th a t po in t , a ccord ing 
to th e Figure 1 a bove. ________ Using th i s Force Fa c to r , Compute th e speed of th e coa s te r . 
FF=v2 /rg +1 v = _________ 

 

4. The Force Fa c to r a t po in t G is g re a t e r th a n a t po in t B, even though th e speed is lower 
( i t i s h igher up, a nd f r i c t ion ha s robbed th e t r a in of speed by th i s po in t a s we l l) . 
Why is th a t ? (Hin t : th e equa t ion for th e Force Fa c to r in th i s s i tu a t ion is FF=v2/rg +1) . 
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5. In genera l , a t wh a t po in t s on th e r ide did you feel hea vy ? Why d id you feel hea vy a t tho se po in ts? 
 

6. There were thr ee typ es o f exper iences on th i s r ide th a t ma de you feel c lose to zero , or 
nega t iv e g ' s . Wh a t were they ? (On Apol lo 's Cha r io t , the re wa s ba s ica l ly only one zero g /nega t ive 
 exper ience : Wh a t wa s th a t ? ) 

7 . Oth e r th a n th e exper iences a t th e top a t s low speed , a t wh a t po in t do you fee l we igh t le s s for 
th e longes t per iod of t im e ? Wh a t does th e ch a r t ind ica te for th e t ime . How would you 
descr ibe your exper ience. (No te two p la ces on th e r ide a re v ir tua l ly t i ed for th e longes t t ime , 
bu t one ha s a more consi s ten t zero g exper ience. ) T= ¬¬¬¬¬__________ 

 

8. Why a re the re th re e la unches to g e t t o th e top , ins tea d of ju s t one la unch? 
Couldn ' t th e y ju s t ha ve des igned i t to ha ve a s ingle more powerfu l la unch? 
(The p ic tu re t o th e r igh t shows th e ma gnet ic la unch t ra ck , which is in wh i t e . 
I t ' s ca l led a Linea r synchronous Motor) 

 

9. How do th e Force Fa c to r s compa re to th e la rger coa s te r s in th e pa rk? 
 

10 .How d id th e a cce lera t ion of th e f ive la unches compa re t o ea ch o th er ? 
The higher th e Hor izon ta l Force Fa c to r , th e grea te r th e a cce lera t ion a nd 
th e more force you wi l l fee l . You ca n f ind th e Horizonta l Force Fa c to r of th e 
la unches by exa mining th e Force Fa c to r versus t im e gra ph. The t i me of th e la unches is 
ind ica ted by th e a rrows on th e gra ph  on th e ne x t pa ge . Th is Force Fa c to r i s on ly ea sy to 
rea d o ff th e gra ph a t t im e s where th e coa s t e r i s moving in th e hor izonta l d irec t ion , which i t 
i s doing during a l l of t h e la unches . 
(The gra phs undernea th th e ma in gra ph a re c lose-ups o f th e second la unch a nd th e f i f th 
la unch , ju s t t o show th a t th e Force Fa c to r wa s a pprox im a te ly th e sa me for a per iod of t im e, 
a nd no t ju s t a t one po in t , a s i t a ppea rs for severa l la unches on th e gra ph). Record th em to 
th e nea re s t t en th ( i . e . +0.3 , -0 .5 , e tc . ) 

 

La unch 1 ______ La unch 2 ______ _ La unch 3 _______ La unch 4 _______ La unch 5 

 
 
 
Veloc i ty 
If th e veloc ity a nd a cce lera t ion ha ve d i f fe ren t s igns , th en i t is s lowing down. I f th e ve loc i ty a nd 
a cce lera t ion ha ve th e sa me s ign th en i t is speeding up . The a cce le ra t ion is a lwa ys in th e sa me d irec t ion a s 
th e force th a t ca uses i t . 
 
Does th i s ma tch wi th th e va lues of a cce le ra t ion th a t you ha ve recorded? (No te : La unches 1 ,2 ,3 a re speeding 
up, 4 ,5 s lowing down) 

 
 
 
 
 

If you ha ve been on Verbol ten , compa re th e a cce lera t ion of Verbol ten to th a t of Tempe sta . The ma x imum 
Force Fa c to r on Verboten 's 1 s t La unch is 0 .8 a nd th e 2nd La unch is 0 .9 , bu t th e a vera ge a cc e lera t ion of 
bo th of the se la unches i s a bou t 0 .5 . 

 
 
 
 
 
 
 
 
 
 

La unch in t o Phys ic S tude n t Workbook Level 2 - Pa r t 8



 

 

113 
 

L A U N  C H I N T O  P H Y S I C S  

S T U D E N T  W O R K B O O K  
L E V E L  2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11 . Do you feel upside down when you a re upside down on Tempe sta . How does th i s compa re 

wi th be ing upside down on Loch Ness Monste r , Gri f fon , or A lpengesi t ? Why a re th e y d i f feren t? 

 
 
 
 
 

12 . Ra te your top 3 experiences, in order of preference . Inc lude th e de ta i l s . 
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Magnetic Launch 

Verbolten 
 
In s t rum ent Needed : S t opwa t ch 
 

Pred ic t ions: Circ le your a nswers be fore r id ing th e r ide or ma k ing a ny me a su rements . Dra w a l ine under you 
a nswer a f t e r you comple te th e ques t ions a nd ca lcula t ions . 
 

1. Es t i m a te th e ma x imum hor izonta l force fa c tor exper ienced in th e m a gnet ic la unches of Verbol ten? 
 

a . 0 .7 b. 0 .8 c . 0 .9 d. 1 .0 e .1 .1 f . 1 .2 
 

2. There a re th re e tu rn s a t th e bo t tom of th e big drop . Es t i ma te th e force fa c to r exper ienced in 
th e second tu rn . 

 

a . 2 .6 b. 3 .0 c . 3 .4 d. 3 .8 e . 4 .0 
 

3. Wh a t i s th e speed of Verbo l ten a t th e bo t tom of th e b ig drop? 
 

a . 50 mph b. 55 mph c. 60 mph d. 65 mph 
 

WHAT TO MEASURE AND NOTICE ON THE RIDE 
 

1. Pa y a t t en t ion t o th e leng th a nd in t en s i ty of th e two la unches . 
2 . On th e r ide you wil l feel hea vy in th re e big turn s a f t e r th e l a s t b ig drop . In which tu rn do you 

fee l hea vy for th e longes t t im e? Which turn do you feel th e hea v ies t ? 
3 . Where on th e r ide t o you fee l th e l igh te s t ? Wh a t i s ha ppen ing when you fee l th e l igh te s t ? 
4 . Pa y a t t en t ion t o wha t is ha ppen ing ins ide th e build ing when you a re in th e da rk . Try t o 

remember th e type s o f turns a nd drops, a nd in wh a t order th e y occurred. 
 

WHAT TO MEASURE AND NOTICE OFF THE RIDE 
 

1. Time th e coa s te r pa ss ing be tween th e f i r s t a nd four th supports a t th e bo t tom of th e big drop. 
This ca n be v iewed on th e Br idge t o I t a ly . The f i r s t suppor t is th e f i r s t one in th e wa te r . 
Record thre e me a surem ents a nd f ind th e a vera ge t im e . Note : The t i m e should be le ss th a n 
0 .85 seconds. I t ma y t a k e some pra c t ice a nd quick ref lexes to ob ta in a good t ime . 
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Quest ions: 
 

1. How of t en do you feel c lose to " w eigh t les s " on th e r ide? Wh a t i s th e coa s te r do ing when you 
fe l t " l i ght " . 

 
 
 
 
2. The gra ph be low is t h e ver t ica l fo rce f a c to r for Verbol ten . I t s t a r t s ju s t before th e coa s te r 

t r a in ma kes i t s b ig drop down to th e Rhein River . Th is g ra ph shows you how hea vy you feel 
on th e r ide . The big drop beg ins a t a bout 4 .8 seconds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
a ) The thr ee big pea ks a re th e three b ig tu rn s a s th e coa s te r a rr ives th e bo t tom of th e hil l 

a nd before i t a rr ives ba ck a t th e s t a t ion . Which ha s th e grea te s t force fa c to r ? Wh a t i s th e 
force f a c to r ? Does th i s m a tch wi th your exper ience on th e r ide? 

 

b) On which of th e three tu rn s a re you hea vy for th e longes t t im e (def ining hea vy a s a force f a c to r 
of g rea t e r th a n 1 .5 )? How ma ny seconds were you were you exper ienc ing a force f a c to r o f 
g re a t e r th a n 1 .5 ? Does th i s ma tch wi th your experience on th e r ide? 

 
 
c) Where do you ha ve th e gre a te s t we igh t le ss fee l ing ? How long a re you fee l ing c lose t o 

weigh t les s (def ined here being a force f a c to r of le ss th a n 0 .5) . 
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3. The gra ph be low shows th e ver t ica l force f a c tor th a t you exper ienced where you were ins ide 

th e building , in th e da rk. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
a ) Wh a t ' s ha ppen ing a t "C" a nd "D"? 
b) "A" a nd "B" a re bo th hea vy t im es . Why a re you hea vy a t "B" for a much longer t im e ? 

 
 
 
c) How do th e hea vier pa r t s o f th e coa s te r r ide ins ide th e bu i ld ing compa re t o those a t th e end 

of th e r ide? Is the re a longer hea vy t ime ins ide th e build ing or a t th e end of th e r ide? 

 
 
 
d) How d id do ing th i s p a r t of th e r ide in th e da rk a f fec t your exper ience? 

 

Problems: 
 

1. Using your a vera ge t ime , compute th e speed a t th e bo t tom of th e l a s t b ig drop . v=d / t where 
th e d is ta nce i s 16 .8 m. Con ver t th i s speed t o mi les/hour by mult ip ly ing by 2 .24 

 

v= d / t=16 .8 m eter s / t= _______m/s = _______miles/hour 

 

How does th e speed on Verbol ten compa re t o th e o th er big coa s te r s here a t Busch Ga rdens? Does Verbol ten 
fee l fa s t e r or s lower th a n th e o th e r b ig coa s te r s ? Why or Why no t ? 

 
2. There i s no l i f t h i l l on Verbol ten l ike you wi l l f ind on Apollo 's Cha r io t , Loch Ness Mons te r , 

Gri f fon or A lpenge i st . Ins te a d , e l ec t rom a gnet s a re used t o la unch th e coa s te r . The sy s t em 
is ca l led a Linea r Synchronous Motor . There i s no physica l con ta c t be tween perma nen t 
ma gnet s on th e coa s te r t r a in , a nd th e whi te e l e ct rom a gnet s on th e t ra ck . The LSM uses 
th e pr inc ip le th a t l ike ma gnet ic poles repe l a nd unlike poles a t t r a c t . 
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The ve loc i ty cha nge of a n ob jec t ca n be de termined by us ing a n a cce lera t ion 
versus t im e gra ph, l ike th e one i l lus t ra t ed below. 

 
 
 
 
 
 
 
 
 
 
 
The ob jec t i l lu s t r a ted in th e gra ph ha s a n a cce lera t ion of 3 m/s2 for 1 second. The equa t ion Δ v=a t te l l s us th a t 
th i s ob jec t ha s a ve loc i ty cha nge of 3 m/s. I t tu rns ou t th e ve loc i ty cha nge i s equa l t o th e a rea under th e curve. In 
th i s ca se a rea = len g th X wid th , w i th th e leng th of 3 m/s2 a nd th e wid th of 1 second. You ca n a lso f ind th e a rea 
under th e curve by a dd ing up th e l i t t l e rec ta ng les underne a th th e curve. Ea ch l i t t l e rec ta ng le i s 0 .5 m/s2 long a nd 
0 .1 second wide , which is equa l t o 0 .05 m/s. There a re 60 l i t t l e rec ta ng les undernea th th e curve a nd 60 x 0 .05 m/s 
= 3 m/s, which is th e sa me resu l t th a t we g o t before . 
 

The two gra phs on th e ne x t pa ge a re g ra phs of th e two ma gnet ic la unches of Verbol ten . 
 

a ) By count ing th e l i t t l e rec ta ng le s undernea th ea ch gra ph a nd mult ip ly ing by th e size of ea ch 
rec t a ng le , de termine th e cha nge in ve loc i ty th a t ea ch la unch produce s : These l i t t l e rec t a ng le a re 
.5 m/s2 x 0 .1 second, ju s t l ike in th e exa mple a bove , so ea ch squa re i s 0 .05 m/s . You ca n a lso a dd 
up th e rec ta ng le th a t a re no t comple te ly undernea th th e curve. For exa mple , t w o ha l f rect a ng le 

to ma ke one re cta ng le . 
 

La unch 1 = _______ _ r ec ta ng le s * 0 .05 m/s = _________________ _ m/s 
 

La unch 2 = _______ _ r ec ta ng le s * 0 .05 m/s = _________________ _ m/s 
 

b) From th e gra phs, compute th e to t a l t im e o f a cce lera t ion . 
 

La unch 1 Gra ph 
La unch 2 Gra ph 

Tot a l t i m e = ____________________ 
Tot a l t i m e = ____________________ 

 
c) Wh a t wa s th e ma x imum hor izonta l force fa c tor in ea ch of th e la unches: (To f ind th e force fa c to r , 

d iv ide th e ma x imum a cce lera t ion by 9 .8) 
 

La unch 1 ____________________ La unch 2 _________________ _ 
 
Note : I t turn s ou t , th a t th e a vera ge a cce le ra t ion of bo th La unches wa s a bout 4 .7 m/s2 or a bout 

0 .5 g ' s (FF=.48) . The a vera ge a cce lera t ion * t im e of a cce le ra t ion should equa l th e sa me Δ v 

you computed in Problem 2a . 
 

d) For some per spec t ive , compa re th e ma ximum force f a c to r o f th e second la unch t o th e a vera ge 
force fa c tor exper ienced in a Ferra r i Enzo spor t s ca r (12 cy l inders, 660 horsepower) , a s i t 
a cce ler a te s f rom Oto 60 mph is ju s t 3 .1 sec. 

 

60 mph = 26 .8 m/s. a =Δ v / t Horizon ta l Force Fa c to r = a /g where g=9 .8 m/s2 
 

Force Fa ctora vera ge (Ferra r i ) = ____________ 
Force Fa c to rma x (Second La unch) = ______________ _ 

 

e) How well do your ca lcu la t ions for force fa c tor s for th e t wo la unches m a tch your exper iences on 
th e r ide? Were you t i m e es t i m a te s c lose t o th e da t a f rom your gra phs? 
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f ) Descr ib e an y d i f feren ces in t h e t w o lau n ch es t h a t yo u exp er ien ced . 
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