PHYSICS EDUCATION SERIES

INTRODUCTION
Physics is the Great Adventure

This handbook consists of three sections. The materials in this first section will be useful as you organize your trip.  The second section consists of lesson plans, laboratory experiments and problem sets that use theme park examples to illustrate the topics traditionally included in mechanics.  The third section is the student workbook for use at the park.  An answer key is available and will be shipped to you with your physics day ticket order or it can be obtained by e-mailing greatadventuresales@sftp.com 
You can either reproduce the entire student workbook for your class or choose the rides you wish your students to analyze.  The symbols and equations used in the workbook are listed in the beginning of the workbook.  The equations used for each section of a particular ride are in a separate column down the left side of the page so you may eliminate them if you choose.  The authors believe, however, that the park experience is most effective when students are concentrating on connecting their physical experiences to the physics.  The equations are those they have already learned and their inclusion is meant to allow them to concentrate on application rather than memory.

Using the Theme Park as a motif throughout the mechanics unit has added a wonderful sense of relevance and excitement to our classrooms and those of many other members of The American Association of Physics Teachers.  Physics Day at Six Flags Great Adventure gives us a chance to share with our students our won delight in seeing physics in the world around us.  We look forward to sharing it with you and your students as well.  
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WHY A TRIP TO A THEME PARK?
How can a trip to a theme park be an “educational” experience for a physics class?  For teachers who have seen a student come off a ride, eyes glowing, saying “Now I really understand what we were talking about in class: there is no substitute!  As a result, Theme Park Physics programs have grown dramatically throughout the country.  Six Flags Great Adventure’s program, one of the first to include a special fall seminar session for teachers in addition to its spring Physics Days, has been a model for others all over the country.  Every year thousands of students and teachers come to the park to learn physics in this unforgettable way.

A theme park setting provides a unique opportunity to facilitate a student’s understanding of physics.  The student can verify the validity of many physics formulas, experience effects that are essentially counter-intuitive and develop a new experimental basis for determining whether an answer calculated in a classroom makes sense. 

At the park, physics laws can be applied on rides raging from the Carousel to Free Fall to Medusa.  Data is collected and analyzed on the spot.  Predictions made by equation are instantly compared to actual measurements.  When a prediction seems incorrect, the observations can be immediately repeated to determine whether it was the data collection or concept used which was responsible for the discrepancy. 

For Physics Day at Six Flags Great Adventure, students use a workbook written by a team of physics teachers who present theme park workshops at the national physics teacher’s conventions.  NO STUDENT IS REQUIRED TO GO ON ANY RIDE. But, just seeing them in action and speaking to people who have ridden them enormously enhances the students’ understanding of extremely abstract phenomena.  The workbook problems are similar, if not identical to, many of the problems found in standard high school and college texts and have even appeared on the advanced placement exams.  The solutions to these problems are often believed by a student as an “act of faith” or dismissed as phenomena that occur only in physics books or ideal situations. A theme park offers real world experiences that can permanently alter the way in which a student perceives the laws of physics. 

On Physics Day at Six Flags Great Adventure, students and teachers from New Jersey, New York, Pennsylvania, Connecticut, Maryland and Delaware have an opportunity to feel physics come alive.  This time it is not a mythical block that loses potential and gains kinetic energy while coming down a slope.  It is a real person, possibly YOU.

There is no substitute for such an experience. Come and see!
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PLANNING A TRIP

· Pre-Trip Preparation and Safety Precautions
1. Post a map of the Park.  Use it to indicate the location of places such as First Aid and designate a Class Check-In Location.  It might also help to mark the location of rides the students are to examine so they can plan the order of their day.

2. Be sure permission slips indicate any special medical needs or allergies.

3. Instruct students to wear secure shoes or sneakers and bring appropriate clothing and sun block.  This can mean a windbreaker for a chilly day or a change of clothing.

4. Assign students to lab groups of 4-6.  All members must be accounted for at all times.  In a larger group, no one will feel pressured to ride. Anyone wanting to ride will probably have a partner and non-riders will have people to ask about sensations.  Less equipment will be needed and enough people will be available to get the job done effectively.

5. Remind students to follow all safety requirements, i.e. seat belts and harnesses, when they get on a ride. Help the park help them.

· Organization Suggestions

1. Tell students to bring only the minimum materials necessary and carry them in transparent containers. No backpacks or coolers.

2. Remind students that they are not required to go on any rides.  They can do all the workbook assignments and learn a great deal by watching and talking to people who do ride.

3. Tell students exactly where and when to meet the bus.  Arrange times and places during the day where students can find you.   Messages may be left at the Guest Relations Window by the front gate to the park.  If you choose to have students check in with you personally, set aside a large block of time so students are not caught waiting in line for a ride.

4. Distribute tickets to students as they get off the bus so that entry to the park is efficient.

5. Suggest that students plan to use less dramatic rides for a good portion of their required work. (Time in line is directly proportional to the popularity of the ride.)

· Using the Workbook

1. The intent of the workbook is to show students that “doing physics” at the park adds an extra dimension; going on rides becomes more interesting and more exciting.

2. A day or so before going, make up some data and go through one ride from the workbook in class. Students will have a sense of how to use the pages most efficiently and familiarity will make the booklet seem less intimidating.

3. The ON THE BUS pages are important as they set the tone for the day and teach/reinforce the concept of force factors. (The advantage of working in force factors is that all students, regardless of mass, end up with roughly the same answers. This makes their work easier to check and gives them a way to compare their experiences.)

4. Completing the entire workbook will be overwhelming and repetitive. Choose a series of concepts and a minimum number of activities (5 or 6) that you want students to investigate.  

5. Some rides have been broken into two and three activities because they cover so many concepts.  This keeps most activities about equal in length and difficulty.  

6. Since certain activities illustrate almost exactly the same concepts, only one need be used.  The Great American Scream Machine part 2 and Spin Meister both deal with vertical circles while a roller coaster and Stuntman’s Freefall type rides deal with power, potential energy, kinetic energy, and force factors.

7. Another option is to allow students to choose a ride not covered and develop materials, which show how that ride could be used to illustrate physics concepts.

8. When checking student answers against the provided answer key, please remember human reaction times vary and the speed of a ride depends on the temperature and time of day.

9. Many people have found it useful to have the workbook due at the end of the day.  This insures that enough calculations are done at the park for students to connect calculated results with the rides they have just experienced.

· Equipment Needed at the Park
1. STOPWATCH. There are many inexpensive ones available and most often at least one student has a watch with stopwatch mode. Accuracy of.1 seconds is sufficient.

2. FORCE METER. Inexpensive commercial ones are available.  They can also be made from a plastic tube or a clear plastic tennis ball by using appropriate springs or rubber bands and fishing weights.  The 2 oz. Weights work well with a relatively weak rubber band. This also provides a nice opportunity to note that rubber bands aren’t linear.  Have students tether these to a wrist or belt with a  rubber band that will break if necessary but will hold well enough to prevent accidental loss on a ride.

3. PROTRACTOR with a washer hanging on a string that passes through the vertex. A paper photocopy pasted to a cardboard also works reasonably well. The commercial version, sometimes called an inclinometer, has the advantage of being protected from air currents.

4. MEASURING STRING. Use a film can for storage. Knot one end of a chord and secure it in a notch in the can.  Measure out about 2m of string making a knot or a mark with indelible marker every 10cm.  Wind the string around the can.  Secure the free end in a second notch and snap on the top.  A local film processor will often save film cans if asked.  Another option is having students pre-measure their paces.

5. CALCULATOR AND PENCIL OR ERASABLE PEN.

6. ZIPLOCKTM PLASTIC BAG. This is necessary to keep workbook dry and all other materials together.

7. DRY CLOTHES AND PHONE MONEY for emergencies.

DURING THE WORKSHOPS HELD AT SIX FLAGS GREAT ADVENTURE, participants construct meters provided by PASCO Scientific which were developed in conjunction with the Amusement Park Physics Committee of the American Association of Physics Teachers.*  These meters are light weight, safe to use, inexpensive and give reasonable results.  Home built devices are also exhibited at workshops and directions for these are in the classroom section. Be careful about the masses you use in your meters.  Experienced teachers find that masses of 2 oz. or less work well if used with an appropriate rubber band or spring. If you use PASCO “horizontal accelerometer” you may want to add a second set of angle measures in red to read the way a traditional protractor does.

*As members of the Amusement Park Physics Committee of the American Association of Physics Teachers, the authors of this handbook present workshops at local, regional and national Association meetings as well as at Six Flags Great Adventure.

· Organizational Checklist & Overview
This information & checklist may be helpful when organizing your trip.

___1. Authorization from school authorities (as early as possible).



Date of trip___________ Cost ____________

___2. Transportation (as soon as possible)



Reserve busses: Cost & number of passengers per bus_____________



Deadline for finalizing or canceling ______________________



Get a commitment on time of AM departures and PM return

___3. Ticket Order (try to do this early to have your tickets sent to the school)

___4. Communication with parents 



Date, time leaving & returning



Total Cost



Permission forms including medical information and phone contact



Student Contract – see next page



How & when payment is to be made- set deadline

___5. Money collection & record keeping (spread sheets are helpful)



Student name & ID needed for school records (grade, class, homeroom etc.)



Monies turned in and form of payment



Permission slips turned in



Partners or lab group

___6. Materials for student use at the park



Materials in final form early enough to use a sample page in class



Grading system & answer key developed

___7. Cover page for workbook and final printing



Blank(s) for student(s) names



Specific assignment expectation (requirements and options)



Time when completed packets are due



Where & when to assemble to return home



Reminder of where or how to connect to teacher & first aid



Materials run off and packets assembled

___8. Preview of concepts and materials to be used at the park

___9. In class activities in addition to review of kinematics & dynamics



Lab groups…how many ….how chosen



Measurement materials to accumulate or “build”



Procedure for AM attendance and reporting to bus



Supplies that might be needed for personal use



Items that are NOT to be brought



Lab Report expectations

___10. Chaperones…ask faculty, administrators or parents

___11. Bus order and ticket reconfirmation

___12. Public Relations

Invite representative of the yearbook, paper or school TV station to do stories.

Alert your local paper. They may send a reporter or use a press release that you write along with photographs.

__13. Student list of participants to administration

__14. Lesson plan for substitute

__15. Professional Relations



Copy of workbook posted at Faculty Center to demonstrate the academic



level of the trip

__16. Other useful items



Sign up indicating which rides students intend to do



Student evaluation form for feedback

· STUDENT CONTRACT- PHYSICS TRIP TO SIX FLAGS GREAT ADVENTURE

On __________________, students participating in the trip to Six Flags Great Adventure will leave _____________________________at_______________ AM by bus and will return that day at ________________PM. 

The cost of the trip will be $__________________.

This must be paid by check made out to ____________________________________.

This agreement, when signed, informs those concerned that the following stipulations are understood and agreed upon before departure.

1. Completion of the physics exercises and write up will be mandatory for each student.

2. Each student is responsible for being on time according to the day’s schedule.

3. No student is to engage in any activity that might endanger individual safety or cause property damage.

4. No alcoholic beverages will be brought on the buses or consumed on the trip.

5. No drugs (except those prescribed by a doctor) are permitted at all.

6. Any violation of school district policy will result in appropriate disciplinary action.

This agreement is meant to alleviate understanding that this trip is merely a vacation or party.  It is an opportunity for students to experience concrete demonstrations of physics principles in a meaningful and enjoyable way.

Your signature below indicates that you have read and understood this agreement and you would like to participate in this experience.  Also please have your parent(s) or guardian(s) read this agreement and sign it.  Both signatures are necessary before space is reserved for you to go on the trip.

**No student is required to go on any particular ride in order to get full credit. An alternative activity will be required for those who are unable to go to the park at all. 

Please list any medication currently prescribed or routinely taken:

Student:_____________________________________

Medical: _____________________________________

Parent or Guardian ____________________________

Day phone # where parent can be reached: ___________________________

