Amusement Park Physics

Directions:  Your goal is to reach 100 points in any way you wish.  You may earn up to 130 points if you want the extra credit.  Include for credit your notes from this, answers to any questions, and your calculations.  Show your work. (show the proper formulas with numbers)   Make sure that you indicate which part of this you are doing.  (i.e. 1C)  Point values for activities are listed after the description.  Each group of 2 students needs to turn in only one report, and you both will share the score.  Please indicate your group number (i.e. A1, C19, etc.) on your report.
1. Bumper Cars (If they are open!)
A) Linear Kinematics:  With a stopwatch and an estimated distance, measure the speed of a bumper car.  (5 pts)

B) Linear Kinematics:  Take the accelerometer aboard a bumper car.  Note what it does in 4 collisions.  What is the biggest g force you measure?  What type of collision was it? (Head on?  Sideways? rear end?...) (5 pts)

C) Momentum, Energy:  Estimate the mass of a car, calculate its kinetic energy and its momentum.  (5 pts)

D) Conservation of Momentum:  When bodies collide elastically in a straight line they tend to exchange velocities.  Observe six collisions and note original velocities and final velocities of both cars.  Make nice diagrams of both cars before, and both after, using arrows for velocities.  Long arrows for greater velocities.  Is there any evidence of this exchange of velocity?  (5 pts)

2. Ferris Wheel 

A) Rotational motion:  Estimate the radius of the Wheel and time the period of rotation.  Calculate the centripetal acceleration. Convert this acceleration to "g"s (5 pts)

B) Rotational motion:  See if you can measure the difference in g force from when you are at the top of the wheel (Less g force) to when you are at the bottom of the wheel.  How does this compare with what you calculated from A)? (5 pts)

3. Looping Thunder

A) Conservation of energy:  Draw a brief but complete sketch of the ride, paying special attention to the changes in height.  Estimate the heights of low or high spots in the track, and the initial kinetic energy given the car by the lift at the beginning..  Analyze the drawing in terms of conservation of energy, calculating what the speed should be at the different high or low spots.  Do at least 5 points. (10 pts)

B) Frames of reference:  Take the accelerometer aboard the ride and note when and what the changes of vertical g force are.  Note where extreme readings occur on your sketch.  (5 pts)

C) What is the vertical accelerometer reading at the top of the loop? (5 pts)

D) Estimate the radius of the loop, and calculate the minimum speed which the cars must have to go around the loop and not fall off. (ac > 9.8 m/s/s) (5 pts)

E) Calculate the cars speed from the accelerometer reading at the top, and the radius of the loop.  Remember that due to gravity, the accelerometer reading is one g less than the centripetal acceleration. (5 pts)

4. Erupter (AKA Matterhorn)

A) Rotational motion:  Estimate the radius and period of motion.  Calculate the tangential velocity and centripetal acceleration. Convert this acceleration to "g"s (5 pts)

B) Rotational motion:  Take an accelerometer aboard and measure the centripetal acceleration.  Compare it to the calculated value.  (5 pts)

C) Frames of reference:  The cars in the Matterhorn are on pivots.  This means that they always hang in the direction of "down" in the accelerated frame of reference of the car.  How and why does this direction change with respect to the earth frame as the cars go around the track?  (5 pts)

5. Rock-O-Plane

A) Rotational motion:  Estimate the radius of the Wheel and time the period of rotation.  Calculate the tangential velocity and the centripetal acceleration.  Convert this acceleration to "g"s (5 pts)

B) Rotational motion:  See if you can measure the difference in g force from when you are at the top of the wheel (Less g force) to when you are at the bottom of the wheel. (5 pts)

C) Rotational motion:  Can you measure the effect with an accelerometer of rotating the cars on their own axis?  What is it? (5 pts)

6. Round Up

A) Rotational motion:  Time the rotational period, estimate the radius in meters and use these to calculate the centripetal acceleration.  Convert this acceleration to "g"s (5 pts)

B) Frames of reference:  Use the accelerometer aboard the ride to measure the g force at the top and the bottom.  How does this compare to the calculated value?  (Remember that earth itself gives you one "g", you are looking for differences in "g" force) (5 pts)

7. Sea Dragon

A) Use the formula for the period of a pendulum to estimate the length of the sea dragon ride from the bottom to the hinge point.  (T = 2(L/g)1/2)  (Time the period - it is the time for one complete cycle.  From when it is all the way to one side to when it is there again, not the time separating bottom dead centers which is 1/2 a period, then use the formula to calculate the length.) (5 pts)

B) Use the length and an estimated angle above bottom dead center to calculate how high the bottom of the ride gets off the ground. (it is L-Lcos(angle)) (5 pts)

C) Calculate the speed of the ride at the bottom using how high it gets and conservation of energy. (5 pts)

D) Calculate the centripetal acceleration at the bottom of the ride.  Convert this acceleration to "g"s  (5 pts)

E) Ride the ride with an accelerometer and measure the vertical g force at the bottom.  Is it more than one by the amount of centripetal acceleration you calculated in D)? (5 pts)

F) When does the motor drive the ride?  Why is timing important? (5 pts)

8. Scrambler

A) Frames of reference:  Take an accelerometer aboard the ride and point it to the outside of the car.  Watch it as the ride runs, and note when the reading is the highest.  When is the reading the highest?  How and why does this correlate with the position of the ride?  (5 pts)

9. Spider

A) Frames of reference:  Take an accelerometer aboard the ride and point it to the outside of the car.  Watch it as the ride runs, and note when the reading is the highest.  When is the reading the highest?  How and why does this correlate with the position of the ride?  (5 pts)

B) General:  How does the spider achieve its alluring up and down motion?  Draw a brief but complete picture of the actual mechanism responsible and explain it.  (5 pts)

10. Big Pink Slide

A) Energy  Estimate the height of the Big Pink.  Estimate your mass in Kilograms.  (Divide your weight in pounds by 2.2 to get this).  Calculate your potential energy in Joules. (5 pts)

B) Conservation of energy  What should be your velocity at the bottom of the Big Pink?  (Set PE = KE)  Do you think you are going that fast at the bottom?  Where else (besides into KE) could the energy have gone?  (10 pts)

C) Power Time how long it takes you to climb the Big Pink stairs.  Calculate your power output.  Don't run.  (5 pts)

11  Tilt-A-Whirl

A) Frames of reference:  Take an accelerometer aboard the ride and point it to the outside of the car.  Watch it as the ride runs, and note when the reading is the highest.  When is the reading the highest?  How and why does this correlate with the position of the ride?  (5 pts)

12. Go-Karts

A) Centripetal acceleration  Estimate the speed of the Go-Karts.  (divide mph by 2.238 to get m/s)  Estimate the radius of one of the corners.  What is the centripetal acceleration of the Kart around the corner?  (5 pts)

B) Friction  Guess the mass of one of the Karts and rider (or not).  Set the centripetal force equal to the force of friction.  Solve for the coefficient of friction. (5 pts)

C) Friction What kind of friction do you want when cornering?  (static, kinetic)  What will happen if you start to slide around a corner?  (5 pts)

13. Train

A) Linear Kinematics Use a measured distance and time to calculate the top velocity of the train in m/s.  Time how long it takes the train to reach top speed from rest.  Calculate its acceleration.  (10 pts)
B) Energy  Estimate the mass of the locomotive, the train and its riders. (in kg)  (Pick a representative car, count the people and multiply by 70 kg or so, and guess for the car.  add 'em all up)  Use your calculated velocity from A) to calculate the maximum kinetic energy of the train. (5 pts)

C) Dynamics  Using Newton's second law, calculate the force the tracks must exert on the train to accelerate it.  (Use the whole mass of the train for this!)  Also calculate what the coefficient of friction has to be in order for the locomotive to do this.  (The normal force would be due to the mass of only the locomotive.)  (10 pts)

 D) Power Using the kinetic energy as work and the time from A), calculate the power output of the train while it is speeding up from rest. (5 pts)

14. Tubs O' Fun

A) Centripetal acceleration: Time how many rotations you can do in one minute.  Use this and an estimated radius to calculate the centripetal acceleration of one of the Tubs.  How does this compare to your value measured by an accelerometer aboard the ride?  (5 pts)

B) Centripetal Force  Calculate the centripetal force on one of you in Newtons.  (divide your weight in pounds by 2.2 to get kg)  Convert this force to pounds.  (divide by 9.8, multiply by 2.2)  How does this compare to your weight?   (5 pts)

15. Roll-O-Plane

A) Rotational motion:  Estimate the radius of the main beam, and time the period of rotation.  Calculate the tangential velocity and the centripetal acceleration.  Convert this acceleration to "g"s (5 pts)

B) Rotational motion:  See if you can measure the difference in g force from when you are at the top of the ride (Less g force) to when you are at the bottom of the ride. (5 pts)

C) Rotational motion:  Can you measure the effect with an accelerometer of rotating the cars on their own axis?  What is it? (5 pts)

16 Carousel.

A) Centripetal Acceleration  Estimate the radius of the ride and time the period of rotation.  Calculate the tangential velocity and the centripetal acceleration.  Convert this acceleration to "g"s.  Can you measure this with your accelerometer?  (5 pts)

B) Coriolis Effect:  Ride with one of you on the inside, and the other on the outside.  Toss a paper wad back and forth.  Does it appear to curve?  Draw a picture of the ride from above, and note the direction of rotation, the direction you threw the paper wad, and the way it curves.  Show the curve throwing in, and throwing out.  (don't throw up) (10 pts) 

17. Roller Skating

A) Linear Kinematics Use a measured distance and time to calculate the top velocity of a skater in m/s.  Time how long it takes the skater to reach top speed from rest.  Calculate their acceleration.  (10 pts)
B) Energy  Estimate the mass of a skater. (in kg)  (Divide pounds by 2.2 to get kg)  Use your calculated velocity from A) to calculate the maximum kinetic energy of the skater. (5 pts)

C) Dynamics  Using Newton's second law, calculate the force the floor must exert on the skater to accelerate themselves. Also calculate what the coefficient of friction has to be in order for the skater to do this.  (5 pts)

 D) Power Using the kinetic energy as work and the time from A), calculate the power output of the skater while they are speeding up from rest. (5 pts)

18 Zoom
A) Conservation of energy:  Draw a brief but complete sketch of the ride, paying special attention to the changes in height.  Estimate the heights of low or high spots in the track, and the initial kinetic energy given the car by the lift at the beginning..  Analyze the drawing in terms of conservation of energy, calculating what the speed should be at the different high or low spots.  Do at least 5 points. (10 pts)

B) Frames of reference:  Take the accelerometer aboard the ride and note when and what the changes of vertical g force are.  Note where extreme readings occur on your sketch.  (5 pts)

C) Banked Corners:  Pick a curve on the track, and estimate its radius of curvature, and its bank angle.  Use the relationship that v2/(rg) = tan(q) to calculate the velocity it is banked for.  Is this velocity at all close to the ones you calculated in that vicinity in part A? (5 pts)

