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Physics Fun Day 
Welcome to 6FM (Six Flags Magic Mountain)! Our existence and continued success depends on our being able to devise rides where you can safely experience as many different accelerations as possible. (Very few people would be interested in a ride that moved in a straight line at a constant speed.) At 6FMyou will have the opportunity to experience some of the most thrilling and unique methods of being accelerated available in any modern theme park.
Included in the following pages are questions and problems concerning the physics involved in our rides. We hope you will take the opportunity to apply the math and science you have learned in the classroom to a real world situation while having fun. While you are making the observations and taking measurements, we would appreciate it if you would observe the following rules to insure your safety and the safety of others. Your activities must in no way interfere with the operation of any ride or interfere with a park employee’s job

· Stay in public access areas at all times

· Follow all park rules

· Follow the directions of any park employee

· Show proper respect to other park guests
Useful Formulas:





KE  = 1/2 mv2


a = vf -  vi /t
PE  = mgh


P= w/t
v = d/t



w= F× d
g = 10 m/s2 


J = kg × m2/s2

v = 2(r / T


free fall: d =1/2gt2
v = gt                                      F=ma
ac  = v2/r




T = 2( (L/g)1/2

p=mv





 
Height (H) = {[sin(1 sin (2 / (sin((1 - (2) ] × D} + observer’s height
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Measurement Suggestions:

To find distances use string knotted at known intervals, cloth measuring tapes or your known pace length.

To find heights you will measure the angles from your eye to the height at two locations in line of sight along a measured distance between the two angles. Have someone help you read the angle on the inclinometer because very slight errors in reading angles cause major errors in calculations. 

When measuring speeds find a location that parallels the tracks and take several readings to find the average value.

When using accelerometers, be sure to have them secured around your wrist so there is no possibility that they may come loose to hurt yourself or others.  A lift is the portion of the tract where the ride is “pulled” to a height from which it “falls”.

The Buccaneer
OBJECTIVE # 1
Assuming total mechanical energy is conserved; calculate the speed of the ship at the bottom of its swig. Use this speed to estimate the ship’s acceleration at the bottom of the swing and compare it with a direct measurement of the acceleration.

DISCUSSION:
Estimate or measure using triangular methods the change in height of a point on the ship during one fourth of a swing. Estimate or measure the radius of rotation of the ship. Using a spring scale and mass, ride the ship and measure the apparent weight of the mass at the bottom of the swing.

APPARATUS NEEDED: Accelerometer, inclinometer.
1. Using an accelerometer, measure the centripetal acceleration experienced at the bottom of the arc of the Dragon Swing.
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2. Estimate the length of the pendulum “arm” or “radius of the rotation of the ship” (in meters).
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3. Assuming mechanical energy is conserved, calculate the speed of the ship at the bottom of the swing.
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4. Using the centripetal acceleration (using v and r) calculate the theoretical acceleration at the bottom of the swing.
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5. Compare the measured acceleration from question #1 and the theoretical acceleration from question # 4 and explain the difference.
OBJECTIVE #2:
To determine the frequency and period of oscillation, assuming pendulum motion, by direct measurement. Verify the results by calculation.

DISCUSSION:
Use a stopwatch to measure several complete cycles. Use the estimated measurements to calculate frequency.
APPARATUS NEEDED: Stopwatch

DATA:






Results:
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Time:
sec                           Frequency:                    Hertz


Period:                        sec

Verify using T = = 2( (L/g)1/2
Calculated g (m/s2)

Objective# 1
To determine your average speed when riding NINJA from distance and time measurements.

DISCUSSION:
Six Flags lists the total length of the NINJA track as 2,700 feet or about 820 meters. You can calculate the average speed of this ride once you know the total ride time (from dispatch to return).

APPARATUS: Stopwatch

DATA:
Total ride time (t) =
seconds

Average speed of Ninja (820 ÷ t) =
m/s (note: 60 mph = 88 feet/sec = 26.8 m/s)

Is this what you expected? What factors lead to this speed? Does the average speed really represent the true speed of this ride? Could you suggest another method to find the true average speed?

OBJECTIVE #2:
To estimate the speed of NINJA as it rounds the curve at the lowest point along the track.

DISCUSSION:
At the lowest point along the track, NINJA rounds a circular section of track just above the JET STREAM pond. If the length of the train and the time for it to pass a fixed point are known, the speed can be estimated.

APPARATUS: Stopwatch

DATA:
Length of NIN JA train = 17.5 meters


Time for train to pass a fixed point =
seconds

Train speed =
m/s =
mph

Objective # 3
To calculate the centripetal acceleration of NINJA as it rounds the curve at the lowest point along the track

DISCUSSION :
At the lowest point along the track NINJA rounds a circular section of track just above the JET STREAM pond. If the speed of NINJA along this curve and the radius of the curve is known, an estimate of its centripetal acceleration can be calculated.

APPARATUS: Stopwatch

DATA:
Speed (from NINJA #2) =
m/s

Radius of curve = 13 meters (as supplied by Six Flags)
RESULTS: Centripetal acceleration=
                          m/s2 ;
                         x g


Objective# 1

To calculate the average speed of the BATMAN train as it travels up the first incline.

DISCUSSION:
If the distance (d) from the bottom to the top of the first incline and the time (t) required for the train to move this distance are known, the average speed can be found using Vavg=d/t. The time (t) can be found with

a stopwatch. To estimate d, notice that along the incline there is a stairway and handrail supports, bottom to top and count the number of steps between these supports. This will give the total number of steps bottom to top. Using the fact that the height of each step is 0.18 meters, a value of the vertical height (h) can be found. Measure the angle ( with a protractor/inclinometer.  Knowing h and d can be determined from d = h/sin(. 
APPARATUS: Stopwatch, protractor/inclinometer

DATA:
t =
sec.;   ( =
°; h =
m; d =
m

RESULTS:
vavg = d/t = (
) ÷ (
) =
m/s

OBJECTIVE #2:
To determine the increase in gravitational potential energy as the train moves from the bottom to the top of the first incline.

DISCUSSION:
If the total loaded mass of the train is given and the vertical height (h) of the first incline are known, the potential energy gained as the train moves up the first incline is given by (PE = M Totalgh. To find MTotal count the number of seats on the BATMAN train. The mass of the unloaded train is given by Six Flags as 9,440 kg. Assuming each seat to be occupied by a standard 60 kg physics student, a rough estimate of MTotal  can be calculated. The height (h) can be found using the method described in BATMAN #1.

APPARATUS: Protractor/inclinometer

DATA:
(=
°; h =
m; # of passengers/train =


Mtotal = M
+ (
) (6 0 kg) = 9,440 kg +
kg  =
kg

train



RESULTS:
PE = M totalgh = (
) (
) (
) =
Joules

OBJECTIVE #3:
Estimate the minimum horsepower motor needed to pull a fully loaded BATMAN train up the first hill.

DISCUSSION:

If the change in potential energy PE of the loaded train as it ascends the first incline and the time (t) to ascend is known, the power needed to pull the train up the incline can be found from Power = PE/t. Measure t and find PE using the method described in BATMAN #2.

APPARATUS: Stopwatch and protractor/inclinator

DATA:


Mtotal = MTrain
+ (
) (60 kg) = 9,440 kg +
kg  =
kg

h =
m; ( 
°; t =
seconds

RESULTS:
Power = (PE = M totalgh =(
) (
) (
) =
watts

                           t             t
(
)

1 horsepower = 750 watts. Therefore, Power =
horsepower. This is the minimum hp rating of the motor needed to pull a fully loaded BATMAN train up the first incline IF there are no energy losses due to friction. The design engineers would, of course, choose a motor having a power rating larger than what you have found to compensate for friction losses that do occur. Six Flags says the motor used has a power rating of 190 horsepower. Is your value reasonable?

a = ________m/sec2





L = ________ m





v = ________m/sec





a = ________m/sec2
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