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The carriage on the Starblaster weighs about 8 KN.  If it takes about 1 second to get up to about 8 m/s from 
rest.  What is the force supplied by the pneumatics?  First find acceleration and don’t forget weight.

When on the Starblaster, on the way down you may ex-
perience the feeling of weightlessness.  Weightlessness 
occurs when what is no longer present?

In order to achieve weightlessness, how fast does the 
carriage have to accelerate downward?

Draw two free body diagrams.  The first of yourself 
while the starblaster is both accelerating and the second 
when decelerating.  Remember you have a seat belt.

BONUS: What are the max. and min. g values attained 
during the ride?  Assume m=70kg

Starblaster
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REAL Engineering
A truss is a series of beams that are joined together in order to support something.  You’ve seen trusses 
before in the Yankee Cannonball Roller Coaster and now…the Starblaster.  Because a truss follows the 
principles of equilibrium, at a joint, all the forces in the beams must cancel each other out.  For example:

At the joint, consider some hypothetical forces in an isolated view

					     Some forces point toward or away from the joint
					     depending on whether they are in compression
					     (squeezing the ends) or tension (pulling them).

Example

					     If you have these values, find the third force.

Look at the truss of the Starblaster and think about the different forces in the beams and how they might 
cancel each other out.

The truss looks like this:

	

		
						      Hint: Look at one force at a time.
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The Giant Sky Wheel
Measure how many seconds it takes for one complete 
revolution.  What is this called?  Calculate the fre-
quency.

Why does the conservation of energy theorem not 
apply to a Ferris wheel?

How many revolutions would it take for the wheel 
to roll down to Boston’s Logan Airport (about 30 
miles)?

Using the angular acceleration in problem 2 and as-
suming that the deceleration is the same, and knowing 
the angular velocity, calculate the radial and linear distance covered in a 130 second ride.

Why does the conservation of energy theorem not apply to a Ferris wheel?

Find the diameter of the wheel using trig (with baseline).

Calculate linear velocity and centripetal acceleration.

How fast would you have to go to “float” at the top?  Find the linear answer.
BONUS: Find the radial answer.

BONUS: Compute the tangential velocity of a rider.  R=22m

BONUS: Compute the angular acceleration if it takes the wheel 4 seconds to get up to 
speed.
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What is the main physical concept that keeps the log flume moving?

a) Gravity
b) Constant collisions between the water and the car
c) Centripetal Force
d) Acceleration

How fast should you be going at the bottom of the first hill? H=12m with no friction.

Observe how long it takes for the flume to go from its speed at the bottom of the hill (about 12 m/s) to 
equaling the speed of the water current (about 2 m/s).  Find the impulse of the water on the log m ≈ 600kg.

Policy Pond Log Flume
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Turkish Twist
It takes about 10 seconds for the Turkish Twist to get up to max speed.  If the max speed is 9.5 m/s, calcu-
late the revolutions the twist went through during its acceleration.  R=3m

Calculate the frequency of the twist.

Calculate the centripetal acceleration at full speed.

Calculate the tangential acceleration.

Calculate the resultant acceleration.

Draw a free body diagram of a rider while the ride is stopped.

Draw a free body diagram of a rider while the ride is in motion.

Calculate the speed needed for the floor to drop and the rider to remain pressed on the wall.  Find m/s and 
RPM’s.  μ =0.4

At top speed, how many g’s will a rider of standard mass have?  (v=9.5 m/s, r=3m)
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The Antique Carousel
If a rider doubles their distance from the center, how is their velocity affected?

a) It is halved
b) It doubles
c) Velocity is not affected

If a rider doubles their distance from the center, how is their centripetal acceleration affected?

a) It is halved
b) It is doubled
c) Centripetal Acceleration is not affected

How might the efficiency of the carousel be increased without altering the motor?

a) Increase the radius of the platform
b) Decrease the radius of the platform
c) Elevate the platform

If the motor stops and the guest wants to enjoy their ride as long as possible, should they move to the center 
or the outer edge?  Why?  What is the relationship?

A rider of standard mass is placed on the floor of the carousel.  If the carousel accelerates uniformly from 
the rest position, at what speed will they slide off the edge?  r=6m, (IMAGE) =0.30
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daVinci’s Dream
daVinci’s Dream is a wave swinger ride typically known as a “flying carousel”.  This ride acts just as a 
carousel would, except the top of the ride elevates, tilts and spins in the opposite direction of the center 
superstructure.  How will this affect your ride?

As the ride begins and the top begins to spin, what 
happens to the seats?

a) They flare outward
b) They flare inward
c) They remain still

Draw a free body diagram of the seat while the ride 
is in motion.

Draw the connection between the cable and the turning apparatus.

Using your free body diagram in problem 3, derive an equation for velocity.

Now that you have an equation for the velocity and you’ve experienced the velocity difference at high and 
low points, estimate the cause of the velocity difference.

Does the mass of the rider matter as far as speed goes?

Determine the tension in the chains that suspend the chair when a rider of standard mass is riding before 
the top tilts.  The chains make a 20 degree angle with the center line.  r=4, f=0.2Hz, there are two chains 
per chair.



Copyright Canobie Lake Park 2012 25

The Dodgems
In order to be a dominant car, what are the two ways to increase momentum?  Why?

The bumper cars are good illustrations of what type of collision?  What part of the car is specifically de-
signed for this type of collision?

If you drive into a wall at 5 m/s, rebound at 1 m/s, and make contact with the wall for 0.15 s, what force did 
the wall exert on the car?  M (IMAGE) = 220kg

A bumper car with a mass of 220kg going 6 m/s collides with a stationary bumper car also with a mass of 
220 kg.    After the collision, car #1 goes off in a 37-degree angle to the left while car #2 goes off at a 53-
degree angle to the right.  What are the speeds of both cars after the collision?

A car with a mass of 220kg moves at 7 m/s.  How long will a braking force of 400 N take to stop the car?

Why would the rubber bumpers be warm 
after a collision?
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When it first starts up, the Wipeout can be modeled as 2 horizontal disks, one atop the other.  The up-
per disk rotates clockwise at 20.0 RPM and the lower disk rotates counterclockwise at 10.0 RPM as 
shown in the sketch on the right.  

1.  Calculate the net angular speed of the upper disk, ω, in relation to the ground (i.e. in the reference 
frame of the amusement park).  Give your answer in rotations/second. 
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2.  The centripetal acceleration felt by a rider in the above situation can be expressed as follows:
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Calculate the centripetal acceleration over a range of radii using this relationship and the net angular 
speed from Part 1.  Summarize your results in the following table. What is the direction of the accel-
eration in each case?

	

Wipeout

	 Radius	         Centripetal Acceleration
				    0.0 m	
				    1.0 m	
				    2.0 m	
				    3.0 m	
				    4.0 m	
				    5.0 m	
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3.	 Plot the centripetal acceleration (y-axis) vs. radius (x-axis).

	

							     
							     
				  

Referring to the graph, describe the mathematical relationship between circular radius and accelera-
tion.

Use the graph to determine the centripetal acceleration you would experience if you were sitting 4.5 m 
from the center of rotation.  Then, calculate the g’s you would feel. 
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1.  	 While on the ride you may notice that at certain times it appears that you are      		
	 momentarily at rest in the Reference Frame of the Amusement Park. How can this 		
	 be?

2. 	 Neglecting any Energy Dissipation (due to friction, air resistance, etc) what should 		
	 be the linear speed of the Skateboard’s center of mass as it rolls through the bottom 	
	 of the arch in order for it to come to rest at a point 11.0 meters higher? [14.7 m/s]

3.  	 Using the linear speed you determined above, calculate how high the Skateboard 		
	 would go if 5% of its energy were dissipated between the lowest point and 			 
	 the highest point. [10.5 meters]

4.  	 In which row of seats would a rider experience the greatest tangential speed?  Ex		
	 plain your answer or justify mathematically.

5.  	 The maximum angular speed of the spinning skateboard is 14.0 RPM’s.  A 55.0 kg 		
	 rider in the outermost row sits with a bathroom scale between her back and 			 
	 the back of her seat.  She is 4 meters from the center of the rotating skateboard.  

	 a.	 Draw a Free Body Diagram of the rider when the Skateboard is at its lowest 		
		  point.  
			 
	 b.	 What is the reading on the scale given in Newtons? [12N]

The Skater
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1.  	 The support arm that connects the center of the Frisbee with the axel above is 14.6 	
	 meters long.  The maximum angle the support arm makes with the vertical is 	
	 85.0o.  Calculate the maximum height of the Frisbee’s center. [13.3 meters]

2.  	 Neglecting any Energy Dissipation (due to friction, air resistance, etc) what should 	
	 be the maximum linear speed of the Frisbee’s center of mass as it passes through 	
	 the bottom of its trajectory? [16.2 m/s]

3.  	 The Frisbee rotates at 15 RPM’s.  A rider sits 4.00 meters from the center of the 	
	 rotating Frisbee.  What is his tangential speed? [1 m/s]

4.  	 In the below diagram, the Frisbee is passing through its lowest point with the linear 	
	 speed (vl) you calculated in part 2.  The Frisbee is also rotating at 15 RPM as in 	
	 part 3.  Determine the total velocity (both magnitude and direction) of riders B and 	
	 D relative to the ground (i.e. in the reference frame of the Amusement Park).  [B: 	
	 15.2 m/s at 90 degrees, D: 17.2 m/s at 90 degrees]

 

vl 

                A 
 
 
  D                         B 
 
 
                C 

15 RP M 

Y 
 
           X  

Xtreme Frisbee
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The Castaway Island attraction uses a 25 hp electric motor to drive a pump that delivers 
264,000 gallons of water each hour.  From the pump, the water passes through a 10-inch 
diameter pipe.

1.	 What is the speed on the water as it passes through the 10-inch diameter pipe?  Ex	
	 press your answer in m/s.  A useful conversion factor is 2.54 cm = 1 inch.

2.	 Calculate the electrical power requirement in watts.

3.	 Calculate the flow rate in cubic meters per second (m3/s).  There are 264 gallons 	
	 per cubic meter.

4.	 Assume that the efficiency of the pump/motor combination is 80%.  Calculate the 	
	 rate at which the pump is capable of doing work on the water.

5.	 Based on the work done on the water, how high up does the water get pumped?

Castaway Island


