Ferris Wheel Frenzy: Teachers Guide


This lesson is intended to reinforce students’ understanding of sine and cosine functions, in particular how the period, amplitude, and other aspects of the graphs of sine and cosine relate to the circular motion of the wheel.  Students should be familiar with transformations of the graphs of sine and cosine. The scenario presented here will require students to use what they know about the graphs to determine the height of each gondola carriage at a particular time.  

Guiding Principles
1. Active Learning: Students will work together to find a solution to a problem that requires them to seek out or select the information required, perform calculations, and evaluate their actions in the context of the problem.
2. Meaningful Applications: Students will work on an interesting application with perhaps multiple solution paths, where they will identify a mathematical function that models the situation.
3. Academic Success Skills: Students use intuition and perseverance to recognize that they can find solutions to real-life problems.

Prerequisites
1. Students should be familiar with the basic graphs of the sine and cosine functions.
2. Students should be familiar with radian measure for angles, and how to calculate the value of a trigonometric function of a radian angle on a calculator or spreadsheet.
3. Students should be familiar with transformations (vertical and horizontal shifts, stretches, and compressions).
4. Students should know how to find the period, midline, phase shift, and amplitude of a sine or cosine function from an application context.

Materials
1. Each group will need the student page and a calculator or access to a computer with spreadsheet software.

Objectives
1. Students will recognize whether to use a sine or a cosine function for a given situation. 
2. Students will gain an understanding of the period, amplitude, and phase shift of a sine or cosine function by seeing it in a real-life situation. 
3. Students will use horizontal and vertical transformations of a known function to solve a problem. 
4. Students will gain confidence by solving a complicated real-life problem involving trigonometric functions.


Teachers Guide (~45-60 minutes) 
Place students into groups of 2, 3 or 4.  
1. Slide 1: 
[image: ]
Cover Slide.  This is the Wheeler District Ferris Wheel in Oklahoma City.  
2. Slide 2: 
[image: ]
This slide gives some of the history of the wheel.  The ride was originally on the Santa Monica Pier in California, but was later purchased on eBay for $132,400, with half of the proceeds of the auction donated to the Special Olympics of Southern California. After $1 million in repairs, the Ferris wheel made its debut in Oklahoma City’s Wheeler District in 2016.






3. Slide 3:  
[image: ]
This slide sets the context of the problem. Each student should have a blank sheet of paper to take notes and do calculations.  
4. Slide 4: 
[image: ]
Have students make a list of things they need to know to solve the problem.  You may want to make a list on the chalkboard.  Students should list: the radius of the wheel, the height at the center, the height off the ground, and the turning rate of the wheel. 
A good question for discussion would be whether the height should be measured to the top or bottom of the gondola, or to the point where the gondola is connected to the frame of the wheel.
Students should discuss whether they need one formula to represent all the gondolas or a formula for each.
5. Slide 5:  
[image: ]
This slide reveals some important information, including the radius of the wheel, the lowest point on the wheel, and the number of gondola carriages. Students should notice that there is still one critical piece of information missing. 
6. Slide 6: 
[image: ]
The missing information is included in the video. Students should watch the video and determine how long it takes for the wheel to make one full turn. The Ferris wheel operator says the time for one full rotation is 54 seconds. One way to find this is to point to one carriage and measure the time it takes for the next carriage to reach the same location. It should be about 2.7 seconds. Students are likely to get slightly different answers for the period. They should decide whether to convert the period to minutes.
7. Slide 7: 
[image: ]
Encourage students to draw a graph of the function represented by gondola #1, identifying the quantities involved and their units, assigning variables to the quantities, and identifying input and output of their function.  Starting with gondola #1, the use of a cosine function is natural since most Ferris wheels have riders board at the lowest position.
Sample graph (with time in minutes and height in feet):
[image: ]

8. Slide 8: 
[image: ]
Ask students to write a formula for the relationship using function notation. It will be easiest to use a cosine function of the form  .
If so, they should find the following:
Amplitude = 45 feet, with an x-axis reflection for cosine, so A = -45.
Period = 0.9 minutes, so B =  .
No left/right shift for gondola #1, so h = 0.
Shift up 53 feet (halfway between the lowest and highest points), so k = 53.
So,  , where h is the height, in feet, at time t minutes.

9. Slide 9: 
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After students find a formula, ask them if this represents ALL the gondolas. If not, how can they change the formula to represent another gondola? How can the formula be modified to represent another carriage?

10. Slide 10:
[image: ]
This slide reiterates the question, “Which gondola(s) will win the prize?”  Students have a variety of options for solving the problem, including using a formula, a spreadsheet, or a graph. 
Here is a solution found using a phase-shift of 0.045 minutes for each additional gondola after gondola #1. (See the Excel spreadsheet “Ferris Wheel Heights.”)
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Additional discussion questions:
a. When writing a formula to represent the gondola’s height on the Ferris wheel, what part of the formula represents the radius of the wheel?
b. What part of the formula represents the height at the center of the wheel (the axle)?
c. What part of the formula is represented by the time it takes for the wheel to make one full turn?
d. Could either a sine or a cosine function be used to write a formula for the gondola’s height?  If so, how would the formula need to be changed?
e. How might the formula be different if you wrote it so that gondola 6 (or 11 or 16) instead of gondola 1 is initially at the lowest position?
f. Many Ferris wheels are not actually circular, but instead many-sided polygons. If this Ferris wheel was made with a 20-sided polygon (called an icosagon), would our work need to be adjusted?

Common Student Pitfalls
Students may have trouble finding a formula to represent the situation. Help them focus on just one of the gondolas to write the initial formula.
Students often confuse “period” with the value of “B” in the formula.
When a cosine function is shifted up or down, students often have trouble finding the midline (value for k), in particular when it is a cosine that is reflected across the x-axis. 
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The Wheeler District, located near the Oklahoma River in
Oklahoma City, debuted a new Ferris wheel in 2016.
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Radio station go.5 FM is holding
a promotion at the Wheeler
Ferris wheel, giving away $905.
After loading the Ferris wheel,
each contestant will ride for
exactly go.s minutes. Those who
stop closest to a height of go.5
feet win. Which gondola(s) wins?
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What information do
you need to know?
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Assumptions

* Wheel diameter is go feet

 Lowest point is 8 feet above the ground

* 20gondolas, evenly spaced

« Riders randomly assigned a gondola

* Height is measured from ground to gondola

« From your viewing position, the wheel turns
counterclockwise
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Play the video.
Whatis the

turning rate of
the wheel?
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Make a graph for one period of gondola #1 by plotting
the points where the carriage is lowest, highest, and
halfway between the lowest and highest points. Label
the times and heights.
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Should you use sine or cosine to represent gondola #2?

y =A4sin(B(x —h)) + k

or

y = Acos(B(x — b)) + k





image12.png
How long does it take
fora gondola to
move to the position
]
by the gondola ahead
of it?
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Which gondola will win the prize?
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