
Riding a Ferris Wheel and Transforming Functions

Launch
Suppose that a Ferris wheel with diameter 50 feet makes one complete rotation every 10 seconds and that the ride starts (the last passengers are loaded into their seats) when you are at the top of the ride.  The bottom of the Ferris wheel is 2.5 feet above the ground.  

a)  Sketch a graph of the relation between elapsed time and your height above the ground during the ride described in this situation.  Hint:  Make a table of (time, height) data at quarter intervals around the Ferris wheel.

b)  Is the graph you sketched repeating, i.e., periodic?  What functions do you know that are periodic?

c)  Does the graph you sketched have a maximum value and a minimum value? If so, what are these values?

d)  What do you predict your height above the ground would be if you were 12 seconds into the ride?

Explore
To analyze this situation, you will examine and modify the cosine function, f(x) = cos(x). By the end of this task, you will be able to answer the following questions.

How do modifications in the rule for the cosine function affect the graph?

What particular modifications of the cosine function

will produce a function that models the Ferris wheel situation?
1) To begin investigating these questions, first examine the graph of f(x) = cos(x), as follows.

· Using your calculator, construct a graph of the function f(x) = cos(x). Set the window from -10 to 10, and make sure the calculator is set for radians not degrees. Make a sketch of the result.

· Make and complete the following table:

            x      ……
-3
-2
-1
0
1
2
3
…….  



           f(x)

· Find the period of f(x), that is, the length of the smallest interval that contains a cycle of the graph.  Also, find the amplitude, that is, half the difference (maximum value – the minimum value).

2)  Graph g(x) = cos(x) + 2 and h(x) = cos(x) – 3, and create tables for g and f similar to the table you constructed for f in Problem 1. Compare these graphs and tables with those for f(x) = cos(x).    

· What effect does adding 2 or subtracting 3 have on the function cos(x)? Have the period and amplitude changed?  If so, describe.

· Consider at least one other function that you know (like a quadratic function or an exponential function or some other function of your choice). Describe the effect of adding 2 or subtracting 3 as you did above with the cosine function.  

3)  Graph j(x) = cos(x+3) and k(x) = cos(x–2), and create tables. Compare these graphs and tables with those for f(x) = cos(x). What affect does adding 3 and subtracting 2 from x have on the function cos(x)?  Have the period and amplitude changed? If so, describe.

4) Graph p(x) = 3cos(x), q(x) = ½cos(x) and s(x) = -2cos(x), and create tables. Compare these graphs and tables with those for f(x) = cos(x). What affect does the value before cos(x) have on the graph and table? Have the period and amplitude changed? If so, describe.

5) Graph m(x) = cos(2x) and n(x) = cos(1/2 x), and create tables. What seems to happen to the graph of f(x) = cos (x) when x is multiplied by 2? When x is multiplied by ½ (or divided by 2)? Discuss your findings with others in your group. Have the period and amplitude changed? If so, describe.

6)  Go back and examine the Ferris wheel situation in terms of cos(x).  What modification of the function f(x) = cos(x) models your height above the ground as a function of time?  Use your modeling function to predict your height above the ground 12 seconds into the ride.

Summarize
Report to the class your findings from 1-5 above, by answering the following general questions.

1)  What happens to the graph of f(x) = cos(x) if the function changes to cos(x) + b or cos(x) – b?

2)  What happens to the graph of f(x) = cos(x) if the function changes to cos(x + b) or cos(x – b)? 

3)  What happens to the graph of f(x) = cos(x) if the function changes to acos(x) when

a<0? When 0<a<1? When a>1?

4)  What happens to the graph of f(x) = cos(x) if the function changes to cos(cx) when 0<c<1? When c>1?

Extension

1)  Model the Ferris wheel situation with a sine function.  Compare this new model with the cosine model that you found in Problem 6 above.

2)  Suppose a Ferris wheel with diameter 50 feet makes one complete rotation every 10 seconds and that the ride starts after you are seated on the ride.  The bottom of the Ferris wheel is 2.5 feet above the ground.  Model this situation.  How does it differ from the model you chose in Problem 6?  Predict your height above the ground 12 seconds into the ride.  Discuss your findings with others in your group.
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