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            Modeling Sinusoidal Functions Objective Given a verbal description of a period phenomenon, write an equation using sine or cosine functions and use the equation as a mathematical model to make predictions and interpretations about the real world. Example: Waterwheel Problem: Suppose that a waterwheel rotates at 6 evolutions per minute (rpm). Two seconds after you start a stopwatch, point P on the rim of the wheel is at its greatest height, d = 13 ft, above the surface of the water. The center of the waterwheel is 6 ft above the surface. a. Sketch the graph of d as a function of t, in seconds, since you started the stopwatch. b. Assuming that d is a sinusoidal function of t, write a particular equation. Confirm by graphing that your equation gives the graph you sketched in part a. c. How high above or below the water’s surface will P be at time t = 17.5 sec? At that time, will it be going up or down? d. At what dime t was point P first emerging from the water? 1. Steamboat Problem: Mark Twain sat on the deck of a river steamboat. As the paddle wheel turned, a point on the paddle blade moved so that its distance, d from the water’s surface was a sinusoidal function of time. When Twain’s stopwatch read 4 sec, the point was at its highest, 16 ft above the water’s surface. The wheel’s diameter was 18 ft, and it completed a revolution every 10 sec. a. Sketch the graph of the sinusoid. b. What is the lowest the point goies? Why is it reasonable for this value to be negative? c. Find a particular equation for distance as a function of time. d. How far above the surface was the point when Mark’s stopwatch read 17 sec? e. What is the first positive value of t at which the point was at the water’s surface? At that time, was the point going into or coming out of the water? How can you tell? f. “Mark Twain” is a pen name used by Samuel Clemens. What is th eorigin of theat pen name? Give the resource of your information. 2. Fox Population Problem: Naturalists find that populations of some kinds of predatory animals vary periodically with time. Assume that the population of foxes in a certain forest varies sinusoidally with time. Records started being kept at time t = 0 years. A minimum number of 200 foxes appeared when t = 2.9 years. The next maximum, 800 foxes occurred at t = 5.1 years. a. Sketch the graph of this sinusoid. b. Find a particular equation expressing the number of foxes as a function of time. c. Predict the fox populatin when t = 7, 8, 9, and 10 years. d. Foxes are declard an endangered species when their population drops below 300. Between what two nonnegative values of t were the foxes first endangered? e. Show on your graph in part a that your answer to pard d is correct. Water Surface Waterwheel Rotation P 7 ft 6 ft d 
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Modeling Sinusoidal Functions
 Objective Given a verbal description of a period phenomenon, write an equation using sine or cosine functions and use the equation as a mathematical model to make predictions and interpretations about the real world.
 Example: Waterwheel Problem: Suppose that a waterwheel rotates at 6 evolutions per minute (rpm). Two seconds
 after you start a stopwatch, point P on the rim of the wheel is at its greatest height, d = 13 ft, above the surface of the water. The center of the waterwheel is 6 ft above the surface.
 a. Sketch the graph of d as a function of t, in seconds, since you started the stopwatch. b. Assuming that d is a sinusoidal function of t, write a particular equation. Confirm by graphing that
 your equation gives the graph you sketched in part a. c. How high above or below the water’s surface will P be at time t = 17.5 sec? At that time, will it be
 going up or down? d. At what dime t was point P first emerging from the water?
 1. Steamboat Problem: Mark Twain sat on the deck of a river steamboat. As the paddle wheel turned, a point on the paddle blade moved so that its distance, d from the water’s surface was a sinusoidal function of time. When Twain’s stopwatch read 4 sec, the point was at its highest, 16 ft above the water’s surface. The wheel’s diameter was 18 ft, and it completed a revolution every 10 sec.
 a. Sketch the graph of the sinusoid. b. What is the lowest the point goies? Why is it reasonable for this value to be negative? c. Find a particular equation for distance as a function of time. d. How far above the surface was the point when Mark’s stopwatch read 17 sec? e. What is the first positive value of t at which the point was at the water’s surface? At that time, was the point
 going into or coming out of the water? How can you tell? f. “Mark Twain” is a pen name used by Samuel Clemens. What is th eorigin of theat pen name? Give the
 resource of your information.
 2. Fox Population Problem: Naturalists find that populations of some kinds of predatory animals vary periodically with time. Assume that the population of foxes in a certain forest varies sinusoidally with time. Records started being kept at time t = 0 years. A minimum number of 200 foxes appeared when t = 2.9 years. The next maximum, 800 foxes occurred at t = 5.1 years.
 a. Sketch the graph of this sinusoid. b. Find a particular equation expressing the number of foxes as a function of time. c. Predict the fox populatin when t = 7, 8, 9, and 10 years. d. Foxes are declard an endangered species when their population drops below 300. Between what two
 nonnegative values of t were the foxes first endangered? e. Show on your graph in part a that your answer to pard d is correct.
 Water Surface
 Waterwheel Rotation
 P 7 ft
 6 ft
 d
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3. Pebble in the Tire Problem: As you stop your car at a traffic light, a pebble becomes wedged between the tire treads. When you are moving again, the distance between the pebble and the pavement varies sinusoidally with the distance you have gone. The period is the circumference of the tire. Assume that the diameter of the tire is 24 in.
 a. Sketch the graph of this sinusoidal funciton. b. Find a particular equation for the function. (It is possible to get an equation with zero phase displacement). c. What is the pebble’s distance from the pavement when you have gone 15 in? d. What are the first two distances you have gone when the pebble is 11 in. from the pavement?
 4. Ebb and Flow Problem: On a particular Labor Day, the high tide in southern California occurs at 7:12 am. At that
 time you measure the water at the end of the Santa Monica Pier to be 11 ft. deep. At 1:24 pm it is low tide, and you measure the water to be only 7 ft deep. Assume the depth of the water is a sinusoidal function of time with a period of ½ a lunar day, which is about 12 h 24 m.
 a. At what time on that Labor Day does the first low tide occur? b. What was the approximate depth of the water at 4:00 am and at 9:00 pm? c. What is the first time on that Labor Day that the water is 9 ft deep? At what time will it be 9 ft again?
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5. Bouncing Spring Problem: A weight attached to the end of a long spring is bouncing up
 and down. As it bounces, its distance from the floor varies sinusoidally with time. Start a stopwatch. When the stopwatch reads 0.3 sec, the weight first reaches a high point 60 cm above the floor. The next low point, 40 cm above the floor, occurs at 1.8 sec.
 a. Sketch the graph of this sinusoidal function. b. Find a particular equation for the disgance from the floor as a function of time. c. What is the distance from the floor when the stopwatch reads 17.2 sec? d. What was the distance from the floor when you starated the stopwatch? e. What is the first positive value of time when the weight is 59 cm above the floor?
 6. Rope Swith Problem: Zoey is at summer camp. One day she is swinging on a rope tied to a tree branch, going back and forth alternately over land and water. Nathan starts a stopwatch. When t = 2 seconds, Zoey is at one end of her swing, y = -23 feet from the river bank. When x = 5 seconds, she is then at the other end of her swing, y = 17 feet from the riverbank. Assume that while she is swinging, y varies sinusoidally with x.
 a. Sketch the graph of y versus x and write the particular equation.
 b. Find y when x = 13.2 sec. Was Zoey over land or over water at this time?
 c. Find the first positive time when Zoey was directly over the river bandk (y = 0). d. Zoey lets go of the rope and splashes into the water. What is the value of y for the end of the rope when it
 comes to rest? What part of the mathematical model tells you this?
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7. Roller Coaster Problem 1: A theme park is building a portion of a roller coaster track in the shape of a sinusoid. You
 have been hired to calculate the lengths of the horizontal and vertical support beams to use. a. The high and low points of the track are separated by 50 m
 horizontally and 30 m below the ground. Let y be the distance (in meters) a point on the track is above the ground. Let x be the horizontal distance (in meters) a point on the track is from the high point. Find a particular equation for y as a function of x.
 b. The vertical support beams are spaced 2 m apart, starting at the high point and ending just before the track goes below ground. Make a table of values of the lengths of the beams.
 c. The horizontal beams are spaced 2 m apart, starting at ground level and ending jst below the high point. Make a table of values of horizontal beams.
 d. The builder must know how much support beam material to order. In the most time-efficient way, find the total length of the vertical beams and the total length of the horizontal beams.
 8. Buried Treasure Problem: Suppose you seek a treasure that is buried in the side of a mountain. The mountain range has a sinusoidal vertical cross section. The valley to the left is filled with water to a depth of 50 m, and the top of the mountain is 150 m above the water level. You set up an x-axis at the water level and a y-axis 200 m to the right of the deepest part of the water. The top of the
 mountsin is x = 400 m. a. Find a particular equation expressing y for points on the surface of the mountain as a function of x. b. Show algebraically that the sinusoid in part a contains the origin (0, 0). c. Treasure is located beneath the surface at the pint (130, 40), as shown in the figure above. Which would be a
 shorter way to dig to the treasure, a horizontal tunnel or a vertical tunnel? Show your work.
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9. Shock-Felt-Round-the-World Problem: Suppose that one day all 200+ million people in the United States climb up on
 tables. At time t = 0 they all jump off. The resulting shock wave starts the earth vibrating at its fundamental period of 54 minutes. The surface first moves down from its normal position and then moves up an equal distance above its normal position. Assume that the amplitude is 50 m.
 a. Sketch the graph of displacement of the surface from its normal position as a funciton of time elapsed since the people jumped.
 b. At what time will the surface be its farthest above normal position? c. Find a particular equation expressing displacement above normal position as a function of time since the
 jump. d. What is the displacement when t = 21? e. What are the first three positive times at which the displacement is -37m?
 10. Sunrise Problem: Assume that the time of sunrise varies sinusoidally with the day of the year. Let t be the time of
 sunrise. Let d be the day of the year, starting with d = 1 on January 1. a. On the Internet or from an almanac, find for your location the time of sunrise on the longest day of the year,
 June 21, and on the shortest day of the year, Dcember 21. The pahse displacement for cosine will be the value of d at which the Sun rises the latest. Use the information to fina a particular equaion for time of sunrise as a function of the day number.
 b. Calculate the time of sunrise today at the location used for the equation in part a. Compare the answer to your data source.
 c. What is the time of sunrise on your birthday, which is ________________, taking daylight saving time into account, if necessary?
 d. In the northern hemisphere, Earth moves faster in wintertime, when it is closer to the Sun and slower in summertime, when it is farther from the Sun. As a result, the actual high point of the sinusoid occurs later than predicted, and the actual low point occurs earlier than predicted. A representation of the actual graph can be plotted by utting in a phase displacement that varies. See if you can duplicate the graph on your calculator. Is the modified graph a better fit for the actual sunrise data for the locality in part a?
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