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Chapter4 » Trigonometry

Changing Tides

Depth (in meters)
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Mathematical Modeling

Sine and cosine functions can be used to model many real-life situations, includ-
ing electric currents, musical tones, radio waves, tides, sunrises, and weather
patterns.

Example 7 P Finding a Trigonometric Model @

Throughout the day, the depth of water at the end of a dock varies with the tides.
The table shows the depths (in meters) at various times during the morning.

1 (time) Midnight | 2 AM, | 4 AM. | 6 AM. | 8 aMm. | 10 AMm. Noon
y (depth) | 2.55 3.80 4.40 3.80 2.55 1.80 2.27

a. Use a trigonometric function to model this data.
b, Find the depths at 9 A.m. and 3 .M.

¢. A boat needs at least 3 meters of water to moor at the dock. During what times
in the afternoon can it safely dock?

Solution

a. Begin by graphing the data, as shown in Figure 4.47. You can use either a sine

or cosine model, Suppose you use a cosine model of the form

y =acos(bt — ¢) +d.

The amplitude is given by

1
Q= -2-[(high) — (low)] = %(4.4 - 1.8) = 1.3,
The period is
p = 2[(low time) — (high time)] = 2(10 — 4) = 12

which implies that b = 2m/p = 0.524. Because high tide occurs 4 hours after
midnight, you can conclude that ¢/b = 4, so ¢ = 2.094. Moreover, because
the average depth is 3(4.4 + 1.8) = 3.1, it follows that d = 3.1. So, you can
maodel the depth with the function

y = 1.3 cos(0.5241 — 2.094) + 3.1.

b. The depths at 9 A.M. and 3 p.M. are as follows.
y = 1.3 cos(0.524 + 9 — 2.094) + 3.1 = 1.97 meters 9 AM
y = 1.3 cos(0.524 - 15 — 2.094) + 3.1 = 4.23 meters 3 .M

¢. To find out when the depth y is at least 3 meters, you can graph the model with
the line y = 3, as shown in Figure 4.48, From the graph, it follows that the
depth is at least 3 meters between 12:54 P.M. (t = 12.9) and 7:06 BM.
(r = 19.1).






