DEPARTMENT OF MATHEMATICS

UNITED STATES NAVAL ACADEMY

Calculus I - Project 1

Tides

PURPOSE

This project has more than one purpose.  First, it illustrates that trig. functions naturally arise when studying periodic processes.  Second, in this project you will be studying an application which is of great importance to the Naval Officer.  Third, this project is designed to introduce the team to the use of Maple V.

COLLABORATION

You will be working on this project in a team.  You are to submit one report.  The work submitted for grading must be done by the team.  You may seek help from your instructor or others in the Mathematics Department.  You may discuss the project with students in other teams.  But what is submitted is to be the work of the team.  You are not allowed to copy all or part of the work of another group, either in your section or in another section.

INTRODUCTION

The rise and fall of the tides is important to anyone who pilots a ship near the shore.  High tide occurs when the Moon is either directly overhead or directly below your position on the Earth.  Low tide occurs when the Moon is near the horizon.  The difference between high and low tide is greatest during full and new Moon because the action of the Sun complements that of the Moon.  In this project you will be approximating the depth of water in Santa basin.

DETAILS OF THE PROJECT
1.  The mean or average depth of water in Santee basin is 15 feet.  The mean depth at high tide is 18 feet and at low tides is 12 feet.  If on January 1st high tide occurs at Midnight, we may approximate the depth of water by a function of the form: 




The period of the function should be 12 hours.  Find values of the constants 

 and plot the function from t=0 to 48 hours.

2.  Because the time of high and low tides is related to the position of the Moon,  the tides do not occur at the same time each day.  There is an additional factor which is related to the period of the Moon’s rotation around the Earth.  This introduces an additional term into the equation.  The depth of the water in Santee Basin is therefore better approximated by a function of the form




where 

 is the constant such that 

 has a period of 14 days.  Find a formula for 

.  Find the period of this new function.  Plot both functions from 0 to 7 days.  Also plot both approximation for each of the first 7 days.  Estimate the time of first high tide on each of the days

3.  From the newspaper, determine the time of first high tide for each of 7 consecutive days.  How does the change of the actual time of the first high tide from day to day compare with that predicted by the model in part 2?

4.  To account for the fact that the difference between the depth of water at high and low tide varies through the month we must further modify the equation.  If the difference varies from its mean by 30% then we can represent the depth by




Plot this function from 0 to 14 days.

MAPLE HINTS AND SUGGESTIONS

You will need to include both text and Maple computations in your report.  You may switch to text mode by pressing the button at the top labeled with a capitol T.  To return to computation mode, press the button labeled [>.  The font, size and positioning of text can be controlled in Maple in ways that are very similar to any word processor.  In particular, you can enter a title for a graph by centering the text over the graph and using a larger font size.

Almost all Maple input lines need to end with a semicolon.

Constants may be entered into Maple with a statement similar to 

a:=15;

The syntax for entering a function is

h1:=t->a+b*cos(k1*t);

A single function may be graphed with a statement such as

plot(h1(t),t=0..48,title=`First graph of tides`,labels=[`time in hours`,`height`]);

The title and labels portion of the plot statement may be omitted.  If a title is given, it is printed above the graph.  The labels are printed first on the horizontal and then the vertical axis.  The text is enclosed by the back quote which is at the upper left of the keyboard.

To plot two or more functions on the same graph, enclose them with [] such as 

plot([h1(t),h2(t)],t=24..48,color=[red,blue]);

Maple understands Pi to be the value 3.14159(etc.).  If you enter, pi, Maple will treat this as an unknown constant.

If you make a change in an input line, it may be necessary to go back and reenter previous statements.  You do not need to retype them, it is sufficient to put the cursor on the line and press Enter.

Once Maple has generated a graph, you may find the approximate location of a point by moving the mouse into the graph area and clicking at the point you are interested in.  The coordinates of that point will be displayed in the upper left portion of the screen.

The output of one Maple computation may be referred to in the next input by “.

To get a decimal approximation for a value you may enter

evalf(“);

Maple can solve an equation. An example of the syntax is

Solve(x^2-5=0);

PROJECT REQUIREMENTS
In general the submission should be of a quality that you would give to the Captain of your ship remembering that he or she fills out your fitness report.  The submission should include the following sections.

COVER PAGE
The first page of the report should be the cover page.  This page must be typed and include the following.

· Title

· Your names and alpha codes

· Your section number

· Your instructor’s name

· The date of submission

WRITE UP

This section is the main body of the report and contains all calculations of constants and all graphs.  Each graph should be appropriately labeled with a title line.  If more than one function is plotted, there should be clear indication of which function is which,  This can be done below the graph using text with full sentences.  It is not enough to carry out the computations.  There must be text to explain what it is that is being done and why.  As an example, if you enter k1:=(value), then there should be text explaining why this is the correct value.  In particular, you might want to refer to the book and its explanation of the period of the cosine function.  The explanation must use full sentences.

REPORT

In this section, you need to document the contributions of each member of the team.  You also need to include any outside help that your group received on this project.  Any reference materials used also need to be documented.

CONCLUSIONS

This section should contain a statement using complete sentences about the project.  It should include your estimate as to how well the functions model the tides.  If you have suggestions for better approximations, they should be included in this section.  You should include a statement about what you learned from this project.

DUE DATES AND POINTS

Your instructor will tell you when this project is due.  The project will be worth 25 points.  Your instructor will determine an appropriate penalty for late submission.  Projects that are not up to the standard required will be turned back for a second submission for reduced credit.
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