DEPARTMENT OF MATHEMATICS

UNITED STATES NAVAL ACADEMY

Calculus I - Project 3

Landing an AVT

PURPOSE

This project is to determine the best place to land an AVT in order to reach a point on the coast a certain distance from the closest land fall.

COLLABORATION

You will be working on this project in a team.  You are to submit one report for the team.  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

You are the commanding officer in an AVT.  Your current position is 5 Nautical miles off the coast of enemy held territory.  Your orders are to attack a railway station which is 10 Nautical miles East along the coast from the closest point of land.  Your AVT can travel 7 knots on water and 14 knots on land.  You are to attack this station in the shortest amount of time.  See the diagram below.




DETAILS OF THE PROJECT
1.  Set up a formula for the time, T, to reach the station as a function of the distance from the closest point, p, to the landing point(x).  Plot this function, T, for x in the interval (0,10).  Estimate the value of x which minimizes the total time.   Solve using the derivative to determine the find the value of x that will minimize the time needed to reach the station.

2.  Repeat the process for the distance to the station being 5 Nautical miles and 2 Nautical miles.  What do you notice about the best place to land in these problems?

3.  Now solve the problem in general.  Let the speed on water be Vw, the speed on land be Vl, the distance from the shore be a and the distance up the shore be b.

4.  Express 

 as a function of x.  Use this to find an angle which will minimize the time needed to reach the station.  What constants does this angle depend on?

MAPLE HINTS AND SUGGESTIONS

You will need to take the derivative of the function which gives you the time to reach the station.  The syntax for this is 

diff(f(x),x);

Then you will need to solve the derivative.  You can do this with

solve(“);

You can use copy and paste to avoid typing in the same thing three times.
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.  These 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 and all graphs.  Each graph should be appropriately labeled with a title line  You should include both the graphical estimate of the optimal value of x and the analytical solution using the derivative.  The time needs to be converted to hours, minutes, and seconds.  Include text to indicate what is being done.

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 needs to contain general conclusions about the project.  These include a general strategy to reach the station in the minimum time for the speeds given.  You need to also provide general conclusions about the optimal angle to minimize the time.

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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