Gilligan and the Dangerous Mine

The following group project is to be worked on by no more than four students. You may use any materials you think may be useful in solving the problems but you may not ask anyone for help other than the people you have chosen to work with. This means you may not ask a tutor or any person other than those in your immediate group for help.

You are to type a response to the problem presented backing up your conclusions with mathematical reasoning, formulas, and solutions. Your grade will depend on how well you communicate your response as well as the accuracy of the conclusions. This project will be scored on a 24-point rubric that is attached.

Note: The Common Final Exam will have one problem of this type as a take-home project in which you will be given the same instructions.

Please sign and date here to indicate that you have read and agree to abide by the above mentioned stipulations.
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Gilligan and the Dangerous Mine

The Skipper
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Hut #1, Lower Hammock

Tropical Paradise

MAT 221 Students

Chandler-Gilbert Community College

2626 East Pecos Road

Chandler, AZ  85225

Dear Trigonometry Trainers:

Greetings from the castaways on Gilligan's Island!  As I am sure you are aware, we have become quite comfortable here on the island and we plan to stay indefinitely.  But, my little buddy Gilligan has again gotten us into a bit of trouble and our safety here on the island is in jeopardy.  Prior to our 3-hour tour, I met your enterprising and resourceful professor (who probably couldn't make a radio out of a coconut like our Professor) and he informed me that you would be available anytime we might need your expert advice.  We are in desperate need of your assistance since the Professor does not have the proper equipment to perform a very necessary procedure.  That is why we need your help!

Gilligan fished a World War II-era mine out of the lagoon and then accidentally activated its timing device.  Gilligan ran to tell Mr. Howell but he misunderstood what Gilligan meant by a mine, (his mind is always thinking about money!) and claimed half for him and urged Gilligan to keep it hush, hush.  Finally, Thurston realized what type of mine it is and has warned us all about it, but time is running out!  In fact, much panic ensued when the Professor predicted that the mine will destroy the entire island!  You see, the island is sitting on pockets of natural gas trapped beneath the earth's surface that will explode along with the bomb's detonation.  The Professor has managed to slow the timing mechanism down, but has not been able to completely deactivate it.  He says that any further alterations to the timing mechanism will surely set the bomb off!  The only way to stop the total destruction of the island is to direct sound waves from a pure note toward the timing mechanism, disrupting the timing sequence and shutting down the bomb.  This is where we need your expert help.

The Professor has determined that a sound at a frequency of XXXXMhz will stop the timing sequence in the bomb.  Tuning forks produce the perfect tone that we need to save us.  The problem is that we only have three tuning forks on the island (the Professor brought them along…hey, the Howell's brought enough clothes for 3 years, not 3 hours!).  One has a frequency of 128 Mhz, one 256 Mhz, and one 512 Mhz.  The question is, will a combination of any two, or all three of them produce the tone that is needed to stop the bomb?

Fortunately, the professor was able to put together a lab experiment for you to follow.  Since he does not have any CBL's on the island (they were not yet invented when we departed on our 3-hour tour), we would ask for your careful and meticulous carrying out the lab procedures.  Please get us the results ASAP (remember time is literally “ticking away”)!  Be sure to include in your report a verbal, graphical, numerical, as well as symbolic explanation of your results so that the Professor clearly understands your recommendations.  When you are done, give your lab report to your professor, who will in turn get the information to us via the Bird Man’s carrier pigeons. 

We appreciate your help, and, if we survive this mess, we will certainly invite you to spend some time on Gilligan's Island!

Sincerely,

The Skipper

Catch the Wave…

An Experiment Concerning the Nature of Sound

Prepared by

The Professor

Introduction

When a tuning fork vibrates, it disturbs nearby air molecules, creating regions of higher-than-normal pressure (called compressions) and regions of lower-than-normal pressure (called rarefactions).  It is possible to digitize these pressure variations using a microphone attached to a Calculator Based Laboratory (CBL) and a graphing calculator.  Your resourceful and enterprising professor will have this equipment for you to use on my behalf.  The resulting signal can then be transferred to the calculator and displayed on its screen as a sinusoidal curve.  Characteristics of the sound wave, such as its period T can be determined from this curve.  Knowing the wave's period, its frequency f is easily computed using the formula:
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In the following exercises, you collect sound data using a microphone.  This data will be used to investigate the acoustical phenomena.  Remember, we need to find a combination of tuning forks to use which produce a frequency of XXXX Mhz.

Equipment Required

· CBL

· CBL-compatible calculator with a unit-to-unit cable

· Vernier microphone/amplifier (MCA-U) with CBL DIN adapter

· Tuning forks (128 Mhz, 256 Mhz, and 512 Mhz)

· Rubber tuning fork hammer (an open palm will also work)

· TI-Graph Link (optional)

Program

Download the BEATS and SOUND programs into your calculator.

Equipment Setup Procedure

Connect the equipment by:

1. Connecting the CBL to the calculator with the unit-to-unit cable using the input-output ports located on the bottom edge of each unit.  Press the cable ends in firmly.

2. Connecting the microphone to CH1 on the top edge of the CBL.

3. Turning on the CBL and the calculator.

The CBL is now ready to receive commands from the calculator.

Experiment Procedure and Analysis - Part I


Sound experiment - single tuning fork

1. Make sure the CBL is turned on. Start the SOUND program on the calculator.  The program pauses execution and waits for you to press ENTER on the calculator.

2. Select a tuning fork.

3. Strike the tuning fork with the rubber hammer and place the vibrating fork as close as possible to the microphone.  (Do not let the fork actually touch the microphone.)

4. As soon as the tuning fork is close to the microphone, press ENTER on the calculator.

The resulting pressure versus time plot should look similar to Figure 2.  If the resulting plot is not sinusoidal, press CLEAR-ENTER on the calculator and record the sound again.  If the resulting plot has "spikes" record, press CLEAR-ENTER and record the sound again.


5.  Press TRACE and move along the pressure versus time plot.  To find 


the period T, determine the time required for several complete 


oscillations, and then divide by that number of oscillations. Record this 


value in your lab notebook.


6.  Determine the frequency of the sound wave produced by the tuning 



fork using the formula given in the introduction section and the 



calculated period from Step 5.  Record this value as f in your lab 



notebook.  How does this value compare to the frequency value 



printed on the tuning fork?  Calculate a percentage error.


7.  Press 2nd DRAW and select Option 3: Horizontal to display a horizontal 



line on the screen.  Use the arrow keys to move the line up and down 



until it aligns with the top portion of the sound wave.  The displayed y-



value gives an estimate of the wave's amplitude.  Record this value in 



your lab notebook as A.


8.  Press Y=.  Enter the equation Y = Asin(2pF(X+D)) using the values for 



A, F, and D that you found in this lab.  Press GRAPH.  How well does 



the displayed graph match the plot of position versus time that appears 



on the screen?  Try different values for the horizontal (phase) shift 



variable D until the Y= graph and the pressure versus time plot exactly 



overlap.  Copy the resulting equation into your lab notebook, using the 



numerical values for A, F, and D.  S


9.  Repeat this procedure with each tuning fork.  Record all relevant data 



in your lab book.

Experiment Procedure and Analysis - Part II
Beats Experiment

When two tones of slightly different frequencies are sounded simultaneously (as we need to defuse the bomb), the loudness of the resulting sound wave fluctuates periodically.  This phenomenon is called beats.  This portion of the activity investigates beat patterns produced using pairs of tuning forks.


1.  Make sure the CBL is turned on.  Start the BEATS program on the 



calculator.  Select two tuning forks. When prompted by the program, 



enter the tuning fork frequencies.  This allows the program to select an 



appropriate data collection rate and viewing window.  The program 



then pauses execution and waits for you to press ENTER on the 



calculator.


2.  Strike the turning forks with the rubber hammer.  Bring the tuning forks 



as close as possible to the microphone.


3.  When the tuning forks are close to the microphone, press ENTER on 



the calculator.  (It may be easier to have someone else press ENTER 



for you.)



The resulting pressure versus time plot should look similar to Figure 3.  



If you are not satisfied with your plot, press CLEAR ENTER and start 



again.  Note:  Pressure is stored in L5 and time (in seconds) is stored



in L2.

4.  Press 2nd DRAW and select Option 4: Vertical to display a vertical line on the screen.  Use the arrow keys to move the line back and forth.  Determine the time required for one complete beat pattern and record this value as the beat period Tb in your lab notebook.


5.  Determine the beat frequency of the sound wave produced by the 



tuning forks using the formula given in the introduction and the 



calculated period from Step 4.  Record this value as the beat frequency 



fb in your lab notebook.  How does this value compare to the frequency 



values printed on the tuning forks?  What do you suspect is the general 



relationship between the frequency of the beat pattern produced and 



the frequencies of the individual tones producing this pattern?


6.  Repeat this procedure at least twice, using different pairs of tuning 



forks for each trial.  Test your suspicion in Step 5.  Which two tuning 



forks should we use to halt the bomb's timing sequence? 

Checklist for Your Writing Project

Directions:

· Please attach this page with a paper-clip to your writing assignment when you turn it 



in.

· This list will be used to grade your assignment, and will be returned to you with 



comments.

· Please feel free to use this checklist as a guide for yourself while writing the 



assignment.

Does this paper:

1.   Clearly summarize the problem to be solved?

2.   Provide a paragraph which explains how the problem will be approached?

3.   State the answer in a few complete sentences which stand on their own?

4.   Give a precise and well-organized explanation of how the answer was found,  


  including:

· algebraic support

· graphical support

· numerical support


  as appropriate?

5.   Clearly label diagrams, tables, graphs, or other visual representations of the    


  math?

6.   Define all variables, terminology, and notation used?

7.   Clearly state the assumptions which underlie the formulas and theorems, and 



explain how each formula or theorem is derived, or where it can be found?

8.   Give acknowledgment where it is due?

9.   Use correct spelling, grammar, and punctuation?

10.  Contain correct mathematics?

11.  Solve the problem(s) that were originally asked?

Instructor Comments:

Your group’s score out of 50 points is _____________.
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