SOUTH CAROLINA STUDIES


Unit 6; Day 2
THEME = PIRATES OF THE COASTAL ZONE                                  MATH  –  PRE-ALGEBRA
LESSON TITLE: Mathematical Modeling of a Pirate’s World
OBJECTIVES: Students will be able to use proportional expressions and formulae to solve problems.
PRIMARY STANDARDS ADDRESSED: Math 8th - A.II.A.1; A.II.C.1; N.III.D.2  
PRIOR SKILLS REQUIRED: ability to set up proportional expressions; ability to solve simple equation
TEACHER BACKGROUND INFO:   

LOGISTICS: 1 @ 50-minute class – teacher-led discussion and seatwork – students in cooperative groups
MATERIALS:  Student Work Sheet; South Carolina State Base Map (SC MAPS) 
PROCEDURES:

   1. Review concepts of proportionality as needed.  Be sure students know how to set up a proportional expression and solve for the unknown value. 

   2. Briefly introduce the setting for the problem they are about to solve.  “A pirate ship under command of Calico Jack Rackham was planning a bold attack at dusk on a British ship docked in Georgetown, South Carolina in 1720.  Following the raid, the pirate ship planned to head south along the coast to the pirate hideout on Folly Beach Island, southwest of Charles Towne.  The weather was clear and the pirates planned to use the bright moonlight to find their way back to Folly Island.  At dusk, the time of the raid, the moon was directly overhead Georgetown harbor.  The success of the mission depended on the pirate ship reaching Folly Island before the moon set that night.  If they didn’t make it back by then, the pirates would probably run aground on a sand bar, or miss the island completely.  Fortunately, Calico Jack, on a previous raid, had pressed into service a mathematician (as all smart pirate ships did).  So the captain gave the mathematician, nicknamed “Computational Chris”, the job of determining whether the pirates could complete the raid and still have time to get back to Folly Island before the moon set that night.”  Hold up a map of South Carolina and show the class the route the pirates will have to take.
   3. Divide students into cooperative groups, hand out the Student Work Sheet, and tell the groups to figure out whether the pirates will be able to complete their mission in time.  Assign optional problems at end of Work Sheet if time permits.  Groups should be prepared to report their results to the class along with an explanation of how they arrived at their answer.  Make sure that students know there is additional information (that they will need to solve the problem) included on the Student Work Sheet. 

   4. Summarize results in a group discussion.  Select several groups to report their results and analyze the problem solving strategies that were used. 
SAMPLE CULMINATING ASSESSMENT:   
   - Test question:  “If it takes 6 hours for the moon to move from overhead to the horizon (moon set); how long will it take the moon to move from its rising position to its setting position?” 
   - Test question:  “Use the formula “d = r x t” to determine how long it will take a ship traveling at 10 miles per hour to reach a destination 100 miles away. 
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STUDENT  WORK  SHEET

LESSON TITLE: Mathematical Modeling of a Pirate’s World
PART I – Modeling the Apparent Path of the Moon  Calculate the rate of apparent lunar motion (how fast the moon appears to move in the sky) by solving a set of proportionality problems.
1.  Start with the moon directly overhead (actually, the moon will never be directly overhead at any point in South Carolina – but we’ll pretend it is to make the calculations easier), determine approximately how many hours it takes for the earth to turn far enough for the moon to set, or disappear beneath the western horizon (hint – approximately how many hours will it take for the earth to turn far enough so the moon is once again directly overhead – on the next day?).  Draw a diagram of the earth-moon system and use this diagram to set up and solve the proportionality problem.
          TIME (in hours) FOR EARTH TO TURN FAR ENOUGH SO MOON SETS IN WEST = __________  
2.  In one day, the earth makes one complete rotation so that the moon is once again overhead at the same spot around noon (actually, because the moon is also moving, it takes about 50 minutes longer than one day for the moon to appear in the same spot – but that’s an added complication we don’t have to deal with right now, because we’re only approximating).  During that time (one day), the moon appears to move along the entire circumference of the earth, approximately 24,000 miles  (the actual distance the moon appears to travel varies slightly by latitude and season, but we’ll use 24,000 miles because we’re only approximating).  Use your diagram from question #1 to set up a proportionality expression to calculate how many ground miles the moon appears to travel - from the time it is overhead until the time it sets.
NUMBER OF GROUND MILES MOON APPEARS TO TRAVEL (OVERHEAD TO SETTING) = ______  

3.  Calculate the rate of apparent lunar ground movement by dividing the ‘number of ground miles the moon appears to travel’ (from overhead to setting) by the ‘time needed for earth to turn that far’ (moon overhead to setting).  Show your work.
APPARENT LUNAR TRAVEL RATE = __________  
PART II – Modeling the Journey of a Pirate Ship  The journey of the pirate ship should be separated into two parts.  First, consider the time needed to escape from Georgetown down Winyah Bay to the ocean.   Second, consider the time needed to sail down the coast from Winyah Bay to Folly Island.  These two times must be added together to determine the total number of hours the journey will take.  [Use the formula  d = r x t  where d = distance; r = rate; and t = time.]   
1.  The trip from Georgetown to the mouth of Winyah Bay is 15 miles long.  Because of the dangers of sandbars and the sharp bends in the waterway, the pirate ship can average only 10 miles per hour.  How long (in hours) will it take the ship to travel that distance?  Show your work.  





            TIME FROM GEORGETOWN TO WINYAH BAY =  ___________
2.  The trip from Winyah Bay to Folly Island is 60 miles in the open ocean with a favorable wind.  Under these conditions, the ship can average 15 miles per hour.  How long (in hours) will it take the ship to travel that distance?  Show your work.  





            TIME FROM WINYAH BAY TO FOLLY ISLAND =  ___________

3.  Add the times needed for the two segments of the trip to determine the total trip time.



            TOTAL TRIP TIME FROM GEORGETOWN TO FOLLY ISLAND =  ___________

PART III – Predicting the Success of the Mission  Use your data from Part I and Part II to make a recommendation to Calico Jack whether or not to go ahead and make the raid in Georgetown.  Jack isn’t the smartest pirate around, so you may have to explain your answer in detail to convince him.
1.  Under weather and wind conditions mentioned in Part II, will the raid be successful?  YES  ___  NO  ___

explain your reasoning.

2.  [optional] If the tide is coming in (rising) at Georgetown Harbor, the pirate ship will only be able to travel at a rate of 5 miles per hour (instead of 10 miles per hour) from Georgetown to the tip of Winyah Bay.  How will this change affect the success of the mission? 
3.  [optional] If, instead of a favorable wind on the ocean, the pirates encounter an unexpected head wind, the ship will only be able to travel at a rate of 12 miles per hour (instead of 15 miles per hour) from Winyah Bay to Folly Island.  How will this change affect the success of the mission?

4.  [optional]  Suppose the pirates have really bad luck; so that the tide is coming in at Georgetown and they encounter a head wind on the ocean.  How will both changes together affect the success of the mission?   
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TEACHER  ANSWER  KEY
LESSON TITLE: Mathematical Modeling of a Pirate’s World
1. Review concepts of proportionality as needed.  Be sure students know how to set up a proportional expression and solve for the unknown value.  

If needed, do one or two examples on the blackboard (or use overhead projector) to remind students of what a proportional expression represents and how to set up a proportional equivalency and solve for an unknown value 
2.  Briefly introduce the setting for the problem they are about to solve.    

    Read the ‘story’ to the class.  Embellish it if you wish.  Be sure you know the meaning of all the ‘pirate’ words.  For example “pressed into service” means “kidnapped.”
3.  Divide students into cooperative groups, hand out the Student Work Sheet, and tell the groups to figure out whether the pirates will be able to complete their mission in time.
PART I – Modeling the Path of the Moon

1.  Calculate the rate of apparent lunar motion (how fast the moon appears to move in the sky) by solving a set of proportionality problems.  . . . . Draw a diagram of the earth-moon system and use this diagram to set up and solve the proportionality problem.


In 24 hours, the earth will have rotated one time and the moon should be back overhead (just like the sun is ‘overhead’ around noon each day)  [Although unlikely, a few students may know that the moon actually rises later each night - by 50 minutes – and so the moon would not be back in exactly the same spot after 24 hours.  If students raise questions about this, tell them they are right, but we are ‘rounding off’ and generalizing to keep the math simple.  For the amount of time we are considering, the movement of the moon itself is of negligible importance.]  The purpose of drawing the diagram is to give students a visual clue that moving from ‘overhead’ to ‘horizon’ is equivalent to moving one-fourth of the way around the moon’s apparent daily path.  And since it takes 24 hours for the earth to make one complete rotation, the moon would take 6 hours to move from overhead to horizon.

1 rotation      = 
¼ rotation
24 hours

? hours
          TIME (in hours) FOR EARTH TO TURN FAR ENOUGH SO MOON SETS IN WEST =     6 hours    .  

2.  . . . Use your diagram from question #1 to set up a proportionality expression to calculate how many ground miles the moon appears to travel - from the time it is overhead until the time it sets.


In 24 hours, the earth will have rotated one time and the moon should have appeared to pass over every point along the circumference of the globe.  Since one rotation  covers 24,000 surface miles, a proportion can be set up to calculate how much ¼ of a rotation would cover.  [Again, a few students may realize that if the moon is not on the celestial equator – due to seasonal effects, its path will cover less than the 24,000 surface miles, but the difference is again negligible for purposes of this activity.]  

1 rotation
=
¼ rotation





             24,000 miles

  ? miles
NUMBER OF GROUND MILES MOON APPEARS TO TRAVEL (OVERHEAD - SETTING) = 6,000 miles.  

3.  Calculate the rate of apparent lunar ground movement by dividing the ‘number of ground miles the moon appears to travel’ . . . by the ‘time needed for earth to turn that far’. . .Show your work.      

6,000 miles     =   rate
  6 hours
          APPARENT LUNAR TRAVEL RATE =  1,000 miles per hour .
PART II – Modeling the Journey of a Pirate Ship     

1.  The trip from Georgetown to the mouth of Winyah Bay is 15 miles long.  Because of the dangers of sandbars and the sharp bends in the waterway, the pirate ship can average only 10 miles per hour.  How long (in hours) will it take the ship to travel that distance?  Show your work.  


d = r x t
15 miles = 10 miles per hour x  ?

15miles / 10 miles per hour = ?
? = 1.5 hours





            TIME FROM GEORGETOWN TO WINYAH BAY =     1.5 hours     .
2.  The trip from Winyah Bay to Folly Island is 60 miles in the open ocean with a favorable wind.  Under these conditions, the ship can average 15 miles per hour.  How long (in hours) will it take the ship to travel that distance?  Show your work.  


d = r x t
60 miles = 15 miles per hour x  ?

60 miles / 15 miles per hour = ?
? = 4 hours





            TIME FROM WINYAH BAY TO FOLLY ISLAND =       4 hours     .
3.  Add the times needed for the two segments of the trip to determine the total trip time.


t (Georgetown) + t (Folly) = t (total)
1.5 hours + 4 hours = 5.5 hours





            TOTAL TRIP TIME FROM GEORGETOWN TO FOLLY ISLAND =        5.5 hours  .
PART III – Predicting the Success of the Mission  
1.  Under weather and wind conditions mentioned in Part II, will the raid be successful?  YES   X    NO  ___


explain your reasoning.


It will take 6 hours for the moon to set (after being overhead in Georgetown.


It will take the ship 5.5 hours to sail from Georgetown to Folly Island.




Therefore, the ship will arrive at Folly Island before the moon has set.
2.  [optional] If the tide is coming in (rising) at Georgetown Harbor, the pirate ship will only be able to travel at a rate of 5 miles per hour (instead of 10 miles per hour) from Georgetown to the tip of Winyah Bay.  How will this change affect the success of the mission? 



d = r x t

15 miles = 5 miles per hour x  ?

15miles / 5 miles per hour = ?
? = 3 hours 

It will still take 6 hours for the moon to set (after being overhead in Georgetown. 


It will still take the ship 4 hours to sail from Winyah Bay to Folly Island.

Therefore, it will take the ship a total of 7 hours to sail from Georgetown to Folly Island.




Therefore, the ship will arrive at Folly Island after the moon has set.
3.  [optional] If, instead of a favorable wind on the ocean, the pirates encounter an unexpected head wind, the ship will only be able to travel at a rate of 12 miles per hour (instead of 15 miles per hour) from Winyah Bay to Folly Island.  How will this change affect the success of the mission?



d = r x t

60 miles = 12 miles per hour x  ?

60 miles / 12 miles per hour = ?
? = 5 hours 

It will still take 6 hours for the moon to set (after being overhead in Georgetown). 


It will still take the ship 1.5 hours to sail from Winyah Bay to Folly Island.

Therefore, it will take the ship a total of 6.5 hours to sail from Georgetown to Folly Island.




Therefore, the ship will arrive at Folly Island after the moon has set.
4.  [optional]  Suppose the pirates have really bad luck; so that the tide is coming in at Georgetown and they encounter a head wind on the ocean.  How will both changes together affect the success of the mission? 

It will take 3 hours from Georgetown to Winyah Bay and another 5 hours to get from Winyah Bay to Folly Island.


Therefore, the total journey will take 8 hours and they will be really late (2 hours after moon-set).
SAMPLE CULMINATING ASSESSMENT:   

     - Test question:  “If it takes 6 hours for the moon to move from overhead to the horizon (moon set); how long will it take the moon to move from its rising position to its setting position?”

 
6 hours to ¼ rotation   =   ? hours to ½ rotation


? = 12 hours
   - Test question:  “Use the formula “d = r x t” to determine how long it will take a ship traveling at 10 miles per hour to reach a destination 100 miles away.


d = 100 miles;     r = 10 miles per hour        t = 100 miles / 10 miles per hour
t = 10 hours
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