SOUTH CAROLINA STUDIES


Unit 6; Day 3
THEME = PIRATES OF THE COASTAL ZONE                                       MATH - ALGEBRA
LESSON TITLE: Pirates and Proportions
OBJECTIVES: Students will be able to use algebraic expressions to relate form and function.
PRIMARY STANDARDS ADDRESSED: Algebra 8th – I.A.I;  I.D.1;  1.D.3;  III.A.4;  III.A.5;   
PRIOR SKILLS REQUIRED: ability to graph sets of ordered pairs and to solve polynomial equations
TEACHER BACKGROUND INFO:   

LOGISTICS: 1 @ 50-minute class – teacher-led discussion and seat work – students in groups of 2 or 3
MATERIALS:  graph paper 
PROCEDURES:

   1. Introduce the activity.  Mention that Blackbeard’s pirate ship, Queen Anne’s Revenge, was about 100 feet long and 25 feet wide.  The class is beginning a project that will end with a full scale drawing of this ship in the school parking lot.  In addition to drawing the ship itself, class groups will also draw various sea creatures, also to scale. Groups will also investigate the physical forces affecting cannonballs.

   2. Divide class into ten groups of 2 or 3 students each.  Assign each group one animal from the list on the Student Work Sheet.  Each group is responsible for looking up (on the internet or with resources from the Media Center) the average length of their adult animal and also the average length of one other adult animal of their choice that is not on the list.  Or the teacher can provide this data to save time.  Groups should enter this information on the chart on the Student Work Sheet and should bring this information to the teacher who should enter information from all the groups onto the composite class chart drawn on the blackboard (or use overhead projector).  Once all data has been entered, tell students to copy the information from the blackboard into the chart on their Student Work Sheets. 
   3.  Give each group a piece of graph paper and ask them to plot the locations of the ordered pairs from the chart (all animals plus the pirate ship) according to standard graphing procedures.  Tell them to mark the location of the pirate ship with a different color or symbol so they can find it easily later.

   4.  After graphing is complete, discuss the distribution of the points.  Ask students if they can see any relationship between the length and width of sea creatures.  Ask them to describe that relationship.  Ask if they think there is a line that can be fit through the cluster of points.  If so, work with the class to set up that equation.  Ask whether the pirate ship fits that same relationship.  Discuss why an inanimate object (like a pirate ship) would have the same dimensional proportions as sea creatures.
   5. Tell class that each group should answer the remaining questions included on the Student Work Sheet and show in writing how they set up and solved the cannonball problems.   

   6. Review student work by calling on groups to explain how they solved a particular equation.  Discuss the importance of setting up the equation properly before trying to calculate a numerical answer. 

SAMPLE CULMINATING ASSESSMENT:   
   Create an additional table column that connects the width of the animal in feet to the % of the ship’s width. For example, if an animal is 4 feet wide, your new column should have 16, because 4 is 16% of 25 feet, which is the ship’s width. In other words, an animal that is 4 feet wide is 16% as wide as Queen Anne’s Revenge. Now create a scatterplot using the width of the animal as the x-value and the % of the ship’s width as the y-value. What shape do these points form? Why? According to your graph, what would the % SHIP WIDTH be for an animal 10 feet wide? Explain. How wide would an animal be if it were 50 percent as wide as the ship. Again explain. Find the equation of the function that best fits these data. Explain each part of this equation. 
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Unit 6; Day 3
THEME = PIRATES OF THE COASTAL ZONE                                       MATH - ALGEBRA
STUDENT  WORK  SHEET

LESSON TITLE: Pirates and Proportions
1.  Reports state that Blackbeard’s pirate ship, Queen Anne’s Revenge, was 100 feet long and 25 feet wide.  We are going to see how the size of this ship compares to some sea animals.  You will look up and record the length and width of one of the listed sea animals plus one other sea animal of your choice (choose one that is not on the list).  Use the average length and width of an adult animal as your standard for measurement.
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	ANIMAL
	LENGTH (in feet)
	WIDTH (in feet)
	‘X’ value
	‘Y’ value

	“Queen Anne’s Revenge”
	100 feet
	25 feet
	100
	25

	Barracuda
	
	
	
	

	Clown Fish
	
	
	
	

	Eel
	
	
	
	

	Great White Shark
	
	
	
	

	Killer Whale
	
	
	
	

	Octopus
	
	
	
	

	Sea Lion
	
	
	
	

	Seal
	
	
	
	

	Stingray
	
	
	
	

	Whale Shark
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2.  Plot the ordered pairs from your chart in question #1 onto a piece of graph paper.  Use standard graphing procedures.  Use a different color or symbol to mark the ordered pair representing the pirate ship; you will need to be able to find this point quickly during the class discussion.
The favorite ship’s weapon for most pirates was the cannon.  Some reports indicate that Blackbeard had 40 cannons on board his ship.  Some of the cannonballs weighed as much as 30 pounds.
3.  [optional]  One of Blackbeard’s new recruits was practicing with a cannon and accidentally shot a cannon ball straight up into the air.  It smashed into the deck with a force of 147 Newtons.  What was the mass of the cannon ball in Kilograms if the acceleration is 9.8 meters/second2 (hint: use the formula <f = m * a>)
4.  A particular cannon on deck is set up to fire a cannonball in such as way that its flight follows the equation <h = -t2 + 36 t> where ‘h’ represents the height of the cannonball flight (in feet) and ‘t’ represents the time (in seconds) after the cannonball is fired.

a.  What is the height of the cannonball before it is fired?  _____________________


b.  What is the height of the cannonball after 1 second?  ______________________


c.  When will the cannonball be back at the same height at which it started?  ____________________

d.  What is the maximum height the cannonball will attain during its flight?  ____________________

e.  When will the position of maximum height occur?  ___________________________
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Unit 6; Day 3
THEME = PIRATES OF THE COASTAL ZONE                                       MATH - ALGEBRA
TEACHER  ANSWER  KEY
LESSON TITLE: Pirates and Proportions
1.  . . . . Groups will also investigate the physical forces affecting cannonballs fired from the ship. 

    Depending on when you schedule this activity, students may have covered some ‘force and motion’ concepts in their science classes.  If so, try to tie in the science concepts behind <f = m x a> (Newton’s Laws, etc.) 
2.  You will look up and record the length and width of one of the listed sea animals plus one other sea animal
	ANIMAL
	LENGTH (in feet)
	WIDTH (in feet)
	‘X’ value
	‘Y’ value

	“Queen Anne’s Revenge”
	100 feet
	25 feet
	100
	25

	Barracuda
	7 feet
	1 foot
	7
	1

	Clown Fish
	.25 feet
	.1 foot
	.25
	.1

	Eel
	5 feet
	.25 feet
	5
	.25

	Great White Shark
	20 feet
	4 feet
	20
	4

	Killer Whale
	20 feet
	5 feet
	20
	5

	Octopus
	2 feet
	1 foot
	2
	1

	Sea Lion
	7 feet
	3 feet
	7
	3

	Seal
	5 feet
	2 feet
	5
	2

	Stingray
	7 feet
	4 feet
	7
	4

	Whale Shark
	25 feet
	6 feet
	25
	6

	
	
	
	
	


the length and width of additional sea creatures will vary depending on which animals are selected; but all of them (at least all of them that actively swim) will have significantly longer length than width.
3.  Give each group a piece of graph paper . . .  to plot the locations of the ordered pairs from the chart.
Note that all points are below a 45-degree line (the line y = x) because the x-values are all larger than  corresponding y-values.
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4.  After student groups have completed their graphs, discuss the distribution of the points on the graph.  
    The ordered pairs should (very approximately) trend upward to the right, as animals that are longer tend to be wider as well. long a linear track.  Although there is a lot of error introduced with the plotting of these points, students should see a linear pattern emerging from the cluster of data points.  Realizing the large amount of uncertainty, it is still possible to construct a linear equation to represent the line on the graph.  The line that best fits the points in the graph on the preceding page is y = .25x+.25, though you may not be using least squares regression with your calculators.  The slope of 0.25 suggests that, on average, for every foot increase in an animal’s length (the x-value), the width increase by 0.25 feet, or 3 inches. The y-intercept, perhaps in theory, should be 0, since an animal with 0 length should have 0 width. The ordered pair representing the pirate ship should lie on or very close to this line.  Point out that form (geometric shape) generally matches function (actively moving through the water) fairly well both in nature and in human construction.  Because the ship needs to move through the water – like a marine animal – it must approximate a similar geometric shape to achieve the most efficient sailing behavior.  Point out that this is a good connection between science and math.
5. Tell class that each group should answer the remaining questions . . .
   3.  [optional]  One of Blackbeard’s new recruits accidentally shot a cannon ball straight up into the air.  It smashed into the deck with a force of 147 Newtons.  What was the mass of cannon ball in Kilograms if acceleration is 9.8 meters/second2 (hint: use formula <f = m * a>)                     Although unit analysis won’t help here, just plugging numbers into the formula and dividing both sides by 9.8 suggests the mass is 15 kg.
   4.  A particular cannon on deck is set up to fire a cannonball in such as way that its flight follows the equation <h = -t2 + 36 t> where ‘h’ represents the height of the cannonball flight (in feet) and ‘t’ represents the time (in seconds) after the cannonball is fired.

a.  What is the height of the cannonball before it is fired?  _0 feet, plugging in 0 for t_________

b.  What is the height of cannonball after 1 second?  35 feet (plug in 1 for t, either numerically or graphically)

c.  When will it be back at same height it started?  Hits ground at 36 seconds (algebraically or graphically)_

d.  What is the maximum height the cannonball will attain during its flight?  324 feet (graphically)

e.  When will the position of maximum height occur?  After 18 seconds (again graphically)
SAMPLE CULMINATING ASSESSMENT:   

   - Create additional table column that connects the width of the animal in feet to the % of the ship’s width. . .

	ANIMAL
	LENGTH (in feet)
	WIDTH (in feet)
	% SHIP WIDTH

	“Queen Anne’s Revenge”
	100 feet
	25 feet
	100

	Barracuda
	7 feet
	1 foot
	4

	Clown Fish
	.25 feet
	.1 foot
	.4

	Eel
	5 feet
	.25 feet
	1

	Great White Shark
	20 feet
	4 feet
	16

	Killer Whale
	20 feet
	5 feet
	20

	20Octopus
	2 feet
	1 foot
	4

	Sea Lion
	7 feet
	3 feet
	12

	Seal
	5 feet
	2 feet
	8

	Stingray
	7 feet
	4 feet
	16

	Whale Shark
	25 feet
	6 feet
	24


The scatterplot should show a line going through (0, 0), because of the proportion. In other words, for every foot increase in width, the % of the ship’s width increases by the same amount. For an animal 10 feet wide, the graph should reveal that the animal is 40% as wide as the ship, and an animal that is 50% as wide as the ship should be 12.5 feet wide. The equation of the best-fit function is that of the line y=4x. The slope is 4 because an increase of 1 foot in the animal’s width corresponds to an increase of 4% of the ship’s width. The y-intercept is 0, because an animal 0 feet wide, which would have to be through rounding, would represent 0% of the ship’s width.
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