SOUTH CAROLINA STUDIES


Unit 2; Day 1
THEME = FOLKLORE & FOLK ART IN THE UPSTATE                        MATH  –  ALGEBRA

LESSON TITLE: A Mathematical Model of the Blue Ridge Landscape 

OBJECTIVES: Students will be able to construct an algebraic profile of slope from a topographic map

PRIMARY STANDARDS ADDRESSED: Algebra I:  I.A.2.; I.A.5.; I.B.3.; II.B.1.; II.B.2.  
PRIOR SKILLS REQUIRED: ability to read contour lines on map and calculate distance from map scale
TEACHER BACKGROUND INFO: SC MAPS Teaching Manual, page 2A-5

LOGISTICS: 1 @ 50-minute class for Activities A, B, and D. Activity C, which will help students with many important skills, will likely take an additional class period. For this lesson, students should work at large tables or other flat areas, and they should work in cooperative groups.
MATERIALS:  6 @ Table Rock Topographic Map (SC MAPS); rulers; wet-erase pens; graph paper or graphing calculators 
PROCEDURES:

   1. Introduce the concept of mathematical models by holding up a sphere (ping pong ball? tennis ball?) and asking students what natural object this geometric shape might represent (the earth?, a grape?).  Next, hold up a triangle and ask what natural object this geometric shape might represent (a 2-dimensional representation of a mountain?).  Finally, hold up a piece of string and ask what this shape might represent (a river?, a snake?).  Note that many real world features can be represented by models and that, by using models, we can often analyze the properties and characteristics of the features in a systematic fashion. 

   2. Divide students into cooperative groups and hand out maps and other materials.  Ask students to follow carefully the instructions on the Student Work Sheet and tell them that they will end up with one type of mathematical model that can be used to describe the landscape features of the Blue Ridge Mountains and will eventually help us to understand some of the obstacles faced by Native Americans and early European settlers who lived there. 

   3. Collect the finished products from each group and either display them or store them for later use. 

SAMPLE CULMINATING ASSESSMENT:   

-     What do the contour lines on a map tell us about the geography of a certain location?

· If the contour lines are close together at a certain point, what does this tell us about the slope?

· If you were taking a walk in Table Rock State Park and walked past Panther Gap out of the park, would you expect an easy walk or a tough climb?  Why?

· In Table Rock State Park, where is the highest elevation located?  
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STUDENT  WORK  SHEET

LESSON TITLE: A Mathematical Model of the Blue Ridge Landscape

A.
Calculate the slope of Table Rock Mountain. 

Part I - North Slope - Determine the average slope of the ground from the top of Table Rock Mt. to the western shore of Table Rock Reservoir.  Use TABLE ROCK TOPOGRAPHIC MAP to find needed values. 


Part II - South Slope - Determine the average slope of the ground from the top of Table Rock Mt. to the northwest shore of Pinnacle Lake.  Use the TABLE ROCK TOPOGRAPHIC MAP.

In doing this, you are comparing the topography on the north and south sides of Table Rock Mountain.  Use contour line information to find the elevation of the three needed points (the top of Table Rock, the western shore of Table Rock Reservoir, and the northwest shore of Pinnacle Lake). Use the scale on the map to determine the distances between these points. How did you use these values to calculate the slopes? Are your values for the slopes an accurate representation of this topography?  Are the slopes the same whether you use the top of Table Rock Mountain as the first point or as the second point? Why?  

B.
Construct mathematical models of Table Rock slopes.

Using the slopes determined in Performance Task A, build a model of the triangle formed using rulers, toothpicks, straws, or Cuisenaire rods. Identify the scale that you have chosen for your model.  Compare your model to the map and comment upon the similarities and differences that you see.  What accounts for the differences between the model and the map?

C.
Construct topographic profiles.


Use graph paper to make a profile of the Table Rock Skyline that would be seen by looking northward from a car traveling along South Carolina State Hwy. 11. To do so, locate the peak of Pinnacle Mountain on the Table Rock Topographic Map.  Draw a straight line segment starting at the peak of Pinnacle Mountain, going through the top of Table Rock Mountain, and ending at Table Rock Reservoir just to the right of the final letter "r" in the word "Reservoir." 


Locate several points (minimum of 10) along your line where contour lines intersect your segment. Then, measure the horizontal distance to each point with a ruler. Using the scale, you can then determine the actual horizontal distance for each point. Create a table of values that indicates the measured horizontal distance, the actual horizontal distance, and the elevation of these points.


Next, determine an appropriate vertical scale for a graph that you will create based on your table of values. Using the lowest and highest elevations, determine an appropriate vertical scale. For the horizontal scale, your graph should start at ‘0’, which represents Pinnacle Mt. and extend far enough so that your graph reaches the ‘R’ in ‘Reservoir’. Now plot all the points onto your graph. Connect the points, and you have a model of the path you would take walking straight from Pinnacle Mt. to the Reservoir. Label Pinnacle Mt., Table Rock, and Table Rock Reservoir. This graph is your profile of the Table Rock skyline. Describe the scenery you would see driving northeast along South Carolina State Hwy. 11, and looking northwest.  How would the shape of the profiles you drew change if you made the horizontal and vertical scales equal?
D.
Making mathematics relevant.  

How would the slopes affect the people hundreds of years ago? Where would walking be easier and where would it be more difficult? What did people have to help them? How would going down compare with going up the mountain? 
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TEACHER  ANSWER  KEY

LESSON TITLE: A Mathematical Model of the Blue Ridge Landscape

1. Introduce the concept of mathematical models . . . .

   The idea of using mathematics to model real world things and events is an important one in mathematics. Here we are dealing with physical models, but we can use graphs or mathematical notation to describe these things as well.  
2. . . . .  Ask students to follow carefully the instructions on the Student Work Sheet . . . . 

   The answers will vary.  Compare the model they have made with the slopes from Part I and Part II to see which is steeper.  
A.
Calculate the slope of Table Rock Mountain. 

Part I 
North Slope  -  Determine average slope . . . to the western shore of Table Rock Reservoir. . . . 

   1,874 ft (elevation change) divided by 4,000 ft (distance) gives an average slope of approximately 0.47 ft per foot. Note that the units are not necessary (they “cancel”), but might help students make more sense of this slope. Multiplying 0.47 by 12 shows that the ground is rising a little more than five-and a-half inches for every horizontal foot. 

Part II 
South Slope  -  Determine the average slope . . . to the northwest shore of Pinnacle Lake. . . .

   1,984 ft (approximate elevation change) divided by 7,200 ft (approximate distance) give you an average slope of .28 ft per foot, or a little less than three-and-a-half inches per horizontal foot..

Are your values for the slopes an accurate representation of this topography?  
   These show that the north side is a lot steeper (more than one-and-a-half times) than the south.  Also, the slope is much steeper closer to the peak; note that slopes by the reservoir and lake are much less. Students should note that although our averages include the entire area, the profile of the mountain would not look straight; it starts off fairly slowly and then becomes quite steep as we get close to the top of the mountain. Students might notice the density of  contour lines.
Are slopes the same whether you use top of Table Rock Mt. as the first point or as the second point? Why?  

   If you switch which points are first and which are second to determine the slope, the results are the same. However, if you consider one of the changes negative and the other positive, you would obtain a negative value for the slope. Without a true coordinate system, though, this has little relevance because we cannot determine which horizontal distance is positive and which is negative. 
B.
Construct mathematical models of Table Rock slopes.

Using the slopes determined in ‘Performance Task A’, build a model of the triangle formed . . . .
   The models should show one continuous slope that they calculated above. This is because they are using only the average slope to build the models. The map, however, shows the slope going from the bottom to the peak begins slowly and increases sharply near the peak.  Students might even note that, on the south side of the mountain, there is a point going from the lake to the peak that would produce a negative slope for a hundred feet or so.  This would not be taken into account in the models.  The difference is due to using the average, not individual values, to create the models.   
C.
Construct topographic profiles.


. . . make a profile of the Table Rock Skyline . . . seen by looking northward along . . . State Hwy. 11. . . .
   If students are constructing their graphs with a graphing calculator, they can have the scales set automatically. However, they should still be able to determine reasonable scales manually. The highest point is Pinnacle Mountain at 3,425 ft and it goes to as low as 1,250 ft at the reservoir.  The difference is 2,175 ft so the scale should be 100 –200 ft per cm (if the graph is being constructed on centimeter grid paper).  The elevation decreases from Pinnacle Mountain until the path hits Panther Gap, where it begins to rise toward Table Rock and then falls sharply as it moves to the reservoir.  The distance is approximately 21,000 ft so an appropriate scale would be 1,000 ft per cm (if cm grid paper is used). A possible table of values and the accompanying graph are shown below. 
	
	Pinn Mtn
	
	
	
	
	Table Rk
	
	
	
	
	
	Reservoir
	“R”

	Dist Measured (in)
	0
	1.8
	3
	3.5
	5.25
	6.5
	7.3
	7.8
	8
	9
	9.5
	9.75
	10.5

	H Actual (ft)
	0
	3800
	6000
	7000
	10500
	13000
	14500
	15800
	16000
	18000
	19000
	19500
	21000

	Elevation (ft)
	3425
	2000
	2800
	2400
	2800
	3124
	2800
	2000
	1800
	1600
	1400
	1250
	1250
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Describe the scenery you would see driving along State Hwy. 11.
   Driving along Highway 11 would provide a perfect opportunity to see the actual outline (profile) of Table Rock Mountain.  The mountain itself would be covered by trees at lower elevations, but rock cliffs would be exposed near the top.  From this perspective you would be able to see all of the slope irregularities that your model did not show.  In addition to Table Rock Mountain, you would see many other hills and valleys nearby, each with their own characteristic slope patterns. 

How would the shape of the profiles you drew change if you made the horizontal and vertical scales equal?
If the scales were the same, then the landscape would be more realistic.  As it is now, the increase and decrease in elevation seems more drastic because the length is scaled down more.  This will lead to the slopes appearing to be steeper than they actually are. However, by using only a few points, many changes in elevation are not represented on the graph.  

D.
Making mathematics relevant. 


How would the slopes affect the people hundreds of years ago? Where would walking be easier. . .? What did people have to help them? How would going down compare with going up the mountain? 
   Hundreds of years ago, electricity and cars were not available to help carry anything. Instead, people would have had only animals to help pull carts or wagons.  Going through these steep elevations would have severely slowed their progress.  Walking would be easier in the areas where the contour lines are spread out further, meaning more level ground.  It would have been more difficult where the lines are close together.  People had carts and animals.  Going down would be scarier because if the cart or wagon started to roll down a hill, it would be hard to stop it without great danger and perhaps loss of property and even life. In other words, animals, supplies, people, and wagons could be harmed or broken during this process of going up and down the mountains.  

3.  Collect the finished products from each group and either display them or store them for later use.  
   The student work might be used to reinforce the concept of slope as a rate of change or to show how it connects to the idea of rise over run.
SAMPLE CULMINATING ASSESSMENT:   

-     What do the contour lines on a map tell us about the geography of a certain location?

   The contour lines indicate a change in elevation of a certain amount.  So from the contour lines, we know where there are high and low elevation levels across the area that the map covers. 
· If the contour lines are close together at a certain point, what does this tell us about the slope?

   If the contour lines are closer together, it means there is a lot of elevation change in a short distance, so the slope of the land would be greater than if the lines were spread apart more 

-
If you were taking a walk in Table Rock State Park and walked past Panther Gap out of the park, would you expect an easy walk or a tough climb?  Why?

   Panther Gap is a very steep ridge so you could expect a tough climb.  The lines are close together showing lots of change in elevation over a short distance

-
In Table Rock State Park, where is the highest elevation located?
   The highest point above sea level in Table Rock State Park is on top of Pinnacle Mountain,  3,425 feet above sea level.
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