SOUTH CAROLINA STUDIES


Unit 2; Day 5
THEME = FOLKLORE & FOLK ART IN THE UPSTATE                    MATH  –  PRE-ALGEBRA

LESSON TITLE: Piecewise Functions and the Real World
OBJECTIVES: Students will be able to relate slope steepness in streams to a piecewise function. 
PRIMARY STANDARDS ADDRESSED: Math 8th – A.I.C.1; A.III.A.1; M..I.B.1; D.I.B.1; D.I.B.2 
PRIOR SKILLS REQUIRED: ability to graph piecewise functions
TEACHER BACKGROUND INFO:  SC MAPS Teaching Manual, pages 2A-5 and 2A-6
LOGISTICS: 1 @ 50-minute class – large tables or other work area – students work in cooperative groups
MATERIALS:  6 @ Table Rock Topographic Map (SC MAPS); wet-erase pens; string or rulers;   
PROCEDURES:

1. Remind students that most changes that occur in the natural world can be expressed by mathematical functions, some of which represent constant rates of change and others of which represent periods of episodic changes with periods of stability in between episodes of change.  Ask students to give examples of each type of function based on their experience with the real world.  Tell students that our focus today will be to use mathematics to look at how steepness of the land might affect flow of water.
2. Divide students into cooperative groups and hand out the Table Rock topographic maps, wet-erase pens, and string/rulers.  Tell students to follow the instructions on the first page of the Student Work Sheet (parts ‘a’ through ‘g’) to gather real world data from the map and enter this data on the data table on the top of the second page of the Student Work Sheet.
3. Students should follow the instructions and use the information provided on the data table on the back of the Student Work Sheet to set up and graph a piecewise function that accurately represents the different slopes on a creek, slopes that would affect the speed of something floating down the river.
4. Have one or more student groups display their graphs and explain how they obtained their results.  Discuss differences in graphs and whether or not those differences are significant.  
SAMPLE CULMINATING ASSESSMENT:   
· A point 100 feet away from a marker is at an altitude 1850 feet. A second point, which is 500 feet away from the marker, is at an altitude of 2000 feet. What is the slope between the two points?

· Where in South Carolina would you most likely find most of the faster flowing rivers that may contain waterfalls? Why? Use mathematics to help explain your solution. 
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STUDENT  WORK  SHEET

LESSON TITLE: Piecewise Functions and the Real World
Find Green Creek on the Table Rock topographic map.  It is entirely contained within the Table Rock State Park Boundary.  It starts near the southwestern corner of Table Rock Mountain and flows into Pinnacle Lake. 
a. Mark on the map with a wet-erase pen the two points where the creek begins and ends. Divide the entire creek path into 8 straight line segments and trace each of these segments on the map.  Places where the creek bends are good locations to make one straight line segment end and the next begin.  Mark with a dot all the intersection points where two segments meet. Label the endpoints of the eight segments ‘1’ through ‘9’, moving from the beginning to the end of the creek (in other words, point ‘1’ is where the creek begins and point ‘9’ is where it ends).
b. Use the map scale and a ruler or string to measure the distance (in feet) from each point to the previous point, working your way back up the creek (starting with point ‘9’).  Record all these measurements in the first column of your data table.  Note that you will have 8 measures for the 9 points (for example, enter the distance from Point ‘9’ to Point ‘8’ next to Point ‘9’).  When you reach the beginning of the creek (point ‘1’), note there is no previous point to measure from so there is no value to include. [However, mathematically this is not the same as having a value of ‘0’, instead, we just leave the cell blank.]   
c. Use the information you just recorded on the data table to calculate the total distance (in feet) from each point back to the beginning point (point ‘1’) and record these values in the second column.  These values should all be positive numbers.  What mathematical operation(s) do you have to perform to obtain these results from the measurements from part ‘b’?  _________________________
___________________________________________________________________________________

d. Use the contour lines (note that thicker index contour lines are numbered), and the contour interval (which you will have to calculate) to determine the approximate elevation of each point.  Record these elevation values in the third column of the data table.  Contour Interval = __________________ 
e. Use your elevation data (from part ‘d’) to determine the change in elevation between consecutive points and record these values in the fourth column of the data table.  Watch positives and negatives carefully.  For example, if the elevation drops from point ‘1’ to point ‘2’, indicate this change with a negative value.  What do you notice about all (or at least most) of the values in this column?  _______
___________________________________________________________________________________

f. Divide the ‘change in elevation’ (‘Change in Elev from Previous Pt’) column by the ‘change in distance’ (‘Distance from Pt ‘1’’) column for each of the eight segments and record these values in the final column of the data table.  What do you think the values in this column represent in the real world? ___________________________________________________________________________ 
___________________________________________________________________________________
Explain specifically what the value in the first cell of this column represents. ___________________
___________________________________________________________________________________
DATA TABLE
	Pt
	Dist from Previous Pt
	Distance from Pt ‘1’
	Elevation of Pt
	Change in Elev from Previous Pt
	Rate of Change

	1
	-
	
	
	-
	-

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	


g. On a separate piece of paper – or in the space provided below - graph the nine data points using the ‘distance from point 1’ as your independent variable and the ‘elevation’ as your dependent variable.  Comment on the appearance of the graph using only the point data for reference (do not connect the points yet). ________________________________________________________________________

___________________________________________________________________________________
How do you interpret the point graph in terms of the slope of the mountain and the effects that slope would have on the flow of the water?  __________________________________________________
___________________________________________________________________________________
h. Why do you think the slope at the beginning of Green Creek is steeper than the slope at the end?  ___

___________________________________________________________________________________
Do you think this will always be the case for streams in South Carolina? ___________

Justify your answer.  ________________________________________________________________
___________________________________________________________________________________
i. On your graph, use line segments to connect your graph points (do not draw curved lines through the points).  You have just constructed a graph of a ‘piecewise function’.  Why do you think this type of graph got this particular name?  Explain your answer.  _____________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
j. Think about the geography and geology of the state of South Carolina as a whole.  In which compass direction does the water mainly flow?  ______________________

In which landform region would you expect sharp elevation drops (waterfalls and rapids)? _________

In which landform region would you expect a very gradual slope? ________________________ 
Explain your answer.  _______________________________________________________________

___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
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TEACHER  ANSWER  KEY
LESSON TITLE: Piecewise Functions and the Real World
Part 1.  Remind students . . . .  Ask students to give examples of each type of function . . . .  
   For a steady function, students might look at a car traveling at a constant rate of 60 mph. Here the change in distance over time remains constant, and the graph of distance compared with time would be linear. Other examples can show a change in rate. For example, consider riding a bike, maintaining a constant speed of 15 mph on level ground, slowing down to a speed of 4 mph while climbing a hill, and then riding at 30 mph on a downhill. This graph of the function relating distance traveled to time would consist of three connected line segments, with the second segment being the one with the smallest slope (the least change in distance over time) and the last being the one with the steepest slope.
Part 2.  . . . .  Tell students to follow the instructions on the Student Work Sheet (parts ‘a’ through ‘g’) . . . .
   You might ask groups to write down their prediction about how steepness of land will affect water flow (will likely vary).
a. . . .Divide entire creek path into 8 straight line segments. . . .  Label endpoints . . . ‘1’ through ‘9’ . . . .
   Green Creek begins a little shy of the “2200” on the south side of Table Rock Mountain.  It is fairly straight and can be divided into 8 segments fairly easily.  Student data may not match your segment divisions exactly but should be reasonably close to the data provided in the data table below.  Note that we need 9 points to indicate the 8 segments.
b. . . . . Record all these measurements in the first column of your data table. . . .
   Students should initially record their data with pencil and paper in units of feet (most maps use English units)., though you may have them transfer the data to a graphing calculator or a spreadsheet.  The table shown here was created in Excel.
c. . . . calculate total distance from each point to beginning . . . . What mathematical operation(s). . . .?
   Students’ answers should be close to those shown in the Data Table.   Addition.  Students should also realize that they can sum the ‘Dist from Previous Pt’ values up to the particular point of interest to calculate these values.

d. . . . . determine approximate elevation of each point.  Record values . . . .  Contour Interval = _40 feet 

Elevation decreases from one point to the next (i.e., water flows downhill).  This is a small but effective check that you can use to make sure that the data values are reasonable.  This concept may be something worth discussing with the class.
e. . . . determine change in elevation . . . and record values . . . .What do you notice about . . . values?

   Students should realize that all of the changes are negative.  Water does flow downhill!  
f. . . . record values in final column . . . .  What do values in this column represent in the real world?

   Represent slope or rate of change; it is vertical change (“rise,” which here is negative) divided by horizontal change (“run”). 
Explain specifically what the value in the first cell of this column represents.
   First value tells us that, on average, land drops approximately 0.31 feet (~ 4 inches) for every horizontal foot traveled. 
DATA TABLE
	Pt
	Dist from Previous Pt
	Distance from Pt ‘1’
	Elevation of Pt
	Change in Elev from Previous Pt
	Rate of Change

	1
	-
	0
	2120
	-
	-

	2
	1150
	1150
	1760
	-360
	-0.313

	3
	1300
	2450
	1430
	-330
	-0.254

	4
	500
	2950
	1360
	-70
	-0.140

	5
	1200
	4150
	1205
	-155
	-0.129

	6
	600
	4750
	1160
	-45
	-0.075

	7
	300
	5050
	1150
	-10
	-0.033

	8
	300
	5350
	1140
	-10
	-0.033

	9
	300
	5650
	1130
	-10
	-0.033


Part 3.  . . . set up and graph a piecewise function that accurately represents the different slopes on a creek. . . .
   You may choose to have students construct this by hand, on a graphing calculator, or on a spreadsheet. Make sure that students use a scale that is consistent along each axis, though the two axes can use different scales as shown below.
g. . . . graph the nine data points . . . .  Comment on appearance of the graph using only the point data.  
   Points are at decreasing elevations from left to right.  Naturally, elevation drops as one moves away from the starting point.  
. . . interpret point graph in terms of slope of mountain and effects slope has on flow of water?.
   Creek is quite steep initially, but then levels out, suggesting there might be rapids and fast water flow near the beginning. 

[image: image1.emf]Green Creek

0

500

1000

1500

2000

2500

0 1000 2000 3000 4000 5000 6000

Distance from First Point (ft)

Elevation (ft)


h. Why do you think the slope at the beginning of Green Creek is steeper than the slope at the end?
   As suggested in part ‘g’, the top of a mountain is usually at the steepest section, and then things flatten out farther away.
Do you think this will always be the case for streams in South Carolina? ____not necessarily_______

   Sometimes streams flow across resistant rocks or have their flow restricted in some other way (either natural or artificial).  In such cases, the stream may have a temporarily steeper slope for a while downstream from the obstruction.
i. . . . use line segments to connect your graph points . . . Why do you think graph got this name?
   This is a piecewise function because it is made up of several pieces.  To describe the flow mathematically (a mathematical model), we would need several pieces, one for each of the line segments.  The slopes of the line segments are the values.
j. Think about the geography and geology of the state of South Carolina as a whole.  In which compass direction does the water mainly flow?  __southeast_____
In which landform region would you expect sharp elevation drops (waterfalls and rapids)? Blue Ridge_

In which landform region would you expect a very gradual slope? __Coastal Plain or Coastal Zone_____

Explain your answer
   The Blue Ridge region of the upstate is the only mountainous part of South Carolina so the water flows from there in the northwestern part of the state towards the sea on the southeastern part of the state.  Sharp elevation drops including waterfalls and rapids would most likely occur only in the mountains of the upstate with the gradual slopes being found in the low-country (Coastal Plain and/or Coastal Zone)  leading towards and into the ocean.   
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TEACHER  ANSWER  KEY - continued
LESSON TITLE: Piecewise Functions and the Real World
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Part 4.  Have one or more student groups display their graphs and explain how they obtained their results.  Discuss differences in graphs and whether or not those differences are significant.  

   Students should recognize that their graphs might be different due to selection of different points and slight variations in measures. However, their tables and graphs should not have very much variation. They should also recognize that the more points they use, the better their representations will be. For example, using only the first and last point, they will not have any sense of the variation that is occurring along the creek, but as they add points, they see more and more of the details.
SAMPLE CULMINATING ASSESSMENT:   

· A point 100 feet away from a marker is at an altitude 1850 feet. A second point, which is 500 feet away from the marker, is at an altitude of 2000 feet. What is the slope between the two points?

   The horizontal change from 100 feet to 500 feet is 400 feet. The vertical change, from 1850 feet to 2000 feet, is 150 feet. Therefore the land rises 150 feet over a spread of 400 feet, producing a slope of 150/400 or 3/8, or 37.5%. This is quite steep, suggesting, on average, a rise of 3 feet for every 8 horizontal feet.
· Where in South Carolina would you most likely find most of the faster flowing rivers that may contain waterfalls? Why? Use mathematics to help explain your solution. 

   Because the slopes are steeper in the mountains, you would expect more of the faster flowing rivers that may contain waterfalls in the Blue Ridge Mountain region of the state.
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