	Linear Polynomials





Review of Prerequisites:



1.	Linear polynomial



A  linear polynomial  is a function that can be expressed in the form  f(x) = ax + b (or equivalently,  y = ax + b) where  a,b , ú, the set of real numbers.



2.	Linear equation in two variables



A  linear equation in two variables  is an equation that can be expressed in the form  

ax + by = c  where  a,b,c , ú.



3.	Zero of a function



A  zero  of a function  f  is a solution to the equation  f(x) = 0 .



4.	Intercepts of a function



The  intercepts  of a function are the points of intersection of the coordinate axes with the graph of the function. The abscissa (or first coordinate) of an x-intercept (point of intersection with the x-axis) of a function is a zero of the function. (You may wish to prove this!)





Objectives:



1.	To develop an understanding of the significance of the coefficients of a linear polynomial on its graph;



2.	To model the x-intercept of a linear function as the intersection of its graph with the x-axis, and the y-intercept of a linear function as the intersection of its graph with the y-axis;



3.	To construct the meaning of slope of a line;



4.	To discover the algebraic formulas for describing lines in the plane.





Materials:



1.	Algebra tiles

2.	TI82 calculator

3.	Colored pencils

4.	Instructor-provided disk with slope.gsp and Geometer's Sketchpad

�Activity 1:  Graphs of Linear Polynomials



1.	Let  y =  x + 1. Graph this linear polynomial on the TI82 calculator by pressing



Y=

Y1=X+1

GRAPH



Where does this graph cross each of the coordinate axes? Make a sketch of your screen in the space below.

	�



a.	Enter the function  y = x  for  Y2, and graph on the same set of axes on the calculator  Modify the sketch above to reflect what you see, using a differently colored pencil for each line and labeling each line. Describe the relationship of the new graph to that of   y = x + 1.















b.	Enter the function  y = x - 2  for  Y3  and graph on the same axes. Sketch and label the new line on the graph that you drew above in a different color. Describe how the new graph differs from the pre�vious graphs.















c.	Make a prediction for the graph of  y = x + 4. Test your prediction.



















d.	Describe (in plain English) the graph of  y = x + b (where  b  is a real number) in relation to the graph of  y = x . What is the effect on the graph of changing the value of  b?





















2.	Clear all of the functions listed on your calculator by pressing  Y=  , and  CLEAR  with the cursor successively on each of  Y1, Y2, Y3, Y4  that have entries beside them. Enter for  Y1  the function  y = x  and graph.



a.	Graph the functions defined by  y = x,  y  = 2x, y = 4x, and  y = 8x on the same set of axes on your calculator. Sketch what you see below, using a differently colored pencil for each line and labeling each line. Describe each successive graph relative to the graphs of the previous lines.



	�

b.	Clear all functions but  y = x , and redraw  y = x. Enter the functions  y = -2x  and 

	y = -4x  and graph. Sketch below, and describe the graphs relative to that of   

	y = x  and to each other.



	�







c.	In general, how would you describe the graph of  y = ax  (where a is a real number) in relation to that of  y = x ? What is the effect on the graph of changing the value of a ?





























d.	Is there a value for a that will make the graph of  y = ax  coincide with the x-axis?  Explain.













e.	Is there a value for a that will make the graph of  y = ax  coincide with the  y-axis?  Explain.













f.	Clear all functions except  y = x.  Graph y = 2x + 1. Describe how the graph of        y = 2x + 1  can be derived from that of  y = x  in two steps, using your answers to 1.d. and 2.c. above.





















3.	Graph the function  y = 3x - 6. Press  TRACE  and use the right arrow keys to move the cursor along the graph to locate the point where the graph intersects the  x-axis.



a.	Write the coordinates of the point of intersection of the line and the  x-axis.



(x,y) = _______________________



b.	What equation describes the  x-axis? Does the point that you listed in (a) satisfy this equation? Explain.













c.	Write a single equation which is equivalent to the statement  “y = 3x - 6  and         y = 0.” What is the solution to this equation?



















d.	Give a geometric description of the solution to an equation of the form  ax + b = 0.

















4.	Consider the intersection of the line  y = 3x - 6  and the  y-axis.



a.	Write an equation that describes the  y-axis.











b.	The point of intersection of the line  y = 3x - 6  and the  y-axis is a solution to what two relevant equations in this discussion? This point is called the  y-intercept of the line  y = 3x - 6.

















c.	Write a single algebraic equation equivalent to the two equations together written in (b) above.















d.	If  y = ax + b , what two equations does the y-intercept of the line that it describes satisfy? What is the y-intercept of the line described by   y = ax + b?

















Activity 2:  Solving Linear Equations



1.	Use algebra tiles to model each of the following linear equations. Solve the equations by manipulating the tiles and writing equivalent algebraic steps. In each case, sketch the layout of the tiles next to the corresponding algebraic statement. Follow the model of the example below.
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  x     +    4        		=                7
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 (x  +  4)    +	(-4)		=	       7	     +	  (-4)
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 x    +    (4    +   (-4))		=	  3    +   (4    +  (-4))
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 x					=	  3
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a.	x + 3 = 5	































b.	x - 2 = G5































c.	3x - 9 = 6





























d.	2x + 3 = x - 4









































2.	Discuss the connection between the solution to  2x + 3 = x - 4  and the graphs of the linear functions  y = 2x + 3  and  y = x - 4 .



















3.	How many solutions are possible for a linear equation in one variable? Use graphical models to explain your answer.



























4.	Samantha has $35 and is saving at a rate of $5 per week while not spending anything.  Alicia has $200 and is spending at a rate of $10 per week while saving nothing.



a.	Write a linear function  f  that describes the amount of money Samantha has at the end of  x  weeks.











b.	Write a linear function  g  that describes the amount of money Alicia has at the end of  x  weeks.











c.	Graph  g  on the TI82 calculator, choosing appropriate ranges and scales for  x  and  y. Find and discuss the relevance of the intercepts of  g  in terms of the money which Alicia has at the end of a given week.

















d.	Graph f on the same set of axes. Discuss the significance of the point of intersection of the graphs of  f  and  g .















e.	Write and solve an equation for which the solution represents the number of weeks at the end of which Samantha and Alicia have equal sums of money.

















Activity 3:  A Distinguishing Characteristic of Lines



1.	Draw three distinct lines that pass through the origin on the set of axes below using differently colored pencils. On each line, label the point that has an  x-coordinate of  5.



�

	a.	How many different lines are there that pass t�hrough the origin?











	b.	Describe in plain English what distinguishes the lines that you drew from one another, without referring to any specific points other than the origin.













c.	For each line that you drew, pick a point on the line and imagine moving it along the line away from the origin. How would you find the rate at which the point's distance from the x-axis changes, as it moves away from the origin?  Does this rate seem to be constant for each line?

�

2.	Load the Geometer's Sketchpad, and open the file on the disk provided by your instructor entitled slope.gsp. You should see a sketch similar to the figure below.



�



a.	Grab  C  with the mouse (point at the point labeled C, hold the left mouse button down, and move the mouse dragging C), and drag  C  to a new location. Notice that the coordinates change reflecting the new locations of  C and the other labeled points. What do you observe?











b.	D is a point on the line determined by A and C. Grab D and move it to a different location on the line. What do you observe about the calculated ratios?











c.	What is the relationship between the triangles ªACH, ªADF, and ªCDI?  Explain the significance of this for the calculated ratios and for the ratio DI/CI.









d.	Describe the ratio in (c) as a rate of change.















3.	Let  y = 3x - 6 . Complete the table of values below.





x�

G4�

G2�

0�

2�

4��

y�

�

�

�

�

��

a.	Compute the ratio of the change in the correspond�ing  y-values to the change in the  x-values in moving along the graph from the point where  x = G4 to the point where  x = G2.











b.	Repeat the above using the point where  x = G4 paired with each of the remaining points in the table of values.

















c.	What is true about each of the ratios calculated in (a) and (b)? Can you predict the ratio of the change in  y-values to the corresponding change in  x-values in moving from one point on the line to any other point on the line? Explain. 























4.	If a linear function is defined by the equation  y = ax + b, can you predict the ratio of the change in  y-values to the corresponding change in  x-values  in moving from one point on the line to any other point on the line? Explain.



















�

Activity 4:  Describing Lines with Polynomials  



The slope of a non-vertical line is the constant ratio of the change in  y-values to the correspond�ing change in  x-values  in moving from one point on the line to any other point on the line. The slope of a line is a measure of the rate at which it rises per unit of horizontal change, or the constant rate of change of the corresponding linear function values per unit change in  x.







              Change in y-values

Slope =  ))))))))))))))))))Q

              Change in x-values



in moving from one point on a line to a sec�ond point on the line.







1.	Let  l   be the line which passes through the origin and for which the slope is  2 .



a.	Using the definition of slope, find the coordinates of the point on the line where      x = 1; the point where  x = G1. Sketch a graph of the line.



�





b.	Using the slope concept, write an equa�tion that a point (x,y) other than the origin must satisfy in order to belong to the graph of the line.











2.	Let  l   be the line which passes through the point (G1,2) and for which the slope is 2 .



a.	Find the coordinates of the point on the line where  x = 0; the point where  x = 1.  Sketch a graph of the line.



�



b.	Using the slope concept, write an equation that a point (x,y) other than the point   (G1,2) must satisfy in order to belong to the graph of the line.















3.	Let  l   be the line that passes through the point (a,b) and for which the slope is  m . Using the slope concept, write an equation that a point (x,y) other than the point (a,b) must satisfy in order to belong to the graph of the line.











4.	Rewrite the equation found in (3) in the case where  a = 0 and solve for  y. What is the significance of the coefficient of  x ? What is the significance of  the constant term?















5.	Let  l   be the line which passes through the points  (G1,2)  and  (3,5) .



a.	Find the slope of  l  .















b.	Use the results from above and your conclusion in question 3 to write an equation which describes   l .





















6.	Write an equation which describes the line which passes through the points (a,b) and  (c,d).





















Page �PAGE�17�









Linear Polynomials










