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This lesson was developed under a grant funded by the United States Department of Education, Office of Education Research and Improvement.

About the Mathematics 

   A. Student Performance Objectives - TEKS Correlation
       
(A.1) 
Foundations for functions. The student understands that a function represents a 


dependence of one quantity on another and can be described in a variety of ways. 



(A) The student describes independent and dependent quantities in functional relationships.



(B) The student gathers and records data and uses data sets to determine functional  relationships between quantities.



(C) The student describes functional relationships for given problem situations and writes equations or inequalities to answer questions arising from the situations.



(D) The student represents relationships among quantities using concrete models, tables, graphs, diagrams, verbal descriptions, equations, and inequalities.



(E) The student interprets and makes decisions, predictions, and critical judgments from 
functional relationships.

(A.2)  
Foundations for functions. The student uses the properties and attributes of functions. 



(C) The student interprets situations in terms of given graphs or creates situations that fit given graphs.

(D) The student collects and organizes data, makes and interprets scatter plots (including recognizing positive, negative, or no correlation for data approximating linear situations), and models, predicts, and makes decisions and critical judgments in problem situations. 

(A.3)
Foundations for functions. The student understands how algebra can be used to express generalizations and recognizes and uses the power of symbols to represent situations 



(A) The student uses symbols to represent unknowns and variables.

 (A.5)  
Linear functions. The student understands that linear functions can be represented in different ways and translates among their various representations.


(A) The student determines whether or not given situations can be represented by linear     functions.


(C) The student uses, translates, and makes connections among algebraic, tabular, graphical, or verbal descriptions of linear functions.

(A.6)
Linear functions.  The student understands the meaning of the slope and intercepts of the graphs of linear functions and zeros of linear functions and interprets and describes the effects of changes in parameters of linear functions in real-world and mathematical situations.



(A) The student develops the concept of slope as rate of change and determines slopes from graphs, tables, and algebraic representations.



(B) The student interprets the meaning of slope and intercepts in situations using data, symbolic representations, or graphs.




(D) The student graphs and writes equations of lines given characteristics such as two points, a point and a slope, or a slope and y‑intercept.



(E) The student determines the intercepts of the graphs of linear functions and zeros of linear functions from graphs, tables, and algebraic representations.



(F) The student interprets and predicts the effects of changing slope and y-intercept in applied situations.

(A.7)
Linear functions.  The student formulates equations and inequalities based on linear functions, uses a variety of methods to solve them, and analyzes the solutions in terms of the situation.



(A) The student analyzes situations involving linear functions and formulates linear equations or inequalities to solve problems.



(B) The student investigates methods for solving linear equations and inequalities using concrete models, graphs, and the properties of equality, selects a method, and solves the equations and inequalities.



          

 (C) The student interprets and determines the reasonableness of solutions to linear equations and inequalities.

(A.8)
Linear functions.  The student formulates systems of linear equations from problem situations, uses a variety of methods to solve them, and analyzes the solutions in terms of the situation 

(A) The student analyzes situations and formulates systems of linear equations in two unknowns to solve problems.

(B) The student solves systems of linear equations using concrete models, graphs, tables, and algebraic methods.

(C) The student interprets and determines the reasonableness of solutions to the systems of linear equations.

B. Critical Mathematics Explored.


The main focus of this activity is for students to encounter a situation where students solve a system of two linear equations. Throughout the activity, the student encounter concepts such as ratio and proportions, writing a linear equation given a table of collected data, determine the slope of a line, make inferences about the slope and its meaning in a real-world situation. Students will make inferences about the meaning of a linear system of equations as it applies to an application in the real world.

C. How Students Encounter Concepts.


Students will encounter concepts such as ratio and proportions as they have to determine how much time it takes for a ball to move a certain number of frames.  The students are asked to explain, describe and distinguish the dependency of distance traveled over time. As they collect data, students are asked to analyze the data, determine the rate of change between the two variables involved, and make interpretations about the rate of change as it relates to the speed of the balls. Students will also be asked to write an equation that describes each of the two balls. Students will apply their previous knowledge about writing an equation of a line and write a system of two linear equations. The students will then solve the system of linear equations in order to determine the point in time when the second ball will “catch-up” with the first ball.

D.      Setting Up – Preparation

· List of Materials.

One copy of student activity per student.

TIFF files of Collision!         

E. What the Teacher Should Do to Prepare


Make sure that the TIFF files for Collision are on every student computer. In order to do this you will have to open the SATEC folder containing the file, and also open up the program Scion Image.  Once in Scion Image, go to FILE, then OPEN.   Right click on the Collision TIFF file from the SATEC folder, and select COPY.  Right click in the open Scion Image file window, and select PASTE.  If you do not do this, the computer will not know what program to run the file from.  Be sure to lock the files to avoid any changes to be made to the file. Make sure to read the Teacher’s Notes, as there are a few tips you need to be aware of.  Students may ask for a graphing calculator to solve the system of equations.  It is at your discretion to allow them to use it.

F. The Teacher’s Perspective

· Objective 

The objective of this activity is to give the students some exposure to solving systems of linear equations.  This activity will also help to review some topics previously covered through out the year such as proportions, finding the slope of a set of points, writing linear equations, etc.

· Supplementary Comments

· It is important for the teacher to show the students the use of the pointer tool.  Students are already used to setting up the scale and use the measuring tool. 

· Be sure to remind students that they will use a different tool to obtain measurements.

· As they determine the length of the movie clip, tell your students to round to the nearest housandth.  

· Some students may need to be reminded on how to set up proportions.

FILLING THE TABLE:

When taking the measurements, students’ first instinct is to write down the numbers in the results table for X and Y coordinate. In this activity, we will use the X-Coordinate to determine the number of pixels the ball moves (it’s position, dependent variable.)  For all practical purposes, the Y-Coordinate has no use in this activity because the ball has little to no vertical movement.

Instruct students to measure ONLY one ball at a time. Once they have the measurements for the first ball, they can click on the second ball to obtain its measurements.

DEVELOPING THE EQUATIONS:

Explain that the slope and y-intercept the computer or calculator finds may be different than the values the student determined since the computer is finding those values by using the Line of Best Fit for the data, contrary to what the students did. Their numbers should not differ too much but may depending on accuracy and consistency of their measurements. 

QUESTION #20

This question requires dimensional analysis. Students will probably need some assistance.

· Hints

MAKE SURE YOU WORK THROUGH THIS ACTIVITY FIRST, BEFORE ASSIGNING IT TO 

THE STUDENTS.  It is a good activity, but at times a little difficult.  You will have to help the students through it.  Also, make sure you check the Answer section for help in setting up necessary proportions.

At the end of the activity, students are to use Graphical Analysis or the graphing calculator.  It is the teacher’s option whether the students use Graphical Analysis or the Graphing Calculator.  If using Graphical Analysis, the instructions are included on the student activity page.  If using the calculator, you will find the graphing calculator addendum in the SATEC Collision folder.  

G.
Answer Key

1.
One object flies across the screen followed by a second object.

2.
76

3.
Frame


Position

Answers in table may vary but should be similar.
	
          FIRST - A





   SECOND - B

x
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	25
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	40
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	5
	
	
	68

	
	30
	231
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	5
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	5
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	35
	270
	
	
	
	50
	233
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	5
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4.
42.6; 65.0; 5

5.
8.5; 13

6.
UFO B moves faster because the slope is larger.

7.
-32; -421; The UFO’s are out of view because they are off the screen.

8.
y = 8.5x – 32; y = 13x – 421

9.
(86.4, 702.8)

10.
M=8.6, B=-28.4; Pretty Close!

11.
M=13, B=-419; Pretty Close!

12.
(87.5, 720.2); Pretty Close!

13.
It is the frame and position of when and where the UFO’s collide.

14.
About frame 88

15.
Solve the equations by hand, on the calculator, by graphing by hand or on GA.

16. 30 frames  =  88 frames  ; about 2.9 seconds

                           1 sec             x sec

17.
110

18.
110;   110 pixels  =  720 pixels  



  3 feet             x feet

19.
19.6 feet; The balls will collide after 19.6 feet

20.    30 frames  *  8.5 pixels  *      3 feet     = 7.0 feet per second


      1 sec
  1 frame      110 pixels

30 frames  *  13.0 pixels  *      3 feet     = 10.6 feet per second
     1 sec
  1 frame        110 pixels
H.
Homework


Systems of Linear Equations--Applications 1


Systems of Linear Equations--Applications 2

I.
Extensions


You are a scientist taking a video of a distant Space Station. As you are filming you see something pass across the lens of your camera. You rush to your computer and download the film. When you study the video, you realize you have captured two Unidentified Flying Objects moving across the frames. Being extremely creative, you name them ‘A’ and ‘B’. 

· Open Scion image.

· Click FILE and OPEN the file called Collision! Click to stop animation.

· From Analyze, select OPTIONS, and check X-Y Center only.

· From Stacks, select Animate to animate the movie. Change the speed of the movie by pressing any number from 1 to 9.

1) Describe the event in Collision! Be specific. ____________________________

____________________________________________________________

2) How many frames are included in this movie? __________________________

Click on the picture. Use < and > keys to change frames one at a time.
3) Since Frame Number and Position are your two variables, identify the following: 

INDEPENDENT VARIABLE: _______________________________

DEPENDENT VARIABLE: _________________________________

· Using the pointer tool [image: image1.bmp], find the X coordinate of each fifth frame for the  first  UFO only.  This is its position counted in pixels in the computer ‘window’.

· Select ANALYZE, and Show Results table. Copy the results in the table on the next page.
· Select ANALYZE, and Reset your Results table and repeat the procedure for the second UFO.
      
                    FIRST - A





   SECOND - B
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4) 
The change in position, ∆y, is the distance the UFO traveled in ‘pixels’ in 5 frames. Find the average of the ∆y values. (Round to the nearest tenth.)


A  _____________  , B ______________

Obviously, the average of the ∆x is ______________.
5) Find the slope ( 
[image: image2.wmf]  

D

y

D

x

 ) for both measurements collected. (Round to the nearest tenth).         



Slope for A __________                Slope for B __________

STOP! And check with your teacher before you continue!








Teacher’s Initials_______
6) 
Compare the slope of both lines.  How does the slope relate to the velocity (speed) of each UFO? Explain and be specific. ________________________

___________________________________________________________

___________________________________________________________

a) What would be the position for UFO A at frame 0? ______ 

b)
What would be the position for UFO B at frame 0? ______

c)
What does having a negative position mean for this problem? 
___________________________________________________________

8) Write the equation for the line describing the position of each UFO, y, in terms of x frames.

A: ____________________      B: _____________________

9) Solve the system of linear equations. (Round your answers to the nearest tenth)  Show all work or describe how you solve the system.

10) Is there a different way to determine when the UFO's will collide? Check your method with a different group, and list all possible ways to answer question #11. ___________________________________________________________

· For the remainder of the activity you will either use Graphical Analysis or the Graphing Calculator.

· For Graphical Analysis: use the following instructions, and for the Graphing Calculator: use the Addendum.

· Open Graphical Analysis. Label your axes appropriately (i.e. FRAME and  POSITION).

· Double click on the Data Set Title to rename your Data Set.

· Enter the data you collected for the first UFO. Do Not Enter data you predicted!
· Click ANALYZE, select Automatic Curve Fit, and click on Linear, Okay.
11) Record the M-value _______ and the B-value _______ from the bottom of the screen.  How do they compare to the values you obtained for the slope and y-intercept of the first UFO?

      ___________________________________________________________ 

      ___________________________________________________________

· Click Data, Select New Data Set, and label your axes appropriately.

· Double click on the Data Set Title to rename your Data Set.

· Enter the data you collected for the second UFO. Do Not Enter data you predicted!
· Click on the graph and Under WINDOW, select Graph options, and click on the y-axis options. Check Set1 and Set2 for Position.
· Click ANALYZE, select Automatic Curve Fit, and apply to Data Set Two.
12) Record the M-value _______ and the B-value _______ from the bottom of the screen.  How do they compare to the values you obtained for the slope and y-intercept of the second UFO? 

      __________________________________________________________

      __________________________________________________________

Now we need to change the window to get a better view of the graph of the collision.

· Click on the end number. Type a different number, Enter. Keep changing the numbers until you can see the intersection of the two lines.

· Click Analyze, and select Interpolate.
Find the point of intersection. (It is when the makers disappear.)

13) Intersection point:  ( ______ , ______ )   How does the solution to the system (problem #10) compare to the point where the two lines intersect? 

___________________________________________________________            ___________________________________________________________

14) What is the meaning of the solution to the system of equations? ________

___________________________________________________________

15) At which frame will UFO 'B' collide with UFO 'A'?  ____________________

16) This movie is captured at a rate of 30 frames per second. Use a proportion to determine about how many seconds, from the time the movie begins until the UFO's collide? _____________

17) Click on the measuring tool. Click on one end of the Space Station (it looks a little like a yardstick). Holding the button down, drag to the other end. Look at the Info window (while the button is held down). Record the length of the Space Station here. __________ pixels

18) You suddenly realize that these are not UFO's! Your camera must have gotten turned around and taken a movie of two balls rolling across the floor. The Space Station is just a yardstick (3 feet)! Being a dedicated scientist, you still want to know where the collision was. You know that _________ pixels = 3 feet. Write a proportion showing how to change your collision position from pixels to feet. 

19)
What is the position of the collision in feet? __________________________   

What does that mean in this problem? ______________________________

___________________________________________________________

20) Determine the speed (slope) of A and B in feet per second. 

A ________________   

B ________________
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