
San Antonio Technology in Education Coalition

[image: image5.wmf][image: image6.wmf]
[image: image7.wmf] 

[image: image8.wmf][image: image9.wmf] 


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

   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

One copy of student activity per student.

TIFF files of Catching Up!         

What the Teacher should do to Prepare


Make sure that the TIFF files for Catching Up 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 Catching Up 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.

E. The Teacher’s Perspective

1)    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

· Students are already used to setting up the scale and use the measuring tool. .

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

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

FILLING THE TABLE:

When taking the measurements, students’ need to be consistently measuring from the same spot on the left side of the picture frame.

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 the measurements.

The first measurement for the first ball should be collected at frame 5, which is the first time the ball completely appears on the screen.  This also marks the initial count for time, that is this should be time = 0.

The initial time for the second ball is 0.934, not zero. Some students will write zero not realizing that the time is continuous for the experiment. 

For question 11 and 12, they  may  not see the relation between the A-value and the y-intercept, and the B-value and the slope or rate of change. Explain that those numbers are going to be different since the computer is finding those values by using the Line of Best Fit for the data, contrary to what the students did. 

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.  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 Catching Up folder.  

F.   Answers and Notes

1. Two balls are rolled. The second ball is faster than the first ball, and catching up to the first ball.

2. 76 frames

3. 2.5 seconds

4. Frame 5.     Frame 33

5. 1/6 of a second or 0.167 sec.  You can use the following proportion:  30/1 = 5/x, since there are thirty frames per second, and you are trying to find how many seconds elapse for five frames.

6. Independent:  Time 

Dependent:  Distance.  

Answers may vary.

7. 0.935 sec.  You can use the following proportion: 5/.167=28/x, since there are 28 (last frame – first frame:  33-5) frames in the movie.
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8) Ball 1:  13.7      Ball 2:  21.4

9) 1/6 sec

10) Ball 1:  82.2      Ball 2:  128.4

11) The slopes are the velocities of each ball in inches per second.

12) The greater the slope is the faster ball.

13) Y=82.2x + 4.05 and y=128.4x - 118.55         

14) Y=82.0x + 4.05 

15) They are very similar.  NOTE:  The students may have a problem identifying slope and y-int.

16) and y = 127.93x +118.55

Note: In order for Graphical Analysis to show the two lines at the same time, some adjustments have to be made in the graph options:  Click on graph options, then click on More Y-Axis options and be sure the following is selected for distance
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17) Should be very close again.

18) (2.66, 225.59) Point of intersection. 

19) (2.7, 229)

20) Should be very close again.

21) Answers will vary. Point where the two lines intersect= when second ball catches up with the first one.

At time= 2.7 seconds, the balls will meet at a distance of 229 inches.

22) Approximately 2.7 seconds

23) Answers will very.

G.
Suggested Homework Assignments.

From the supplements found in the Systems of Equation folder.

Systems of Equations Applications 1

Systems of Equations Applications 2

H. Extensions
Search the web for physics related material where objects collide.

I. Field Activity Ideas

You may want to videotape two students performing a race where they are running in opposite directions. Find out the point where the two students will meet each other. This can be varied also if one student will run slower but starts first, and have a second student follow after him running faster.


· Open Scion image

· Click FILE and OPEN the file called Catching Up!

· From Analyze, select Options, and have only the X-Y Center checked.

· Animate the movie by hitting Stacks, and Animate.  To slow the frames, hit “6”.

· You can click on the movie screen to stop the movie, and you will use the       and        keys to move from frame to frame.

1.  Describe the event in Catching Up. Be specific. _________________________

____________________________________________________________

2.  How many frames are included in this movie? ______

3.  Since this movie is captured at a rate of 30 frames per second, how many 

     seconds long is the movie? ______

4.  At which frame can you first completely see the first ball? ______

Second ball? ______

5. Since you will be measuring every fifth frame, how much time elapses between each of your measurements? __________

6. Since Time and Distance are your two variables, identify the following: 

  INDEPENDENT VARIABLE: __________________________

  DEPENDENT VARIABLE: ____________________________

  EXPLAIN your reasoning:_______________________________________

__________________________________________________________

· Using the measure tool [image: image2.wmf], set the scale using the fact that the stick in the picture is 36 inches long. 

· Using the Center tool 
[image: image3.png]


, click on the center of the ball.
· Record your results in the chart on the next page.

· Repeat this measurement for every fifth frame until the first ball rolls out of the picture.

Use your calculations from Question #5 and fill in the time column for the first ball.
7.  How much time elapses from the time the first ball appears to the time that the second ball appears in the picture? _____
· Using the center tool, click on the center of the second ball to determine the distance from the left edge of the picture.

· Repeat this measurement for every fifth frame until the first ball rolls out of the picture.

· Record your results in the chart below and fill in the time column beginning with the value you found in question #7.

.
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STOP! Check with your teacher before you continue!

                                                                                                                 Teacher’s Initials _____
8.  The change in position, ∆y, is the distance the ball traveled in 5 frames. Find the average of the ∆y  values. (Round to the nearest tenth.)


First Ball  _____________  , Second Ball ______________

9. The average of the ∆x is ______. 

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

Slope First Ball  _____________  Slope Second Ball ______________
11. Compare the slope of both lines.  How does the slope relate to the velocity of 

respective ball? Explain and be specific. _____________________________

___________________________________________________________

___________________________________________________________

12. Assume that you did not watch the two balls rolling. By using the slope of the 

lines, how can you determine which ball is moving faster? Explain--be specific.

___________________________________________________________

___________________________________________________________ 

13. Write the equation for the line describing the distance traveled by each of the balls.

(a) First ball________________  (b) Second ball_________________

· For the remainder of the activity, you will use either 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 axis appropriately (i.e. TIME and DISTANCE), including the units. 
· Enter the data you collected for the first ball.

· Click ANALYZE, select Automatic Curve Fit, and perform to Data Set 
   One.  

14.  Write the equation of the line here:  _______________________

15.  Compare the M-value and the B-value of the equation the computer generated to the values you obtained for the slope and y-intercept of the first ball?

___________________________________________________________

___________________________________________________________

· Click Data, Select New Data Set, and Label your axis appropriately, including the units.

· Enter the data you collected for the second ball.

· Under WINDOW, select Graph options, and click on the y-axis options. 
Be sure that DIST1 and DIST2 have a check mark.
· Click ANALYZE, select Automatic Curve Fit, and apply to Data Set Two.
16. Write the equation of the line here: ________________________________

17.  Compare the M-value and the B-value of the equation the computer generated 

to the values you obtained for the slope and y-intercept of the second ball?

________________________________________________________ 

________________________________________________________

18. Solve the system of linear equations. (Round your answers to the nearest tenth)


19. Write the point of intersection you found using the computer: __________

20. How does the solution to the system you calculated compare to the point of intersection found by the computer? ______________________________

__________________________________________________________

21. What is the meaning of this point of intersection?

__________________________________________________________

__________________________________________________________

__________________________________________________________

22. Approximately how many seconds will it take for the second ball to “catch-up” with the first ball? __________________

23. How did you arrive to your conclusion? Explain your reasoning__________

________________________________________________________

________________________________________________________

________________________________________________________

24. In terms of physical context, what is the meaning of “solving a system of equations”? ________________________________________________

_________________________________________________________





















Click Analyze and select Interpolate to find the point of intersection.
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Solving Systems of Linear Equations
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