SHEET 1

Vocabulary Words

Independent Variable – the value that is given – the “control variable”

Dependent Variable – the value that is to be predicted

Speed – The absolute value of the velocity of an object; the rate of motion given by distance traveled over time.

Velocity – The speed and direction in which an object is traveling.

Acceleration – The rate of change of velocity with respect to time.

Gravity – The natural force of attraction exerted by a celestial body, such as Earth, upon objects at or near its surface, tending to draw them toward the center of the body.

Friction – The rubbing of one object or surface against another.
Elevation – The height to which something is elevated above a point of reference such as the ground.

“Initial” –  Occurring at the beginning.
SHEET 2

Parabola

Galileo Galilei


Galileo Galilei was born on February 15, 1564 in Pisa, Italy.  He was an Italian 
astronomer, philosopher, and physicist who is commonly associated with the Scientific 
Revolution.

One of the most famous stories about Galileo is that he dropped balls of different masses 
from the Leaning Tower of Pisa to demonstrate that their velocity of descent was independent 
of their mass.  This was contrary to what Aristotle had taught: that heavy objects fall faster than 
lighter ones.  Galileo eventually disproved this idea by demonstrating that all objects, regardless 
of their mass, fall at the same rate in a vacuum.


In one of his early experiments, Galileo reduced the affect of gravity by rolling balls 
down a gently sloped inclined plane and recording the locations at equal time intervals.

Experiment Begins…
Name: _________________________





Date: _______________

Searching for a Parabola on an Inclined Plane

The Preliminaries (No, you can’t skip them!)

Since we’ve discussed quadratic functions in great detail, it would be appropriate at this time to establish some connections between this class of functions and the world in which we live.  The most common example of a quadratic function in action is the motion of a falling object.  From the study of physics, in particular the study of kinematics, comes the following formula:
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where y is the falling object’s elevation at time t; y0 is the object’s initial elevation; v0y is the object’s initial velocity in the y-direction; and a is the acceleration acting on the object (in this case, the acceleration is due to gravity and is equal to approximately 9.81 meters per second per second or 32 feet per second per second).  Thus, if a stone is dropped from the deck of a bridge that is 25 meters (about 82 feet) above the water, we can find its position at any given time.  The spreadsheet below summarizes this:

	time t
	y = 25 m + (0 m/sec)*t + 0.5*(-9.81 m/sec^2)*t^2 

	0
	25

	0.1
	24.95095

	0.2
	24.8038

	0.3
	24.55855

	0.4
	24.2152

	0.5
	23.77375

	0.6
	23.2342

	0.7
	22.59655

	0.8
	21.8608

	0.9
	21.02695

	1
	20.095

	1.1
	19.06495

	1.2
	17.9368

	1.3
	16.71055

	1.4
	15.3862

	1.5
	13.96375

	1.6
	12.4432

	1.7
	10.82455

	1.8
	9.1078

	1.9
	7.29295

	2
	5.38

	2.1
	3.36895

	2.2
	1.2598

	2.3
	-0.94745


We’ve made some assumptions here that need to be addressed before we move on to the lab:

1. The downward direction is assumed to be negative.  Thus, the acceleration due to the 

    force of gravity is –9.81 meters per second per second.  Conversely, the upward 

    direction is positive.

2. The surface of the earth (or the river in this case) is assumed to be zero.  Thus, the 

    elevation of the bridge deck (and the stone’s initial elevation) is +25 meters.

3. Since the stone is dropped, its initial downward velocity, v0y, is assumed to be zero.

4. The affect of air resistance on the stone’s flight is disregarded.  To get a really accurate 

    model of the stone’s path, this assumption cannot be made. 

At some time between 2.2 seconds and 2.3 seconds the stone reaches the surface of the river, i.e., y = 0 (notice how the sign of the elevation y changes from positive to negative for t = 2.2 seconds and t = 2.3 seconds).

Let’s now look more closely at the formula for our falling object’s elevation, and compare it to the standard form of a quadratic function:
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which could be rewritten as:
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Hopefully, certain correspondences are obvious…those between:


y, the object’s elevation at a particular time t, and y, the function’s dependent variable;


y0, the object’s initial elevation, and c, the function’s constant term;


v0y, the object’s initial velocity in the y-direction, and b, the coefficient of the function’s 

first-degree term;

t, the time that has elapsed since the object was dropped, and x, the function’s

independent variable; and, finally,
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, the acceleration due to the force of gravity, and a, the coefficient of the function’s

second-degree term.

Based on this, it should be apparent that the object’s elevation, y, is a quadratic function of the time, t, that has elapsed since it was dropped.

The Lab

This lab was originally intended to study the motion of a variety of falling objects, such as the stone discussed previously.  By making use of the Texas Instruments TI-83 Plus Graphing Calculator and the Calculator-Based Ranger (CBR), extremely accurate data relating time and distance may be gathered.  Repeated trial runs with falling objects resulted in difficulties gathering data, much like a pioneer in the study of the science of physics…Galileo.  Galileo found it difficult, perhaps impossible, to accurately measure the change in position of a falling object since the event occurred so quickly.  While the change in the object’s position could be measured with sufficient accuracy using the graphing calculator and the CBR, it was difficult to find a place to drop it so that a reasonable amount of data could be collected–remember, an 

82-foot fall requires less than 3 seconds.  A solution to this problem was to borrow from the work of Galileo…slow down the affect of gravity on the object by allowing it to roll down an inclined plane.  Trial runs on a ramp yielded much better data.  But the path of this rolling object is described by only one-half of a parabola.  So instead of merely allowing the ball to roll down the inclined plane, it is first rolled up the plane by applying some initial impetus, and then allowing it to roll back down.  This procedure truly demonstrates the usefulness of the quadratic function in describing the motion of a falling (or, in this case, rolling) object.  Finally, a graph of the data that resembles the parabolas discussed in class!

Procedure: Gathering the data.

1. Connect the Texas Instruments TI-83 Plus Graphing Calculator and the Calculator-

    Based Ranger using the cable provided.

 
2. Press the ON and APPS keys.  The 

     
    following screen should appear:

[image: image6.png]



3. Press the 2 key.  The following 

    screen should appear:
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4. Press any key, resulting in the 

    following screen:
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5. Press the 3 key.  The following 

    screen should appear:
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6. Press the ENTER key.  The screen 

    below should appear:
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7. Press the 1 key.  It’s impossible to 

    gather a screen capture for this 

    screen, so we’ll talk about it in 

    class.  We’ll use the following 

    settings:


   REAL TIME:
YES


     TIME (S):
15

                  DISPLAY:
DIST



               BEGIN ON:
[ENTER]

               SMOOTING:
HEAVY

                      UNITS:
METERS
8. Now it’s time to gather some data.  

    Key up to START NOW and press 

    ENTER.  The following screen    

  will appear:
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9. Press the ENTER key again.  The 

    CBR will make a faint but audible 

    “ticking” sound as it gathers data.  

    After gathering data for 15 seconds 

    (see Step 7 above), a graph of the 

    data like the one below should  

    appear.
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10. Press the ENTER key to select 

      the portion of the graph you wish 

      to analyze…
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11. Press the 2 key to select the 

      domain of your graph.  Set the left 

      bound first, keying to the right 

      using the ► key as necessary…
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12. Press the ENTER key.  Then 

      repeat the process to set the right 

      bound.
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13. Press the ENTER key again.  The 

      calculator will display a message 

      “Analyzing”.  The graph with 

      the selected domain will appear.
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14. Use the TRACE and then the ►

 
      and ◄ keys to find the data 

      points’ coordinates.
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15. Press the ENTER key, and the 

      PLOT MENU will appear.  Press 

      the appropriate key to run any

      additional trials (press the 3 key

      to REPEAT SAMPLE) or to quit 

      (press the 5 key to QUIT).
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      If you choose to quit, the 

  
      following screen will appear:



[image: image21.png]Done




16. You may view the data in tabular 

      form by pressing the STAT key 

      after you’ve exited the CBR 

      application.  The following screen 

      will appear:
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17. Press the 1 key.  A table of your 

 
      data will appear, and you can 

      scroll up and down the lists using 

      the ▲ and ▼ keys.
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Now that we’ve gathered some real-world data to analyze, let’s start applying some of the algebra you’ve spent the last few weeks learning!  It should be pretty obvious that the relationship between time, t, on the x-axis and distance, y, on the y-axis is indeed a quadratic function…the resulting graph is a parabola.

Analyzing the data–we’ll use the three data points from the screen captures in the trial above to demonstrate the algebraic technique used to find the equation of the quadratic function that contains this data:


1. First, we’ll round each of the data points’ coordinates to three significant figures to 

    make the task more manageable.  The table below shows the data ready for analysis:

	t (time in seconds)
	y (distance in meters)

	0.600
	1.14

	3.60
	2.96

	6.00
	2.09



2. Earlier in the year, we learned how to solve a system of equations in three variables 

    like the one below by using the elimination method twice.
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    In this lab, we know values of t (time in seconds) and y (distance in meters), resulting 

    in the following system of equations:
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Eliminating C from the first and second and first and third equations results in:
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    Multiplying both sides of each of the remaining two equations by 10 results in:


[image: image34.wmf]126.030.018.2(9)(126.030.0)(18.2)(9)

356.454.09.50(5)(356.454.0)(9.50)(5)

ABAB

ABAB

+=-+=-

+=+=



[image: image35.wmf]1134.0270.0163.8

()1782.0270.047.50

648.0116.3

0.179

AB

AB

A

A

-+=-

++=

=-

=-



[image: image36.wmf](126.0)(0.179)30.018.2

22.6130.018.2

30.040.81

1.36

36.00(0.179)6.00(1.36)2.09

6.448.162.09

1.722.09

0.37

B

B

B

B

C

C

C

C

-+=

-+=

=

=

-++=

-++=

+=

=


   Thus, A = –0.179, B = 1.36, and C = 0.37 so…

y = –0.179x2 + 1.36x + 0.37

y = –0.179t2 + 1.36t + 0.37

3. Now it’s your turn…we’ll pick three of the data points generated in class and write 

    the equation for the quadratic function that contains them.  Record the data points in 

    the table below, and attach your analysis to the lab.

	t (time in seconds)
	y (distance in meters)

	
	

	
	

	
	


SHEET 3

Searching for a Parabola on an Inclined Plane 


Name _______________

Each of the following graphs was obtained by rolling a ball on an inclined plane.

The appearance of each is quite different from the graph presented in class.

Below each graph, write an explanation of what may have occurred to give the graph its’ unique appearance.
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SHEET 4

Program for the TI 83 or TI 83+ graphing calculator

PROGRAM: PARABOLA

: ExprOff:FnOff :Gridon

:”A(X-H)2+K”→Y1

:( -1)  ٨  (int(2rand))*randInt(1,3)→A

:int(12rand-6)→H

:int(8rand-4)→K

:DispGraph

:Return

Words to the music that will be playing in the background while the experiment is taking place.

Spinning Wheel (David Clayton-Thomas) 

What goes up 
must come down 
spinning wheel 
got to go around 
talkin' 'bout your troubles 
it's a cryin' sin 
ride a painted pony 
let the spinning wheel spin 

You got no money 
you got no home 
spinning wheel 
all al lone 
talkin' 'bout your troubles and you, 
you never learn 
Ride a painted pony 
let the spinning wheel turn 

Did you find 
your directing sign 
on the straight and narrow highway 

Would you mind a reflecting sign 
Just let it shine 
within your mind 
and show you, the colors 
that are real 

Someone's waiting 
just for you 
spinning wheel, 
spinning true 
Drop all your troubles by the riverside 
ride a painted pony 
let the spinning wheel fly 
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