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The purpose of this activity is to explore graphically a typical advanced kinematics problem.

Problem:  a projectile is thrown directly upward at 20.0 m/s off of a cliff with a height of 105 m.

Draw the picture labeling the initial upward velocity “A” as 20.0 m/s.  “B” represents the top of the projectile arc where the vertical velocity becomes zero.  “C” then represents the site of impact of the projectile at the bottom of the cliff.

Questions:

A-B 
what is the rise time?  t =


How far does the projectile rise?
d =

A-C
what is the total time of flight?


t =

B-C
What is the impact velocity of the projectile?
v =

Consider the following kinematics equation: d = Vit + ½ at2
Y represents upward distance.

Yf-Yi = Vit + ½ at2 
Therefore 

Yf = Yi + Vit + 1/2gt2  
Notice in the equation above that Yi was moved to the other side of the equation and the "a" was substituted with “g” for gravity.

Next, we will substitute what we know into the equation:

Yf = 105 + 20 t + ½ 9.8t2
Yf = 105 + 20 t - 4.9 t2
We substituted 105 for the initial position of the projectile.   Yi = 105 m

We substituted 20 for the initial upward velocity of +20 m/s.  Vi = +20 m/s

We substituted 9.8 for g or gravity. Gravity acts downward, so therefore is negative in value: ½ of -9.8 is -4.9.

Home

New Document, Click
Use the navpad to select Add Graphs and Geometry

Click the button in the middle of the navpad

The cursor is now blinking after the f1(x) =|
This is where we will enter the equation we determined above.

Type the following:

105 +20 multiplied by x-4.9 multiplied by x2|0<=x<7.1

(x2 is typed x and x 2 key)

Enter

ATTENTION:  THIS EQUATION MUST BE TYPED EXACTLY AS SEEN ABOVE.  IF THE GRAPH DOESN’T LOOK CORRECT, PRESSING CONTROL THEN Z, ERASES THE LAST ACTION.

A line should appear in the first quadrant. 
Now, let’s figure our parameters so that we can see the graph more efficiently.  We’ll talk about it and then set it into the calculator afterward.

In this graph, the X-axis represents time, in seconds.  We would usually set the negative X value to 0 because we always start time at zero.  In this case, however, we will set the negative X value to -1 so that we can see the vertical axis in the view box.  
Estimation of time in the air: to estimate rise time, the initial velocity is divided by gravity, roughly 10 m/s2.  In this case the upward velocity is 20 m/s and divided by 10 m/s2, gives roughly a 2-second rise time.  A projectile will fall for the same time it rises in a vacuum, so we can estimate the rise and fall of the projectile back down to the neutral point 2 + 2 = 4 seconds total.  Remember, in this problem the cliff is 105 meters tall.  For the positive X value I picked 10 (seconds) roughly doubling the 4 seconds we determined earlier.   As the object falls it increases its speed by 10 m/s every second due to acceleration of gravity.
The negative Y value in this case would be zero, since the bottom of the cliff is zero.  For this graph, I eventually selected -20 for the negative Y value so that it would be easier to see the X axis and so that the X and Y values we will see later will be visible during this entire activity.   For the positive Y value, allow for the height of the cliff plus how far the projectile rises in two seconds.  I picked the positive Y value = 150 for this variable.  One cool feature of the Nspire however, is that you don’t have to estimate as I just did, you can adjust the X and Y axes by grabbing them until the graph “fits” the view box.
Before entering into the computer, how is this “roughly” going to look on a graph?  Make your sketch to predict.
Hint:  If your view screen disappears, just touch the on button once.
On your calculator view box, we will enter the values we just discussed.
Move the arrow with the navpad to the number at the bottom of the screen and change it to -20 by doing the following:  Click twice using the key in the middle of the navpad and type -20.  Make sure to use the negative sign and not the minus sign on the calculator.  Enter. This is the value of the negative Y axis.

Hint:  If you lose your arrow at any time click esc and the arrow will reappear.

Move the arrow with the navpad to the number at the top of the screen and change it to 150 by doing the following:  Click twice using the key in the middle of the navpad and type 150.  Enter. This is the value of the positive Y axis. 

Move the arrow with the navpad to the number at the left of the screen and change it to -1 by doing the following:  Click twice using the key in the middle of the navpad and type   -1.  Make sure to use the negative sign and not the minus sign on the calculator.  Enter. This is the value of the negative X axis.

If the positive X axis (the number on the right) is not on 10, then change it to 10.

Check out the graph noticing how the vertical (Y) value increases for a while and then falls to 0 over time (stops at the X axis).

Next, we will place a point on the curve.
Hint:  if at any time, the screen saver turns off the view box, just hit the On key once.

Menu

Use the navpad to select Points and Lines.

Use navpad right to fold out the screen and select Point on.

Click on the button in the middle of the navpad.

Move the arrow by using the navpad to the middle of the slope.  Click twice and hit escape.

Place the arrow on the point until it makes a hand (it will say point).
Note to instructor on emulator:  Place hand on dot and right click on mouse to open Attributes.

Hold Control and push Menu

Use the navpad to select Attributes.

Click once.

Use the right navpad to select hollow circles and click.

The expression that is part of the equation we placed earlier,  0<=x<7.1, limits the movable dot so that it cannot move to the left of the positive Y axis or below the positive X axis.

Using the navpad, move the arrow back to the point and a hand will form.  Press Control and click the middle button on the navpad to “Grab” the dot.

Note to instructor using emulator:  Left mouse click and moving “Grabs”.
Other hints:  

Control C copies

Control V pastes

Control minus key darkens screen

Control addition key lightens screen
Moving left with the navpad finds the lowest value for time and the initial height of the cliff.  
t=  _______________ and d y= ___________________
Moving right to the vertex finds the maximum height or maximum Y value of 125 and it actually displays “maximum” in a box.  What is the x value or time value at “maximum”?  
X or t = _______ s.  

So, it takes approximately 2.04 s to rise the Max height from the canyon floor, 125 meters or roughly 20 meters above the starting point of 105 m.

Questions:

A-B 
what is the rise time?  t =  2.04 s



How far does the projectile rise?
d = 20.4 m from starting point or 125.4 m

(105 + 20.4 = 125.4)






A-C
what is the total time of flight?


t =


What is the impact velocity of the projectile?
v =

To find the total time of flight, move the dot to the right and find the Max X value.  Grab and move the open dot on the x-axis.  It’s about 7.1 seconds, right?  Notice the box with “zero” denoting the Y value as the projectile strikes the bottom
 X= 7.1 s

Y = 0 m

Impact velocity?

Move the dot back up the graph about halfway up the curve.

Velocity is the slope of a tangent to the open dot (driver) on the graph.  
V = 
Δd
=
Δrise
=
ΔY

Δt

Δrun

ΔX
The slope is 0 at the tippy top (apex).   It should be zero.  On our graph it will be close to zero, once we construct and measure the tangent.
Click escape to open the hand but move the arrow back to the point until the hand is open.

Menu

Use the navpad to select Points and Lines.  Navpad right and select Tangent.  Click.

You will see a glove with a pointing finger on the open dot. 

Click on the point twice to lay down the tangent line.

Menu

Use navpad to select Measurement and click.

Navpad to select Slope.

Click.

Move the hand to a place up the tangent on the slope of the line (it will display the word “line”) and click twice or press enter twice.

Escape.

Move the arrow until the open hand is on the dot.  It will say “point”.  Press and hold Control and click to grab.
Move the dot (with the navpad) to the far left.

What is the initial velocity?_______  Escape.
Use control and click to grab the 20 and move it to an open area in the upper right quadrant.

Escape to release.

Move the arrow until the open hand is on the “driver” dot.  Control and click to grab.

Move the dot to the apex (maximum).

What is the velocity at the apex (maximum)?_______
Lastly, we will move the dot to the far right.  What is the slope at x = 7.1 s?_______
The negative value tells us that the direction of the velocity is downward, about –50 m/s.

We will customize this just a bit by defining the slope we parked in the upper right of the view box.

Escape

Menu

Action, click

Text, click (a bold I thingy appears) and please move it to an open space
Enter

Type v= 

Enter

Escape

Place the hand on the v= and grab it (it will say “text” when you are on it).  Move it to the left of the slope value you dropped in the upper right corner earlier.  Escape to release.
Menu

Action, click

Text, click (a bold I thingy appears) and please move it to an open space
Enter

Type m divided by s
Enter

Escape 

Place the hand on the m/s and grab it.  Move it well to the right of the slope value you dropped in the upper right corner earlier.  Escape to release.  This defines the unit of your value.  Now grab the driver (hollow point) and move it along the slope and watch the velocity change.
Buen trabajo!  Nice job!

Time allowing:

Move the arrow on the screen and place it on the positive X axis and press Control and click the button in the middle of the navpad to grab the X axis.  Use the navpad to drag the positive X axis toward the origin.  Shortcut time!
Next, hit escape and move the arrow to an empty space on the screen.  Press Control and the button in the middle of the navpad and grab the screen.  Move up and down and side-to-side and notice how it changes the view.

Lastly:

Home

Add Calculator
Click

Let’s proof our activity with the following kinematic equations:

Problem:  a projectile is thrown directly upward at 20 m/s off of a cliff with a height of 105 m.

Questions:

A-B 
What is the rise time?  t =


How far does the projectile rise?
d =

A-C
What is the total time of flight?


t =

B-C
What is the impact velocity of the projectile?
v =

Consider the following kinematics equations: 
Vf2 = Vi2 + 2ad









Vf = Vi + at









t = Vf –Vi









a









d = Vf2 –Vi2









2a

Look back at the initial drawings we did and figure it out.

1.  How far does the projectile rise?
d =?

d = Vf2 –Vi2   =

0 –(20 m/s)2

=
20.4 meters


2a


2(-9.81 m/s2)

2. What is the rise time?  t =

t = Vf –Vi
=

0-20 m/s
=
2.04 s


a

  
-9.81 m/s2
3. What is the impact velocity of the projectile?
v =

Vf2 = Vi2 + 2ad
=
0
+ 
2 (-9.81 m/s2) (105m + 20.4m) =2460.35 m2/s2
V f =  (2460.35 m2/s2
=
49.6019 m/s, downward
or –49.6 m/s

4.
What is the total time of flight?


t =

t = Vf –Vi
=
-49.6 m/s – 0 m/s

=
5.05607 or 
5.06 s

a


-9.81 m/s2




+ 2.04 s










7.10 s
TI-Nspire™ hand-held technology training © 2010 by Dr. Darrell D. Barnes

This material is for the personal use of instructors who are given the limited permission to copy handouts in regular classroom quantities for use with students in the instructor’s regular classes and in presentations or conferences conducted by the instructor inside his or her own district institutions.  Request for permission to further duplicate or distribute this material must be submitted in writing to the author.

In no event shall Texas instruments be liable to anyone for special, collateral, incidental, or consequential damages in connection with or arising out of the purchase or use of these materials.

TI Connect, TI Navigator, TI-Nspire™, TI Smartview Emulator, TI-Presenter and ViewScreen are trademarks™ of Texas Instruments Incorporated.

7
7

