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Lab-Graphing equations using the graphing calculator Honors Physics

(Advanced kinematics)

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

Draw the picture labeling the initial upward velocity “A” as 20 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 =


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
Notice that we substituted 105 for the initial position of the projectile.   Yi = 105 m

Notice that we substituted 20 for the initial upward velocity of +20 m/s.  Vi = +20 m/s

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

Let’s get started graphing this equation!

In the calculator, select [MODE].  Make sure that the black boxes have selected:

Normal

Float



Degree

Func

Connected

Don’t mess with the other stuff.

Check out all of the keys directly under the screen:

[Y=]
[WINDOW]

[ZOOM]
[TRACE]
[GRAPH]

[Y=] use X, T, (, n button with this to plug in the equation.

by the \Y1 = enter 105 + 20 [X, T,(,n] –4.9 [X,T,(,n] [X2]

Next, hit [WINDOW] = how tall and wide a graph is going to be.  We must set the parameters so that the data will fit onto our graph.

Push the [WINDOW] button and let’s check out the parameters for our graphing.  

Xmin = the minimum time value on our X-axis 

Xmax = this is an estimation of the total time the projectile will be in the air

Xscl = how frequent will marks be shown on the X axis

Ymin = the minimum Y value on the graph

Ymax= at least as big as the largest Y value on the graph

Yscl= how frequent will marks be shown on the Y axis

Xres= do not touch this one!  This messes up the graph.

Now, let’s figure our parameters.  We’ll talk about it and then set it into the calculator afterward.

In this graph, the x-axis represents time, in seconds.  We will therefore set Xmin = 0 because we always start time at zero.  Estimation of time in the air: to estimate rise time, take the initial velocity and divide 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 Xmax I picked 8 (seconds) roughly doubling the 4 seconds we determined earlier.

How is this “roughly” going to look on a graph?

Next, let’s choose “1” for Xscl, meaning that we will show a mark every 1 second on the graph.  The Ymin in this case, the bottom of the cliff is zero, so we will select Ymin = 0.  For Ymax, we need to allow for the height of the cliff plus how far the projectile rises in two seconds.  I picked Ymax = 150 for this variable.  For Yscl, I picked 10 for 1 mark every 10 meters.

Push the [WINDOW] button and let’s set the parameters for our graphing.  

Xmin = 0 and use down arrow to go below

Xmax = 8 and use the down arrow to go below

Xscl = 1 and use the down arrow to go below

Ymin = 0 and use the down arrow to go below

Ymax= 150 and use the down arrow to go below

Yscl= 10

Xres= don’t mess with this one!

Next, hit [GRAPH].  [ZOOM] is for students who don’t know how to do [WINDOW].
Check out the graph noticing how the vertical value increases for a while and then falls to 0 over time.

Hit [TRACE].  This places a tracing spider on the graph, at about the middle of the x-range or time.

Notice that the left or right arrow moves the tracing spider.

Moving left finds the maximum height or maximum Y value of 125.40.  What is the x value or time value?  x or t = 2.04 s.  

So, it takes approximately 2.04 s to rise the Max height from the canyon floor, 125-m 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 = 25.4 m from starting point or 125.4 m

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 spider to the right and find the Max X value.  Take the spider to the x-axis.  It’s about 7.14 seconds, right?

x = 7.14 s

y = -2.44 m

Impact velocity?

Velocity is the slope of position on the graph.  The slope is 0 at the top.

What is the slope at x = 7.14 s?

To find slope, hit [2nd], [TRACE] and use your arrow to tab down to 6:dy/dx.  Hit [ENTER] and this will take you back to the graph.  Now punch in 7.14 and hit enter to find the impact velocity.  I get –49.972 m/s.  (Dr. B:  This step may not work with your old TI-82)  The negative value tells us that the direction of the velocity is downward, about –50 m/s.

Graphing only works when we know the initial height (Yi), initial velocity (Vi) and gravity.

See if you can proof the problem with your kinematics 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.

My mathematical proofs for what we saw on the graphing calculator:

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 =


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

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

d = Vf2 –Vi2   =

0 –(20 m/s)2

=
20.4 meters


2a


2(-9.8 m/s2)

2. What is the rise time?  t =

t = Vf –Vi
=

0-20 m/s
=
2.04 s


a

  
-9.8 m/s2
3. What is the impact velocity of the projectile?
v =

Vf2 = Vi2 + 2ad
=
0
+ 
2 (-9.8 m/s2) (105m + 20.4m) =
2457.84 m2/s2
Vf =  (2457.84 m2/s2
=
49.57 m/s, downward
or –49.57 m/s

4.
What is the total time of flight?


t =

t = Vf –Vi
=
-49.37 m/s – 0 m/s

=
5.05 s + 2.04s (rise time) = 7.09 s


a


-9.8 m/s2
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