
Projectile Motion
I've placed a coin on the edge of a table, nearly half off the edge. Now I'll skim another coin at it, knocking
it off the table and causing it to fly forward. At the same time, the coin I slid toward the first one will fall
nearly straight down from the edge of the table. Which do you think will hit the ground first?

In terms of vectors, we have two coins falling on the coordinate plane with height on the y axis and
horizontal distance on the x axis. One coin is initially at rest, the other has an initial positive velocity. Just to
give us some numbers to work with, I'll say that that initial positive velocity is (2x + 0y)(m / s).
The acceleration of both coins is the same: (0x - 9.8y)(m / s²).

If at any given time we were to check the y component of the velocity of both coins, they would be equal.
Each started at zeros and has had -9.8 Δt added to it. Therefore, the height above the floor of the two coins
is also the same at any given time. So, they will hit the floor simultaneously.

Something that travels along this sort of arcing path through the air, moving forward while rising and falling
in free fall, is called a "projectile." The most famous types of projectiles are things like cannonballs,
catapault stones, or artillery shells. 

1. Range of a projectile

Let's try to figure out exactly how fast the coing was going when it fell off the edge of the table. We know
that in the horizontal direction, it simply moved along at that speed for the whole time without accelerating
at all. Thus, we can find the initial velocity by dividing the horizontal distance it moved before it hit the
ground by the time it took to hit the ground.

We can find that time by using a stopwatch. However, we can also find that time by just calculating how
long it takes to fall from the height of the table to the floor. Record the time found by both methods.

1. Distance coin went from table:

2. Time from stopwatch:

3. Height of table:

4. Time from formula (show work):

5. Initial velocity of coin (as a vector):



2. Projectile target practice

Since we now know the time it takes any object to fall off the table, we would also be able, given the initial
velocity of any object on the table, to figure out how far it would go away from the table in that time. This
is basically the problem that people deal with who work with targetting artillery - trying to fingure out
exactly where a projectile will land when the launch conditions are controlled.

You will work in groups to try to predict where a marble rolling off the table will land. Your goal will be to
be able to place a target on the floor and have the marble land exactly on it. You will place the target right
where you think the marble will land and then see how close to center the marble falls.

In order to do this, you of course need to be able to have a reliable initial velocity for the marble. Get two
meter sticks and a ramp, and use them to set up a channel for the marble to roll down which will give it the
same initial velocity every time. Find that velocity by setting up the ramp so that the marble is on the table
the whole time it is rolling betweent he meter sticks, and then timing how long it takes to get from the end
of the ramp to the end of the meter sticks and dividing distance by time. Since accuracy matters here, you
should think about doing things like averaging many time measurements to make the result more reliable.

1. Distance from end of ramp to end of meter sticks (m):

2. Time to roll that distance (s):

3. Initial velocity of the marble (vector, m/s):

4. Final velocity of the marble just as it hits the floor (vector, m / s, use Δt from coin demo):

5. Total displacement of the marble as it falls (vector, m):

Place the target near to where you guessed, and we'll see if you guessed right.

3. Questions for Homework

1. My friend is trying to learn how to juggle. She thinks it will be easier to learn if she does all her
practicing on a train. That way, she figures, the balls will spend longer in the air, since they are
moving forward with the train as they go up and down, and thus went a longer distance. Is she right?
How would you explain your answer to her?



2. A projectile is fired upward at a 45° angle. At what point(s) in its flight is the projectile moving most
slowly (smallest length of velocity vector)? (start of flight, end, or middle, not any specific time)

3. At what point(s) is the projectile moving most quickly?

4. A rescue plane drops a package of emergency supplies to a group of stranded hikers. The plane is 80
m up in the air, traveling forward at 20 m / s.

a) From the perspective of the person in the plane, the package is released from rest, and as it falls it
stays under him and accelerates downward at a rate of -9.8 m / s². How long does it take the package
to fall down this far?

b) How far forward have both the plane and the package fallen in this time?

c) Call the height above the ground the y direction, and assume that the plane is traveling in the
positive x direction. What is the velocity vector of the package, as seen by the hikers, when it is
released?

d) What is the acceleration vector of the package?

e) What is the final velocity vector of the package when it hits the ground?

f) How fast is it going? In other words, what is the length of its velocity vector?

g) Show how to use one of the Δx equations to find the displacement vector of the package, as seen
by the hikers.


