
Trebuchet
When we are dealing with projectile motion, motion in which an object is being launched or thrown
through the air, the only thing pulling on that object is gravity. Therefore, the acceleration of any projectile
is the same:

Acceleration is the amount that the velocity of an object is changing by every second. This projectile motion
acceleration says that every second, the y component of a projectile's velocity decreases by 9.8. The x
component stays the same over time - the motion of the projectile is the same as if it had simply been
thrown up and down while on a bus that happens to be moving forward.

We are going to try to figure out at what initial velocity to model trebuchet launches its projectiles. We will
need two easily measurable pieces of information: How far the projectile goes, and how long it takes in the
air.

1. How far forward does the projectile hit the ground?

2. What is its displacement, as a vector, when it hits the ground?

3. How long does it take in the air?

The initial velocity of our projectile is a vector: it has both horizontal and vertical components. We
can figure out each component separately, using what we know about projectile motion.

In the horizontal direction, the object is moving forward at a constant velocity. Asking what this
velocity component is is just like asking, "How fast would I have to move in order to get from the
launch point to the landing point in the same ime as the projectile?"

4. Show how to solve for the horizontal component of the projectile's velocity, using Δx and Δt.

The vertical component of the velocity is a bit harder to figure out. However, we do know one useful
piece of information: right at the top of its arc through the air, the projectile is no longer moving up,
and has not yet started to move down. Therefore, the vertical component of its velocity there is zero:
for a brief moment, its height is not changing.

5. After half of your Δt has passed, an acceleration of -9.8 m / s² has brought the vertical velocity of the
projectile down to zero. Solve to find out what the initial vertical velocity must have been.



Tracing out the Trajectory

Now we know how fast the projectile was moving when it was launched. Working in groups, you will use
this to try to find the height of the projectile as it passes some particular meter mark along its path.

1. What meter mark did your group pick? (this is your Δx)

2. We would like to know how long a time it takes for the projectile to reach that meter mark.
Fortunately, we know that it is moving along the horizontal direction with a constant speed. Therefore,
we can find the time just using out average velocity equation:

Use your Δx and the horizontal velocty that we found above to find out your Δt, the time after the
launch that it passes your meter mark.

3. We'd like to be able to make on the board the velocity of the projectile at that mark, to get a sense of
how the velocity changes as the projectile flies. Use your Δt and the known values of vi and a to find
the velocity vector at your meter mark (the vf after your Δt).

4. Finally, we'd like to know what the height of the projectile is as it passes your meter mark. Use either 
Δx equation, as a vector equation, to find the displacement vector of the projectile at your meter mark.

We can test out the height you found by having someone stand in the path of the trebuchet at your meter
mark with a hand held at the height you found, and then see if they will catch the projectile.


