Projectile Motion Problem with an Initial Horizontal Velocity
While in a car moving at 20 kilometers per hour, one person drops a ball from a height of 0.70 m above the top of a bucket.
How far in front of the bucket should he/she drop the ball such that the ball will land in the bucket?
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1st Assignment - Let's model (mathematize) the problem
The ball is in projectile motion so we should split our know variables into the x and y directions.
In Y direction the object has a constant acceleration. In the X direction the object is moving in a constant velocity.
1) List our known and unknown variables.
2) Which direction (X or Y) we should start with and why?
3) What we could solve for first?
4) Solve the problem.
Put your answers in a Word file and submit it.
Hint: To help you we give you the following physics equations
Δy = Viy * Δt + ½*ay*Δt2 
Vx=Δx/Δt 

2nd Assignment - Do the actual experiment
Do the actual experiment to see if the theoritical value really works. 
1) Does it really work?
2) Does air resistance make any difference?
3) If you decrease the speed of the car by 1 kilometer what about the X displacement of the ball?
Answer to the above questions in the online text window of submission and submit also a short time video file of your experiment. 

3rd Assignment - Determine the final velocity of the ball
1) Determine the final velocity of the ball, right before it strikes the bucket. 
2) If you see your video of experiment, your hand is always directly above the ball. Why is that?
Submit a Word file with your answers.
Hint:To help we give you the following equation
Vfy2=Viy2 + 2*ay*Δy

4th Assignment - Analyze video of experiment in Tracker software
Analyze the video of the experiment in the Tracker software.
1) Write the mathematical functions of Vx, Vy as a function of time and the interval Y in relation to X, as well as the graphs of all functions.
2) Does the final value of the speed of the ball before hitting the bucket agree with the theoretical calculated value?
Submit a Word file with your answers.


1st Assignment Solution
1)
	X direction
	Y direction

	Vx=20 km/h or 5.5555 m/sec
	Δy = -0.70 m (displacement in Y direction)

	Δx=?
	ay =-9.81 m/sec2

	 
	Viy=0


 
2) We should start with Y direction because we know 3 of the variables.
3) We are looking for change in time in Y direction (i.e. how long it will take the ball to go from my hand to the bucket)
We’ll use the equation Δy = Viy * Δt + ½*ay*Δt2  ==> -0.7=0*Δt+1/2*(-9.81)*Δt2  ==> 2*(-0.7)= (-9.81)*Δt2  ==> Δt=0.377772 secs.
Now, we go to x direction.
Vx=Δx/Δt ==> Δx = Vx*Δt = 2.09873333 m, περίπου 2.1 m.

2nd Assignment Solution
1) There is air resistance and this does make a difference, it actually decreases the displacement in X direction of the ball by less than 1 cm.
2) If you decrease the speed of the car by 1 kilometer you must decrease the X displacement of the ball by more than 9 cm.

3rd Assignment Solution
1)  We can use the projectile motion equation for constant acceleration.
Vfy2=Viy2 + 2*ay*Δy =-3.7 m/sec because it goes down.
We now need to include the velocity in the X direction to find the final velocity.
The final velocity we are solving for is the hypotenuse of the triangle or the resultant vector.
Vf2 = Vfx2 + Vfy2 ==> Vf = -6.67 m/sec
But, velocity is a vector. We figured out the magnitude. We need to figure out the direction (theta).
sinθ = Vfx / Vf ==> θ = sin-1 (Vfx/Vf) = 56.3995ο in front of the negative Y axis.
So, we notice that the initial velocity of the ball is about 5.55 m/sec horizontally to the right, as the ball falls the magnitude of the its velocity increases and the direction of the velocity points further and further down.
 
2)  That’s because the car moves at a constant velocity 5.55 m/sec and therefore your hand and the ball have the same displacement in the X direction. But the ball moves further from hand as it moves in the Y direction too.
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