Physics Challenge Question 5:  Solutions

For this problem, the difficult part was keeping the x and y directions separated.  The thing to keep in mind is that x and y don’t affect each other!  It helps making a list of what we’re given, and explicitly state if they’re for the x or y direction:

	
	Initial velocity (v)
	Acceleration (a)

	x-direction
	60 m/s
	0 m/s2

	y-direction
	0 m/s
	-9.8 m/s2


Also, the fact that the balloon’s fall time doesn’t depend on the plane’s horizontal velocity might be a little tricky to visualize.  It all is because the balloon’s vertical velocity is initially 0 in all cases, and only gets pulled down by gravity once dropped.  To help visualize this, you can have a look at the simulation on http://physics.bu.edu/~duffy/classroom.html (click on Physlets in the First Semester and then Independence of x and y under 2D Motion).

And now, on to the problem!

Part 1:
The key is to identify which direction we’re looking at here.  Since we’re looking for the time it takes for the balloon to fall to the ground, it must be the y-direction.  Looking at our table, we have no initial velocity, but we do have acceleration:
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Part 2:
The plane must be exactly over the fire after 6.39 s.  Using its speed, we can find the distance d.  Notice that we’re now only dealing with the motion in the x-direction, even though we can use the time found from the y-direction (that’s what tells us how long the plane must fly!)
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Part 3:
The balloon would land short of the target.

By aiming the nose down, the balloon is thrown slightly downward, instead of exactly horizontal, making it fall short:






Another way of looking at it is by an equation describing the motion in the vertical direction:
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When the plane is completely horizontal, the balloon has no initial velocity in the vertical direction, and v0 is 0.  However, when the plane dips its nose down, its vertical velocity is no longer initially 0, so t doesn’t need to be as big.  (it reaches the ground faster)
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