2005 AP Physics C – Mechanics
1. Given mass, M, with initial speed, v​0 , and air resistance proportional to velocity: 
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, with proportionality constant, k. 

On the up (with up positive and down negative):

(a) F​g and FR are both downward. Since speed is a maximum at the beginning, air resistance is at a maximum then and decreases afterward. Force of gravity is constant.

Hence, the magnitude of acceleration decreases.

(b) Using Fnet = ma with downward being negative, we have: 
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(c) Terminal speed occurs when a = 0 or Fnet = 0. Here when mg = kv. So vT = mg/k

(d) It takes longer (more time) to fall. The distance is the same but on the way up Fg and FR are both in the downward direction and hence more deceleration. On the way down, the accelerating force is Fg less FR which acts upward, hence less acceleration (magnitude).
(e)            [image: image3.jpg]Velocity





*Solutions of the differential equation(s) for calculus students:

UP: (using ‘v’ for speed and the negative sign for downward direction)
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when t = 0, v = v0 so we solve for the integration constant, C = mg + kv0 


plugging this back in, we get: 
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 and solving for v…
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 (Shape? Decreasing exponential shifted down)

DOWN: (here, I’ll derive it as done in class using down as positive)
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 (Now exponentiate both sides to get…)
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   When t = 0, v = 0 m/s, so…


C = mg and plugging back into the equation we get: 
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Solving for v, we get: 
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 for speed, and terminal velocity is the limit 

 
as t goes to infinity or
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. (Shape? The exam wants velocity, so graph  –v.)
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