Physics Challenge Question 9:  Solutions

Part 1

When he leaves the ground, the only force acting on him is gravity.  While he’s in the air, we have:


m = 61 kg


y = 0.80 m


vi = ?


vf = 0 m/s


a = g = -10 m/s2

I know vf = 0 m/s, as he stops just at the top of his jump before falling back down to Earth.  Looking back at the kinematics equations, I can use
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So after having pushed off from the ground, he’s moving at 4.0 m/s.

Part 2

We already have his mass, but to find the force he exerts on the ground, we need the acceleration as he leaps from the ground.  This acceleration takes place over the 0.20 m during which he is crouched.

We can find the acceleration over this distance using the same equation as before.  We know the displacement, as well as the initial (0 m/s) and final (4.0 m/s) velocities.
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So this is the net acceleration he feels when pushing off from the ground.  However, the force he must exert on the ground is not just this number times m, because gravity pulls him down during this acceleration!  (See free-body diagram to the right.)  The two forces is what must add up to m times a, and we want to solve for Fpush.  As it turns out, he must push a little harder than if there had been no gravity (makes sense!)
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