* "Start" button will become "Drop" button after it is pressed.
* The ground on which the trolley moves is frictionless.
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When the block m drops onto the upper surface of the moving trolley M, both of
them will be exerted by frictional forces. Relative to the trolley, the block m
tends to slide backward, so the frictional force on it (fi,) is forward and thus m
speeds up. The reaction force of f, is fy, the frictional force on M, which is
backward and makes M slow down. The sliding continues until the two
objects move at the same velocity v.

Conservation of linear momentum

There is no external force acting on the whole system (trolley + block), so their
total momentum is conserved all the times.

Mu = (M + m)v
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Work-energy theorem

1. The block gains kinetic energy because the frictional force f,, does a positive
work on it.

where d, is the distance traveled (relative to ground) by the block m during
the process of sliding.

2. The trolley loses kinetic energy because the frictional force fy;, does a
negative work on it. In magnitude,
fudy = VIRV
2 2
where dyis the distance traveled (relative to ground) by the trolley M during
the process of sliding.

Before coming to the final equal velocity, the trolley moves at a higher
speed, so dy > dn.
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The block does not gain the same amount of energy the trolley loses.
The difference between W1 and W2 is the energy (heat, sound) dissipated

in the process.
Energy dissipated = f,,(dyy —d.,)

The distance dy - dn, is the distance traveled by m relative to M, i.e. the
distance m slides on the contacting surface.

Time of Impact

utv
The time of impact t can be calculated by applying either dy =

tor

d, =t
St




