
▶ Should I add some 6pm exam sign-up time slots? Does
anyone want to add Fri Dec 22? Start before reading days?

▶ worksheet: positron.hep.upenn.edu/p8/files/ws11.pdf

▶ 3 problems (2D projectile motion), problem 3 is challenging!
+ 1 XC problem.

▶ For Wed, ch10 part 2 video. Then for next Mon, ch10 part 3.

▶ This Wednesday: a fun projectile-motion hands-on exercise, a
chance to try out the “ecologist” / Mr Bill demo if you like,
and a short worksheet. Enjoy fall break!
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Be careful with degrees vs radians on your calculator.
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1. The archer fish shown in the figure, peering from just below the
surface of the water, spits a drop of water at the grasshopper and
knocks it into the water. The grasshopper’s initial position is
0.45 m above the water surface and 0.25 m horizontally away from
the fish’s mouth. If the launch angle of the drop of water is 63◦

with respect to the horizontal water surface, how fast is the drop
moving when it leaves the fish’s mouth?



2. A package is dropped from an airplane traveling at 100 m/s at
an altitude of 200 m, but the parachute attached to the package
fails to open. (a) How long does it take for the package to reach
the ground? (b) How far does the package travel horizontally
before it lands? (c) What is the velocity of the package just before
it lands? Give the velocity both in rectangular coordinates (vx , vy )
and in polar coordinates (i.e. speed |v⃗ | and angle θ w.r.t.
horizontal).



3*. (This problem is longer, so it counts double: 8 points instead
of 4 points.) The figure below shows a friend standing on the flat
roof of a building that is 51.8 m tall. The roof is square and
measures 20 m on a side. You want to launch a water balloon so
that it lands on the roof and startles your friend, using a
spring-loaded device that shoots water balloons at a launch speed
of 42 m/s. The only problem is a slim billboard 67.5 m high
between you and the roof, 20 m in front of the building. You are
sitting somewhere in front of the billboard such that when you
launch the water balloon it just barely gets over the billboard at
the highest point in its trajectory. (The figure shows you standing,
but let’s say that you are sitting, so that your own height can be
neglected.) (a) At what angle above the horizontal do you need to
aim the balloon to clear the billboard? (b) What is your horizontal
distance from the billboard? (c) How long does the water balloon
take to move from the highest point in its trajectory to the height
of the roof? (d) Does it strike the roof? (e) What is the speed of
the balloon when it strikes?



(a) At what angle above the horizontal do you need to aim the
balloon to clear the billboard? (b) What is your horizontal distance
from the billboard? (c) How long does the water balloon take to
move from the highest point in its trajectory to the height of the
roof? (d) Does it strike the roof? (e) What is the speed of the
balloon when it strikes?



4*/XC. Q: “You drop a rock from a height h above the ground. When it
hits, how much force does the rock exert on the ground?” A: “Impossible
to determine without knowing over what distance the rock slows when it
impacts the ground.” Intuitively, the maximum force is bigger if the
ground is very stiff, like concrete, smaller if the ground is quite flexible,
like a trampoline. Let’s model the ground as a spring of spring constant
k . The top end of the spring compresses a displacement d before
bringing the rock’s velocity (for an instant) to zero. Using energy
balance, show that in slowing the rock to a stop, the maximum force
exerted by/on a stiff spring (large k) is larger than the maximum force
exerted by/on a more flexible spring (small k). To show this, derive an
expression for d in terms of m, g , h, and k , and then use that expression
to find the force between the rock and the spring. Two complications you
can ignore here: First, assume that d ≪ h, ie change in G.P.E. while
compressing the spring is negligible. Second, you may know the rock will
bounce (oscillate) up and down on the spring for a while after landing;
this subsequent oscillation (and how that motion is eventually dissipated
into thermal energy) is not so relevant to our calculation of the maximum
force exerted by the rock on the “ground” (spring). You should find that
if you reduce the stiffness k of the ground by a factor of 100, the
corresponding maximum force will be reduced by a factor of 10. But
there are no numbers in this problem: it’s entirely symbolic math.


