Your Name:

Teammates:

Physics 8, Fall 2023, Worksheet #10.

http://positron.hep.upenn.edu/p8/files/ws10.pdf
Upload PDF (smartphone scan or tablet edit) to Canvas shortly after class on Wed, Oct 4, 2023.

Problems marked with (*) must include your own drawing or graph representing the problem
and at least one complete sentence describing your reasoning.

Discuss each problem with your teammates, then write up your own solution. Be sure to
compare final results with your teammates, as a way to catch mistakes. It can also be very
interesting when you and a teammate use different methods to arrive at a result. Do not
hesitate to ask for help from other students or from the instructors — but don’t just copy
down other people’s results!

0. Two copies of Monday’s hands-on activity are set up at Table 10, in case you didn’t
have time to get to it on Monday. Also, today’s optional/XC problem 6 is a different
hands-on activity!

Here is a repeat of the instructions for Monday’s activity: The masses m; and my are
adjustable in 5 gram (0.005kg) increments. Remember that the key result from the video
was that the acceleration of the masses, once released, is a, = (my —ms)g/(mi+msz). (You'll
derive a variant of this result in problem 3.) Tinker with the Atwood machine yourself and
try (a) to see qualitatively how a, depends on the two masses, and then try (b) to measure
quantitatively the acceleration a, for one combination of masses. See if you can get better
agreement here than Bill managed to get in the video! The main goal is simply for you to
gain some insight by working with your own hands and eyes, but we’ll offer a bonus point
if you decide to explain clearly how you checked the prediction for a, against your own
measurement.
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1*. The velocity of an object as a function of time is shown in the figure below. Assume
that the changes in the object’s velocity are caused by a single (external) force acting on the
object. Over what intervals is the work done on the object (a) positive, (b) negative, (c)
zero? (Hint: make a table showing sign of acceleration (hence sign of (net) force), sign of
displacement, and sign of their product, for each segment.)
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2*. One day I get the foolish idea to jump off a bridge with an elastic bungee cord tied to my
waist. The bridge deck is 150 m above the water, and the spring constant of the bungee cord
is 40 N/m. Since I must fall the length of the unstretched cord before it begins to stretch,
I realize that the unstretched length, which is adjustable, has to be adjusted based on my
inertia (mass). What must the maximum unstretched length of the cord be if I am to stop
falling (ie reach zero velocity for an instant) just above the water surface? Take my inertia
(mass) to be 70 kg and treat my body like a particle (i.e. a mass that is concentrated at a
single point). Note that the bungee cord is slack, hence stores no elastic potential energy,
until I stretch it beyond its relaxed length. To solve this problem, consider both gravitational
and elastic potential energy (and possibly kinetic energy?) at various points in my descent.
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3*. A motor must lift a 1000 kg elevator cab. The cab’s maximum occupant capacity is
400 kg, and its constant “cruising” speed is 21.5 m/s. The design criterion is that the cab
must achieve this speed within 2.0 s at constant acceleration beginning from rest. (a) When
the cab is carrying its maximum capacity, what power must the motor deliver to get the cab
up to cruising speed? (b) What constant power must the motor supply as the fully loaded
cab rises after attaining cruising speed?
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4. An object is said to be in stable equilibrium if a displacement in either direction requires
positive work to be done on the object by an external force. What is (i.e. draw) the shape
of the potential energy curve (as a function of position) in the region of stable equilibrium?
(Hint: think of a spring at its relaxed length.)

5. A 50 kg woman climbs a 10 m rope in 25 s. What is her average power output during
the climb?

phys008 /ws10.tex page b of 2023-10-04 08:59



6. Optional/XC hands-on activity. Do this if you have time and tend to enjoy the
hands-on actitivies. Otherwise, feel free to skip it. We have only 4 copies of this set of
materials, vs our usual 6 copies, so plan your time accordingly.

Materials: two newton scales, one 1kg mass, one 0.5kg mass, two S-hooks (for interconnec-
tions), one ringstand (to hold things up, if you like). If you like, you can take a blank sheet
of paper from the front of the room for your results.

(a) Use one scale to determine the weight in newtons of the other scale, just so that you are
aware of the effect (just over 1N) the scale’s presence may have on your later results.

(b) Holding the top of one scale in your hand, suspend the 1kg mass from the bottom of
that scale. Draw a FBD for the 1kg mass and check that your scale reading makes sense.

(c) Use your hand to accelerate the scale and 1kg mass upward. Draw a FBD for the
1kg mass while it is accelerating upward. Does the change in scale reading during this
acceleration make sense? Note that your hand is only able to accelerate upward for a short
time, so you want to notice which way the scale deflects when you first start to move your
hand upward.

(d) Use your hand to accelerate the scale and 1kg mass downward. Draw a FBD for the
1kg mass while it is accelerating downward. Does the change in scale reading (when you
first start to move your hand downward) make sense?

(e) Using the ringstand, both scales, both masses, and an S-hook, connect, from top to
bottom, ringstand (or your hand if you prefer), scale, 1kg mass, S-hook, scale, 0.5 kg mass.
Draw a FBD for the lower (0.5kg) mass and draw a FBD for the upper (1kg) mass. Check
that the scale readings are consistent with your diagrams. (The upper scale’s reading will
include the weight of the lower scale. You may want to subtract that (just over 1 N) offset
for simplicity.)

(f) Repeat part (e) with the 1kg and 0.5kg masses swapped. So from top to bottom you
have ringstand, scale, 0.5 kg mass, S-hook, 1 kg mass. Draw a FBD for the lower (1kg) mass
and draw a FBD for the upper (0.5kg) mass. Check that the scale readings are consistent
with your diagrams (after correcting for the effect that the weight of the lower scale has on
the upper scale’s reading).

(There is a blank page on the back of today’s handout.)
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7*. Optional/XC. (From Chapter 9.) A 1000 kg car starting at the bottom of a 20 m hill
at 5.0 m/s almost comes to a complete stop as it crests the hill, barely making it over the
top. (See figure below.) The power rating of the engine is 67 kW. (a) Assuming the engine’s
delivery of power just accounts for the change in the car’s potential and kinetic energies as
it moves from the bottom of the hill to the top, how long does it take the car to make it up
the hill under full power? (b) Does your answer to (a) seem reasonable? (c¢) If not, what do
you think is going on?
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