Piiz University of Rochester NAME SJ 61« J&LL. T %“\
5. Maoly Falt 2001

Exam 3 (December 6, 2001)

Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given.

Problem 1 (10 pts):

You are riding a bicycle up a hill. Your speed is decreasing.

a) From your point of view, what is the direction of the angular’ velocity vector of the front
wheel of the bicycle? (Your choices are up, down, toward the right, toward the left, toward

the front or toward the back.) -
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b) From your point of view, what is the direction of the angular acceleration vector of the front
wheel of the bicycle? (choices are the same as in part (a))
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¢). From you point of view, what is the direction of the angular momentum vector of the front
wheel of the bicycle? (choices are the same as in part (a))
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Problem 2 (15 pts):

‘C1rcle the correct answer. Show your work. The center of mass of the system of particles shown
in the diagram is at point
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Problem 3 (15 pts):

A plastic sphere floats in water with 50.0% of its volume submerged. This same sphere floats in
glycerin with 40.0% of its volume submerged. Determine the densities of the glycerin and the
plastic in the sphere.
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Problem 4 (15 pts):

An 1810 kg truck traveling eastward at 64.4 knv/h collides at an intersection with a 905 kg
automobile traveling northward at 96.5 km/h. The vehicles lock together and immediately after
the collision are headed in which direction? U
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Problem 5 (15 pts):

(a) A ladder rests inclined against a wall. Would you feel safer climbing up the ladder if you
were told that the floor is frictionless but the wall is rough (can provide friction), or that the wall
is frictionless and the floor is rough? Use diagrams, text and equations as necessary to justify
your answer.
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(b) Prairie dogs ventilate their burrows by building a mound over one entrance, which is open to
a stream of air. A second entrance at ground level is open to almost stagnant air. How does this
construction create an air flow through the burrow? Use diagrams, text and equations as

Iéessary to justify your answer.
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Problem 6 (15 pts):

During the big move out of the dorms at the end of a semester it is common to hear parents telling their
kids to pick things up by "bending at the knees" . The annoying refrain of "be careful or you'll hurt your
back” echoes down the hall along with classics like:

"What do you mean you didn't do laundry all semester?!"

"This slice of pizza is how old?!"

"You're telling me this contraption is a water pipe you made for your Middle Eastern culture class?
Hmmm."

"Whose underwear is this? No, forget I asked. Idon't want to know."

And of course, "Please tell me you had help emptying all these beer cans!"

Anyway, back to picking up heavy things ... The spine pivots mainly at the fifth lumbar vertebra, with the
principal supporting force provided by the erector spinalis muscle in the back. To understand why back
problems commonly occur during heavy lifting, let us consider the following model for a person bending
forward to lift a 40 kg mass. Let the spine and upper body be represented by a uniform horizontal rod of
weight 400 N, supported by a pivot at the base of the spine. The erector spinalis muscle, attached at a point
two thirds of the way up the spine, maintains the position of the back. The angle between the spine and this
muscle is 12 degrees in this model. Find the tension in the back muscle (erector spinalis) and the
compressional force in the spine (at the base).

Erector spinalis muscle Spine and upper body
P\
C Ao T l '
— 212’
Sy
X
Tl ) 40 kg mass
Base of spine v

(pivot)

Consider as a fixed
point supported on top
of legs

if:\/:o =~ 397 +400 -T S ‘J?j [’W

é‘t ~o = EY - Vtog vz

X

& Tzo = (Mool 50y vlse)e) — (ZBLITsalZ 2 s42- g =0

e

/7— T S92 4y A/x

P
}E)c = (F231) o512 = 4135 N | (52 e
—') }:\1 = 192 - (QZH) Sl = —96N {'\( 1//7/{{ s Sprt—
[F qé - ‘— .
[ iy} = Hi3a N 9130/
TovA L Force S m

OnSpie \y

NP o] -
rn G Jt’\/"c”}ﬂ"" Mg l‘s JOUJW“ L,OM CJOW\J’, ’7\



5. Manly Fali 2001

P13 University of Rochester NAME g@é\)’\ lZ%al S V:}/{ /(

Problem 7 (15 pts):

(@ A solid, uniform cylinder has a mass of 2 kg and a radius of 10 cm. What is the moment
of inertia of this cylinder about an axis passing through the center of the cylinder as
shown in the drawing?
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by Suppose thls cylinder experiences a torque that provides a constant angular acceleration
of 1 rad/s” that begins at t=0. What is the size of this torque and at what time will the
cylinder reach a rotational rate of 100 rad/s?
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(@ Suppose the cylinder in part (a) rotates about a vertical, frictionless axle with angflar
speed 100 radians/second. A second cylinder that has a moment of inertia of 2 g-m’
and initially is not rotating drops onto the first cylinder. Because of friction between the
surfaces, the two eventually reach the same angular speed @y What is the final angular
speed?
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