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PHYS 121: Final Exam — July 3, 2008

Rules for Exam:

Answer all questions. Show your work. Partial credit will d@arded for cases where you have pro-
gressed toward the correct answer. Be clear and conciséndésacounts. Write your answers on the pages
provided. Calculators are okay, but no PDA's or laptops.

1.
2.

10.

11.

Relax. Don't panic.

Some questions are worth more points than others. Do Batigpo much time answering the “short
answer” questions.

Before you begin, take a quick look at all of the questioms answer the ones you know first. Save
the most difficult questions for last.

For most questions, you should not need to use a calcutamet the answer. If you find yourself
buried in math, you probably have taken a wrong turn.

Put a box around your final answer. Use English words.

Be as clear as possible when you are working the probldrhslgds to draw a picture or say in a few
words what you are doing. You will be awarded partial creditkhowing how to solve the problem
even if you cannot successfully implement that solution.

. You will receive most of the points if you set up the problelmarly and correctly. If you make a

math blunder or plug in the wrong numbers at the end, thisasit you a relatively small number of
points.

Make a statement about your answer when you arrive at ieshitanake sense? If you believe that
your answer is wrong, write down why you believe this and vehgu might have gone wrong. This
may help to obtain partial credit.

If you have a question on the wording of a problem or thejoreation of a problem, raise your hand
and a proctor will come to you.

State clearly the central physics concept associatédesch problem Explain your work. The
correct answer alone is worth nothing.

Take your time. Do not rush your work. Presentation caueatness counts. lllegible or very
untidy answers will be graded as simply wrong. Irrelevanbastile comments are grounds for lost
points. Do not annoy the graders. Show that you care aboutwork. Go slow, take care, and pace
yourself so that you can keep your work organized.

Prob | Prob | Prob | Prob| Prob | Prob | Prob| Prob | Prob || — Total —
1 2 3 4 5 6 7 8 9 Score

outof20 | outof20 | outof20 outof20 | outof20 | outof20 | outof20 outof 20 | outof20 out of 180
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Problem 1: One-D Kinematics Concept

X stop

start

t

A bug walks on a horizontal wire. The plot above shows thetposof the bug for some time
interval from¢ g, 10 t5,,. The plot shown is smoothly curved and continuous.

a) During the walk, are there any points in time or any time ve#s where the bug has zero
velocity? If so, labebll of these on the plot. Explain your work.

b) During the walk, are there any points in time or any time wéés where the velocity is
constant (or very nearly so)? If so indicaiiee example of this on the plot and explain how you
know this.

c¢) During the walk, are there any points in time or any time e where the acceleration is
negative? If so indicatene example of this on the plot and explain how you know this.
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(Extra space for Problem 1 if needed):
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(More Extra space for Problem 1 if needed):



P121 Summer 2008 Final Exam page 5 of 28

Problem 2: Pushing Blocks with Friction: (20 points)

instructor’s
hand > | pock

A block
, B

MR

y

L.

Two blocks are placed together on a table as shown. Block Atessm, =2.0 kg. Block B
has mass, =0.5 kg. An instructor pushes horizontally on Block A with firgger with a constant
applied force off,,, =22 Newtons. As a result, the two blocks are acceleratedtiegatross the
table. The two blocks are made of different materials. Theffawent of sliding (kinetic) friction
between Block A and the table jg, = 0.04. The coefficient of sliding friction between Block B
and the table ig;, = 0.12.

a) Draw two free body diagrams, one for each block, showingetiigal and horizontal forces
on each.

b) What is the magnitude and direction of the acceleration@fwo blocks? Give your answer
in the form of avector expression. Explain your work.

c) What is the magnitude of the normal force on Block A due to BIB@ Give your answer in
the form of avector expression. Explain your work.
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(Extra space for Problem 2 if needed):
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(More Extra space for Problem 2 if needed):
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Problem 3: That Marshmallow Problem (20 points)

The acceleration due to gravity on the surface of the Moomdsipely 16.6 percent that of the
acceleration on the surface of the Earth.

Suppose an astronaut stands on a step ladder and throwslama#dosv (which has a mass of
15 gm) on the Moon. The marshmallow leaves her hand with adspi4.50 meters per second.
The marshmallow is also precisely 3.40 meters above thasdf the Moon when thrown.

Part (a) — What is the Work done by gravity on the marshmallow duringtthee from the
instant after it leaves the astronaut’s hand to the instesttjefore it hits the ground? Explain your
work.

Part (b) — What is the speed of the marshmallow at the instant just befdits the surface of
the Moon? Explain your work.
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(Extra space for Problem 3 if needed):
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(More Extra space for Problem 3 if needed):
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Problem 4: Spool pull: (20 points)

It is possible to do an impressive demonstration where agsig wound up on a spool as
shown. The spool axle has radiusind the flanges have radidsas shown. The spool has mass
m. The rotational inertia of the entire spool about its celofemass is given as,.

-]

/

Suppose a particular tension forteis applied to the string so that the spaolls without
slipping to the right on the along the floor. In other words, when thmgtis pulled to the right,
we see the spool move to thight, winding up the string as it rolls.

a) Draw a Free Body Diagram (FBD) aratiso draw an Extended Free Body Diagram (XFBD)
for the spool. Carefully indicate all of the forces on eacmdam.

b) Calculate the value of the translational acceleration efsffool along the floor.
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(Extra space for Problem 4 if needed):
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(More Extra space for Problem 4 if needed):
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Problem 5: Blocks and Ropes and Pulleys (20 points)

massive pulley

Two blocks A, and B with given masses,, andmpg, respectively, are positioned as shown
above. Block B is accelerated down the incline as shown. Tbeefficient of sliding friction
between Block B and the include is givenasThe pulley ismassive with mass given asz, and
radius given ask. The coefficient of sliding friction between the incline albck B is given as

L

a) Without doing any calculations, answer this question: Is the tensidh greater than, less
than, or equal to the tensidn? Explain how you know this.

b) Draw an accurate Free-Body Diagrams (FBDs) to indicate d#heet on Block A and on
Block B. Also draw an accurate Extended Free Body DiagranmB@for the pulley which can
be modeled as a disk. Carefully label the forces in each @m@nd include an indication of the
coordinate system you will use.

c) What is the magnitude of the acceleration of Block B? Giveryanswer in terms of the
parameters given. Explain your work.

d) What is the tensioff, on the rope connected to Block B? Give your answer in termbkeof t
parameters given. Explain your work.
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(Extra space for Problem 5 if needed):
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(More Extra space for Problem 5 if needed):
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Problem 6: A collision — 20 points

—_— - Q
Ping Pong Ball

Bowling Ball

A bowling ball collides head-on with a ping pong ball. Thelsibn is perfectly elastic. Just
before the collision the bowling ball is moving horizonyallith speed of 9.0 meters per second.
The ping pong ball is moving with a speed of 5.0 meters perrsgoothe exact opposite direction
as shown. Assume that you can ignore friction. Ignore angocarcomponent of the motion.

What is the approximate velocity of the ping pong ball anddbeling ball after the collision?
Indicate both the speed and direction. Explain your answer.
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More space for Problem 6:
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Even more space for Problem 6:
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Problem 7: A Non-Inertial Frame — 20 points

Suppose your friend Leonard is in a box that is moving withstant speed, on a perfectly
smooth horizontal surface as shown. The box has one-wayowisdo that you can see into the
box but Leonard cannot see outside and does not know whaing go.

The box approaches a frictionless circular ramp as show.rathes of the ramp i which
is much larger than the dimensions of the box. The box withnlaed goes up the ramp, stops at
some maximum anglé,,.. and then slides back down the ramp going the other way.

a) Determined,,.., as a function ofy,. Possibly useful hint: Consider defining the center of
the circle agy = 0. This will make it relatively easy to specifyas a function of). Explain your
answer.

b) Determine the total acceleration on the box in terms of gparameters, and R at the
precise instant when the box is locatedlat,.. Hint: here the speed is zero and the problem is
very similar to a block on a frictionless ramp. Explain yonsaer.

c) A little Harder: Determine the total acceleration on the lag»a function of), v, and R for
any arbitrary value ofl that the box will have on the way up the ramip< 6 < 0,,,.). Possibly
useful hint: consider calculating both centripetal andstational components. Explain your work.

d) Even Harder Still: What does Leonard experience duringttip® Does he feel the room
tip as the box goes up the ramp, and if so, in which directiéh® takes a penny out of his pocket
and releases it at some instant while he is on the ramp at &ngkhich way — as seen ihis
frame, which is the box — will the penny fall? Hint: Can you raakqualitative plot that shows
the magnitude and direction the “effective gravity” in thextfor Leonard as a function of box
position during the trip? Explain your work.
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Extra space for Problem 7:
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Even more extra space for Problem 7:
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Problem 8: Work along a path:

B|(0,2)

Al (2,0)

\
<

(0,0)

A force is defined as follows:

A~

1
F = ﬁf + rsin(6)0

wherer andd correspond to radial and tangential unit vectors respelgtiv

a) What is the work done by this force on a body of masshat moves counter-clockwise
along the circular path shown from poiatto B?

b) Assume that the body is constrained to move on the circuldr lpat that any tangential
acceleration on body: is entirely and exclusively due to fordé as shown. What is the speed of
the body when it gets to poi® assuming it starts at rest at poifit

Hint: This is not actually a very difficult problem, techniliga If you understand what we mean
by work here you should be able to do this problem with justaliees of work.
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Extra space for Problem 8:
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Even more extra space for Problem 8:
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Problem 9: Hoops in Space (20 points)

Two cylindrical hoops are placed in Deep Space far away fropnaher objects as shown
above. Each hoop has a diameter of 1.2 meters and a thickh@$8aneters. One of the hoops
(call it Hoop A) has a mass: = 20.0 kg and is rotating atv = 4.0 radians per second. The
other hoop (Hoop B) has precisely twice the mass and is ngtati precisely twice that rate but
in the opposite direction (as shown above). The distance between the two hoops at time is
D = 10.0 meters.

Note that we have defined a coordinate systehrere so that the left hoop is rotating with
positive angular velocityt-w, and the right hoop is rotating withegative angular velocity—2w.

At time ¢t = 0 the two spinning hoops are released, each with zero tramsdditvelocity.
As time goes on, the two hoops slowly drift towards each oteer result of the very small
but non-zero gravitational attractive forces between theps. When the hoops finally come in
contact, they henceforth remain in contact but continudide smoothly against each other with
an effective coefficient of sliding friction that is smalltmot quite zeroy = 0.02. The two hoops
slide against each other until, finally, some time latery thave the same rotational velocity and

the sliding stops. Possibly Useful Consta6t:= 6.67 x 10~ 7;22 Assume the hoops remain
coaxial at all times.

k

Part (a): After the two hoops come together, what is the final trarshal velocity of the
combined system? Explain your answer.

Part (b): After the two hoops come together, what is the final rotatia@locity of the com-
bined system? Explain your answer. Possibly useful: mtatiinertia of a hoop of mas®¥ and
radiusR is given byl,,,, = M R*.

Part (c): Can you use Conservation of Energy to determine your answeart (b) above? If
so, explain. If not, explain why not, and also in this cas@|&x where the energy has gone?

Part (d): Difficult: Can you estimate (to within a factor of five, salietapproximate magnitude
and direction of the torque applied from Hoop A to Hoop B orfeeytcome in contact with each
other? Explain your work.

Part (e): More Difficult: Can you make anorder of magnitude estimate (good to with a factor
of 10 or so ) of how much total time will pass from when the hoagesreleased to when then come
into the final configuration (in contact, not sliding with pegt to each other)? Explain your work.
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Extra space for Problem 9:



P121 Summer 2008 Final Exam page 28 of 28

Even more extra space for Problem 9:



