Physics 2101, Third Exam, Spring 2006

April 18, 2006

Last Name: K E Y

First Name:

Section: (Circle one) Section 1 (Rupnik, MWF 7:40 AM)
Section 2 (Rupnik, MWF 9:40 AM)
Section 3 (Rupnik, MWF 11:40 AM)
Section 4 (Kirk, MWF 2:40 PM)
Section 5 (Kirk, TuTh 10:40 AM)

Section 6 (Gonzalez, TuTh 1:40 PM)

¢ Please be sure to print your name and circle your section above. Do not write your social security
number.

¢ Examine your paper carefully to be sure it is complete. There should be 3 consecutively num-
bered problems and 3 questions. The point value of each problem is 23 or 24 and of the question
is 10 with total of 100. They are ordered relative to the topics covered.

e You are not required to show any work on the three questions. You may circle the correct answer
and move on.

e You MUST show your work on the three problems. Failure to show your work will result in
the loss of credit.

e Present your solutions in a neat and logically organized manner. Your graders cannot, and will
not, award credit to solutions that are illegible.

e For problems with numerical answers, please carry units throughout the calculation.

e You may use scientific or graphing calculators, but you must derive your answer and explain
your work.

e Feel free to detach, use, and keep the formula sheet. No other reference material is allowed
during the exam.

 GOOD LUCK!



Problem 1 (23 points)

NOTE : All angu lar momenta and Lo are a‘b{a“jgd Vi e

aLis of ptahon
The figure is an overhead view of a thin uniform rod of length D = 0.80m and mass M = 0.12kg.

The rod is rotating in a counterclockwise direction along a horizontal plane, with an angular velocity
of magnitude w = 2.8rad/s, pointing out of the page. A particle of mass m = 0.020 kg and traveling
along a straight line, along the same plane, hits the rod and sticks. Just before impact the particle
has a velocity ¥ of magnitude 15m/s at an angle ¢ = 35° relative to the rod and the particle is at a
distance d = 0.30m from the rod’s center.
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(a) (4 pts) What is the magnitude and direction e -rLo-r@»«.e 5’;— ’"’t}’ t’f He A—‘b‘-ﬁ m /\/@T

of the angular momentum of the rod before the impact?

hde Partlc]
WL: Tuo= MV, _ (126g)(Fw)" 3 E'/
= 12 e Rotation axis—\ \
L=179x 10 % #_.%sf ) P_d_%
M&%ZG,LWW*WM%W E é’

é-r-'f‘ﬁ, (u HWW 'ﬂ-bt,ge> QWE f"dd M,g[e
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(c) (8 pts) Find the final angular speed of the particle-rod system, after the impact.

g T, =0 we Ceu woe on serviatz o, %WMHM%W%@:
Zl__’ i L:?_

'f-"—.y e . 2.
whoie L_F*'—'I;ﬁw% Meo{ue_z; :Iroat 'f‘I t&—-_z_-l-mci

T — mdvmq’a (If'“‘d )"J

gl [rfgm —molUsmg]| }wam bl 51651074 ,]_4.11'3’—‘-"}=4n+f"_i
TP N EE TS TR TP e

(d) (5 pts) Has the total kinetic energy of the partlcle—rod system

—_—_—
increased , (decreased )or remained the same ? Circle the right answer. Explain!
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Problem 2 (24 points)

A uniform thin beam has a mass M and a length L. The beam is connected by a hinge to a vertical
wall on the left and is held in its position by a cable attached to the vertical wall on the right. The
cable makes an angle of ¢ = 90.0° with respect to the beam. The beam makes an angle of 8 above
the horizontal.

(a) (5 pts) Draw a free-body diagram for the beam.
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(b) (3 pts) Relative to the hinge, is the torque of the beam’s weight finto the page), T )
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counterclockwise (out of the page), or nelther'? (Circle the right answer,) 2= = 4 X M ?o'-%-.
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(c) (6 pts) Find the magnitude of the tension in the cable. Express your answer in terms of M, 6, L
and other physical constants as needed. (HINT: Choose the pivot point at the hinge.)
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(d) (5 pts) Find the magnitude and direction r down) of the vertical component of the force
exerted on the beam by the hinge. Express your answer in terms of only M, 6, L and other physical
constants as needed.
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(e) (5 pts) Find the magnitude and direction r right) of the horlzontal compc?ﬁent of the W—
force exerted on the beam by the hinge. Express your answer in terms of only M,#, L and other
physical constants as needed.
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Question 1 (10 points)

Three particles with equal masses ™y = mgy = m3 = m are positioned along a line, as shown below.
Then, you move m; by d toward ms. The initial and final positions of ms are drawn in the figure
as dark and open circles, respectively.

Clircle the correct answer to each of the questions below. = _ _
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(b) (4 pts) The potential energy of the m;-mo-mg system (assuming that the zero of gravitational
potential energy corresponds to an infinite separation)
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(iv) Not enough information to answer.

(c) (3 pts) The work done by you on the particle ms, assuming particles are at rest initially and
finally, is o o

(i) positive. Wclfw': W:é{-’_A%*A 'H"-’—A it - edepnal
(ii) negative. 2> WW = U =AU, =0 R
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@ Zero.

(iv) Not enough information to answer.



Question 2 (10 points)

A penguin of mass m floats first in a fluid of density p; = po, then in a fluid of density ps = 0.95p,,
and then in a fluid of density ps = 1.1po.

Clircle the correct answer to each of the questions below.

(a) (3 pts) Which liquid exerts the largest buoyant force, Fp, on the floating penguin?

0 1 R=mq . for floatuig rbject !
(i) 2.
(iii) 3.

All three tie.

(b) (3 pts) In which liquid is the floating penguin going to displace the most liquid?
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(c) (4 pts) The penguin spots a fish and dives in to catch it. After missing the fish the penguin decides
to let the liquid brings him to the surface. Neglect the viscosity of the liquid (drag or friction). The
constant g used is the free fall acceleration close to the Earth surface.

If F} is the buoyant force on the penguin during the ascent, which relation represents the correct form
of the magnitude of the penguin’s acceleration, a, during ascent?
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Question 3 (10 points)

The graph shows the velocity function v(t) of a linear simple harmonic oscillator. Assume that

the position function z(t) has the form z(t) = x,, cos(wt + ¢). > ‘U'H:)""'X %) Am(w-{;-,_d_))-»_ U"m@i@)
T

Ciircle the correct answer to each of the questions below.

(a) (3 pts) What is the maximum speed, v,,?
(i) 2.0cm/s.
(ii) 4.0cm/s.
(iii) 6.0cm/s.

@ 7.0cm/s.

(b) (8 pts) What is the period, T'7
(i) 0.5s. T... fe Aetween +fup de A 0 Jawe X and 4~
(ii) 1.0s.

(ii) 3.5s.

6.0s.
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Problem 3 (23 points)

Two waves are generated on a string of length 10.0m to produce a five-loop standing wave with
amplitude of 3.0 cm, as shown in the figure below (notice the different units for the distance = along

the string and vertical displacement y). The wave speed is 65m/s. Let the equation for one of the
waves be of the form y(x,t) = yn, sin(kz + wt).

(a) In the equation for the other wave, what are the numerical values for the following quantities?
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(i) (5 pts) The amplitude, y.,,? Y (cm)
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(b) For the standing wave on the string drawn above

i) (7 pts) find the maximum displacement of the string element at a position = 1.5m.
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(ii) (5 pts) Draw the second harmonic on this plot. ¥
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