Appendix B: Seleded Problem-Solving Tutorials

M echanics Problem Solving |

1. A hand appliesa
forceF to the end ms

Q
of arope dtached Ay - F
to ablock. The _‘/ Mg —x —
rope has a mass

Mg, and the block
has a massme. Asume that the friction between the block and the surfaceis negligible.

a) Inthe space aright
sketch a free-body Rope Block
diagram for the rope
and the block. Be
sure the relative
magnitudes of the e e
forces are mnsistent 9% OUR 0000 ORS00 HUOE N0 VOO NUUU [ ORVRUE U000 OORS WS SO0 SO0
with the physicd
stuation. For eath
forcein your freebody diagrams indicae the objed exerting the force and the
objed upon which the forceis exerted.

b) Compare the horizontal components of tension at point P and point Q. Explain
your reasoning.
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For the remainder of the problem assume the rope to be nealy parallel with the surface

c) Calculate thetensioninthe rope & points P and Qif mg=5kg, mg=0.2kg, and the
system accéerates at 2m/s’. Assume that the rope is nealy parallel with the
surface Explain your reasoning and show all work.

d) If theropeisreplacal with amasdess $ring, cdculate the tension at points P and Q
and compare the two tensions. Explain your reasoning.

€) Comparethe accéeration of the block using the rope with the accéeration using
the masdess $ring. Explain your reasoning.
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2. At an amusement park, Jenny The Cylinder Cyclone
deddesto take the Cylinder Cyclone  Diredion

ride, shown in the diagram at the of spin

right. Inthisride, a o/linder spins at Jenry

a onstant speed and then suddenly N\,

the bottom drops out from

underneéth everyone’'s fed. -~

a) Onthetop view diagram provided at the right, draw Jenny’s velocity at the
indicated points.

Use your
velocity vedors
to find the
diredion of
Jenny’s average
accéeration
between points A
and B. Explain.

Use your velocity veaors to find how the accéeration would change if Jenny’s
spead were doubled. Use your velocity vedorsto find how the accéeration would
change if the radius of the ¢/linder were doubled but the speed were held constant.

Are your answers consistent with the equation a =v?/r? Resolve any discrepancies.
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b) Draw afreebody diagram for Jenny when sheis at the position indicaed in the top
diagram. Label all forces clealy. What isthe work done by each force ading on
her? Relate your answer to the dhange in Jenny’ s kinetic energy. Explain.

c) Theknowledgeable ride dtendant saysthat the aefficient of static friction between
cotton and the alge of the g/linder is0.9. If Jenny has amassof 50 kg is moving
with a spead of 10 m/s, and knows the oy/linder is 10 m in diameter, should she
worry about dlipping when the bottom drops out? Should her boyfriend, who has a
massof 80 kg? Explain.
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1

b)

d)

Consider the
situation below
where two
blocks, A and B
are atached by
astring attached
to another
block, C. At
t=0s block Cis
released and
blocks A and B

me=1kg

ma=2kg

M echanics Problem Solving I

=

-

C mc=1kg

move together. The blockstravel adistanced intimet,. The values of the masses
and the distance d are shown in the diagram. (Assume the string and puley are
masdessand that there is no friction between A and the table.)

In the spacebelow draw a freebody diagram for block A, block B, and block C.

For eath force
ading on bdock B
identify its NIII
forcepair.

Block A

Block B

Block C

Rank the magnitudes of the impulses exerted on cats A, B, and C between t=0s

and t,. Explain how you know.

Rank the magnitudes of the dhange in momentum for carts A, B, C. Explain your

reasoning.
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€) Obtain the velocity of massA at timet,. Show all work.

f) Suppose the masdesspulley isreplaced with a pulley of massm, and radius ry,
where m,=%2kg and r,=0.2m. (Asume the string does not dlip on the pulley and
that the pulley is a solid cylinder.)

i. Wil the velocity of A at t, be greaer than, lessthan, or equal to the velocity
you found in part (f)? Explain how you know.

ii. Draw afreebody diagram of the pulley in
the spaceprovided and identify the forces
that exert atorque on the pulley. Explain
your reasoning. @

jii . Obtain the velocity of massA at timet,. Show all work.
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2.

b)

d)

A block dlides down africtionless
trad, fliesthrough the ar, and

collides with awall, sticking to it.
The diagrams at right show the h h
system at successve times. —d —d

to t1

Draw afreebody diagram for the

i. onramp ii. whileinmid air
block:
i. a someinstant whileit is
on the ramp.
ii. a someinstant whilein [ ()
between the ramp and the
wall.

What forces do work on the block at the following times?
i. while on the ramp

ii. while in mid-air
Compute the verticd distancethe block falls between t, and t; interms of hand d.

Show all work.

What isthe goproximate diredion of the impulse from the wall on the block during
the allision. Explain how you found the diredion.
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Heat and Temperature Problem Solving

1. Two cubic containers of equal

volume ae kept at the same
temperature. Both containers hold
the same number of moles of gas.
Container A holds O, and container 0, Ho
B holdsH,. A shaded areaof the
same sizeis own on ead

container.

b)

d)

On average, compare the anount of time it takes moleaules of O, to crossthe
container to the anount of time it takes moleaules of H, to crossthe mntainer.
Explain your reasoning and discussany assumptions you have made.

On average, compare the change in momentum of a single moleaule of O, to the
change in momentum of a single moleaule of H, in a @llision with the wall.
Explain your reasoning and discussany assumptions you have made.

Use the Kinetic Model of gases to compare the presaure on the shaded areain
container A to the presaure on the shaded areain container B. Explain your
reasoning.

Isthe pressure comparison using the Kinetic Model consistent with the Ided
Gas Law? If they are not consistent resolve ay discrepancies.
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e) If theorigina presure on container A is 5 N/m? what is the new presaure on
the shaded areawhen the temperature is doubled. Explain your answer in terms
of the Kinetic Model and the Ided Gas Law.

f) If the original presaure on
container A is5 N/m’ what is
the new presaure on the shaded
areawhen the length of ead side
is doubled as gown in the figure.
Explain your answer in terms of
the Kinetic Model.

before

after

O,

O,

g) If theorigina presure on container A is 5 N/m? what is the new pressure on
the shaded areawhen the length of one side isincreased eight times as $1own in

the figure. Explain your answer in terms of the Kinetic Model.

before

after

O
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2. (from Arons, 1997 Several small pieces of copper, having atotal (combined) mass
of 350 gare placed in liquid nitrogen and, when removed, are & atemperature of
-180°C. The pieces of copper are quickly transferred to a 200 gbrasscaorimeter
containing 420 gof water. Both the cdorimeter and the water are & 9.0°C and the
temperature of the room in which the experiment is conducted is 20°C.

a) Describe qualitatively what happens in the way of hed transfers and temperature
changes after the mpper has been placel in the cdorimeter. Describe the
conservation relation that governs the phenomenataking place and indicate the
idedization we make in applying this relation to the interadion between the
copper and the cdorimeter. What role does the concept of “closed system” play
in the idedizations you invoke?
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b)

Now procee to predict, numericaly, the final equili brium state that is attained
within the cdorimeter. Explain your reasoning as you set up expressons and
interpret, in words, the physicd meaning of eat separate term that is present in
the eguation you end upwith. (Hint: It iswiseto make apreliminary, rough
cdculation to estimate the final physicd condition the system attains and to
identify the relevant unknown, or unknowns. Otherwise you may find yourself
putting numbers into expresgons that turn out to be irrelevant.)

Noting that it is, in fad, never possble to attain a perfedly closed system
in these drcumstances, analyze how interadion with the surroundings will, in
thisinstance affed the final result: Will the cdculated value (of whatever you
cdculated) be greder than. equal to, or lessthan the “correa” value that would
have been obtained in the ided situation? Explain your reasoning.
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Inductive Circuits

1. Congder the drcuit shown at right. Assume that

the resistance of the wires and aadossthe Bulb switch
solenoid are zeo and that the battery isided. It W
is observed that when the switch is closed, the U

bulb i nitially not lit, and then gradually & wené
increasesin krightness Oncethe brightnessof |

the bulb is the same as its brightnesswhen
conneded dredly to the battery, it remains unchanged.

a) Just after the switch is closed, what is the voltage acossthe bulb? Explain how
you know.

b) Just after the switch is closed, what isthe voltage acossthe solenoid? How
can you acount for thisin terms of Lenz's law?

c) After along time, what isthe voltage acossthe bulb? Explain how you know.

d) After along time, what isthe voltage acossthe solenoid? How can you
acount for thisin terms of Lenz's law?
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2. Two solenoids A and C are sufficiently close together A C
that the magnetic field formed in A, in the presence of W
the dedric current, also penetratesinto C. The
figureis sown at right. (

a) We start with switch S closed so that a steady
current is present in solenoid A. Establish the |
diredion of the B-field penetrating into solenoid \“
C and show itsdiredion. Explain how you
arrived at your result. If the B-field is zero, say so explicitly and explain your
reasoning.

b) While the switch is closed and the steady current is present in A, what isthe
diredion of the induced current in C? Explain how you arrived at your resullt.
If the aurrent is zero, say so explicitly and explain your reasoning.

c) Theswitchis now opened, and the aurrent in A dropsto zero. Describe what,
if anything, happensin C, showing the diredion of any possbly induced current.
Explain how you arrived at your conclusion. What isthe situation in C after the
current in A has dropped to zero? Explain your reasoning.

d) Supposethe battery
in the diagram
aboveisreplacal
with an AC voltage
source such that the
current, |4, through
solenoid A is
shown at right. A
positive aurrent on
the graph indicaes
a dockwise aurrent
around the drcuit.

| (amps)

time (s)

Sketch the aurrent
in solenoid C as a function of time on this graph and explain your reasoning.
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3. Congider the drcuit shown at right. Assume that

the resistance acossthe solenoid and the wires is switch
zero and thereis an initial charge on the cgadtor
+Q
of Q. cC——
Q Solenoid
a) At theinstant after the switch is closed:

i. What isthe voltage acossthe cgadtor and the voltage acrossthe
solenoid? Explain how you know.

ii. Describethe arrent inthe drcuit. (Inwhich diredion, if any, isit? Isit
increasing or deaeasing?) Explain using Lenz's Law.

b) At some later time, t;, the charge on the capadtor has been reduced to Q/2.

i. What isthe voltage acossthe cgadtor and the voltage acossthe
solenoid? Explain how you know.

ii. Describethe aurrrent inthe drcuit. Explainusing Lenz'sLaw. (Hint: Does
the MF aaossthe solenoid correspond to an increasing current or a
deaeasing current?)

c) At some later time, t,, the dharge on the cgadtor is 0.

i. What isthe voltage acossthe cgadtor and the voltage acossthe
solenoid? Explain how you know.

ii. Describethe aurrent inthe drcuit using Lenz's Law. Explain.

d) Describe what happensin the drcuit after t,. Explain your reasoning.
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