LYou must show your work to get credit

FINAL Exam Fall 2004 Physics 211 Professor:  Philip L. Cole
Date: 13 Dec 2004

Test Time: 120 minutes
Possible Score: 100 points.

Write your name on each page. Do the easier problems first. If a problem seems too difficult,
skip it, and return to it once you have completed all of the other problems first. You are required to
answer problems 1 through 4, but you may choose between problems 5 or 5. There are ten pages
to this test. Good Luck!

Problem 1 (30 pts)
Problem 2 (15 pts)
Problem 3 (10 pts)
Problem 4 (20 pts)
Problem 5 (25 pts)
Problem 5 (25 pts)

Total (100 pts — MAX)
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Problem 1 A ball of clay of mass m is fired horizontally at a wooden block of mass M. The block is
initially at rest and is situated away from the edge of a long table of 1.00-m height. Let m = 50.0 g
and M = 450. g. After this completely inelastic collision, the block/clay assembly travels 1.00 m
along the surface of the table to the edge of the table. Upon reaching the edge, the block/clay
assembly flies off the end of the table and lands 2.00 m away. You may assume that the acceleration
due to gravity 9.80 m/s2.

Useful Expressions
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Part | (15pts)

(a) How long is the block/clay assembly in the air after it flies off the table?
(b) What is the speed of this assembly at the moment it leaves the table? v = v2, + 20, Az
(c) When is linear momentum conserved?

(d) What is the initial speed of the ball of clay just before it strikes and sticks to the wooden block?
Here, you may assume that the table possesses a smooth and frictionless surface.

Part Il (15pts)

Now consider the case of a table with a rough surface, where the coefficient of kinetic friction be-
tween the block and the table is ;. = 0.500. The block/clay assembly leaves the table at the same
speed as calculated in part (b), e vz = 4.43 m/s.

(e) What is the Work-Kinetic Energy Theorem?

(f) Does friction do positive or negative work on the block as it slides along the table? Explain.
(g) What is speed of the block/clay assembly right at the moment when the ball of clay strikes
and sticks to the wooden block? Hint: By means of the appropriate free-body diagram and the
Work-Kinetic Energy Theorem, show that fe-d= ~pr(m+ M)gd = AK = K =K

(h) What is the initial speed of the ball of clay just before impact?
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Problem 2 A physically strong student sits on a rotating stool holding two 10.0-kg masses. When
his arms are extended horizontally, the masses are 1.0 m from the axis of rotation, and he rotates
with an angular speed of 0.50 rad/s. The moment of inertia of the student plus stool is 3.0 kg-m?
and is assumed to be constant. The student then pulls the masses horizontally to 0.25 m from the
rotation axis.

(a) When is angular momentum conserved?
(b) What is the mathematical definition of moment of inertia?
(c) What is the new angular speed of the student?
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Problem 3 A 1.00-kg rock is suspended by a string from one end of a 1.00-m long measuring rod.
The mass of the string is negligible. You may assume that rod is of uniform density.

(2) What conditions are necessary for an object to be in static equilibrium?

(b) What is the mass of the measuring rod if it is balanced by a support force at the 0.250-m mark?
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Problem 4 On planet Clair, where the acceleration due to gravity is always a pleasant 10.000 m/s?,
Dr. Aaron Aardvark decides to engage in some much needed water therapy. He steps off a 10.0-m
high diving platform and begins to fall from rest. Dr. Aardvark’s mass is 75 kg. Three (3.0) seconds
after reaching the water, Dr. Aardvark comes to a rest.

(a) What is the speed of Dr. Aardvark as he enters the water?
(b) Draw a free-body diagram of Dr. Aardvark when he is immersed in the water.
(c) What is the impulse-momentum theorem mathematically?

(d) What average force did the water exert on Dr. Aardvark between the time he enters the water
and comes to a rest?
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Problem 5 A cylinder having an initial volume V contains a sample of gas at pressure p and
temperature T'. You may assume that the parameters of an ideal gas are described by the equation

pV = nRT,
where R is the universal gas constant (8.31 J/mol K) and p, V,n, and T are the state variables.

A gas characterized by the initial state variables Pi; Vi, and T} undergoes the following “cycle.” You
may assume that n is held fixed. As a reminder: isothermal process — the temperature remains
constant, isochoric process - the volume does not change, and isobaric process - the pressure stays
the same.

1. The gas undergoes isothermal compression: the volume is halved and the pressure is doubled.

2. After the gas reaches the volume :I—ZV,- and pressure 2p;, it is cooled isochorically to its original
pressure p;.

3. The gas then expands isobarically to its original volume V; and pressure p;.

(a) On a pV diagram, draw and label each of these three segments of the cycle detailed above.

(b) For the isothermal compression, what is the change in the internal energy of the gas? Explain.
(c) For the isothermal compression, how is the work W and heat transfer Q related?

(d) For the isochoric process, in terms of the variables pi and Vj, what work is done on the gas?
(e) For the isochoric segment of the cycle, in terms of the 7}, what is temperature of the gas?

(f) For the isobaric process, in terms of pi and Vi, what is the work done during this process?

(g) At the end of the isobaric process, in terms of T;, what is the final temperature?
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Problem 5’

(a) Define mathematically the first law of thermodynamics and state which conservation principle
this law reflects.

(b) Define in words what is meant by the second law of thermodynamics and give an example of a
clear violation of this law.

Answer the following questions within the framework of the kinetic theory of gases. You may assume
that n is fixed. By the Equipartition Theorem, the translational degrees of freedom:

B 1 1 1
EM(vj)avg = EM('uﬁ)avg = iM(vf)avg = 5ksT

[ N.B. (vi)avg = (v;i)aug = (v)avg and vpmg = V(0% avg = V3(v2)avg ]

where Boltzmann’s constant has the value of kg = 1.38 x 10~ J/K.

(c) If you doubled the temperature of a monatomic gas, how would the average translational kinetic
energy change?

(d) If you reduced the speed of every molecule in a monatomic gas by a factor of two, how would
the temperature of the gas change?

Given that hydrogen molecules have a mass of 2u and oxygen molecules have a mass of 32u, where
u is defined as the atomic mass unit (u = 1.661 x 10-27 kg), answer the following:

(e) At what gas temperature 7" would the average translational kinetic energy of a hydrogen molecule
be equal to that of an oxygen molecule at 320 K?

(f) At what gas temperature T would the root-mean-square (rms) speed of a hydrogen molecule be
equal to that of an oxygen molecule at 320 K?

For an isothermic process, the temperature of an object remains constant as it exchanges heat with
the surroundings. The change in entropy is given by
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AS ==

(g) In a well-insulated calorimeter, 1.0 kg of water at 20°C is mixed with 1.0 g of ice at 0°C. What
is the net change in entropy ASys of the system at the very moment the ice completely melts? The
heat of fusion of ice is L 7 =3.33 x 10° J/kg. Express your answer numerically in joules per kelvin.

(a) DTM=Q+rW (CW:’;@V«:&,‘L\MH{ “ualyy )

Ck} /H/\L EN‘T‘RDPY aF GAA 1So?a..1ltd(— S\QSL&M‘ nevel
achTeaM T W»Lruf erthor WMereated , until Hae
5*&&4—% Feacles eﬁq‘.\‘.brwm, of, 4 ? +l szs-lrm 4>05«M_
) AL sapns

A éﬁu‘smvfwm,, S*‘e'«*tg
9

i “’{
EX% Am é’/)(mu\polf, a c\ea—J‘ Vlo\a."-l(vx_, ‘}’(«L L7 Law
s 1

cﬁf W AT HEA‘F mm ‘J’Fmﬂ?&fﬁ;ft,_u (WA i 1Ce culnt
thio the weker ik ig jmercain Suakrv, Hae Set b coldir wwdhe
"f'W-MM_.(’ ‘[L\L WNJ’(’J‘ it 5‘{'?%; {

Q



Name:

(¢) Swmce K= é—ke‘r T T > YK"Z-KI
D) s BT

=5 V2 3 | T 27|

(e) 1< metic E\M-S?xg & a M{L’M m«kl T&.«fﬂm‘v»{_ 4
S
ot 4 a{ \Mole.culaJ‘ 5 ecie ’{
At a qw ‘ewmp T a | oleculad Spec
IT 32‘0\< Arovna ai'\f/:wfktuhc ;LE:.&’ et
f) vie 2T, yr. ZRT
| 2, T Taa,

=T, = ;7:1(%?—0&) \71-- ?.okj

(j\

/L\L B A w.\ W\e,\'\' fnce 1La ..oraa.. Surctm-l-

%\ol‘w«.g 14'4-0 o°c. Mai,-l'tunmwbeor‘ ern kmw
“‘0 Ef\vu tdo a \ uwoL S*Lﬁlﬂ =) Hoo 1ce’eube s
l‘eﬁo@gc J’ T i

Q.= (o Balky LB ARG Hin ) = X3 T
LS . h 333y
\

A s BT
= 233k T | I

Ag}_ -33330 ) _.sz(:_“(
293k

10



