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Fall 2012 RED
Physics 123 section 2
Final Exam

Colton 2-3669 Please write your CID here

No time limit. No notes, no books. Student calculators OK.

Constants and conversion factors which you may or may not need:
2=9.8n/s R=kyN, = 8314 J/mol-K

G =6.67 x 10" N-m¥kg? 0=5.67 x 10® W/m>K* 1 inch=2.54 cm
ky=1381 x 10 J/K c=3x10%m/s 1 m’=1000 L
Ny =6.022 x 102 Metecron = 9.11 x 10 kg 1 atm=1.013 x 10° Pa= 14.7 psi

1eV=1.602x10"J
Tr=9/5Tc+32
Tx=Tc+273.15

Density of water: 1000 kg/m?

Other equations which you may or may not need to know:
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Scores: (for grader to fill in). 100 total points.
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Problem 2 Problem 8
Problem 3
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Problem 4
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Instructions:

¢ Record your answers to the multiple choice questions (“Problem 1” on the next page) on the bubble sheet.

e To receive full credit on the worked problems, please show all work and write neatly.

e In general, to maximize your partial credit on worked problems you get wrong it’s good to solve problems algebraically
first, then plug in numbers (with units) to get the final answer. Draw pictures and/or diagrams to help you visualize what
the: problems is stating and asking, and so that your understanding of the problem will be clear to the grader.

o Unless otherwise instructed, give all numerical answers for the worked problems in SI units, to 3 or 4 significant digits.
For answers that rely on intermediate results, remember to keep extra digits in the intermediate results, otherwise your
final answer may be off. Be especially careful when subtracting two similar numbers.

e  Unless otherwise specified, treat all systems as being frictionless (e.g. fluids have no viscosity).

(27 pts) Problem 1: Multiple choice conceptual questions, 1.5 pts each. Choose the best answer and fill in the appropriate bubble on
your bubble sheet. You may also want to circle the letter of your top choice on this paper.

1.1.

1.3

1.4.

1.6.

As an airplane flies horizontally at a constant elevation, the pressure above a wing is the pressure below the
wing.

a._ larger than
smaller than

c. the same as

. Water (no viscosity, incompressible) flows from a little pipe into a blg pipe while also decreasmg in height. That is, the

water is flowing downhill. The volume flow rate (m*/s) in the little pipe will be in the big pipe.
greater than . . ¢ 3
b,/ the same as \“’VL B cagont ac oy es e da /‘53‘“] a4 cha ‘"‘;’; "\9/_
c. lessthan “
d. cannot be determined from the information given
Same gituation. The flow speed (m/s) in the little pipe will be in the big pipe. K
greater than \ \
b. the same as Thin ke %w&k\ base, van”
1
c. lessthan o
d. cannot be determined from the information given 2.0 3 =
~ pahy “aMm “"L+fﬁl\b4 <
Same situation. The pressure in the little pipe will be in the big pipe. 2 2 )
a. greater than 0= P> rﬁ(hl—L') 442,9(\@ -V
b. the same as \ ] N~
(S lessthan r\usod\w/ oy f\@-ﬁc{* WY
d. cannot be determined from the information given \/ < 0, o
. You have two balloons that are the same size, one filled with air and one filled with helium. If you put both balloons into a

tub of liquid nitrogen, which one will end up with the largest volume?
a. the air balloon ) .o
@ the helium balloon D(J\ o Sart i N { o5S - g air WwWSAa

c. they will end up with the same volume e 6\" ¢ ballom condinases e @ | :’l“‘\&

Gas A is composed of molecules which are twice as massive as the molecules in Gas B. Gas A is also at twice the
temperature (kelvin) as gas B. Which is true about the rms speed of molecules in gas A compared to gas B?

1 - -
& Vems,4 =4 Vrms,B \/A \g 3 ‘kt/W\( T’ Vims,d = 2 Vyms,B
b. Vims AT =1 Vrms B v % ’&‘ A rms AT 2vrms,b‘
1 6 J3n,

C. vrms,A 5 vrms,B
J2

@ vrms,A = vrms,B ’ \{—:

Vim, 5,4 4vrms,b’

. How many degrees of freedom does each atom in a solid have, according to the Dulong-Petit law?

2 (1) 2 6 g \/;\D'ﬁ.)r“‘"ﬁ.\ \Qt
c. 2 7 Vahaat PE
d 3 pog B Vbl

e. 4 j 9
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1.§. The probability density function for the Maxwell-Boltzmann velocity distribution is: f(v) = 47{

27kgT

3/2
2
J VZe my /ZkB‘T .

What would be the appropriate integral to calculate how many molecules have speeds between 200 and 250 m/s?

250

d Ny x jvz-f(v)dv

250

b Nux [ (fO)f o

200

250
c. Nyx J. v- f(v)dv
200

R: ?m‘ooi,\.( Av‘ oy 6)\\\‘@“\ e

[\
o Ldwaam L0 1903

200
250

200

e. N, x Ivz-f(v)dv

1.9. Cubical tanks X and Y have the same volumes and share a common wall as in the figure.
There is 1 gram of helium gas in tank X and 2 grams of helium gas in tank Y. Everything is

at the same temperature. Which of the following is the same for the gas in X compared to

theéb inY?

The average speed of the molecules \/ Jus
The density of the helium W e S Sants , " He
The mean free path of the molecules X degmd s » o Yol ‘”"‘"@ 9 i

The number of collisions per second on the common wall X M?W’“ My, an e
The pressure exerted by the helium X~ ¢V =nRT =5 N aa¥\ are M

More than one of the above k. WF N s &lﬂ;ﬂ’\')‘ -

me ae o

1.10.

a. Positive _ p i R w
Negative oluee 38 .Q»,QfWE""a, Se AQS 'S &'rml R
c. Zero

For the next three problems, consider the cyclic process described by the figure.
For A to B: is W, 4 positive, negative, or zero?

¥ de (’0\3 Sar JQW\(Q!@’W Q. ;
bo¥ onog 1y dfRrmat- /1 gram

AY
2 grams |
He

]

[.')

d. Can’t tell without more details

0«»3 WD‘Y\ = hQS‘

1.11.

For B to C: does the internal energy increase, decrease, or stay the same?

a. Increase ;
@ Decrease Tewny 03 o Creed™ }
c. Stays the same (AE;,; = 0)

d. Can’t tell without more details

1.12.
a,. Added
<l;> Taken away
¢. Neither (Qadded = 0)
d. Can’t tell without more details

For Cto A: is heat added or taken away from the gas?

AE:\’\Q? ) +
n o hg V‘)"Nk‘ 'S
’YQ\M‘ :5 ALU\MS_ b
A€ = QAW .
neq =@ tems T2 QN

1.13. Two ideal gases undergo an adiabatic compression where the volume decreases to 50% of the original amount. They each
have one mole of molecules, but gas A is monatomic whereas gas B is diatomic. Which gas will end up at the higher

temperature?
é Gas A
. GasB

c. Same temperature
d. Can’ttell without more details

5 - ¥
T
aET, \IXT-« (“},’»’L N9
/‘r\\ ' V7’X>_|

X—\
Y Ve

\I\)
N > S —V} B
w

= o

Now tom coagpees 0 (2

S icat
\(\\‘g\\qu \4

o~

5/3'\
.)/';
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1.14. A large power plant takes in steam at 500°C to power turbines and then exhausts the steam at 140°C. Each second the |
fuel powering the turbines produces 100 megajoules of heat energy, which is then used to produce work. If the power plant
operates at the theoretical maximum possible efficiency (according to the Carnot theorem), what will its power output be?

a. 0- 5megawatts uye LI g £ 25-30

b 310 Qo 2 V7 K02 V707 ok 5035

c. - . -

d. 15-20 W = ¢ Qu i 40-45

. 20-25 e=" “%\N”'_Mw 45-5

e. 20-2 " - k{bm @ 0 megawatts

1.15. Which of the following statements about the Carnot cyETe is false?
a. A Carnot cycle contains two isotherms and two adiabats. T.rue
b. An engine using a Carnot cycle can be operated in reverse as a refrigerator without changing the envpironment.Tr A
Because of their high efficiency, Carnot cycles are commonly used in commercial power stations. Nalge ! Norv Y
d. Carnot cycles are often useful for theoretical comparisons with other cycles{yy-e ! ata /’

1.16. AsI'm taking data in my lab, I typically average data for 1 second per point. Suppose I decide to average the data for 10
seconds per point instead, so the scan takes ten times as long. How much better is my signal-to-noise ratio likely to be?

V10 times better %g pot Xo VD ?x—s\;\ﬁ/w\/ ’ 6?3‘\\3 Noie 7~ m

b. 5 times better

¢. 10 times better
d. 20 times better
e. 100 times better

1.17. Consider the following two changes to an ideal gas: (1) the temperature is doubled in a constant pressure process, vs.
(2) the temperature is doubled in a constant volume process. In which of the two changes is there the largest change in
entropy? - '(AOQ}Q - nC AT o nC &WTCA'

<) Constant pressure AS = = § = \
b. Constant volume ' :

Y e efnes Co or C
c. Same change in entropy @) e e ta e v

C‘p Mtk.)hv\} > ' % NS \o(C{?Q){»- 6}(- C{’

1.18. A gas undergoes an adiabatic expansion. The gas and the thermal reservoir which surrounds it are isolated from the rest
of the universe. Which of the following is true?

The entropy of the gas will increase. The entropy of the reservoir will increase.

The entropy of the gas will increase. The entropy of the reservoir will decrease.

The entropy of the gas will increase. The entropy of the reservoir will stay the same.

The entropy of the gas will decrease. The entropy of the reservoir will increase.

The entropy of the gas will decrease. The entropy of the reservoir will decrease.

The entropy of the gas will decrease. The entropy of the reservoir will stay the same.

The entropy of the gas will stay the same. The entropy of the reservoir will increase.

The entropy of the gas will stay the same. The enfropy of the reservoir will decrease.

The entropy of the gas will stay the same. The entropy of the reservoir will stay the same.

Osr mo ap o

, _ . »
The <\as < %\xiﬂ'\éﬁD \3\3 o vmfar\m.v\ \Ov’} ~5 n

““522‘135 "‘\_Qilf ot (qulmhi_j (32:,0“) ,

Saw NG = f &%‘P l C&g wv:x:;ﬂ-\axéjgm (‘f(,.{ La*%)
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(9 pts) Preblem 2. Give short answers/explanations to the following questions:

(a) Why is there a maximum length to how long a straw can be (and still function)?
There s po Hg\’c‘%lwvl:] ’ﬁw:t‘h’ i)us% Py L ush R? _{t‘*d- From N
o eoss ghate, Thet's & - o~ /\vuLkr, $= there ¢ @

Oras wladn Sedance e A rmmghana pon push A hiquid

(b) The thermal conductivities of air and fiberglass are listed in your book as 0.0234 and 0.045 J/(s-m-°C), respectively. It looks like

air is a better thermal insulator than fiberglass is... so why is it beneficial to use fiberglass insulation in your attic?

»

?\""*'3\“53 V\‘L\g{ fadweR Cm_\_ff}_:\f’\ ) S . S

o0

(c) Why is Iv - f(v)dv the appropriate formula to use to calculate the average speed of all molecules (as given on pg 1 of the
0
exam)? What does this equation “mean”?

- ->“"t‘ el J) \b\ \401/\) (a2 5 B
j.| S Mb‘\ug VP al( Yha v--Q\DQ.‘kQ_)' v\)eist\l& A ]

4 — , , - IL L\Q
™ ‘ b 'l S v&:" \ < Iv n
A te C,\;\:,j @ e ‘d, a ﬂ‘\){,‘ \/Ql%g,‘j. at s }
fe o \( ‘l“‘/\!'\ ¢ \@S& V)U“” N5 ‘5 %\6
0
(!

Cll\k(,\,\ci_’t‘u\& 4’%\\9\ 01\1\({,/&6&(_
g 4 W L*!U\/() ol “ﬂ”’\@dr 4‘? -

m“H“P\‘} vach \(\@fXL\J }ij hoo VY’\(}’\/!J
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(10 pts) Problem 3. A rectangular floatable air mattress is designed for use in a swimming pool. It is 1.5 m long, 0.7 m wide, and
0.1 m deep, and has a mass of 1 kg. What is the maximum weight (or mass, really) of a person that it can support?

(= V\/\v,m,ﬁ,m ) )“3‘)

")

' B
‘Lqm\d\;h\,yv, «-JBW\S - 5

; \A) e I},ﬁ_.

4 s
(ﬁ»worjfﬂl\\ez)')"; k\ooo\k\ﬂ X, 1X ) 5

Y “J

MMW.._W__‘MM..\N
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o

AT ]Qg"( \r\fdf )
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(10 pts) Problem 4. My wife sometimes adds an ice cube or two to a hot bowl of soup so that it doesn’t burn her mouth. Suppose
she has 1 cup (= 0.237 L = 0.237 kg) of soup in a bowl. How much —15°C ice (in grams) will she have to add to the soup in order to
lower ils temperature from a scalding 96°C to a more manageable 71°C? Assume no heat is lost to the bowl or the surrounding air,
and that the soup/ice mixture reaches a new thermal equilibrium essentially instantaneously as soon as she puts the ice in.

Materials constants that you will need: Cyouy = Cyater = 4186 J/kg-°C, Cice = 2080 J/kg-°C; L for water-ice = 333000 J/kg

e e

- u QU:'-N;Q(\& \0 N r"‘{.‘

Wi by 5% 3 d by |
Ve ' . A QV\ &’(3 a )~ ,J/\,\a,\L \)S,Q\\)

(\(Y\ ¢ &/{ > . - <W\e‘ )>/‘ > el ¥ Q\/\ L\ vl ~ h \QA,OV\V;Q s

oy -

b U{-})b\\m )@g) = n K Qﬁ» &DX\S) A Q”s”bwb> A (\\\%(o)(’\\}

it

(c PURE S S Sh\m&cwzp tce. (\v\i’“S)
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(8 pts) Problem 5. In my lab, my best vacuum pump can get my cryostat to a vacuum as low as 0.4 milliPascal at room temperature
(300 K). The vacuum chamber has a volume of about 20 L. (a) How many gas molecules are still inside the chamber?

PY = N T
N (\/\ 1o Qa}(\, 020 M";)

( 70| ~ 13 ;%_\ tgﬁ@\ﬁ}

o

(b) What is the mean free path for those molecules? (Remember £ = where d =10~ 1Om for air molecules and # is the

EZGY
number of molecules per cubic meter.) ) n=
e

SL R = \»_f(_}__',f_?\__‘g -~ Qlon-lo péfm
Vo d™n —

(el (s )

T i
220 a (e omgpr e

'ﬂ/\ﬁ\ oC? Y..:v\ PRy
ol ’H“’\.C(yﬁshﬁ)

»-"'"
\rb(VVV\Q

>
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(12 pts) Problem 6. The efficiencies of air conditioners sold in the United States are usually stated in terms of the “energy efficiency .
ratio” (EER):

'Q;)g / '{—W’nQ
o4 v iHA %h e
",)\‘ o W lw:*}“ Ja _S

"Cooling power"(BTU/ hr) ,VI 's

EER =
Electric input (Watts)

The “cooling power” is a measure of how much heat can be removed from the refrigerated compartment per hour. The electric input .
is how much energy per time it takes to run the air conditioner. The conversion factor between BTU and joules is: 1 BTU = 1055 J.

(a) How does the EER relate to the COP egigerator that we discussed in class/learned from the textbook? Specifically, if my current air
conditioner has an EER rating of 6 (towards the low end of the range), what would its COP be?
14

N - ] N HTH
()\L - Caah\j forss (ﬂ LT A a0 v

> )-\/
,k(ri( " X "
(3 = "eeting qoer" 0
@v\:ﬂ 1 02,0(5 ’P,’]U/h’
5.\ Co¢ = EEP\xqz%)

e it et s,

o fet=er | Coe =y 9

ot

(b) If a particular air conditioner has a high enough EER value it gets an “Energy Star” certification. How much electricity (in
joules) and how much money (in dollars) would I save annually by using an Energy Star model with an EER of 10 instead of a
model with an EER of 6? Info you will need: my electricity costs about 12.7 cents per kW-hr (= 3.53 x 107 cents per joule). I run
the air conditioner primarily in the three summer months (92 days), and with my current A.C. in those months it takes an average of

52 kW-hr (= 1.87 x 10 J) per day to run it.

Npwy AC €0P = o ¥.2a% = 29’6 T v Hank Loler

- '?J —— ~ N o\
— L3107y L g0’ T  Hhis i e waml Cqeid
IR

\vr—\'::\p&) C(Z,QAP)( ‘ \‘3“‘1

\D"— \Q
(oR ° (&i\%@ \)\33&(0\@ = Q,’[l'(o 3)(\7(43 = 30780 J

We \M\l be Ma same w/ W) )YC,,.
o We %.bl%'(dgg - \b%g‘lo J

L&\ed "03]‘.‘)) . . ;
e \;:)o«“//xj‘/("d 5 %("“‘(‘L& 6 L2~ LoD o = (o,g?'/o J

¢ _ q ‘5.53—40—"&@% ’“W
‘i"Aama&éu\eC} = 00T (o X500 (%Ouwt ZL‘Q’
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y=1=14, C =31 C-5R

(14 pts) Problem 7. An engine using 0.5 moles of a diatomic ideal gas is driven by thls cycle starting from state A (100 kPa,
300 K), the gas is compressed adiabatically until it reaches state B at 800 kPa. Then, the gas is heated at constant pressure until it
reaches state C. Finally, the gas is cooled at constant volume back to the original state.

Pa B C
. 3 —p
P (kPa) V (m) T (K)
A [ 100 0.0 124 300 %,
B | 800 0.007322 | SL3. 4 BN A
C | 800 (=Va) 2 Lo0 G v

(a) Find the unknown V’s and T’s for all three states. Fill your answers in on the table. (Warning: be careful! If you get these wrong,

you will likely miss many of the subsequent questions.)
P, PO AT s 0BT E5)(EII0 i,mzﬂm?é

|20 odQ

O, W\\[}\X: ?g\/g —> \/Yb = \(A GA*) (o\L‘i >/l\{ *M

Vel > e Ve @W) SN Y
K e S S43.4

—> 13
Co Na=Ve “y@*”y%-—»wm(%):mm@

(b) Find the heat added to the gas during each of the three legs.

AR =0 (a(}‘lq\w)‘ ;L)

(=nC, NV :Qﬁ)(% '8.3|>L2W°~S“!’5,»1) ‘: 5.5;;;3
— ¢
1) (mew - 2100) =~ 2;;7&?5]

C-A =N C\/ NS Qg)

(c) What is the efficiency of an engine using this cycle? Hint: Use the heats you just found in part (b). .

\/ o ppus \ — 1\8‘\\ :Mze’;\ﬁ
()?v\ 2w

Phys 123 Exam 1 —pg 10




ad
(10 pts) Problem 8. A diatomic ideal gas is compressed isothermally from state 1 (100 kPa, 0.008 P A ‘Q\?({‘f

m’, 300 K) to state 2 (200 kPa, 0.004 m®, 300 K).
(a) In the process heat flowed out of the gas. How can you tell that without using any equations? \
Abiabaly gre shesges Hhan (5o bharme | 5o Fno het e, 1
L \Y

A 4

\/\a(& (iym@ mf\“, ok \NW\& (/m\rQ '{.\AM% u.‘(::. &ﬂ' @
\/\‘ %\'\n( A vqa Jauve

A
-~ A J, Qv R lrtc)
(b) How much heat flowed out of the gas? '4 " l

v an nsed Jm‘é‘ro
NE = Q  Wen > =~ Won = *tnrT o ng \?L@M( :
o
\ [gov={ &7 av
-0 ;ﬁil%i = T LAV
\<>~. Ay

(c) What was the change in entropy of the gas during this process? Did the entropy of the gas increase or decrease?

r‘(\\) = "L O\‘Q Swnck. 7 Cs‘v\ﬁ'b\,
AS = f'}% = §

- -~ S'S‘K[' 5 »3 = | _ ' 'kq g) SAQ_ owtro e (;\wan,s\_s@
oo Y )

(d) If the heat went from the gas to surroundings which were at a constant 290 K, what was the net entropy change of the universe
during the process? (That’s the entropy change of gas + entropy change of surroundings. Hint: the net change must be positive!)

S‘)\W\W\'»"Ss are olse (So%mr-m\; Q xau’»/mb k‘i §\s~~nrmm§}(fjg - 1 Sg\i:f’“j‘

-
AS = _%f LSV + 1412 3/,

A - A S S T
S‘{\J/ nga) ASS\rrgm.@& \}) B
s LB AL =\ 063F T | g O

——
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(5 pts, no partial credit) Problem 9. Extra credit. Derive the efficiency of this specific P
cycle (A-B = isotherm at 7},; B-C = adiabat; C-D = isotherm at T;; D-A = adiabat) by
calculating O, and Q,, and show that the result equals the Carnot efficiency formula as
expected. Note: you must be very clear with your work. Since this is an “all or nothing”
problern, and since you should know the answer you are trying to obtain, I am not going to
hunt around very much trying to determine whether what you have done is correct. If I
can’t easily follow your logic and your work, I will likely give you no credit even if correct
work is there someplace.

A’G ’ DT > QA Won W““S S @h!

J\//o (,‘-50’“/\“""\"&'\)

@ T - \/\)‘W\ ot <V) LT»\QW&) oS l;\[/mg\a

s 18

Y- Q=0 (‘a&.q;‘g,q-z\t_v)
e Ayt fewes Jemp —

Sosd
C’"D ” v — ~ Q(/\ —"\
@ = WV A \(YZ/ = KQ

T —— [y

-k Q-0 (_ménm\oa.*::)

/(TC Xw@“/vy
P AR T [

Vops &aes Vo Comn 0t ,
Vs

\ \, Ve 9
leag¥ Moo ra - h

««) 3
. ' LT
@»,“L o wb“’\ﬁ'\\‘—— o Q(g‘}: - QQ\[L. — T\(\) v(b \/C_/
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