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(17 pts) Problem 1: Multiple choice conceptual questions. 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. An extremely precise scale is used to measure an iron weight. It is found that in a room with the air sucked out, the mass of
the weight is precisely 2.000000 kg. If you add the air back into the room, will the scale reading increase, decrease, or stay

the same? i Y
a. increase The  beogar? '(‘\5“ ce. Lam Haa ar e bt
decrease U P puv ¥ e f HEY SRR VAT Y 3(»%

c. stay the same

1.2. Three cubes of the same size and shape are put in water. They all sink. One is lead, one is steel and one is a dense wood
(ironwood). Pread > Psteel > Pironwood- ON Which cube is the buoyant force the greatest?

. lead -
}a)_ Si:el S(QMQ\ L. -~ ,SCLbVV\K buo\jc--\’} .-(v\((x

c. wood

same buoyant force

1.3. Water flows from a little pipe into a big pipe with no friction or height change. The volume flow rate (m*/s) in the little pipe

will be in the big pipe.
a, greaterthan - e {“}} W5 NCanget Sj‘;l\ fQ NTFR T Corgleyd—
b) the same as s ‘”‘1 (e «@ : ¢ /
c. lessthan
1.4. As an airplane flies horizontally at a constant elevation, the pressure above a wing s the pressure below the
wing.

a. larger than "\ ot o VV\a' P - < »‘m()w,.ws,’\' A A I3 {)\Cw«kb B by !

’ . Y YR
bl smallerthan - presses Qdflreince  ghore A belows Wiy Cregdag MFE
¢. the same as i d

1.5. A grandfather clock is controlled by a swinging brass pendulum. It keeps perfect time at 20°C. If the temperature drops to
10°C,.does the clock run fast, slow, or the same?

Ca) runs fast iy Ao, e e
2 Vg e AN T e Yoghes
b. runs slow SMider @ v 15

c. runs the same

1.6. You have two jars of gas: helium and neon. Both have the same volume, same pressure, same temperature. Which jar
contains the greatest number of gas molecules? (The mass of a neon molecule is greater than the mass of a helium

molecule.) - ~ - V) - . A <. g von
a.  jar of helium py=at v HOPN T e Al Sen
b. jar of neon Pre A sl be Sams

¢y same number

27ksT

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

@ Nig x If (v)dv CSQJ\ Class A seashsm e W ‘\‘U e )
200 ‘ '

250

b, Ny x _[V'f(V)dV
200
250

c. N, x jvz - f(v)dv

32
1.7. The probability density function for the Maxwell-Boltzmann velocity distribution is: f(¥) = 47{ 7 ] ye V2l

Phys 123 Exam 1 ~pg 2




1.8. What would be the appropriate integral to calculate the average speed (not rms speed) of all molecules?

J' )y
V'f(V)dV ( A‘()Q:m‘ Log ‘:Q 0«5_‘5 (3“‘«4{,"‘;-%:,:3\%'1 By ‘/'\ .a.,‘?"‘}"izg‘f&ﬁfmkﬁ “)
0
c. jv2 - f(v)av

d. Vi f(v)dy

S, 8

1.9. Slabs of metal 1 (thermal conductivity k,) and metal 2 (k,) are placed together so that their flat surfaces are in contact. The
two slabs have identical dimensions. Metal 1 is in thermal contact with a reservoir at T; and metal 2 is in contact with a

reservoir at T,. What is the temperature at the interface between the metals? Teniddlal
a.  (k+k)(kT+kT) UZ @
b, (k+k) (kT +kT) :’;&)3\:’\0\ =\ Ko ek 2

o) Ktk ) " T
/T h+h Yo (T Te) K5 mdie)
KT+ kT, T T X k| k

ky +ky -
AR \«Tw\'\‘\‘\=\=1‘2—““‘7—‘m
e. ';'4-7{"— (k]?} +k2T2) \ ’\ \1 \L
1 2 -
1 1 -1 L\\\T‘L ) -
£ | —+—| (KT, +k,T T, ,u, T
(kl kZJ ( 142 T 1) T \\\ L o TMMIC TS paen \l\h\) “ﬁ“ﬁf‘ )
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1.10. First, a gas is compressed adiabatically. This heats up the gas whlle its pressule increases to 2.5x the original value.
Next, more heat is added to the gas, this time as it is expanded isothermally, until it returns to its original pressure. Which
of the following diagrams best represents the two processes on a standard P-V diagram?

@ o w'\‘\‘b) c) d)
N N
7

d &\ ch @‘h‘&

N D N N

For the next three problems, consider the cyclic process described by the figure.
Fo to B: does the internal energy increase, dec:1ease or stay the same?
C Increase Ty 7T4\ e cpop s “h Sker Up o LR
b. Decrease
c. Stays the same (AEy, = 0)

>

n

1.12.  For B to C: is heat added or taken away from the gas?
Added N = ~ \/\! ' -
Taken away C T L> O Y > G : :
Neither (Qadded = O) @ EINS “",\,-' /\{ 1 i v
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1.13.  For Cto A:is W, 4 positive, negative, or zero?

a) Positive R N
9 Negative Volumae 1 éaafu.,s;\j ,Se wo-(\ﬂ\fz\a’l»”\j é‘

c. Zero

we, GW "}’(kﬁ Gy

%
i

1.14. A heat engine performs x joules of work in each cycle and has an efficiency of e. For each cycle of operation, how
much energy is absorbed by heat?

a, X \W\ { - |
xle = e '»w:"‘) SN
® S
d (1=x)
e. (l-x)e
f. (1-x)e

1.15.  Ifyou flip 10 coins, what is the probability of getting exactly 8 heads?

8! . S « 812!
& R0 B F oo a8 \Auwoshk f To12®
b, 8! % } \ Tﬂf (V\,{ s (_DSA@}“&) . g 10!
2110128 212128

8! {0 10!
. — h ) —
“ Tor2® - R 9{) Q2!8!21°
812! O ) 10!
d 212128 L T

812! _ (o J
2110128 2‘,1@ Sto

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 2
seconds per point instead. How much better is my signal-to-noise ratio likely to be? (If you like, you can consider the
“signal” to be 3 volts and the “noise” to be a standard deviation of 0.112 V, like in the homework problem.)

a. the same . . ~
@ \/2 times better ’? \otuahon gy cresac LQJ \‘ “
c. 2 times better Yot 59 sl Vncses b Y 2.
d. 4 times better - ~
e. 8 times better 5 \%\VNZSQ OEYRVETIN L)f) 3:: - N 2

1.17.  Suppose an atom has only two available energy levels, which are at these energies: state 1 = 0 J; state 2 =2x10%° J. If
the temperature is 300 K, what is the probability that the atom is in the higher energy state?

a. 1+e+2.102°/-1_38,10'23.300 0= 1+ e+2v1020/1.38-10"23~300
b 14e 210138107300 =020 202 . ' £~ 210%/1.38107.300
1 C e e 2T Q o~ 210%/1.38107%.300

¢ 14 ¢ 2107713810300 &/ |+ 21077138107 300
14 g 207138107300 o e o o-210°/13810°%300

d ~210%/1.38107% 300 & \) h. 14 ¢+210%/1381072300
|4 g~ 210%/1.3810™° 300 +210%/13810%:300

® ¢+210"138107300 p (yl(ef s—hl»'») L 14 2107138107300
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(8 pts) Problem 2. (a) What is the upper limit to how far soda (density of soda ~ density of water) can be sucked through a vertical
straw, assuming you can obtain a perfect vacuum in your mouth?
V@u\mw

—_

- \w+m
L— Q{Lé}\’mh& . O(h V\’(_Pﬂ‘,\

Qrog~ e o\
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N

(b) A 13 kg block of metal is suspended from a scale and immersed in water as in the figure. The dimensions of the block are 12 cm
x 10 cm x 9 cm. The 12 cm dimension is vertical, and the top of the block is 7 cm below the surface of the water. What is the
reading of the spring scale (in Newtons)?

LF =0
S e ™ g = ©

FSQAKA_ = M3 - (S

- g = gV |
(%\cg)cf( Ry Lo’oo \Vg‘ > f( B \ Q\u_w.(ﬁm)

2 \ e, 61\\.
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(9 pts) Problem 3. A horizontal pipe 7 cm in diameter has a smooth reduction to a pipe 5 cm in diameter. If the pressure of the water
in the larger pipe is 120 kPa and the pressure in the smaller pipe is 85 kPa, how fast (m/s) does water flow through the pipes? Hint:
how does the velocity in the second section relate to the velocity in the first section?
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(10 pts) Problem 4. (a) An aluminum rod is exactly 20 cm long at 20°C, and has a mass of 300 g. If 11 kJ of energy is
added to the rod by heat, what will be the change in length of the rod? (Hint: the heat causes a change in temperature, which in turn
causes a change in length.)

Qewe T AT = &

e,
| (200 3 0. -1 2

G ) e

NL=al &7V ('zwg ;%_";X.ZMX\%OTH’(,>

A A s

| 356510 n

e s e e AT

AL= m

(b) A Styrofoam box has a surface area of 0.8 m? and a wall thickness of 2 cm. The temperature of the inner surface is 0°C, and the
outside temperature is 22°C. If it takes 3 hours for 1 kg of 0°C i@om the container, determine the thermal conductivity of the

Styrofoam, CQ’”“L | L= 2% o0 3/1»(3
Q( kAAT - ‘c_ = L’X 2\\
© - % ko AT
= mbL. éz
4 AATY
- (hig)(3ptooog, ) Lo
(BWS‘* 3@)( K ) (/ngCr)
=\ 3.%0 MQ"Z’
kStyrofoam = I/sm°C
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(10 pts) Problem 5. (a) How many nitrogen molecules (N,) are required to fill a spherical balloon to a diameter of 35 ¢m at a
temperature of 290K? Take the pressure to be exactly 1 atm.

Py = Ny T —N= =

‘M;V
E)
ot ) (27 (327

Qﬁ&s’ﬂéﬁ ) (20 )

\ b(ob ”167/77 RTELS

It
J

e

# molecules =

(b) In one of the liquid nitrogen demos that I did, a small volume of liquid nitrogen turned abruptly to gas and expanded. The
expanding gas was then trapped by a giant thin blue cylindrical plastic bag-type thing. Find the ratio of the volume of the expanded
gas (now at 300K, 1 atm) to the original volume of liquid. P(QV\ . % 0 LR e \ ﬁ e lavd
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(10 pts) Problem 6. (a) Find the average kinetic energy and rms speed of individual nitrogen molecules at 300K.
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(b) According to tha’]ﬁﬁlonngetit 153&,, what should the specific heat of aluminum be? Note that the molar heat capacity C, in
J/mol-°C, is related to'the spégiﬁc”heat ¢, in J/kg®C, via the molar mass. Hint: You can compare your answer to the measured
specific heat of aluminum, given on pg 1 of this exam.
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(6 pts) Problem 7. In the “cotton burner” demo, Wayne compressed a volume of air by a factor of
about 10. That is, the final volume was 1/10 of the original volume. Treating air as an ideal dla&tomuﬁ
gas, find the final temperature of the gas (assuming it started at 300K). i

PV,

Tf: K
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(12 pts) Problem 8. An engine using 0.0401 moles of o diatomig ideal gas is driven by this cycle: starting from state A, the gas is
cooled at constant pressure until it reaches state B. Thenythe-gas is heated at constant volume until it reaches state C. Finally, the gas
is expanded isothermally back to the original state. The pressures, volumes, and temperature of all three states are given in the table.

= = 27
e e

. Pa
P (kPa) V (m’) T (K)
A 100 0.003 900 C
B 100 0.001 300
C 300 0.001 900
B A
QY
(a) Find the heat added to the gas during each of the three legs.
AB  (onstedd P rpHne
- ’Z,%Al)' ao-C/’) ~ - F007)
‘(ﬂo “\D\)( 2 \?» () JPm——
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]
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(b) How much net work is done by the gas each cycle?

Q\a = Goo t 509 = {115 T
el Fo0 T

o = Q-] =53 |

(c) What is the efficiency of the engine?
V\\N\w .\ L‘?.Sﬁ - o 6 (5/
) - he \ g sV

e/ Q%L\ ) QL?'LZ:S/

s

(d) What is the maximum theoretical efficiency for an engine operating between the same minimum and maximum temperatures?

Tey N ‘ ~ 9 ‘
Q\m,'ﬂ( = \” (/“\ : \/ Gov T i{")(f)o’] 'IO
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(10 pts) Problem 9. (a) Given the same gas and the same three states as in the last problem, calculate the entropy change of the gas

in the isothermal change from C to A. Q P CVCA Bond 3 oot 0‘“05\“”‘
_ﬁg&\w:iw@ < =
Cyh; 05 N . Al

ke, o lr:( t‘"@%wfj,.,.& \

558 T = conston -

AScpa=

(b) Calculate the entropy change from C to B, and then from B to A, then add them together and show you get the same AS as found
in part (a). (Note that C-B and B-A are opposite the direction used by the gas in the previous problem; otherwise you’d get an

answer that was the negative of the answer found in part (a) instead of the same as that answer.)

e W%

Q BN Q}z C“\ft}‘vﬁi Q‘Bi‘-‘”’”\) 0&/&?\ (\C.“!_—%T
AS= (7% 2 S T
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AScp=

ASp.p =
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263k~ 296 I
(8 pts) Problem 10. (a) Suppose you want to keep the inside of your freezer at a temperature owhen your house is at

What is the maximum possible coefficient of performance for a refrigerator operating between those two temperatures?

We ®c

-~

Vst Col W Qe

DQL\ C’O()ﬂum( = _,.,._TC <
\\A-*T(,«

COPmax =

(b) If 400 J of heat leak from the environment into your freezer each second, what is the minimum theoretical power that your
freezer will consume to keep the temperature inside the freezer at —5°C.

t..'o@"I - (S?Q
S “wing

et = cqp

)
3

\Mr\ok ~ %M < 1/_1_?”0_&
‘Q: m&. ¢ e(,gﬂ'

Pmin = W
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(5 pts, no partial credit) Extra Credit. You may pick one of the following extra credit problems to do. (If you work more than one,
only the first one will be graded.)

(a) A wooden cube, side length x and density p (p < Pwater), bObs up and down in the water in simple harmonic motion. While

bobbing, somehow it always continues to sit square in the water. In terms of x, p, Pyarwer and g, find the period of the harmonij_,_
vy
K

motion. /Q[L) 5 iF 2 Bl - Tﬁ Tawn V22w
T ) S e () O
i -m!.iywﬁ_ I T p(BV)g T 200 2,
= Y 6“7‘ 3/
g fu(30x) 9 —
Al T Censhad QX | =20y b X

w 2 4
/ //, LAX k‘ﬁ n SIP /\;\y ¢ MS"\%“* = FN% do’ e -

(b) Make an estimate of the surface temperature of Mars the same way you did for Earth in HW problem 7-4: The light from the sun
reaches Mars’s orbit with an intensity of 580 W/m?. The radius of Mars is 3390 km. Wikipedia says the actual surface temperature
varies between —87°C in the winter to —5°C in the summer; you should get an answer in between those two temperatures.

1y s @qual for dendy ~ghda

t“‘3 B ) E)ﬂ ' ygi 520 (56710 e T

Ty !

- \ _ ; o
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¢ - — OL’
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wy \

y\'/ 5"07'(“‘%

Q\VV\-:.%Y e:;.o@“\‘ L d
. R Iy T LA
(c) 400 g of ice at —20°C is added to 50 g of steam at 160°C in a thermally-insulated container. Ignoring the heat capacity of the
container itself, find the final temperature of the combination. If it turns out that not all the ice melts, or not all the steam condenses,

then give the amount of ice that melts (or steam that condenses) instead.
b?gm.,g ‘\,7 w > Qe Ly sty
WY bgsrie, ol 02 prellg
i L el 0) s o Lt
' (BRI () =(os Y2l » (o)eacnt) > Cas)ae) (1o Te)

+ 11300 + 20430 ~20%, 3 TL

2) e, FmeCyy (1 % )

() (20%aX(29) & Ly (333000) T\ Y
b 1lo 4 V2% Ty, T T bs3o

Tr = negetle = nxt ¢
{‘ 3Q Cr\—\C.\\j(&-‘?/"«

arﬁﬂlxlevf
-t ol e vty

o fine debng 75 O°C
= (o) (z=19) (o) * (?e)s){z.ze—(o‘@) +Qos)\q\“8lo)('°°)
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