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

1.1. Which of the following is the best resolution of the barn paradox, as discussed in class and analyzed for homework? (Lee is
the one running with the ladde1 Cathy is the one at rest relative to the barn.)
@ Cathy sees the ladder fit entirely within the barn, but Lee does not. Laddss ts  Lavade- SN )
b. Le€ sees the laddet fit entifely within the barn, but Cathy does not. | Cmﬂﬁ,\

c. Each of them sees the ladder fit entirely within the barn. A 7

1.2. In the relativity context, which of the following would be an example of an “event”?

A light béaim hifs a sensor. AN » 4 Feolew
b, A light beam travels through space. Sty = g(ﬁ&j &? = Q=
c. Bil travels on 4 very fast train. A 4 tuwe |
d. Ted observes Bill traveling on a fast train. {

1.3. Frodo is eating breakfast ona train which moves at 2x10% mJs, Sam is sitting at a picnic table near the train tracks, also
eating breakfast Which pair-of statements is correct (note ‘slow motion” refers to the eating motions only, not to the
overall train speed of 2x10° m/s, which is obviously anything but slow):

a. To Frodo, it looks like Sam is eating in fast motion..To Sam, it looks like Frodo is eating in slow motion.
b. To Frodo, it looks like Sam is eating in fast motion. To Sam, it looks like Frodo is eating in fast motion.
(.2 To Frodo, it looks like Sam is eating in slow motion, To Sam, it looks like Frodo is eating in slow motion.
d. To Frodo, it looks like Sam is eating in slow motion, To Sam, it looks like Frodo is eéting in fast motion.
Thuy srdn obsere Fme- do Ko 1y Q-)[jfe:&fl L EO T
1.4, What is the maximum momentum that a particle with mass » and velocity v can have?

a. my . e. 2mc
b, mc = Ymv f. 2mev
c. mcv \0 . There is no maximum
d. 2mv e b o ‘7
largse .
1.5. A reference frame in which objects which do not experience forces do not accelerate is called a(n) reference
frame. i
a. accelerating e. Lorentz
b. depressed f null
c. Einsteinian g proper
h. relativisitic

inertial
1.6. Suppose Dr. Colton slams a book down on a desk, twice. The two book slams are (in Dr. Colton’s frame) separated by 10
seconds. To an observer in a rocket moving at 0.7c relative to Dr. Colton, the two slams will be: ‘
a. separated by less than 10 seconds rsor [ 0. col ! noclend naption
separated by more than 10 seconds Observer pall 52 Golha s °
c. separated by exactly 10 seconds

1.7. Emily is moving at 0.9¢c relative to Joshua. David is moving at 0.8c relative to Joshua. Emily’s speed relative to David will

be:
a. lessthan0.1c No+ ,,‘f -7 % _m__“i_:;l?——- )
(5. more than 0.1c - Op e =
c. exactly0.lc | (ﬁ) @7 € > |

S0 Ongws 1S

1.8. A ballet dancer (mass m7) stands on her toes during a performance with area 4 in contact with the floor. What is the pressure
exerted by the floor over the area of contact if the dancer is jumpinc upwards with an acceleration of a?

a. mg e
b. m(gta) 2 Fo=m T\I\/
c. m(g—a) N - mﬁ 2wy LY
d. mglA

Ce migrayla NPT

f. m(g—a)lA For N (4 Ao
Aps s e T A P~ e B,
\QN “ /SY /Q?
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1.9. A boat is on a lake. If an anvil (that sinks) is pushed from the boat into the water, will the overall water level of the lake
rise, fall or stay the same? (compared to when the anvil was in the boat)

é ;181? N \9%\.’} : e\l{;p o g \NQ\'%‘/WL & b'jj“ Ché'f—‘-'i‘
) a -
C. stay the same n Wobes * A“(’“‘“‘S Valviva,

1.10. Water (no viscosity, incompressible) flows from a little pipe into a big pipe with no height change. The flow speed (m/s)
in the little pipe will be in the big pipe.

B) AN - o Loe .-
S R Lt
¢. less than

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

water is flowing uphill.) The volume flow rate (m*/s) in the little pipe will be in the big pipe.
. greater than
| the same as AVARL (S constenl Q: A\/)
c. lessthan

Q'{: C\‘L‘\S:J'l c}\&.&;/"*‘ dmou\%)

1.12. A gas in contact with a thermal reservoir undergoes an isothermal expansion. The gas and the thermal reservoir are

isolated from the rest of the universe. Which of the following is true? 5 Yeat endess 468
a._ The entropy of the gas will increase. The entropy of the reservoir will increase. N
The entropy of the gas will increase. The entropy of the reservoir will decrease. Cothenviid ‘rﬁ-v"( oy
c. The entropy of the gas will increase. The entropy of the reservoir will stay the same. o<’ st s i\ wﬂ,‘&;]
d. The entropy of the gas will decrease. The entropy of the reservoir will increase. o i
e. The entropy of the gas will decrease. The entropy of the reservoir will decrease. YMshe 3 F s }aj g
f.  The entropy of the gas will decrease. The entropy of the reservoir will stay the same. Coaveg Frd >
g The entropy of the gas will stay the same. The entropy of the reservoir will increase. e .
h.  The entropy of the gas will stay the same. The entropy of the reservoir will decrease. ’(uo_,e,Pi. l’\ae\%- oy
i The entropy of the gas will stay the same. The entropy of the reservoir will stay the same. [28e7 oner éw
hee
1.13. When a gas expands: oS> gé}; =~ Q" 72
@ The gas does positive work on its surroundings. \/\5\0 o g@ SV = /\'\3«;} v Hoe
b.  The surroundings do positive work on the gas. )3 S S = reset 4
¢. Work is not necessarily done. = f T g

1.14. Ifa gas undergoes a thermodynamic change whereby it somehow ends up in the same state it started in:
a. The internal energy of the gas will be less than when it started. a4 e | _ALrgy 5
b. The internal energy of the gas will be greater than when it started. oo o raole !
(&) The internal energy of the gas will be the same as when it started. T
d. The change in internal energy will depend on the direction of the change (clockwise vs. counter-clockwise).

1.15. Suppose you flip 13 coins simuitaneously. How many different ways could the coins land to give you 8 heads and 5 tails?
(Le., what is the number of microstates in the 8H 5T macrostate?)

a 32 V2l . £, 8192
b. 256 (\3) e «?/‘ = 120% g 13980

c. 520 ) Lol h. 432432

d 688 i 67108864
@ 1287

1.16. A “closed-closed” pipe and a “closed-open” pipe are the same length. Which will have the lower fundamental
frequency? S~— S~
a. closed-closed S > <L
b.) closed-open P oy
¢ same fundamental frequency [orge” Ay so smalle £

1.17. In which case will there be no reflection from a wave on a string hitting a boundary?
a. when the wave’s frequency is the same on both sides of the boundary
b. when the wave’s speed is the same on both sides of the boundary
c.  when the wave’s wavelength is the same on both sides of the boundary [ e Ho Cam | 52 (7[ v
(VXY

@) more than one of the above (\0) o (Q) Lot Fae ! ‘Ff@ﬁ

'S G o,
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f(x, t) plotted as f x) for t=0 f(x, t) plotted as f(x) for t=1 J : V= f\' - .
st

\ /\ AN

A—v
i 5% v=%2

1.18.  Which wave function f(x,t) is represented by the two graphs displayed? The left-hand graph is the wave function
plotted for t=0; the right hand graph is the wave function plotted for t=1.

w -V
] R &
PV

w::ﬂr\\’\”)"

Ca) f(xt)=3cos(2x-2t) < ol clao it iy f. fix)=6 cos(ix =28
f(x,t) = 3 cos(2x - 4t) Y=L w=2 M 3 g f(x,t) =6 cos(2x - 4t)

c. f(x,t) =3 cos(3x - 3t) A h.  f(x,t) = 6 cos(3x - 3t)
d. f(x,t) =3 cos(4x - 2t) i f(x,t) = 6 cos(dx - 2t)

e. f(x,t) =3 cos(4x - 4t) i fx,t) = 6.cos(4x - 4t)

1.19. 7 Light going from a low index of refraction to a high index of refraction will always experience a 180° phase shift,
regardless of the angle of the light ray relative to the boundary. A+ nw e | mcdtaes. Med alvs T t\g\«,yp Lo+

a. ;rlie At et graton i3 . grﬁwsk’) 6’13{&
alse
@ W\N’\”—S Fha \QDVW&O\/‘j (ﬂﬁ}/ V () \Wltt‘j qs jl\l
1.20. The critical angle for total internal reflection exists on both sides of a material interface. (7 RPVITN ﬂ(w(S hag

G e T e ko e e phess a1y
1.21.  When you are designing a coating for a piece of glass that needs to minimize reflections for a given wavelength, there
is only one coating thickness d that is allowed. b= (
o e Vo gt aodtiong Ve 24t ghesssn (
(B false & Re lets » 7[@5% ble 1 5 So
d;a\((}om ble & ’s.

1.22.  When light diffracts through two wide slits, the resulting diffraction pattern will be the same as the pattern from a
éled&: slit, times the pattern of two infinitely narrow slits.
true A cradat prablan, From oo 5
b. false EER ¢ ™

1.23. <Btiransparent glass, which travels faster: red light (A=630 nm) or green light (A=500 nm)?

red light
b. green light ij\ s k:a\'\ﬁf V\ S

c. both travel at the same speed
Slowes SR - (\F 2 )
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(10 pts) P.roblem Z,Di/sgﬁ'ge/d;[; their final exam, the Physics 123 students gang up and ship Dr. Colton out from Earth on a fast
rocket traveling at@%@{ to live the remainder of his days in isolation from the rest of humanity. He lives for 60 more years (in his
frame of reference), all the while wishing he had been kinder to the students. How far is he from the Earth when he dies (in the

Earth’s frame of reference)?

T Co s S OQ(\»\ vew
\ ~ = cy |
\'\P\ ’{\f‘é’uﬂ}b C@U NS ‘ ’JT(’“"“\ "\J u+ (E' p(‘ Su go e y

\/;Jf o\‘as Joncs 1 Clgy:f‘fc.n(_l‘fg b L(V\" I» S22 ‘)'\ /M’\L Capbx
T - (2 i f
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/\:/aw\ Eﬁ-t”h" ,?en’}“' fg o @~

-
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(13 pts) Problem 3. Lee is traveling at-+0.7c relative to John. Cathy is traveling at +0.9¢ relative to Lee.

R B B

(a) How fast is Cathy traveling relative to John?

AT S

R
[ * ('P% p’t,j I * ('QX':?') L——\

(b) John and Cathy both fire laser guns at Lee, and coincidentally both of their shots (traveling at the speed of light) arrive at Lee at
the same time. Draw the situation on three different space-time diagrams: from John’s perspective, from Lee’s perspective, and from
Cathy’s perspective. On each diagram label the world-lines from each of the three people, the two laser beams, and label these three
events: .

1 = John fires laser gun

2 = Cathy fires laser gun

3 = Lee gets hit by both guns

e
T J} "“’“ ; \l%"\r
Hhn Loy 7
L /
/
\
AN
AN

(c) In John's frame of reference, who fires first? In Lee’s frame? In Cathy’s frame? (You should be able to use your pictures from
part (b) to answer this; no equations needed.)

— r / \
’Sw’l/\h‘.g 7(\'#. - S ’(:fc& 1k ( l\(\) < Jm@)
Log s frams. = Cenny Foesdn (JQ® <+‘©)

s VRS
Q_mj 4eed ”?.;:l‘é 5®\}

C/("Vﬁ”'“x'} fcl—r@.nr\L . C}}.lr.,i
\
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(12 pts) Problem 4.
(a) How fast would a 1 kg block need to be traveling in order to have as much momentum as 4 0.999) electron?

b ot Cobgpn N Y < 22,366

o
\,Q\\ L nmn redetyidve.

&YV\V)»&Q&L 3 <\XW\\/ »\‘L@_m |
<\\“)\ \/\r\oqk = (21,%.(0\,(9,1(-(\{7"% B(’Qqqc{( 1t y_g>

P

e 1 Ay R ANt AL - _ ‘ . . )
\V\D\qgg & (0' 07°/D 2 n«/s ("}Q-(’g o TC c,\’j‘\‘[(rg‘}\&!)

e

(b) When you burn a match, about 1000 J of energy are released. If all of that energy goes into accelerating an electron (that is, it all
gets turned into kinetic energy), how fast would that electron be traveling? Note: because your answer will be very close to the speed
of light, please write your answer as, for example, (1 —7.7x107)c, instead of 0.999999999923¢ (or whatever the correct answer
turns out to be). Hint: remember that (1+x)" ~ 1+nx when x = small.

e = (-Y“ (XVV\Q B

= {ool — - /(
C - \ b e - 270-
Y=\ \;/%LL - (‘Q,H-(n'?"ﬂ(;,l\a)% ! ‘f:,_o (Oh_

VL 1
(g: | - 3 [,um'“)

~3%3
(gc_ | -

2 361 (D
™

S
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(14 pts) Problem 5. 05 ' '
(a) A U-tube, open on both ends, is filled with water. The right end is then shielded while air is blown across the leﬁ end This
creates a decrease in pressure by the left end;:which “sucks” the water up: How fast must the air be blown in-order for the water in
the left-hand section to end up 10 cm higher than the water in the right-hand section. (Densities of air and water can be found on

P e Y gy ™ ) /
Q\wf @\ TN V,*/%K vpv, " = Pudop

2\ o™ i1
Qz\ V\A_ \0_‘}\”\/ Lcaﬁrv|

. g
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\ ot - P N ()wdv

R N

CC\’*’\‘\O\""\ +Wv QD\CLJ\S B

RO g

\J\ 2 m‘f‘“‘!ﬁ"
CQ_L'
?_Q%,?))(.\(Q (lm‘::o>
|29

(b) An air bubble has a volume of 1 cm® when it is released by a diver 50 m below the surface of a lake. What is the volume of the
bubble when it reaches the surface? Assume that the temperature and the number of air molecules in the bubble remain constant

during the ascent. .
Y VA= mﬁ v = CS"\%/)"'-’\L’
(7\ V= (v V -

P - (" \

W
— e
'L':/\ P re_ L// (,\&QH/‘ L ()) - VZ— ()3 . . 5’6“.(0? )
‘ Lol wS wco"t'%"“) ~ e L,’ZT:;
Is Nofoelsy |
0 O Vo > ew }> {\\ [0l -7
)
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(12 pts) Problem 6. An insulated chest has a surface area of 1.2 m? and a wall thickness of 3 cm. The temperature of the inner

surface is 4°C, and the temperature of the outside surface is 28°C. The chest is made out of a material that has a thermal conductivity
of 0.06 in standard ST units.

(a) What are the standard ST units for thermal conductivity?
s
kA ' L
Can: P2 EET Y ke AAT

S:QQ ST A "C s

o Cernrs Ay K?. (Y RQ)ULA

. ' 2 ij),,lim,\
unds " KX\ (mq YK}

(or \X\.\ R N 24 \ 4 e W Go ey e grven ‘*I "‘“3‘3"")

(b) If 5 kg of ice at 0°C are put in the chest, how long (in hours) will it take for the ice to melt?

W A AT

- = T

T K
ﬁb( MQ\V\A ‘é_)\ (}+ Q'-’Ql QQ PN L__

w _ kA AT

t 5
,t = VV\_,(,’,.?,\
g AT

~ (‘5\(’%}3'103’) (.03)

L el )

9 g 706 seconds
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(16 pts) Problem 7. An engine using 0.12 moles of a diatomic ideal gas is driven by this cycle: starting from state A, the gas is
compressed-adiabatically until it reaches state B. Then, the gas is heated at constant pressure tntil it reaches state C. Finally, the gas
is cooled at constant volume back to the original state. Various pressures, volumes, and temperature are given in the table. -

P (kPa) V (m) T (K) P 1 B C

A 100 0.0030 1 300
1 B 800 0.00068 545

C 800 0.0030 ?

A
.V
is the temperature of state C? =
(a)WOhat tempe 5 ana-l&)(ﬂ”) ok o
‘ \/3 \'\(L—\ - T = vr: - m AW'\C—J" M\’\l\obxj N_j %\e\& V= 24wk .

That's Lacomir 3 hawe Foonded) N
NZR NEE \5«\'\;0\ [N (Y Achle .

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

LS

A-B AJOQ_\O,LAQ.MV 3 QQ":()

1. - sys
B:C cosh Q¢ (e n( 0T (122 £30) (217 595)
\ “‘F = — [ T =devic
N = éL{-’Lf,J l’{
g‘.{qq J CCS\J

F Vo &> nC, AT = QAQ(E%@‘)(%OD’ 1%/'})

T T ATV
= \-5155) . 252353 L TLud

(C> ¥8] How much net work is done by the gas each cycle?

Nk opte = © —> -\’J‘m 2 Qs From 5 Lon

- aplc
- ~ < B EVA U 2% F Tem &
Wy, = elat-52€5 = |12 o osed)

(a‘) Jey What is the efficiency of the engine?

oo .
ebb = T Y G, SUACE
w7 Guad

(e\) &Y What is the maximum theoretical efficiency for an engine operating between the same minimum and maximum temperatures?

, T
Q.vv\q% = “ - ::{:

B0 L s
e \ Mot §1.5 6
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("12 pts) Problem 8. While attempting to tune the note C at 523.3 Hz, a piano tuner hears 2 beats/s between a reference oscillator (at
523.3 Hz) and the string. “oaf=613.252

(a) When she tightens the string slightly, the beat frequency she hears rises smoothly to 3.5 beats/s. What is the frequency of the

string now? ises smooth 3
«\?w\%’} bl gr}a\‘!"-‘h \,\73 e~ o S13.73

Trerlos £ o b 5237 ¢ S b

(b) By what percentage should the piano tuner now change the tension in the string to bring it into tune?

1%
gdw V= /\1C

2

N -7’3(\9» fahﬁ’ -
€ asiesd by 5 =
4T [ T4
Miter = R sy e

PR Cee§ f!ﬁ'\q fe-

—T e N
/\Li"” ?m)
(- )
T ~\¥
A T
. Sza%> >
|2 e
<57«K

Tz_ ol ﬁﬁ%("%Tl

Ae bl
EWQ(W\ {\’QSU)

\ogrertd ¥ (Ifzgzz:}
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(14 pts) Problem 9. As a car drives past Steve, the driver sounds the horn. Steve has perfect pitch, and notices that ds the car
approached, the horn sounded the A above middle C (440.0 Hz). After the car passed, the pitch dropped down three half steps to an

F-sharp. How fast was the car going?

v NN ‘
?M(‘{S}"C(’J g ?)Wj cu«)anl W&'SL v as 23/'1‘ > 36:111?:%’
L \/£ Vo \ = 0
\OOQGlL_r N /r - 1[ vive . Ve
T
whea  €o” 57 hwods Foosuds V- Vs
= = e
aw@v] ’710“"3‘“‘7 - (Vi \/}
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"F,}.o;\_gwb(i . é}/ V‘_Ii

’f‘av—m—) ﬁg;ﬁ\s V=V
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(iO pté) Problem 10. You book lists this as the “lens-maker’s equation”:

However, when I consulted Wikipedia, http:/en.wikipedia.org/wiki/Lens_(opties), I found a slightly different version of that
equation:
n-1)d

-L =(n—]) _1-._._1_+.£-._)

f R R HRER,
In that equation, d is the thickness of the lens. Assuming the Wikipedia equation is correct (which I believe it is), apparently the
textbook’s equation is making an approximation that the lens is infinitely thin. But, of course, lenses are not infinitely thin.
If T have a bi-convex lens (the normal Jens shape, curved outward on both sides), with both radii of curvature equal to 10 cm in

magnitude, and my lens is 0.6 cm thick, what is the difference in the focal lengths predicted by the two equations? (The index of

refraction of the material is 1.55.)
A

(-0 (7 ?L) TU use cm Pval digrc vk

= [ .SS ( !Om\} q:(ﬁ\ o

ﬂz Vs f\(ﬂu‘h:{_ﬂ, So arh ‘}‘{'W\A OLM

@‘oa(ff éc((/\ "

v

~

« , . ‘ a§§><(,,
wipe s e [selm )] -
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(14 pts) Problem 11. An object is placed 50 cm to the left of lens 1 (diverging, f=—80 cm). Lens 1 is placed 30 cm to the left of lens

K

2 (diverging, f=—40 cm). How far (in magnitude) from lens 2 will the final image be formed? Will the image be to the left or the
right of lens 2?7 Will it be real or virtual? What will be the total magnification? You do not have to provide any ray diagrams for this

problem.

S '

- *”“'ﬂ—‘\ 3aQ —t
. \R
r |

=

€~ ; - A _ \ -\ - A o _3\ .
e i &4‘ (’t) ~ko 5@
\CV‘S 2 - \FG.»})L .,,(/ (G2 (= &:yJu\,\' o{- ((,\3 )‘
oLt b Jefb o[l 2
Pt 60169
-
) B < A -
OL’J/ = ( ;L i Fz,) -He
lql = 2‘4 ’ [ 2 cm (away from lens 2)

Final image will be to the lz,,L ‘}’ (left/right) of lens 2
real vs, virtual: _ \/ vty s ,

total magnification: (Z"{ L/{ / v
Phys 123 Final Exam — pg 14

) )-( T
i) o]

e SRR S et

\i / I'[CN 2_
L (y;_yf’ 3
24\ =
2447
M, = -1~ _( }:{_m),‘ 4397
= P Go-16T

- MM
J\:"\x‘ -"Mt 2. =
Tﬁr; (,(,15)(3”) =\ 244 /o§




' (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) Use the Lorentz transformations to prove the relativistic velocity addition formula. Hinz: Pick an arbitrary velocity in reference
frame 1, find a point on the world-line corresponding to that velocity, do the Lorentz transformation to reference frame 2, then find
the slope (and hence velocity) of the world-line in that reference frame.
Iz 3
s
A/

h
' ‘ ‘_(1): [%zx
- f:*wm o ’FM"’\Q X0
S‘Rc\/' Qld‘—Q\ (\HV an "J‘N\&‘“\\Q’ 3. S z %\Qﬂ;\ ¥ *‘é/ﬁ) ( \ \ = (X 5;/(532,

S‘l( chassr (\, ’(‘L\”‘> Q(}\A‘ = (’%([5 ¥ \/f,;l B//’?‘“ /ﬁ?L
]

N eet M s

SL(;(; 3, 'Tlms{l 3u\({ vs an]t}\‘s‘_’[— ?T)A an W { 3/ ! _{ AN

X C«:—p-(ap

Sﬂ%}‘} o{\ ’k’t"\‘f— ‘/‘\W‘Ai[k’» = 5_‘(.;( <t csvrdd

/ . /
by = TAEMBre an ey ol
56+ Sfsn | Pan

~ (g (Em [ < fmu& VARPUSIA clugs,
(0~ Ve o The T !
('731(171l +‘

(b) Suppose I developed the ability to travel faster than the speed of light. That means (in the Earth frame of reference) I could travel
one light year in 0.5 years, This would cause a tremendous problem for causality! Namely, the endpoint of my trip and the start of
my trip will have a “spacelike” relationship to each other instead of a “timelike” relationship. And, as I claimed in class, if two
points on a space-time diagram have a spacelike relationship, then one can always find a reference frame where one point happened
before the other, and another reference frame where it’s the other way around. Therefore, there is some reference frame where my
trip’s endpoint happened before my trip’s start! In that frame, cause and effect are reversed! In fact, there are an infinite number of
such reference frames. Find the speed of the specific reference frame where I arrived 0.5 years before I left. Hint: that reference

frame will be traveling in the same direction that I'm traveling, Uk
\ - . R LY
Eprlin U“‘k T e
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