Phge 122 Aren 2 Solus  Fell 10\

Instructions:

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

¢ To receive full credit on the worked problems, please show all work and write neatly. Draw a picture if possible. Be clear
about what equations you are using, and why. Prove that you understand what is going on in the problem. It’s generally a
good idea to solve problems algebraically first, then plug in numbers (with units) to get the final answer. Double-check
your calculator work. Think about whether your answer makes sense; if not, go over your work again or try working the
problem a different way to double-check things.

e  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.

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

(36 pts) Problem 1: Multiple choice 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 for your own reference.

1.1.

1.4.

L.5.

1.6.

1.7.

. A51Y /%1 T4

A power plant takes in steam at 300°C to power furbines and then exhausts the steam at 120°C. Each second the turbines
transform 100 megajoules of heat energy from the steam into usable work. The Qeoretical maximin possible power output
of the power plant is: J= \7 Tf{ o | - 343 v - Corant € fhciea ©

a. 0- 10 megawatts < n s77 W14 £ 50-60

b. 10-20 Q g 60-70

c. 20-30 Wt # ¢ < (34) (v mp) h. 70-80

(@@’ 30-40 ' " ( Y ) i. 80-90
e. 40-50 TRLAMT e Vi 90 - 100 megawaits

. Heat is added to a monatomic ideal gas, causing its temperature to double. In which case does the most heat need to be

added? I,
> LAY A
a. Constant volume change & =~ Qv AT vy W Co A

~ Constant pressure change Co>Cyv s, ) s lerass
¢. (a) and (b) are the same ! (7

. Heat is added to a monatomic ideal gas, causing its temperature to double. In which case is the entropy change of the gas
& 4
the largest? AS < g W g nC AT ConC W
a. Constant volume change <A -T " e {
b Constant pressure change “Cy Ln ¥l vg n Cp L W

. m
C. (a) and (b) are the same CesCu 5o j s \O\Iau
As a wave travels into a medium in which its speed increases, its frequency .
a. decreases
b. increases

Cc)/ remains the same (o5 dscussed (i class )

As a wave travels into a medium in which its speed increases, its wavelength .
a, fiecreases \/:#/\ - \_{: N oysie ey o) £ 3"”‘\13’”\9\ yemn {wn (\ 0y CAE G by
increases ,
c. remains the same

a. tight and heavy T
&) tight and light N

c. loose and heavy

d. loose and light

Consider the motion of transverse waves in a wire. Waves will travel fastest in a wire. ‘
\‘\Q‘\,\ .,\)a\‘_A— (Qf‘g/\ T (”"\*\"all\a\r )

\ - “1(.]
2 o\ sl g (iR

An airplane flies over your head, traveling faster than the speed of sound. When will you hear the sonic boom?
a. Before the airplane is directly over your head.
b. The instant the airplane is directly over your head.
@ After the airplane is directly over your head. (0§ diyeosyad Co chens j)
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1.8. Consider the diagram shown with several circular waves created at various times
and locations. The source was moying;

totheleft  (Wke D7 Shies’ videe el )
b.  to the right : A @ B
c. up

d. down

1.9. Same diagram. A person positioned at point A would perceive frequency as the person positioned at point B.

@ ahigher Wiare WAW{'@‘N\ﬁ \‘/‘ 8~ 31\,41,\ Ak g—g * g
b. alower

c. the same

1.10. An object is vibrating at its natural frequency. Repeated and periodic vibrations of the same frequency strike the object
and the amplitude of its vibrations are observed to increase. This phenomenon is known as .
a. beats

b. interference

¢. overtones . .
resonance |+ \oow\ij ALl yidie o dless

e. transference

T Ona, U‘J“'Ve'\'“fl W(L.\J 5¢

./\Fg'é = Y

1.11. A standing wave experiment is performed to determine the speed of waves in a rope. The standing wave pattern shown
above is established in the rope. The rope makes 90.0 complete vibrational cycles in exactly one minute. The speed of the

waves is: :
a. 0.5m/s J o= \C )\ - [90 crdy\ \{ "
¥ Gos >
d. 180
e. 360 = 6™
f. 540 m/s

1.12. Su qgose a rope has a measured speed of 10 m/s and a tension of 20 N. What is the rope’s linear mass density?
) 0.2 kg/m

e 2.7 e. 20
b, 0.5 ‘\/'\5 S TN ) 7 £ 50
c. 2 = T g. 200
d s # 2 b, b 500kgm
N '/(()9— = 4‘1 /“'l

1.13. Consider a transverse traveling wave of the form: y(x,¢) = (3x - 12t)4 . (You may assume that the numbers have the
appropriate units associated with them to make x, ¥, and ¢ be in standard SI units.) Is the wave moving in the +x or —x

direction? N
e =3 |
b \ . 9 o
c. it cannot be determined S()A& RV /+i R o (’SQ\
. oy @urnmp e,
1.14. Same situation. What is the wave’s speed? el WQ * -{’H r'& + ' Y
a. lm/s £ 8 whan A= ', '1(3()‘ ‘\‘)}
b. 3 g 12

h. 36 ey e sapa shepr as
45 i, 40m/s A
e. 6 [%ﬂ g o oL

Fo A& /:\JLJL bj L"
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1.15. Two different ropes with different mass densities are attached to each other as in the above picture. A pulse is introduced
into one end of the rope and approaches the boundary as shown. At the boundary, some of the energy is transmitted into the
new medium and some is reflected. Which one of the diagrams below depicts the possible location and orientation of the
pulse shortly after the incident pulse reaches the boundary? (Hint: you can judge the relative velocities of the two media by
noting how close or far from the interface the pulses are at the instant shown.)

== XSWW\’\ &(}&s\é ~d Wuu\& vt Hoa &]((’*Q,’}‘\W\.
‘f\é’ ‘?(,L‘ O \Gr)lg ?\\‘L)—\ S\/\\(-'L "~
r2tleded) oue

. }( \(2\(‘\/l «-—é \l‘)"

l%o“ Q‘\'\C‘D& S\K \‘Z-’L
v s ’\““"\}"'Ai\lhd W NR .

>< ? N \I\‘Q,\'"QJ a(f()’ o

1.16. A sound wave passes from medium A to medium B, at normal incidence (the wave travels perpendicular to the
boundary). In which case will you get the most transmitted sound energy? J L i
a. v <vy , - . 1] . s Aded
V4= Vs V“\\Q’l Vas Vi AN EN (20 ad A= | —9 ol enery M T i
C. V4> vp

1.17. While attempting to tune a “concert A” string (A above middle C), a piano tuner hears 2 beats/s between a reference
oscillator at 440 Hz and the string. When he tightens the string slightly, the frequency of the beats rises smoothly to

@ %the frequency of the string noi'v? L

433 HZ ™~y 4= .y Yo £ 442 . oo heg
b. 435 & ’FBL.-}( \{\l 2- ] 43 /ﬁ 3'\" ,),Z) S&W)‘L\O (’\Jl\/
c. 437 cold LU RS By = WNT Y. (ﬁ)/ 445 ke W gaes op b
d. 438 i, 447H YN Vg
e. 440

1.18. The strings in an orchestra first tune themselves to a concert A"(A above-middle C) of 440 Hz. A trumpet playing in the
orchestra tunes itself to a concert B-flat, however. That is a half-step higher. Assuming an equal temperament scale is used,

what frequency is that?
a. Lessthan 452 Hz 12 . 461 -464
b. 452-455 Topr = G4 V2 464 - 467
c. 455-458 1, - g. 467-470
d. 458-461 o2 :W h. More than 470 Hz
Ha
Common musical intervals for use in the next question
Second = 2 half-steps Sixth = 9 half-steps
Minor third = 3 half-steps Minor seventh = 10 half-steps
Major third = 4 half-steps Major seventh = 11 half-steps
Fourth = 5 half-steps Octave = 12 half-steps

Fifth = 7 half-steps

1.19. A piano is tuned to an equal temperament scale and two piano keys are played at random. The fundamental frequencies
of the two notes are found to be 185 Hz and 311 Hz. What musical interva@ates the two notes?

f.

g

a second i\ ) vy neld Sheps 7 a sixth
a minor third %}TS > b ¢ 2/ o ! J e a minor seventh

e o

jor third , h. j th
) e syt
a fifth "68' ) bk )k':7 ot S\;OVL(‘,-\A“"\[UJ b
whivh i o <igtl )
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1.22,

1.23.

a.

C.
d.

£

s

Mark
<

Mark all items which are true. You must bubble in all true items, and-no false items, in order to get credit.

b.

C.

@D

. Mark all items which are true. You must bubble in all true items, and no false items, in order to get credit.

A sound wave can travel through a vacuum. Y Nad> @ median,
A sound wave is a pressure wave which can be thought of as fluctuations in pressure with respect to time. §7,¢ |
A sound wave is a transverse wave. ¥ \+ ‘s fongrtdunsl

To hear the sound of a tuning fork, air molecules must travel from the tines of the fork to one’s ear,X =+ %77 "3
‘Hw\)kfm,s VG ) . nod maleale,

ark all items which are true. You must bubble in all true items, and no false items, in order to get credit.

A machine produces a sound which is rated at 60 dB. If two of the machines were used at the same time, the
decibel rating would be about 63 dB. 3 4B = x2 4 inlensd

Intensity of a sound at a given location usually varies inversely with the distance from that location to the source
of the sound; 1~ 1/r )Q I 7»/1!4“”( Jhnsdy o~ Ve [Nt 70 (Thiak of teea af cphivrce |

The ability of a human observer to hear a sound wave gepends solely upon the intensity of the sound wave.| "V f'\"d)
The intensity of a sound wave has units of Watts/meter”, /~ T= P/{)I H '\A)( ag (9 Hhe elass gl w3, ik olye

ey, dKMJ ™ -Co.c(\)q»\.(:y .

all items which are true. You must bubble in all true items, and no false items, in order to get credit.

A high pitched sound has a low wavelength. v’z AL — b = hig L, frea J=small )

In general, sound waves travel faster in solids than they do in gases. “Trve_ {ay d-ccv QUL W*“/

Sound waves travel faster on a warm day than a cool day. T've -bYhe 2quehim 15 238 ™G J T/zﬂ ¥ oo g ‘
The speed of a sound wave moving through air is largely dependent upon the frequency of the wave. '0’/%f~( .

AMere's fod Mok 0\?59e,rg}<\,, g0 manly ¥V peesa’d d2pud on
If a guitar string is touched directly in the middle, the second harmonic can be forced to sound. Trvt (a5 & seastd 2 s )
The fundamental frequency of a guitar string corresponds to the standing wave pattern in which there is a complete
wavelength within the length of the string. X /P\» 2 alf @ wastlonarhy v 6
The fundamental frequency of a guitar string is the highest frequency at whiclq the string vibrates ) fra_ | e ST 1, -
The frequency of the third harmonic of a string is 3/2 times the frequency of the second harmonic.
Troe S -?;z}ﬂ' ) {1&»2@' | S L}zi(‘L

. Mark all items which are true. You must bubble in all true items, and no false iten’Ts, in order to get credit.

An “open-closed” air column that can play a fundamental frequency of 250 Hz will not have 500 Hz as a

b,

harmonic. X T-5¥ gk o0 hmmicg 6 W™ ki X ner geisible. il by

If an “open-closed” air column has a length of 20 c¢m, the wavelength of the first harmonic will be 5 cm. X gocm
Long “open-closed” air columns will produce lower frequencies than short columns. Trve ~p \w%x L oguey fows {”"\»C\, -

a “Panpipes” (also called a “pan flute”) and narrow glass bottles can be modeled as open-closed systems.

Trow (65 drscaresd A (,'\MS)
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(10 pts) Problem 2. Give short answers/explanations to the following questions:

(a) What general kind of wave would result for each of these situations:

(a5 )
(1) A wave is created by adding together a large number of sine waves at the same frequency, @, but with the sine waves
all possibly having different amplitudes and phases.

A [Cos (b«' } oA 7%5 + ‘)“L Cos (VH..*@L)J( v =D en he aé‘;‘f}._gD ~ve C\\\A.th.\;; (\um\&.l/_,sl = ACOJCW’j'"‘/f{)

kr“‘\\ G YA o 3&3\( Sy wdeR \r\;‘s“'\ i sl C}\waf\{" c‘“‘Vl"k“bd Q’L\'f‘“'

N\

(2) A wave is created by adding together an infinite number of sine waves at integer multiples of the same frequency, a,,
with the sine waves all having the same phase but possibly different amplitudes.

A,(%(bﬁr) t Az cxg (2\,4*) v Pyess {3\;&)* e
The 76 n Tovner Series ( wa S\t\m You o yoane iy ‘“61““7 w)

B wt*‘\ o hans Gunnsacde | SM\Q-’\ .

M~ (v Soms shee Shap )

(3) A wave is created by adding together an infinite number of sine waves with frequencies spaced infinitely close to each
other, centered around a particular frequency @y, extending up to frequencies @, + Aw and down to frequencies @y — A,
with thi sine waves all having the same phase but possibly different amplitudes.
VR e
! 'f\'\\\j \“‘\l Pr )é.JQ‘q__ e N0 Qg_(_‘_\{l'— C‘TN{‘ P\AS-U\ )

AN\

P B (g WotAed

b) SI I \ﬂ(\s « -(’”“QJMQY \,q‘“ (;,( TSN | N
be 951’; 'V\Qu\‘f-—\) &:’) fi)\/\((/“m-"\\l ' ({)Jm&\@(ﬂ\
3|\M(J\év\ AN
(b) Sketch the first three standing wave patterns for these situations: M T l1 - M~ ZAL@

(1) an “open-open” pipe.

>OL
200C

(2) an “open-closed” pipe.

<

o
L
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(10 pts) Problem 3. The function f(x,t) is plotted at two different times. The wave moved smoothly to the right with no maxima
crossing the origin between the two snapshots. Figure out the equation for the wave in terms of a cosine function. It will be

something like f(x,#) =13cos(100x—33¢+23), but with different numbers.

M’;)VU
fkc'l.

[ (‘/:-S"\L

f(x, t) plotted as f(x) for t=0 it O | ,Q*/Ou 52| % =0 f(x, t) plotted as f(x) for t=3

—
T

AAN

—.3. —t .—u —s .1. . .i M M é _3. g ._2. s ._1 1 2 s
—1f all
_ol -2+

pe L0 b
A 1.6

V*\Q ('3 J\‘s‘gﬁ:l/&"f “H\‘L'\'\_‘(Q) \’5;\3 \‘{"\ ‘ 4 = 'Q(Q) ('\C('XAV+) Jt)[) )
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(10 pts) Problem 4. f; and f, are defined as follows:
Si®)=4cos(15¢+2)

Jo(®)=5cos(15t+5)

J3 is the sum of f; and /5. Find f;. It will be something like f5(¢) =13 cos(33¢+23), but with different numbers.

AS O\GSu‘XK& ‘A Q(GA‘J‘ s s hlee QAX"\\V’;). Cn«()\ka_ N e b ~}\ o> leer fov

HLZ + S LY

¢ 0n Jogas ny.6> S L}&?‘”Sa
o v dogass 4 (1.6

@o \k* \.r)% O""'\QAM‘&'S :

gho td gisk Y

= Yot l.C 4t Sesi 28657 = ~ 0.2 %

§ Al ) e )< -LISY

O PAR \-.\%3

74 <187 4 ol w pchr

\é = 157 q4”

st

< \1.S03 redums

e s

-M P
Pcimes = &),\g’} L Seb

AR TS

Ao
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(11 pts) Problem 5. (This is like the demo done in class.) Two speakers are broadcasting an identical tone, frequency =343 Hz, in
phase with each other. They are 2 m apart. This causes a pattern of maxima and minima to be distributed throughout the Cldssroom.
A student sits in a row a few meters away from the speakers; the student herself is exactly 5 m away from each of the sffeakers.
Because the path length is the same for each of the speakers, the two sounds constructively interfere and the studenghears one of the
<jma, How far to the left (i.e., along her row) must the student move before she first hears a minimum in the sdund level? Use
43 m/s/as the speed of sound. —— T
and. .

S
You don’t need to actually solve the equation. Call the distance that you are looking for ‘;;1\15 set up
potentially solve algebraically for x. That is, the equation must have no other unknowns but x in it.

equation that you could

Hint: Among other things, you will need to figure out how far the students’ row is from the line coginecting the speakers.

Before; )
student
. student’s row
il/’l ~ \{F‘
Sm 5
[ 2im
® L
speaker 1 speaker 2
After:
shifted student - :
(exaggera,ted)/Y '
@/ : student’s row
x )
)
A\ {2 E
/ i \
o— ® WA 9 OQ L“d\ T2 )V
speaker 1 i speaker 2 \/ao\“;\"') %{ n

s
e s AT

v . LA
Can ;s%&ﬁﬂ,‘)% 29 =) %0y > ™
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e snmmt s D
e

o
(10 pts) Problem 6. Trombones are usually tuned so that when the trombone slide is all the way in the f@@_r_@rlig is 233 1’Hz.
If the temperature of the air inside a certain trombone is 32°C, how long will the column of air be after it is tuned? Hjnt: do not use
343 m/s as the speed of sound.

FaS

b 22331

=\ 293k
"3y T 39957
4
/F( T2l — = %{p'
182,95
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(10 pts) Problem 7. The function f(x), graphed on the right, is defined as follows:

e* —1, for xbetween 0 and +1

—e *+1, for xbetween—1 and 0

f(X)={

(repeated with a period of L = 2) 4 2

I worked out the Fourier coefficients for this function, and found the following:

S (x)=0+0.88sin (zx)—0.53sin(27x) + 0.35sin (37x) — 0.27sin (47rx) + .. (first 2 terms)
I’ve rounded the numbers to two decimal places. Plots of f(x) for increasing
numbers of terms in the summation are shown on the right.

-

J

)(L\Q», anes OLxL Ve KJ»D\ (XS :Z,QW(' O,

NN
I

(a) Why is the constant term in my expression equal to zero? 4 -2
\/ct)\ Con —L(/\,\ \/ \‘10 l&:\j a‘J' J‘(\Q AQ\JV\{\‘:\,\ ‘J‘&@F 1t

> -2t
( ﬂ H{/ " ”‘"}‘\""p“}}) Mne_ “I\quﬁ\-&‘”{ S o éng . w\,\,:d-\ —prr(ﬁ.',x NS (first 5 terms) 2.
‘ . e be e
(b) Why are there no cos(nmx/L) terms in the series? Qe g vedre =t \ it
T(’\’L ’F\J’\L’"\wv\ S e d ‘9
4 2
1}
(c) Why are all of the sine function arguments multiples of 7x? -2t
AR s = pari g L i 2 (first 100 terms) 5
S S ,
Taotdore R fndowe ks T w 1
AN {J%TUQ/\C\@\ (uLs«w-* Wi U by Wiy (o tlos » [
4 2 A
Tl fundo N hy ‘, 5o B prvalees ane m, 2w A, etc,
L1t
(d) Set up an integral that you could presumably solve to determine the coefficient
of an arbitrary term of the series (the “»™ term, if you like). Don’t just copy down _ot

the formula from page one of the exam, actually put the integral into a form that you
could (for example) type into Mathematica to get the coefficient for a given ». That
is, your equation must have no other variables in it besides x (the variable of
integration) and n.

(r x )
) i Y ﬁ.l Sz E o ‘ -
Vsimrdn o [ oy | et ot
[
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(3 pts, no partial credit) Problem 8. Explain with words how you would use calculus to calculate the “most probable” speed of a

32
" v2e_'""2/ 265" You don’t have to
2rk,T

collection of molecules, given the Maxwell-Boltzmann velocity distribution: f(v)= 47[[

actually do the calculation. You will receive no credit by simply saying Vi prosasie = kT .
\' m

£ Tty s \/\!L\..w";' -{l(v) boks (g
V4N
\(NQS:)'()JO\# Q\Q\-\ ir& "h\q‘ &)D\Q\L«

/—&r‘\ce, C(;T-(‘:‘/ Sp\{'Qquo\l 'l\“ %va{), OA\B‘ }D‘\rﬁ ‘é‘f \/d
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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) Solve the equation in Problem 5 for x.

l
f (en) Faar = (-0 %24 3 154> = 2 Fj
(et ey 3 W " - Z,\l?/}:w
CRURRAIE T 23 te-nzar > o) S 2) 'S
%ﬁzx*w:g\+m\{ P RYESY SR
Uy = = ) /
1h » 1,zaqx.g' 4 AL = (x-) ooy

/

A
by ™ /2 I 2,/_\_25 N

{7

Wall

(b) Find the numerical value of the coefficient for the » = 5 term of the Fourier series in Problem 7

*(—C cos(C in(C.
Hint: this integral is useful: Jex sin(Cx)dx = ¢ ( cos( x)2+ sin( x))
1+C
lr e
be= 2 gg (e*-0) 5, S 8

{
IR NSy b
e SAITX da = 2§ SwImx ok
2§, | | ,

1

= ZQY (—~ SWCQASYJX+ g\‘,\S'ny> ~+ z Caiin\(
v p
VA (Sv\z A=0 T ¥=Q

= Q 5”(3 ST A S wSu| — } oy 57 "})
154 \I K ’ }) \(5) S ((J

— . - ]
S [Q(Sv) Sﬁ\) g 02144

(¢) Do the calculus-related calculation in problem 8 to derive the equation, Vs prosasie = 2kpT

I S
‘M“L/ZG;T
'W‘Vl/u_\ > Ty
f\‘j“*“” [zm TR =)

[’Lv Ay 'mv)]
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