Fyam D Solng T=U 22y

Instructions:

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

e Toreceive 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 Uniless 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.
S Lok
1.1. A power plant takes in steam at 250°C to power turbines and then exhausts the steam at 130°C. Each second the turbines
transform 100 megajoules of heat energy from the steam into usable work. If the power plant operates at the theoretical
maximum possible. efficiency, what will its power output be?

a. 0- 5megawatts \_ e\ - = ) - WYy £ 25-30
b 5-10 Comn = V7 T2 A g 30-35
c. 10-15 =22.9% h. 35-40
d 15-20 i. 40-45
20-25 \r\)'\_* 2o QL = 22.9 M3 j- 45 -50 megawatts

(ot s2c)
1.2. 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?

a. v <vg
@VA=VB ~ Py 20 ad £ =)
V4> Vp

1.3. Mark all items which are true. You must bubble in all true items, and no false items, in order to get credit.
a. A sound wave is a transverse wave. i sng Fodhned
b. 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 X_ T~ A
(& Sound waves travel faster on a warm day than a cool day. Tru= Y
d. 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. o =~ <&2 & % Wavdengin
> An “open-closed” air column that can play a fundamental frequency of 250 Hz will not have 500 Hz as a
harmonic. Vst ) Ope - asnd Sur\' ] S A 53 hgman(es

1.4. In a vacuum, radio waves have a greater compared to visible light

a. speed dbou Lo 3 ¢

(b wavelength S ) ~ \ \
¢. frequency ot pievts Lo e 2
d. aandb _ A a s e .
e. aandc gace V= b ;o wsnd rodd hew ’F
f. bandc
g. ab,andc

1.5. If carbon tetrachloride has an index of refraction of 1.461, what is the speed of light through this liquid?
Less than 1.7 x 10® m/s

a. . :
b. 17-1.9 /e o= 3_;.£“§.3 wls
(9 19-21 - )
d. 2.1 - 2.3 ;& e~
e. 23-25 = 2.05-19 /s
f. 25-27 T
g.  More than 2.7 x 10® m/s
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1.6. A ray frovni”avrhivcroscope saifnple travels as shown in oil (n=1 .8) to glass (n = 1.5), and then from glass to air. At what angle

does it enter the air? degrees with respect to the vertical
a. 0to10 f. 50to 60
b. 10t020 C]? 60 to 70
c. 20to30 . 70to 80
d. 30to40 i. 80to90
e. 40to 50

1.7. Which of the following describes what will happen to a light ray traveling in air, when it hits an air-to-glass boundary ?
a. total reflection
b. total transmission
<C. partial reflection, partial transmission g\t @y ?\w@«‘\‘“” 1
d. partial reflection, total transmission

1.8. If the critical angle for internal reflection inside a certain transparent material is found to be 48.0 degrees (measured from
the perpendicular), what is the index of refraction of the material? (Air is outside the material).

a. Lessthan 0.9 L
b. 09-1.0 D Gu@,  F N BB
i 1112 O )
e. 12-13 e sayqB® =~ | s540
) 13-14 .
g. More than 1.4 Nytess = .

em——

1.9. At what angle is the sun above the horizon if its light is found to be completely polarized when it is reflected from the top
surface of a horizontal slab of glass (n = 1.65)?

a. 0to 10 degrees e sqlert ®g 7 Mrin, f. 50 to 60
b. 10to20 Yongy. o L QS/‘ g. 60to70
c. 20t030 © h. 70 to 80
(42 30t040 Q4 = 5873 i. 80 to 90 degrees
¢. 40t030 AV’W](L &‘?u‘aﬁ.kad Uen = » “8‘& = ,b"_l?:f
1.10. Which of the following best describes the image formed by a plane mirror? (Assume a positive object distance.)
a. real, inverted, and reduced e. virtual, inverted, and reduced
b. real, inverted, and the same size as object ;I\ f. virtual, inverted, and the same size as object
c. real, upright, and reduced virtual, upright, and reduced
d. real, upright, and the same size as object @ virtual, upright, and the same size as object

1.11. Which of the following best describes the image formed by a converging mirror when the object is at a distance of 3x the
focal length of the mirror? (Assume a positive object distance.)
a. real, inverted, and enlarged =
real, inverted, and reduced 1\ ﬁkgii/;j‘”
c. real, upright, and enlarged o /
d. real, upright, and reduced

virtual, inverted, and enlarged
virtual, inverted, and reduced
virtual, upright, and enlarged
virtual, upright, and reduced

F@R oo

1.12. Which of the following best describes the image formed by a diverging mirror when the object is at a distance of half the
focal length of the mirror? (Assume a positive object distance.)

a. real, inverted, and enlarged e e. virtual, inverted, and enlarged
b. real, inverted, and reduced l ? PR f. virtual, inverted, and reduced
c. real, upright, and enlarged ] / ) . virtual, upright, and enlarged
d. real, upright, and reduced @ virtual, upright, and reduced
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1.13. A converging mirror with a focal length of 10 cm creates a real image 30 cm away, on its principal axis. How far from

the mirror is the corresponding object?

~1

a. Lessthan 10 cm Ao A e QL oL

b. 10-13 + I SR el ““a-)

c/ 13-16 ~\
CE? 16-19 = (A e

e. 19-22 P ls 39

f. 22-25

g. More than 25 cm P = 1S o

1.14. If aman’s face is 30 cm in front of a converging shaving mirror which creates a virtual upright imagg 1.5/times as large

as the object, what is the mirror's focal length? - ‘M= -~/ Je
a. Lessthan 67 cm P =\ \_ . \ ' .
b. 67-77 "g;z’te & fg = 20 NL’S 59 1: ‘/96'*\
c. 77-87
87-97
e. 97-107 S
£ 107-117 _ﬂ/O o
g. More than 117 cm
1.15. If a marble is embedded inside a thick sheet of glass at point b, about where
will the observer see the image? (Note the position of the observer.) o
a. pointa
b. pointb a
(:2 point ¢ }
A ¢ 3I._;V c\esS . Seanpe™y “.J\//)Q"k{\ SN °
. Yoo
waker Lo qua) g Qe oty
N 9 “ ""’"(.\ ‘\\ o M (A \‘}-rk
rw\\\ﬂ as. b copat VR L 3 observer

I o o grrpdides hea
e e weker Cov qlass)

1.16. The index of refraction of a lens is somehow doubled, from 1.5 to 3.0. How will the focal length of the lens change?

a.  few = 1/8 54 ~ N o ) ~ -} f.
b fo =1Ly CTSTASC ey p o g
@ fnew =1/4 fold “Heand N-ta-\ ~ ':’ ~ A h,
d. gnew =12 fold E& Nuers _\ - E - T(: i
e fhew =
ew old —‘(\N\N - ﬁ -.Q‘,\&
1.17. To correct nearsightedness, you need to choose a lens that will create a
a. real; the near point; the far point N eou sigh ke
b. real; the far point; infinity
c. real; infinity; the far point
d. real; infinity; 25 cm
virtual; the near point; the far point \ong
@ virtual; the far point; infinity
g. virtual; infinity; the far point
h. virtual; infinity; 25 cm

1.18. In atelescope, the objective lens creates a
viewed by the eye.

image, and the eyepiece creates a

frew =2 foia
f;xew =4 fold
faew =6 Tog
frew = 8 fota
imageat | ofan objectat
N Qo SR8 ‘(?\w sy Ao .ﬂou,}o@ ot
ZTP A 2 i_/(?
- o.jk 6 L)N&‘J fw au«Y
L Mg ba ‘o/w.-)um
Y\My\ ’1\‘&" ‘V ()» :,\}.."

final image which is

\
a. real, real Iy o
& real, virtual M"‘Q R 2
¢. virtual, real ’]
d. virtual, virtual .
PRRARR
‘ 6-_) ’(a(“&

0]( oo diee,
\)LU’M N \\lg;lf,x)‘ 04(6‘([('31!.,*
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1.19. A telescope has an objective with f=+50 cm and an eyepiece with = +3 cm. If you use the telescope to look at Mars at
a time of year where Mars has an (unassisted) angular width of 1.4 x 10 rad, what will the angular width be as you look

through the telescope? " el NS
a. Lessthan 1.0x 10%rad O Wj ,IZTL T3 f. 1.8-2.0
b. 1.0-12 g 20-22
c. 12-14 ch 22-24
d 14-16 b o Oiatmn I 24-26
e. 1.6-1.8 s | oy More than 2.6 x 10™* rad

. SN L) oy gy,
- q,qx(o ;)( 3/ =2,3%(o_cod
1.20. A film of oil (n = 1.3) lies on top of thick glass (n = 1.5). Light shines from the air onto the film at normal incidence,

and some light is reflected at each interface. There is a A/2 phase shift in the reflected light at which boundaries?

a. airto oil - -
b. oil to glass iz \/' foroml Redence ‘\*»8&5"“(4 -t ( 8o
both “‘j‘l‘“;;‘“"““‘”“"’ Vhan gony fram  Sasll ndy lasge
T neither =2 v
n=).§

1.21. Ifthe circles represent wavefronts (the “crests”; the separation of circles is
therefore one wavelength), then at point O we expect:

constructive interference

destructive interference

interference that is neither completely constructive nor destructive

no interference

"“‘radi\’[r\ + P 07‘4 = '“g&r ’)‘/{D“; b .
(LGV\YTW‘(J“\)‘L H - s
~ v \./ (daspsed we V¢ e @M b Hevagla Comeel \_Q.L-)

1.22. An observer looks through a telescope of width 5 cm at two small but very bright LEDs a distance of 1 km away. The
LEDs emit light with A = 500 nm. The minimum separation of the LEDs at which the observer can resolve the two light

€

e

sources will be closest to: vl s = V.22 A v Ghanw (S LA
<3 00Im Ronjlary S lo - l
b. 0.1 .
c et Ly o ) o)
d. 10 QW‘“ (‘N\le‘k ¢ & - (—‘)—%;’:—(—Q— h—& Sp k
e.

100 m = > ,0lm

1.23. A 500 nm laser shines directly on a diffraction grating, and several difiraction spots are formed on a wall that is 5 m
away. If the grating has a spacing ofQf200 lines/mup, how far apart will the zeroeth order and the first order spots be?

a. Lessthan2.2m ﬂ(‘(\s}ﬂl\s Max 5 dghe = MA 3.4-3.8
b. 22-2:6 kom §+D" f. 3.8-42
c. 2.6-3.0 2eroeil s ey Y guu»m”c‘ \ g. More than 4.2 m R v .
d 3.0-34 =" v uheq B ST L o B /1eee _/J\/ ,}Me—»\{/\s ~3 N 23 "m(?b,‘f)
o= 3LA° Sm = 2.)5m
1.24. Ifa diffraction grating is used underwater with a laser beam, what changes (compared to using it in air)? —_—
@ the diffraction angles decrease =My < detessms onder ke
b. the diffraction angles increase drhen A 'o\kc oS Cb& cavie § Jacon't ca "z )

c. nothing changes

ﬂ(ﬂv\j v deng ® nA

~0 A decenses
shin @ ale Oerease
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(10 pts) Problem 2. Give short answers/explanations to the following questions:

(a) What do we mean when we said that a particular ray of light is “linearly polarized”?
Tiat et oo alechee feld S e Vg weeeouellates 1 aplan

oS e -ﬁm\\r&\j_

N N NN A

\& z)sw.“&-lﬁ;) \)@ 0‘\1:) c‘)\‘w& AN

Or ol o ‘('AXX"“) 5{20‘!‘ \ “Fhe L"’*f}\r‘Q 'Flc

o gw;ﬁw Jine. @

UC%J WEYE CMB\J -)“Nanb
)f he_ \I;&\)\AJ )
(b) Explain where the equation Guinsesoive = 1.224/D came from, and what its significance is.

\N\’\QV\ \|-‘th é!{({@(}is H\FOUGL o C\“\C,()\ i”’ ‘{‘i‘“""‘;\ o '\"\’]{’*5‘“)"\ ?0«”"11«/) ‘\\<Q"
AL

/"J \\‘;::W/\.._
4 /Qv .
AN S D R A SO

SANY WVPL "

f]:/} ‘ro\):)l'\L]B mbu\ﬁ) /}I\\k (?5)":\") \}\'\‘&"Q\ \PM\ \)Qu\tp

e w bl A gesalet o S (\:) Govrt W! (\Z)‘N}
5

C‘J\L& ! 0\4\1 ({’,-‘ }L(j C(\'}ﬁlu\n\

(c) A certain transverse wave is traveling in the (1, -1, 3) direction, and oscillates in the (2, 2, 0) direction. Note that neither of those
vectors has been normalized. The wave’s amplitude is 5, its speed is 7, and its wavelength is 13 (in some set of units). Write down
the proper “wave function” which describes this wave. (Don’t worry about units.)

.= AN P ®
\\~\”\ k| | ) l? ~ (g\l,qx\
P

AN _ f VB

Zf,,.i] Cas %[(5(——\(:;:““’ )-7{:‘

y v/ P
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(11 pts) Problem 3.

(a) How far would an object need to be placed from a converging lens of focal length 10 cm if it is to produce a virfual image which
is 20 cra from the mirror? ')[\ 1

(,L':fz_o

1 -
R S e

(b) What would be the magnification of the image? Would the image be upright or inverted?

1 S e
me -t 2% - 3

1)

\IVJ(?{“"}/

(c) Draw aray diagram for the situation.
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(13 pts) Problem 4. An object is placed 22 cm to the left of lens 1 (diverging, f=-31 c¢m). Lens 1 is placed 50 ¢m to the left of
lens 2 (diverging, f=—4 cm). Where will the final image be formed? Will it be real or virtual? What will be the total magnification?
You do not have to provide ray diagrams for this problem, although you are certainly welcome to draw them if that will help you
visualize the situation.

}

Lo

"“‘\‘-.\,,——a’- Gg v PR —— |

o=

s

Moy ™ N e M

> (Lspaafl o8t 22)

= . E;”S\‘ ﬁﬂ ‘

Qfnad = 3 . 7 b cm relative to lens 2 (use a negative sign if to the left)

real vs. virtual:

My= 9021

\(\\\r’\‘uﬁ‘
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(9 pts) Problem 5. An unpolarized light beam is shined onto a linear polarizer oriented with the polarization axis at 30° from the
vertical. A second polarizer is placed after the first one, with its transmission axis rotated 30° from the transmission axis of the first
polarizer; that is, at 60° from the vertical. Finally, a third polarizer is placed after the second one, with its transmission axis rotated
50° from the transmission axis of the second polarizer; that is, at 80° from the first polarizer and 110° from the vertical (whighsissthe
sarern2etafeomsthe:vertical). What fraction of the original light’s intensity will pass through the third polarizer? Assume all

polarizers are perfect.
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(14 pts) Problem 6

(a) Microwaves of wavelength 8 cm enter a long, narrow window in a building that is otherwise opaque to the microwaves. If the
window is 30 cm wide, what is the distance from the central maximum to the first-order minimum along a wall 7 m from the

window? 53\3’ ():\ab«m,b
D)
R = /
I e AL - T~ /y
P S -

new of g2 0

) RN NS A
R L AT aSHE — &N

Gxqte ST T4, e /;) )

- . A )
) \Q’ ey when /\ZQA%&‘? ’:'7(
G sRe >A ) )
\ -
9, - §:1»\((/‘:‘>:>l\1\3o
Y e
NS =15, 41

q = Lo (F)Bents ) 211 133m

(b) Same situation, but now the window is only@ and there is a second window placed in a “two-slit” configuration 50

cm away from the first window. What is the distance[from the central maximum to the first-order minimum along a wall 7 m from

the window? Catl g iy agren”

So = :\45-\( have. o &)\NQ "‘\’JO*S\V) g()a%’ilQJV\

()Nz}"—tb

dodle W5 T =T, sz(’{:‘\?' }é shn) —> el mex oF 62D _
) ‘(-r\;'} Yy \f«-\:\o.l\ 7(__;\} SN T 3

| . LD

o= s ) s (%)
O= H.527°

1+ o <o) T

‘ ) rade 5)
A\/‘e‘m-’.’h\(ag*‘i, FLa Sw\au Dm[l" » ang > Fen® O (( rases

o —

A = L0
7( S Lr R S 5
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(7 pts) Problem 7.
(a) (2 pts; no partial credit) A wave at a particular location in space is described by the sum of 10 cosine waves:
S (&)= A cos(wyt + @) + Ay cos(wyt +$, ) +...+ Ay cos(@yt + dyg)

Describe what f{7) will look like. Specifically, insofar as it is possible from the given information, describe its shape, period/angular
frequency, amplitude, and phase.

T ool be o giwsaidel waeve

AT

‘q‘,m& ?:‘t’x’/wo
5 aeed Yo be datuomined L’j 4. 0o\ J\c(] A,L{é/ +A S
65 Vekvs  (Cmmp\t mwm)

Trequarsy W ) 9

Pwvxf 4 ghosk Vol

(b) (2 pts; no partial credit) A wave at a particular location in space is described by the sum of an infinite number of cosine waves:
J (@)= 4 cos(wyt) + A, cos(2ayt) + A3 cos(3myt) +...

Descrite what f{£) will look like. Specifically, insofar as it is possible from the given information, describe its shape, period/angular
frequercy, amplitude, and phase.
)

Tt/\iS e U -T%yv;e_/ SQ/‘.Q\S R
,/\Hf) woll be on unkazun o SmdsDal g\f\a@

(‘gp}’ (]Q»'\?zc)‘lc,} (W\D Q\)Qw\)

?1113:9 = 2’\j/\l*‘o

S8 L e ras
’_"b\Q;Q i ¢ \/\5‘ € vy d."{ ,«G,“\ C\SLXQJ - vr(\ﬁ \(’w o \’\Q {‘%‘N&} \(,}-»"\ H‘M‘L (}i'\a e Qawelo g0y
&__“_E,_.f.ﬁ:r"‘”fﬂw—’ \( VA S 3@1 }5({. }
(¢) (3 pts; partial credit possible) A wave at a particular location in space is ~At =
described by the graph on the right; the wave is zero for ¢ >4 and t<-4. It is a
sum of cosine terms. Explain what cosine functions you would have to add /\ I\
together in order to create this type of resulting wave; specifically, insofar as it
is possible from the given information, describe the number of terms as well -4 2V \} A v V2 4
as the period/angular frequencies and amplitudes of the terms being added ¢ (seconds)
together.
(s o wdene _:.g}a,«v.v.ia T SRV ¢ \f,{f— On o (»&;x 3 S v eotr U Akﬁ;@,{{;’,’q RE.
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~d
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(5 pts, no partial credit) Extra Credit. The technique of “apodization” is sometimes used to affect diffraction patterns. This
technique involves placing some sort of filter mask over the aperture. In the picture below, for example, the mask serves to
preferentially allow light through from the center of the aperture. When integrating over the aperture it causes some y-values to be
weighted more heavily than others. Mathematically, the weighting function that I have plotted is f(y) = cos(ny/a).

Among other things, this trick can potentially change the regular sinc? single-slit function into something that peaks more (or less)
narrowly. Derive the diffraction pattern, intensity vs. angle 6, for the slit (width ) and the plotted weighting function. Simplify your
answer by identifying quantities that are either 0 or 1.
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)= ety
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a2
* Hint: Here’s an integral you will need: I cos(k e dy = —k 5 (kl cos(kza/ 2)sin(k1a/ 2) —k, cos(kla/ 2)sin (kza/z))
~af2 ky 2
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In[10}:= apodizedintensity[b ] = Cos[Pib]*2/ (PL*2 - 4Pi*2 hA2) "2

Coa[bn]?
O]z e
(n? - ap® n?)?
In{11}= Plot[{apodizedintenzity [b] /apodizedintensity[0], Sinc [Pik]»2}, {b, -10, 10}, PlotRange » {0, 1}]
10 n'\H/( &i{gb
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