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Physics 1ICH Midterm #2 | May 24, 2018

On all problems, you need to show your work to get full credit.

Below are a set of numerical constants. If you have any questions, please raise your hand to ask for help.

= |

| Acceleration of gravity (Earth) g 10.0 m/s?
Boltzmann constant _ k 1.38. x 1072 J/K
Electron charge e 1.60x 10" C
Electron mass B Me 9.11 x 10 kg

0.511 MeV/c?

Electron-volt ev 1.60x 10 J
Permeability of free space Mo 4m x 107 N/A_2
Permittivity of free space € 8.85 x 10™*? C*/N-m*
Planck c;ns_ta_n; h 6.63x 10" J-s
Proton mass mp ;6_7 X 10';kg

o 938 MeV/c’ _
Speed of light in vacuum c 3.00 x 10° m/s_ :
.Speed of sound in air {20° C) Vs 340 m/s ’

Small angle approximation (8 in radians):

sin(8) = tan(8) = 0
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Problem 1: Short Answer (40 points total):

a) True or False. Since a standing wave does not travel, it is not truly a wave and does not satisfy the wave
equation. Explain your answer.
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b) You are in a store examining sunglasses displayed in a glass case. The salesperson claims that the sunglasses
have Polaroid filters. You suspect that the sunglasses are just tinted plastic. You ask to see a couple of the
sunglasses. Name two ways you could find out for sure (in the store). Explain your answer.

() T A LISMISHN

TAICE Tuod SO ECASSEY AMD ool AT LLEHT Gor NG

THirou b AeTH AS Yoo RSTATE oMNe - CHEW 1E
{

TraUsSmseu —P O (mACUS (,Aw)

2 TLEFLECTION

Use oMe PA LN OF copbLASES TO onsenu= CLeHT

for N= LD M= Ly 96:;55
Rceusmen S Angle,

[\GUT [bCipewT ok OCaS) AT O=5"° wilC he

Ro Focted ol TH CLWEA K PolALIEA TRow. (HECK THIS W i(TH

Se g LASYES,

LEFLECTEY OFF GLRSY.



Physics 1ICH Midterm #2 May 24, 2018

Problem 1 (continued):

c) Imagine a soap bubble formed in air. As the bubble is just about to pop (i.e. as its thickness goes to zero),
will the reflected light appear bright, dark, or neither of these? Explain your answer.
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d) A student is working with a double-slit interference experiment. Instead of using light of a single wavelength,

a light source having wavelengths of @00 nm»300 nrii and 600 nm is used. Describe the interference pattern you
would see on the screen, if any. You cgh assume that the light hjtting thgtwo slits is coherent and has the same
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Problem 2: (30 points total)

A road tunnel leading straight through a mountain greatly amplifies tones at frequencies of 135Hz and 138 Hz.

a) Find the shortest length the tunnel can be. Explain why you know that this is indeeed the shortest length.
Note that the speed of sound is given on page 1. \/S = 2Yo M /5 Spead 0F Ssvmp
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Problem 2 (continued)

b) Suppose one end of the tunnel is completely closed off due to a rock slide. What would be the lowest
frequency tone the tunnel would greatly amplify now? Would either of the tones of 135Hz or 138 Hz be
amplified in this case?
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Problem 3: Fourier Techniques (30 points total)

Consider a function defined by:
y(x)=h, 0<x<L

y(x) =0, elsewhere,
for & a constant,

a) Determine the Fourier sine series expansion of y(x) in the interval (0,L). (Note: there is not a trivial solution
to this problem).
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Problem 3 (continued)

b) For & = ¥ m, evaluate l[/(%) using what you found in part a), and thus determine a series expansion for 7.
Estimate & using the first five terms of the expansion.
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