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Physics 1CH Midterm #2 May 12, 2022

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.

A_cceleration of gravity (Earth) g 10.0 m/s?
Boltzmann constant k 1.38 x 10 J/K
Electron charge e | 1.60_x 10" ¢
Electron mass Me 9.11x10™ kg ]
_ 0.511 MeV/c’
_Electron-volt eV 1._60 x10™) ]
P_ermeability of free space Lo 47 x 107 N/_A2
-:ermittivity of free space € 8.85 x 10™ C*/N-m?
Planck constant h 6.63 x 10" J-s
Proton mass mp 2.67 x 107 kg
- 938 MeV/c?
Speed of?ght in vacuum ) C 3.00 x 108_m/s
Speed of sound in air (20° C) Vs 340 m/s -
Temperature conversion ] - 0°C=273K

Small angle approximation (0 in radians): sin(8) = tan(8) ~ 6
1 2 3

— = 1+x+x"+x"+ ..

1-x

Series expansion for x << 1:

Index of refraction for air (STP): 1.000293
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Problem 1: Short Answer (40 points total):

a) True or False? Aberrations only occur for real images. Explain your answer and provide a figure if you like.
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b) Circularly polarized light of irradiance Iy is normally incident on a stack of three linear polarizers. The
polarization axes of the first and third polarizers are oriented in the same direction. The polarization axes of
the first and second polarizer have a relative angle of 30°. What is the irradiance of the light transmitted by the

stack?
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Problem 1 (continued): G m MOU ¢

¢) Suppose that George blows a whistle and Martha hears it. She will hear an increased frequency whether she
is running towards George or George is running towards her. Are the increases in frequency the same in each
case? If not, which apparent frequency would be higher? Assume the same epeed of running by either George

or Martha. Explain your answer. _ B = — S
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d) 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. Describe two ways in which you could determine the truth of the salesperson’s claims (in the
store). Explain your answer.
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Problem 2: (30 Points Total): \/5 = B L[ D M'l/ S

A road tunnel leading straight through a mountain greatly amplifies sounds at frequencies of 135 Hz and 138 Hz.
a) Find the shortest length the tunnel can be. Explain why you know that this is the shortest length. (Note that

the speed of sound is given on Page 1).
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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 sound the tunnel would greatly amplify now? Would either 135Hz of 138 Hz be amplified in this
case?
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Problem 3: (30 points total) SNALC ALGLE AgpRo X. VACip

Plane waves of monochromatic light of wavelength 600 nm are normally incident on two identical slits, with a
separation distance a. In the interference pattern observed on a screen 1.5 m from the slits, the bright fringes
are 3 mm apart. For this problem you can ignore diffraction effects.

a) What is the slit separation a? L= [Y m l /t . é OO aM
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b) Derive an expression for A, defined as the angle between the two points on a fringe where the irradiance is
one-half that at the center of the fringe. What is the value of A§?
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Problem 3 (continued)

Now a piece of clear glass of thickness 0.75 pm is placed on the top slit. The glass is non-dispersive and has
an index of refraction of 1.4.

c) With the glass in place, what happens to the interference pattern on the screen? Discuss how the pattern
changes in a quantitative way, if at all.
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