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PHYS 1312 Fall 2018 Test 1
Sept. 13, 2018

Name Student ID Score ________

Note: This test consists of one set of conceptual questions, five problems, and
a bonus problem. For the problems, you must show all of your work, calculations,
and reasoning clearly to receive credit. Be sure to include units in your solutions
where appropriate. An equation sheet is provided on the last pages.

Problem 1. Conceptual questions. State whether the following statements are True or
False. (10 points total, no calculations required)

(a) If you are running in the opposite direction from a speeding police car, the frequency
of its siren that you hear will be lower than the siren’s rest frequency.
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(b) For Young’s double slit experiment, an interference pattern is formed if the width of
the slits is less than the wavelength of the incident light. “ J. D
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(c) If I want to run from Point A on a just-mowed grass field to Point B in a swamp,
Fermat’s principle implies that I should maximize the distance I run in the swamp.
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Problem 2. TW@&dIO antennas at x = +300 m are emitting 3.0 MHz radio _ 364"
waves. Is the point 7=

300,0 > m a pomt of maxjimnum constructive mterference
maximum destructive interference, or somethmg

(15 oints
¢ {?(4564
A A + A 45 = m 2T (wndnc/tu) m
GD ! ——'[M"fi\l‘l’ﬂ' (OIOY{W VG-)
C"?’F " Z27(d20) v
A%ﬂ:lﬂzfé)(_,_'ﬂ' ok o

Yhu”| («(
= 2.1’][3 X/Ol’u'i-(é'?d?l*?a’d) = )‘/LK i Lrﬁ N ((Oa] 1 Jeo*
3%[03»:/5 f—(‘“) i 670.22,,4

eV -
Problem 3. To get the total internal reflection at the interface of water>($efrachve ifidex

1.33) and a plastic whose index of refraction is 1.46. {a) Which material must the light start
in? (b) What is the critical angle" (15 points total)
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Problem 4. Starting with the magnification relation for the eyepiece m, = (25 cm)/f.,
derive the relation for the magnification of the microscope with an objective lens of focal
length f,. Take the distance between the objective and eyepiece lens to be L. (15 points
total)
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Problem 5. A pendjl of height 5 cm 1s 40 ¢cm in front of a concave mirror with a focal L
length of 20 cm. (a) Where is the location of the image? (b) What is the magnification of

the image? (c) Is the image of the pencil inverted or upright, virtual or real? (d) Make a
rough ray diagram showing the object, the image, and the mirror. (15 points total)
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Refraction
Problem 6. Derive Snell’s Law of Ttefieeton using Huygen’s principle. Make a diagram

showing appropriate rays, angles, and lengths. (30 poinis total
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Bonus Problem. Derive the double slit intensity equation,

[ =:I, cos? ('.rrdsin 6')

A (1)

using either the phase diagram method or trig. identities. Take the distance between slits
to be d, the distance from the slits to a screen to be L, and the interference pattern located
at y on the screen. The slits are illuminated by monochromatic light of wavelength A. Draw
a diagram of the slit-screen arrangement and intensity pattern. (Hint: consider the wave
equations for two rays emanating from the slits and interfering at a point on the screen, i.e.,
take z = 0). (5 points total) P
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