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PHYS 1312 Fall 2016 Test 2
Oct. 6, 2016

Name Student ID Score _________

Note: This test consists of one set of conceptual questions, three problems,
and a bonus problem. For the problems, you must show all of your work, calcu-
lations, 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) For an electric dipole of length s, the magnitude of the resulting electric field is pro-
portional to r—2 when r >> s. / 2 /( P
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(c) Since information is massless, it can be transferred at speeds greater than that of light.
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(d) Electric field lines point toward a negative charge.
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Problem 2. If monochromatic light of wavelength A illuminates a double slit with slit
separation d, derive a relation for the distance y of the interference minima from the central
maximum if the interference pattern is displayed on a screen a horizontal distance L away
from the slits. (a) Assume the small angle approximation. (b) Repeat, but do not assume the
small angle approximation. (c) Make a sketch of the arrangement and interference pattern
marking the locations of minima for a few values of m. (30 points total)
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Problem 3. For an optgs/pmject you l{ to design a diffraction grating that will disperse
the visible spectrum (400-700 nm) over 30.0° in first order. (a) How many lines per millimeter

does your grating need? (b) What is the first-order diffraction angle of light from a sodium
lamp (A = 589 nm). (c) What is the maximum order (m) that can be detected with your
grating for A = 400 nm and 700 nm? (d) What is the chromatic resolving power of your
grating in second-order if the sodium lamp illuminates a 2.0-mm long region of the grating?
(30 points total)
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Problem 4. Three point charges are located in space at 7} =< a,b,0 >, 7 =< —b, —a,0 >

and 73 =< ¢, ~d,0 > with charges ¢; = —¢, ¢ = 2¢, and g3 = 3¢q. Take a = lum, b = 2a,

c=3a,d=4a,and ¢ =1 x 1071 C. (a) If m; = 2my = 3ms = 1 x 1078 kg, determine

the acceleration of each charge. (b) Make a sketch of the electric field lines due this initial
q) configuration of the charges. (30 points total)
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Bonus Problem. For a single slit, locate the position (angle 6 and height y) of the first
diffraction maximum (not the central maximum) if the slit has a width a and the interference
pattern is displayed on a screen a distance L away from the slit. Use the relation for the

intensity given by
sin®(8/2)

1= o5 32 W

where 8 = (2ma/\)sinf. (5 points total)
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