*«8 Sound waves with frequency omsmesmmmammmmmmmss
2500 Hz and speed 343 m/s diffract
through the rectangular opening of
a speaker cabinet and into a large
auditorium of length o = 100 m,
The opening, which has a horizontal ,
width of 30.0 cm, faces a wall TO0 M o
away (Fig. 36-36). Along that wall, | d B
how far from the central axis willa  Fig. 36-36 Problem&.
listener be at the first diffraction minimum and thus have difficulty
hearing the sound? (Neglect reflections.)
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«19 (a) How far from grains of red sand must you be to position
yourself just at the limit of resolving the grains if your pupil diame-
ter is 1.5 mm, the grains are spherical with radius 50 pm, and the
light from the grains has wavelength 650 nm? (b) If the grains were
blue and the light from them had wavelength 400 nm, would the
answer to (a) be larger or smaller?

24 =5 Entoptic halos. If someone looks at a bright outdoor
lamp in otherwise dark surroundings, the lamp appears to be sur-
rounded by bright and dark rings (hence halos) that are actually a cir-
cular diffraction pattern as in Fig, 36-10, with the central maximum
overlapping the direct light from the lamp. The diffraction is pro-
duced by structures within the cornea or lens of the eye (hence enfop-
tic). If the lamp is monochromatic at wavelength 550 nm and the first
dark ring subtends angular diameter2.0° in the observer’s view, what
is the (linear) diameter of the structure producing the diffraction?

«33 & Nuclear-pumped x-ray lasers are seen as a possible
weapon to destroy ICBM booster rockets at ranges up to 2000 km.
One limitation on such a device is the spreading of the beam due to

diffraction, with resulting dilution of beam intensity. Consider such
a laser operating at a wavelength of 1.40 nm, The element that

emits light is the end of a wire with diameter 0.200 mm. (a)
Calculate the diameter of the central beam at a target 2000 km
away from the beam source. (b) By what factor is the beam inten-
sity reduced in transit to the target? (The laser is fired from space,
so that atmospheric absorption can be ignored.)



+38 Light of wavelength 440 nm passes through a double slit,
yielding a diffraction pattern whose graph of intensity I versus an-
gular position @ is shown in Fig. 36-44. Calculate (a) the slit width
and (b) the slit separation. (c) Verify the displayed intensities of
the m = 1 and m = 2 interference fringes.
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Fig. 36-44 Problem 39.

=42 @ (a) In a double-slit experiment, what ratio of d to a
causes diffraction to eliminate the fourth bright side fringe? (b)
What other bright fringes are also eliminated?

«49 s5M  www Light of wavelength 600 nm is incident nor-
mally on a diffraction grating. Two adjacent maxima occur at an-
gles given by sin # = 0.2 and sin 8 = 0.3, The fourth-order maxima
are missing. (a) What is the separation between adjacent slits?
(b} What is the smallest slit width this grating can have? For that
slit width, what are the (c) largest, (d) second largest, and (¢) third
largest values of the order number m of the maxima produced by
the grating?



#51 A diffraction grating having 180 lines/mm is illuminated
with a light signal containing only two wavelengths, A; = 400 nm
and A; = 500 nm. The signal is incident perpendicularly on the
grating, (a) What is the angular separation between the second-or-
der maxima of these two wavelengths? (b) What is the smallest an-
gle at which two of the resulting maxima are superimposed? (c)
What is the highest order for which maxima for both wavelengths
are present in the diffraction pattern?

*60 The D line in the spectrum of sodium is a doublet with wave-
lengths 589.0 and 589.6 nm. Calculate the minimum number of lines
needed in a grating that will resolve this doublet in the second-
order spectrum.

*69 X rays of wavelength 0.12 nm are found to undergo second-
order reflection at a Bragg angle of 28° from a lithium fluoride
crystal, What is the interplanar spacing of the reflecting planes in
the crystal?

77 ssm In a single-slit diffraction experiment, there is a minimum
of intensity for orange light (A = 600 nm) and a minimum of intensity
for blue-green light (A = 500 nm) at the same angle of 1.00 mrad. For
what minimum slit width is this possible?



