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Chapter 38 Diffraction Patterns and Polarization

9. Assume light with a wavelength of 650 nm passes through
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two slits 3.00 pm wide, with their centers 9.00 pm apart,
Make a sketch of the combined diffraction and interfer-
ence pattern in the form of a graph of intensity versus
¢ = (ma sin 8)/A. You may use Active Figure 38.7 as a
starting point.

Coherent light of wavelength 501.5 nm is sent through
two parallel slits in a large, flat wall. Each slitis 0.700 pm
wide. Their centers are 2.80 wm apart. The light then falls
on a semicylindrical screen, with its axis at the midline
between the slits, (a) Predict the direction of each inter-
ference maximum on the screen as an angle away from
the bisector of the line joining the slits. (b) Describe the
pattern of light on the screen, specifying the number of
bright fringes and the location of each. (c) Find the
intensity of light on the screen at the center of each
bright fringe, expressed as a fraction of the light intensity
I,.. at the center of the pattern.
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Section 38.3 Resolution of Single-Slit and Circular
Apertures

11. The pupil of a cat’s eye narrows to a vertical slit of width
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0.500 mm in daylight. What is the angular resolution for
horizontally separated mice? Assume the average wave-
length of the light is 500 nm.

® Yellow light of wavelength 589 nm is used to view an
object under a microscope. The objective diameter is
9.00 mm. (a) What is the limiting angle of resolution?
(b} Suppose it is possible to use visible light of any
wavelength. What color should you choose to give the
smallest possible angle of resolution, and what is this
angle? (c) Suppose water fills the space between the
object and the objective. What effect does this change
have on the resolving power when 589-nm light is used?

A A helinm-neon laser emits light that has a wavelength

2 = intermediate;

of 632.8 nm. The circular aperture through which the
beam emerges has a diameter of 0.500 cm. Estimate the
diameter of the beam 10.0 km from the laser.

® Narrow, parallel, glowing gasfilled tubes in a variety of
colors form block letters to spell out the name of a night-
club. Adjacent wbes are all 2.80 cm apart. The wbes
forming one letter are filled with neon and radiate pre-
dominantly red light with a wavelength of 640 nm. For
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another letter, the tubes emit predominantly blue light at
440 nm. The pupil of a dark-adapted viewer’s eve is
520 mm in diameter. If she is in a certain range of dis-
tances away, the viewer can resolve the separate tubes of
one color but not the other. Which color is easier to
resolve? State how vou decide. The viewer’s distance must
be in what range for her to resolve the mbes of only one
of these two colors?

Impressionist painter Georges Seurat created paintings
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with an enormous number of dots of pure pigment, each
of which was approximately 2.00 mm in diameter. The
idea was to have colors such as red and green next to
ach other to form a scintillating canvas (Fig. P38.15).
Outside what distance would one be unable to discern
individual dots on the canvas? Assume A = 500 nm and a
pupil diameter of 4.00 mm.

Superitock

Figure P38.15

What are the approximate dimensions of the smallest
object on the Farth that astronauts can resolve by eve
when they are orbiting 250 km above the Earth? Assume
A = 500 nm and a pupil diameter of 5.00 mm.

A spy satellite can consist of a large-diameter concave mir-
ror forming an image on a digital-camera detector and
sending the picture to a ground receiver by radio waves.
In effect, it is an astronomical telescope in orbit, looking
down instead of up. Can a spy satellite read a license
plater Can it read the date on a dime? Argue for your
answers by making an order-of-magnitude calculation,
specifving the data you estimate.

= symbolic reasoning; @ = qualitative reasoning
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A circular radar antenna on a Coast Guard ship has
a diameter of 2,10 m and radiates at a frequency of
15.0 GHz. Two small boats are located 9.00 ki away from
the ship. How close together could the boats be and still
be detected as two objects?

Section 38.4 The Diffraction Grating

Note: In the following problems, assume the light is incident
normally on the gratings.

White light is spread out into its spectral components by a
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diffraction grating. If the grating has 2 000 grooves per
centimeter, at what angle does red light of wavelength
640 nm appear in first order?

Light from an argon laser strikes a dilfraction grating that
has 5310 grooves per centimeter. The central and first-
order principal maxima are separated by 0488 m on a
wall 1.72 m from the grating. Determine the wavelength
of the laser light.

A The hydrogen spectrum includes a red line at 656 nm
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and a bluewviolet line at 434 nm. What are the angular
separations between these two spectral lines obtained with
a diffraction grating that has 4 500 grooves/cm?

A helium-neon laser (A = 632.8 nm) is used to calibrate
a diffraction grating. If the first-order maximum occurs at
20.5%, what is the spacing between adjacent grooves in the
grating?

Three discrete spectral lines oceur at angles of 10.09%,
13.71%, and 14.77° in the first-order spectrum of a grating
spectrometer. (a) If the grating has 3 660 slits/cm, what
are the wavelengths of the lightz (b) At what angles are
these lines found in the second-order spectrum?

Show that whenever white light is passed through a dif-
fraction grating of any spacing size, the violet end of the
continuous visible spectrum in third order always overlaps
with red light at the other end of the second-order spec-
trum.

3 = challenging;
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25. A refrigerator shelf is an array of parallel wires with uni-
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form spacing of 1.30 cm between centers, In air at 20°C,
ultrasound with a frequency of 37.2 kHz from a distant
source falls perpendicularly on the shelf. Find the num-
ber of diffracted beams leaving the other side of the shelf.
Find the direction of each beam.

The laser in a CD player must precisely follow the spiral
track, along which the distance between one loop of the
spiral and the next is only about 1.25 pum. A feedback
mechanism lets the plaver know if the laser drifts off the
track so that the player can steer it back again. Figure
P38.26 shows how a diffraction grating is used to provide
information to keep the beam on track. The laser light
passes through a diffraction grating before it reaches the
disk. The strong central maximum of the diffraction pat-
tern is used to read the information in the track of pits.
The wo firstorder side maxima are used for steering.
The grating is designed so that the firstorder maxima fall
on the flat surfaces on both sides of the information
track. Both side beams are reflected into their own detec-
tors. As long as both beams are reflecting from smooth
nonpitted surfaces, they are detected with constant high
intensity. If the main beam wanders oft the track, how-
ever, one of the side beams begins to strike pits on the
information track and the reflected light diminishes. This
change is used with an electronic circuit to guide the
beam back to the desired location. Assume the laser light
has a wavelength of 780 nm and the diffraction grating is
positioned 6.90 um from the disk. Assume the first-order
beams are to fall on the disk 0.400 pm on either side of
the information
grooves per millimeter in the grating?

track. What should be the number of
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- A grating with 250 grooves/mm is used with an incandes-

cent light source. Assume the visible spectrum to range in

= symbolic reasoning; @ = qualitative reasoning



