858  Chapter 27 / Interference and the Wave Nature of Light

9. In Figure 27.14b there is a dark spot at the center of the pat-
tern of Newton’s rings. By considering the phase changes that oc-
cur when light reflects from the upper curved surface and the
lower flat surface, account for the dark spot.

10. A thin film of a material is floating on water (n = 1.33).
When the material has a refractive index of n = 1.20, the film
looks bright in reflected light as its thickness approaches zero.
But when the material has a refractive index of n = 1.435, the film
looks black in reflected light as its thickness approaches zero. Ex-
plain these observations in terms of constructive and destructive
interference and the phase changes that occur when light waves
undergo reflection. :

11. A transparent coating is deposited on a glass plate and has a
refractive index that is larger than that of the glass, not smaller,
as it is for a typical nonreflective coating. For a certain wave-
length within the coating, the thickness of the coating is a quarter
wavelength. The coating enhances the reflection of the light cor-
responding to this wavelength. Explain why, referring to Example
3 in the text to guide your thinking.

12. On most cameras one can select the fnumber setting, or
J-stop. The fnumber gives the ratio of the focal length of the
camera lens to the diameter of the aperture through which Yight
enters the camera. If one wishes to resolve two closely spaced
objects in a picture, should a small or a large fnumber setting be
used? Account for your answer.

13. Explain why a sound wave diffracts much more than a light
wave does when the two pass through the same doorway.

14. Review Conceptual Example 8 before answering this ques-
tion, A person is viewing one of Seurat’s paintings that consists
of dots of color. She is so close to the painting that the dots are
distinguishable. Without moving, however, she can squint, which
makes the painting take on a more normal appearance. In terms
of the Rayleigh criterion, why does squinting make the painting
look more normal?

PROBLEMS

15. Four light bulbs are arranged at the corners of a rectangle
that is three times longer than it is wide. You look at this arrange-
ment perpendicular to the plane of the rectangle. From very far
away, your eyes cannot resolve the individual bulbs and you see a
single “smear™ of light. From close in, you see the individual
bulbs. Between these two extremes, what do you see? Draw two
pictures to illustrate the possibilities that exist, depending on how
far away you are. Explain your drawings.

16. 4 Suppose the pupil of your eve were elliptical instead of
circular in shape, with the long axis of the ellipse oriented in the
vertical direction, (a) Would the resolving power of your eye be
the same in the horizontal and vertical directions? (b) In which
direction would the resolving power be greatest? Tustify your an-
swers by discussing how the diffraction of light waves would dif-
fer in the two directions.

17. £ Suppose you were designing an eye and could select the
size of the pupil and the wavelength of the electromagnetic waves
to which the eye is sensitive. As far as the limitation created by
diffraction is concerned, rank the following design choices in or-
der of decreasing resolving power (greatest first): (a) large pupil
and ultraviolet wavelengths, (b) smali pupil and infrared wave-
lengths, and (¢) small pupil and ultraviolet wavelengths. Justify
YOur answer.

18. In our discussion of single-slit diffraction, we considered the
ratio of the wavelength A to the width W of the slit. We ignored
the height of the slit, in effect assuming that the height was much
larger than the width. Suppose the height and width were the
same size, so that diffraction in both dimensions occurred. How
would the diffraction pattern in Figure 27.195 be altered? Give
your reasoning.

19. What would happen to the distance between the bright
fringes produced by a diffraction grating if the entire interference
apparatus (light source, grating, and screen) were immersed in
water? Why?

ssm Solution is in the Student Solutions Manual. www Solution is available on the World Wide Web at http://www.wiley.com/college/cutnell

4 This icon represents a biomedical application.

Section 27.1 The Principle of Linear Superposition,
Section 27.2 Young’s Double-Slit Experiment

1. ssm The transmitting antenna for a radio station is 7.00 km
from your house. The frequency of the electromagnetic wave broad-
cast by this station is 536 kHz. The station builds a second transmit-
ting antenna that broadcasts an identical electromagnetic wave in
phase with the original one. The new antenna is 8.12 km from your
house. Does constructive or destructive interference occur at the re-
ceiving antenna of your radio? Show your calcuiations.

2. AYoung’s double-slit experiment is performed using light that
has a wavelength of 630 nm. The separation between the slits is
5.3 X 107 m. Find the angles that locate the (a) first-, (b) sec-
ond-, and (c) third-order bright fringes on the screen.

3. In a Young’s double-slit expetiment, the angle that locates the
second dark fringe on either side of the central bright fringe is
5.4°. Find the ratio of the slit separation d to the wavelength A of
the light.

4. Two in-phase sources of waves are separated by a distance of
4.00 m. These sources produce identical waves that have a wave-
length of 5.00 m. On the line between them, there are two places
at which the same type of interference occurs. (a) Is it construc-
tive or destructive interference, and (b) where are the places lo-
cated?

i 5. ssm In a Young’s double-slit experiment, the angle that lo-

cates the second-order bright fringe is 2.0°. The slit separation is
3.8 X 107° m. What is the wavelength of the light?


















