1068  Chapter37 Interference of Light Waves

(iv) Could it appear dark on crown glass and bright on node to the next antinode? (a) 1000 nm (b) 500 nm
flint glass? Experiments described by Thomas Young sug- (c) 250 nm (d) 125 nm (e) 62.5 nm (ii) The green light is
gested this question. sent into a Michelson interferometer that is adjusted o

produce a central bright circle. How far must the interfer-
ometer's moving mirror be shifted to change the center of
the pattern into a dark circler Choose from the same possi-

11. A lens with outer radius of curvature R and index of . . . .
. S bilities. (iii) The light is reflected perpendicularly from a
refraction #n rests on a flat glass plate. The combination is o . A P :
. L . . . X thin film of a plastic with index of refraction 2.00. The film
illuminated with white light from above and observed ) ) ) ..
. . T : appears bright in the reflected light. How much additional
from above. Is there a dark spot or a light spot at the cen- . , .
- . . . thickness would make the film appear dark?
ter of the lens? What does it mean if the observed rings
are noncircular?
14. O Using a Michelson interferometer, shown in Active Fig-
- . . ure 37.14, vou are viewing a dark circle at the center of
12. Why is the lens on a good-quality camera coated with a 7 : ving .
thin film? ‘ the interference pattern. As vou gradually move the light
' source toward the central mirror M, through a distance
A/2, what do vou see? (a) There is no change in the pat-
tern. (b) The dark circle changes into a bright circle.
13. O Green light has a wavelength of 500 nm in air (c) The dark circle changes into a bright circle and then
(i) Assume green light is reflected from a mirror with angle back into a dark circle. (d) The dark circle changes into a
of incidence 0°. The incident and reflected waves together bright circle, then into a dark circle, and then into a
constitute a standing wave with what distance from one bright circle.

Problems

WebAssign The Problems from this chapter may be assigned online in WebAssign.

Thomson' ' Sign in at www.thomsonedu.com and go to ThomsonNOW to assess your understanding of this chapter’s topics
with additional quizzing and conceptual questions.

1, 2, 3 denotes straightforward, intermediate, challenging; U] denotes full solution available in Student Solutions Manual/Study
Guide; A denotes coached solution with hints available at www.thomsonedu.com; denotes developing symbolic reasoning;

® denotes asking for qualitative reasoning;  * denotes computer useful in solving problem

Section 37.1 Conditions for Interference the same wavelength. A radio in a car traveling due north
receives the signals, (a) If the car is at the position of the

Section 37.2 Young’s Double-Slit Experiment second maximum, what is the wavelength of the signals?

(b} How much farther must the car tavel to encounter
the next minimum in reception? Nole: Do not use the
Note: Problems 4, 5, 6, 7, 8, and 10 in Chapter 18 can be small-angle approximation in this problem.

assigned with this section.

Section 37.3 Light Waves in Interference

1. A laser beam (A = 6328 nm) is incident on two slits
0.200 mm apart. How far apart are the bright interfer-
ence fringes on a screen 5.00 m away from the double
slits? i
(e :400 m
Y 1
I U : 300 o J30 e T 1ren
2. A Young's interference experiment is performed with /D\l 1
monochromatic light. The separation between the slits is P I
0.500 mm, and the interference pattern on a screen Figure P37.3

3.30 m away shows the first side maximum 3.40 mm from
the center of the pattern. What is the wavelength?
4. In a location where the speed of sound is 354 m/s, a
2 000-Hz sound wave impinges on two slits 30.0 cm apart.
A Two radio antennas separated by 300 m as shown in (a) At what angle is the first maximum located? (b) What
Figure P37.3 simultaneously broadcast identical signals at If? If the sound wave is replaced by 3.00-cm microwaves,

2 = intermediate; 3 = challenging: []=8SM/SG; A =ThomsonNOW; = symbolic reasoning; @ = qualitative reasoning



what slit separation gives the same angle for the first max-
imum? (c) What If? If the slit separation is 1.00 pm, what
frequency of light gives the same first maximum angle?

[5] A Young's doubleslit experiment is performed with

58%9nm light and a distance of 2.00 m between the slits
and the screen. The
observed 7.26 mm from the central maximum. Determine
the spacing of the slits.

tenth interference minimum is

® Write the statement of a problem, including data, for
which the following equations appear in the solution.

343 m/s
= (35.0 cm) sin 6, = 0A
1620/s
(35.0 cm ) sin 0, ., = 0.5A (35.0 cm) sin @), = 1A
(35.0 cm) sin By 0 = 1.5A (35.0 cm) sin By, = 24

State the solution to the problem, including values for
cach quantity that appears as an unknown. State what you
can conclude from the last of the set of six equations.
Does this equation describe an angle 6, that is larger
than 9077

Two narrow, parallel slits separated by 0.250 mm are illu-

2 = intermediate;

minated by green light (A = 546.1 nm). The interference
pattern is observed on a screen 1,20 m away from the
plane of the slits. Calculate the distance (a) from the cen-
tral maximum to the first bright region on either side of
the central maximum and (b) between the first and sec-
ond dark bands.

A riverside warehouse has two open doors as shown in
Figure P37.8. Its walls are lined with sound-absorbing
material. A boat on the river sounds its horn. To person
A, the sound is loud and clear. To person B, the sound is
barely audible. The principal wavelength of the sound

Figure P37.8

waves is 3.00 m. Assuming person B is at the position of
the first minimum, determine the distance between the

3 = challenging;
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dODl"S, center to center.,

Light with wavelength 442 nm passes through a double-
slit system that has a slit separation d = 0.400 mm. Deter-
mine how far away a screen must be placed so that dark
fringes appear directly opposite both slits, with only one
bright fringe between them.

Two slits are separated by 0.320 mm. A beam of 500-nm
light strikes the slits, producing an interference pattern.
Determine the number of maxima observed in the angu-

lar range —30.0° < 6 < 30.0°.

. ® Young's double=slit experiment underlies the instrument

[01=8SM/5G; A =ThomsonNOW;

landing system used to guide aircraft to safe landings when
the visibility is poor. Although real systems are more com-
plicated than the example described here, theyv operate
on the same principles. A pilot is trving to align her plane
with a runway as suggested in Figure P37.11a. Two radio
antennas A, and A, are positioned adjacent to the runway,
separated by 40.0 m. The antennas broadcast unmodu-
lated coherent radio waves at 30.0 MHz. (a) Find the
wavelength of the waves. The pilot “locks onto” the strong
signal radiated along an interference maximum, and
steers the plane to keep the received signal strong. If she
has found the central maximum, the plane will have pre-
cisely the right heading to land when it reaches the run-
way. (b) What If? Suppose the plane is flving along the
first side maximum instead (Fig. P57.11b). How far to the
side of the runway centerline will the plane be when it is
2.00 km from the antennas? (c¢) It is possible to tell the
pilot that she is on the wrong maximum by sending out

(a)

A

Ao

(b)
Figure P37.11

two signals from each antenna and equipping the aircraft
with a two-channel receiver. The ratio of the two frequen-
cies must not be the ratio of small integers (such as f)
Explain how this two-frequency system would work and

= symbolic reasoning; @ = qualitative reasoning



