Summary

cated in the formation of cataracts, a clouding of the lens inside the eye. Wearing
sunglasses that do not block UV light is worse for your eyes than wearing no sun-
glasses. The lenses of any sunglasses absorb some visible light, thus causing the
wearer’s pupils to dilate. If the glasses do not also block UV light, then more dam-
age may be done to the lens of the eye because of the dilated pupils. If you wear no
sunglasses at all, your pupils are contracted, you squint, and a lot less UV light en-
ters your eyes. High-quality sunglasses block nearly all the eye-damaging UV light.

Most of the UV light from the Sun is absorbed by ozone (O3) molecules in the
Earth’s upper atmosphere, in a layer called the stratosphere. This ozone shield
converts lethal high-energy UV radiation to infrared radiation, which in turn
warms the stratosphere. Recently, a great deal of controversy has arisen concern-
ing the possible depletion of the protective ozone layer as a result of the chemicals
emitted from aerosol spray cans and used as refrigerants.

X-rays have wavelengths in the range from approximately 107®* m to 10" '? m
The most common source of x-rays is the deceleration of high-energy electrons
bombarding a metal target. X-rays are used as a diagnostic tool in medicine and as
a treatment for certain forms of cancer. Because x-rays damage or destroy living tis-
sues and organisms, care must be taken to avoid unnecessary exposure or overex-
posure. X-rays are also used in the study of crystal structure because x-ray wave-
lengths are comparable to the atomic separation distances in solids (about
0.1 nm).

ExXAMPLE 34.7 A Half-Wave Antenna

A half-wave antenna works on the principle that the opti-  the signal is
mum length of the antenna is one-half the wavelength of

the radiation being received. What is the optimum length A=—=
of a car antenna when it receives a signal of frequency J
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94.0 MHz? Thus, to operate most efficiently, the antenna should have a
length of (3.19 m)/2 = 1.60 m. For practical reasons, car an-
Solution Equation 16.14 tells us that the wavelength of  tennas are usually one-quarter wavelength in size.

Gamma rays are electromagnetic waves emitted by radioactive nuclei (such as
50Co and '*’Cs) and during certain nuclear reactions. High-energy gamma rays are
a component of cosmic rays that enter the Farth’s atmosphere from space. They
have wavelengths ranging from approximately 107! m to less than 107" m. They
are highly penetrating and produce serious damage when absorbed by living tis-
sues. Consequently, those working near such dangerous radiation must be pro-
tected with heavily absorbing materials, such as thick layers of lead.

Quick Quiz 34.3

The AM in AM radio stands for amplitude modulation, and FM stands for frequency modulation.
(The word modulate means “to change.”) If our eyes could see the electromagnetic waves
from a radio antenna, how could you tell an AM wave from an FM wave?

SUMMARY

Electromagnetic waves, which are predicted by Maxwell’s equations, have the



