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These waves were later shown to travel at the speed of light,
and to exhibit all the characteristics of light such as reflection, refraction, and
interference. The only difference was that they were not visible. Hertz’s experiment
was a strong confirmation of Maxwell’s theory.

The wavelengths of visible light were measured in the first decade of the nine-
teenth century, long before anyone imagined that light was an electromagnetic
wave. The wavelengths were found to lie between and 
or to The frequencies of visible light can be
found using Eq. 11–12, which we rewrite here:

(22;4)

where f and are the frequency and wavelength, respectively, of the wave. Here,
c is the speed of light, it gets the special symbol c because of its
universality for all EM waves in free space. Equation 22–4 tells us that the 
frequencies of visible light are between and (Recall
that )

But visible light is only one kind of EM wave. As we have seen, Hertz 
produced EM waves of much lower frequency, about These are now called
radio waves, because frequencies in this range are used to transmit radio and TV 
signals. Electromagnetic waves, or EM radiation as we sometimes call it, have 
been produced or detected over a wide range of frequencies. They are usually 
categorized as shown in Fig. 22–8, which is known as the electromagnetic spectrum.
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Radio waves and microwaves can be produced in the laboratory using elec-
tronic equipment (Fig. 22–5). Higher-frequency waves are very difficult to produce
electronically. These and other types of EM waves are produced in natural processes,
as emission from atoms, molecules, and nuclei (more on this later). EM waves can be
produced by the acceleration of electrons or other charged particles, such as 
electrons in the antenna of Fig. 22–5. X-rays have very short wavelengths 
(and very high frequencies), and they are produced (Chapters 25 and 28) when
fast-moving electrons are rapidly decelerated upon striking a metal target. Even
the visible light emitted by an ordinary incandescent bulb is due to electrons
undergoing acceleration within the hot filament.

EXERCISE B Return to the Chapter-Opening Question, page 625, and answer it again
now. Try to explain why you may have answered differently the first time.
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FIGURE 22–8
Electromagnetic spectrum.

We will meet various types of EM waves later. However, it is worth mentioning
here that infrared (IR) radiation (EM waves whose frequency is just less than that
of visible light) is mainly responsible for the heating effect of the Sun. The Sun
emits not only visible light but substantial amounts of IR and UV (ultraviolet) as
well. The molecules of our skin tend to “resonate” at infrared frequencies, so it is
these that are preferentially absorbed and thus warm us. We humans experience
EM waves differently depending on their wavelengths: Our eyes detect wavelengths
between about and (visible light), whereas our skin detects
longer wavelengths (IR). Many EM wavelengths we don’t detect directly at all.
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