Light and other electromagnetic waves travel at a speed of 3 X 10°m/s. CAUTION
Compare this to sound, which travels (see Chapter 12) at a speed of aboutl Sound and EM waves
300 m/s in air, a million times slower; or to typical freeway speeds of a ;”_{,tw,‘mw”‘ {
car, 30m/s (100 km/h, or 60mi/h), 10 million times slower than light. '

EM waves differ from sound waves in another big way: sound waves travel in
a medium such as air, and involve motion of air molecules; EM waves do not
involve any material—only fields, and they can travel in empty space.

OV PRl Wavelengths of EM waves. Calculate the wavelength
(a) of a 60-Hz EM wave, (b) of a 93.3-MHz FM radio wave, and (c) of a beam
of visible red light from a laser at frequency 4.74 x 10" Hz.

APPROACH All of these waves are electromagnetic waves, so their speed is
¢ = 3.00 x 10°m/s. We solve for A in Eq.22-4: A = ¢/f.
SOLUTION (a)

¢ 3.00 % 10°m/s
A=—= —————=50x% 10"m,
i 60s! '
or 5000 km. 60 Hz is the frequency of ac current in the United States, and, as
we see here, one wavelength stretches all the way across the continental USA.

(b) _
3.00 % 10°m/s
= —=322m.
93.3 x 10°s7!
The length of an FM antenna is about half this (YA), or 15m.
(c)
3.00 ¥ 10°m/s

—————— = 633 % 10 "m (=633 nm).

4.74 > 104571 ( )

EXERCISE A What are the frequencies of («) an 80-m-wavelength radio wave, and
(b) an X-ray of wavelength 5.5 x 10 "' m?

EXAMPLE 22-2 Cell phone antenna. The antenna of a cell
phone is often ; wavelength long. A particular cell phone has an 8.5-cm-long
straight rod for its antenna. Estimate the operating frequency of this phone,
APPROACH The basic equation relating wave speed, wavelength, and frequency
is ¢ = Af; the wavelength A equals four times the antenna’s length.
SOLUTION The antenna is 1A long, so A = 4(8.5¢cm) = 34cm = 0.34 m.
Then f = ¢/A = (3.0 X 10°m/s)/(0.34 m) = 88 x 10°Hz = 880 MHz.
NOTE Radio antennas are not always straight conductors. The conductor may
be a round loop to save space. See Fig. 22-17b.

EXERCISE B How long should a §-A antenna be for an aircraft radio operating at
165 MHz?

Electromagnetic waves can travel along transmission lines as well as in empty
space. When a source of emf is connected to a transmission line—be it two parallel FIGURE 22-9 Coaxial cable.
wires or a coaxial cable (Fig. 22-9)—the electric field within the wire is not set up
immediately at all points along the wires. This is based on the same argument we
used in Section 22-2 with reference to Fig. 22-5. Indeed. it can be shown that if
the wires are separated by empty space or air, the electrical signal travels along the
wires al the speed ¢ = 3.0 X 10°m/s. For example, when you flip a light
swilch, the light actually goes on a tiny fraction of a second later, If the wires are
in a medium whose electric permittivity is € and magnetic permeability is p
(Sections 17-8 and 20-12, respectively), the speed is not given by Eq. 22-3, but by
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