








37.8 Electromagnetic Waves

Shake the end of a stick back and forth in still water and you will
produce waves on the water surface. Similarly shake a charged rod
back and forth in empty space and you will produce electromagnetic
waves in space, as shown in Figure 37.19. This is because the shak-
ing charge can be considered an electric current. What surrounds an
electric current? The answer is a magnetic field. What surrounds a
changing electric current? The answer is, a changing magnetic field.
What do we know about a changing magnetic field? The answer is,

it will create a changing electric field, in accord with Faradayes law.
What do we know about a changing electric field? The answer is, in,
accord with Maxwellss counterpart to Faradayes law, the changlng )
electric field will create a changing magnetic field.

@ An electromagnetic wave is composed of oscillating elec- -
tric and magnetic fields that regenerate each othéo medium is
required. The oscillating fields emanate (move outward) from the
vibrating charge. At any point on the wave, the electric field is per-
pendicular to the magnetic field, and both are perpendicular to thfiIGURE 37.19 A

direction of motion of the wave, as shown in Figure 37.20. Shake a charged object back
. and forth and you produce
Speed of Electromagnetic Waves How fast does the electro- electromagnetic waves.

magnetic wave move? This is a very interesting question, and, in the
history of physics, a very important one. If you ask how fast a baseball
moves, or a car, or a spacecratft, or a planet, there is no single answer.
It depends on how the motion got started, what forces are acting, and
how fast the observer is moving. But for electromagnetic radiation,
there is only one speed,the speed of light,no matter what the fre-
guency or wavelength or intensity of the radiation.
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FIGURE 37.20 A
The electric and magnetic fields of an electromagnetic
wave are perpendicular to each other.
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/At only one speed wi||\
the linkage between
electric and magnetic
fields be in perfect bal-
ance with no gain or
loss of energy—exactly

the speed of light!
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This remarkable constancy of the speed of propagating electric
and magnetic fields was discovered by Maxwell. The key to under-
standing it lies in the perfect balance between the two kinds of fields
that must exist if they are to propagate as waves. The changing electric
field induces a magnetic field. The changing magnetic field acts back
to induce an electric field. The wave is continually self-reinforcing.
Maxwell’s equations showed that only one speed could preserve this
harmonious balance of fields.

If, hypothetically, the wave traveled at less than the speed of light,
the fields would rapidly die out. The electric field would induce a
weaker magnetic field, which would induce a still weaker electric field,
and so on. If, still hypothetically, the wave traveled at more than the
speed of light, the fields would build up in a crescendo of ever greater
magnitudes—clearly a no-no with respect to energy conservation. At
some critical speed, however, mutual induction continues indefinitely,
with neither a loss nor a gain in energy.

From his equations of electromagnetic induction, Maxwell cal-
culated the value of this critical speed and found it to be 300,000
kilometers per second. To do this calculation, he used only the con-
stants in his equations determined by simple laboratory experiments
with electric and magnetic fields. He didn’t use the speed of light. He
found the speed of light!

Cellular Field Technician Wireless communication through

such devices as cellular telephones and pagers depends on
communications towers maintained by cellular field technicians.
Signals carried by electromagnetic waves are transferred from one
tower to the next. The Federal Communications Commission (FCC)
determines the frequency of the waves allowed at each tower. Cellular
field technicians use physics to analyze or alter the electromagnetic
waves coming into a receiver or being sent out by a transmitter.
Cellular field technicians are employed by companies that maintain
cellular communications towers.

Nature of Light Maxwell quickly realized that he had discovered
the solution to one of the greatest mysteries of the universe—the
nature of light. If electric charges are set into vibration with frequen-
cies in the range of 4.3 x 10" to 7 x 10'* vibrations per second, the
resulting electromagnetic wave will activate the “electrical antennae”
in the retina of the eye. Light is simply electromagnetic waves in this
range of frequencies! The lower end of this frequency range appears
red, and the higher end appears violet. Maxwell realized that radia-
tion of any frequency would propagate at the same speed as light.



This radiation includes radio waves, which can be generated
and received by antennas, as shown in Figure 37.21. A rotating device
in the sending antenna alternately charges the upper and lower parts
of the antenna positively and negatively. The charges accelerating
up and down the antenna transmit electromagnetic waves. When
the waves hit a receiving antenna, the electric charges inside vibrate
in rhythm with the variations of the field.

On the evening of Maxwell’s discovery of the nature of light, he
had a date with a young woman he was later to marry. While walking
in a garden, his date remarked about the beauty and wonder of the
stars. Maxwell asked how she would feel to know that she was walk-
ing with the only person in the world who knew what the starlight
really was. For it was true. At that time, James Clerk Maxwell was the
only person in the world to know that light of any kind is energy car-
ried in waves of electric and magnetic fields that continually regener-
ate each other.

E%NECET(I What makes up an electromagnetic wave?
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FIGURE 37.21 A

Electromagnetic wave emanation by a sending antenna and reception by a receiving
antenna. Successive views, (a) through (i), show how acceleration of the charges up
and down the antenna transmits electromagnetic waves. Only sample electric field
lines of the wave are shown—the magnetic field lines are perpendicular to the electric
field lines and extend into and out of the page.
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Science, Technology, and Society

Is ELF Radiation Dangerous?
We live in fear of the unsensed. Anything that exists, or is imagined
to exist, yet escapes detection by our five senses, is often a source
of fear.

Many people fear radiation. Some is hazardous, and some is not. No one
doubts the hazards of radiation from some nuclear reactions, and no one
seriously fears the low-frequency radiations of AM radio. But in recent
years a series of books and magazine articles have fanned the flames of
public fear by claiming that the extremely low frequency (ELF) radiation
of common 60-Hz electric power causes certain forms of cancer.

Is this claim true? Some activists say yes, although the scientific
consensus is that this is just one of many health scares that has no basis.
Careful studies have not substantiated the claimed risk. Bioscientists
point out that the electric fields due to power lines at the location of a
cell in the body are thousands of times smaller than those due to the
normal electrical activity of nearby cells. They also point out that cancer
rates have remained constant or fallen over the last 50 years (with the
exception of rising cancer rates due to smoking). Yet during this time,
exposure to ELF radiation has increased tremendously. More detailed
analysis of the studies that prompted the controversy shows no link
between ELF and cancer.

Critical Thinking Suppose you're a scientist and you find uncertain
evidence that some common food—tomatoes, for example—may be
a serious health risk. What responsibility would you have to make your
findings known to the general public? If you stress the uncertainty

of your findings, perhaps no one will listen. Should you then make
sensational claims, even unsupported, to get people’s attention?






