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Although you cannot directly feel the effects of radiation pressure, the
phenomenon is quite dramatic when applied to atoms irradiated by a finely
focused laser beam. An atom has a mass on the order of 107 kg, and a laser
beam can deliver energy at a rate of 1000 W/m? This is the same intensity used
in Example 22-5, above, but here a radiation pressure of 107" N/m? would be
very significant on a molecule whose mass might be 107% to 107" kg. Tt is
possible 1o move atoms and molecules around by steering them with a laser beam,
in a device called “optical tweezers.” Optical tweezers have some remarkable
applications. They are of great interest to biologists, especially since optical
tweezers can manipulate live microorganisms, and components within a cell,
without damaging them. Optical tweezers have been used to measure the elastic
properties of DNA by pulling each end of the molecule with such a laser “tweezers.”

y2¥ 2 Radio and Television;
Wireless Communication

Electromagnetic waves offer the possibility of transmitting information over long
distances. Among the first to realize this and put it into practice was Guglielmo
Marconi (1874-1937) who, in the 1890s, invented the radio and developed the
wireless telegraph. With it, messages could be sent at the speed of light without
the use of wires. The first signals were merely long and short pulses that could be
translated into words by a code, such as the “dots™ and “dashes™ of the Morse
code: they were digital wireless, believe it or not. In 1895 Marconi sent wireless
signals a kilometer or two. By 1901 he had sent test signals 3000 km across the
ocean from Newfoundland, Canada, to Cornwall, England. In 1903 he sent the first
practical commercial messages from Cape Cod, Massachusetts, to England: the
London Times printed news items sent from its New York correspondent. 1903 was
also the year of the first powered airplane flight by the Wright brothers. The
hallmarks of the modern age—wireless communication and flight—date from
the same year.

The next decade saw the development of vacuum tubes. Out of this early
work radio and television were born. We now discuss briefly (1) how radio and
TV signals are transmitted, and (2) how they are received at home.

The process by which a radio station transmits information (words and
music) is outlined in Fig. 22—12. The audio (sound) information is changed into an
electrical signal of the same frequencies by, say, a microphone or recording
head. This electrical signal is called an audiofrequency (AF) signal, since the
frequencies are in the audio range (20 to 20,000 Hz). The signal is amplified elec-
tronically and is then mixed with a radio-frequency (RF) signal called its carrier
frequency, which represents that station. AM radio stations have carrier frequen-
cies from about 530 kHz to 1700 kHz. For example, “710 on your dial” means a
station whose carrier frequency is 710 kHz. FM radio stations have much higher
carrier frequencies, between 88 MHz and 108 MHz. The carrier frequencies for
broadcast TV stations in the United States lie between 54 MHz and 88 MHz,
between 174 MHz and 216 MHz, and between 470 MHz and 890 MHz.

FIGURE 22-12 Block diagram of a radio transmitter.
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