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We live in an interconnected world. Certainly the evening news shows us that world events have intertwined our lives
with the lives of others from around the globe. But beyond the ramifications of the global media, perhaps no other de-
vice is doing more to change our culture than the cell phone.

According to a poll conducted by the Pew Research Center, the cell phone has become the most important com-
munication device available for many under the age of 25. Some of the implications are undeniable, some amusing
and some disturbing. For example, more than one in four users admit that they talk on the phone when driving and
do not always drive as safely as a result.

The Pew study provides a detailed picture of how cell phones are being used in everyday life. Many say that the
device has changed their lives in some ways. Youth are more likely to use their phones to make spontaneous calls
when they have free time or when they want to kill time. (TheyÕre also more likely to get sticker shock at the end of
the month when the bill comes.) A third of all youth say they cannot live without their cell phones, compared with only
18 percent of the general population. Interestingly, people under 29 are not always truthful about where they are
when theyÕre on the phone.

In an interview with the Associated Press, one college student from Tennessee said that he used his phone to do
everything: talk, play video games, and use as an MP3 player. Almost 90 percent of all people polled said that theyÕve
encountered annoying people using cell phones, conversely only 8 percent said that they had ever been rude talking
on their cell phone.

Issues: Are Cell Phones Changing Our Lifestyles for the Better?

between the electromagnetic poles produce the nec-
essary electric signals. Velocity mikes produce a lush
sound and were very common in the “golden age” of
radio. (You can see one on David Letterman’s desk
on Late Night.)

Condenser microphones use an electrical device
known as a capacitor to produce electronic equiva-
lents of sound pressure waves. The capacitor is com-
prised of two electrically charged plates. The pattern
of electricity in the plate (its amplitude and fre-
quency) varies in relation to its distance from its sta-
tionary backplate. That distance is affected by the
pressure of the incoming sound waves. While this
might seem complex, the process is quite similar to
the workings of your own ear. Without touching the
volume knob on a portable stereo, you can vary its
loudness simply by moving the headphones closer
to or farther from your eardrums.

Inside the phonograph record and tape recorderPhono-
graph records now seem archaic, but they were an
important means of mechanical transduction of
audio signals. Because they’ve been around for more
than a century and are an important part of broadcast
history, we’re going to spend a moment discussing
them. In recorded music, the sounds produced by
musicians and singers are transduced into cuts made
on each side of the central groove on the record (this
is probably why songs on an album are known as

“cuts” in the popular music business). This process is
known as lateral cut recording.As the turntable
rotates, the stylus (needle) vibrates laterally as it
follows the record groove, creating the vibrations cor-
responding to the original words and music.

Early 1900s record reproduction ranged from
200 hertz (G below middle C, for you musicians) to
around 1,500 hertz (second G above middle C), mak-
ing the sound tinny, but a typical high-fidelity LP
record ranges over nine octaves, from 50 to 15,000
hertz, which pretty much includes most of the sounds
that are produced by voice and musical instruments.

Another way we begin sound signal processing is
by converting sounds into electromagnetic pulses or
“blips” on a piece of audiotape. Under a microscope,
a piece of audiotape can be seen as a concentration of
millions of metallic particles suspended in a plastic
base. When a small electrical signal is fed into the
recording circuit, an electromagnetic field is emitted
by the tape head. As the tape passes the head, its
microscopic metal filings are charged (arranged
magnetically) into an exact replica of the electrical
patterns moving through the tape head. We have
now created an analog signal, just like the grooves
on a record or the oscillations in a microphone. Play-
ing back is simply the reverse of the recording
process. The signals recorded on tape induce a
magnetic field in the playback head, which is then
amplified and sent to speakers.
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Professional audio recording facilities use tape
that is 1 or 2 inches wide, capable of recording 8, 16,
and even 24 or 48 separate sets of signals on one
piece of tape. Consequently, such machines are
known as multitrack recorders. Broadcast stations
use 1⁄4 inch wide tape recording in stereo.

For many years radio stations also used audiotape
cartridge players, or “carts,” for their music, commer-
cials, and station identifications. These machines use a
special tape cartridge with only one reel. The tape
winds past the heads and back onto itself. This allows
for the musical selections to arrive quickly at their orig-
inal starting point (in radio jargon, they are fast-cued).

Cassette tape recorders use a miniaturized reel-to-
reel configuration enclosed in a small plastic housing.
Because of their small size and portability they were
popular with news reporters. The tape is only 3⁄8 inch
wide, and, as we all know from our home and car
stereos, the tape can be recorded and played back on
both sides. Thus there are up to four tracks of informa-
tion crunched onto the small tape area. This is why
cassette stereo units produce some noise and hiss and
why the better ones allow for noise-reduction options
(such as Dolby B and Dolby C).

Why is it useful to know how phonographs and
tape recording works? A basic understanding of
audio technology adds much to our study of the ra-
dio industry. Our entire broadcast history was
preserved on records, audio-, and videotape. These

older analog technologies are frequently referred to
as “legacy” devices, and you may still see them in
radio and television stations.

Digital Electronics As a trip to the nearest electron-
ics store confirms, there has been a revolution in
audio in recent years. Recordings and magnetic
tapes have given way to compact discs (CDs), audio
DVDs, MP3 players, and the minidisc (MD).

Digital audio was made possible by the develop-
ment of a new means of signal generation, known as
pulse code modulation (PCM). This and other mod-
ulation methods are seen in Figure 3–3. At the top of
the figure is the original waveform: the shape of the
original sound we seek to record and reproduce. Let’s
say for this example, it’s the sound of a guitar string
being plucked. Below the waveform is its shape,
transduced into an AM signal. Like a surfer on a
wave, its new shape is a series of peaks and valleys,
or changes in amplitude. In essence, the amplitude of
the carrier changes with the variations of the plucked
guitar string. Below that is the same waveform trans-
duced into an FM signal. Now the message is in the
form of a series of changes in the number of times it
occurs over a period of time (in this case let’s say in
1 second)—that is, its frequency. At the bottom is the
waveform translated into a digital signal. By sam-
pling the amplitude of the wave many thousands of
times each second (by turning a laser beam on and off

The tiny electret condenser is
the preferred microphone in TV
news due to its small size and
rugged design.
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and measuring the length of the light beam at each
interval), a digital version of the wave could be pro-
duced. This process is called pulse code modulation.

Foremost, unlike an analog signal, a digital wave
is virtually constant—it is the identical shape

on recording, on transmission, going into the ampli-
fier, and coming out of the speakers. Second, unlike
tapes and standard phonograph records, if the dig-
ital device can “read” the file successfully, all the
original information will be preserved and the
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original sounds will be reproduced in a noise-free
environment.

CDs As we mentioned previously, the information
on a compact disc (CD) is carried beneath the protec-
tive acrylic coating in a polycarbonate base. In the
base is a series of pits and flats. The pits vary in
length in precise correspondence to the waveforms
they represent. The flats represent no waveforms:
utter silence. As the disc rotates, a laser beam is
focused on the disc. Like a mirror, when the beam
“sees” a pit, it reflects back a light wave that contains
data about the original sound wave. Now, using a

digital-to-analog converter and other electronics, the
data are collected and transduced into an electrical
signal through amplifiers and into speakers. The
result is a clean, nearly perfect sound. In technical
terms, the frequency response for CDs ranges from
20 to 20,000 hertz (remember, the best LP record
ranges from 50 to 15,000 hertz), and CDs have a
signal-to-noise ratio of 90 decibels (compared with
about 60 decibels for records), the common measure
of the intensity of sound, which is pretty darn good.

Unlike with records and tapes, there is no friction or
wear. Discs are comparatively immune from damage
in routine handling and storage, but they can

Digital sampling techniques allow virtually any sound or image to be reproduced and rerecorded, thereby raising a
critical ethical dilemma. Is it ethical to borrow musical phrases from one song and then combine them with pieces of
other songs without the original copyright ownerÕs permission? Most performers and musicians argue that their work
should be protected from such digital manipulation. Others argue that the technology has created a new art form.
Composers should be free to use sounds and images from other works to create new ones, especially those that use
the expropriated images for comedic or satirical purposes.

Negativland is one of those groups of new Òcomposers.Ó The Òband,Ó if you can call it that, exists by purloining
the work of other artists and turning compilations of those bits of work into their own songs. Their albums make use
of hundreds of digital samplesÑfrom familiar rock guitar riffs to snippets of conversations from TV talk shows to
slogans and jingles from radio and TV advertisements. The results are mixed (pun intended), but when it works, the
effect can be insightful and interesting.

Negativland spent nearly 25 years as part of San FranciscoÕs vibrant underground, running a free-form radio show on
BerkeleyÕs edgy KPFA-FM. Things changed when the Irish supergroup U2 sued Negativland over the release of an album
titled U2, which included a vicious parody of the supergroupÕs ÒI Still HavenÕt Found What IÕm Looking For.Ó The lawsuit
has been detailed by Negativland in their book entitled The Story of the Letter U and the Numeral 2. Issues related to fair-
use statutes in U.S. copyright law have been a concern for the group, and they have consistently advocated for reforms.

Never ones to shy away from issues related to modern culture, their CD Dispepsi made use of samples of dozens
of soft drink ads to satirize the leading cola companies. Apparently Coke and Pepsi are too busy with their ÒCola
Wars,Ó and have thus far failed to file suit.

Negativland caused quite a stir in late 1998 with the release of its CD with the not-so-clever title of Over the Edge
Volume 3—The Weatherman’s Dumb Stupid Come-Out Line. According to the bandÕs co-leader Mark Hosler, five CD-
pressing plants refused to manufacture the disc, apparently under pressure from the Recording Industry Association
of America, and Disctronics, a plant in Texas, said it was refusing to make the CD since it might contain unauthorized
sound clips.

In 2005 the group issued No Business, a CD/book that manipulates trademarked icons like Mickey Mouse,
SpongeBob, Batman, and Starbucks. Still, despite mixed reviews from critics, the group performed a shortened ver-
sion for the Duke University Conference on the Public Domain. Don Joyce, co-founder of the band, has said that No
Business is certainly illegal with packaging that has a variety of trademark infringements all over it. TodayÕs digital
technology makes it easy to capture and manipulate the works of others. The question is whether groups like Nega-
tivland should be able to bend the law to make social statements about it. What do you think?

Ethics: NegativlandÑDigital Artists or Rip-Off Artists?
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become scratched. With proper care, they should
never warp, unwind, or jam in the player, and they
cannot get accidentally erased.

Writable compact discs (CD-Rs), developed for
the computer industry, have become standard fea-
tures today on home computers and have the added
ability to record audio signals. As peer-to-peer file
sharing became popular on the Internet, CD-Rs came
into their own. CD-Rs have helped popularize the
MP3 format, which we’ll discuss in a moment.

Digital versatile discs and Super Audio CDs Digital
versatile discs (DVDs) have become remarkably
popular since their introduction in 1997. Most peo-
ple think of DVDs for playback of movies, and
prerecorded discs are capable of reproducing from
one to six channels of audio or Dolby 5.1 surround
sound (a theaterlike, multichannel sound experi-
ence). This makes it possible to playback movies
encoded with Digital Theater Sound (DTS). How-
ever, a new audio format, DVD-A, has been estab-
lished that allows multichannel audio playback and
fidelity greater than the current CD format.

Fidelity greater than CDs? Some audiophiles claim
that CDs are incapable of producing harmonics
above the range of human hearing and that the sam-
pling rate for CDs is inadequate, imparting a coarse,
almost clinical sound. The new DVD-A format allows
a wider band of frequencies to be recorded and with
greater fidelity, 24-bit recording as opposed to 16 bits
as currently used on CD (remember the bigger the
digital word—24 bits as opposed to 16—the more
data about the original signal is recorded). DVD-A
discs are not compatible with older DVD players, and
they won’t play back on a standard CD player.

Super Audio CD (SACD) is another new format
that has been developed in recent years. Like DVD-A
discs, SACDs promise the highest-quality sound for-
mat, and they use a brand-new audio technology
called Direct Stream Digital (DSD) encoding. Unlike
DVD-A, CDs, and other digital technologies, SACDs
do not use pulse code modulation. Instead, these
new CDs use 1-bit sampling at amazingly high
sample rates (more than 2.8 million samples per sec-
ond). Some experts claim this new sampling technol-
ogy gives SACDs a more realistic sound quality.

SACDs, like DVD audio discs, are capable of play-
ing back DTS 5.1 multichannel sound. SACDs were
invented by Sony and Philips, the two companies that
originally invented the CD. While it’s too early to tell
whether there will be widespread acceptance of the

new audio format in the consumer marketplace, new
high-definition (HD) radio may use these technologies
to broadcast surround sound and multichannel audio.

Moving Picture Experts Group—Audio Layer III (MP3)
MP3 is the name for a recording compression tech-
nology that grew for file sharing and exchange on
the Internet. It has quickly spread from college cam-
puses to home audio systems. MP3 uses compres-
sion technology to eliminate inaudible frequencies
as a way of shrinking the file size of an audio record-
ing. This compression scheme, which made it possi-
ble to share audio files via the Internet, grew to be
very popular by the year 2000. Compression technol-
ogy makes it possible to squeeze thousands of songs
onto tiny MP3 players. Today, many DVD players
and personal CDs can play back the MP3 format.
MP3 files come in a variety of quality standards, but
the highest-quality MP3s (such as Apple’s iTunes
files) nearly equal the sound of CDs.

Some broadcasting stations have encoded music on
computer drives using MP3 technology. The result is
that it is possible to store hundreds of hours of music
on several large computer hard drives. Today most
stations use computers for music playback since spe-
cial programs allow the program director to order mu-
sic selections in accordance with the station’s format.

Minidisc In 1993, Sony introduced a compact digital
replacement for cassettes called the minidisc (MD).
The minidisc is about 21⁄2 inches in diameter, just
about one-quarter the size of a standard CD. Designed
mainly as walkabout stereos, the MD eliminates the
problem many portable CD players have had: skip-
ping as a result of laser mistracking. MDs can record
up to 74 minutes of music, and HD-MD discs can
record up to 13 hours on one disc. Some minidisc
machines can also read out text (liner notes, song
titles, and so on), and they can be reused for record-
ing numerous times. Like MP3s, minidiscs use com-
pression technology for recording and playback.

While minidiscs have become fairly common in
broadcasting stations as substitutes for analog cart ma-
chines and for radio news gathering, the minidisc has
never really been accepted in the home marketplace.

Video Signal Generation

Television’s ability to transmit images is based on
the technology of scanning. The TV camera scans
each element of a scene line by line; the picture tube
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in your TV set retraces the scene. Earlier in the chap-
ter we said tracing the outline of your hand is a way
to create a facsimile representation of the hand on
the sheet of paper, like the illustration in Figure
3–4(a). Let’s change the game a little bit. Instead of
drawing one continuous line, suppose we trace the

hand by using a series of five parallel lines, as
depicted in Figure 3–4(b). We move the crayon
straight across. We lift it when it encounters the hand
and return it to the paper when it passes by a “hand”
area. The result is the rough facsimile of the hand in
Figure 3–4(b). Now, let’s use 10 lines instead of 5.

(a) (b)

(c) (d)

Figure 3–4

Examples of Scanning
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facility. Today consoles are likely to be either analog
or digital. It is the place where all audio signals are
inputted, selected, controlled, mixed, combined, and
routed for recording or broadcast transmission. Let’s
examine each of these phases individually.

The first function of the board is to accept (input)
sound sources. A major-market radio station may
have several computers for playing back music and
commercial messages, several CD players or digital
cart machines, and perhaps five or more micro-
phones spread among several studios but capable of
being interconnected. A recording studio is even
more complex.

The board usually consists of a number of sliding
faders that control the sound level. Ten-, 12-, and 24-
input boards are common. Some inputs correspond
to one and only one sound device. Others use select
switches and routing devices to allow for a single in-
put to control as many as four or five different sound
signals.

Each input is controlled by a sliding bar called a
fader. By using the fader, the board operator can adjust
the sound level of each studio input. More elaborate
boards allow for equalization and special effects to be
controlled at this stage as well. Consoles also allow for
each source to be measured or metered and for the
outputs of various signals to be amplified similarly.

Sitting at one location, the audio person can com-
bine and compose the overall sound of a perfor-
mance, which is called the mix. All the various audio
sources are combined together, sometimes in a single
(monaural) mix for AM radio but more commonly in
a two-channel (stereo) mix where the different in-
struments are placed left, right, or in the middle of
the sound field. Today a five- or six-channel mix may
be done for a surround sound high-definition pro-
gram or a movie soundtrack. The resulting mixes are
recorded on a computer using special audio recording
software or broadcast live to viewers and listeners at
home.

Desktop Audio As you might have guessed, today’s
high-memory, fast computers can perform the same
audio tricks as can the largest, most sophisticated
mixing consoles. With a microphone, a sound card,
and a fast hard drive, many home computers can be
turned into fully functional sound studios. In fact,
computers are probably the most common recording
device in radio and television today.

The result is a revolution in audio signal process-
ing. Many radio executives have converted their

stations into “tapeless” radio stations, where the
announcing, music, amplification, and mixing are
done on a desktop computer.

One company, Radio Computing Services (RCS)
of Scarsdale, New York, calls its desktop system
Master Control and touts it as the “paperless, tape-
less, all-digital studio.” In its system, all audio
signals—jingles, commercials, musical selections,
even telephone calls from listeners—are stored on
computer hard drives. There are no tape machines,
CDs, or turntables. In essence, an entire radio station
is converted into a network of desktop computers.
The jock doesn’t even have to be in the same city as
the radio station since the system can send and
receive the voice tracks as sound files over the Internet.

Video Amplification and Processing
You’re watching a live newscast, but before the TV
signal travels from the camera to the transmitter,
several things happen. First, the electrical signal is
amplified—increased in electrical intensity—and
carried along a wire to a monitor, within a video con-
trol room where it is viewed by the director and
other production personnel. In most TV programs
the cameras and other video input sources (tape ma-
chines, video servers, computers, the graphics gen-
erator, and so on) are mixed together before they are
transmitted. The switcher, a device used for mixing
TV signals, is probably the first thing a visitor to a TV
control room notices. The advanced models are
impressive-looking devices consisting of several
rows of buttons and numerous levers. A television
director uses a switcher to put the desired picture on
the air. If camera 3 shows what the director wants to
see, then pushing the appropriate button on the
switcher puts camera 3 on the air. If video server 4
has the desired instant replay, then pushing another
button puts it on the air.

The switcher also lets the director choose the
appropriate transition from one video source to
another. Simply punching another button generates
what’s known as a cut—an instantaneous switch
from one picture to another. By using a fader bar the
director can dissolve from one picture to another or
fade an image to or from black.

If a special-effects generator is added, a host of
other transitions is possible. One picture can wipe out
another horizontally, vertically, or in many other pat-
terns. A split screen with two or more persons sharing
the screen at the same time is possible, as is keying, an
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effect in which one video signal is electronically cut
out or keyed into another. The most common use of
this process is chromakey. A specific color (usually
blue or green) drops out of one picture and another
picture is seen everywhere that color appeared in the
original picture. Weathercasters, for example, usually
perform in front of a blue background, which is re-
placed by keyed-in weather maps or other graphics.
(Performers must be careful not to wear clothing that
is the same color as the chromakey blue, or they will
appear transparent on screen.)

Digital Video Effects As might be expected, digital
technology has had an immense impact on video pro-
cessing. Each TV signal can be converted into a series
of binary code numbers that can be manipulated and
then reconverted back into a TV signal. There are nu-
merous types of digital video effects, or DVE, in indus-
try parlance. They include freeze-framing, shrinking

images in size and positioning them anywhere on the
screen (as happens when an anchor talks to a field re-
porter and both pictures are kept on screen), stretching
or rotating a video picture, producing a mirror image,
and wrapping the picture into a cylindrical shape.

Desktop Video Until the late 1980s, generating video
special effects required large, expensive processing
equipment. Only a few big-city TV stations and pro-
duction centers had the capability to produce digital
video (DV).

In the early 1990s computer companies merged
the video signal with the personal computer. As if to
underscore the low cost and simplicity of these new
technologies, one common setup was known as a
Òvideo toaster.Ó

Today, the digital revolution is in full swing. Video
can even be produced on powerful laptop computers;
Apple ComputerÕs Final Cut Pro and AvidÕs Express

Video inputs are mixed together
in the television control room.
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devices for the next generation of computers). Still it
is not clear which technology consumers will em-
brace. Microsoft has said it will incorporate HD-
DVDs as an accessory, while Sony will add Blu-ray
technology to PlayStation 3 consoles. At this time
(2006) Blu-ray has more studios promising HD
movie releases, but it also a more expensive technol-
ogy. While the initial sets are priced high: $500 for
HD-DVD and $1,000 for Blu-ray, consumer electronics
become more affordable over time.

Digital Video Recorder (DVR)The DVR is a video
recorder that uses a computer hard drive as the main

storage device. The recorder, marketed under such
trade names as TiVo and Replay, connects to your ca-
ble box and telephone. It has the ability to record and
play back television shows via a remote control, but
its ability does not stop there. The TiVo is essentially
a set-top computer that collects information about
what television shows are on and when. You can tell
the device what you like, and it will record programs
for you. For example, you could program the TiVo to
record every episode of Housefor an entire season.
And because the machine allows instant record and
playback access, you could skip through the com-
mercials on a program or pause live TV. (Skipping
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No, that’s not a newspaper headline from the eighteenth century. It’s a modern, global problem. Today’s digital tech-
nology and the widespread popularity of VCRs, audiotape recorders, and now recordable CDs have made illegal copy-
ing of music, movies, and recordings a worldwide growth industry. To make matters worse, some of the illegal activ-
ity may actually be . . . well, almost legit. According to Ken Hansen of Canada’s Royal Canadian Mounted Police,
organized crime is getting involved in these activities because it is seen as a low-risk, high-reward activity.

It is common today for illegal copies of first-run movies to be available on DVD from street-corner vendors, whose
wares may also include audiotapes and CDs, and fake name-brand cosmetics or leather goods. In fact, in Russia, il-
legal DVDs of popular movies like Spider-Man 2 were available on the street within a few days after its theatrical re-
lease! The economic impact of this phenomenon is staggering. The Justice Department puts losses of intellectual
property in the $250 billion range.

Illegal copies are being made and sold all over the world. In the United States, the Recording Industry Association
of America (RIAA) and record companies won a major victory over Napster and Grokster, but new peer-to-peer file-
sharing programs have replaced the defunct file-sharing services.

In Hong Kong, customs inspectors smashed a pirate recording factory in the To Kwa Wan district that had been
producing more than 40,000 video discs each day. All the seized discs contained illegal copies of American movies,
some still in the theaters. In Britain the Federation against Copyright Theft (FACT) shut down a major bootlegging ring
at one of London’s largest open-air markets. While these individual raids make headlines, thousands more pirated
CDs and DVDs, particularly from mainland China and Russia, escape detection. And it’s a big problem. Some estimate
that 300 million pirated DVDs were produced in Russia alone in 2005.

In what may be a groundbreaking precedent, some entrepreneurs have taken advantage of Russian law and cre-
ated an illegal music downloading service that may be legal. Allofmp3.com is a Russian online music store with a
fancy Web site (in both English and Russian), offering music downloads for as little as 7 cents. Pet Sounds, the Beach
Boys’ masterpiece album, is offered for $1.11! In contrast, iTunes Music Store charges $9.99 for the same album.
The company says that it’s in compliance with Russian copyright, governed by the Russian Mulitmedia and Internet
Society and general laws, which unlike the U.S. regulations do not cover individual downloading of music files. But
here in the United States, Allofmp3.com is at the top of the office of the government’s list of the world’s most notori-
ous piracy markets. There is a fierce debate going on currently between record companies and Allofmp3.com. The
British Phonographic Industry (BPI) has won approval to serve proceedings against the Web site, and U.S. trade
negotiators have warned Russia that the Web site could jeopardize Russia’s entry in the World Trade Organization.
According to Russia’s 1933 copyright law companies that collect royalties for use of foreign artistic works are not
obligated to pass them on to the International Confederation of Societies of Authors and Composers. At the moment,
it seems perfectly legal to use this illegitimate music service.

Issues: Pirates Threaten World Commerce! But Is It Really Illegal?
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