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PREFACE

We have written Introduction to Radio: Production and
Programming for several reasons. First and most impor-
tant, we want you to look beyond the how' of the tech-
nology of radio production, beyond the process of creating
a short announcement or half hour program or news story,
and to understand the why of production. We want you
to know how programming decisions have a direct effect
on the production performed in a radio studio. We believe
that this approach makes the study and practice of pro-
duction more meaningful, more real. We have worked in
commercial and educational radio for many years, and
we have observed its people and its programming. We have
used our experiences to write this book.

As a production text, most of what follows is certainly
about the basics of audio production for radio: what is
sound and what is audio; how to identify, select, and op-
erate production studio and on-air control room equip-
ment; how to prepare and organize for a production. We
have included chapters on how to produce a short news
story; how to produce a radio documentary; how to make
commercials, public service, and promotional announce-
ments; how to be a disc jockey/air personality; how to
work with comedy and drama. Integrated into each pre-
sentation of a production technique is an explanation of
why a station’s particular music or information format,
or the needs of an advertiser or community organization
has led to the production that you will be expected to do
at that station. In many instances, we have put a current
programming genre or production technology and pro-
cess into both a historical context and a future prediction.
We have given radio production and programming a past
and a future. We want you to know the why, as well as
the how.

v

We have seen rapid and recent changes in the tech-
nology and business of radio. It's amazing to see how stu-
dents seem to immediately understand the computers used
in modern radio production. Perhaps it's the result of a
generation of playing video games and doing homework
assignments on word processors, but whenever a com-
puter replaces a manual way of performing a radio pro-
duction task, students embrace, understand, and always
prefer the computer method. It's happening faster than
anyone ever realized. The economic structure and the au-
diences of the American system of broadcasting have also
changed. New program formats and new delivery sys-
tems will ultimately influence the content of what is pro-
duced for the new listener with new expectations from
radio.

Finally, we want to give you a sense of feeling for what
it is like to be a part of the creative side of radio. When-
ever possible, we have placed you inside the radio station,
in programming meetings, meetings with sponsors, on the
air as a disc jockey, even at city hall for a news interview.
We'll show you how to survey the jobs in radio and how
to put together an audition tape and resumé. We want to
help you know the people who work at the radio station,
what they do and why. And because we want you to look
realistically at the possibility of a future career in radio,
we have tried to present it as honestly as possible.

We have also looked at college and university pro-
grams in radio and television and found that while most
students are in television they will take at least one course
in radio. We want mass communications and journalism
students to see the similarities between radio and tele-
vision technology, programming, and production. We want



television production students to understand audio pro-
duction for radio. We want radio students to get a good
background before going on to a radio internship or entry-
level job. Call it the big picture. If electronic communi-
cations using the various delivery systems—radio, tele-
vision, cable, and satellite—has such a profound influence
on our lives, then shouldn’t we put its production pro-
cesses in as real a context as possible? We have tried to
add content to the abstract technology of radio. We want
to give radio production a sense of purpose, a home, a
face, a name, a history, and a hope for the future. It is
because of our belief in the importance of presenting the
activities of radio production in the context of how the
radio station works that we have written this book. We
hope that we can help you to understand all of radio better.
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The Excitement of Radio

Picture this: You are in your car driving east on Inter-
state 70, a few miles from the Ohio border. You've been
at it for ten to twelve hours a day for the past four days.
Drive, stop, eat, drive, stop, sleep, drive again. And worse,
it has been raining for the past three days. Both your
sanity and your windshield wipers are beginning to fail.
Still, you remain alert, almost at attention. A dozen dif-
ferent ideas have been churning around in your mind
during this lonely drive to nowhere: How much longer
will this old car really last? Will I ever find West Vir-
ginia? Will I like it there, will they like me? Mostly,
though, you've been thinking about radio. Real radio. Not
the college station where everyone played the music they
liked and said what they wanted to say, but a real radio
station where you get paid to be on the air. Unlike the
college station where your audience was in the hundreds,
you could be listened to by thousands in West Virginia.
Unlike the college station where you were on the air for
only four hours a week, you are heading for an eight-
hours-a-day, six-days-a-week, full-time paying job in
broadcasting. A career in radio production.

Back to reality. Comfortably inside Ohio, you reach
for the map to reinforce the directions given you on the
phone by the person who hired you. About two hundred
more miles to West Virginia, then south on US 250 from
Wheeling, and follow the signs to Moundsville. You laugh
out loud, and in your best announcer voice you say,
“WMVA in Moundsville, the gateway to West Virginia.”
Soon you'll make the complete transformation from full-
time college student to full-time working stiff. You are
looking forward to the experience, but your emotions are
mixed. The nervousness you feel is not unlike that first
day you sat behind a microphone. As a person growing
up and going to college in California, you somehow be-
lieved that you would get a job at a big station and be a
star. Maybe not Los Angeles or San Francisco, but at least

A

Fresno. You were going to the best school, and you were
a shining star in local college radio.

So why, you ask yourself, are you less than two hours
from Moundsville, West Virginia? The answer, of course,
is opportunity, and you know it. Faced with graduation,
you carefully assembled the best pieces of your radio tapes
and, along with a letter of introduction, sent copies to fifty
stations. Music programming experience? Some. News?
You did minor in journalism. Sports? This is how you got
the job and why you are only a few hours from West Vir-
ginia. And even though your forte in college broadcasting
was football and basketball play-by-play, and even though
you were probably hired because of your sports experi-
ence, those high school games will only be a part of your
first job in radio. You already know that at WMVA, you
will be a combination DJ/news/production/writer/
sportscaster. You don’t know it yet, but you'll probably
answer the phones and sweep out the studio. You'll do it
all. You'll love it!

That first job in radio production. Truly there is no
excitement like that found at a small, local radio station.
It is the small station in the proverbial southern or mid-
western small town that will hire the fresh-out-of-college
broadcaster, so this is where a broadcasting career often
begins. Of the many thousands of radio stations found in
all fifty states, most are in small towns and many will
welcome a talented, motivated graduate right out of
school. The best reason for pursuing a job at a small sta-
tion is that it allows you to see the big picture. By per-
forming all the production and on-air jobs, you will begin
to know what you like and don't like, what you are good
at and what you are not. You'll learn fast in an atmo-
sphere without ratings and the pressures of competition.
Most importantly, many of your co-workers there will be
just like you, so you'll find out quickly about new chal-
lenges at larger stations.



CHAPTER

| Introducing Radio
Y Programming and Production

There are more than 12,000 licensed radio stations in the United States today, most
operated as profit-making businesses. The rest are nonprofit public and community
stations or teaching labs. At each station are a few, to several dozen, to several
hundred, people engaged in a variety of administrative, technical, and creative tasks.
All of these people have one goal in common: to present to an audience a product
using the processes and equipment of audio production, a product usually defined
as either a continuous offering of music, news, and talk, or a collection of longer
programs. Whether the manager or a disc jockey, one who writes commercials or
news, one who sells time to advertisers, or one who repairs and installs equipment,
every person in the radio station is there to support the programming of the station
in some way. Support of a station’s product, its programming, is the specific purpose
of production. As a student of radio, your first job in a small local station probably
will be mostly in production.

PRODUCTION TASKS AND CHALLENGES

As a radio production professional, you'll probably spend much of your work day
engaged in real-time, continuous production as an on-air disc jockey or air person-
ality. An air shift of from four to six hours daily, six days a week, is not uncommon.
It is here that you'll soon find out whether you are cut out for the highly repetitive
world of radio. More importantly, you'll meet other radio production people in var-
ious stages of their radio careers. From them you’ll learn about on-air styles, pro-
duction techniques, and other jobs at other stations. If you remain interested, you'll
make tapes and begin to listen carefully for an emerging style. As an on-air disc
jockey, you'll be in a public position, communicating to an unseen audience. Many
in that audience will perceive you as a friend, a trusted member of the community.
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Communication using radio.

The job of the live DJ is the most publicly visible in radio production, but there
is another part of the production process that is potentially more important and
usually more creative. In a room called the production studio, you’ll be expected to
create, write, read, record, and prepare for air many of the commercials and other
short announcements used during the broadcast day. This other part of the pro-
duction process is often a daily responsibility, one performed before or after the air
shift is complete. This production will be assigned and supervised by programming
and promotions people, salespeople, and advertisers. For this part of the production
process, you'll get to shift gears and slow down a bit. Instead of the constant atten-
tion required in the service of an on-air format, there will be time to try out new
techniques, write scripts, and experiment with music and announcer delivery styles.
It is here that most of the creativity in radio production can be realized.

RADIO PROGRAMMING INFLUENCES RADIO PRODUCTION

The programming done by a radio station—its type of music, the style of the an-
nouncing—is the factor that most influences, even dictates, the type of production
done at the station. The kind of music that will be used as background for a com-

" mercial announcement, the speed at which the copy is read, and the kinds of sound
effects that may or may not be used will mostly be tied directly to the overall station
sound, based on a programming philosophy called a format, and all planned in ad-
vance and supervised by the program director and general manager of the radio
station. That is why this book is going to place the technical and creative tasks of
audio production for radio into a programming context whenever possible. There is
a reason behind the sound of every radio production.
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THE GREATER PICTURE

This book is designed for the student who will elect a single radio production class,
the student who may now be interested primarily in television production but wants
or needs to know about radio production. There are more similarities than differ-
ences between radio and television. The audio portion of television is like radio, and
it uses much of the same equipment. Both aim at serving a mass audience for profit.
Both require the production person to follow a similar process of preplanning, pro-
ducing, and editing. Both often use a similar cast of talent and technical people:
actors, directors, writers, producers, engineers, and editors. Both require a sense of
timing and a desire to creatively entertain or inform the listener and viewer. And
while most of the equipment is certainly different, any production experience, audio
-or video, will add to the general communications experience. Plus, any skills you
learn in audio are guaranteed to make your next television project sound better.

During your professional lifetime, you may work in a dozen different production
venues, both radio and television. You may also use your production experience for
a totally nonmedia career, law or business for example. There are dozens of suc-
cessful attorneys who owe part of their skill at speaking before judge and jury to
their on-air experience in radio. So whether you see radio production as a career in
itself, as an adjunct to a career in television, or as just an interesting piece of the
liberal arts puzzle, you will see radio in a new perspective after reading this book.
You will be a better consumer of radio, and you will begin to see it from an industry
standpoint.

Another real advantage of most of what is defined as audio production for radio
is its low cost. You could go into any one of thousands of radio production studios
and produce a very competent-sounding commercial for no real expense on per-
sonnel, music, or special equipment. Using audio only, you can experiment with
script writing, different voice styles, drama, comedy, informational, all without paying
for a camera crew and equipment, lighting people, and the typically larger number
of people needed for a similar effort for video. An idea that you, as a student, have
for a creative project that is not possible using video or film, because of the high
cost of equipment and people, may be adapted and done very inexpensively for radio.
And since it is more likely that a college or university will have a radio station than
a television outlet, your audio production could be heard by thousands, while your
video project may never be viewed outside of the classroom. You can learn a lot
from radio production, and your production can be heard by an actual audience.

HOW TO USE THIS BOOK

This book is organized into sections designed to lead you from equipment to pro-
duction techniques, and from production techniques to programming applications.
The order of chapters within these sections is planned so that once the basic ter-
minology and equipment for radio have been learned, several different levels of pro-
ductions can be attempted. Once there is a familiarity with where and how production
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is done, the practical application of programming will make sense. You won’t do
production in a vacuum; you’ll be encouraged to learn a bit of the history of a par-
ticular radio programming idea or production technique. You'll be given much of
the background needed to generate ideas and turn them into radio production, all
in the service of programming. You'll be placed inside the thought process used in
the radio station to turn radio programming into radio production. /ntroduction to
Radio: Production and Programming is about audio production as performed at
the radio station.

The chapters in Section Two introduce the basics of sound. Learn how you hear
and why, then how to define what you hear, and finally how that knowledge applies
to audio production. Both the physical characteristics and the terminology of sound
are presented as an important part of the necessary background of audio; it is here
that the basics of sound are related to audio production. Next in this section, the
audio chain as it is used in the radio station is introduced. Soon you’ll understand
which devices pick up and produce audio, like microphones and compact disc players;
which devices route and change the shape of that audio, like mixing consoles; and
what types of equipment are used to edit and store it for later broadcast. Individual
pieces of audio equipment will always be shown in the context of the complete audio
signal path; for example, what happens between the time a person speaks into a
microphone in a radio station and it finally is heard by a radio listener. Each piece
of equipment is organized into logical categories, along with an explanation of how
it works. First sound, then audio equipment.

Finally in this section, those individual tools that are the technology of radio
production will be put together and presented as complete production systems. It is
here that you will see the studio and control room as those working in radio see
them every day, as functioning facilities dedicated to the production that supports
the programming of the station. You will learn the differences between a control
room designed for live, continuous on-air broadcasting and the studio used for the
preparation of announcements and programs to be broadcast later. These studios
and control rooms will be shown as actual facilities in real radio stations. Finally,
you will learn how to select equipment that is most appropriately used for on-air
playback or that is better suited for recording and editing.

Section Three is about actual, usable production techniques. In the beginning
you will learn how to approach and organize a production project. A process will
guide you step by step as you consider script, treatment, selection of music and
sound effects, what people to involve, and how to select each. Next you will enter a
simple studio in preparation for actual production and will be presented with a simple
assignment designed primarily to familiarize you with the location and operation of
basic equipment as a production system. This requires you to undertake the intro-
ductory tasks of production: selecting and preparing music, identifying playback
and recording equipment and supplies, setting correct volume levels for each device,
and then, one step at a time, assembling a simple project.

Next you’ll be ready for the more advanced production activities, those tech-
niques used to complete more complex projects. You will learn how to plan for and
produce a project with a production group, one that may require more than one
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You may learn how to edit using a computer.

voice, special music, and special facilities and equipment. Presented here are tech-
niques used by professionals, like multitrack recording and the planning and re-
cording of original music and sound effects. Unlike the basic project described in
the previous chapter, the advanced project will need to be done by a small group
where each person has specific tasks as part of a final product. To complete this
section, you'll see how to edit projects both by physically cutting and splicing tape
and with the use of a computer-controlled digital audio workstation.

Section Four, turning radio programming into production, is about the practical
application of production in the direct service of radio programming. This section
is going to make the tools and techniques of radio production seem more real. The
chapters in this section tie together what you’ve learned about production tech-
nology and processes with how to use it to support the kinds of programming de-
cisions that a station must make. First, the radio station itself. Learn about the
programming role of radio today: how and why a station selects a particular type
of programming or format and how it decides whether that programming choice is
effective. Find out which people at the station level are engaged in production. Once
you understand the role the radio station plays as a programmer, you’ll be intro-
duced to the creative process that results in production there. You'll learn how to
create commercials and public service announcements, how to produce news and
documentaries, how to use drama and comedy, and how the on-air disc jockey uses
continuous production in the service of the format.

Finally, there is a look ahead at what to expect in the future of radio business,
programming, and technology. Will production equipment become more comput-
erized, and will the conventional tape recorders and CD players used in radio slowly
become obsolete, replaced by the next big thing? What about the way a station
selects its music, determines its programming? How will delivery systems change?
Someday, the term broadcasting may mean much more than just a person in a studio
with a transmitter and antenna on a hill or tall building. But no matter what equip-
ment is used, no matter what the delivery system, some things will never change.
Audiences will still want information and entertainment, and someone will have to
produce and present them. That person may be you. Read on. You have an exciting
challenge ahead.
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The Technology and Tools
of Production

The initial step in solving problems, performing tasks, or
beginning new projects is to first become familiar with
the tasks and tools needed to create a product—in our
case, the production. This section will take that first step
toward learning creative radio production by describing
the physics of sound and the process of hearing, as well
as the basic principles of sound design.

In audio production, the route that sounds take from
their source to their destination and any manipulation
(processing) along the way, is known as the sound chain.

Of course, the sound chain always depends on the medium,
the equipment being used and the audio being produced.

In a sound studio, audio signals aiso follow a pre-
scribed path called the signal flow. In order to efficiently
organize an audio project, you must be aware of the sound
chain and become familiar with the signal flow within the
studio and individual components. This section provides
an introduction to the lexicon—equipment and facilities
that are used in audio production.
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Y and Audio

Whether you realize it or not, you already have a working knowledge of sound. For
example, you know that the sound of a person shouting seems much louder and tends
to echo much more in a gymnasium than it does outside after a freshly fallen snow.
You have probably noticed how the flash of lightning and its accompanying thunder-
clap don’t seem to happen at the same time. Even as you read this page, you can
cup your hand behind your ear and target specific directions to change your per-
ception of the sounds in the environment. What you probably don’t know are the
words to describe these various characteristics of sound.

UNDERSTANDING SOUND

Sound consists of waves that travel out from a source, similar to the waves created
when you drop a pebble into a smooth pool of water. But instead of water being the
medium, the sound waves that are perceived by your ears travel through the medium
of air.

How and Why Do You Hear?

Sound waves are created when a moving source vibrates the air next to it. When
you speak, your vocal cords vibrate the air in your throat, creating a wave that, in
turn, vibrates the air next to it, and so on until it reaches the air in the listener’s
ear. The sound waves consist of changes in air pressure. The ear detects these vari-
ations in pressure and translates them into pitch and volume. The eardrum vibrates
the tiny bones inside the middle ear called the hammer, anvil, and stirrup. These
bones transfer the vibrations to the inner ear, where a group of tiny nerve sensors
reacts to the vibrations and sends electrochemical signals along the auditory nerve
to the brain for identification. Characteristics of the waves allow the brain to iden-
tify the sound and determine the direction of its source. ‘Assuming a static head
position, one ear cannot determine direction but two ears can. This is called the
binaural effect.
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If you have been around extremely loud sounds, you have probably become aware
of air pressure movement. If you listen to a car stereo with the volume up high or
if you stand next to a car playing loud music, you can actually feel the boom vi-
bration of the bass as it moves the air around you. This is an example of changing
air pressure.

Audio begins with a basic understanding of the characteristics of waves because
it is waves that are electronically created, recorded, reproduced, transmitted, and
amplified during the production process. Before you can manipulate waves, you must
understand how they work. The first step is identifying types of waves such as sound
waves and electromagnetic waves, which includes light waves.

Sound waves travel at a constant speed of approximately 344 meters, or 1,130
feet, per second in air at 70 degrees Fahrenheit. Temperature is a factor in sound
speed because the barometric pressure of air changes with temperature. You will
recall that sound is caused by a vibration and that sound waves travel through the
medium of air (sound cannot travel in a vacuum); therefore, air pressure affects the
speed of sound, although only slightly.

Unlike sound waves, light waves and electromagnetic waves travel through the
atmosphere and, therefore, do not need air as a medium. The speed of electromag-
netic waves is referred to as the speed of light or 186,000 miles per second—much
faster than sound, which explains why you see lightning before you hear thunder.

Defining What You Hear. What's in a Wave?

Whether sound or radio, all waves function basically the same way. A wave begins
at a zero point, moves up to a positive peak, then back down through the zero point
to a negative peak, returning upward to zero to begin the process again. One com-
plete wave is called a cycle. A cycle can actually begin at any point on the wave but
must pass through the zero line and end at the beginning point while moving in the
same direction.

One complete vibration cycle/wave. The

number of cycles that a vibration s
completes in one -second (ab) is called its
frequency. The height or breadth of a —Time_,,

sound wave (cd) is called its amplitude.
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Every sound wave has specific characteristics that make it unique or different
from other sound waves. Become familiar with the characteristics of waves in order
to better understand how sound works.

The size of the wave is called its amplitude.

Since wave A has a higher amplitude, it will
seem louder than wave B, which has a lower
amplitude.

e ——
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Amplitude and Loudness

One important concept describes a wave’s peak above or below the zero line. This
peak is called the wave's amplitude and determines the sound’s strength. We phys-
ically interpret amplitude as the loudness or softness of a sound. The greater the
amplitude of a sound wave, the louder the sound.

If you've ever stood too close to a speaker or had someone shout very close to
your ear, you know from that somewhat painful experience that there is only so
much sound your ears can take before distortion or even hearing loss, known as
sensory neural damage, occurs. At the same time, if a sound is too weak, your ear
will not be able to hear the sound accurately. The ear has an incredible ability to
hear wide variations in loudness, yet everyone’s ears hear differently. Loudness or
signal strength is measured in decibels (dB). The decibel scale corresponds to a log-
arithmic law that relates sound intensity (sound pressure levels, or SPLs) to the
sensation of loudness,

The ‘threshold of hearing for most people is placed at 0 dB. The area in which
the SPL will cause discomfort is called the threshold of feeling, about 118 dB. Fi-
nally, the threshold of pain is near 140 dB. When dB increases by 10, humans per-
ceive sound as being approximately twice as loud.
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.
BOX 2.1

Amplitude, Loudness, and Volume

Though they are related, do not confuse the three terms: amplitude, loudness, and volume.
Each describes a different aspect of sound.

1. Amplitude describes sound pressure.

2. Loudness describes hearing.

3. Volume describes signal intensity when using audio electronics.

Frequency or Pitch

The number of waves that occur during a certain amount of time is called the wave's
frequency, and it is measured in cycles per second, which are expressed as Hertz
(Hz). If a wave is vibrating at 80 cycles per second, its frequency is 80 Hz.

BOX 2.2

Talking in Hertz (Hz)

Hertz were named after Heinrich Hertz, who proved James Maxwell’s theories predicting
the existence of electromagnetic waves known as radio waves. Hertz are the same thing as
cycles per second or waves per second: When expressing frequencies into the thousands and
millions of Hertz, further shorthand is used. For example:

1 wave per second is expressed as |1 Hz

One thousand Hertz is expressed as 1 kiloHertz (kHz)
One million Hertz is expressed as 1| megaHertz (MHz)
One billion Hertz is expressed as 1 gigaHertz (GHz)

Just as there are limited volume levels that humans can hear, there are also fre-
quency limits. The psychological interpretation of frequency is pitch, which deter-
mines the highness, the high frequency, or lowness, the low frequency, of a sound
that you hear. In theory, young, normal humans are capable of hearing between 15
Hz and 20 kHz. In practice, the continuous exposure to an increasingly noisy en-
vironment has created a generation of people who do not hear high frequency sounds
as well as they would have in the quieter world of the past. Aging also causes similar
hearing loss.
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The difference between light waves, radio waves, and x-rays are their frequen-
cies/ It is interesting to note that oscillation releases energy. The higher the fre-
quency, the greater release or radiation of energy. X-rays are at a much higher
frequency than radio waves, so an x-ray’s oscillation emits higher levels of radia-
tion—such a high level, in fact, that overexposure to such frequencies and their
radiation can be damaging to your health.

Note that frequency and velocity are not the same thing. Frequency is the number
of waves (cycles) traveling in a second. Velocity is the actual speed at which the
waves are traveling. The frequency can change, but the velocity is usually consid-
ered to be constant.

Wavelength

The wavelength is the actual distance between the beginning and end of a cycle. The
wavelength is somewhat connected to the frequency because as the frequency in-
creases the wavelength decreases or becomes shorter.

Sound and electromagnetic waves travel at a constant speed. So it is logical that
if more waves—that is, a higher frequency—need to travel in a given amount of
time, and they travel at a constant speed, those waves must be closer together in
order to fit within the specified time measurement. If the waves are closer together,
they have a shorter wavelength.

Phasing

Since a wave can begin at any point, it is possible for waves to affect each other.
When two waves begin their journeys at the same time and their peaks coincide,
they are considered to be in phase. Waves that are in phase reinforce each other.
This phase augmentation increases amplitude, just as two people pulling on a rope
in the same direction would be twice as strong as one person. But what if you have

Shown are two waves with Wave with a frequency of 1 cycle per second (1 Hz)
different frequencies. Note that

as the frequency increases, the
wavelength decreases.

Wave with a frequency of 2 cycles per second (2 Hz)

NANANANAN
VAVAVAVAVAVAVAV
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one person pulling in one direction and another pulling in the opposite direction?
The forces would cancel each other out and the rope would not move. Similarly,
when waves are out of phase they can partially or totally cancel each other out. This
is called phase cancellation. In the production studio, it will be important to un-
derstand how waves can affect each other through phasing, since some of the more
popular special-effects technology is designed to manipulate this information.

When waves are in
phase, they can augment
or reinforce each other.

1dB
=2dB
1dB
When waves are out of phase, they can cancel each
other out.
1dB

=0dB

1dB
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These two instruments playing the same frequency
{like the musical note A) sound different because of
timbre.

Overtones or Harmonic Structure

You now know that loudness is determined by a wave's amplitude. And pitch is
determined by frequency and wavelength. But what if you play the same frequency,
the musical note A4 for example, at the same volume on two separate musical in-
struments? Why don’t these notes sound exactly the same? The difference between
a particular note played on a saxophone or a piano or a guitar depends on the shape
of the waveforms the sound sources produce. The way in which we perceive these
waveforms determines our perception of the sound’s quality, or timbre.

This is how it works. If you created a sound wave that vibrates, or oscillates,
at 500 cycles per second, you would describe it as having a frequency of 500 Hz.
Since this is the lowest frequency the sound produced, it is considered the sound’s
fundamental pitch. Simultaneously, however, other weaker sounds are also gener-
ated at higher frequencies above the fundamental pitch. These other frequencies
are called overtones. When these overtones are integer multiples of the fundamental
frequency, for example 1,000 Hz or 1,500 Hz, they are called harmonics. It is the
harmonics or overtones of waveforms that give sound a certain quality, Thus, stringed
instruments have different waveform characteristics than do reed, brass, or percus-
sion instruments. And male voices differ from female voices.

It is possible to produce a single frequency devoid of harmonics and overtones.
This wave is known as a sine wave or a pure tone, However, most sound consists of
several different frequencies that produce a complex waveform. A waveform is a
graphic representation of a sound’s characteristic shape that is usually displayed on
isaf equipment.
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Envelopes

Another characteristic of sound is the envelope of a waveform, which describes its
intensity based upon amplitude and time duration. An envelope is composed of three
parts:

1. Attack is the way in which a sound begins.

2. Internal dynamics describe changes in volume as it increases, decreases, or
stays the same (sustains).

3. Decay is the way in which a sound stops.

A snare drum has a short attack followed by a quick decay, a very snappy percussive
sound. A flute, on the other hand has a much slower attack and decay, which makes
the sound seem much smoother and softer.

Noise
The final concept that you must be aware of is noise, which is defined as random
sounds that cannot be interpreted or are not useful. For example, you might be
unable to hear a specific sound clearly because some other very loud sound is over-
powering your hearing. This would be considered environmental noise.

In audio production, noise is typically defined as interference. When working
with electronic communication systems or audio equipment such as those in a sound
studio, noise describes any unwanted electronic signal that exists during production.

Psychoacoustics—How Sound Affects You

Hearing sounds does much more for you than provide information about the im-
mediate environment. For example, hearing allows you to participate in oral com-
munication with others, whether in person or over the telephone. Or sounds can be
used to create moods or recall emotional responses. Psychoacoustics, as the name
implies, are concerned with the psychological aspects of sound. Music is a prime
mood-setting example. Nearly everyone can think of a song that evokes a particular
mood or works as a referent for a particular event from the past. The importance
of the impact of sound cannot be overemphasized. Sound provides physical infor-
mation about time and space, and it also works as a tool for mental and emotional
construction.
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UNDERSTANDING AUDIO AND ITS LEXICON

BOX 2.3

Sound travels through the medium of air and decreases in intensity as it proceeds.
Were it not for the audio equipment in your homes, your cars, or at radio stations,
you would have to be in the presence of every sound source in order to hear it. This
means the only way you would be able to hear music by your favorite band would
be to hear it /ive in concert. The only way to hear a political candidate speak would
be to see him or her face to face. Audio equipment provides the means to create,
detect, amplify, duplicate, combine, and record sounds from anywhere. In addition,
audio equipment allows you to combine sounds or create new sounds that may not
already exist in our natural world

Sound or Audio?

ATTENTION: Just a reminder! Sound is not the same thing as audio! Sound is a vibration
through air or another medium; audio is the electrical signal used in reproduction or trans-
mission of the original sound.

Understanding the basics of how sound works is important in order to be able
to use radio production technology to manipulate that sound. However, this is only
half of the story because before you can become versed in using the available tech-
nology you must first understand basic audio concepts and vocabulary. These terms
are closely related to and are the electronic equivalent of the physiological inter-
pretation of sound, such as loudness, pitch, and noise.

Transducers

Just as your ears detect and translate sound, the primary task of some audio equip-
ment is to take sound out of its medium of air, change it to electronic energy, transfer
it or amplify it, and turn it back into sound waves so your ears can receive it. The
tools that are used to convert one form of energy into another are called transducers.

Microphones are transducers that detect and convert all of the frequency and
amplitude ranges of normal sound into an electronic signal. There are several dif-
ferent types of microphones that accomplish this conversion in various ways; these
will be discussed in the next chapter. Loudspeakers are also transducers that do just
the opposite of what microphones do. Speakers take electronic signals and convert
them back into sounds that then travel through the air to your ears. The limitations
of speakers lie in their inability to reproduce all frequencies equally. These problems
have been solved by creating different sized speakers to transform specific frequen-
cies. For example, woofers are normally larger and handle lower frequency sounds,
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A microphone is a transducer that converts  Most modern speakers have a woofer for
mechanical energy into electrical energy. low frequencies and a smaller tweeter for
high frequencies.

while tweeters are smaller and reproduce higher frequencies. In addition, frequency
reproduction also can be affected by positioning the speakers carefully in relation
to the environment.

Frequency Response

If you have ever watched television closely you have probably noticed that several
types of microphones are used. News commentators or talk show hosts typically
have tiny microphones called lavaliere mics pinned to their clothing in the chest
area. Talk show guests are typically picked up by large, moving, overhead micro-
phones called boom mics. Even during regular comedy or drama programming, the
boom mic might accidentally drop low enough to be seen or to create a shadow that
the television director does not catch. Microphones are certainly chosen for their
maneuverability and hide ability. After all, it would be very distracting to watch a
movie where the actors and actresses kept microphones in their hands the entire
time.

However, in addition to the way a microphone is or is not integrated into a
television program, microphones are also chosen for their ability to reproduce or
enhance certain sounds.

All microphones are especially designed to respond to a specific range of fre-
quencies. This frequency response manifests itself in terms of one of the performance
characteristics of microphones, which are typically described as bright, rich, crisp,
flat, or muddy. The lavaliere microphone meant to be worn against the body has
been designed so that the low frequencies of a vibrating chest will sound normal
rather than boomy. To accomplish this, the lower frequency response of the micro-
phone is minimized. Conversely, the high frequency response of the same micro-
phone is increased because the person wearing the microphone is not speaking directly
into it.
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This woman is wearing a lavalier microphone.

On late night talk shows from decades past, you might have noticed the host
using a microphone on his or her desk while the guests were “picked up™ by a large
microphone hovering over their heads. In some cases, the hosts utilized a micro-
phone that tended to enhance the deeper tones or lower frequencies, making their
voices seem much richer and fuller than those of their guests. The audience might
have perceived psychoacoustically this richer voice as more appealing or more pow-
erful, which could have provided the host with a sense of authority. Contemporary
talk show hosts still might have big microphones visible on their desks, but these
may be nothing more than props to give a degree of depth to the set and may not
always be used for picking up any audio.

Volume Levels

Volume levels are a bit more complex when dealing with audio equipment. When
you listen to a particular sound, your ears are mostly concerned with the strength
and clarity of that one particular sound. However, in audio, sufficient volume levels
must be maintained throughout the production process as signals are sent to and
from various pieces of equipment. Do not concern yourself with knowing all about
the audio equipment quite yet. These specifics will be provided in the next chapter.
[t is simply important to introduce the following volume level concepts now in order
for you to be better able to relate them to an overall understanding of the relation-
ship between sound and audio.
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Dynamic Range

Just as there are limited frequencies humans can hear, there are also volume lim-
itations. Microphones, amplifiers, and audio storage devices are also limited in the
range of signals they can handle without distortion. Every sound source generates
a specific volume range. This difference between the softest and loudest sounds that
an instfument is capable of producing or recording is called its dynamic range. Al-
though no machine can replicate every sound perfectly, your task as an audio pro-
ducer is to understand the limitations of the technology while still creating the desired
effects.

Mic Level

Once the desired mechanical sound has been detected and changed by a transducer
into a different form (electrical), you must then be concerned with whether the ele¢-
tronic components are communicating with one another effectively. Microphones
are limited to the amoust of output—the voltage of the signals going out to their
destination—they can generate. The amplitude of signals a microphone is capable
of generating is called its mic level. This is a very tiny volume.

Line Level

Because the electrical signal that the microphone generates is relatively weak, it
must be amplified in order to be processed by audio consoles. The function of the
audio console is to mix and route the output of production equipment. The console,
like your ears, must have a certain level of amplitude, called the line level, in order
for the input, or those signals coming in and their source, to be received correctly
or understood. This is why all stereo systems have an amplifier—to boost output
levels of audio sources such as phonographs, CD players, and tape players. Devices
called preamplifiers bring mic level signals up to line levels, while amplifiers boost
a line level signal to speaker level. Understanding the difference between mic level
and line level is important in radio production. If you connect a mic level device like
a microphone to a line level input of a mixer, it will be too soft to hear. If you connect
a line level device to a mic level input, distortion will result.

Once the microphone has transformed sound into an electrical audio signal and
the signal is amplified to line levels, it is then sent to an audio console. From this
electronic board the signals can be amplified, or boosted; decreased, or attenuated;
mixed with other inputs, altered, or processed; or sent to destinations like tape re-
corders, monitors, or computers. Since you will probably be working with several
different inputs coming into the console at different power levels, it is important for
you to be able to keep track of how strong the various signals are in relation to each
other. Remember: You cannot depend on your own interpretation of loudness to
determine volume, or the power of an audio signal, because sound and electronic
audio signals are not the same thing. The Volume Unit meter, VU meter, provides
a visual objective reading of an audio signal’s average strength in discrete volume
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units, This device allows you to depend on the audio console to tell you when signals
are too strong or too weak in order for you to avoid distortion, overlap, or loss of
sound levels. More on this equipment and its use will be provided in the next chapter.

Signal-to-Noise Ratio

Turn on your stereo system at home. Don’t play any music. Just turn up the volume
and seec what happens. Even though you are not sending any information through
the system, you can still hear sound, a distinctive electronic hum or hiss coming out
of your speakers. This is because electronic components introduce both distortion
and noise into the audio process. Noise is always present in these components, and
when the signal volume is too low, the noise becomes more apparent. The ratio be-
tween the strength of the wanted audio signal and the background noise in the
equipment is called the signal-to-noise ratio. The higher the signal-to-noise ratio,
the better the sound.

BOX 2.4 The Formula for Signal-to-Noise Ratio
. . ) signal in a channel
signal to noise ratio = ———
noise in a channel
e —]
SUMMARY Even though you may be quite familiar with specific aspects of sound, you now have

a working knowledge and vocabulary to express what you know about sound and
audio. Sound is a vibration through air or another medium; audio is the electrical
signal used in reproduction or transmission of the original sound. By learning the
basic characteristics of sound, you will better be able to manage and manipulate
audio in creative production.

Sound is made up of waves. The amplitude of the wave determines its loudness.
The wave’s frequency determines pitch, and the characteristics of waveforms de-
termine sound quality, or timbre. Audio utilizes transducers to electronically create
and interpret sounds. Audio equipment and processes are characterized in terms of
their volume level capacities and frequency responses. Finally, neither sound nor
audio exists without encountering some outside interference or noise, which must
be controlled.

By understanding the basic ingredients with which you will be working, the next
step in creative radio production is to become familiar with the audio technology
and equipment that you will be using to replicate, manipulate, and store sound and
audio.
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ACTIVITIES

1. Sit alone in a room and listen to all of the narural sounds that exist in your

environment. Visualize whether they have high or low frequencies and how
loud you perceive them to be.

. Turn on your television but close your eyes and try to concentrate on the

audio portion. Pay special attention to commercials, because they must
communicate an idea to you in a very short time, usually from ten seconds to
a minute. Concentrate on the psychoacoustics of sound. What kind of voices
do your hear? Why do you think those voices were chosen over others? What
kind of music do you hear and under what circumstances? How are moods
established with these sounds?

. Look at the volume level indicator on your home cassette player. Play a

favorite song and notice when the signal is strongest and weakest.
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Audio Production Tools

Before you can see audio production as a system, and before you take on an actual
audio project, you must first become familiar with the tools you will be using in the
process. Learning to select and identify audio production tools and knowing how
they work is very important because you will not be able to apply the production
skills presented later in this text if you cannot identify, or do not understand the
purpose or application of, a specific piece of equipment. The better acquainted with
the equipment you become, the more creative you can be with your productions.
And, frankly, you will also have much more fun if you are not bogged down by
confusion with the technology. The equipment is categorized into sections:

1. Microphones

2. Playback and recording devices
3. Audio control devices

The microphone was the first tool of radio broadcasting. Decades before stations
began playing prerecorded music, microphones were the only audio pickup device
used for announcers, actors, live music, and sound effects. The very first microphone

" used in radio was a converted telephone connected to a wireless telegraph trans-

mitter. Today, with hundreds of microphone types to choose from, the basic principle
remains the same: A microphone is a transducer, a device that converts one form of
energy into another. As a transducer, a microphone converts the mechanical energy
of moving air into electrical energy. When sound occurs, the resulting moving air
vibrates a diaphragm in the microphone, which generates a tiny voltage resembling,
or analogous to, the original air vibration. Unfortunately, microphones do not have
brains so they detect all sounds equally within their range. Therefore, all sound,
whether important or not, is converted by microphones.
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The first radio microphone was a telephone. i
i1 .\

I\

Even though all microphones perform the same basic function of converting
acoustic energy into electric energy, different types of microphones accomplish this
in very distinct ways. Therefore, you must become familiar with each microphone’s
specialty in order to make the best of every audio production situation. There are
three basic characteristics that distinguish one microphone from another. They are:

1. Physical design characteristics. Microphones are categorized by their
physical designs, called operating principles.

2. Directional characteristics. Microphones are designed to focus on specific
sound locations, referred to as the pickup pattern.

3. Sound characteristics. What the microphone sounds like based upon its

frequency response.

Operating Principles
Once the acoustic energy is changed into electric energy, the signal flows through
a circuit as voltage, where, depending on the microphone, it encounters various levels
of resistance called impedance. Low-impedance microphones, or those that create
less resistance, have two important advantages over high-impedance microphones,
or those that have more resistance: They are less likely to be affected by electric
swise and hum, and they can be connected to longer cables without risking increased
noise levels. All of the microphones presented in this chapter are low-impedance
microphones. Microphones used in radio production are almost always low-
impedance microphones.

There are three common operating principles that are based upon the type of
element mounted in the microphone head, the part of the microphone that picks up
the sound



24

SECTION TWO/T he Technology and Tools of Production

Moving Coil Microphones (Dynamic Mics)

The most widely used type of microphone is the moving coil, often referred to as a
dynamic microphone. This microphone contains a mylar diaphragm attached to a
small coil of wire that surrounds a tiny fixed magnet. When sound waves strike it,
the diaphragm vibrates in relation to the fixed magnet. A tiny voltage is generated
because of the interaction between the stationary magnet and the moving coil. The
same principle is employed in the tone arm and cartridge used in a phonograph; the
stylus or needle may be attached to a moving coil of wire that interacts with a fixed
magnet.

A dynamic moving coil microphone.

Magnetic >
north pole

Moving coil
attached to
diaphragm

Popular moving coil dynamic microphones are used in audio and radio production.
(Courtesy of Shure Brothers, Inc.)
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Ribbon Microphones

A second operating principle describes the ribbon microphone. Instead of a moving
coil element, an extremely thin corrugated metal ribbon is suspended between two
fixed magnets. When sound waves strike the ribbon and cause it to vibrate, a tiny
variable voltage, which resembles the pressure of the sound wave, is generated. Since
both sides of the ribbon are activated by air pressure and velocity, these microphones
are sometimes called velocity, or pressure gradient, microphones. Ribbon micro-
phones were widely used in the radio studios of the 1930s and 1940s, but their fragil-
ity has kept them out of modern on-air studios. The delicate ribbon can be easily
damaged by a loud, fast-talking disc jockey. In the past these microphones were
considered the best at providing the highest-quality sound, but that is no longer true.
Currently, microphones of equally high quality can be found in both moving coil
and capacitor varieties.

Capacitor Microphones (Condenser Mics)

Whereas moving coil and ribbon microphones transduce energy using electromag-
netic variations, capacitor mics transduce energy using voltage or electrostatic vari-
ations. This microphone’s element consists of two electrically charged plates
separated by a dielectric, either air or other nonconductive material. One plate moves
while the other stays fixed. When sound waves strike one of the plates, its distance
away from the opposite plate changes accordingly, thus altering the voltage output

A ribbon microphone is also called a A ribbon microphone.
velocity, or pressure gradient, microphone.
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A condenser/capacitor microphone.  Air space
Diaphragm

(front plate)

the only moving

part of the

microphone head

Back plate
(fixed)

of the microphone. The signal output has a very high impedance, which requires a
preamplifier as part of the microphone to make it usable. This preamplifier requires
its own power supply, which may be provided by one of three sources: an external
power supply, a phantom power supply initiated at the console or input circuits, or
a small battery contained inside the microphone.

The original term used to describe the capacitor microphone was condenser.
Consequently, many still (technically) inaccurately use the name condenser micro-
phone when referring to capacitor microphones.

Microphone Pickup Patterns

The major task of a microphone in audio production is to be able to detect or pick
up the sound you want to use. Since microphones do not discriminate between de-
sired and undesired sounds, they have been created with pickup patterns, which
allow a user to focus on specific sounds. Pickup patterns describe from which di-
rection most sounds are “‘picked up” or heard by the microphone. The pickup pat-
tern of the microphone directly determines the placement of the microphone in
relation to the sound source. There are several commonly used pickup patterns that
describe all microphones.
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A condenser microphone (a) and a lavalier (b). (a: Courtesy of Shure Brothers, Inc.)

Omnidirectional Pattern

If the microphone allows sound to enter equally from all sides, it is described as
omnidirectional. In a quiet production facility, a microphone that is omnidirectional
is often an advantage if two announcers must share the same microphone by standing
or sitting next to each other. When it is each person’s turn to speak, he or she simply
moves close to the microphone. Cost is another possible advantage of a microphone
using this pickup pattern. Adding special baffles and other devices to a microphone
to make it more directional certainly adds to its price.
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7/
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Omnidirectional pattern. An omnidirectional microphone. (Courtesy of
Shure Brothers. Inc.)

Unidirectional Pattern

A unidirectional microphone allows sound to mostly enter from the front of the mic
by canceling out some of the sound from the sides and back. The more common of
this type is called a cardioid microphone because its pickup pattern is heart-shaped.
Even narrower unidirectional pickup patterns result in designs known as supercar-
dioid and hypercardioid microphones. In noisy studios or control rooms, a cardioid
pickup pattern allows the announcer to be heard while minimizing the unwanted
sound of nearby people and equipment. A simple method for determining if a dy-
namic microphone has unidirectional characteristics is to look for holes on the side.
If the body of the microphone is smooth, it’s not directional; if it has slots or ports
on its side, it’s directional. Looking for holes is a good way to determine if dynamic
or ribbon microphones are directional, but this does not apply to capacitor micro-
phones. Capacitor microphones are made directional by alterations in the plate con-
figurations and charges.

Bidirectional Pattern

The pattern is bidirectional if the sound enters mostly from the front and back of
the microphone and less from the sides. Sound affects this type of microphone mainly
from two directions. In early radio, it was common for two announcers or actors to
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Cardioid (unidirectional) pickup pattern. /

A unidirectional microphone showing the slots.

face each other with a bidirectional microphone suspended between them. Volume
could be altered by moving the microphone closer or farther from the announcers,
depending on their voice levels.

Multidirectional Pattern
Microphones that have changeable pickup patterns are considered multidirectional,
These microphones typically have either a switchable diaphragm or two diaphragms
that can be turned on and off.
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Bidirectional pickup pattern,

A bidirectional microphone.

All microphones fit into one of the above categories. Later, when production
systems and the process of production is presented, much information on the selec-
tion and use of microphones will be detailed.

Accessories and Mounting Devices

In the on-air facility, more than in the production studio, the way the live an-
nouncer /disc jockey works with the microphone suggests certain accessories and
specialized mounting devices. The most common accessory is a wind screen, some-
times called a pop or blast filters A popping sound is created when the explosive
nature of the breath pushes the microphone’s diaphragm beyond its mechanical limit.
Because a live announcer tends to work close to the microphone, a foam wind screen
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c d
(a) A selector switch on the back of this multidirectional microphone allows its pickup pattern to be changed;

(b, c) These are two popular microphones used for on air and production; (d) A combination microphone and
headset is used by sportscasters for play-by-play. (d: Courtesy of AKG Acoustics, Inc.)

is attached to the microphone. Also, microphones in on-air facilities must be mounted
in a secure way to avoid movement that could translate into unwanted noise picked
up by the microphone. Usually, a device called a shock mount is included to isolate
the microphone from the rest of the room. In an on-air facility, the most popular
mount is flexible and adjustable to meet the needs of many operators in many
positions.
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(a) This air personality at KSFO/KYA San Francisco is using a booni-mounted microphone; (b) Microphone

stands in the studio.

AUDIO SOURCES—PLAYBACK AND RECORDING DEVICES

Listen carefully to your favorite music station. Notice that as soon as a commercial
ends, the music begins with no pause in the sound. Notice, too, that when the an-
nouncer stops talking, music begins immediately. The act of transition from one
audio source to the next without pause is called tight production and eliminates what
radio people call dead air. Tight production is possible only because the source of
music can be either manually or electronically cued up to right before the music
begins and then started immediately.. Consumer music playback sources, like the
LP and CD, have been adapted for broadcast production. Others, like the compact
cassette, cannot be easily used on the air because they cannot be cued with precision.
Music playback devices like the cart and those that are digital-based were developed
specifically for broadcasters.

Turntable

The phonograph record is dead. The two consumer black vinyl recorded music for-
mats, 33 1/3 rpm long-playing LP and the smaller 45 rpm, were introduced in 1949
by Columbia and RCA. By the mid-1950s, these two formats had replaced the 78
rpm disc, in use since the 1920s. Of course, the 78 had replaced the earlier Edison
cylinder in the unavoidable march of technology. The first music playback device
used by radio stations was the 78, and the phonograph record was the main source
of radio programming by the 1950s.

Most radio stations still have a turntable or two in the on-air facility. Maybe
they're just there because the room was built years ago and there is no reason to
change. Perhaps management worries that someday the CD players will break and,
in an emergency, records will have to be played. Or, the format is so eclectic that
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Broadcast turntables have been replaced by CDs as a music playback storage medium.

music is played from all sources, like at a public radio or community station where
volunteer programmers still bring in their own music on black vinyl. Nevertheless,
as more and more of the best music from the past is remastered onto CD, there
won’t be many good reasons to replace turntables when they break or even buy them
at all for the new on-air facility. It’s the end of an era.

CO

The compact disc, or CD, began life as a home format and was immediately suc-
cessful. And why not? Didn't music lovers hate broken needles, scratchy records,
and dubbing desired selections to another format (cassette) for the car?

It is no wonder that in just a few years, the popularity of the CD as a replace-
ment for the LP caused the record companies to cease production of vinyl. The rev-
olution consumers caused by embracing the CD forced broadcasters to convert their
own facilities to play back the new format. In fact, radio stations used consumer
models until broadcast equipment suppliers caught up with the technology.
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A broadcast CD player (a) and a type of player that holds two CDs (b). (a: Courtesy of Denon

America, Inc.)
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The CD is a digital format. Most sounds begin as analog so they must be con-
verted to the digital domain. The sound created by a person speaking or hitting a
drum, for example, causes vibrations of air that resemble or are analogous to the
sound created. The way we speak and hear sound is called analog. To convert analog
sound to digital, the loudness, the duration, and the frequency of music or sound is
sampled many thousands of times per second and converted into a binary code, bits
and bytes, the I's and 0’s of computer language. The computer-sampled sounds on
the CD are stored as “pits” on aluminum protected by clear plastic. These pits are
read by a laser beam, which converts the digital information back to its analog form
for listening. The advantage for consumers is a longer-lasting, rugged, music play-
back source free of the scratches and pops characteristic of vinyl. For radio stations,
it is a music playback source that can be electronically cued to the desired selection
and instantly aired.

Cart

The continuous loop tape cartridge, called the cart, is one of the devices found in a
radio station that was developed exclusively for broadcasters. Its development began
in the iate 1950s as an aiternative to the cuing up and airing of commercials, jingles,
and other brief announcements on individual reels of tape. Evolving out of the basic
reel-to-reel design, quarter inch tape is loaded into a plastic housing as a continuous,
never ending loop of tape. It travels at the same speed as reel-to-reel, but it differs
in a few important ways. First, it lacks an erase head, so it has to be degaussed, or
bulk erased, using a large electromagnet: Second, it contains a system for auto-
matically cuing the cart right to the start of the music or spot. Early models used
a piece of aluminum tape as a sensor; a few years later, a series of electronic tones
were placed on an unused track of the tape, tones that cued the tape, fast-forwarded
it to the audio, even indicated when the recorded material was about to end and
then start the next machine. An electronically cueable, broadcast device was born,

and it was instantly embraced by radio stations.

Most radio stations still use
the analog cart.
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It was envisioned that the major role of the cart would be the playback of com-
mercials and other production aids. But in the early 1960s, some top-40 stations,
those that played the same thirty or forty songs over and over, saw the cart as an
ideal playback device for music. Even then, the cart was high fidelity enough for
the limited frequency response of AM radio, and the cart allowed programming to
be tighter, even lending itself to early automation: no scratchy records to cue up,
less production error. And believe it or not, some large-market radio stations had a
protected group of union employees called record spinners. In the highly unionized
environment of the 1950s, a typical control room and studio-based disc jockey pro-
gram required one person to cue up and start the records, another person to operate
the console, and a third to announce. The use of carts for music made it possible to
phase out the record spinner, and the facilities of music-formatted radio were well
on the way to being operated by a single person.

While the analog tape cartridge is used by some stations for playback of pre-
recorded music, its major use is the playback of short announcements and other
promotional and production aids. In the typical control room, the disc jockey has at
least three cart playback devices, all of which must be loaded with the production
elements necessary to support the format. Even if the station airs music on CD, it
is between music selections that the cart is used the most: for jingles, spots, public
service announcements, promos, and liners. Those five-, ten-, and thirty-second pro-
duction aids that give radio its sound make the cart still the most popular piece of
on-air equipment. Add to that the advantage of being able to record any locally
produced audio onto it, and you can see why it has been an industry standard since
1960. Even digital replacements for the cart have been made to look and feel like
the familiar cart. '

Since most radio programming is the playback of prerecorded popular music,
it makes sense that a radio station would follow consumer trends and use CDs,
whether aired directly or transferred to cart for broadcast. With exception of the

Six cart players at KGO
San Francisco.
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cart, most of the currently used music playback formats are playback only. What
about the playback of locally produced commercials and public service announce-
ments? What about network news and other programs from satellite? What about
half hour and hour public affairs programs and documentaries? What would a disc
jockey use to tape the phone response of a contest winner and instantly play it back
on the air? For nonmusic playback on-air there are several formats long familiar to
all radio stations, and others more recently introduced.

Reel-to-Reel Tape Recorder

Reel-to-reel tape machines, sometimes called open-reel, are available in every pos-
sible size, shape, and track or channel configuration. This format really has an ex-
citing and long history; in fact, its introduction in 1948 literally saved broadcasters.
As carly as the 1930s, inventors had been trying to develop a high-quality magnetic
storage medium, but none had been very successful. Recording artists recorded di-
rectly to 78 rpm discs. Radio programs were either done live or transcribed onto
large 16-inch discs at 33 1/3 rpm and played back later. This format was not pop-
ular with producers because the fidelity of so-called transcriptions was less than
AM quality, plus the medium could not be edited.

Meanwhile, World War II was under way and the allies were wondering how
Hitler was reported to be in one country while his voice heard on the air, sounding
as clear as a live broadcast, was originating from hundreds of miles away. The answer
was that German engineers had invented the first practical open-reel tape recorder.
After the war, a young soldier/engineer named Jack Mullen found the perfected
German machine, called the Magnetophon, and brought it to the United States. By
the mid-1940s, Ampex Corporation had developed an American version of the device.
The future of the new device was guaranteed in 1948 when singer Bing Crosby first
used the device in order to be able to produce and edit his weekly half-hour radio
program. No more bad-sounding transcriptions. This was another example of how
the demands of programming influenced the technology. The modern open-reel
analog tape recorder is still compatible with that first Ampex Model One.

There are two good reasons why the analog open-reel deck is still the preferred
device for playing back programs longer than a single musical selection or com-
mercial. First, compatibility: Open-reel equipment is found everywhere, and while
the format has been around, even improved for over forty-five years, a tape recorded
in 1948 can still be played on a modern machine. Second, while the cart cues by
itself and doesn’t have to be threaded, cart tape lengths longer than five to seven
minutes are impractical because of the size of the tape housing and the mechanical
limitations of the tape loop configuration. In the on-air facility, open-reel tape still
remains a universal and high-quality device both for airing longer programs and for
instant production, like a listener phone response to a contest question or request,
while on the air.
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Head Arrangement
A reel-to-reel (or open-reel) tape transport system. An operator prepares tape for on-air
playback using a typical open-reel
machine.

UNDERSTANDING MAGNETIC RECORDING

Whether reel-to-reel or cart, tape recording works like this: Sound waves from a
microphone or other sound source are converted to an electrical signal that varies
to resemble or be analogous to the original sound wave. This signal is sent to a tape
head, which selectively magnetizes a moving strip of plastic on which has been coated
an oxide of iron, the magnetic medium. The sound, now a magnetic pattern, is stored
on tape until played back or erased. The open reel tape deck typically has a me-
chanical transport for moving the tape past the heads and the necessary electronics
for erasing, recording, and playing back the tape. Look closely at how magnetic
tape devices work. There is the storage medium—magnetic tape—and there are the
tape heads—those devices that put a magnetic signal on the tape during recording
and then convert it back into audio during playback.
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Audiotape

The basic magnetic storage unit used with the reel-to-reel tape machine is called
audiotape. In order to understand the basics of recording and editing, you must first
comprehend this object you will be handling and manipulating. Magnetic tape is
made up of millions of tiny iron oxide magnets bonded to a ribbon of plastic. If you
look closely at most audiotapes, you will notice that one side is shiny, or at least
smooth, while the other side has a duller, rougher surface. This latter side contains
the oxide treatment. Note that dullness is not a foolproof indicator of the oxide side;
there are some tapes where the duller surface is the back of the tape, not the oxide-
treated side. As the microscopic magnets move past the record heads, the magnetic
patterns on the tape are changed. The tape’s magnetic pattern duplicates the changes
in electrical current that is fed from the audio sources like microphones and CDs.
Tape used for recording and playback for broadcast is usually 1.5 mils thick, 1/4-
inch wide, and is usually stored on plastic or metal reels that are generally seven
inches or ten inches in diameter.

Since magnetic tape is resistant to change, it requires energy to place a mag-
netic pattern on tape. If recording signals at low volume levels, there may not be
enough energy to create a magnetic pattern and, therefore, the recording process
could sound distorted. In order to solve this problem, a high-frequency signal called
tape bias is added to any information being recorded to boost the signal. Bias is too
high to be heard; its only function is to overcome the tape’s resistance to change its
magnetic pattern.

Tape Heads

How does the audio signal get onto the tape? It is accomplished by sending the
electronic signals that are audio to tiny magnetic devices called heads. Electronic
signals are recorded onto or played back from audiotape in the form of magnetic
patterns on the tape. Tape heads are simply small horseshoe-shaped magnets. The
two ends of the horseshoe are called the poles. The space between the two poles is
called the gap. The other end of the horseshoe is wrapped many times with a small
wire. This coil of wire is connected to an audio amplifier. Tape heads should be kept
clean to prevent build-up of oxide particles or dust, which can affect sound quality.

Professional reel-to-reel tape recorders have three heads: erase, record, and

playback
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The three tape heads in an open-reel machine are erase, record, and play, always in that
order.

A small reel of tape on a degausser.

] A $

The Erase Head

When the tape recorder is in the record mode, and before the tape passes over the
record head, the erase head prepares the tape by removing previously recorded in-
formation on the tape. The erase head does this by saturating the tape with a high-
frequency tone that cannot be reproduced by the play head. However, some of the
old audio signal may still remain, so it is always a good idea to demagnetize or
degauss the tape with a bulk eraser before using it.
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Audiotape with random magnetic pattern

The magnetic pattern becomes organized after being exposed to the record head
A magnified look at audiotape magnetic flux (particles).

The Degausser at Work

Tape can be degaussed over and over again. To operate, simply turn on the degausser ma-
chine, lower the tape into the magnetic field and rotate it several times. Remove the tape
from the field before the degausser is turned off to avoid any magnetic glitches on your tape.
Both sides of the tape reel must be degaussed. Make sure you are not wearing a watch or
other jewelry that might be affected by the strong magnetic field. The signals on the magnetic
strips of credit cards can also be erased, so watch your wallet!

The Record Head

How is sound recorded? First an audio signal is sent to the record amplifier and
then it travels onto the wire coil of the record head. When electricity flows through
a coil of wire, a magnetic field is created in that coil. The horseshoe-shaped record
head focuses the magnetic field into a small space in the gap. As audiotape passes
the record head at a constant speed, it touches the head at the gap. The magnetic
field in the head gap changes the magnetic pattern on the audiotape and a replica
of the electrical audio signal is reproduced in the oxide coating of the magnetic tape.
The record head then acts as a transducer, changing an electrical signal to the gap’s
magnetic field, which magnetizes the tape.
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Various tape formats.

Recording heads differ in size and in the number of tracks they record onto the
tape. Tracks involved use only a small portion of the tape width as it passes by the
record head. This explains why your cassette machine plays one set of songs trav-
eling in one direction and then, when you turn it over, it plays different songs trav-
eling in the opposite direction, yet it still reads the same dull oxide side of the
audiotape going both ways. The trick is, it only records or plays back half of the
tape width at a time. '

The Playback Head

Playing back audio information that has been recorded works in reverse order from
recording. As audiotape passes the playback head, the magnetic pattern on the tape
creates a magnetic field across the gap that travels through the horseshoe to the coil
of wire, causing an electrical current to flow to the playback amplifier. Thus the
playback head works as a transducer, changing the magnetic pattern on the tape
into electronic signals. It’s very important to become familiar with the location of
the playback head, as it is the location where you will perform manual editing.

The Mechanical Transport

Reel-to-reel machines move the tape past the heads at either 7 1/2 or 15 inches per
second, or ips. The faster speed allows the information to be stored in a larger space,
increasing the frequency response and the fidelity of the recording and allowing for
easier editing. Cart machines use the 7 1/2 speed only. If the magnetic tape is the
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The transport controls on a popular open-reel machine include record, play, stop, rewind,
and fast forward.

A close-up of the capstan and
pressure roller.

software used to store audio, and the tape heads convert the electrical signal of audio
into a magnetic pattern on that tape, how does the tape move past those heads? The
system of motors and wheels is called the tape transport. Just as important, just as
necessary to the tape recording process as the tape and the electronics, the transport
is responsible for the tape passing by the head at a steady and standard speed. Most
modern reel-to-reel tape recorders have three motors, which are controlled by the
push-button functions called forward, fast-forward, rewind, and stop. These motors
allow the tape to get from the reel on the left, called the supply reel, to the empty
one on the right, called the take-up reel. In the cart, of course, there is only one reel,
as the tape is a continuous loop contained in a single housing. Carts cannot be re-
wound; they can only go forward, which means they also can be fast-forwarded.

The most important motor is the one that determines the speed at which the
tape travels past the heads. This motor is electronically controlled and is usually
capable of travelling at the two standard speeds used in radio production, 7 1/2 and
15 ips. This motor is either mechanically coupled to a shaft called the capstan or,
on some machines, the motor shaft is the capstan, When the forward button on the
open-reel tape transport is depressed, the tape is held firmly to the capstan by a
rubber roller called the pinch or pressure roller. [t is this action that allows a tape
recorder to travel at a constant speed throughout the recording and playback pro-
cess. A similar action occurs in the cart.



44

DIGITAL OPTIONS

SECTION TWO/ The Technology and Tools of Production

It is important to remember that analog tape recording is not an exact process.
The magnetized audiotape is not a perfect reproduction; it has lost a minute amount
of the sound information in the transduction process; And if you record this copy
again, you will lose even more information. This is called generation loss, or degen-
eration. The original would be the first generation. A copy of the original would be
second generation. A copy of the second would be the third generation, and so on.
It works much the same way paper-copying machines work. Every time you make
a copy of a copy, you lose some level of detail. Eventually, if you keep up the process,
the results will become more distorted from the original. The loss in quality suffered
during the analog magnetic recording process is one reason for the popularity of
digital recording devices.

Both the reel-to-reel and the cart are analog tape formats. Sure, both have improved
greatly during the transition from the frequency-response restricted days of AM
radio to the high quality of today’s FM. They have taken advantage of the benefits
of better tape, better engineering, and more features.

But what about the new digital recording and playback formats finding their
way into radio stations? Will they replace the open-reel for the recording and play-
back of longer shows? Eventually. Will the cart, with its inherent problems of tape
hiss and speed variations, survive as a music playback format? Not likely. Those
stations that play complete albums, like classical music and jazz, will probably con-
tinue to use CDs. It will be those stations that formerly dubbed, or copied, music
from CDs and records onto carts that may convert to one of the many digital devices
now being marketed. Large-capacity optical and magnetic hard disks store an entire
radio station’s music and commercials, and they are listed on the menu of a com-
puter screen. Click the mouse and the song is ready to be started from the console.

Why didn’t the consumer compact cassette catch on as a playback device for
broadcasters? There are at least two reasons: low fidelity and lack of cueability.
Enter DAT. Now broadcasters have a viable cassette replacement for the reel-to-
reel tape format. It is called R-DAT for rotary digital audiotape. Known simply as
DAT, it is a high-quality audio recording, storage, and playback format And be-
cause it has cuing features, it has become popular with broadcasters. Its small size
means easier placement in on-air facilities and easier storage of the tiny tapes. Now
stations can set a timer that records, from a satellite feed, an hour show on a DAT
right in the on-air room in a space no larger than that used by a CD player.

If the DAT may replace the open-reel, how long will stations continue to em-
brace the analog tape cartridge as the most-used playback format for spots and
other short production aids? In the short term, it may depend on the economics of
broadcasting or the type of format, but sooner or later some universal digital storage
medium as convenient as the cart will emerge. Because there are several contenders
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The Digital Commercial System (DCS) allows on-air playback of digitally stored
commercials using a computer. (Courtesy of Computer Concepts Corporation)

Tape is inserted into a DAT
machine.
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and no clear standard, most broadcasters are not rushing to dump their familiar and
trusty cart machines yet. What are the options likely to be? Perhaps some form of
recordable CD would be popular, since most stations now have easily cueable CD
playback devices in their on-air facilities. Some are even designed using the logic
of the cart player. Another possible option is a hard-disk storage system with a com-
puter screen for easy retrieval. Like the CD or the cart, the right format will capture
the market and become the new standard.

OTHER ON-AIR AUDIO SOURCES

An important audio source is the telephone. For the news and talk station, or the
public radio or community station, sometimes there is little or no music played. For
these types of stations, many switching, frequency-enhancing, and delay devices are
used to allow the on-air operator to bring up live phone calls just as quickly as playing
a cart. Many news stations have equipped their on-the-scene reporters with cellular
telephones for live actualities that add immediacy to a broadcast. Even music for-
matted stations use the phone for remote call-in broadcasts and often put a listener-
caller directly on the air.

Other nonmusic, nonmicrophone audio sources include so-called receivers for
RPU;, or remote pickup, transmitters used for high-quality origination of remote
broadcasts; satellite feeds for news on the hour; EBS, or emergency broadcast re-
ceivers and required test-tone generators; and the outputs of other consoles in the
facility.

A small telephone control
console at KGO San Francisco
is used to put a caller on the
air.
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AUDIO CONTROL DEVICES—THE AUDIO CONSOLE

The audio playback sources used in an on-air radio facility—the microphones, turn-
tables, CD, cart, DAT, telephone, satellite, remote receivers, and more—all must be
sent to the transmitter at the exact moment required by the operator. Some sources
must be aired one at a time; others must be mixed, or combined together, as when
ja disc jockey talks over the instrumental opening of a song. All audio sources must
be aired at a proper volume level, and the person controlling all this must be able
todo it with the least energy and motion possible. Between the audio playback sources
and the transmitter is the console.
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Two on-air consoles are shown here: (a) a modern, high quality console, and (b) its 1940s
predecessor. (a: Radiomixer, courtesy of Pacific Recorders Enginccring Corporation)
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Control of all outgoing audio sources is accomplished by means of the console,
sometimes called a mixing console, a mixer, an audio control board, or just a board.
Whatever it is called, it is the heart of all radio production facilities, the device that
ties all the discrete pieces of production equipment together.

Consoles have these elements in common:

1. A way to select which audio playback source or microphone will be
controlled by which volume level control.

2. A way to vary the volume level of each audio source, and a method to
visually determine that exact level.

3. A way to manipulate or change a signal using some special effects
technology and techniques (production consoles only).

4. A way to start the transport of each audio source (on-air consoles only).

5. A way to preview sound before it is aired, audition; a way to find the
beginning of a sound before playing, cue; and a way to listen to it while it is
being aired or recorded, monitor.

Patching

All but the most basic boards offer the operator some choice as to which microphone
or which audio source goes into a particular volume-level control, or fader. As dis-
cussed earlier, the audio signals generated from these sources must be brought into
the audio console so you can work with them. Some consoles are connected to patch
panels or patch bays as a way of connecting the playback of any turntable, CD
player, cart machine, telephone, network, or remote source into any fader/level con-
trol on the console. Some have at least an A/B switch above each input channel that
gives the operator a choice of at least two sources for every fader. If these two choices
are permanently connected, they are said to be normalled to the consoles. Usually
the A position has a frequently used audio source, like a CD or cart, and the B
position has a seldom used source, like a turntable or a remote line.

If an audio console is not already connected to meet the needs of a production,
patching may be necessary. Patching allows you to route a signal in a different way
than is already provided by the audio board. Patch bays are usually wired together
in a very logical and straightforward way. For example, inputs and outputs of a
specific component are usually lined up vertically, which makes them convenient to
use and understand. Patching allows you to add or bring in additional equipment
and patch it into the board or reroute a source because of equipment damage. When
no patch cords are used and you are relying solely on the original configuration of
the board that was wired together by your engineer, it is called a normal connection.
If you patch around a connection, you are breaking normal.
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A patch panel.

Cables and Connectors

Signals from microphones and other sound sources travel through the audio console
by way of balanced lines. These travel in cables that use two conductors plus a
shield, so noise signals induced by surrounding electrical signals are canceled out.
These cables are attached to the microphone with a three-pronged connector called
a8 LK

There are other types of plugs that are used in audio production. Luckily, if a
cable doesn’t fit with a compatible connector, an adapter can be used to make it

work.

VU Meter

The console also allows you to amplify signals to a usable level. Microphones, pho-
nographs, and so on, send out a very weak signal that must be boosted up to line
levels before they can be utilized by the audio console. All consoles have a fader or
potentiometer, which is also called a pot, to control the volume level of each audio
source. Older consoles had so-called rotary pots, round knobs like those found on
old radios, but most modern consoles have straight-line volume controls called faders
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The standard microphone cable with XLR connectors (a); adapting the XLR to a mini
plug (b); and adapting the XLR to the %-inch phone plug (c).

or sliders. Both operate in identical ways to increase or decrease, that is, fade up or
fade down the level of one sound source relative to another. The less expensive con-
soles use a simple volume control-like carbon resistor and a slider to vary the volume.
The more expensive ones use a voltage-controlled fader that is electronic and iso-
lated from the actual audio source and offers smoother control of the level.

The console also provides a way to visually “see” the level of each audio source,
usually a VU, or volume unit, meter that uses a needle to indicate when the level is
too low, too high, or just right. Some level meters use light emitting diodes (LEDs)
that indicate levels with corresponding lights instead of a meter pointer: You might
be more familiar with these level indicators since they are more commonly used on
consumer stereo equipment.
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b

A rotary pot shows an A[B selector and audition/program switch (a), and three faders
show a remote start switch (b).

Left and right channel VU meters.

Zero VU is considered the standard operating level or the reference for proper
volume. The difference between the maximum volume level that can be handled
without causing a faulty reproduction (distortion) and 0-VU is called headroom. If
volume levels of signals are too high, you run the risk of distortion. And if volume
levels are too low, they might not be clearly reproduced.
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Signal Processing

In addition to working with the volume of an audio signal, you can use the console
to manipulate or change a signal with some special-effects technology and tech-
niques. Equalizers alter the frequency response of an audio signal and, therefore,
can be used to cut or boost specific frequency ranges making an audio signal lighter
or more bassy, for example. A graphic equalizer actually allows you to set a graphic
representation or picture of the response curve you want to effect.

Filters knock out entire frequencies all together. A low-pass filter allows lower
frequencies through but cuts off most higher frequencies, eliminating hiss. A highs
pass filter eliminates lower frequencies to get rid of rumble, or low vibration.

A harmonizer allows you to vary pitch, harmonics, and tempo. These alterations
can change a normal voice into a computer-sounding voice, for example.

A flanger creates a mirror image of a sound and then shifts it a bit, changing
the phasing and time and creating a water-rushing-through-a-voice effect.

An echocan be achieved by manipulating a signal from the record and playback
heads of an audiotape recorder.

Reverberation is both a technique and a specific component. The device creates
a delay and then adds it back to the signal. And since it is electronic, not like the
echo technique, it can be fine-tuned to a very small amount.

The specific use of these devices will be learned in the sections on production.
As described earlier, effects can add depth and emphasis to the message you are
trying to communicate. However, be careful not to overdo it. Too many special ef-
fects can be distracting. Meaning might be lost, or, even worse, you could lose your
audience’s attention completely.

Remote Start Switch

A true on-air console has provisions for remote-starting a CD, turntable, cart, or
other tape source. Often located right under the fader control, the remote start switch
both turns on the audio source and the motor of the turntable or cart, or puts the

A production person adjusts
one of the many signal
processing devices available.
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CD player into play. On older boards with rotary volume faders, the switch is called
a “key” and is often located right above or below the level control. For fast pro-
duction while on-air, remote control of all sources is important. Often the remote
start controls are connected to a timer so that the operator knows when a tape is
about to end.

Mixing and Routing

Once the audio signal has been received, it is the function of the console to allow
you to manipulate the signal. The console can put out two or more signals at once,
and mixing allows you to work with the volume of these sources separately. For
example, if you are working with an announcer and music, you would want to be
able to adjust the volume to make sure the music doesn’t drown out your announcer.
In addition, every mixing console provides several ways to “‘monitor,” or hear, the
audio of all playback sources. You can also choose the path of the audio signal by
routing it to a specific channel. There are several monitoring options. One system
is called the cue system; which is usually activated by moving the fader to its down
or counterclockwise position until it clicks. Using cue, an operator is able to find the
start of a record, to hear how an unfamiliar cut on a CD fades out, or monitor the
remote line from a sports venue before broadcast. Many consoles have a tiny loud-
speaker built into them dedicated to the cuing function. Auditios is similar to cue
in that it allows an operator to listen to and preview any sound source before airing,
either on the main speakers or through a headset. The other system is the/sis, or
line monitor, and this is the program either as it comes out of the console or the way
it sounds directly from a radio receiver, On-air operators should always monitor the
air. Besides loudspeakers, headphones are used so that the operator can hear the
level of the music relative to his or her voice while the microphone is on. When the
microphone is switched on, the monitor speakers are silenced, or muted, to avoid a
loud squealing known as feedhack.

A production person at
KSFO/KYA San Francisco
wears a headser.
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ACTIVITIES

SECTION TW0/The Technology and Tools of Production

Will the familiar broadcast console endure? The answer probably depends more
on operator acceptance than available technology. Even though it is possible to buy
an on-air facility with only a computer screen, it has not been met with joy by disc
jockeys used to working with their hands, manipulating volume, and shaping the
sound of the station. One computer-only facility has only a single monitor, and every
on-air function from turning on the microphone to looking at the log to playing
music and commercials and controlling the level is done with a user-friendly touch
screen, If current announcers and operators are used to the old ways, the disc jockey
of tomorrow may have already trained for the tasks of modern radio on a Nintendo
or word processor.

Before you can learn the tricks of the trade, you must be familiar with the tools of
the trade. The individual pieces of equipment needed for audio production were
presented in this chapter, along with details on how they work. Using a microphone
is the first step in converting acoustic sound to electric energy. There are several
types of microphones to choose from, which are characterized by two basic criteria:
their operating principle and their directional pickup pattern. In addition to the
microphone, there are also many different audio sources you can use in your pro-
ductions, such as turntables, CDs, carts, reel-to-reel tape recorders, and digital sys-
tems. Once you have determined what sound and audio components will comprise
your project, the audio console will help you put it all together. You will be able to
process the sounds, adjust the volume, combine the audio sources, and preview the
results,

Now that you understand the individual components of what is called the sound
or audio chain, it will be easier to see how they work as a system in the production
of radio programming. Because each audio production is unique, the type and se-
lection of equipment utilized will change with every project. Understanding the per-
formance characteristics of available equipment will help you choose the best tools
for the job as you proceed to do creative radio production.

1. Try to find a vinyl phonograph record and look closely at the grooves that
represent sound information. Do the same thing by looking very closely at
the multicolored back of a CD and the dull emulsion on some audiotape or
videotape. Don’t destroy new tapes for this purpose!

2. Plan a mock audio production project. Consider what equipment you would
need to successfully produce the project. What kind of microphone would
you use? How many sound sources would you need? Will you record the
final project for replay in the future?
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The audio chain consists of individual components such as tape, CD, microphone,
and console. When you put them together as a system, you get radio. Think about
how you might see that system when you listen to the radio. A person in a large
room talking into a microphone, surrounded by records and CDs? Is it possible to
tell when one audio source ends and another one begins? Have you noticed how the
announcer always talks immediately after the music or commercial ends, with no
periods of silence between sounds? Even if you have not gone behind the scenes at
a radio station, you probably really do see some of it in your mind’s eye as you listen.
Now consider this: 