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National Community Radio Forum

The National Community Radio Forum is a national membership-driven
association of community radio stations and support service organisations. Radio
station members are independent, non-profit community-based organisations,
owned and run by diverse local communities who actively participate in the
devel opment of programming activities, for sustainable non-discriminatory local
devel opment.

Open Society Foundation for South Africa

The Open Society Foundation for South Africa is committed to the values,
institutions and practices of an open, non-racial and non-sexist, democratic,
civil society. It will work for avigorous and autonomous civil society inwhich
the rule of law and divergent opinions are respected.

P s

Communication Assistance Foundation

The Communication Assistance Foundation aims to strengthen freedom of
expression and media diversity in developing countries through support for
free and independent media.
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Introduction

Many people have initiated or are advocating technical training programmes
for community radio. The starting point for many of these programmesisto
teach basic electronics. Thisis not the approach of this manual.

We believe that the most important thing is basic operational training. Many
peopl e are able to make good tea or coffee, but most of usdon’t understand the
resistive element that heats the water.

The same applies to the community radio studio. You can make good
programmes by using broadcast equipment efficiently and creatively, but you
don’t have to understand the complex integrated circuits and resistors inside
the mixing consoles. An understanding of what the equipment does and how
to use it, and the confidence to experiment, is realy al you need to start
producing good quality sound.

Themachinesin aradio station rely on people to operate them, and so they can
only be asgood asthe station’s staff and volunteers. A community radio station
isacomplex environment, with many departments, al depending on each other.
To make good radio, every department needs to focus on its individual task,
while never losing sight of the station’s overall mission.

Thetechnical department isno exception. The station depends on the technical
department to keep broadcasting sound. At the same time, if the technical
department is to succeed in keeping the equipment working, there must be
good governance and management, and all staff and volunteers must be
committed to the mission of the station.

Aim of the Manual

The National Community Radio Forum (NCRF) and Open Society Foundation
for South Africa (OSF-SA) have developed this manual as aresource to help
community radio staff and volunteers. It can be used as a reference for
technicians as they go about their day-to-day work, cleaning the studios and
doing repairs. It can be used to train new peoplein the programming department
- the many producers, newsreaders, presenters and DJs who will operate the
studios. It can be used if you need ideas about how to develop your studios
further, especialy inrelation to new digital technologies. We' veincluded prices
and costs so that the manager can use the manual to budget for repairs and
replacements.

The manual also amsto demystify studio equipment - to help you understand
how to use your studios properly and to give you the confidence to experiment.
We hopeto expand your technical knowledge and vocabulary and - who knows?
We might even attract some readers to want to learn more and take up afuture
in electronics.
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Introduction ™

The manual provides information about:

» Thebroadcast system

» Studiosat aradio station, and how to link them

» Thetypes of equipment you are likely to find in acommunity station
» What the equipment in the studios can do

e Commonly used technical language and concepts

» Basic maintenance, fault-finding and problem solving.

How To Use the manual

The manual is divided into a number of sections. Each new section builds on
the previous section to give you amore detailed picture of theradio station and
how it works.

Different Parts of the Station

Thefirst four sectionsintroduce the broadcast system and different parts of the
station. We recommend that everyone who is involved in planning and
developing a community radio station; or who isinvolved in the station on a
day-to-day basis, or who hasaregular broadcast dot, readsthefirst five sections.

Fault-finding, Maintenance and Budgeting

Section 5 deal s with studio maintenance and fault-finding. It isvery important
that everyone who uses or workswith the studios should read this section. It is
especially important for the manager and finance manager to read this section,
because of the budgets and other financia information we've included, and
because the manager is ultimately responsible for keeping the station on air.

A-Z

The A-Z reference section will be of special usefor technicians, but it will also
be useful for others wanting more detailed information about the different
pieces of equipment found in studios, and how they work. The A-Z will also
help you understand many of the words and terms used by broadcasters, sound
engineers, equipment suppliers and othersinvolved in the broadcast industry.

Helpful Tips

Throughout the manual, there are helpful tips for using and maintaining
equipment. We use this symbol to highlight tips and other advice we think will
be useful.

e
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Cross-references

We usethissymbol when werefer you to the A-Z for more detailed information.

We use this symbol when we refer you to another part of the manual for more
details.

Warnings

We use this symbol to warn you about actions or other things that can damage
or destroy your equipment, or in any other way harm you or your station’s
operations.

Diagrams
There are many diagrams in the manual, to support the text.

Blank Pages

There are anumber of blank pages in the manual. We have left these open so
that you can write notes and make your own additionsto thetext. Every station’s
studios will be different, and you may want to note where our text and your
studios differ, or to jot down any other additional information.

Adding to the File

WEe' ve used afile so that technicians can slot in their own notes and additional
information as needed. As time goes by you will want to add information to
thefile, to make it more comprehensive and to keep it up to date.

Prices and Costs

WEe've included prices of some of the key pieces of equipment needed for
broadcast and production. Most radio equipment isimported and so prices are
subject to changes in the exchange rate. We' ve calculated as follows:

1$=R10
1UK £=R14

Thiswas the exchange rate in about October / November 2001. When you are
finding out about new equipment, and see prices quoted in foreign currencies,
you must remember to check the exchange rate and work out the latest prices.

The prices provided serve asaguideline for community radio stations wanting
to buy good or adequate equipment. Obviously more expensive or cheaper
equipment isavailable, but it isnot always necessary or appropriate to buy the
most expensive equipment. Buying the cheapest equipment is also not agood
idea, asit will wear out faster.

rfi X
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Introduction

Appendices

There are five appendices:

A. A list of some of the abbreviations used in the text, and their meanings.

@

This appendix explains the prefixes added to units to denote size.

@)

A directory of South African broadcast equipment suppliers.

~

A list of useful Internet resources and Web addresses. The Internet was an
important resource for usin writing the manual.

m

A list of useful references, including books and resources we drew on to
write the manual.

Community Radio Technical Manual



Section 1
How Does It All Work?

How doesthe voice of apresenter in the studio reach alistener in the community?

To answer this question, we must look at how al the different parts of the
station work together to make radio possible. We'll begin with a broad view,
and fill in the details as we go aong.

The Broadcast System

Broadcasting is the distribution — or transmission — of sounds and / or pictures
using eectrica signals, sothat they can be heard and seen over alargearea. Wecall
the combination of equipment used to make broadcasting happen abroadcast system.

Thefirst task of aradio broadcast system isto change sound into electrical energy.

Thiselectrical energy iscalled an audio signal. We change sound into electrical
audio signals because these signals can be changed in almost unlimited ways
by using electronic equipment. In audio electronics, pieces of equipment that
change energy from one form to another are called transducers.

The second job of aradio broadcast systemisto processor changeaudio signals
so that we can broadcast them. Pieces of equipment that change one or more
aspects of an audio signal are called signal processors.

See how we use these terms in the diagram below:

Source Equipment

Audio é C

Signal @ ==
E E : E Signal Processing A,Udlo »|  Transmission % Receiver Aud|o Output Transducer
H ? Signal Signal Signal
glslsls 4

Audio Acoustic

Signal Energy

A
AN
Input Transducer = Sound Output
p U @ = p

Acoustic
Energy

A

Sound Input %Q

Model of a radio broadcast system

—
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An input transducer (most often a microphone) changes the sound of a voice
into avarying electrical signal, avoltage or current that isan exact representation
of the sound. This varying voltage or current is called an audio signal.

The microphone is not the only piece of equipment in the broadcast system
that produces audio signals. There are many other pieces of equipment, such
as compact disc players, minidisc players, tape decks and turntables in the
broadcast system, all of which produce audio signals. We call them source
equipment. We use signal processors to change one or more characteristics of
the audio signals produced by the source equipment..

One of the most common purposes of asignal processor is to change the size
of asignal. Most often the signal ismade “bigger”. Thisiscalled amplifying a
signal. Once the amplified signal is converted back into sound, it is much
louder than before.

In the diagram of a radio broadcast system on the previous page, the block
marked signal processing represents several pieces of equipment, such as pre-
amplifiers, mixers, power amplifiers, effects units and so on.

In the diagram, the block marked transmission represents the transmitters,
antennasand so on that produce theradio signal that your radio set —or receiver
—picksup. The processed audio signal iscarried to your radio asaradio signal.
The process of joining the audio signal and theradio signal iscalled modulation.
Thisisthe origin of the abbreviations FM and AM, which stand for frequency
modulation and amplitude modulation.

Your radio, or receiver, receives the radio signals, which have been broadcast
by the transmission equipment. The receiver works in the opposite way to the
transmission equipment. It turns the radio signal back into an audio signal by
demodulation.

The radio set sends the audio signal to an output transducer - loudspeakers or
headphones. These output transducers work in the opposite way to the input
transducers (microphone and other source equipment) at the start of the system.
The output transducers convert electrical audio signals back into sound that
we can hear.

The radio station’s technical responsibility isto produce a good quality radio
signal that listeners can pick up with their receivers. Thismeansdelivering the
best possible quality audio signal to the transmission block, and ensuring that
the transmission block convertsit into aradio signal of good enough quality to
reach radio receivers in the community.
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Section 2:
The Studios and Transmission

In this section, welook at the broadcast system — the studios and transmission
equipment —in greater detail.

The Studios

The station’ s broadcast system can have more than one studio. These are:

A Broadcast Studio or On-air Studio

Every station must have abroadcast studio. Thisisthe studio that producesthe
sound that is broadcast.

A Production Studio

Thisisasecond studio, where programmes can be recorded, or pre-produced,
for broadcasting later. A production studio isnot essential, but asthe broadcast
studio is in constant use while the station is on air, having a second studio
where recordings can be made and material can be pre-produced isvery useful.

The production studio can aso be used as a back-up broadcast studio. This
means that the station will not have to go off-air while the broadcast studio is
being repaired or maintained.

Connecting Your Studios

When a station has more than one studio, these are connected together so that
audio signals can be shared between them.

The Studio Environment

The environment of your studios must be carefully controlled. Broadcast
equipment is sensitive and expensive. If it is not properly housed and |ooked
after, it can easily be damaged and will wear out quickly.

Air Conditioning

Studios are air-conditioned to control the temperature, as broadcast equi pment
works best when the temperature stays constant. Air conditioning will also
create a comfortable environment for people working in the studio. Because
studios are acoustically treated, there is often no other ventilation.

Acoustic Treatment

To produce quality sound, the studio room is acoustically treated and
soundproofed. This means that acoustic panels are mounted on the walls to
absorb unwanted sound, and the doors and windows are specially sealed to
stop unwanted noise coming into or getting out of the studio.

—
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Studio Furniture

Radio studios usually have specially built furniture. The furnitureis designed
around the equipment so that all of the equipment and wiring is secure.

Furniture is also designed to take into account the position of the different
pieces of equipment, placing them in the most comfortable position for the
studio operator.

Good furniture should be able to withstand alot of wear and tear and still ook
attractive. Theon-air studio isthe station’s showpiece. Toimpressvisitors and
to encourage a sense of pride in what your community has achieved, it is
important that the furniture (and the whole studio!) looks good.

Lastly — but most importantly for the technicians - the furniture must allow
easy accessto the back panelsof al the equipment for repairs and maintenance.

Equipment Racks

The furniture will have one or more equipment racks. Most professional
equipment is supplied in standard cases. The size of the caseis standardised so
that many different pieces of equipment can all be mounted in the same standard
Size equipment rack.

The standard “rack-mount” equipment case is 48.3cm (or 19 inches) across
but can be various heights and depths, depending on the type of equipment.
Take alook at the diagram below.

The height of the caseis specified in rack unit's (U). A 1U caseis4.4cm high;
a2U caseistwicethat; a3U caseisthreetimesthat height, and so on. Because
rack units are often the same size and the same colour, the equipment in the
studio can al look the same to an unpractised eye.

[ =] [ =]
44 mm
[ =] [ =
=] -
88 mm
o [ =]
483 mm

1U and 2U rack mountable equipment cases

o
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Section 2

The Broadcast or On-Air Studio

Thediagram below showsamodel of atypical community radio on-air studio.
By following the arrowsin the diagram, you will be able to see how sound (as
audio signals) moves through the different pieces of equipment, and how the
equipment is linked together.

Input/Output

Transducers Source Equipment Signal Processing Final Processing

Phono
Tumtable ~ ——» Preamplifier [ |

== Microphone | | Antenna
Microphones Preamplifier

Input Telephone . L
Transducers Hybrid P Receiver
Satellite e
Receiver Video
> Recorder
CD Player — jm—
Audio from  |_| L : .
another studio(s) Mixer ,. Control Signals
oolec/eces to "On-Air" Lights
S «ﬁf g . /
Q. ompressor.
L % -t N N ri}k —P»  Limiter/  ~P» Transmission
Headphones > TIEET Processor
» 1l A
Recording —> SEE]
Output Equipment . -
Transducers — ignal to other
DAT Player/ | | Distribution ™ Sty dio(s)
P Recorder Amplifier
Cassette Player/
> Recorder
Reel Player/ |_| o
Rl B > Recorder P  Amplifier
Loudspeakers Computer
Studio Monit —
(Studio Monitors *Player/Recorder
MD Player/
> Recorder . .
Recording Output from Mixer
Sound Audio Audio Audio
Waves Signal Signal Signal
Mono Audio Signal
Stereo Audio Signal

Model of a typical broadcast studio
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Broadcast Studio Equipment

All studio equipment should be rugged (strong) and reliable, with large displays
and control buttons. The equipment in acommunity radio studio isin constant
use and is handled by many different people who have different levels of
technical experience. Broadcast equipment works hard — often 24 hours per
day. Even in a very well maintained studio no piece of equipment will last
forever. But if you make the right choices in the beginning, and look after
your equipment well, it will last alot longer.

Now look at the diagram of the broadcast studio on the previous page and
follow the flow of audio signals, while reading the text. As you will see, we
start with the first input transducer, the microphones.

Microphones and Microphone Stands

The broadcast studio should have at least three high quality microphones, or
mics. This provides amicrophone for the presenter and two more for guestsin
the studio.

It is impossible for someone to hold a microphone when they are on-air, so
each microphone needs its own microphone stand. The stand will keep the
microphone in place, but it must also be adjustable so that its position can be
changed to suit different presenters and guests (who may be tall or short and
who will have different speaking voices).

A good quality broadcast microphone, with a stand, costs between R3 500 and
R8 500.

Under M in the A-Z for more on mics.

CD Players

The broadcast studio should have at least two broadcast quality CD players.
Two CD players are necessary to make it possible to mix from asong on aCD
played in the first one, to a song on a different CD in the second player.

Broadcast quality refers to some of the extra features that distinguish studio
CD playersfrom home CD players. The studio CD player should have alarge
easy-to-read front display. Studio CD players should be very reliable, asthey
will be in constant use.

You should be able to control the CD players from the mixing desk, or mixer.
Broadcast CD players can be started and stopped from the mixer.

The CD players should also have balanced professional level outputs. Thisis
best suited for connection to a professional mixer.

Broadcast CD playersrangein price from R4 500 to R7 000 per player.

Under B, Balanced and Unbalanced Wiring, inthe A-Z for more about bal anced
professional level outputs.

Under Cin the A-Z for more on CDs and CD players.

o
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Cassette Player/Recorder (Tape Deck)

Most people still use cassette tapes to make and share recordings, so the
broadcast studio should have atape deck to play cassettes.

Broadcast quality tape decks are often hard to distinguish from high-quality
home tape decks. The most obvious differenceisthat the studio tape deck will
be built into a rack-mounting case. The studio tape deck might also have
balanced inputs and outputs.

A broadcast tape deck costs between R4 500 and R9 000.
Under Cin the A-Z for more on cassettes and cassette player/recorders.

Minidisc Player/Recorder

Minidisc (MD) is replacing cassette as a recording medium in broadcasting.
MDs are played much like CDs, as the sounds on the discs are divided into
tracks. But recordings can be made onto MD just as easily as onto cassettes.

For thisreason, MD playersareideal for recording and playing out jinglesand
adverts. MD like CD, isadigital medium. Recordings on MD are of similar
quality to CD and are much better than tape.

A broadcast quality MD player costs between R6 000 and R30 000.
Under M in the A-Z for more on MDs and MD players.

Telephone Hybrid

A telephone hybrid makesit possibleto talk to callerson-air. It linksthe studio
to the telephone network, and is an essential item in the community radio
broadcast studio as it enables community members from far away to call in
and air their views.

You choose your telephone hybrid by thinking about how many callers your
station expects to handle at the sametime. A single line hybrid alows you to
speak to only one caller at atime. A multi-line hybrid enables you to speak to
more than one caller.

We recommend a multi-line hybrid for community radio stations to broadcast
effective call-in programmes and competitions.

Telephone hybridsrangein price from about R4 000 for asingleline hybrid, to
R25 000 for a high quality multi-line hybrid.

Under T in the A-Z for more about telephone hybrids.

Mixing Desk (Mixer)

The mixing desk —or mixer —isthe centre of the broadcast studio. Every piece
of sound equipment in the studio is connected to the mixing desk.

The mixing desk is used to control the sound from each piece of source
equipment. It isthetool that allows us to combine — or mix — the sounds from
microphones, CD players, MD players and other source equipment together.

I__f"'
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The choice of mixer will determine how your studio is built and how it will
work. Because each piece of equipment in the studio connects to the mixer, it
isvital that your mixer has enough connections.

A good quality analog broadcast mixer will cost from R30 000 upwards,
depending on the number of connections and other features you want it to have.

@ Under M in the A-Z for more on the broadcast mixing desk.

Monitor Loudspeakers

In the broadcast studio, we want to hear what we are broadcasting at any time
so that we can be sure listeners are receiving good quality sound.

To be able to hear the sound that is being broadcast, the studio must have a set
of high quality loudspeakers. These are called monitor loudspeakers or monitors,
because we use them to monitor what we are broadcasting.

A set of good quality monitors will cost between R4 000 and R9 000 per pair.
@ Under L in the A-Z for more about loudspeakers.

Audio Amplifier

The monitor loudspeakers must be fed a high power audio signal to produce
sound. We use an audio power amplifier to increase the power of asignal from
the mixing desk so that it can be fed to the monitors.

A separate audio amplifier isnot always necessary to drive the studio monitors,
as some monitors have amplifiers built into them. These monitors are often
more expensive.

The price range for an audio power amplifier is between R2 000 and R4 500.
@ Under A inthe A-Z for more about amplifiers.

Video Recorder and Off-air Receiver

It is alegal requirement for all South African radio stations to record their
broadcasts. These recordings are sent to the Independent Communications
Authority of SA for monitoring.

Most stationsrecord their broadcasts by using aradio receiver (or tuner) and a
good quality domestic video recorder. The receiver (tuner) is tuned into the
station’sbroadcast frequency, and theaudio fromthetuner isfed to avideo recorder.

A video recorder is used because the tapes can store much more sound than
standard cassette tapes or CDs.

The combination of a video recorder and off-air receiver costs between
R2 000 and R6 000. Some equipment suppliers suggest buying professional
off-air tuners. Whilethese areideally suited for usein the studio, they arevery
much more expensive, and can cost up to R7 000 on their own.

@ Under V in the A-Z for more on the video logging system.

s |
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Distribution Amplifier (DA)

A distribution amplifier (DA) is used to distribute asignal or signals to many
pieces of equipment. If you look at the diagram of a broadcast studio you will
see how the DA feeds audio signals to the studio’s recording equipment (the
MD Payer / Recorder, the Cassette Player / Recorder and other piecesof equipment).

The DA isavital piece of equipment. It costs between R3 000 and R5 000.

Under A inthe A-Z for more on amplifiers.

Headphones

The broadcast studio should have at least as many pairs of headphones as
microphones (usually 3), and perhaps afew more for guests.

Headphones are vital in the studio, because when a microphone is used, the
monitor loudspeakerswill automatically switch off. They are meant to do this
to prevent acoustic feedback (usually aloud whining noise) that can interfere
with the broadcast.

Because the monitors switch off, the presenter and any guests must to use
headphones so that they can hear themselves. Studio headphones must be
particularly hardy, asthey generaly receive alot of rough treatment.

A pair of well-made, high-quality studio headphones cost between R600 and
R1 200.

Under F in the A-Z for more about feedback.

RAG Light or On-Air Light System

RAG or on-air lights are essentid for the studio. They tell peopleinside the studio
— studio operators, guests — that the studio is “live’, or on-air. They aso warn
people outside the studio not to enter asthey will interrupt the broadcast. So RAG
lights are usually placed above the studio door, both insde and outside the studio.

RAG lights are controlled from the mixing desk and are used to indicate when
amicrophone in the studio is on. When a microphone comes on, ared light will
light up in the studio so that studio guests and others do not make extranoise, and
so that people don’t suddenly enter the studio. When the mic is off, the red light
switches off and in some studios agreen light comes on to tell peopleit is safe
to come into the studio.

RAG lights consist of two parts: a control box that handles the switching, and
the light fittings.

A RAG light system costs between R1 000 and R5 000, depending on the type
and number of lights required.

Optional Equipment

The equipment listed above will give you an effective basic studio. But there
are some other piecesthat you might like to consider. These are optional —that
IS, they are not absolutely essential — but will be very useful.

I__f"'
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Computer Equipped With Playout and Recording Software
More and more community radio stations are using computersin their studios.
The computer isused for playing out sound, in the same way asyou would use
aCD player or aMD player.

The computer offers a number of benefits. With appropriate playout software
acomputer can replace theroles of al the other source equipment (except the
microphone!) in the studio.

Computers can be programmed — that is, a programme can be recorded onto
the computer and can play unattended. This is useful for stations wanting to
broadcast for a full 24 hours daily, but that do not have staff who can work
through the night.

A playout system consists of computer hardware and playout software. If you
areusing thissystem, you will need at |east one other computer for production.

A digital playout system, including a computer and software, costs from
R30 000 upward, depending on what computer system and software you choose.

Under C in the A-Z for more on computer hardware and software.

Under D in the A-Z for more about digital playout systems.

Patchbay or Jackfield

A patchbay, also called ajackfield, is one of the most useful itemsin astudio.
Regularly used inputs and outputs are wired to a patchbay so that they can be
conveniently patched together (connected) with short signal leads.

Including a patchbay with the studio makes it more versatile. It also makesit
easier to add new equipment and to find faults.

A patchbay, including patch cords, costs from R4 000 upwards.
Under Pin the A-Z for more about the patchbay.

Turntable and Phono Pre-amplifier

Many stations want to be able to play records, either for live DJ mixing, or to
play oldies—that is, music that pre-dates tape and CD, and which you can still
only find on records. To play records, you need one or more turntables or
record players.

The signal from aturntable cannot be fed straight into a standard mixing desk.
It must first pass through a phono pre-amplifier. This piece of equipment
equalises the signal from the turntable so that it can be fed to the mixer.

A broadcast quality turntable costs from R3 000 to R7 000. For live DI mixes,
two turntables are needed, and a DJ mixer would be used as apre-amplifier to
feed sound to the mixing desk. A DJ mixer costs from R1 200 upwards.

Under A inthe A-Z for more on pre-amplifiers.

Under E in the A-Z for more on equalisation.

o
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DAT Players / Recorders
Some stations use Digital Audio Tape (DAT) recorders. DAT isamedium that
uses magnetic tape, which is similar to cassette tape, to store digital audio.
DAT wasinitially designed to replace cassettes. It was designed for home use,
but did not become popular, except for broadcast and other professional use.

DAT recorders can record large amounts of sound at a slightly higher quality
than CD.

A good quality DAT Player / Recorder costs from R9 000 upwards.
@ Under D in the A-Z for more on DATs and DAT Players/ Recorders.

Reel-to-reel Machine
Reel-to-redl tape is fast being replaced by new digital technologies in radio.
Reel-to-reel machines use tape to record sound. Reel-to-reels deliver better
sound quality than standard cassettes. Reel tape can also be edited by physically
cutting out pieces of tape with a blade where you want to remove sound, and
joining the cut ends together with splicing tape where you want the sound to
continue. Thisform of editing is called splicing.

A reel-to-reel machine costs about R30 000 second hand, or up to R50 000
new. One reel of tape costs around R300.

@ Under R in the A-Z for more on reel-to-reel machines.

Satellite Receiver

Many stations use satellite receivers to receive and broadcast programmes.
These programmes are broadcast via satellite from a central studio in South
Africaor abroad, and re-broadcast on local stations.

Often satellite receivers are provided for free by radio stations and other
organisations that want community radio stations to rebroadcast their
programmes and information.

@ See Page 47 for amore detailed discussion of satellite broadcasting.
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Broadcast studio at Radio Graaff Reinet. The broadcast mixing desk, presenter’s
microphone and playout computer can be clearly seen.
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The Production Studio

The production studio is used to produce and package programmes, such as
drama, documentaries or features, for broadcast at alater stage. It is also used
to produce “jingles’ or “stings’.

Thismeansthat the production studio is geared towards recording, editing and
creating sound. Itsfunctionisdifferent from that of the broadcast studio, which
ismainly designed to play out sound for broadcast.

Although the functions of the broadcast studio and the production studio are
different, some of the equipment found in the production studio isthe same, or
nearly the same, as the equipment in the broadcast studio.

Thissection discussestypical production studio equipment, but we do not repeat
information that is aready in the previous section, on the broadcast studio.
Where equipment is the same, or similar, we refer you back to the previous
section.

The Studio Environment

Like the broadcast studio, the production studio has special acoustic fittings,
air-conditioning and furniture. These should meet the same standards of
reliability and ruggedness as in the broadcast studio.

See Page 3 for more information on the studio environment.

The diagram on the next page shows a model of a typical community radio
production studio. By following the arrows in the diagram, you will be able to
see how sound (as audio signals) moves through the different pieces of
equipment, and how the equipment is linked together.

Community Radio Technical Manual



Section 2

N

Input/Output . . .
Transducers Source Equipment Signal Processing
Phono
Tumtable  ———» Preamplifier
o Microphone
Microphones Preamplifier
Input Telephone
Transducers Hybrid
Satellite e
Receiver

> 0

Audio from
another studio(s)

CD Player  jm—i

Final Processing

Signal to other
Distribution _>gstudio(s)

4> E ' ul
Headphones o Amplifier
_> :@ )
Recording % %% % P Amplifier
Output Equipment :t 1L
Transducers —Jpp»  Effects Unit
DAT Player/
> Recorder
Cassette Player/
> Recorder [ |
Reel Player/
; . > Recorder
Loudspeakers Computer
Studio Monit —
(Studio Monitors *PIayer/Recorder
MD Player/
-> Recorder . .
Recording Output from Mixer
Sound Audio Audio Audio
Waves Signal Signal Signal

Mono Audio Signal
Stereo Audio Signal

Model of a typical production studio
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Production Studio Equipment

Microphones and Microphone Stands
The production studio may use microphonesthat are different to the onesfound
in the broadcast studio.

For example, if you are recording a panel discussion in the production studio,
you might seat guests around atable. The microphone could stand on thetable,
or hang fromthe ceiling, but it will be placed in the middle of the guests so that
it can record al the speakers at once.

This kind of microphone is called an omnidirectional microphone.
Omnidirectional meansfrom every direction, and the microphonewill pick up
sound from every direction.

The number of microphones being used in the production studio depends on
what you are producing.

See Page 6.

Under M in the A-Z for a more about microphones.

Broadcast Quality CD Player

The production studio needs at least one CD player for listening to CDs and
for recording from CDs. If your budget allows, you should install two CD
players in the studio. This will make it more useful as a back-up broadcast
studio.

See Page 6.
Under Cin the A-Z for more about CD players.

Cassette Recorder

It might be a good idea to consider having a double cassette recorder (tape
deck) in the production studio for dubbing (copying or duplicating) tapes.
Copyingtapesisuseful if membersof the community want acopy of aparticular
programme, or if you want to send a copy of a programme to anyone else for
listening or broadcasting. Many stations also share programmes in this way.

SeePage 7.
Under C in the A-Z for amore about cassette recorders.

Minidisc Recorder (MD)

If your station plans to use MDs in the broadcast studio or for field recording,
then you must have a minidisc recorder in the production studio to record and
edit discs for broadcasting at alater stage.

See Page 7.
Under M in the A-Z for amore about MDs.
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Telephone Hybrid

Having atelephone hybrid in the production studio is very useful. This makes
it possiblefor your station to pre-record tel ephoneinterviews, and enablesyou
to edit the interviews.

It also makesit possibleto interview people when THEY are available. One of
the drawbacks of not having atelephone hybrid in the production studio isthat
the guest you want to interview over the phone must be available at the same
time as the programme is on air. Remember — people are often not available
when you want them to be.

Because the production studio does not have to handle as many calls as the
broadcast studio, asingle line hybrid is usually enough.

SeePage 7.
Under T in the A-Z for more about telephone hybrids.

Production Mixing Desk

The production mixing desk isthe central piece of equipment inthe production
studio. The production mixing desk often has different features to a broadcast
mixer. Thismixer islessgeared to controlling playback of equipment and may
lack the control features of abroadcast mixer.

However, the production mixer should have other features, such asequalisers,
that allow you to change sound, and panning controls that enable you add
stereo effects to sound.

The production mixer should also provide more control over the input and
output levels so that you can make high quality productions.

Production mixers can be as costly as on-air mixers, but effective production
mixers can be bought for R6 000 upwards.

Under M in the A-Z for more about mixers.
Under E in the A-Z for more on equalisation.

Under Sin the A-Z for more about stereo.

Computer Equipped with Editing and Recording software

The computer has become one of the most important parts of the production
studio. Evenif your station doesnot useadigital playout systemin the broadcast
studio, you should think seriously about using a computer for producing and
editing sound items that can be recorded to MD, CD or tape.

The production computer uses special production and recording software that
has to be bought separately. This computer also usually has specia hardware,
such as ahigh quality sound card and a CD writer.

Under Cin the A-Z for more on computer hardware and software.
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Monitor Loudspeakers and Audio Amplifier

If you can afford it, you could consider using higher quality monitorsin the
production studio than in the broadcast studio. Producing programmes demands
much more careful listening than usually happens in the broadcast studio.
However, most community radio stations use the same or similar quality
speakersin the broadcast and production studios.

See Page 8.
Under L in the A-Z for more about |oudspeakers.
See Page 8 for more about audio amplifiers.

Under A inthe A-Z for more about audio amplifiers.

Distribution Amplifier (DA)
See Page 9.

Under A in the A-Z for more about amplifiers.

Headphones
The production studio should be ableto feed sound to many pairs of headphones.
This may require using a headphone amplifier.

Having many pairs of headphones will allow you to record large groups of
people, for example, a choir or drama group, in the production studio.

See Page 9.

RAG Light or On-Air Light System

RAG (on-air) lights are also important for the production studio. These lights
indicate when recording istaking place, so that people outside the studio won’t
barge in and interrupt the recording.

See Page 9.

Optional Equipment

The equipment listed above will give you a very effective production studio.
However there are severa other pieces that you might like to consider.

Patchbay or Jackfield
See Page 10.
Under Pin the A-Z for more about patchbays or jackfields.

Turntable and Phono Pre-amplifier

A turntableisparticularly useful in aproduction studio, allowing you to record
from records onto other mediums such as MD or recordable CD (CD-R).

See Page 10.
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DAT Recorder

Many broadcasters use DAT recorders for master copies. CD-R can aso be
used for this purpose.

See Page 11.
Under D in the A-Z for more about DAT recorders.

Reel-to-reel Machine
For atape-based (analog) station, having at least two reel-to-reel machinesin

the production studio isvital to be ableto produce sound items. Two machines
are needed so that overdubs are possible.

An example of an overdub would be adding background music to apre-recorded
interview. Theinterview recorded on thefirst reel would be played through the
mixer, and at the same time, you'd add music from a CD player. This
combination of music and interview is then recorded on the second reel.

This can be done over and over to build layers of sound. Thisis not possible
with only one reel machine.

See Page 11.
Under R in the A-Z for more about reel-to-reel machines.

Effects Units

Effects units are used to change sounds to create atmosphere. For example, if
you want to create the impression that someone in a drama is speaking in a
large hall, the effects unit can add echo to the voice.

Different sound effects are normally supplied as part of the editing software
used on the production computer. Instead, or in addition to the computer, some
stations have dedicated effects units. These are pieces of equipment that can
be programmed to process and add effects to sound.

Thereisabig variety of effects units on the market, and they vary in price.

Under E in the A-Z for more on effects.
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Production studio at Radio Graaff Reinet, in the Eastern Cape.
The mixer, digital editing system and equipment racks can be clearly seen.
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Voice Booth

A voice booth is a studio room that can be attached to the production studio
and/ or broadcast studio. The purpose of the voice booth isto record voicesin
acontrolled environment. Thismeansthereisvery little equipment inthe voice
booth, which is usually quite small. The most important aspects of the voice
booth are the acoustics and the furniture.

Often atable—called atalk table—is part of the voice booth. Thisisatablefor
gueststo sit around for discussion programmes or debates. There should also
be comfortable chairs available.

The only other essential pieces of equipment in the voice booth are the
microphones and headphones.

The microphones in the voice booth can be controlled by the mixing desk in
the production studio, or by the mixer in the broadcast studio. The studio that
controls the microphones in the voice booth is often called the control room.

production studio, or the playout equipment in the broadcast studio, improves

@ Having a voice booth that is separate from the recording equipment in the
your sound. It also givesyou greater flexibility.

For example, if the broadcast studio is attached to the voice booth, newsreaders
can read from the voice booth. While the news is being read from the voice
booth, the presenter in the on-air (or broadcast) studio can continue working,
searching for CDs or talking to a guest, without disturbing the news reader. If
the newsreader reads news from inside the on-air studio, everyone elsein the
studio has to keep quiet until the newsis over.

@ Under A in the A-Z for more about acoustics and acoustic treatment.

N
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Equipment for the Voice Booth

Follow the arrows in the diagram below to see how the studios are connected

to the voice booth.

Signal from
other Studio(s)

Signal from

> Headphone
Amplifier

other Studio(s) —P  Amplifier

Input/Output
Transducers

T—
Microphones

Signal to other

Studio(s)

%

Headphones

Loudspeakers
(Studio Monitors

— Mono Audio Signal
Stereo Audio Signal

Diagram of a voice booth, showing connections to other studios

P®

Microphones

The voice booth could have one or more microphones, depending on what you
arerecording. The microphones are used to record the guest, musician or voice
artist in the voice booth. As the voice booth is an extension of the production
studio, specialised recording microphones may also be used here.

Under M in the A-Z for more about microphones.

Headphones and Headphone Amplifier

Headphones are a very important item in the voice booth, allowing the people
in the booth to hear themselves. The voice booth could aso use a headphone
amplifier to accommodate several guestsby using several pairsof headphones.

See Pages9 and 17.

Under A inthe A-Z for more about amplifiers.
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Patchbay or Jackfield

It is useful to have a patchbay between the voice booth and the production
studio (or control room). By changing the connections on the patchbay, the
voice booth can be connected to either the broadcast studio or the production
studio. The patchbay also makesit easier to plug in extramicrophones or other
equipment.

See Page 10.
Under P in the A-Z for more about patchbays or jackfields.

Options

Studio Monitors

Some voice booths also contain monitors. This allows recorded sound to be
played back to the people in the booth. But if you don’t have enough money
for monitors, headphones will be enough.

N
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Editing Station

Many editing tasks do not need a sophisticated production studio. For example,
taking sound bites (short sound clips taken from longer recordings) from a
press conference to include in the news needs very simple editing. There are
no music levels or other creative issues to think about, and so high quality
monitoring, soundproofing and so on are not essential.

An editing station usually has acombination of acomputer and afew pieces of
audio equipment that can be placed on adesk in an office, or in the newsroom,
to do quick edits.

The advantage of an editing station is that it is often much easier to use and
understand than a production studio. Thisreducesthetraining needed for more
people to get started, and aso frees up time in the production studio for more
complicated production work.

An editing station might consist of
e A small mixer

» A tapedeck (or an MD player if your reportersuse mini-disc field recorders)
to play recordings the reporters bring back

» A computer with basic editing and recording software, and the computer’s
speakers.

» Some basic monitors or headphones for monitoring.

An even more cost-effective way of doing quick edits is to plug input and
output connectors from the computer into your station’s field recorders.

See the section on The Production Studio, Page 15, for more about the above
equipment.

N
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Field Recorders

Strictly speaking, field recorders are not studio equipment, as they are not
often used in the studio (except as described above, with an editing station).
But they are essential for community radio stations.

A field recorder isaportable recorder using tape, DAT or MD to record sounds
“inthefield” —inthe community, at news conferences, in the street - anywhere
away from the studio.

A field recording kit consists of several pieces of equipment:
* therecorder

» arugged all-purpose microphone

e amicrophone cable

 headphones for monitoring

e acarry bag

Under F in the A-Z for more about field recorders.

Minidisc field recording kit with headphones, a microphone, the necessary cables

and a minidisc

a
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Transmission

Transmission is the final stage of the broadcast system, and usually happens
outside of the studio. The broadcast and other studios provide the audio signal
that the transmission system convertsinto aradio signal that can be picked up
by your listeners' receivers, or radio sets.

The diagram below shows how the audio signal leaves the broadcast studio
and reaches listeners.

Transmitting
Antenna

Audio . . Audio Radio . Radio
————>»| Final Processing - > STL —ar ™ Transmitter e >
Signal Signal Signal Signal
N\ Acoustic Audio , _Audio [ aummm
9/ Sound Output “Energy Output Transducerm Receiver * Signal ® ==
Receiving

Antenna

Model of a radio transmission and reception system

The audio leaving the studio is usually processed before it is broadcast. This
processing limitsthe level of the signal to prevent distortion or damage to the
transmission equipment.

Processing can also be used to improve the sound. Most community radio
stations use a piece of equipment called acompressor limiter to process sound
before it reaches the transmission system.

Under Cin the A-Z for more about compressor limiters.

Once it has been processed, the signal has to travel from the studio to the
transmission equipment. Many stations have transmitters far away from the
studios and so will need astudio-transmitter link (STL). The STL isneeded to
carry the signal from the studio to the transmitter.

Under Sin the A-Z for more about STLS.

The transmission equipment combines the audio signa with a radio wave
through the process of modulation.

Under M in the A-Z for more about modul ation.

The transmitter feeds the modulated radio signal to an antenna. An antennais
specially designed so that asignal that isfed into it is radiated out into space.

I__f"'
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This sends the radio wave from the transmitter out into the air. This is the
signal that the antenna on aradio receiver is ableto pick up.

The receiver then demodulates the radio signal. This is the opposite of the
modulation processthat created theradio signal, and separatesthe audio signal
from the carrier radio wave.

The signal picked up by the receiver is often very weak, so the radio receiver
amplifies the signal. So that this can happen, the audio signal is passed to an
audio amplifier and aloudspeaker that produces the sound we hear.

@ Under T inthe A-Z for more about transmitters and transmission.

Transmission tower at Radio Bushbuckridge in Limpopo. The transmitting
antennae can be seen at the top of the tower.
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Making a Radio Station With
Studios

Aswe have seen, aradio station often has more than one studio. The studios,
with the transmission system, make up the station’s broadcast system. The
way the studios are connected to each other isone of the thingsthat will define
how the station operates technically, and what it is capable of.

The diagram below illustrates the floor plan of an imaginary community radio
station’s studio complex.

Outdoors
—_— —_—
) —_
Production s D) |
or “
Back-up

Studio

£ = Studio Window

T .
O 0
o 4

Hi ~ voce | .

; i Broadcast Studio
[ \
= — EJ ﬂl:ﬂ
\ /

— =
= =

Door Leading to rest of station

Floor plan of a community radio studio complex

Thismodel hasthree studios: abroadcast studio, avoice booth and aproduction
studio. The position of the three studio rooms, the positions of the windows
and doors and the audio connections between the studio rooms all affect how
this station will operate.

Asyou can see, the studios all have windows. These areimportant —they letin
light and create a pleasant working environment.

But they also have other functions. Thewindowsin the broadcast and production
studios alow people outside the studios to see in, and people inside the studio to
See out.

—
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The two windows on the outside walls fulfil an important marketing function.
They alow visitors and passers-by to look into the studios. Being able to see
the radio station in action generates interest and excitement.

The windows facing into the station offices make it possible for other station
staff to look into the studios and to communi cate with presenters or programme
hosts— by waving or holding up notes. Many on-air mistakes or problems have
been avoided when someone outside the studio holds a note up to a studio
window.

The windows between the studios and the voice booth, allow people in the
studios to communicate with one another.

The broadcast studio, the voice booth and the production studio are usually
connected to enable the mixer in the broadcast studio to receive audio signals
from the voice booth microphones as well as the production studio.

At the same time, the audio signals coming from the broadcast studio and
production studio can be fed into headphones or monitors in the voice booth.
Thisallows peopleinthe voice booth to hear what ishappening in the broadcast
and production studios.

Together, the combination of windows and audio connections allow peopleto
see and hear one another, making two-way communication possible between
all three studios.

Connecting Your Studios

The diagram below shows how avoice booth, production studio and broadcast
studio can be connected.

Voice Booth Production Studio Broadcast Studio
@.°@.0/@.0 @0 J @.9/@.0/@.0@.0
@0|@0o|@0|@®0 @o|@o|@0|@0
&
=P iy
B LA
Voice Booth ”'“ : “ )
Headphones % n % % % % %
7 7 7 2
Voice Booth Production Studio Broadcast Studio
Microphone Mixing Desk Mixing Desk

Connections between studios in the broadcast system
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Follow the arrows and numbersin the diagram to track the signals between the
studios.

The voice booth microphone(s) are connected to achannel (s) on the production
mixer (number 1). This connects the voice booth to the production studio.

The production studio mixer has an output that feeds the headphones in the
voice booth (number 2). This alows the audio from the microphones and any
other equipment connected to the production mixer to be heard in the voice
booth.

The production mixer also feeds audio to the broadcast studio mixer (number
3). This connects the production studio to the broadcast studio, and alows
audio from the production studio mixer (including signalsfrom the voice booth
microphones, because they are connected to the production mixer) to be
broadcast through the broadcast mixer.

The broadcast mixer has an output that is connected back to the production
mixer (number 4). This allows audio from the broadcast studio to be heard in
the production studio and also in the voice booth, as any signal connected to
the production mixer can be fed to the voice booth by the headphone output
(number 2).

Models from the Real World

The imaginary floor plan drawn on Page 31 shows only one way of placing
and connecting studios.

Different stationswill choose different approaches, depending on their premises,
their broadcast style, their budgets and other things.

Radio Unique

Radio Unique is a community radio station serving Burgersdorp and
surrounding towns, in the Eastern Cape. The diagram on the next page shows
how their studios have been laid out.

Radio Unique’ sstudios are in ahouse that was built late in the last century. At
first, the station wanted to put the production studio and voice booth in the
space labelled “office”. When building started, they found that there were
problems with the floor, and the space could not be used for a studio. So they
decided to move the production studio and voice booth to the positions shown
bel ow.

A disadvantage of the move was that the person or people in the voice booth
could no longer seeinto the broadcast studio. An advantage wasthat the station
gained an extra window in the production studio, looking out into the street.
This allowed passers-by to see into both the on-air and production studios,
which attracted alot of public interest.

I__f"'
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Maputaland Community Radio

Maputaland Community Radio is a station serving Jozini and the surrounding
areasof northern KwaZulu/ Natal. The station premisesare aconverted house.
The studios occupy rooms that used to be bedrooms.

The station chose their design to allow for the future addition of a production
studio.

The rooms are located at one end of the house, with a door separating the
studio areafrom the reception area and the rest of the station. Thisdoor can be
closed, improving soundproofing and studio security.

The programme manager’s office is within the studio area, close to where the
actionis. Thewindow linking the broadcast studio to the reception areafulfils
the important marketing role, as visitors can see into the studio.
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To Sum Up...

The connections between the studios, and the arrangement of studios at your
station, will determine how you work. Asyou can see, there are several aspects
of studio layout and connection to consider.

Consult with your supplier when it comes to studio layout to find out what is
possible, keeping in mind what is important for your station, based on your
mission and how you expect to do your work.

technology are changing very fast, and over timetheway your station operates
could change. As far as possible, the studio layout should allow for this and
leave possibilities for additional equipment and future improvements.

@ Try to keep the layout as flexible as possible. Broadcasting techniques and
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Connecting to the Outside
World

In sections 1 — 3, we looked at the broadcast system — that is, the studios and
transmission system. We aso looked at how they are connected.

We now look at the important connections between the station and the outside
world. Good connections to the outside world are away of linking the station
to the community, and of linking your community to other communities far

avay.

Thebasic tool that most community radio stations use to connect to the outside
world is the telephone. But there are other ways — and we will also look at
satellite connections, and new | nformation and Communi cations Technol ogies
(ICTs).
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Telephone Connections

Telephone linesmake it possible for members of the community to phoneinto
the studio during call-in programmes. They also enable the presenter or
programme host to conduct on-air interviews over the phone.

Telephonelines are aso used to send audio from the studio to the transmission
site. They can also be used to connect the station to the Internet.

There are many different kinds of telephone connections. The important ones
for broadcasters are

» Standard fixed lines

» High quality analog fixed lines
» High quality digital fixed lines
» Céll phones

Standard Fixed Lines

These arethe phone linesthat we are most familiar with, as most domestic and
public phones use them. Standard fixed lines have limited sound quality and
are best suited for the transmission of voices. A standard line is not good for
carrying music.

A standard fixed line hasto be rented from a tel gphone company, or business.
At present Telkom is the only company supplying phones and phonelinesin
South Africa, but in the next couple of years, other companieswill be allowed
to enter the phone business and compete with Telkom.

A standard fixed line carriesamonthly rental feein addition to the cost of each
call made.

Each line allows one connection to the station. Combined with a telephone
hybrid, a standard fixed line can be used to get the voice of an interviewee or
aremote community member on air.

The telephone hybrid is a signal processing device. It connects your mixing
desk to the telephone network and changes the sound of the voice that comes
over the phone into a signal that can fed to the mixing desk for broadcast or
recording. It also sends the voice of the presenter to a caller so that the caller
can hear what is happening in the studio.

There are single-line and multi-line telephone hybrids. A single-line hybrid
can only handle one call at atime. A multi-line hybrid enables you to speak to
more than one person at atime.

For example amulti-line hybrid will enable you to have an expert or politician
on one line, and listeners will be able to phone on other lines and ask the
expert or politician questions.

I__f"'
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Many stations use multi-line hybrids, because it is important for community
radio stations to be very accessible to community members. But a multi-line
hybrid costs more to buy and install. In addition, it needs more incoming
telephone lines, each of which carries a monthly rental.

A telephone hybrid can be used for many different purposes. Some examples are;
» Cadl-insfor dedications, requests and so on.

» Telephone interviews — local, national and international politicians,
musicians etc are really only a phone call away.

» Newsgathering —reporters can call-in with storiesfrom the site of the event
they are covering.

» Broadcasting sports matches, civic events and religious ceremonies.

Under T in the A-Z for more on telephone hybrids.

Because telephones are so important, the station should try to afford three
standard lines, with different phone numbers as follows:

The Studio Phone

Onelineisfor the studio, whichis connected to the telephone hybrid. However,
to accommodate call-ins, chat shows and dedications, it is preferable to have
at least two lines sharing the studio number. If you have more than one line
into the studio, you will need ahunting line system. A hunting system makesit
possiblefor several linesto share the same number. When acommunity member
dialsthe number, the hunting system “hunts’ for an available line. This means
that more than one person can dial your studio number at the sametime without
getting an engaged signal. Only when all theincoming linesarein use will the
caller get an engaged signal.

The General Office

Thisline would be used for all other station business — making appointments,
getting advertising; reminding volunteers about their programmes; receiving
business and other calls. While at |east oneline is necessary, this could also be
amulti-line system. It could operate through a switchboard that will send calls
to different extensions.

The Fax Machine

Many organisations in the community, like the local police station, clinic,
municipality, women's groups, schools and so on, may want to fax news and
information to the station. Organisationsthat will want to support your station, like
training organisations, advertisersand donorsmay a so want to fax you information.
All this makes a phone line dedi cated to afax machine very important.

Warning - your phones can bankrupt you!

It is important to have clear policies about who may use the station phones,
when they can use them, what for and for how long.
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Some stations are located in communities where there are not many domestic
or public phones. So people use the station phones for private and personal
business, and run up billsthat the station cannot afford. Asaresult, the phones
are cut off and the station loses its primary link to the outside world. The
station is then denied phone access to community members as well as
advertisers, donors, training opportunities and so on.

Your choice of phone system will depend on what you can afford. The more
linesyou have, the morerent you will pay. The more complicated your system
is, the more it will cost to maintain.

The absol ute minimum number of linesfor acommunity radio station istwo —
that is, aline for the studio and a line for the office. To keep costs down, you
can also double up your officelineasafax line by using aphone/ fax machine.

Keeping at least one line open is fundamental to your station’s sustainability.
Clear policies will ensure your bills are affordable and your phones won't be
cut off.

Lightning
Phones are also at great risk from lightning strikes. When lightning strikes a
phonethat is connected to astudio, it can damage and destroy your broadcasting
equipment. It isimportant to take steps to minimise damage that can be caused
by lightning.

Under L in the A-Z for more on lightning protection.

High Quality Lines

The shortcoming of the standard phone lineisthat it can only deliver limited
sound quality, and so standard lines are only really suitable for voices. If you
want to send a high quality audio signal that combines music, voice and sound
effects from one place to another, you need a high quality line.

A high quality line can be analog or digital. These lines are usually used for
outside broadcasts and to send signalsfrom the studio to the station’ stransmitter,
when the station and the transmitter are located apart. The link used to send
signalsfrom the studio to aremote transmitter is called the studio-transmission
link, or STL.

Under Sin the A-Z for more on STLSs.

The high-quality digital line usually used iscalled an ISDN line. ISDN stands
for | ntegrated Services Digital Network. The advantage of an ISDN line is
that it can carry enough digital information to send CD quality sound.

Using an ISDN line involvesfirst converting the signal that you want to send
into adigital data stream. To do this you need a piece of equipment called an
ISDN codec. (Codec isshort for coder-decoder). One of these devicesisneeded
at each end of theline.

Under A inthe A-Z for more about analog and digital data.

I__f"'
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A codec is an expensive piece of equipment, that can cost more than R30 000.
Because you need one at each end of the ISDN line, the cost will be R60 000.

Stations using ISDN lines for their STL, or who do many outside broadcasts,
may find it cost-effective to buy a codec. Alternately, you can rent a codec
with the ISDN line, from Telkom.

Telkom usually requireslong notice to provide an ISDN connection. So if you
need one, you should contact Telkom at least three or four weeks (or even
longer) before the date you'll be needing the line.

ISDN lines can a so be used to connect to the Internet. Stations using the I nternet
extensively for broadcast, and which can afford the rental costs, could use
|SDN to provide ahigh-speed connection to an Internet Service Provider (ISP).

Page 43 for more on the Internet.

Cell Phones

Cell phones—short for cellular telephones—are aremarkabletool for connecting
to the station. Most of South Africaisnow covered by cell phone networks, so
it is possible for reporters and listeners to call into the studio from nearly
anywhere. Reporters equipped with acell phone can call in from the sidelines
of asports match, the centre of a concert crowd or from the top of amountain.

At present, cell phones are only suitable for transmitting voice. But this will
change in the future, as cell phones are already able to transmit digital
information.

Warning - cell phones can bankrupt you!
Calls made on a cell phone cost more than calls made using aland line.
Stations that have “ station cell phones* must manage them very carefully, as

the costs of cell phones can quickly mount. Also, cell phones are small and
portable, and can easily be lost, damaged or stolen.

Managing cell phones means developing policy about how they can be used,
and making sure they are insured.
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The Internet

The Internet is a global network of computers. By connecting to the Internet
you can get access to an enormous amount of information available on these
computers.

The Internet is not only avaluable information resource, but also, by using e-
mail, the Internet is a quick and cheap communications tool. E-mail alows
you to send messages to other people who are connected to the Internet.

To use the Internet and e-mail, you need a computer that can be connected to
the global network, or World Wide Web (WWW). Standard phonelinesarethe
most common connection to the Internet.

The computer uses a piece of equipment called amodem to send signals over
the phone, and to “ speak” to other computersthat are connected to the Internet.
Modem stands for modul ator-demodul ator.

The modem attached to your computer converts digital signals from the
computer into analog signals that can be carried on a standard phone line.
Another modem on the receiving computer converts the analog signal back to
digital data that can be understood by the receiving computer.

An abbreviation that is often used when talking about Internet connectionsis
TCP/IP. TCP/IP stands for Transmission Control Protocol/Internet Protocol.
These protocols are the language used by computers on the I nternet to “ speak”
to one another.

In addition to the modem and phone line, the computer needs software that is
designed to browse the Internet or send e-mail. Fortunately most computers
are supplied with this kind of software

The diagram bel ow shows how you can connect to the Internet using astandard
phoneline.

Permanent Internet

Connection
Telephone Line H HH

44— P»| ooooooooao <P

Computer

————
ISP Internet

Modem Modem
Server

An Internet connection using a standard phone line
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Follow the arrows in the diagram. The modem connects to an Internet Service
Provider (ISP). The ISP runs a computer called an Internet server that is
permanently connected to the Internet network.

To get information from the Internet, your computer sends a request for that
information to the Internet server. The ISP's server receives this request. It
then fetchestheinformation you want from the Internet and sends—or “serves’
—it to your computer using the modem connection.

South Africa has many large national and smaller regiona and local 1SPs.
Most ISPs run their services on a subscription basis. Apart from the costs of
the hardware and software, and making the connection, there are two main
costs of using the Internet:

» Payment for use. You can subscribe to the service by paying a monthly fee
to the ISP

» Thecost of using the phone line, calculated as units of time, using standard
rates.

A basic computer will give you the ability to connect to an ISP However the
more you want to do with the computer, the more advanced it should be.

Oneof themost common combinations of Internet browsing and e-mail software
are Microsoft’s Internet Explorer 6 and Outlook Express 5, on a computer
using Microsoft Windows 98 or 2000.

Minimum System Requirements for Internet and e-mail:
The following specifications show you the kind of computer you will need to
operate to connect to the Internet using this system:

* A Pentium or Pentium compatible class processor with a processor speed
upwards of 133MHz

* 32MB of RAM (For Windows 2000, 64MB is recommended)
o Atleast a2GB (gigabyte) Hard disk drive

* A modem or other means of connecting to the Internet. Modems operate at
different speedsand a“56K” modem isrecommended. Slower modems can
befound for cheaper prices, but unlessit isabsolutely unavoidablethe faster
modem is recommended.

A CD-ROM toinstall the software.

See Appendix B for alist of useful Internet sites for broadcasters.

E-Mail
E-mail isafast and cheap way to communicate viathe Internet. E-mail allows
users around the world to send and recel ve messages to each other, using their

Internet connection. Part of the service offered by an ISPisan e-mail account,
which givesyou an e-mail address.
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Once thisis set up, and you have e-mail software, you are ready to speak to
other peoplein your community who have accessto computers with e-mail, or
with anyone else in the world.

Your e-mail addressisthe e-mail equivalent of a phone number. To be able to
send messages to someone you need to know their e-mail address.

Typically an e-mail address |ooks something like this: techquy @thel SPco.za

Thefirst part of the address is the user’s name. In this case, the user is called
“techguy”. The symbol @ means “at”, and it tells you which organisation or
ISP the user is connected to. In the example, “techguy” is connected to “the
ISP”.

Instead of using the |SP's name, some companies and organisations put their
name as this part of the address. For example, the National Community Radio
Forum (NCRF), might have as an address. mabalane@ncrf.org.za.

In the first example, “co” stands for commercial, meaning that “thelSP” is a
listed commercial organisation, or business. Inthe NCRF example, “org” stands
for organisation, meaning a non-commercial organisation.

The*za’ in both examples showsthat the e-mail user is based in South Africa.
Most countries have a code, for example, Namibia uses “na’; the Netherlands
uses“nl”. Only the United States does not have a country code, and addresses
that end without a country code are likely to be based in the US.

E-mail can be used to send text, pictures and sounds. A problem with e-mail is
that it can only send a limited amount of data, or information. Sending big
sound files by e-mail can be difficult. ISPs normally limit the size of e-mail
messagesthat can be sent. Thisstopsthe e-mail system from becoming jammed
with masses of data.

Webcasting

Webcasting, or net-casting, means broadcasting on the Internet. Webcasting is
becoming more and more common. Some stations have their programmes
availablelive on the Internet, or have created web-sites containing archives of
material that can be listened to by Internet users.

Webcasting is an exciting opportunity, as the reach of webcasting isunlimited.
Any Internet user anywherein the world can hear programmes that have been
webcast. But the high cost and difficult technical issues of webcasting limit its
scope for community radio.

To listen to awebcast is also demanding on the user. Users who have modem-
based Internet connections using standard phone lines often do not receive
good quality audio from webcasts.

If you think your station can benefit from exposure on the Internet, building an
Internet siteis probably agood first step. It isrelatively easy to place archived
sound items on the site for usersto listen to.

I__f"'
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There are till some remote rural areasin South Africathat do not have phone
connections, and many people in rural and urban areas cannot afford phones,
let alone computers. At the same time, compared to many other developing
countries, South Africa'stelecommunications system is quite advanced. More
and more homes, community-based organisations and NGOs are getting
connected to the Internet.

This makesit important for community radio stationsto connect too: you will
be able to communi cate with organi sationsin your community through e-mail,
and get accessto vast amounts of news and information that isavailable on the
Web.
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Satellite Broadcasting

Satellite broadcasting, that is, audio beamed by satelliteslocated in space, isa
vital part of broadcasting today. Radio and television stations all over theworld
make extensive use of satellite transmission to broadcast to far larger areas
than is possible with terrestrial (earth-based) transmission.

Satellite transmission placesthe broadcaster’stransmitting antennaon asatellite
that ishigh abovethe earth. Because the satelliteis so highthe signalsit transmits
can be received across avast area. Some satellites can cover entire continents
with their transmission.

The diagram below shows how signals are transmitted from outer space to
receivers on earth.

Satellite
v

«// A

\ Control Station

Receiver

% Receiver

Earth Station

Receiver for
Terrestrial Relaying

Satellite transmission, with various uplinks and downlinks

A satellite is a small spacecraft, launched by rocket into space and put into
orbit round the earth. There are currently more than 2 500 satellites in orbit.

Communications satellites are often placed in geostationary orbit, about
37 000km above the equator. Satellitesin thisorbit travel at the same speed as
the earth and so appear to be stationary in the sky, allowing them to cover a
fixed area with their transmissions.

Now follow the diagram.

All satellites are monitored from earth and can be operated by remote control,
from the control station.
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The earth station sendsthe signal that isto be broadcast up to the satellite. This
isreferred to as an “uplink”. The uplink to a satelliteisalot like the STL, or
studio transmitter link in the broadcast system. Both are links that send a
signal intended for broadcast to a transmitting antenna. An “uplink” satellite
dishisabout 10 timesthe size of adomestic satellite dish. Most communications
satellitestransmit and receive signalsin the Gigahertz (thousands of M egahertz)
frequency range, and can carry hundreds of channels, such astelephonesignals,
data, television, radio broadcasts and so on. These satellites are operated
commercially and the operators lease channel time on the satellite.

Once the signal has reached the satellite, the satellite rebroadcasts it. We call
thetransmission fromthe satellitea® downlink”. The signal transmitted through
the downlink iswhat we are able to pick up using a satellite dish and decoder.

In South Africa, international broadcasters, news services and organisations
are ableto make programmes avail able to community radio stations throughout
the country via satellite.

To receive satellite transmission, we need a satellite dish and a decoder. The
decoder and the dish combineto provide areceiver, in the ssmeway asaradio
receiver and an antenna work. The decoder decodes the (most often) digital
satellite signal to provide an audio output that can be connected to the mixing
desk in the studio.

The decoder, like a radio set, needs to be tuned in to the station you want.
Tuning in a satellite decoder is alittle different from tuning a radio set.

For example, for some satellite decoders, you type in the frequency of the
transmission you want, rather than turning a dial to find the station as you
would with radio. The typed frequency can then be stored as a channel on the
decoder, in the same way as atelevision set remembers channels. In the future
you can return to that station by choosing that channel.

There are aso other systems of tuning satellite decoders.

Thediagram also shows aterrestrial relay station. These are used by the public
and commercial national broadcasters. The satellite link is used to connect the
broadcaster’s studio with their many transmitters all over the country. At the
transmitter, a satellite receiver picks up the signal sent from the broadcaster’s
studio and feeds it to a conventional earth-based FM/AM transmitter. This
transmitter then re-broadcaststhe signal received from the satellite. Thisallows
listeners to hear the station using standard FM/AM radio receivers. As the
broadcaster needsto link the studio to so many transmittersall over the country,
satellite is much easier to install and maintain than other types of STLs.
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Basic Maintenance

At the time we were writing this manual, the cost of high quality studio
equipment and fittings for community radio studios was around R400 000.
Thisamount excludestransmission and furnishingsand fittingsfor the station’s
offices (reception area, meeting rooms, music library, etc.).

For about R400 000, you could

» Do some necessary alterations to your premises.

» Buy andinstall soundproof doors and windows, and acoustic panels.
» Buy andinstall air conditioning units.

» Buy andinstall equipment for a broadcast (on-air) studio.

* Buy and install equipment for a production studio.

* Buy and install equipment for avoice booth.

Most community radio stations in developing countries do not have enough
money to build studios and install equipment, and so seek help from donors or
sponsors to do this. It could be severa years before stations are able to buy
their own equipment. At many stations, salaries and running costs like phone
bills, electricity, rent and water, or the costs of activities, such as marketing
campaigns, take priority over spending money on equipment.

This means that to avoid extra costs, stations must maintain their equipment
very carefully.

Maintenance should not be a special event performed by technical staff oncea
year. Maintenance must be an ongoing activity that is part of how everyone at
the station uses the studios.

There are three key aims of a good mai ntenance programme:
» To ensure you consistently broadcast good quality sound.
» To savethe station money.

» To anticipate and plan for problems before they arise.

Broadcast equipment is expensive to repair, and many stations struggle on
with broken equipment because they can’t afford repairs. Sound quality drops,
and listeners become frustrated and tune into other stations.

Your maintenance programme must plan for future technical problems before
they arise. If plan properly, when arepair or replacement is unavoidable, you
will have the money to pay for it.

—
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Basic Studio Rules

Community radio isaparticipatory activity. Stations have many different kinds
of people — young, old, experienced, inexperienced, skilled, unskilled, staff
and volunteers — using the studios. Everyone who uses the studios has a big
roleto play in maintaining the equipment.

Anyone who uses the equipment can cause technical problems at a station.
One poorly trained, undisciplined staff member can wreck astudio’s equipment
in afew minutes. Onthe other hand, trained staff and volunteerswho understand
that they arejointly responsible for keeping the studiosin good working order
can help equipment last for many years.

Maintenance starts with the people using the equipment. Certain basic studio
rules that apply to everyone at the station, from the youngest volunteer to the
chairperson of the board, are essential to keep your studio working.

Dirty studios, incorrect operation and rough handling will cause studio
eguipment to fail beforeitstime.

If you stick to the rules below, your equipment will last longer. Everyone at the
station should understand these rules. It is a good idea to draft a set of your own
rulesand pin them to the studio door or stick them onto thewall outside the studio.

Keep the Studio Clean
This means never eating, drinking or smoking in the studio.

Personal hygiene is very important. People using the studios have to share
headphones, seats, mics and other equipment. So

» When handling equipment, your hands must be clean.

» Wipe your feet on a mat before entering — mud on your shoes will turn to
dust and get into equipment.

* Wear clean clothesin the studio.

Keep a waste-paper basket in the studio so that programme hosts can throw
away old notesand scripts. But be sureitisasmall oneand empty it every day.
Lots of crumpled paper gathers dust.

Never alow animalsinto the studio.

Clean the studio regularly. Someone must betrained to clean, dust and vacuum
the studio thoroughly at least once aweek.

Ask your supplier which sprays and polishes to use on the studio furniture.

Protect Your Equipment and Handle it with Care

Never alow untrained staff and unsupervised guests to handle equipment.
People unfamiliar with the studio equipment can damage it without knowing
that they are doing harm. The way to get the most from the equipment is to
train staff to use it properly and safely.

o
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Children should always be supervised.

Never Use Force to Get Equipment to Work

You never need to use force with broadcasting equipment. If you find you
need to give a button, a connector or a slider anything more than a gentle
touch, there is a problem. Stop, check your machine and think about it very
carefully.

Report Faults as They Happen

Encourage usersto report technical problemsto the responsible person as soon
asthey happen. This means that everyone who uses the equipment must know
who isresponsiblefor technical management and maintenance. No-one except
the technician should ever open equipment racks and try to repair faults.

Manuals, Wiring Diagrams and Other Documents

Manuals

Almost every piece of equipment in your studio will have amanual written by
the manufacturer, explaining how it works and giving basic maintenance
instructions. Even if you follow all of the basic studio rules, sooner or later a
piece of equipment will need attention. The manufacturer’s manual is your
first and most important source of information about what to do.

For this reason, equipment manuals are VITAL. Keep them in a safe and
accessible placeand NEVER let them betaken out of the station. L ost manuals
can only be replaced at very great cost.

Wiring Diagrams

When the suppliers have completed installation of the equipment, you must
make sure they leave behind wiring diagrams. Wiring diagrams explain how
the studio is wired. Each cable drawn in the diagram has a number, and the
diagram will help you track the flow of power and audio signals.

Wiring diagrams are essential to help you locate faults and problems in the
wiring.

Create Your Own Documents

Make your own notes about your studios and transmission system, and keep
them with the manuals and wiring diagrams. It is important to have your own
notes because not every studio is the same.

Note Down Special Pieces of Equipment Installed

Thisisimportant. Your supplier may haveintroduced extra, or more complicated
equipment to make sure you can broadcast the best possible sound. Noting
these differences will remind you of what they are and help you to find faults.
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Make Notes of Equipment Settings
It isimportant to note down the settings of different pieces of equipment.

Sometimes getting the right sound, or fixing a fault, can just be a matter of
adjusting a setting.

Document Operating Procedures

Write down step-by-step operating procedures of different pieces of equipment.
For example, write down a set of step-by-step instructions that explain how to
use the mixer, and the CD player, and / or any other pieces of equipment.

Make sure al new staff and volunteers have copies of these notes, and learn
from them. Thiswill save alot of time and trouble in the long run.

Filing Your Manuals, Diagrams and Notes

All of your equipment manuals and technical documents should be kept in one
secure place and carefully filed. Your filing system should makeit possible for
you to easily find the information you need.

Filing all your equipment manualsin lever arch files, using a separate file for
each studio and another for transmission and other equipment is a good idea.

Maintenance

Thetwo most important things when considering how to maintain your studios
are

* Thelevel of technical skill at the station

* Your financial position and budget

A Little Knowledge Can Be a Dangerous Thing

People who are skilled broadcast studio operators should be able to perform
routine maintenance tasks. If you have people with good technical skills at the
station, or volunteers with radio technical skillsliving in the community, you
will be able to do alot of the maintenance work yourself.

But unless you employ a skilled technician, or have easy access to one, you
will not be able to perform anything other than routine maintenance and basic
repairs.

It isimportant to know how much skill the station has, and to be honest about
this. Remember, a little knowledge can go along way — but it can also be a
very dangerous thing.

Costs of Maintenance

If you have limited technical know-how at the station or in the community,
your financial position becomes important.

Professional repairs and maintenance services are expensive, and your
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equi pment suppliers can generally supply these services. Usually, the suppliers
will expect you to send the broken piece of equipment to their offices. Or they
will expect to visit the station.

Both these options cost money. Expenses will include

Courier costs: Generally, the equipment will have to be couriered to the
suppliers or agents, who are most often based in Gauteng.

Transport: If the suppliers have to travel to the station, they will charge
transport and accommaodeation.

Replacements: Parts are usually imported.
Labour: Thisis charged by the hour.

Rental: You may haveto rent equipment to replace the broken piecewhileitis
being fixed.

Thehigh cost of repairs has meant that stations often just disconnect the broken
piece of equipment and put it in a cupboard, where it is forgotten. This is
wasteful, and can compromise your broadcast quality.

Planning for Maintenance

Some stations ask their suppliersto draft amaintenance plan for the studio, as
part of the installation. Thisis a good idea. The plan will take the form of a
contract with the supplier. For an annual or monthly fee the plan would include:

* reasonable support by telephone
 at least two Site visits per year for maintenance and servicing
 organising courier and repair of broken equipment

* replacement of equipment, as necessary.

Maintenance Budget

While most major repair jobs are best | eft to your equipment supplier, thereare
many basic maintenance and cleaning tasks that you should learn to perform
on your own. To do these, you' Il need a budget. This means the station will
have to set aside money on a monthly basis for maintenance.

Monthly Savings

The guideline is to set aside 10% of the full cost of the studios to cover
maintenance over thefirst three years. Following thisguideline, if your studio
cost R400 000, you should set aside a total of R40 000 over three years for
maintenance. This means about R13 000 a year, or just over R1 100 a month.

It isvery important to be disciplined about this and to set aside an amount for
mai ntenance from your income each month.
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Evenif you don’'t spend the money each month, you must save it. Remember,
aCD player costs around R6 000 —it will take you several monthsto save this
amount. Your station cannot operate without a CD player — if yours breaks
down, you will haveto repair or replace it immediately. You should always be
prepared for things like this.

Thisamount that you save each month will increase as your studios get older,
and wear and tear leads to more repairs and replacements being needed.

Example of a Monthly Maintenance Budget

The table on the next page gives you an idea of what monthly maintenance of
your studioswill cost. Asyou will see, in addition to the actual monthly costs,
the budget allows for a saving calculated at 10% of R400 000 worth of
equipment over three years.

Obvioudly, if your equipment has cost less, this amount will be less — for
example, the monthly saving for equipment valued at R250 000 will be 10%
of R250 000 = R25 000. Divide the R25 000 by 36 months (3 years) = asaving
of R694 per month.

Asyouwill see, therearethree categories of items: once-off expenses, monthly
expenses and monthly savings. We have used them as follows:

Once-off expenses: These are items that will last for afew years if you use
them carefully and look after them.

Monthly expenses. These are items that you will have to replace regularly.
We havetaken the average annual cost, and divided by 12 to giveyou amonthly
saving towards monthly expenses. You will not always spend thismoney every
month, asyou will not necessarily need anew duster, or light bulb every month.
But you should save the money so that you have it when the need arises.

Monthly maintenance savings: Thisisthe equipment service and maintenance
budget calculated at 10% of your equipment value. This amount is over and
above the monthly savings for items you will have to replace regularly.
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Example of a Maintenance Budget for Studios Worth R400 000

Iltem Price Notes

Once-off expenses Immediate Items you buy and then keep for a few years.
expenditure

Vacuum cleaner R700 A medium-priced vacuum cleaner will last long and you will be able to use it for
the whole station.

Broom R50

Dustpan and brush R35 For a set.

Total once-off expenses R785

Monthly expenses Monthly These are items that you will use up and have to replace regularly.

saving

Vacuum cleaner bags R5.40 For a pack of 5: R65 The number of bags you use a year will depend on dust
and dirt levels in your station. We are estimating 1 bag a year.

Duster R1.70 Budget for around 4 new dusters a year, @ R 5 each = R20.

Furniture polish R2.35 Around 4 bottles a year @ R7 each = R28 / year.

RAG Light Bulbs R7.50 Each one costs R15. Always keep spares on hand, budgeting for 6 / year = R90

Studio/Office Light bulbs / R11.70 Always keep spares on hand. A pack of 5 100 Watt costs R20. Studios use a lot

Fluorescent Tubes of light because they can be in operation 24 hours a day. At around 7 packs a
year (including lights for general office use) = R140. Some studios have
fluorescent lights, which are more expensive but need to be replaced less often.

Alcohol / Cleaning Fluid R2 2 x 200ml bottles per year @ R12 each = R24 / year. You buy this from a chemist.

(for cleaning tape heads as Ask for denaturated alcohol surgical spirits.

per manual instructions)

Ear buds (for cleaning dust R1.70 4 packets per year @ R20 each.
and dirt from tape heads
and other equipment)

Connectors (spares for re- R12.50 The average price of a connector will be around R25 (some are more expensive
placing faulty cables or making than others). Budget for about 4 new connectors a year, and come cable = about
new ones as necessary) R150 / year, or R12.50 month.

Spare MD's/Tapes/CD-R R25 Minidiscs cost around R40 each; a CD-R costs around R10. Cassette tape is

around R10. The amount of recording media you use will depend on how much
fieldwork and production you do. You may also use recording media to reproduce
and distribute programmes to organisations in your community or other
community radio stations. You may also want to archive some of your
programmes. We estimate you will need around R300 / year, or a saving of R25 /

month.

Tools R20 Setting aside a small amount each month will make it easier to buy tools when
needed.

Needles for Turntables R25 These cost over R300 each, and should be replaced at least twice a year if your

station uses turntables frequently.

Batteries R20 For Remote Controls and Field Recorders. This will depend on use of these
devices, but you will always need to have spares on hand.

Headphones R70 All studio headphones will break eventually! If you save a small amount each
month you will be able to afford a good quality set when the time comes.

Mouse R10 The computer mouse usually offers a year or two of good service before it needs
replacement. Mice cost around R120.

Total monthly expenses R214.85

Monthly maintenance R1 100 Monthly amount for major repairs and replacements (calculated at 10% Of

savings R400 000 over 3 years. This will cover repairs, maintenance and improvements
for the first three years of your station’s life. After that, you will need to increase
this amount as breakdowns of the older equipment will be more frequent.

Total: R1 314.85 To be set aside each month.
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Maintenance is a Management Issue

Because maintenance is as much a financial issue as a technical issue, it is
important that the station manager and thefinancial officer know and understand
what is needed, and why.

Budgeting means putting the money aside. Even if you don’t spend it each
month — you should keep it, because you will eventually need it.

Maintenance Equipment

Cleaning Equipment
Because keeping the studio clean and dust free is so vital to maintenance, the

most important maintenance tools are a vacuum cleaner and the everyday
cleaning materials like dusters and furniture polish listed in the table above.

Many studios have failed simply because equipment has become clogged with
dirt and dust. Studios must be regularly dusted and vacuumed, daily if possible,
but not less than twice aweek, to prevent a build-up of dust that can gather in
egui pment. Only once the studio can be kept clean should you consider buying
more tools or maintenance equi pment.

Basic Tools

Assuming your studios are cleaned regularly, a suggested basic toolkit for the
studio would be asfollows:

-
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Suggested Toolkit
Item Estimated cost
Lockable Tool case R300
Soldering Iron w/ stand, fitted with three prong plug R50
Roll of Rosin Core Solder R30
Solder Remover R30
Spanner set (Sizes 6, 7, 8, 9, 10mm) R50
Shifting Spanner R50
Stanley Knife / NT Cutter R50
Allen Key set (1.27, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10mm) R50
Phillips Screwdriver Set (0,1,2) R60
Flat Screwdriver Set (3.5, 4, 5.5, 6.5, 8mm) R60
Precision Screwdriver Set R20
Paint Brush (20 - 25mm) R5
Side Cutters R50
Long Nosed Pliers R50
Wire Cutter R50
Pliers R50
Wire Stripper R30
File R20
Hack Saw R40
Hammer — Ball Pin 100g R60
Nut Driver Set (6, 7, 8mm) R60
Tweezers R40
Inspection Torch R40
15m Extension Cord R50
300mm Metal Ruler R15
3m Tape Measure R20
Multimeter that can measure continuity, resistance and AC/DC voltage. R500
Total R1 830
Consumables
150mm Cable Ties R5.00
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Thistoolkit contains al the tools you will need for removing equipment from
racks, making audio cables, general fault finding and basic repairs and
mai ntenance.

Manage Your Tool Kit

The tool kit should be kept in a secure place and should only be used at the
station. Thetechnical manager should beresponsiblefor thetoolkit and ensure
that tools are not lost or damaged.

Faults and Repairs

Sooner or later, apiece of equipment in the studio will fail. When this happens
you need to get it repaired, asquickly aspossible, so that the station can continue
operating smoothly.

The first part of dealing with a fault is making sure that it is reported to the
person responsible for maintaining equipment. Reporting faults as soon as
they happen and taking action before they become too serious will save your
station time and money.

The station’stechnical staff are not on duty all thetime. Thismeansaproblem
that ariseslate at night or over the weekend may go unattended for some time
if nobody tells the technical staff.

To solve this problem, it is useful to keep a studio log book to note and list
technical problems. The log book should stay in the studio and staff members
on duty should write down any technical problemsthat they experiencein the
studio in the book.

This leaves a record to guide the technical department in its work. The log
book will also provide auseful guideto the kind of training staff members and
volunteers need — often people who struggle to get a particular piece of
equipment to work just don’'t know how to operate it!

Repair Procedures

Can We Do It Ourselves?

Firstly, check to seeif the problem can be solved by one of the station’stechnical
staff. To do thisyou will haveto check the manuals—and remember, be honest
about your abilities. If you don’'t feel you can do therepair, then don’t eventry.

Involving the Supplier
If you can’t fix it, contact your equipment supplier as soon as possible.

Guarantees or Warranties

Good suppliers provide guarantees or warranties for their installation work.
Thiswill normally cover the equipment and wiring for at least 12 monthsfrom
the date of installation. Your equipment may still be under guarantee when it
breaks or when something goeswrong. The sooner you contact them the better.

o
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Describe the Problem in Detail

Be sure that when you contact the supplier, you can describe the problem in
detail. For example, just saying that the CD player doesn’t work isnot enough
information for them to help you. Be clear and exact in describing the problem.
Say, for example, that the CD player does not always open and close properly

Being specific about the problem will save you and your supplier alot of time
and frustration. Also, if your supplier charges by the hour the less time they
spend working on your problem, the cheaper it isfor you.

Sending the Equipment Away

If the suppliers can’t help you over the phone, you will have to send the
equipment to their offices.

Ask for a Replacement

Alwaysremember to ask for atemporary replacement to cover the period while
your equipment is being fixed.

If the equi pment has broken within the warranty or guarantee period, youwon't
have to pay rental for the replacement. But you will have to pay for transport.

Disconnecting the Broken Equipment

To send the equipment away for repair, you will need to disconnect it and
removeitfromitsrack. If you aren’t sure about how to do this, ask your supplier
totalk you through the process of disconnection and removal on thetelephone.

Always make sure that any cables you disconnect from the equipment are
labelled, and make a note of exactly where they plug into the system to make
connecting the replacement easier.

Make a Note of the Serial Number

Before packing the equipment and sending it away, make a note of its seria
number. This number is unique to your equipment. When discussing the
equipment with your supplier, you will refer to the serial number. When the
piece is returned check the serial number to make sure that you have your
piece of equipment back.

Packaging
Packaging the equipment isvery important to prevent damage during transport.
If possible, pack the equipment initsoriginal packaging. Thisisthe safest way
to transport your equipment.

If the original box is not available, you will need to find a sturdy cardboard
box of the right size, and bubble wrap to protect and cover the machine. At
least two layers of bubble wrap are necessary to absorb the shock if the
equi pment gets bumped about in transit.

The equipment should be packed so that it does not move around in the box. If
necessary, add in more bubble wrap and other packing material or newspaper
to secureit.

I__f"'
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Always seal the box completely, using packaging tape.

Never Send Manuals Away

Never send manuals away with equipment, unless the supplier especially asks
for them. If you do send one away, make a note of it and be sure it isreturned.

Courier

Always deal with a reputable courier company. The cost of loss or further
damage to your equipment is far greater than the cost of paying a courier

Dealing with Service Providers

A vital part of your maintenance strategy will be maintaining agood relationship
with your equipment supplier and other service providers, such as Telkom,
Eskom, Sentech and local technicians.

Cultivating good working rel ationships with these providers and being able to
contact them for advice and assistance will go along way to easing the burden
of maintenance.

But do not be afraid to demand good service of these providers. You are the
client. You will be paying them — and so you can make demands for quality
and speed of service.

Follow up with the providersif they do not deliver —it isyour community that
will suffer if service providers let you down.

Inventory and Markings

A key aspect of good maintenance is knowing what equipment your station
owns and making sureit is secure.

An inventory — that is a full list of equipment, plus serial numbers - is an
essential item.

All equipment must be insured. Your insurer will demand an inventory of your
equipment before selling you insurance.

A typical inventory should contain detailed information about all of your
equipment. Normally you would have an inventory of all the equipment in
each room of the station. So you would have an inventory for the broadcast
studio, the production studio and the voice booth.

Look at the example of an inventory on the next page.
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Inventory of equipment in the broadcast studio

Item Brand or model; Serial number Value Any other
model number comment
CD player Denon DNC630 D45320/0 R5 600 Bought in 2001
Minidisc Sony MDSE11 MD43562 R3 500 Second hand,
bought 1999

In many large organisations every piece of equipment is marked with its
inventory number. It may not necessary to go this far in the community radio
station. But permanently marking your equipment with your station’s name
may discourage theft and help identify an item should it be stolen.

Tips for General Maintenance

The following points are found on the front pages of virtually all equipment
manual s. Often people arein ahurry to open the manuals—and don’t bother to
read them. So here they are again.

1.

10.

Read the Instruction manuals — All the safety and operating instructions
should be read before equipment is operated.

K eep the I nstruction manuals— The safety and operating instructions must
be kept for future reference.

Heed Warnings — All warnings on equipment and in the operating
instructions should be obeyed.

Follow Instructions— All operating and useinstructions should befollowed.

Cleaning — Unplug equipment from the wall power outlet before cleaning.
Do not use liquid cleaners or aerosol cleaners. Use a soft, damp cloth for
cleaning the exterior of equipment.

Attachments— Do not use attachments not recommended by the equi pment
manufacturer, as they may be hazardous.

Water and Moisture — Do not use equipment near water — for example,
near abath tub, wash bowl, kitchen sink, or laundry tub; in awet basement;
or near a swimming pool or any similar wet or damp place.

Stability — Do not place equipment on an unstable surface. The equipment
may fall, causing seriousinjury to yourself or others, and serious damage
to the equipment. Preferably all broadcast equipment should be mounted
inarack or stand, recommended by the supplier, or sold with the equipment.

Equipment should be moved and carried with care. Rough handling, quick
stops, excessive force, and moving over uneven surfaces may cause the
equipment to be dropped or damaged.

Ventilation — Slots and openings in equipment cabinets are provided for
ventilation and to ensurereliable operation of the equipment and to protect

I__f"'
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12.

13.

14.

15.

16.

17.

18.

19.
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it from overheating. These openings must not be blocked or covered. The
openings should never be blocked by placing the equipment on a bed,
sofa, rug or other soft surface. Equipment should not be placed in abuilt-
in installation, such as a bookcase or rack, unless proper ventilation is
provided or the manufacturer’s instructions have been obeyed.

Power Sources — This product should be operated only from the type of
power source indicated on the marking label. If you are not sure of the
type of power supply you need for the equipment, consult the supplier or
local power company. For productsintended to operate from battery power,
or other sources, refer to the operating instructions.

Power-Cord Protection — Power-supply cords should be routed so that
they are not likely to be walked on or pinched by items placed upon or
against them, paying particular attention to cords at plugs, convenience
receptacles, and the point where they exit from the equipment.

Outdoor Antenna Grounding — If an outside antenna or cable system is
connected to the equipment, be surethe antennaor cable systemisgrounded
S0 asto provide some protection against voltage surges and built- up static
charges.

Lightning — For added protection for your equipment during a lightning
storm, or when it is left unattended and unused for long periods of time,
unplug it from thewall outlet and disconnect any antennaor cable system.
This will prevent damage to the equipment due to lightning and power-
line surges.

Power Lines — An outside antenna system should not be located near
overhead power lines or other electric light or power circuits, or where it
canfall into such power linesor circuits. When installing an outside antenna
system, extreme care should be taken to keep from touching such power
lines or circuits, as contact with them can kill you.

Overloading — Do not overload wall sockets or extension cords, as this
can result in fire or electric shock.

Object and Liquid Entry — Never push objects of any kind into equipment
through openings as they may touch dangerous voltage points or short-out
partsthat could result in damaged equipment, fire or electric shock. Never
spill liquid of any kind on the equipment.

Servicing — Do not attempt to service equipment yourself. Opening or
removing covers may expose you to dangerous voltage or other hazards.
Refer all servicing to qualified service personnel.

Damage Requiring Service—Unplug this product from thewall outlet and
refer servicing to qualified service personnel under the following
conditions:

a) When the power-supply cord or plug is damaged.
b) If liquid has been spilled, or objects have fallen into the equipment.
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c) If the equipment has been exposed to rain or water.

d) If the equipment does not operate normally by following the operating
Instructions.

e) If the equipment has been dropped or damaged in any way.

f) When the equipment exhibits a distinct change in performance — this
indicates a need for service.

. Adjust only those controls that are covered by the operating instructions.
Improper adjustment of other controls may result in damage and will often
require extensive work by a qualified technician to restore the equipment
to its normal operation.

Replacement Parts — When replacement parts are required be sure the
service technician has used replacement parts specified by the manufacturer
or that have the same characteristics as the original part. Unauthorised
substitutions may result in fire, electric shock, or other hazards.

Safety Check —Upon completion of any service or repairsto this product,
ask the service technician to perform safety checks to determine that the
equipment isin proper operating condition.

Wall or Ceiling Mounting — The equipment should be mounted to a wall
or ceiling only as recommended by the manufacturer.

Heat — The equipment should be situated away from heat sources such as
radiators, heat registers, stoves, or other products (including amplifiers)
that produce heat.
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In this section we explain how many key pieces of studio equipment work, and
some important audio terms and concepts. The A-Z will be especially useful
for technicians, but it may also be useful for others wanting more detailed
information.

We've arranged information in alphabetical order to allow quick access to
topics of interest.

Contents

Acoustics and ACOUSHIC MEENTAIS .......coceieeiiriieee e 67
ANAOG AN DIgItal ......ccoiieieiieeeee e 71
FN 0011 = ST TRP 75
Balanced and Unbalanced WiriNg ........cccveveieeiierieeie e 79
CASSELE TAPE ...ttt b e e b e e s e e b e ae e e b e e san e e reenes 83
Cassatte/ TAPE RECOITES .......c.oiieieieierieete et 87
(00110107 o1 0 D1 oSSR 91
ComPACt DISC PIAYES ... 95
COoMPACE DISC WIILEN ...ttt a e snen 101
COMPIESSOr LIMUTEN ...ttt 107
COMPULEr HBIGWEIE ......cveeeeciecieee ettt s sre e sneens 113
COMPULEr SOFEWAIE .......eeeiie ettt e e re e nnee s 119
Connectors and CONNECLIONS .........ceieerireieseerieeesee e eee e e ee e e e seeeeesneens 121
THEDECIDE ....c.eeeieeeee e 129
Digital AUIO TAPE (DAT) ..ottt ens 133
Digital PlayOut SYSIEM ......cociiiieeeeeesee et 141
=t TS 147
The ElectromagnetiC SPECIIUM.........ccveieieeriee e 149
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1Y T Tex (0] 0 0] = S 173
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All studios must have some form of acoustic treatment. Acoustic treatment
stops sound from leaking into and out of the studio. Acoustic treatment takes
the form of double doors, special walls, double-glazed windows and acoustic
panels.

Acoustics and Acoustic Materials

We could write awhole separate manual on acoustics and studio design. The
mathematics of acoustics are quite advanced, and many sound experts have
different opinions about acoustic treatment. But these things are important,
and often misunderstood. So in the next few paragraphswelook at some of the
very basics of acoustics.

Acoustics and Studio Design
There are two essential aspects to studio design:

Firstly, studios should be soundproof. This means sound from the outside must
not leak into the studio, and sound from the studio must not leak out.

Secondly the studio should sound good. Thismeansthat when building astudio,
you must to keep theroom acoustically neutral. Thismeansthat soundsreflected
off the walls, ceilings and windows are controlled in such away that they do
not influence the sounds heard by the person working in the studio.

Soundproofing Your Studio
Soundproofing is the easier part of acoustic treatment.

Firstly, you have to keep unwanted sounds out of the studio. When the studio
isbeing used for broadcasting or recording, all noisefrom outsideisundesirable.
Any sound picked up by alive microphone, but which is not meant to be part
the programme, will have a negative influence on the sound that is being
broadcast or recorded. Ideally, if the equipment is not switched on, the inside
of astudio should be absolutely quiet, with no sounds coming in from outside.

Secondly, you have to keep sound inside the studio, so that it will not be
disturbing and distracting for others at the station.

How Soundproofing Works

The job of soundproofing is to restrict the paths available for sound to travel
through.

Under Sin the A-Z for more on sound and audio.

Sound travelsthrough air. Thismeans sound will get through any small opening
inawall, window or door in the studio. Thefirst thing studio designerstry to
do is to make studios airtight, so that there is no direct contact between air
inside and outside the studio. This means that sound travelling through the air
outside the studio cannot get into the studio, and sound travelling through air
inside the studio cannot get out. Thisiswhy doors and windows are sealed, or
— even better — double doors and windows are used.

(o]

Community Radio Technical Manual



Using Mass and Dead Air to Stop the Movement

of Sound

There aretwo waysto stop sound being transmitted from one space to another:
dead air and mass.

Massissolid material, like concrete or brickwork. The more solid or densethe
materia is, the better it will block the sound.

Dead air istrapped air, or air that cannot move from one place to another. The
panes of glass used in double-glazed studio windows are usually sealed with
foam rubber, silicon and/or expanding foam. Sealing both panes of glass means
that the air istrapped between the panes, and sotheair is“dead” . Sound cannot
travel through that air, asit cannot enter the sealed space.

This principle is also used when building studio walls and ceilings. These
walls are often built with a sealed air gap inside them.

Many studios use “dropped ceilings’ to stop sound from coming in through
theroof. A dropped ceiling isasecond ceiling built below the original ceiling.
Both the original ceiling and the dropped ceiling are sealed, creating avolume
of dead air above the studio that sound cannot travel through.

Vibrations

Loud sounds can travel through solid materials such as walls and floors, as
vibrations. This means the studio must be isolated from sound sources that
could cause walls and floors to vibrate.

An exampleis a studio near aroad. A heavy truck passing by can cause the
wallsof the building to vibrate. Thisvibration will be carried into the studio as
arumbling sound through the walls, even though the room is airtight.

Studio designersresolvethis problem by “floating” walls and windows and, if
the budget allows, even whole rooms. For example, you can isolate a studio
wall from the floor by placing thick rubber between them. While rubber is
solid, itisalso soft enough to absorb vibrations. Thewall “floats’ on the rubber,
and makes it more difficult for the vibration to pass from the floor to the wall
or vice versa

Making Your Studio Sound Good

Sounds travel as waves, outwards from the sound source. When the sound
wave comes to something like awall, it will bounce off the wall, hit another
wall, bounce off that one, hit another one, and so on. Sound that bounces off
the walls, ceiling or floor of the studio is called reflected sound, or ambient
sound. Making astudio “sound good” isabout minimising ambient or reflected
sound.

If you are putting up a completely new building for your station, you can use
mathematical equationsto cal cul ate the best shape of the studio room. However,
most studios arelocated in buildingsthat are aready built, and most community
radio stations can’t afford to employ teams of acoustic scientists.
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So it is more likely that you will ensure existing walls and ceilings are
acoustically treated. Thisusually means placing acoustic foam tiles or acoustic
panelson the wallsand ceilings. These absorb the reflected sound and help the
room sound better.

Another kind of acoustic treatment is called a “bass trap”. “Bass’ is low
frequency sounds. Low frequencies tend to gather or accumulatein corners of
studios. To absorb thislow frequency sound energy, the cornersin studios are
often “flattened” by placing panels across them. You will often see perforated
board and absorbent foam across the corners of studios — these are bass traps.
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@ We explain on Page 149 how amicrophone produces an el ectrical signal when
someone speaks into it. It may be useful for you to read this section before
getting into the details of Analog and Digital sound.

@ Under M in the A-Z for more on microphones.

Analog and Digital

Analog Signals

The electrical signal produced by a microphoneis created by the vibrations of
the diaphragm of the microphone. The diagram bel ow shows how the sound of
a voice will create a signal with varying amplitude (loudness), as the voice
changesvolume (getslouder and softer), and of varying frequency asthevoice
changes pitch (gets higher and lower).

Voltage A The microphone produces an analog electrical signal in
response to the sound it is picking up. This signal is an
electrical voltage that is continuously changing, as the
sound picked up by the microphone changes.

Positive

e
Bl

Negative

\/

Microphone producing analog voltage in response to a voice

Thissignal iscontinuousor continuoudly varying (changing). A signa produced
by amicrophonein responseto avoice is described as analogous to (the same
as, or like) the voice. This continuous signal is an analog signal.

Converting from Analog to Digital

It is often useful to convert analog signalsinto adigital form. This conversion
processiscalled analog to digital (A/D) conversion. When an analog signal is
passed through an A/D converter, adigital signal is created. The digital signal
represents the original analog signal as a stream of numbers.

Advantages of A/D Conversion

When signalsare represented as digital data, or information (that is, datain the
form of a stream of numbers), it is much easier to do calculations on the data
using a computer.

—
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It is also much easier to store large quantities of data as numbers.

One of the most powerful aspects of digital signals is that they can be
transmitted with very little degradation (deterioration). An analog audio signa
will always pick up noise of some kind during transmission by cable or radio.
This noise cannot be removed. But if the signal is converted to a series of
numbers that represent the signal at successive instants of time, and these
numbers are transmitted as a digital signal, the analog signal can be
reconstructed at the receiving end without any noise.

To summarise - converting to digital allowsdatato be stored asnumbers. This
allowsusto changethe datawith ease using computers and other digital devices.
Digital signals are a'so much lesslikely to be degraded or affected by noise.
So conversion to digital isagood idea.

Community radio stations are using more and more digital equipment. For
example, CDs store music digitally; so do MDs and DATs. All sound on
computersis stored digitally, and more and more stations are using computers
to edit and for playing out sound.

Many commercial and public broadcasters nowadays use exclusively digital
@ equipment in their studios. So having skillsand understandings around digital
sound, and A/D conversion, isvery useful.

A/D Conversion
The diagram below illustrates the A/D conversion process.

Voltage 4

The signal voltage is sampled at regular intervals
so that the original waveform can be reconstructed
by effectively connecting the dots. The level of each

sample is then conveted to a binary number for digital
storage.

Positiv igi
ositive original waveform

Time

A

Negative

Sampling an analog signal
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The A/D converter is fed an analog signal. The converter cuts the signal up
into slices or samples, much likealoaf of sliced bread. Thisiscalled sampling.
The converter then measures and records the level of each slice or sampleasa
stream of binary numbers. Digital systems use binary numbers—ones (1) and
zeroes (0). In the stream, each 1 and each O is called a“ bit”.

Looking at the diagram, you will see that the more often the signal is sampled,
or the thinner the dlices, the more accurate the digital signal will be. Thisis
moreor lessthe case: if the A/D converter measuresthe original signal enough
times per second, then the original sound can be accurately recreated.

Sampling theory statesthat if asignal issampled at, at |east twicethefrequency
of the highest frequency present in the signal, then the signal can be accurately
reconstructed. The highest audio frequency is considered to be 20kHz. This
meansthat if an audio signal is sampled at, at |east twice that frequency, it can
be accurately reproduced.

Thisiswhy the digital audio signal stored on aCD is sampled at 44,1kHz. A
DAT, at normal speed, samplesat adightly higher frequency of 48kHz, resulting
in slightly improved reproduction. Many broadcasters sample audio at 32kHz
for FM broadcast. This is because most of the sound above 16kHz islost in
transmission and the lower sampling rate allows moredigital audio to be stored
on whatever digital medium is being used.

The audio quality is also affected by the accuracy with which samples are
measured. The samples are represented as digital numbers. The greater the
number of digital bitsyou useto represent each sample, the more accurate the
measurement will be. CDs and DATSs use 16-bit sampling, which is more than
adequate for most audio purposes. However many multi-trackers and audio
processors now use 20-bit or 24-bit conversion. Again, the more bits used to
represent the samples the more accurate the reproduction.

Converting Back to Analog - or D/A Conversion

The process of converting digital audio back to analog audio is called digital-
to-analog or D/A conversion. A conventional CD player isbasically aspecidised
D/A converter. The CD player readsthe 16-bit, 44,1kHz digital samplesrecorded
on the compact disc, and uses them to reconstruct an analog signal that can be
fed to an analog audio amplifier and loudspeakers, and heard as sound.
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Anamplifier isadevice that amplifiesthe magnitude (size) of signals—that is,
it makes signals bigger. To do this, the amplifier introduces “gain”.

Amplifier

Gainisaterm that many engineers will use in astudio. It isameasure of the
ability of an electronic device to increase the magnitude of a given electrical
input. In a power amplifier, gain is the ratio of input power to output power
and is measured in decibels (dB).

It may be useful for you to find out more about decibel s before reading further.
@ Under D inthe A-Z for more on decibels

The diagram below shows how the amplifier works, by introducing gain.

Input Signal Amplifier 5 Output Signal

T .

Y

Gain=2

How the amplifier increases the magnitude of an electrical signal

From the diagram it can be seen that for a gain of 2 (3 decibels, or 3dB) the
amplitude of the output signal of an amplifier isdoublethat of theinput signal.

Inradio, there are many occasions and instances wherewe need to increase the
magnitude of signals. There are many different types of amplifiers to suit these
needs.

There are some of the amplifiers most commonly used:

Audio Power Amplifier

An audio power amplifier isused to increase the power of an audio signal to a
level that can be used to drive loudspeakers. In the studio the amplifierisfed a
signal from the mixing desk. The amplifier amplifies this signal to drive the
studio monitors.

Power amplifiers play an important role in live sound work, for example at
concerts, or in churches and discos, or for outside broadcasts. For live sound,
high power amplifier(s) are used to drive the large |l oudspeakersthat are needed.
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The controlsand connections of apower amplifier arevery smple. Theamplifier
usually has an ON/OFF switch and sometimes it has again (volume) control,
although often an external device controlsthe volume. For example, the studio
monitor volume is controlled from the studio’s mixing desk.

Connectionsto the amplifier usually consist of the right and left channel input
signals, and corresponding left and right channel outputs that are connected to
the loudspeakers. The inputs use audio connectors such as RCA, Jack or XLR
connectors. The outputs often use screw terminals. The bare speaker cableis
often screwed into these terminals.

Under C in the A-Z for more on Connectors.

Distribution Amplifier (DA)

A distribution amplifier (DA) is avita piece of equipment in any recording
studio. A DA is used to distribute a signal or signals to many pieces of
equipment.

A typical use of aDA in the studio would be to feed audio to al the recording
devices. For example, a broadcast studio contains an MD recorder, a DAT
recorder, a computer, a tape deck and a reel-to-reel recorder. Sound from the
broadcast studio will also need to be fed to the production studio, voice booth
and the station’s background music system. Thismeansthat there are 8 devices
that require afeed from the studio mixer’s output.

It isnot possibleto connect all eight devicesto the mixer, asthiswould overload
the mixer's output. This is where the DA comes in. The mixer’s recording
output isfed to aDA. The DA splits and amplifiesthe signal from the mixing
desk providing afeed of the signal to all 8 devices that are connected to the
DA outputs.

DAs can be used in different ways, depending on your needs. In the radio
studio, aDA typically hasasignal stereo output, taken from the programme or
audition bus of the studio mixer. It then provides several stereo outputs that
are connected to recording devices, effect processors and sometimes the
transmission system.

Headphone Amplifier

A headphone amplifier worksin asimilar way to adistribution amplifier. Often
we want to use more headphonesin a studio than we have headphone outputs
on the mixing desk. Thisiswhen we need a headphone amplifier.

The amplifier’sinput is normally fed from the headphone output of a mixing
desk. It boosts and splits this signal to be able to drive 4, 6 or more pairs of
headphones at the same time. Headphone amplifiers often allow individual
volume control for each pair of headphones connected to the amplifier. They
are commonly used in on-air studios and voice booths to drive the many pairs
of guest headphones that might be needed.

o
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Pre-amplifier

Pre-amplifiers are used to boost the weak output signals from microphones
and phonograph (turntable) cartridges to the higher —10dBv or +4dBm signal
level used by audio equipment.

The pre-amplifier is the first active stage — that is, the first electronic circuit
that processes a microphone or turntable signal connected to a mixer. A
microphone pre-amplifier is part of the input portion of a mixer’s microphone
channel. Microphone pre-amplifier’s are also available as external units that
are used to boost the microphone signal before connecting to a mixer’'s line
input.

The phonograph pre-amplifier is a specific type of pre-amplifier. The pre-
amplifier provides a special equalisation characteristic known as R.I.LA.A.
(Record Industry Association of America Equalisation) equalisation.

Under E in the A-Z for more about equalisation.

Because of the limitations of vinyl and record cutting heads, the R.[.A.A.
standardised a curve that provides a 15dB cut at 20Hz and 20dB of boost at
20kHz, relative to aflat response at 1kHz when the records are made. When
therecord isplayed the, phono pre-amp appliesareciprocal equalisation curve.
Because this special equalisation is required, a standard mixer input will not
do a satisfactory job playing back audio from a turntable. Similarly playing
through a phono pre-amp will severely colour the sound of a microphone or a
CD player.
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There are two types of output and input types used on audio equipment. These
are balanced and unbalanced outputs and inputs.

Balanced and Unbalanced Wiring

Balanced inputs, outputs and wiring are expected on professional equipment,
while unbalanced inputs and outputs are normally found on domestic audio
equipment.

What Balanced Wiring Does

Balanced wiring helps eliminate external noise that can be picked up by an
audio cable.

Balanced wiring usesthreewiresfor agiven audio signal, two signal conductors
(hot and cold) and acommon screen. The two signal wires of abalanced cable
carry the same signal, but the signalsin each wire are of opposite polarity. The
diagram below represents this type of system.

Noise (n) is picked up
as the signal moves through the cable

A+n

Hot Signal (A) TAU ° +
s | )
Cold Signal (-A) M ° -

2A

Balanced wiring

The two signals on the right represent signals leaving a piece of equipment
with balanced outputs. As you see, the hot signal, labelled A, is of opposite
polarity to the cold signal labelled as—A.

Asthe signals move through a cable to the next piece of equipment they pick
up noise. The signals that have passed through the cable and arrive at the
balanced input of the next piece of equipment can now be described as the
original signalswith noise added to them, hence the hot signal isnow A+n and
the cold signal is—A+n.

The balanced input is designed to calculate the difference between the two
inputs, and this is the signal that the equipment then processes. This can be
written mathematically asfollows:

A+n—(-A+n) = A+n+A-n=2A
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Once the signal has passed through the balanced input, the noise component n
isregected. All that isleft isan amplified version of the original signal.

For balancing to be effective, both the sending and receiving machines must
have balanced output and input stages.

An unbalanced wiring system uses atwo wire electrical connectioninwhich a
shield outer conductor forming ascreen against interference usually surrounds
the inner “hot” conductor. Any noise picked up by unbalanced wiring is not
rejected.

The signal level in balanced systems is higher than in unbalanced systems.
Balanced levels are referenced to +4dBm.

Unbalanced equipment uses -10dBv (-7.8dBm) levels, which are much lower.
@ Under D in the A-Z for more about decibels, dBm, dBV, etc).

The higher signalslevels combined with the bal anced inputs and outputs mean
that balanced cables can be made as much as 500 metres|ong without aloss of
quality. Long unbalanced cables are more likely to pick up hum and other
noise.

equipment. Most inputs and outputs can handle both signal signal levels.
However, when feeding a +4dBm signal into a -10dBv input you need to be
aware that the input signal level is much higher than the system expects. So
care needs to be taken not to amplify the signal anymore in case you overload
some part of the system.

/ Itisimportant to be careful when connecting unbal anced equipment to balanced

If you feed a-10dBv signal into a +4dBm input, you might not have enough
level and may haveto amplify thesignal at some point in the system. Connecting
unbalanced and balanced inputs and outputs together is best done using a
balancing amplifier. A balancing amplifier can convert balanced signals to
unbalanced signals, and vice versa.

Thediagram below illustrates avariety of balanced and unbal anced connections
and their connectors.

@ Refer to C in the A-Z for more on connectors.
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Balanced Connections:

Tip o Tip

W Rng o« Ring

Sleeve «—e Sleeve

Balanced %4”Jack plug to balanced 4" Jack plug

Tip o 2Hot

% Ring e e 3Ring

Sleeve «—————————e 1 Screen

Balanced "4”Jack plug to balanced XLR

1e———————e 1Screen

3oe——————= 3Cold

Balanced XLR to Balanced XLR

Wiring of different types of balanced connections
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Unbalanced Connections:

Tip oo Tip

CA | ee— 1

Sleeve «—————————9¢ Sleeve

Unbalanced %4"Jack plug to unbalanced %" Jack plug

Tip o Tip
CHEE ee— T Ring —
Sleeve o Sleeve

Sleeve left unconnected at unbalanced end

Balanced "4"Jack plug to unbalanced’4”Jack plug

Screen left unconnected at unbalanced end

1e

2¢ & Tp

33— Screen

For some equipment pin 1 must be connected
to pin 3 for unbalanced operation.
Check this in your equipment manual.

Balanced XLR to unbalanced’s”Jack plug

Unbalanced V4"Jack plug to balanced XLR

M Tp e — 1 2

Sleeve &———9¢——9 3

Unbalanced RCA to balanced XLR

Wiring of different types of unbalanced connections
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The cassette tape, or compact cassette, is one of the easiest mediafor quickly
recording and distributing sound. However, new media such as minidiscs and
recordable CD (CD-R) is replacing cassette in the studio. The cassette is an
analog medium that uses thin magnetic tape to store audio information.

Cassette Tape

The cassette comes from along line of magnetic recording media.

* The original format was not tape at all, but thin steel wire, invented by
Valdemar Poulsen in 1900.

» German engineers at BASF and AEG perfected the first form of magnetic
tape, and the magnetophon, the first tape recorder in the 1930s. Tapes
originally appeared in areel-to-reel format.

» 1n 1948 thefirst radio programme was broadcast from magnetic tape. It was
amusic programme, “ The Bing Crosby Show”.

* Reel-to-red tapeswere common until the compact cassette or “ cassette tape”
was invented and patented by Philipsin 1964. These tapes eventually beat
other formats to become the dominant tape format in the consumer audio
industry.

Both reel-to-reel recorders and cassette tapes are magnetic recording systems.
The underlying principles of thetwo are exactly the same, but they do differin
operation, appearance and performance.

There are two parts to any audio magnetic recording system:
 thetape it uses as the storage medium.

* therecorder, which also acts as the playback device
Under Cinthe A-Z for more about the cassette/tape recorder
Under R in the A-Z for more on reel-to-redl players.

Features of the cassette tape

Thethree main features of the cassette tape are the box, the tape and the plastic
cassette.

The tape cover

Thisis a plastic box, and has a hinged top that you open to remove the tape.
The box aso usually has alabelling sheet.

It is very important to label tapes that you are working with. People finding
unlabelled cassettes lying around in the studio may record over them, and you
may |ose important sound that you will never be able to record again. Another
reason is that you may lose your cassette and it will take time to listen to a
whole lot of unmarked or poorly marked tapes to find the sound you need.
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The tape

There are cassettes of various lengths. The ones most commonly sold in shops
are 60-minute or 90-minute cassettes. A 90-minute cassette has 135 meters of
tapeinsideit.

Thetapeisusually made of athin plastic material. Thisplastic layer is coated
with aferric oxide powder. This oxide is a ferromagnetic material, meaning
that if you expose it to a magnetic field, it is permanently magnetised by the
field.

This ability gives magnetic tape two of its most appealing features:

 Firstly you can record audio instantly and the tape will “remember” what
was recorded for playback.

» Secondly you can erase the tape and record something else on it.

The cassette

The cassette isafairly smple protective covering and case for the tape. It has
two spools around which the tape is wound, two rollers and the plastic outer
shell. The outer shell has holes that hook the cassette into the tape player.

Thereis also asmall felt pad that acts as a backstop for the record/playback
head in the tape player.

The cassette also has two protective tabs on top. When these tabs are broken
off, you can no longer record on the tape. Use a pen or something similar to
gently break the tabs when necessary. If you have broken these tabs, but want
to record onto the cassette again, you can cover the holes you have made by
breaking the tabs with two small pieces of sticky tape. Be sure that thetapeis
securely stuck down, so that it cannot come loose while inside the cassette
recorder.

Sound quality

Cassette tapes do not deliver the same quality as reel-to-reels. The wider tape
used in reel-to-reels provides better audio performance. Reel-to-reel tape can
also be easily edited by splicing (a system of editing sound by cutting out
sections of tape with unwanted sound, and rejoining the ends where you want
the sound to continue).

Therelatively poor quality compared to CD and reel-to-reel, and lack of editing
facility, mean many broadcastersbelieve cassettesare not appropriatefor regular
use. Nevertheless, the cassette tape’'s small size and the amost universal access
to cassette tape decks in studios make it a very useful medium.

Looking after cassette tape

Because the tape is contained inside the cassette, compact cassettes are very
robust. However to protect your recordings, you should handletapeswith care.

» Keep cassettesin their cases when not in use.

o)
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» Keep tapes away from magnetic fields. The tape is a magnetic medium, so
exposing the tape to a strong magnetic field will affect the stored sound. In
the studio, computer screens and loudspeakers often have strong magnetic
fields. So leaving tapes near the computer, or on top of aloudspeaker is not
good.

» Alwayslabel the cassettes you are using.

» Ensurethat labelsand stickersidentifying tapes are not loose or peeling off.
The labels can cause the tape to get stuck in the tape deck and will damage
the machine.

o
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All cassette taperecorders—for example, field recorders, studio cassette decks,
or the tape deck in a car - operate on the same basic principles.

Cassette/Tape Recorder

Recording onto tape involves an electromagnet that appliesamagnetic field to
the oxide coating on the tape. The oxide “remembers’ thismagnetic field. The
device that does thisisthe tape recorder’s record head.

Playback involves reading the magnetic field back off the tape. The device
that does thisisthe tape recorder’s playback head.

The diagram below shows a tape recorder’s record head.

. Coill

e—— Iron Core

Magnetic Field

Gap

Tape

Tape recording head

Thetape recording head is a very small electromagnet with atiny gapinit.

The electromagnet can be easily seen inside any tape deck. It consists of an
iron corewrapped with several coilsof wire. During recording, theaudio signa
Is passed through the coil of wire. This createsamagnetic field in the core. At
the gap, the magnetic field magnetises the oxide on the tape.

The process is reversed during playback. The motion of the magnetised tape
acrossthe gap creates avarying magnetic field in the core, and an audio signa
in the coil.

In anormal cassette deck there are actually two electromagnets side-by-side,
each equal in size to half of the tape width. This allows for recording and
playing stereo.

a

Community Radio Technical Manual



? ; - bj ? N
‘ _’h f E‘\t{;{ﬁ* When you look inside atape recorder, you generally see something like this:
W\

%

Capstan Sprockets Capstan

Pinch roller Record and playback head Pinch roller

View inside a typical tapedeck

There aretwo sprockets that engage the spoolsin the cassette. These sprockets
spin one of the spoolsto pull the tape during recording, playback, fast-forward
and reverse.

Below the two sprockets is the record and playback head, containing the two
tiny electromagnets.

On theright and left are the capstan and the pinch roller. The capstan revolves
at avery precise rate to pull the tape across the head at exactly the right speed
so that the sound is accurate. The standard speed is 1.875 inches per second
(4.76 cm per second). Theroller applies pressure so that the tapeistight against
the capstan.
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How to handle and maintain your cassette tape recorder

As with all the devices in the studio, you must read the user manual that is
supplied for specific information.

The tape deck needs very little maintenance. The most important thing to
remember is to clean tape heads and the compartment.

Cleaning the heads

The tape heads should be cleaned after every five hours of use. To clean the
heads, take a cotton wool earbud and cleaning alcohol such as surgical spirits.
Both earbuds and surgical spirits are available from most pharmacies.

Dip the earbud into the spirits so that is moist but not dripping wet. Then
gently rub the earbud over the heads in the tape deck. Avoid touching the
plastic and rubber parts of the device with the spirits.

Cleaning the compartment

The main dirt that collects in the compartment will be dust and fluff. It is
difficult to avoid getting dust in the compartment, but you can minimise the
problem by keeping the compartment closed when not in use and by regularly
vacuuming the studio.

If you see any bits of fluff or other dirt, gently pull them out using a pair of
tweezers.

Tape Types

Broadcast tape decks often have controls for different tape formulations. This
relates to the type of oxide used to coat the tape. This is always labelled on
good quality tapes. There are three types of tape in common use:

» Standard ferric oxide tapereferred to as“Normal Bias’. (Basic tape sound
quality.)

 “Chrome” or CrQO, tape. Theferric oxide particlesare mixed with chromium
dioxide. (Better than Normal Bias sound.)

« “Metal” tape. Metallic particlesrather than metal oxide particlesareusedin
the tape. (The best sound.) Metal tapes differ from Normal Bias and
“Chrome” tapes as follows. You can play a metal tape on any tape player,
but if you want to record, there must be a setting on the device for meta

tape.
Look on your recorder to find the control for tape type, and aways make sure

you have set it to correspond to the kind of tape you are using. Thiswill ensure
the best possible sound.
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Reducing unwanted noise

Most tape decks come with a noise reduction system to minimise unwanted
noise during recording and playback. Dolby Noise Reduction is the most
common system. Using the Dolby system properly will improve tape sound
quality.

For the best results, arecording made using a noise reduction system must be
played back using the same system. If your station chooses to use noise
reduction, then all the tape decks in the station need to be set to use the same
noise reduction system.

A problem can arise when tapes from outsi de the station have been made using
use a different system, or none at all. When this happens, applying a noise
reduction system to the tape will aso reduce the quality of the recording, and
inthis case it is best not to use the noise reduction system.

Tape deck connections

Most tape decks have an unbalanced stereo output, although some more
expensive broadcast tape decks have a balanced stereo output.

Under B, Balanced and Unbalanced Wiring, for a discussion of balanced and
unbalanced signals.

RCA connectorsare usually used for the unbalanced output. Theleft and right
channels are usually colour coded, with red indicating right, and white left.

These outputs are connected to the tape channel inputs on the mixing desk. In
someinstances these can be passed through abalancing amplifier before being
connected to the mixer. In some studios they may also be connected on the
studio patch panel.

Under P in the A-Z for more about patch panels.

Tape decks also have a stereo input for recording. Again this is most often
through unbalanced RCA connectors.

The tape deck is usually fed with audio directly from the recording bus of the
mixing desk, or via a distribution amplifier connected to the recording bus.
Some broadcast tape decks have acontrol input that allows the tape-deck to be
controlled from the mixer.
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Compact Disc (CD)

The compact disc (CD) wasintroduced in 1982. Philips, Polygram recordsand
Sony jointly developed it. CD players were readily obtainable by about 1985
and this new digital audio playback system rapidly began to replace vinyl
records, as the developers had hoped. Today CDs have nearly completely
replaced records as the standard medium for listening to music.

The compact discisadigital audio medium. Thedisc storesstereo 16-bit audio
sampled at 44.1kHz.

@ Under A in the A-Z for more on Digital and Analog Audio.

The audio items such as songs on the CD are organised into tracks, and each
track has a track number. Sony, Philips, and Polygram developed the
specificationsfor CDsand CD players. These specificationswere contained in
the standards document referred to as the Red Book, published in 1982.

The Red Book specified the maximum playing time of a CD as 74minutes
33seconds, although many newer CDs are as long as 78 minutes. From this
information, you can work out the total amount of datathat can be saved on aCD:

44,100 samples/channel/second x 16 bits (2 bytes)/sample x 2 channels (left
and right) x 74 minutes x 60 seconds/minute = 783,216,000 bytes per CD.

Thisisalot of information.

A CD isonly 120mm (millimetres) in diameter and about 1.2 mm thick. Most
of aCD consistsof apiece of clear polycarbonate plastic. During manufacturing,
this plastic is impressed with microscopic bumps, arranged as a single,
continuous, extremely long spiral track of data.

These bumps mark the binary numbers, that is, the 1's and 0’s (bits), which
make up the digital audio on thedisc. Inthe case of adataCD thatisusedina
computer, the bumps mark the bits that make up the data files stored on the
CD, otherwise it works in exactly the same way.

Once the clear piece of polycarbonate is formed, it is covered with a thin,
reflective aluminium layer. A thin acrylic layer is then sprayed over the
aluminium to protect it. The label and artwork is then printed on the acrylic.

The drawing below shows a cross section of aCD.

1.2 mm

Polycarbonate Plastic

Cross-section of a CD (not to scale)
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The data track on the CD spirals outwards from the centre to the edge, as
shown in the diagram below. Thisiswhy it is possible to use smaller diameter
discs. The spiral of data on asmaller disc still startsin the centre of the disc,
but it ends earlier. So disc holds less data.

The datatracks are extremely small and are measured in microns. A micronis
amillionth of a metre. The datatrack is about 0.5 microns wide, and the gap
separating one track from the next is only 1.6 microns wide. The bumps that
make up the track are each only 0.5 micronswide, aminimum of 0.83 microns
long and 125 nanometers high. A nanometer is a billionth of a meter. If you
magnify the surface of the disc, it will look something like this:

! / 20.5 microns

1.6 microns

‘ 1 / 20.5 microns

Spiral CD data track and CD surface

The microscopic sizes of the bumps make the spiral track on a CD extremely
long. If you could lift the data track off a CD and stretch it out into a straight
line, it would be 0.5 microns wide and over 5.5km long!

How the CD Player Reads the Disc

To read something this small requires an extremely accurate disc-reading
mechanism. A CD player usesalow power laser to read the datatrack fromthe
disc.

The disc spins in the player and a sensitive tracking system keeps the laser
beam focussed on the spiral data track. The laser shines through the
polycarbonate layer onto the aluminium backed datatrack. The shiny aluminium
layer reflects the laser light back off the surface of the disc.

The light is either reflected straight off the aluminium, or is deflected off a
bump inthe datatrack. The CD player detectsthese differences. It registersthe
light deflected off abump as a1, and light that is not deflected (the reflected
light) asaO. Inthisway, the CD player createsthe stream of digital information
that can be converted into an audio signal.

Thedigital information on the CD is coded to ensure that aslong asthe CD is
well looked after, it will work perfectly.
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The CD also contains other digital data, called “sub-code’. The sub-code
contains a Table of Contents that organises the data on the CD. The sub-code
also contains information about the tracks on the CD, such as the number of
tracksand their duration. The sub-code makesit possibleto find different tracks
onthe CD easily, and allowsthe CD player to display things such asthe el apsed
and remaining playback time of atrack.

Handling Tips, and Cleaning CD’s

The CD isavery delicate system, using the deflections of light off microscopic
bumps to read audio. The CD is coded with a variety of error-correcting
techniques to make it more reliable, but unless you look after your CDs, and
handle them properly, they will be damaged and start “ skipping” or not play at
all.

» Totakeadiscfromitscase, pressdown on the centre of the case and lift the
disc out, holding it carefully by the edges.

» Fingermarks and dust should be carefully wiped off the disc's recorded
surface (the silvered side) with a soft cloth. CDs do not have any grooves
that can collect dirt and dust, so gently wiping the disc with a soft cloth
should remove most dirt. To clean the disc, wipe in a straight line from the
centre to the edge. Wiping in a circular motion will scratch alarge part of
the spiral datatrack and will cause the disc to “skip”.

* Never use chemicals such as record sprays, anti-static sprays, benzene,
methylated spirits or thinners to clean CD’s. Such chemicals can do
irreparable damage to the disc’s plastic surface.

» Return discsto their cases after playing to avoid scratches that could cause
the disc to “skip”.

* Do not bend the disc.

» Donotleavethediscsinthesun, or inareasof high temperature or humidity.
Long periodsin high temperatures can cause the disc to warp.

» Do not stick labels on the label side of the CD. If you need to write on the
label side of the CD, write very gently with a permanent felt-tipped or other
soft-tipped marker. Do not use a hard-tipped pencil or ballpoint pen. Never
mark or write on the recorded side of the disc.

Community Radio Technical Manual



(o]

Community Radio Technical Manual



A Compact Disc player is used to play CDs. The machine consists of avery
sensitive reading mechanism that reads digital information from a CD.

Compact Disc Player (CD Player)

Under C (CDs) in the A-Z for more about how a CD player reads digital
information from a CD.

B

The CD player also contains digital-to-analog conversion circuits.
(A_ Under A inthe A-Z for more about digital and analog signals.

These digital-to-analog conversion circuits convert the digital data stored on
the CD into an analog audio signal that can befed into amixer or amplified for
aloudspeaker.

For many community radio stations, CDs are the main source of audio other
than the microphone. Asaresult, thereisan enormous demand on the broadcast
CD player. These machines are often in continuous use for up to 18 hours a
day, and are opened and closed thousands of times each month.

Aswe' ve pointed out in previous sections, aradio station environment demands
ruggedness, reliability, and instant cueing from audio source equipment. This
is why studio CD players are built differently, and have controls and other
featuresthat are different to those found on adomestic CD player. However, if
you arefamiliar with domestic CD players, then afew minutes with the manual
of abroadcast CD player will teach you all of the extra features.

The basic operation of aCD player isstraightforward. It involves puttingaCD
in the machine, choosing the track you want to play, and then pressing the play
button to start playback.

Consult the user manual for your particular CD player for specificinstructions
on its features and operation. The instructions given below are generally
applicable but may vary for your CD player.

Inserting the CD

An open/close button opensthe CD player’sdisc tray. Pressit to open the tray
and insert the CD.

Always place the CD in the disc tray with the label facing upwards. CDs can
only be played on one side, and putting a CD in the wrong way round will
cause the CD player to “freeze up” asit triesto read the CD. It will eventually
give up trying, and you will be able to open the tray and take out the CD, but
this wastes precious time.

Some exotic hi-fi players require the CD be put in the player label side down,
but typically such a player would not be used in aradio studio.

When the CD isinthetray correctly, pressthe open/close button again to close
thetray.

/ Do not push thetray closed, asthiswill damage the motor that opens the tray.

I,_f"
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Damaging the motor may cause the player to refuse to open or close at all.

Avoid using specia shaped CDs (heart shaped CDs, octagonal CDs, etc.). Trying
to play them may damage your CD player.

Many broadcast CD players disable the open/close button if aCD isplayingin
the machine. This stops presenters from accidentally g ecting the wrong CD.

Selecting a Track

Choosing tracks on the CD involves pressing the “track” or “search” buttons.
Thediagram below will show you the symbols on thetrack and search buttons.
These are standard symbols that are used on most recording and playback
equipment.

«“« » | > 1l « »

track back track forward stop play pause skip back skip forward

Standard control buttons found on CD players.

Some CD players use a jog wheel instead of a button to select tracks. A jog
wheel is a control that is turned instead of pushed like a button. Turning it
clockwise (to theright) will increasethetrack number. Turning it anti-clockwise
(to the left) will decrease the track number.

Playing the CD
Once you' ve selected atrack, pressthe “play” button to play that track.

One of the marks of agood quality broadcast CD player isthat when you press
play, the machine starts playback instantly. Thereisno delay. These CD players
“cue’ thetrack when it is selected. This means the tracking mechanismin the
machine immediately reads the sub-code on the disc and positions the read
laser at the start of the track that is to be played ready for playback. These
players often have a CUE button instead of a pause button, or an AUTO CUE
control. This control flashes for the short time it takes the player to find the
track. It then stays lit once the track is cued.

Cueing Tracks

Some CD players may take a few seconds to start playback and do not start
@ instantly once you’ ve pressed PLAY. This short amount of timeistaken by the

CD player to look for the track you've chosen. To minimise the “dead air”

created while the player locates the track, you can cue the player asfollows:

» Usethetrack controlsto select the track you want, and then press PAUSE.

Iy
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» Make surethe pause indicator is showing, or that the elapsed timeis shown
as zero.

* Whenyou areready, press PLAY — and the track will play instantly.

The SKIP Buttons

The SKIP buttons allow you to skip or scan through a track. Pressing these
buttonswill advance or reversethetrack at high speed. Thisallowsyouto find
particular parts of atrack.

Broadcast CD players can skip through the track to within parts of a second,
caled frames. A frame is one seventy-fifth of a second. By searching frame-
by-frame through atrack, very precise cueing is possible.

Some players will also automatically skip past any silence at the beginning of
atrack, aspart of “cueing”.

The PAUSE Button

If the discis playing and the PAUSE button is pressed, playback will pause at
the point where the button was pressed. Pressing PAUSE or PLAY again will
typically cause playback to continue from that point.

Many players use the same button for PLAY and PAUSE.

The STOP Button

Pressing the STOP button stops playback and clears any track selections. Itis
important to use the STOP button with care if you have pre-selected tracks.

Controlling the CD Player from the Mixer
Broadcast CD Players often use “fader start”, allowing them to be controlled
from the studio mixing desk.

In this case, the start button or the on-off buttons on the mixing desk can be
used to play and pause the CD player.

The mixing desk and the CD player have to be capable of using thisfeature if
you want to use “fader start”.

Under M in the A-Z for more about mixers.

Counting the Seconds

In this section, the term “elapsed time” means the amount of time that has
passed since the beginning of the track that is playing. The term “remaining
time” means the amount of time left before the track comes to an end.

Normally, the CD player’ sdisplay showselapsed time. That is, it counts up the
seconds and minutes that have passed from the time the track started playing.

(]
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A CD player used in a broadcast studio should also be able to display the
remaining time, or the time left before the end of thetrack. Thisisan essential
feature as it allows presenters to see how much timeisleft on atrack, so that
they can prepare the next item.

Presenters don’t want to be surprised when the track comes to an end. They
must be prepared for the end of the track so that thereisno dead air time while
the set up the next item.

You can choose whether elapsed time or remaining time is shown on the CD
player’s display by pressing a button marked TIME or DISPLAY.

Playing Tracks One At A Time

Another important feature of broadcast CD playersisthat they should be able
to play tracks one at time. Domestic players play tracks continuously from the
beginning of the CD to the end. It isvery rare that a station will play an entire
CD from beginning to end. Normally stations play only one track from a CD
and then an item from a different source — another CD player, or the MD, or a
microphone, etc.

It makes your job much easier if you don’'t have to worry about stopping the
CD player while starting the next item. Thisiswhy it isimportant that the CD
player is capable of playing one track and then pausing itself.

A button labelled SINGLE/CONT, or the AUTO CUE control, normally
controlsthis. Pressing this button will put the player in single play mode - that
is, it will play one track and then pause. Pressing the same button again make
the machine continue with the next track. The play mode will be shown on the

display.

Pitch Control

Some broadcast CD players feature pitch control. Pitch control alows the
playback speed to be changed in the same way as on aturntable.

The Loop Function

A “loop” function allows a part of atrack to be looped — that is to be played
over and over.

Repeat
The*“repeat” function alowsatrack, or thewhole CD, to be played repeatedly.

Programming the CD

A programme play function allows the running order of tracks on a CD to be
programmed.

The player manual will contain details of these features and instructions on
how to use them.

Iy

(>]

Community Radio Technical Manual



2 =<

Choosing a CD Player

After the mixer and the microphones, the CD player is possibly the most
important item in a community radio studio. So it is important to choose the
right CD playersfor your station.

Aswe' ve said, your CD players need to be rugged and reliable. They must be
chosen for their ability to play even dirty or scratched CDs.

There are dramatic differences between CD players. There are many factors
that are not easy to judge without experience. The experience of fellow
broadcasters is valuable here. Ask around before buying CD players and see
what other stations have to say.

CD-Rs
CD-Rs (compact disc-recordable) and CD-RWs (compact disc-rewritable) are

increasing finding their way into many radio studios as the technology is
becoming more affordable and easier to use.

Some community stations have CD-Writers, and many are using them to
distribute programming.

The disadvantage of CD-RW is that most common CD payers cannot read
them. CD-R can be read by almost any conventional CD player. A “finalised”
CD-R looksto any CD player like an ordinary CD, provided that the disc has
been “finalised” to record afinal Table of Contents track on it.

Often CD-Rs are not properly finalised, and it may be worth investigating if
your choice of CD player can play “unfinalised” CD-Rs, as this feature may
become more useful in the future.

Under C in the A-Z for more about CD writers.

Maintaining and Cleaning Your CD Player

Maintaining the CD player involves keeping the unit clean both externally and
internally.

The lens used to focus the laser beam that reads the CD and the optical sensor
that picks up the reflections off the CD can gather dirt and dust. Using a
“Cleaning CD” approved by the player’s manufacturer once a month should
prevent this from becoming a problem.

Also, keeping the CD tray closed and your CDs clean (no sticky fingerprints
and dust) will help prevent dirt getting into the machine.

Outputs
Typically, broadcast CD players have two stereo outputs, one balanced and
one unbalanced.

Under B, Balanced and Unbalanced Wiring, inthe A-Z, for more about balanced
and unbalanced signals.

]
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These usually use male XLR connectors for the balanced output, and RCA
connectors for the unbalanced output. The left and right channels are usually
colour coded, with red indicating right and white indicating | eft.

These outputs are connected to the CD channel inputs on the mixing desk. In
some studios they may also be connected on the studio patch panel.

Under M in the A-Z for more about mixers.
Under Pin the A-Z for more about patch panels.

Most professional CD players also have digital outputs. Using these outputs,
the CD player feeds the digital information from the CD directly to a digital
mixer or the digital input of a digital recording device, such as a computer,
minidisc or DAT recorder. Thisavoidsany loss of quality that may result from
D/A conversion.

Some broadcast CD players have a control input that is fed from the mixing
desk. Standard CD players have no audio inputs.
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Today, writable CD drives (CD-Writersor CD-Burners) are standard equipment
in most new computers. A CD-Writer allows you to take audio or data files
from your computer and placethem on CD. CDs containing audio can be played
inaCD player, or if the CDs contain data, they can be used in a computer.

Compact Disc-Writer

CD-Writers are relatively inexpensive, as are the blank CDs they use. CDs
have rapidly begun to replace cassette tapes and floppy discs as the medium of
choice for storing recordings and data.

Before reading further, turn back to the section on Compact Disc (CD) in the
A-Z and read about CDs.

Under Cinthe A-Z for more on CD-ROM drives and computer hardware.

CD-ROM

CD-ROM stands for Compact Disc Read Only Memory. All standard audio
and data CDs, such as pre-recorded audio or software CDs, are CD-ROMs.
They areadigital storage medium that usesan optical laser to sense microscopic
bumps on the disk. The bumps represent the bits of information stored on the
disc. A CD-ROM, asthe name says, is a Read Only medium. This means you
can only read data from the disc, but cannot write any data onto it.

How CD-ROMs Work

CD-ROMs are mass-produced through a complicated manufacturing process.
The pattern of bumps and flat areas that makes up the digital information on
the CD is etched onto a glass disc. Thisis used to make a mould of the CD.
This mould is used to press the pattern onto acrylic discs. The discs are then
coated with aluminium to create the readable reflective surface. Finaly, the
disciscoated with atransparent plastic layer to protect thereflective aluminium
layer. Thiselaborate processis not practical to use unless producing hundreds,
thousands or millions of CD copies.

However as CD became the standard medium for audio, the demand for a
simple CD recording technigue grew. At the sametime, computer users needed
a medium that could store more data than floppy discs. In response to this
demand, el ectronics manufacturers introduced the CD-R and the CD-Writer.

CD-R
CD-R standsfor CD-ROM Recordable. A new CD-R doesnot have microscopic
bumps on its surface. That is, it contains no digital data. The CD-R is coated

with a special chemical film into which bumps can be burned using a CD-
Writer.

How CD-Rs Work

Aswe've said, a CD-R does not have any bumps or flat areas at all. The disc
has a smooth reflective aluminium layer that rests on top of a layer of light
sensitive dye. When the discisblank, the dyeistranslucent and light can shine

I,_f"
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through it and reflect off the metal surface. But when the dyelayer isheated, it
darkens so that light can’t pass through it.

By darkening particular points along the CD track, and leaving other areas of
dye translucent, you can create adigital pattern that a standard CD player can
read. Thelight from the player’slaser beam will only bounce back to the sensor
when the dye is |eft translucent, in the same way that it will only bounce back
fromtheflat areas of aconventiona CD. So, even though the CD-R disc doesn't
have any bumps pressed into it, it behavesjust like a standard disc.

A CD-Writer is used to burn this digital pattern onto a blank CD-R. A CD-
Writer hastwo lasers: astandard “read laser” (likeanormal CD player), and a
“writelaser.” Thewritelaser ismore powerful than theread laser and isintense
enough to darken the dye material on the CD-R. The weaker read laser does
not affect the dye. This meansthat information on the disc will not be affected
by the disc.

Speed of the CD-Writer

CD-Writers can create CDs at different speeds. At 1x (1 times) speed, the CD
spinsat about the samerate asit doeswhen the player isreading it. Thismeans
it would take you about 60 minutes to record 60 minutes of music. At 2x
speed, it would take you about half an hour to record 60 minutes, and so on.
Current CD-Writers operate at 8x speed or faster. Faster writing speeds need a
faster connection between the computer and the writer and ablank disc that is
designed to record information at higher speed.

Advantages and Disadvantages of CD-R Discs

The main advantage of CD-R discsisthat they work in aimost all CD players
and computer CD-ROM drives. CD-Rs are a so the cheapest media available.
At about R10 per blank disc, they are even cheaper than most high-quality
cassette tapes.

The only drawback of CD-R isthat once you’' ve burned in the digital pattern,
it can’'t be erased or re-written. It ispossibleto leave out some areason thedisc
for later writing, but this creates a “multi-session” CD. A multi-session CD
can not be read properly in a standard CD Player and some older CD-ROM
drives.

To overcome the problem that the CD-R cannot be erased or rewritten, a new
format was introduced in the mid-90s, called CD-RW

CD-RW

CD-RW stands for CD-ROM Rewritable. A CD-RW can have bumps burnt
into the disc, but can aso have them removed. The laser of a CD-RW writer,
called a CD-Rewriter, can both burn bumps into the media and also melt the
media back into its original state.
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How CD-RWs Work

In place of the dye layer in the CD-R, a CD-RW disc contains a chemical
compound that can changeitsform when heated to certain temperatures. When
the compound is heated above its melting temperature, to around 600 degrees
Celsius, it becomes a liquid. At around 200 degrees Celsius, it turns into a
solid.

The solid form of the compound is translucent (light can show through it),
whiletheliquidisdark. On anew, blank CD-RW disc, al of the material inthe
writable area is in the solid form, so light will shine through this layer to the
reflective metal above and bounce back to the light sensor.

To write information on the disc, the CD-Burner usesits write laser, which is
powerful enough to heat the compound to its melting temperature. These
“melted” spots servethe same purpose asthe bumps on aconventional CD and
the opague spots on a CD-R: they block the “read” laser so it won't reflect off
themetal layer. Each non-reflective areaindicatesaOinthedigital code. Every
spot that remains solid is still reflective, indicating a 1.

Aswith CD-Rs, theweaker read laser does not change the state of the material
in the recording layer. The erase laser falls somewhere in between: whileitis
not strong enough to melt the material, it is strong enough to heat the material
to the solid point. By holding the material at this temperature, the erase laser
restores the compound to its solid state, erasing the dark spot and the
encoded 0. This clears the disc so new data can be encoded.

Advantages and Disadvantages of CD-RW

CD-RW discs do not reflect as much light as the other CD formats and cannot
beread by older CD playersand drives. Many new drivesand players, including
all CD-Rewriters can work with all the different CD formats. But since CD-
RWswill not work on most existing CD players, these are not a good choice
for music CDs. For the most part, they are used to back-up computer files.

CD-Rewriterscan writeto both CD-R and CD-RW discs, whereas CD-R drives
can't write to CD-RW discs. CD-RW discs are, however, about the twice the
price of CD-R’s.

CD-Rsand CD-RWs are written using light and for this reason should be kept
away from strong direct light, asthis can corrupt the information stored on the
disc.

Speed of the CD-Rewriter

The CD-Rewriter works at different speeds. In fact, the device is usually
specified by its write speed, its rewrite speed and its read speed. For example
aCD-Rewriter would be specified as 16x8x32. Thismeansit can write CDs at
16x speed; it can re-write CDs at 8x speed, and can read datafrom aCD at 32x
speed. The speed for re-writing isoften slower than the write speed, asrewriting
needs the extra step of first erasing the existing data on the CD.

Community Radio Technical Manual



P =

Writing CD-Rs and CD-RWs

In the radio station, CD-Writers are most often used to create audio CD’s.
Typically, you may write aprogramme onto CD to archiveit, or to distribute it
to other stations. In these cases, the CD is intended for playback in a CD
player and so you would use CD-R media, as most CD players can't read CD-
RWs properly.

However, you may also want to make regular back-up copies of important
computer files, such as the sound files used by your computer playout system.
For thisit isagood ideato use CD-RWSs, as they can be re-written each time
you make a new back-up.

Under D in the A-Z for more on digital playout systems.

Internal and External CD-Writers

Most often the CD-Writer or Rewriter ispart of acomputer, and theinformation
written to the CD comes from a file stored on the computer. The CD-Writer
can be fitted into the case of the computer (an internal writer) or can be an
external unit that connectsto the computer viathe USB or PC Card connections.

Internal CD-Writers are relatively easy to install, and are about twice as fast
and half the price of external writers. However external writers do have some
advantages.

 Installing an external writer is much easier and you don’t have to open up
your computer’s case.

» External writers are portable, this means that the writer is not tied to a
particular computer and can be connected to any of the computers at your
station. It is aso a good solution if you want to use the CD-Writer with a
laptop computer.

» External drivesare usually compatible with different types of computers. If
your station has an Apple Mac in the production studio and a Windows
Computer in the office, an external CD-Writer would probably work with
both.

CD-Writing Software

Using a CD-Writer attached to your computer requires CD writing software.
Basic CD writing software will be supplied with the CD-Writer. The software
allows you to decide what type of CD to make (audio or data) and choose the
filesyou want to writeto the CD. Programmes such as Nero, Adaptec Easy CD
Creator and Toast are very popular.

If you do alot of CD writing it is worth buying CD-writing software, as the
basic software supplied with the CD-Writer can be limited.

Community Radio Technical Manual



‘Making a Coaster’

Writing aCD places|arge demands on your computer and things can go wrong.
Do not be surprised if some of the CDs you are burning don’t come out right.

CD-Rs cannot be overwritten. This means that when an error occurs while
writing the disc, you have to throw away the whole disc. Thisis often called
“making a coaster” —asthe only thing you can do with adamaged CD isuseit
as a coaster (the round mat you put under your glass or mug to protect the
surface of the table).

If you continually have problems burning CDs, try to reduce the write speed.
The most common problem when writing CDs is called a “buffer underrun”.
This happens when the computer is unable to send data to the CD-Writer fast
enough. Reduction of the write speed can overcome this problem.

Separate CD-Recorders

Not all CD-Writers are part of acomputer. There are a number of stand-alone
CD recorders available for both domestic and professional use. Often, these
have two drives that allow you to record music tracks directly from one CD to
another.

Remember that copying pre-recorded CDsraisesvery serious copyright iSsues.
Breaking copyright laws can lead to legal action that could cost you alot of
money.

These stand-alone recorders can al so have audio inputs, alowing themto record
incoming signals, much like a cassette or minidisc recorder. These writers are
usually fast and accurate, but typically can only be used to create music CDs.
Professional modelsare a so very expensive when compared to computer-based
writers.
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A compressor limiter (compressor) isadevice used in most community radio
stations. The compressor limiter is used to process the signal that comes from
the broadcast studio beforeit is transmitted.

Compressor Limiter

What the Compressor Does

The compressor limiter keepsthe level of your station’ s signal constant and at
the best possible volume, both for your listeners and to compete with other
stations.

In broadcast terms, we say the compressor isused to control the dynamic range
of the station’s sound. Dynamic range is the range between the loudest and
quietest sounds that are broadcast. Reducing the dynamic range of the signal
by using a compressor is called compression. The effect of compression isto
make your station sound louder and clearer on air.

The diagram below shows how a compressor limiter works.

Audio In Amplifier . Audio Out

Voltage Controlled

»
»

or some gain
controlled circuit

The control circuit "listens'
Y to the output signal level.
and uses the level to
generate control signals
that change the gain of
the amplifier.

Side Chain
Control Circuit |¢—

Block diagram of a simple compressor

Not all compressors work exactly as shown above. For example, some
compressors monitor both theinput and the output audio. Also, thereiscomputer
software to carry out the role of the compressor. However the underlying
principle remains the same.
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The control panel of atypical compressor is shown below.

Gain Reduction Output Level

OO OO0 = =

Threshold Ratio Attack Auto Release Gain  Stereo Link Bypass

Typical compressor control panel

your compressor for specific instructions on its features and operations. The
instructions provided here are generally applicable, but may be different for
your COmpressor.

@ Aswith all equipment, we recommended that you consult the user manual for

Controls and Meters
From the diagram, you can seethat the compressor control panel hastwo meters:

» onemeter (ontheleft) indicatesthe amount of gain reduction or compression

* the other meter (on the right) shows the signal level of the compressor’s
audio output.

Threshold Control

The threshold control is used to set the signal level at which you want the
compressor to begin reducing it.

Ratio Control

The ratio control controls the change of output level for a given change in
input. For example a compression ratio of 2:1 means that for a 2dB (dB =
decibel) increase in input signal level, the output signal will only increase by
1dB.

Community Radio Technical Manual



The diagram below shows how different compression ratios affect the output
signal.

A
Input Level (dB) 1:1

2:1

4:1
8:1
Threshold 00:1 (Hard Limiting)

Below the threshold level the
compressor does not affect
the output signal

Output Level (dB)

Threshold and Compression Ratio

Asyou can see, the higher theratio, thelessthe output will increasefor agiven
input. Once the compression ratio exceeds 8:1, the output signal will increase
very little, even if the input signal increases dramatically.

At around the 8:1 ratio, the compressor beginsto act more like alimiter. This
means that the compressor limits the signal at the threshold level, so that no
matter how large the input signal becomes, the compressor’s output stays the
same (at the threshold level). Some compressors have a separate peak limiting
control that can be set independently of the compression ratio.

Attack and Release Controls - Setting the Compressor
Limiter
The speed at which the gain is reduced in response to an increase in input
signal level iscalled the* attack time”. Thisisusually specified in milliseconds,
and is set using the attack control.

The speed at which the gain is restored to its original level after the input is
removed is called the “release time”. Thisis set using the release control.

You needto listento your signal very carefully in order to set these parameters.
If the attack timeis set too fast, the compressor will respond to even the shortest
peaks (loudest sounds), causing the level to change very quickly.

For exampl e, the beatsin adance track often cause short peaksin thesignal. If
the attack time of the compressor is so short that it responds to the individual
beats, the compressor will reduce the signal level on each beat, and produce a
very unnatural sound. On the other hand if the attack time is too slow, the
compressor’ s output may exceed the desired maximum before the compressor
actson the signal.
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Too fast arelease time causes “pumping” or “breathing” as the gain changes
rapidly. If the release time is too short, quiet sections of music will be lost as
the compressor will still be reducing the gain, even though theloud input signal
isno longer there.

The Auto Switch

Many compressors have an“auto” (automatic) switch for the attack and rel ease
time. When the auto switch is on, the attack and release times are set
dynamically, based on the input.

Attack and release settings used for speech vary from those used for music.
You will also need different attack and release settings for different types of
music.

Community radio stations broadcast a mixture of talk and music programmes,
and broadcast different kinds of music (gospel, pop, kwaito, house music). A
compressor that automatically adjusts attack and releaseisthereforeideal for a
community radio stations.

The Gain Control
Extra “make up” gain is normally provided so that the output level can be
matched to any subsequent piecesof equipment. Thisiscontrolled by the*gain”
control. The output level resulting from using the gain control can be monitored
on the output level meter.

Under A (Amplifier) in the A-Z for more about gain.

The Stereo Link Button
If you are using a compressor to feed stereo audio from your studio to your
transmitter, then using the stereo link button can be useful. The stereo link
button links the two channel s of the compressor together so that both channels
process their signalsin the same way.

Not all compressors havethisfacility. If your compressor doesn’t have astereo
link button, you will have to set controls for each channel to exactly the same
level.

The Bypass Button

Pressing the “bypass’ button bypasses the compression circuitry, and allows
you to quickly compare the compressed and uncompressed output.

To Sum Up...

The compressor hasavariety of possible settings. Small adjustmentsto any of
them can make a considerable difference to your station’s on-air sound.

It is agood idea to document the compressor settings that work best for your
station and compressor. Keep this record available for reference.

| 10
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Also, oncethe compressor hasbeen set for your station, put aguard or protective
covering on the front panel to prevent anyone from accidentally changing the
settings.

The compressor settings you choose will depend very much on your preferred
sound. However, many stations have been happy using

» athreshold level of 0dB
» compression ratio of between 1.5:1 and 4:1

and setting the output gain so that the output level meter reads the ideal input
signal level for subsequent equipment (often 0dB).

a
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» Thehardware. Thisisthewiring, electronic circuits, disc drives, monitors,
keyboards and so on that make up the machine we call a computer.

Computer Hardware

There are two vital components to any computing system:

» Thesoftware. Thisistheterm used to describe the programmesthat we use
on the computer.

Hardware and software must work together if we are to get anything useful
done with a computer.

Your choice of computer hardware will differ according to your needs and
according to the kind of software you are planning to use on your computer.
For exampleif you use an Apple Mac computer then the hardware and software
that make up the computer will be different to those of a Windows PC.

In general, however, all computers share certain basic hardware. The diagram
below shows the hardware found in a typical computer. For clarity in the
diagram, we have excluded other hardware, like the monitor (screen) keyboard
and wiring.

Case

Power Supply —+—— @ﬂl@
5) 5)
f ,
CPU j 019
Al
9|7

—— CD ROM Drive

|
e

Floppy Disk Drive

o Hard Disk Drive

RAM
Hl o é
Video Card—@ E I
Modem — “ w I © Motherboard

Sound Card — /.o"w ®

Computer hardware (excluding wiring and fittings)
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The Case

All computers need a case to house all the electronic components. Cases can
comeinavariety of coloursand shapes, but all of them have the same purpose
—that is, to hold and protect the electronic components.

The computer’s power supply is normally supplied with the case.

The Motherboard

Themotherboard isalarge circuit board. All the other components are plugged
into the motherboard. The motherboard supplies power to all the components
and connects them together.

Motherboards vary in terms of speed and features. More expensive boards
tend to be faster, more reliable and support more features and advanced
components.

The motherboard is mounted in the computer’s case.

The Microprocessor or Central Processing Unit (CPU)

The CPU can be thought of as the brain of the computer. It is the part of the
computer that does the actual computing, and co-ordinates the actions of the
whole system. Software programs are written to give the CPU a set of
instructions. The CPU will follow the instructions to accomplish a specific
task.

Likeall other components, the CPU is connected to the motherboard. It iseasy
to spot on the motherboard, as it usually the largest microchip on the board.
Thisiswhy it is often called the “chip” for short. The CPU is covered by a
cooling fan.

Computersare differentiated by the type and speed of their CPU. For example,
in terms of type, people may refer to acomputer as a486, a Pentium, Pentium
I or Pentium I11. This describes the different type of CPU used.

In terms of speed, people may refer to a computer as a Pentium I11 600. The
600 refers to the speed of the CPU. In this case, the CPU has the capacity to
operate at a frequency of 600 MHz. The CPU is capable of 600 million
operations per second.

Memory (RAM and ROM)

RAM

The CPU hasto process digital datato carry out instructions. This data has to
be stored so that the CPU can quickly retrieve the data, processit and save it
again for further processing. This storage space used to hold the data that the
computer isworking with at any timeisreferred to asthe computer’ s memory.

Memory is like the CPU’s scrap paper - somewhere to write down notes and
calculations as it works. It is referred to as Random Access Memory (RAM).
RAM is storage space that is available for short-term storage of data.

o

[l

Community Radio Technical Manual



RAM relies on a constant presence of electrical charges, and operates only
when the computer is turned on.

Compuiters are also differentiated by the amount of RAM they contain. The
more RAM in the compuiter, the faster it works.

ROM

The computer has another kind of storage called Read Only Memory (ROM).
ROM contains datathat is permanently etched onto achip, and typically stores
the commands necessary for a computer to boot up, or start.

Storage Devices

In addition to RAM and ROM, computers have secondary storage devices
such as floppy or stiffy discs, hard drives, and CD-ROMSs,

These devices are responsible for long-term storage of data and software
programmes. They can hold much more data than RAM and ROM, and are
much less expensive.

They are also much slower than the primary storage devices. Data stored in
memory can be accessed by the CPU in nanoseconds (ananosecondisabillionth
of a second), while data on a hard drive is accessible in microseconds (a
thousandth of asecond). This meansyour hard drive is about athousand times
dower than RAM!

Most computers currently come equipped with at |east 32 megabytes (32 million
bytesof data) of RAM, and have hard discs capabl e of storing several gigabytes.
A gigabyte is athousand megabytes.

Video Card and Screen

The video card and screen allow us to communicate with the computer. We
need to give the computer instructions and data before it can do anything. We
then need to see the results of the instructions displayed in away that we can
understand.

The monitor, or screen, works much like atelevision screen. Like atelevision,
the computer monitor needs avideo signal to display apicture. Thevideo card
creates this signal. The video card connects to the motherboard and converts
the computer’ s digital output into text or pictures for display on the computer
monitor.

Keyboard and Mouse

The keyboard and the mouse provide us with a way to communicate with the
computer. By typing on the keyboard and pointing and clicking with amouse,
we are ableto enter dataand giveinstructionsto the computer. Theinstructions
are converted to digital data.
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Sound Card

Adding a sound card to acomputer makesit possible for the computer to play
and record sound.

The card converts audio signalsinto adigital format that can be processed by
the computer. The card also converts digital audio stored on acomputer into a
format that can be sent to other equipment such asloudspeakers and the mixing
desk.

Under A inthe A-Z for more about analog and digital sound.

Sound cards vary enormously in quality and features. In the radio studio the
primary purpose of a computer is to play and manipulate sound. Therefore,
there are more demands on the studio sound card than on a standard office or
home compulter.

The right choice of sound card used in astudio computer isvital. Because the
studio sound card tends to be more sophisticated than others, it is aso often
more expensive.

Communications Hardware

Computer communications are becoming a part of everyday life. More and
more people are using the Internet and e-mail as aresource and as a means of
communication. By connecting our computer to a phone line or a network
connection, we are able to communicate with other computer users.

Modems

A modem makes it possible for a computer to communicate through phone
lines. Modem is an acronym for M odulator/Demodulator. Modems translate
digital computer information into analog signals used over phone lines. They
can also work in the reverse and trandlate the analog signal from a phone line
into adigital signal used by acomputer.

Modems are distinguished by the number of bits per second of information
that they can transmit. Nowadays, commonly used modems operate at 33 600
and 56 000 bits per second. However, older modemsthat work at |lower speeds
are still used.

Networking Hardware

If you have more than one computer in your station, you will probably want to
share files and resources such as printers amongst them. To achieve this your
computer needs networking hardware. This hardware is a network interface
card (NIC), often just called a network card.

Most new computers are supplied with anetwork card. The network card allows
the computer to talk with other computers on the network (that istransmit and
receive data).
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If you have more than two computers that you want to connect together, you
need a network hub to which you connect all of your computers. The hub
switches information between the computers.

@ Under D (Digital Playout) in the A-Z for more about networking computers.

Peripherals

In addition to the hardware already listed, there is a wide variety of external
hardware, often referred to as peripheral devices or “peripherals’ that can be
connected to a computer.

The more common devices are CD-Writers used to make audio and data CDs,
printers for printing information onto paper, and scanners to convert text or
pictures on paper into adigital format for the computer.

have produced. It is also useful to have a printer for printing out text reports,
letters and other information.

@ Under C in the A-Z for more about CD-Writers.

@ Many stationstoday use CD-Writers and store and distribute programmesthey

0
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There are two partsto any computer system: the hardware, and the software.

Computer Software

Software is the term used to describe the programmes that we use on the
computer. Both hardware and software are very important, and we need the
right hardware and software if we want to get anything useful done with a
compulter.

Under C (Computer Hardware) for more about computer hardware, and the
interaction between hardware and software.

Types of Software

There are different software programmes or packages that perform different
functions. For example to type and edit a script, or aletter, you need aword
processing programme such as Microsoft Word or Word Perfect. For
accountantsthereisawide variety of software you can use to make accounting
easier. Graphic designers use software packages for design and layout. Using
computers for radio work also needs specialised software.

Operating System
Software programmes such as the many different versions of Windows (95 /
98/ NT / 2000/ XP), Mac OS, Linux and others are called operating systems.
All computers use an operating system. The operating system controls al of
the computer’s hardware and provides a base upon which other software can
be used.

The operating system manages the hardware for the user, and provides on-
screen imagesthat you can understand when you are working on the computer.

Audio Editing Software

In the radio production studio, software programmes such as Pro-Tools,
Soundscapes, Cool Edit Pro, Netia and many others are used to record and
change audio on the computer. These programmes et us mix and edit sounds,
add sound effects, and generate digital audio files that can be sent to another
computer for playout in the studio, or for writing onto a CD-R.

Under C in the A-Z for more about CD-Writers.

Advanced audio editing programmes often demand more advanced sound
hardware, and the soundcards used in audio production computers are usually
more sophisticated than those on a standard computer.

As audio editing is usually graphical — the software displays pictures of the
sound waves you are working with —more sophisticated video cardsand larger
screens are usually used with this software.
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Playout software provides a way for presenters to quickly access audio files
stored on the computer and then to play them on the air. Programmes such as
Netia, On the Air, Wavecart, Radiohost and many others have been especially
designed for use in the radio studio. Again, using these programmes often
requires more sophisticated sound hardware.

Playout Software
Stations that use computers in the broadcast studio will use playout software.

Under D in the A-Z for more about digital playout systems.

Software for Anything and Everything..
There are millions of other types of useful software available.

Outside of the studio a community radio station may have another computer
with different software, for example, word processing software for typing;
I nternet brows ng software such as I nternet Explorer or Netscape Communi cator
for accessing the Internet and e-mail; software such as Outlook Express or
Pegasus Mail for sending and receiving e-mail.

Stations might also use accounting software to manage finances or desktop
publishing software to design flyers, notices and posters for the station.

Infact, thereisvery littleyou can’t find software for nowadays. Many software
packages are available for download directly from the Internet.
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Screenshot of the software package, CoolEdit Pro, which is used for audio editing
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All the audio equipment in the in the community radio studio is connected in
some way to other pieces of equipment in the studio through audio and/or
power cables.

Connectors and Connections

At the end of each of these cablesisaconnector that is used to join the pieces
of equipment. Knowing the names of these connectors and how they arewired
isessential. Thissection introducesthe power and audio connectors most often
used in community radio stations.

Power (Electricity) Connectors

The Plug

The standard plug isthe most common power connector. It connects equipment
to the mains power supply. Themains supply isdeadly. Incorrectly wired plugs
will damage your equipment and can cause electric shocks that can kill or
injure you.

It is essential to wire all power connectors correctly. The photograph below
shows how mains plugs are wired.

Yellow and
green wire

Back (left) and front view (showing pins) of a correctly wired plug. Note in the back
view how the wire’s black protective coating extends into the plug.

To wire a plug, disconnect the plug from the mains supply. Then follow the
colour coding of the wires.

» Theblue, neutral wire connects to the pin on the left as seen from the back
of the plug. This pinis most often labelled “Neutral”, “Blue” or just “N”.

» Thebrown, live wire connectsto the pin on the right as seen from the back
of the plug. This pinis often labelled “Live’, “Brown” or “L".

» Theyellow and green, earth wire connects to the top pin of the plug. The
earth pin is often labelled “Yel/Grn”, “Earth” or marked with the earth
symbol: ; Not all pieces of equipment use the earth wire, and you will
haveto read the wiring instructionsto see whether or not ‘ earthing’ is needed.

—
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The wiring must also be properly cut and secured inside the plug. The earth,
live and neutral wires of a power cable are surrounded by a rubber or plastic
coating (mostly white, grey or black). To wirethe plug, you will haveto remove
a section of this coating. When you do this, make sure that this protective
coating extends right into the plug.

The earth, live and neutral wires are often stuck together. You will have to
separate them by pulling them apart. When you do this, make suretheinsulation
(the blue, yellow / green and brown coating) surrounding the copper wire
remains intact. Also, make sure that the three separated sections are just long
enough to fit comfortably into the pins.

Thenremoveavery short section of theyellow / green, brown and blue coating
to expose the copper wire. You must remove just enough so that the copper
can fit into the hole at the base of each pin—but not touch any other part of the
plugs casing. Screw the screwsthat will hold the copper wirein the pinsdown
firmly, making sure that they are holding the copper wire down.

Plugsthat have loose pins, do not have back covers, or are broken, cracked or
damaged in anyway must be replaced immediately. They can endanger your
life, and will definitely cause breakdowns and harm your equipment.

IEC Connector

The IEC connector is often called a “kettle plug”, as they are often used on
kettles. They are used to supply power to many pieces of studio equipment,
and to computers.

There are two kinds of 1EC connector the male and the female connector, as
shown below. You may find the formal names for these connectors in some
manuals, as follows: the mae connector is the IEC320/C-14 and the female
connector isthe IEC320/C-13.

The male connector, or IEC320/C-14 The female connector, or IEC320/C-13

The female connector usually conducts power from the power source, and the
mal e plug normally receives power. Typicaly, thisisthe power connector found
on most broadcast equipment.

A standard three-core power cableisused with these connectors. The connectors
have three pins. The middle pin is Earth, the left pin is Neutral and right is
Live, as seen from the front.
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XLR Connectors (Male and Female)

Male XLR connectors Female XLR connectors

The XLR connector is the most common connector in professiona audio.
Convention has it that signals move in the same direction as the pins of the
connector, that is, they go into a female XLR connector and come out of a
male XLR connector.

The XLR is most commonly a 3-pin connector, athough 4 or 5 pin types are
used for some microphones or other specialised connections.

The XLR connector has a locking mechanism and will not simply pull out.
There is atab on the connector and only once you' ve pressed it will you be
able to pull the connector out.

The pins on the male and female connector line up only one way, making it
impossible to connect them incorrectly.

The three pins on the connector make a balanced connection possible. The
predominant standard is that Pin 1 of the connector is used for the shield; Pin
2 for the in-phase or “hot” signal, and Pin 3 for the out of phase or “cold”
signal. The XLR an also be used for unbalanced connections. In this case, the
“cold” pin (Pin 3) isnot used.

@ Under B in the A-Z for more on balanced and unbalanced connections.
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Y4" Jack and Plug

2" TRS plug 2" Mono plug

The words jack and plug are often used interchangeably, causing some
confusion. Theright way to usethetermsisasfollows: plugsarethe connectors
that plug into jacks. We will stick to thisrule in this section.

The ¥4’ plug can have two or three contacts. The three contacts are thetip, the
ring and the sleeve. The three contact connectors are often called TRS plugs.
Thethree contacts are used for stereo (tip = left, ring = right, sleeve = ground)
and balanced (tip = hot, ring = hot, sleeve = shield) connections. The two-
contact jacks only have a tip and a sleeve. Two-contact jacks are used for
unbalanced connections.

GPO Jack and Plug

GPO plug

The GPO, or just PO, plug takes its name from the connectors used in the Post
Officefor connecting linestogether in atelephone switchboard. For thisreason,
many American books will refer to these connectors as phone plugs.

The GPO connector is most commonly used for jackfields or patchbays. The
connector hasthree contacts: thetip, thering and the sleeve. These providethe
connections for a balanced audio signal with a screen.

These connectors are used on short patch cords that are used to make the
connections between the jacks on a patchbay.

@ Under Pinthe A-Z for more on patchbays.

—
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RCA / Phono Plugs (Jacks)

RCA or Phono connector

These devices have two names: RCA jack isthe American term; phono plugis
the British term. In South Africa, it seems most people use the term “RCA” to
describe the connector. The RCA is an unbalanced connector designed for
domestic use, but it is used on some studio equipment.

Mini-Jacks

Stereo Mini-Jack

These are miniature versions of the %4’ stereo plug. They are used on portable
equipment. They are also often the input and output connectors on many
computer sound cards, and they are used as connectors on stereo headphones.

Thethree contacts on the connector are used for unbal anced stereo connections
(tip=Ileft, ring =right, deeve= grand). Their small size and delicate construction
makes them particularly flimsy and prone to loose connections and shorts.
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Female D-Type connectors

These are multi-pin connectors. The D-type is available as a male or female
connector in sizes with between 15 and 50 pins. They are common on digital
equipment and are also often used on studio mixing desks.

RF Connectors

BNC Connectors

Male (left) and female (right) BNC connectors

The BNC connector uses a similar connection to a bayonet light bulb, and
locks into place by turning the connector. The 75-ohm BNC connector isused
with video equipment. Most often the BNC connector in the radio stationisa
50-ohm BNC used with transmission and other radio frequency (RF) equipment.

The TNC connector isalso quite common. Itisbasically ascrew version of the
BNC connector

—
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N-Type Connectors

A%_'-x

N-Type connector

The N-Type connector is alarger version of the TNC connector. It is able to

handle considerably higher RF powers. It is commonly found on transmission
and RF test equipment.

Telephone and network connectors

RJ-11 Connector

RJ-11 connector

The RJ-11 connector ismost often used for tel egphone connections. It isasmall

four-pin plastic connector. It requires aspecia crimping tool to be attached to
the cable.
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RJ-45 Connector

RJ-45 connector

The RJ-45 connector is alarger version of the RJ-11. It has eight pinsand is

used for datanetwork cables such asI SDN cablesand computer network cables.

Standard computer network cards and network hubs have sockets for this

connector.
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The Decibel

Equipment specifications are full of symbols like dB, dBu, dBV and dBv.
These symbols can confuse even the most experienced people. dB is the
abbreviation for “decibel”.

The decibel, or dB, always describes aratio of two quantities. This can be the
ratio of two powers, voltages, currents or sound intensities. Most oftenitisa
ratio of power quantities.

The dB is alogarithmic quantity. A logarithm is a mathematical function that
isused to describe large numbers with many digitswith much smaller numbers.
When working with audio, using logarithms makes it much easier to describe
the quantities we are working with. The sensitivity of our earsis more or less
logarithmic, so dB values relate more closely to how we hear. Theideabehind
using the dB isto make things easier.

The Bel is a unit named after Alexander Graham Bell, the inventor of the
telephone. Thereare 10 decibelsin aBel. The decibel ismore commonly used,
as the Bel is inconveniently large. The decibel is described as 10 times the
common logarithm of the power ratio. Thusto express the relationship of two
power levels, P, and P, in decibels, we'd write:

dB =10log EFF%%
0

Itisnot really important if you' renot familiar withlogarithms. What isimportant
isto grasp that dB alwaysrepresentsaratio of two quantities, and not aquantity
itself.

To demonstrate this let’s put some real numbers into the dB equation. Let's
assume an amplifier produces 2 Watts of power at its output when 1 Watt of
power isfed to itsinput. This means that the ratio of the two powers and the
gain of the amplifier can be described as followsin dB:

P
dB =10 x log E_lE

I::’0

2

:

dB =10><|ogE

1
dB =10 x log (2)
dB =10 x 0.301
dB =3.01

dB = 3

Sotheratio of 2 Wattsto 1 Watt is3dB. Thusagain of 2 isdescribed as 3dB of
gain.
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Here is another example of a decibel calculation. The output power of a CD
player istypically 2.5 milliwatt or 0.0025 Wetts. To power a loudspeaker an
amplifier would need to increase the power of thissignal to 20 Watts. L ets put
these values into the decibel equation.

8 =10 x1og B2
0

dB =10 x log Eié

0.0025
dB =10 x log (8000 )
dB =10 x 3.90

dB = 39 dB

The ratio of 20W to 2.5mW can be described as 39dB. Thisisthe gain of the
amplifier. This example points out one of the useful qualities of the decibel.
The power of the CD player is actually amplified to 8000 times its original
valueinthiscase. Thisismuch easier to describe using asmaller number such
as 39dB.

The table below shows a variety of power ratios described in dB relative to
1 Wit

Power Value Level in dB Power Value Level in dB

P, (Relative to P, (Relative to

1 Watt P,) 1 Watt P,)
1 0 100 20
1.25 1 200 23
1.6 2 400 26
2 3 800 29
2.5 4 1000 30
3.15 5 4000 36
4.0 6 8000 39
5.0 7 10000 40
6.3 8 20000 43
8 9 40000 46
10 10 100000 50
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Decibels can aso be used to express voltage ratios. Where this happens, the
formulais dlightly different. Without going into detail, power is proportional
to the square of the voltage, so to express a voltage ratio in decibel the dB
relationship is doubled relative to power, hence:

EV
dB voltage = 20 |Og : E

(V,and V, in the above equation are the voltage values.)

The important concept isthat “dB” in itself has no absolute value. But if 0dB
is specified as some reference value then any number of dB above or below
that zero reference can be used to describe a given quantity. To say that a CD
player’s nominal output level is +4dB means very little. It's alot like saying
the CD player can do 4. The CD player can do 4 of what? To say that the CD
player’soutput level is4dB above 1 miliwatt however actually tellsusthat the
CD player delivers 2.5 miliwattsinto someload. Thereareanumber of reference
levelsthat are commonly used.

Most modern audio equipment is sensitive to voltage levels. The standard dB
term used for expressing input and output voltageisdBu. OdBu is corresponds
to a voltage of 0.775 volts. So for example our CD player with a nominal
+4dBu output can deliver 0.775 x 2.5 or 1.9375 volts. Another dB unit that is
often used isthe dBv, which is equivalent to the dBu. An older dB unit that is
used isthedBm. 0dBmis 1 miliwatt. dBm hasno direct relationship to voltage.
However the dBm and dBu units are equivalent to one another if the dBm
value is derived with a 600-ohm load.
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Digital Audio Tape (DAT)

Digital Audio Tape (DAT) wasdevel oped in themid-1980s by Sony and Phillips,
before Minidiscsand CD-R. Digital music was made popular by compact discs,
and DAT was intended as a new digital recording format. It was designed for
domestic use, but never became popular with home users. However, it has
become a well-established standard format for professional use.

DAT cassettes contain magnetic tape that is used to store digital information.
Storing digital audio requires storing large amounts of data.

Under C, Compact Discs, in the A-Z for more about storing digital audio.

Storing Data on DAT

To store large amounts of data, the DAT player/recorder uses a rotary-head
format, where the read/write head spins diagonally across the tape at 2000
revolutions per minute. This is the same way that VCRs (video cassette
recorders) are ableto store the large amounts of datathat generate pictures and
sound.

The proper name for the DAT is “R-DAT”, with the “R” standing for rotary.
Thistermisrarely used, becausethe“S-DAT” (Sfor stationary) from which it
was to be distinguished, never went into production.

Studio reel-to-reel and tape decks are able to use stationary heads because they
have wider tape and faster tape speeds. As the DAT was intended to replace
analog compact cassettes, it was kept small, and the rotary-head compromise
was made. This means more moving parts and potential for problems, but the
results are very acceptable.

Most DAT player/recorders seem to work like across between atypical analog
cassette deck and a compact disc player. In addition to audio, you can record
subcode information such asthe number of thetrack (so you can jump between
songsin acertain order), or absolute time (counted from the beginning of the
tape) onto a DAT.

The tape speed of DAT is much faster than a regular cassette deck (you can
rewind 30 minutes of music in 10 to 25 seconds).

Inputs and Outputs

DAT decks have analog inputs and outputs, just like any other tape system.
They aso have digital inputs and outputs to transfer audio digitally to and
from other digital devices, like CD Players, MD Players and computers.

The Tape

Asthe DAT deck issimilar in technology to avideo deck, thetapeissimilarin
design to avideo cassette. The tapeisabout half the size of an analog cassette
and even smaller than aMD.
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The tape is protected by a hinged door, like a video cassette. WWhen you play
the tape, the door opens and the tape is pulled out and wrapped around the
spinning head.

A tape can beaslong as 90 or 120 minutes. Becausethereisonly one“side’ to
the tape, that is uninterrupted time. This is more than the maximum playing
length of CDs and MDs.

A Digital Audio Tape (DAT)

DAT can record in several modes.

These are:

o 2 channel (stereo), 48KHz Sample rate, 16-bit linear encoding, 120 min
max

» 2 channel (stereo), 44.1Khz Sample rate, 16-bit linear encoding, 120 min
max

o 2 channel (stereo), 32KHz Sample Rate, 12-bit non-linear encoding, 240
min max

Thefirst mode usesahigher sampling rate than CD, and should deliver dlightly
higher quality than CD.

The second mode is the same as specified for CD and MD.

The third mode reduces the sample rate making it possible to record for a
longer time on the cassette, but at lower quality. The effective“ samplerate” of
an FM stereo system is about 32kHz, so thelossin quality in thethird modeis
marginal for broadcast proposes. The third mode makes it possible to pre-
record programmes of over three hoursin length.

@ Under A, Analog and Digital, in the A-Z for more on sampling.
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Operating a DAT Machine

We recommend that you consult the user manual for your DAT deck, as
machines tend to vary significantly in operation. Generally, playing a DAT
involves placing the tape in the player and pressing play. The operationisvery
similar to bothaMD and a CD player.

» Press OPEN/CLOSE to open the tape tray, gently load the tape with the
printed side facing up, and press OPEN/CL OSE to close the tray.

» PressPLAY to begin playback.

* To play through sections quickly, press REWIND or FAST FORWARD
during playback.

« If the tape has indexed segments (tracks) recorded onto it, you can use the
SKIP buttons to move between segments. Press a SKIP button onceto jump
one segment, twice to jump two segments, and so on.

Recording on DAT
Recording on DAT is similar to using a standard cassette tape or MD.

» Press OPEN/CLOSE to open the tape tray, gently load the tape with the
printed side facing up, and press OPEN/CL OSE to close the tray.

 Inorder for absolute time to be recorded with the tape, you must do one of
the following:

— If you wish to overwrite what is on the tape, press REWIND to rewind
the tape to the beginning.

— If you do not wish to overwrite what is already on the tape, press END
SEARCH. Thetapewill fast forward to the end of the previously recorded
material.

* To begin recording, press RECORD and then PLAY.

Indexing DAT

DAT can also beindexed using Start, Skip, and End Ids (identifications). These
are written onto the tape as inaudible subcode, much like the subcode on CD
and MD.

The IDs are used to identify “tracks’ on the DAT, marking where different
items start and finish. Using the IDs makes it easier to find items on a DAT.

Most decks have a“forward to the next Start ID” button (or the SKIP button
we previously mentioned). The deck will aso have a skip back button.

These buttons are used to locate an item on the DAT that was marked with a
Start ID. Many decks can be set to automatically move to the next Start ID
when a Skip ID is encountered while playing.
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The End ID marksthelogical end of thetape; all deckswill stop playing when
it isreached, and some will automatically rewind the tape.

To index your DAT tapes consult your equipment manual on how to add and
remove the Start, Skip and End Ids.

Common DAT Problems

Most people who have worked with DAT have a DAT horror story about how
the delicate mechanism of the player chewed up a vital recording. Or you'll
hear the sad story of how the tape deteriorated after only afew days, ruining
the sound.

The only advice we can give is — never trust a single DAT for mastering or
long-term storage. Always make a backup copy of work in progress or work
you want to keep.

Store on CD-R Rather Than DAT

The cost of the hardware and software used to make CD-Rs has dropped
enormously, as hasthe cost of blank CD-Rs. So if you have the technol ogy, or
the money to buy it, it may be worth considering CD-R instead of DAT for
storing recordings or for long-term archiving of material.

DAT Do’s and Don’t’s

Thefollowing article, TOP 20 DAT RECORDING DO’'Sand DON’ TS, comes
from aTASCAM user’s guide. It provides some very practical hintsfor using
your DAT player/Recorder. No author was listed, so credit is given to Teac
Corporation.

1. Dofast forward new DAT tapes (or anal og tapes, for that matter) all theway
to the end, then rewind to the beginning before using. This “unpacks’ the
tape and disperses any lubricant more evenly over the tape surface.

2. Listento atape after recording to verify that there are no glitches. However,
note that some top-of-the-line DAT decks, such as TASCAM’s DA-60, let
you monitor off the tape as you're recording. These machines are more
costly because they use 4 heads, but being able to verify that signals are
being properly recorded on tape can be invaluable, especially for live
recordings.

3. Don't overuse*“ cue’ and“review” modes. These modesaresimilar torewind
and fast forward, but maintain contact between the tape and head so you
can hear what's on the tape as it whizzes by. You usually enter these modes
by pressing rewind or fast forward while the tape is playing instead of
pressing stop first. Cue and review speeds are slower than rewind and fast
forward but faster than normal playback; athough the monitored sound won't
be high fidelity, it will be good enough to et you know whereyou areonthe
tape. The down side of these modesisthat the continued tape contact causes
head and tape wear, so unless you absolutely need to monitor the sound asit
goes by, press stop before selecting rewind or fast forward to disengage the
tape from the heads.

o
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4. Do clean the DAT heads periodically (the manua should mention how
regularly thisneedsto be done), or if there seemsto beanincreasein errors.
DATscan be cleaned with commonly available dry-cleaning cassettes; never
use wetting agents of any kind, or do analog tape recorder cleaning
techniques. If you experience any problem with a rotating head-based
machine, first run a cleaning cassette and see if the problem fixes itself.
Thiswill provide asolution in most cases; if not, take the DAT deck to your
local authorized service centre for professional cleaning and inspection.

5. Don't write on DAT labels with pencil or ball point pens. You don’'t want
graphite or ink particles flaking off of the DAT machine transport; use a
felt-tip marker that doesn’t leave any solid residue. Do back up your tapes.
It sasimportant to make DAT copiesasit isto make saf ety copiesof analog
tapes. It's best to do digital transfers, but if it isn't possible, analog copies
still sound fine. If at all possible, keep an additional set of tapes offsite in
case of fire, flood, earthquake, volcanoes, or UFO visitations.

6. Thereisamajor caution concerning digital copies. “consumer” grade DAT
recordersoften include SCM S (Serial Copy Management System), whichis
designed to thwart unauthorized digital dubbing and piracy by inserting
“flags’ in the digital data stream. You can generally make one copy of a
tape, but you can’t make adigital copy of that copy. (SCM S does not affect
the analog inputs and outputs.) Why is this a problem? Suppose you mix
down several tunes to a DAT, then “assemble’ these tunes in the proper
order by copying them to asecond DAT. If you try to make a backup copy of
the master, SCM S will prevent this. Pro decks either dispense with SCMS
entirely, or provide some means to defeat it. Which brings us to...

7. Do defeat SCM S on the DA-30. There’ sno reason for professionalsto have
to put up with SCMS, since pros often need to make copies of their own
music. The basic procedure is to unplug the DA-30, remove the top cover,
and locate the digital printed circuit board (looking from the front of the
unit, thisisthelarge green board to the right of the transport). L ocate a short
jumper wire labelled W-402, then use a small diagonal cutters to clip this
wire (or, desolder the wire and install a switch if you want to be able to
choose between enabling and disabling SCMS). Put the cover back on and
you're done. For more details on how to do this simple modification, see
I ssue #8 (Spring/Summer 1992) of the TASCAM Users Group guide.

8. Don’'t overlook the fact that DATs are compatible with many hard disc
recording systems. If you don’t have two DATSs to make backups, you can
copy the datafrom the DAT to the hard disc recorder, then load in a second
DAT tape and bounce the hard disc datato it.

9. Do use the write protect tab to differentiate between a*“ current” and “old”
backup. Many pros keep two backups. Only one is updated at atime; that
way if a problem happens during the backup process, the older backup is
still available. On the next backup, the older backup is updated. protect the
current backup and unprotect the older backup so that the next time you
back up, there won'’t be any mistaking which tape should be backed up to.

I,_f"
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10.

11.

12.

13.

14.

15.

16.

17.

Do keep DAT tapes in proper environmental conditions: dust-free, low
humidity, and cool. Since DATs aren’'t very big, you may be able to store
back-up copies in a climate-controlled office environment, which gives
the additional advantage of off-site redundancy. Humidity and heat are
particularly bad; moisture can rust or corrode metal tapes.

Dorecord at 44.1 khz if you expect your materia to end up on CD. Although
DAT s48 khz sampling frequency theoretically gives better high frequency
response than 44.1 khz, the real world difference is negligible. Material
recorded at 48 will have to undergo a sample rate conversion to 44.1 khz
prior to appearing on CD, which costs between $50 and $100 and can
degrade the sound to a minor degree.

Don’'t be too afraid to go over 0 VU. No, that's not atypo! Granted, 99.9
percent of the time you' [l want to avoid overload like the plague. But on
tunes where extremely short percussive transients are the reason for the
overload, they can be dightly clipped. This allows for a higher average
signal level without compression, assuming of course that the duration of
any distorted signals are so short that you don’t hear any adverse effectsto
theoverall sound. (Tapesrecorded on the DA-30 can actually sound good
with a little clipping, since the DA-30's clipping characteristics are
somewhat more like the “soft” clipping associated with analog gear.

Do date your DAT tapes. After a tape has been around more than five
yearsor so, it’ sprudent to make adigital copy of it to anew tape, and keep
the older tape as a backup.

Don't leave tapesin aDAT machine after the power isturned off. Should
there be any type of problem (e.g., blown fuse) when you turn the machine
on again, it may be difficult to get the tape out.

Do keep abreast of software changes in your machine. DATS, like most
devicesthese days, are software-driven and occasionally their softwareis
updated or improved. Check with the company periodically to seeif any
updates have been made available that are pertinent to the gear you own.

Don’t go over and over the same piece of tape when doing final mixes.
The more you use a piece of tape, the more it deteriorates and the greater
the likelihood of errors. Do consecutive mixes, and note which oneisthe
final mix. You can then do adigital transfer to another DAT deck to build
up atape with nothing but final mixes (but remember the earlier caution
about SCM S-equipped gear.)

On arelated topic, don’'t leave the DAT in pause mode; pause is intended
for avery specific function. When stopped, DAT tape is disengaged from
the transport, and is not in contact with the heads. When you enter play or
record modes, it takesafew secondsto engage the tape and haveit contact
the head. However, in pause mode the tape remains engaged and the head
remains in contact; if you then initiate play or record, the tape kicks into
action much faster. Since pause mode causes head and tape wear, usethis
only when you need to go from a paused to playing or recording statusin
the minimum possible time.
—
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18.

19.

20.

Do leave at |east aminute of blank, but recorded, tape at the beginning of
a tape before laying down any of your tunes (two minutes is probably
safer). Also make sureyou don't record all theway totheend. With virtually
all tapes, the ends are the most prone to having quality problems.

Don't let DAT tapes get near magnetic fields. As with analog tapes, this
can erase signals on the tape.

Do giveeachtapeauniquelD. DAT tapeshave away of proliferating, and
it's important to be able to locate what you want quickly. Similarly, do
keep anotebook of what’s on each tape. DATSs can hold two or even three
hours of material, and that’salot of tunes— you don’t want to record over
something accidentally!

Community Radio Technical Manual



Community Radio Technical Manual



Thetermdigital playout system usually refersto using acomputer or computers
to play sound for broadcast. Most computers are capable of playing back audio,
through use of a piece of hardware called a sound card, which isinstalled in
the computer.

Digital Playout System

A sound card contains electronics that make it possible for the computer to
processdigital audio data. The sound card also convertsdigital audio to analog
audio that can be fed to a mixing desk.

Under A in the A-Z for more about analog and digital audio.

M ore advanced sound cards can offer many other audio processing capabilities.

Playout Software

In addition to the sound card hardware, you need playout software to make a
good playout system. It isthe combination of software and hardware that make
it possible to play sound from a computer.

Basic audio playout softwareisusually part of most computer systems. However
the special requirements of radio mean that most stations would want to use
speciaist playout software designed to make the job of the presenter easier.
The software should make it easy to find the sounds that you want to play. It
should also makeit possible to mix together sounds and play them simply and
quickly with the mouse or keyboard.

Using the System

A digital playout systemissimilar toaCD or MD player, inthat you still have
to find your items and then play them out. But instead of having to find the
right CD and choose atrack to play with the CD player, now thetask isto find
a sound file on the computer and play it by using a mouse or keyboard. A
sound file or audio file is a file saved on the computer that contains digital
audio data that can be played by the playout software.

A large part of using aplayout systemis creating and managing the sound files
the system uses.

For example, imagine you have a CD with several tracks that you want to be
able to play on the computer. Firstly, the audio stored on the CDs needs to be
converted into sound files that the playout system can use. This means you
must record the CD onto the computer.

There are afew ways of doing this: sometimes recording software is used and
the sound from a CD player is fed to the computer and the CD is actually
recorded. The recording is then saved as a sound file on the computer.

More often, the digital audio that is already on the CD is extracted from the
CD using the computer’s CD-ROM drive and software designed for this
purpose. This process is called digital audio extraction (DAE) or “ripping”.
Ripping software makes it possible to copy the digital audio from the CD to
the computer at very high speed.

I,_f"
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No matter what method you useto get the sound from the CD onto the compuiter,
this process has to happen before tracks from the CD can be played by the
playout system.

All other items, such asinserts, jingles, pre-recorded interviews and so on, that
you want to play from the computer playout system also haveto betransferred
to the computer and saved as sound files.

A Typical Basic Playout System

The system architecture illustrated below istypical to abasic playout system.
It consists of two workstations (computers) in separate studios, one capabl e of
production work and both capable of playout. The two computers are linked
by anetwork connection that makesit possibleto send filesfrom one computer

to the other.
Production On-air
Studio Studio
Production On-air
Workstation Workstation

Network
Connection
LT ) > (T —
Used by: Used by:
Producers Presenters
Programmers Used for:
Presenters Playout of Sound Files
Used for: Relies on:
Production of Soundfiles. Playout Software
Compilation of Jingle carts or Palettes Network Software

Compilation of Playlists
Playout of Sound Files
Relies on:
Production Software
Playout Software
CD Writing Software
CD-PC Ripping Software
Network Software

Basic configuration for a digital playout and production system

o
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Operating the system requires producing sound files on the production
workstation that are compatible with the playout software. Thesefilesarethen
copied using the network connection to the on-air workstation. Oncethey have
been stored on the on-air workstation, the sound files can be played out using
the playout software.

You nheed two workstations because the on-air workstation cannot be used for
production work while broadcasting.

Oncethe sound file has been created, it isvitally important that it can be found
on the computer for playout. This means ensuring all of the sound files on the
computer’s hard drive are organised so that they can be easily retrieved.

Organising Your Files

Depending on the playout system you use, and your station’s preference, this
can be done in many ways. Organising the sound filesin the playout systemis
the most demanding part of using the system.

Itisessential that everyonewho usesthe system knows how the sound filesare
organised. If sound files are not descriptively named and properly organised
the playout system becomes completely chaotic and it becomesimpossibleto
find sound filesthat you may have spent hours producing and that you need to
broadcast.

Imagine the thousand sound files on a playout system are athousand sheets of
paper. We all know that if we don’t organise a thousand sheets of paper by
filing them and clearly labelling the files, we can waste hours finding the one
we want.

A radio show host does not have hours to find the right file. Mostly she will
want the file immediately.

Many people use the playout system in acommunity radio station, soitisvital
organise your sound files. Set up the system when you install your digital
production or playout system, and discuss it with your equipment supplier.

Different Ways of Organising Files

Often, sound filesare grouped by type. Thismeansthat in the case of aWindows
or an Apple computer, sound files of the same type are placed in the same
folders so that they can be easily retrieved.

Usually, the computer is set up with afolder where music sound filesare saved,
a folder for adverts, jingles, finished productions such as interviews, sound
effects and so on.

Some systems already havefoldersfor storing different items but will still rely
on the user to label theitem or saveit in the right place.

Different playout systems will require a different approach — so consult your
manuals.

i
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Using a Playout System

A good playout system isvery easy to use. Volunteer presenters or other staff
who already know the studio essentials—that is, how to use the mixer, the mics
and other source equipment — will really only have to learn how to use a
mouse and a keyboard to get sound from the computer onto air.

Advantages and Disadvantages of a Playout System

With a playout system all music is stored on computer, SO music cannot be
stolen. Computers sound filesdo not deteriorate and cannot get dirty or scratched
like tape and CDS.

At the same time — computers sometimes “crash” (break down as a result of
software or hardware problems). Whilealibrary full of CDsmay be unreliable
because people may take CDs home and not return them, or lose them, it will
never crash like a computer can.

Playout systems make the presenter’s job much easier. At the same time, the
station will need extracomputer skillsto maintain the playout system, and this
can make the technical department’s work more difficult. These skills can be
difficult to learn and so it is important to have a good relationship with your
supplier to talk through problems as they arise.

Automation Systems

A digital automation system is a more sophisticated playout system. An
automation system “ automates’ the entire broadcasting process. These systems
are used extensively by private and public broadcasters.

With an automation system, virtually all of the station’ sprogramming isplayed
according to a pre-determined schedule from the computer. The presenter is
only thereto link theitemstogether, asthey are already pre-set on the computer.
If thereisno presenter, the automation system can take over and play out apre-
set schedule of programming without any human assistance.

Thetrick of the automation system is generating the schedul e of programming
that is to be played out and making this programming available on the studio
computer at the right time. This demands a lot of work from the station’s
programming, music, technical and production departments.

It also requires maintenance of a much more complicated computer network -
needed to link production, on-air and administrative facilities, the time-
consuming loading of sound data onto the computer and the difficult and
ongoing task of managing the data once it is on the computer.

Generating the programming, music and advertising scheduleswell in advance
of the actual broadcast demands a full-time programming team. This team
needs to enforce an absolute vision of the station’s format. The advertising
department staff will also need to be able to generate scheduling and billing
information using a computer-based financia system.
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The demandsthat acomplete automation system place on the staff of the station
aresevere. Itisdifficult to imagine a station maintaining an automation system
without continuous accessto aqualified computer specialist to keep the system
running, in addition to the staff who will generatethe daily schedules. Complete
automation also requires amuch higher level of computer literacy from many
of the staff members at the station.

Mwanced Digital Aulnmation
22104102 1:12:49 pm
0.60 00.00 0.00 00.01
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Screenshot of BSI Simian. This is a playout and automation system. The programme has three
playback decks across the top of the screen.
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Effects

Effects are designed to enhance good sound recordings, not to hide bad
recording technique. Properly used effects can add awhole new dimension to
recorded sound. Effects can make adverts more appealing; dramas more
dramatic, and jingles literally out of thisworld.

Most community radio stations encounter effects as part of the station’sdigital
editing system. Nearly all computer-based digital-editing systems now come
equipped with atoolbox of effects.

Some stations also use dedicated effects processors. These are extra “ boxes”
that are connected to the rest of the studio equipment. The connection of the
effects processor to the studio system is often specific to the studio
configuration.

Unfortunately, explaining the many combinations of effects using different
configurationsof auxiliary (aux) sends, aux returns, insert points and patchbays
is beyond the scope of this manual. Let’s just say that if you are going to be
using adedicated effects processor in your studio, you should consult thoroughly
with the equipment supplier to ensure it can be used in a way that suits your
station’s needs.

However there are many different types of effects, we discuss some that you
are likely to encounter either on your computer or your effects unit.

Equalisation (EQ) isdiscussed in aseparate section, eventhoughitisconsidered
to be an “effect”. This is because EQ is part of so many pieces of studio
equipment.

The same appliesto compression. A compressor limiter isastandard devicein
many stations and it is discussed separately.

Under Cin the A-Z for more about compressor limiters, and under E in the A-
Z for more about equalisation.

Nevertheless there remain a number of effects worth mentioning:

Reverberation (Reverb)

When recording in a controlled studio, voices and instruments often sound
small or “dead”. This is because the studio space does not have the acoustic
ambience of a large hall or club. Reverb is an electronic effect that can be
applied to audio to re-create this ambience.

Reverberation occurs naturally when sound is reflected and re-reflected off
the walls, ceilings and floors within alarge room. When a sound is produced
in a room, that sound is echoed many times off the various surfaces in the
room. These echoes happen so fast that we don’t hear them as distinct from
one another.

Electronic reverb re-createsthis effect by generating thousands of “reflections’
electronicaly.
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Using reverb can create the impression of sound in areal room. It can also be
used to create new effects that have no obviousreal counterpart.

Delay / Echo

An echo is a repetition or a partial repetition of a sound resulting from the
sound being reflected off some surface. We hear the original sound and a short
while later the reflected sound reaches our ears. This delayed reflected sound
is caled an echo.

Delay isaway of electronically producing echoes by delaying an audio signal.
There are often several settingsto adelay effect, including the length, number
and the volume of the echoes.

Many effects units and software programmes use a multi-tapped delay. These
generate multiple echoes at different delay times. It also possible to pan the
individual delays from left to right to create interesting spatial effects.

Modulation Effects

M odulating the delay time createsmodul ation effects. M odul ation in this context
means using a low frequency oscillator to generate a signal that varies the
delay time in accordance with the frequency of the oscillator signal.

For example, applying ashort delay to a sound and modulating the delay time
creates the chorus effect. This produces a slight wavering in the pitch of the
delayed signal. An equal mix of the original sound and the modulated del ayed
sound creates an effect that is like two voices singing the same part, but with
dlight differences in timing and tuning. Hence the name chorus

Chorusis one of several modulation effects. Using different length delays and
different modul ating frequencies and other slight variation createstheflanging,
phasing and vibrato effects. Phasing uses a very short delay time and adds the
slightly delayed signal to the original, creating afiltered sound.

Flanging uses a longer delay and also adds feedback to create a dramatic,
swirling effect.

Vibrato is created by using only the delayed sound. The delay is kept very
short and is modul ated to create a change in pitch.

Pitch Shifting

Pitch shifting is another popular effect. A pitch shifter can change the pitch of
a sound without changing the speed.

Time Stretching

Time stretching is similar to pitch shifting, but in this case the speed of the
sound is changing and the pitch is retained.

And Many More..

Thereare many other effectsout there. and it isworth experimenting with your
software or hardware to find effects that will work with the material at your
station.

o

| 148

Community Radio Technical Manual



Throughout this manual, we discuss signals: audio signals, digital signalsand
radio signals. These are not the only signals that are out there. It makes sense
to understand where these signals fit into the bigger picture.

The Electromagnetic Spectrum

All signalsareaform of electromagnetic radiation. Electromagnetic radiation
IS the transmission of energy in the form of waves that have electrical and
magnetic components.

Itisnot possiblefor awaveto have an electrical component and not amagnetic
component, and viceversa. Themost familiar formsof el ectromagnetic radiation
are radio waves and visible light waves. Although it doesn’t seem that way,
radio waves and light are essentially the samething. But they differ in terms of
the frequency and the wavelength of the radiation. Mathematically, waves are
represented by sinewaves. The sinewaveisagraphical representation of wave
phenomena. The diagram below illustrates the important quantities of a sine
wave.

1 Cycle

1/2 Cycle i
Amplitude

Time « - >

Period
Distance « >

Wavelength
Representation of an Electromagnetic Wave: Two Complete Cycles of a Sine Wave

A sine wave follows its pattern repeatedly. Each time it returns to its starting
point, thisiscalled acycle. Thetimeit takesto complete onecycleiscalled the
period. The number of cycles a wave completes in a second is called the
frequency of the wave and is measured in Hertz (Hz). In the diagram the
amplitude isthe height of the sinewave. Thisisameasure of the signal level.
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All electromagnetic waves travel through empty space at the same velocity
(speed) namely the speed of light. The speed of light is given the symbol ¢ and
1S299 792 458 metres per second. For most cal cul ations the approximate value
of 300 000km/s is used. The speed, wavelength and frequency of any
electromagnetic wave are related to one another by the following equation:

Speed of Light

Wavelength=
Frequency

Different forms of electromagnetic radiation are characterised by wavelength
and frequency. When electromagnetic waves are ordered by frequency or
wavelength, this ordered array is called the electromagnetic spectrum. The
electromagnetic spectrum represents all electromagnetic signals, from very
low frequency and long wavelength to very high frequency and very short
wavelength. The diagram below illustrates part of the spectrum.
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100Hz 1000Hz 10kHz 100kHz 1MHz 10MHz100MHz 1GHz 10GHz 100GHz 1000GHz
Frequency

A portion of the electromagnetic spectrum showing the frequency bands and wavelengths allocated to
various purposes

Theallocation of the spectrum to different purposesisgoverned by international

treatiesand regul ated by the International TelecommunicationsUnion. In South
Africa, this responsibility is delegated to the Independent Communications
Authority of South Africa, who manage the use of the frequency spectrum in
line with international laws.
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Equalisers (EQ) are generally grouped under the heading of “effects,” as
equalisingisaform of signal processing that altersthe sound you are producing.

Equalisers (EQ)

Under E in the A-Z for more about effects.

However EQ and filtering is a common feature found on production mixers,
microphones and even field recorders, so that a more complete explanation is

necessary.

You may know equalisers asthetone controlsfound on ahifi set. Thetone controls
that let you change the bass or the treble are redly the smplest form of equaliser.

They are called shelving equalisers and they cut or boost frequencies above or
below aset cut-off frequency. The EQ worksalot likeavolume control, except
it only turns up (or turns down) a part of the sound. Equalisers are based on
electronic filters. These filters make it possible to change a certain range of
frequencies.

Filtersthat only affect signalsabove acertain frequency arereferred to aslow-
passfilters. The name comesfrom thefact that whilethesefilterschangesignals
abovethe cut off frequency, signalslower than the cut off frequency passthrough
unchanged.

A treble EQ on amixing desk is based on alow-pass shelving filter. Altering
the treble EQ has no effect on the low frequencies they pass through the filter
without being affected, while the higher frequencies are cut or boosted by the
control. Filtersthat affect signals below a certain frequency are referred to as
high-passfilters. A bass EQ is a high-pass shelving filter. It boosts or cuts the
lower frequencies, but lets the higher frequencies pass through. Typical
frequency responses of these equalisers are shown below.

-10 +10
10dB Boost

0

=10 +10

No Cut or Boost

0

-10 +10
10 dB Cut

High Pass Shelving Filter Low Pass Shelving Filter

+10dB \ /
+5dB \\ //
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// \\
-10dB / \
20 40 60 100 200 400 600 1k 2k 4k 6k 10k 20k

Frequency

Response of a high-pass and a low-pass shelving filter
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A filter that affects frequencies between two limits, such as the midrange EQ
on amixer, iscaled abandpassfilter. On many mixers the bandpass filter not
only provides cut and boost, but it will aso be tuneable so that its centre
frequency can be changed. This form of EQ is known as a sweep equaliser.
The frequency response of a bandpass filter is shown below.

Bandpass Filter Bandpass Filter @
Centred at 200Hz Centred at 1kHz Sweep Contro

>
< >
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. iodE / | \

-10 +10 0d® \

Cut or Boost 1 . L ’
-5dB iR Lt

N
-10dB
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Frequency

Response of a bandpass filter

Similar to the sweep EQ is the parametric EQ. The parametric EQ has athird
control that allowsthe width of thefilter to be adjusted. Thewidth of afilteris
often described asitsQ value. Qisdefined asthe ratio of the centre frequency
of the filter to the bandwidth that the filter affects. A low Q value means that
the filter only affects a small band of frequencies, a larger Q value and the
filter affects awider range of frequencies.

Another type of EQ you may encounter isthe graphic EQ. A graphic equaliser
whether as a stand-alone unit or as an effect on your computer isrecognised by
arow of faders across the front panel. Each of these fadersis used to control a
very narrow band of frequencies. By altering the faders the frequencies in
each of these bands can be cut or boosted.

Using EQ

In using equalisers, agood ruleisto first get the best sound possible without
using them. Then if you have to use the EQ, preferably cut before boosting.
For exampleif you want to accentuate the mid-rangein arecording, rather cut
the treble and bass a little before boosting the midrange. The less EQ boost
you use in most cases the more natural your recording will sound.
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Feedback

Feedback is most often experienced as the nasty screeching you sometimes

/ hear coming out of speakers at aconcert, school play or achurch service when
someoneis not using the microphone properly. It isahorrible sound — but even
worsg, if you don't quickly stop it, it can damage your equipment.

What Causes Feedback?

Feedback is produced when an unwanted sound output (or audio signal) from
a loudspeaker or audio device is fed back to an earlier part of the sound
reproduction system. The unwanted audio signal is picked up and amplified
(madelouder) by the electronic circuitsin the system. When happens, the system
becomes overloaded, and thisis heard as anasty screeching sound through the
loudspeakers.

The diagram below shows how feedback happens.

The amplified sound from
the loudspeakers can be picked
up by the microphone Amplifier

Acoustic feedback from loudspeakers to the microphone

A person is speaking into a microphone (mic). The electrical signal from the
mic is fed to an amplifier. The amplifier increases the size of the signal to a
level that can be fed to a pair of loudspeakers. The loudspeakers convert the
signal into amuch louder version of the original voice, asthey are meant to do.
The problem is that the mic is placed in front of the two loudspeakers. This
means that the mic will pick up the sound of the person’s voice as ghe speaks,
in additionto the amplified sound from theloudspeakers. Thiscreates afeedback
loop of sound being fed from the loudspeakersto the mic, back to the speakers
and so on. Thisfeedback loop overloadsthe system, which causesthe screeching
noise.
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In the example described above, you will have to move the mic to a place
where sound coming from the mic isnot picked up by the speakers. Or you can
move the loudspeakers so that they don’t pick up sound from the mic. Moving
either the speakers or the mic will break the feedback loop, and the system will
work properly.

How To Stop Feedback
To stop feedback, you have to break the feedback loop.

The Problem With Feedback
You don’t want acoustic feedback, for two important reasons:

Firstly, it always affects your sound output. The noise is horrible and it will
make your sound unlistenable. Even a small amount of feedback can cause
echoes or boosting or cutting of certain frequencies.

Secondly the very high signal levels associated with feedback can destroy or
damage loudspeakers and other equipment that are part of the feedback 1oop.

Controlling Feedback in the Broadcast Studio

Acoustic feedback is not acceptable in the broadcast studio. To make sure
feedback from the mic to the loudspeakers doesn’t happen, broadcast studios
have special switching units. These units, often incorporated into the mixer,
turn off the studio loudspeakers whenever a microphone is turned on.

The same switching unit also normally triggersthe RAG lightsor On-air lights.
These are indicator lights placed inside and outside the studio to show that a
microphone is switched on, and that someone is ON AIR. It is good practice
never to enter or leave the studio when the on-air light is on.

Feedback Related To Recording

Another kind of in-studio feedback rel atesto recording equipment. Thediagram
on the next page shows how this happens.
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Minidisc Recorder

The minidisc recorder is being used to record the
audio from two microphones connected to a mixer.
The recorder’s output is also connected to one of

o © © the mixer’s channels. If that channel’s fader is lifted,
a feedback loop is created, as the audio sent to the

Mixing Bus recorder’s input is fed back from the recorder’s output

into the mixer.

Mixer

Recording feedback

In the diagram above, a minidisk (MD) recorder is being used to record a
signal from the recording output of amixing desk. If the M D recorder’ s output
isadded to the mix onthe mixer’srecording bus, and you lift the MD recorder’s
fader, feedback will occur.

Under M in the A-Z for more on the mixer, and the mixer’s recording bus.

We know that afeedback loop is created by sound being fed from one part of
the sound system to an earlier part of the system. In this case the MD recorder
is recording a signal fed to it from the mixing desk. By pushing up the MD
fader, on the mixing desk, the output signal that the MD producesis being fed
to the mixing desk. The mixing desk then feeds it back to the recording input
of the MD, and afeedback loop is set up.

Sometimes this form of feedback can be used to good effect. If you are using
reel-to-reel recorders, you can create tape echo by producing a small amount
of feedback. This alters the sound by adding echo.

But generally, when recordingtoaMD, tape, reel, computer, DAT or any other
recording device, avoid unwanted feedback by ensuring that the output of the
device is not sent back into its recording input through a mixer or other
equipment.
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The term field recorder refers to any portable recording device that allows
reportersto go into thefield with the meansto capture sound. The most popul ar
type of field recorder used by community radio broadcastersin South Africais
a portable cassette tape-based recorder.

Field Recorders

Under Cinthe A-Z for more cassettes and cassette tape.

However, MD field recorders are becoming more commonly used, and will
probably become standard equipment within the next few years, provided they
aren’'t overtaken by another format.

Some stations also use portable DAT recorders as field recorders.
Under M in the A-Z for more about minidiscs.
Under D in the A-Z for more about DAT.

Because there are so many different kinds of field recorders you can buy, it is
impossible to provide operating instructions that can be generally used. But
there are a number of issues that apply to all recorders:

Field Recording Kit
Thetypical field recording kit consists of the following pieces:

The recorder

This could be a cassette, MD or DAT recorder. Field recorders should be built
for inexperienced users and rough treatment. The recorder should have acarry
strap, large buttons, easy to read displaysand very rugged connectors and case.
Therecorder isnot used in the protected environment of the studio and it isnot
securely mounted in an equi pment cabinet. It is carried by someone, often over
long distances and using public transport. One day, someone will drop it. Or
someone may haveto run carrying the recorder and it will get bumped around.
Make sure your recorder is chosen for outdoor use and is ready for any
eventuality.

A microphone

Several recorders have built-in microphones. However, the quality of these
microphones is very poor, so external microphones are generally used. Like
the recorder, these microphones need to be especially reliable and robust, as
they will encounter rough treatment in the field. Omnidirectional microphones
are most often used for fieldwork, as they are the most versatile. However
directional “shot-gun” microphones can be useful in some cases, for example,
anoisy press conference when you only want to record the speaker’ s voice.

Under M in the A-Z for more about microphones.

Microphone Cables

To get an audio signal from the microphone to the recorder, you need a
microphone cable. Typically these cables are short - maybe only a metre long.
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Itisagood ideaal so to buy asecond, much longer cable. Thisallowsyou to set
up the microphone far away from the recorder. At a press conference you will
often not be ableto sit right next to the speaker. Placing your microphone near
the speaker and having enough cable to retire to a quiet spot where you can
monitor your recording is useful.

Headphones

Before starting any recording, you must be sure that the recording levels are
properly set and that your machine is recording properly. All field recorders
will have a headphone socket to allow you to listen to the recording as it is
being made. It is essential to have headphones to listen to the sound asit is
being recorded.

Media

All of the field recorders record onto some medium: tape, MD or DAT. Your
field recording kit is not complete without one of these. A recorder without a
tape, MD or DAT isreally only good as a paperweight.

Batteries

All field recorders need a power supply when in the field. Batteries provide
this power supply. Different recorders use different batteries. Most new
recorders are equipped with rechargeable batteries, much like those in a cell-
phone. These recorders have a dedicated charger that you will use when you
need to re-charge the batteries. All recorders will also run off mains power
through an adapter supplied with the recorder. Always check the state of the
batteries before taking arecorder into the field: arecorder without power, like
a recorder without a mic cable or recording media, is useless to you in the
field.

Carry case

It isrecommended that you keep all of theitemsthat make up thefield recording
kit in a durable carry case. This prevents items being left lying around and
forgotten, protects the equipment and provides a place to put spare recording
media. Something like a medium size photographer’s bag is ideal.

Microphone stand

A microphone stand is auseful optional item for afield recording kit. It frees
up the reporters hands from holding the microphone during an interview. It
can also be used in situations where it is impossible to hold the microphone,
for example, at a speech or at a press conference.

Community Radio Technical Manual



Using Your Field Recorder

Before going into the field check that your field recording kit has all of the
items listed above. There is something especially depressing about travelling
hundreds of kilometresto cover a story —only to find that when you get there
you don’'t have amicrophone cable ... or any one of the other essential items!

Using the field recording normally involves the following steps:

1. Connecting the microphone to the recorder. Before starting a recording,
you must connect the microphone cable at one end to the microphone, and
at the other to the recorder. The microphone cable usually has a female

@ XLR connector at the microphone end. The recorder end of the cable could
use avariety of input connectors, including male XL Rs, ¥4" plugs and mini-
jack plugs. Insert these connectors gently and correctly. Remember to press
down the tab on XLR connectors.

Under C in the A-Z for more about connectors.

Do not force these connectors. It is easy to damage your field recorder by
forcing a microphone connector. Excessive use of force may push it right
through the case and into the delicate machinery inside.

2. Connecting headphones to the recorder. Gently push the %2’ plug or mini-
jack plug into the jack for the headphones.

3. Insert the media. Follow the operating instructions of your recorder and gently
insert arecordable tape, MD or DAT, asis appropriate, into the recorder.

4. Switch on and check your levels. Before you start recording, conduct ashort
test recording to check your recording level. Tape based recorders have a
play and record button that must be pressed together to start recording. MD
and DAT recorders may only have arecord button. Check your user manual
for the exact instructions for your machine. The recorder should have a
level meter. Once you have pressed the right buttons to start recording, say
afew words and have your guest say something. While this happens, check

@ the level on the meter. If you are not getting a good level, adjust the
microphone position or therecorder’ sinput level control to get an acceptable
level. Check the quality at the same time by using the headphonesto listen
to this test recording.

Under M in the A-Z for more about meters.

5. Make the recording. Once you've checked that everything is connected,
and the levels areright, you are ready to record.

6. Once you have finished your recording, take your tape, DAT or MD from
the recorder and label it. Stations can have many tapes lying around. The
aim of the label isto help you find your recording again. The best way of
marking thetapeisto list the contents, the date of the recording and your name.
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7. Replace the recorder in its case. Make sure you have al the components of
thefield recording kit, and put them back in their carry case. Gently coil the
microphone cable. Do not twist the cable tightly, as repeatedly doing this
will break thewiresinsidethe cable. If you disconnect the microphone cable
from the microphone and the recorder, disconnect them gently by pulling
on the connectors and not the cable. Remember XLR connectors have a
locking tab that must be pressed in before they will disconnect.
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Many parts of South Africa have frequent electrical storms, and lightning isa
real threat to studio equipment.

Lightning Protection

Lightning is a massive release of electrical energy from charged particlesin
the atmosphere. This enormous surge of electrical energy can sometimes find
its way into the studio through various electrical connections. When this
happens, the equipment that encounters this power surge will be severely
damaged.

To avoid lightning damage, many stations take measuresto protect themselves
from electrical surges resulting from lightning or other irregularities in the
mains supply.

Direct lightning strikes only account for avery small proportion of damage to
electronic systems. Most damage results from nearby lightning strikes, when
power enters the electrical system. We are not going to go into the scientific
details of how power enters into the electrical system of your radio station.
However, it isvery important to know how we can block it and prevent or limit
damage. The next diagram shows the main areas of concern for lightning
protection.

TV or STL
Antenna

kY Transmission
Tower

Telephone Lines

Mains Supply Radio Station

Mains Supply

Areas that present lightning threats

Lightning can enter the radio station through a direct strike, the telephone
lines and the mains supply.
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The Transmission Tower

Thetransmissiontower isusually atarget for direct strikes, asit isoften mounted
in high areasand is often the highest point. For thisreason, transmission towers
should be properly earthed and be installed with a down conductor.

A down conductor starts with a metal spike at the top of the transmission
tower. This spike should stand much higher than the transmitting antenna. The
aimistotry to ensurethat if lightning strikesyour tower, it will strike the spike
before the antennas.

The spikeis connected to athick copper cable that runs down the tower and is
earthed at the base of thetower. Thisleadsthe lightning to earth through a path
that doesn’t pass through your very expensive transmission equipment.

Correct earthing proceduresfor the down conductor areessential. If your station
uses its own transmitter, you should discuss earthing the transmitter tower
with your supplier and other transmission expertsto ensure that it is properly
earthed.

The Mains Supply

The mains supply at both the transmission tower and the station is another
potential source of lightning damage. Direct lightning strikes to power lines
kilometres away and inductive coupling to power lines can result in electrical
surges on the mains supply. These power surges can seriously damage or even
destroy studio audio and computer equipment.

To protect against this, some form of mains protection is advised. This can
take many forms. The most common method used in community radio stations
is to connect all studio equipment to the mains supply via a protected power
outlet.

Many suppliersinstall power conditioning and surge protection units. These
units plug directly into the mains supply and studio equipment is then plugged
into the unit, which provides them with a“clean” protected power supply.

Telephone Lines

The telephone lines coming into the station are another potential source of
lightning damage. Nearby lightning strikes can cause enormous surge voltages
on the phone lines.

Thislarge amount of electrical power can damage equipment connected to the
phone lines, such as telephone hybrids, modems and fax machines.

The equipment connected to these devicesisalso at risk. A lightning strike to
the phonelines at Barberton Community Radio severely damaged not only the
telephone hybrid, but also several channels on the studio mixing desk, a CD
player and a microphone.

Phone lines can be protected using a variety of surge protection devices.
Generally, these connect inlinewith the phoneline. Request that your supplier
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installs these devices as part of the telephone hybrid system. It may aso be
worth contacting Telkom or your local town council’s electrical department,
as they will probably have experience with appropriate lightning protection
measures in your area.

Equipment Connected to the Studio Building

A final concern is antennas connected directly to the studio, such asthe STL,
or TV antennas or satellite dishes. The position of these antennas can often
make them attract direct lighting strikes. As they are connected directly to
studio and transmission equi pment, any surge a ong the antennacable can cause
severe damage to that equipment.

Reputable technicians should install the antennas and you should be happy
that they have addressed any concerns you have about lightning protection.
Surge protection devices are also available for the antenna cables.

The northern parts of South Africa experience many electrical storms each
year, and for stationsin these areaslightning protection is essential. When you
consider how much it coststo repair or relace damaged equipment, the cost of
lightning protection seemsvery little. A single lightning strike can put you off
air, or compromise your sound. Thiswill cost you thousands and you will lose
listeners. Rather make sure your station is properly earthed and protected.
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Our perception of the sound we are producing in the studio is based on what
we hear through the studio loudspeakers. This means that we must use high
quality speakers, if we want an accurate idea of what we are doing. Asif to
emphasise the importance of the speakers in a studio they are often called
“monitors’. We don't just listen to sound in the studio, we monitor (check) it
for quality.

Loudspeakers

A speaker is an electro-acoustic transducer that produces sound waves in
response to an electrical audio signal. Effectively, aloudspeaker worksin the
opposite way to a microphone, where a microphone produces an electrical
audio signal in response to sound waves.

Under Sin the A-Z for more about sound.
Under M in the A-Z for more about microphones.

L oudspeakersare used in combination with an amplifier. Theamplifier increases
the power of the audio signal from a piece of source equipment, such asaCD

player.
Under A inthe A-Z for more about amplifiers.

The signal from the amplifier is sent to the speaker, which turns the audio
signal into sound waves that we can hear. When everything is working as it
should, the speaker produces nearly the same sound waves that a microphone
originally recorded onto the tape, CD, etc.

Different Parts of the Speaker, and What They Do

The speaker consists of three main sections: drivers, across over network and
an enclosure (the speaker box).

Traditionally, speakers have one or more drivers. A driver produces sound
waves in away that is similar to the way a microphone records sound, but in
reverse. Thedriver, like amicrophone has aflexible diaphragm, but instead of
responding to a sound wave and generating an audio signal, which iswhat a
microphone does, the driver responds to an audio signal by rapidly vibrating
the diaphragm or cone, to produce sound waves.

The diagram on the next page shows how adriver works. It consists of acone,
usually made of paper, plastic or metal. The coneisattached at thewide end to
the surround.

This rim of flexible material (the surround) allows the cone to move, and is
attached to the driver’s metal frame, called the basket.

The narrow end of the coneis connected to the voice coil. The coail is attached
to the basket by the spider, aring of flexible material. The spider holdsthe coil

in position, but allows it to move freely back and forth. Some drivers have a
domeinstead of acone. A domeisjust adiaphragm that extends out instead of
tapering in.
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Surround

Input Wires

Voice Coil

Dust Cap (Dome)

Spider

Frame (Basket)

Cross-section of a moving coil cone-type driver

The voice coil is an electromagnet, a coil of wire, wrapped around a piece of
magnetic metal, such asiron. Running electrical current through thewire creates
amagnetic field around the coil, magnetising the metal it is wrapped around.
As the electrical current changes, so the magnetic field changes. The voice
coil is mounted in a constant magnetic field created by a permanent magnet.

These two magnets - the electromagnet and the permanent magnet - interact
with each other as any two magnets do. The changing electrical current in the
voice coil causes its magnetic field to keep changing. Depending on this
magnetic field the voice coil is either attracted or repelled by the permanent
magnet. The changing audio signal constantly reverses the magnet forces
between the voice coil and the permanent magnet. This pushes the coil back
and forth rapidly. When the coil moves, it pushes and pulls on the speaker
cone. Thisvibratesthe air in front of the speaker, creating sound waves.

The Woofer and Tweeter

The larger the cone, the more difficult it isto move it backwards and forwards
at higher frequencies. For thisreason, speaker unitstypically havealargedriver,
called a“woofer”, for low frequencies up to about 2 kHz, and asmaller driver,
called a“tweeter”, for frequencies above 2kHz. If aspeaker has more than one
driver it needs acrossover network. The crossover network isafilter that feeds
the correct band of frequencies to each of the drivers.
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The Enclosure

Thedriversand the crossover are housed in aspeaker enclosure. The enclosure
serves a number of functions. Firstly they make it much easier to set up the
speakers. Everythingisin oneunit, and thedriversare kept in theright position,
so they work together to produce the best sound.

They areusually built with heavy wood or another solid materid that will effectively
absorb the driver’s vibration. If you smply placed a driver on atable, the driver
would vibrate so much it would probably drown out the speaker’ s sound.

The speaker enclosure affects how sound is produced. The speaker cone moves
backwards and forwards, so it is actually producing sound waves behind the
cone as well asin front. We only want the sound waves generated from the
front of the speaker, so the enclosure hasto deal with these“backwards’ waves.

Oneway of dealing with these backward wavesisto put the driver in a sealed
enclosure. Thisenclosureiscompletely sealed, so no air can escape. Thismeans
the forward wave travels outward into the room, while the backward wave
travelsonly into the box. Thisworkswell with small, low power speakers. For
higher power speakerswith larger cone movements, likethe onesusually found
in the studio, other techniques are used, such as the vented enclosure.

The vented enclosure has an opening, usually inthe front panel of the speaker.
The backward motion of the cone pushes sound waves out of this opening,
boosting the overall sound level. The design of the interior of the cabinet, and
the size and position of the opening, must be carefully calculated to make this
design work properly. The main advantage of these enclosures is efficiency.
The power moving the driver isused to emit two sound waves rather than one.

These are some of many different speaker designs. Typically the monitorsused
in community radio stations are moving coil speakers, with two drivers and
vented enclosures.

Driving the Loudspeakers

The monitor speaker has to driven by an audio power amplifier. The power
amplifier in most studiosis fed an audio signal from the mixing desk, and the
level control for the studio monitorsis usually found on the mixing desk.

Active monitors are speakers that have amplifiers built into the speaker
enclosure. These monitors are often more expensive, but have several
advantages. Because the amplifier and the speaker are designed to work
together, the speaker is often better sounding, and thereisno risk of damaging
the speaker by overdriving it.

Maintenance of Speakers

Speakers should not require any maintenance. The greatest risk to speakersis
that they can be “blown”. This happens when too much power is used to drive
the speaker and the voice cail tearsitself from the cone. Stations are advised to
make surethelate night and weekend presenters are discouraged from boosting
the sound to levelsthat will blow the speaker!
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The speaker cones and domes are often made of rigid, yet delicate materials. It
is advised that you keep the covers on the monitors. This protects the cones
from direct sunlight that can cause them to perish over long periods of time,
and also stops people from touching them. Studio visitors love pressing the
exposed cones and the domes on monitors. But this will damage the speaker.
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Most professiona audio equipment used for recording will have a meter that
can be used to monitor the sound level.

Meters and Metering

In the studio, mixers will have one or more sets of meters, for monitoring the
level of broadcast audio. Tape, MD and DAT recorders and field recorders
should aso have ameter of some kind to allow monitoring of the audio level.

Using meters to monitor the sound level is essential to ensure that your radio
programme or recording signal level isnot so high that it will cause distortion,
or so low that noise and hiss will degrade the sound.

Very few people can accurately measure a signal level by just listening to it.
Natural hearing is excellent for monitoring the quality of an audio signal, but
is not appropriate for a quantitative measurement. This is why meters are so
essential.

Different pieces of equipment will use different types of meters. Being ableto
identify the type of meter on your equipment, and knowing how to read that
meter, will ensurethat your broadcasts and recordings are aways of high audio
quality.

The VU Meter

One of the most common measuring devices is the VU meter. VU is an
abbreviation for volume unit. On a VU meter, the zero (OVU) mark indicates
the maximum distortion-free level that can be handled by the device. Other
values greater or lessthan the zero level areindicated as positive and negative
decibels.

Under D in the A-Z for more about decibels or dB.

OV U (zero VU) correspondsto asignal level of +4dBu and representsavoltage
level of 1.228 volts. In practice, analog devices have considerable headroom
above OVU to alow for peak levels. This means that during programme
playback thesignal level should be controlled so that the VU meter reads around
OV U, peaking at not much more than +2VU

The VU meter is most useful as aline-up aid. When the mixer is set up, the
channelsarelined up so that each piece of equipment produces an equal signal
when the fader isat areference position. Usually, the reference position for the
fader is—10 (minus 10).

Under M in the A-Z for more about mixers.

The VU meter is used to measure the level from a piece of equipment when
playing a 1000Hz test tone at alevel of 0dBu. OdBu isused asareferencelevel
which correspondsto—4VU. Thegain of each channel onthemixer istypicaly
set so that when the fader is at the —10 position, the VU meter reads—4VU in
response to the test tone. The diagram below showsaV U meter with adecibel
scale from -20 to +3 dB.
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VU

VU meter where levels above 0 VU are shown as positive decibels (the range of
potential distortion), and those below it as negative decibels

The VU meter responds to the energy in asignal and not the peak voltage of
the signal. This means it is not the best meter for measuring the peaks in a
signal. The very rapid fall time of the needle of the VU meter also makes it
difficult to read accurately, asthe needleisin constant motion when measuring
aprogrammesignal. It isfor these reasonsthat many people prefer ameter that
measures the peaks in the audio signal under measurement.

The PPM

An dternative to the VU meter isthe PPM. PPM stands for Peak Programme
Meter. Thismeter accurately measuresthe peak voltage of aprogrammesignal.
The meter illustrated below isscaled 1 — 7 with 4dB per division. On the PPM
a0dBu referencelevel will read as4. When used to monitor programme level,
peaks should be controlled so as not to exceed 6PPM.

The PPM Scale
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Digital Meter (DATs, MDs and Computer)

A third type of meter isthe digital meter found on MD and DAT recorders, and
on computer recording systems. There is no clearly defined standard for the
meter, and often the scales used on different metersof thiskind will bedifferent.
A typical digital meter is shown below.

L I I I I I I I I | \
-dB 50 40 20 12 8 . 2 . 0 OVER
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A meter commonly found on digital recording equipment

The meter isusually aLCD or LED meter, and is part of therest of the display
on the particular machine. The meter needs to be used very differently from
the VU meter or PPM. The other meters are analog meters and provide alarge
amount of headroom, which iswhy in practice, the VU meter can move above
OV U, and the PPM above 4, without signal distortion.

Digital recording systems, on the other hand, have little or no headroom. This
means that if the level moves above the O level on the digital meter, very rea
distortion will beheard asthedigital to analog converter circuitsare overloaded.

Under A in the A-Z for more about analog and digital audio.

Equipment manufacturers often do not give specific instructions on how to
read these meters. Typically aDAT or MD manual will say something like “at
the optimal recording level the overload light should not light up”. Most
manufacturers also tend to |eave some headroom beforethe DA convertersare
overloaded. This means that if the overload light should flicker on briefly, it
does not always cause distortion, but this varies from manufacturer to
manufacturer.

The digital meter is primarily used to monitor recording levels and it is dways
desirableto maintain ashigh alevel aspossible without distortion when recording.

Considering the above explanation, and because no standard yet exists, let’s
assume that when the overload light comes on it means that the recording is
distorting. A general guideline for using a digital meter to measure the signal
would be as follows:

Control the signal so that the signal level is kept around the middle of the
meter scale. Typically this is around —8dB or —6dB. This leaves enough
headroom, so that if the signal should suddenly peak, the signal level will
probably still not exceed the O level. This is a very general guideline and
experimenting with your particular MD or DAT deck will give you a better
idea of how high the input level can be pushed before distortion is heard.
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A microphone is an electro-acoustic transducer. A transducer is a device that
converts energy from one form to another. The term electro-acoustic tells us
that amicrophoneisatransducer that converts sound wavesor acoustic “ energy”

into an equivalent electrical signal. This electrical signal can then befed to a
taperecorder or other audio equipment. The microphone’sability to turn sound
waves into electrical signals is what makes recording possible. Microphones
are usually called mics (pronounced as “mikes”).

Microphone

How a Mic Works

To understand how a microphone works, we'll ook at the operation of the
moving coil dynamic microphone. We show this microphone in the diagram
bel ow.

Diaphragm

Outer Case N Magnets

Output Wires : :

Moving Coil Microphone

The microphone consistsof avery light circular diaphragm, usually madefrom
athin plastic film, that is attached to a coil of very finewire. The cail fitsinto
a gap between the North and South poles of a permanent magnet.

When sound wavestravelling through the air hit the diaphragm, the diaphragm
moves back and forth (vibrates). The movement of the diaphragm causes the
coil of wireto move. The coil sitsin the magnetic field of the two permanent
magnets. Because of electromagnetic induction, the movement of the coil in
this magnetic field causes a small electrical current to flow in the wires of the
coil.

This current will vary in exactly the same way that the movement of the
diaphragm varies. For example, when someone shouts into the microphone,
the high sound pressure will cause the diaphragm to move much more than it
will when they whisper. Thislarger movement will produce alarger currentin

—
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the coil. The current produced in the coil isvery small, and must be amplified
to auseful level by a microphone pre-amplifier, such astheinput of the “mic”
channel of your mixer.

Under Sin the A-Z for more about sound.

Some Different Kinds of Microphones

The moving coil dynamic microphone is only one of many different kinds of
microphonesthat are avail able. The main types of microphonesare asfollows:

Dynamic Microphones

Dynamic microphones can be of the moving coil (described above), or ribbon
variety. The ribbon microphone operates on the same principle of
electromagnetic induction. But instead of a coil and a diaphragm, the motion
of athin, usually aluminium, ribbon, withinamagneticfield createstheelectrical
signal. Moving coil dynamic microphones are used extensively in the broadcast
and production studios and for field recording.

Condenser or Capacitor Microphones

A capacitor is an electrical component that is made up of a pair of parallel
metal plates separated by insulating material. If an electrical voltageisapplied
to the two plates, then the capacitor can store electrical charge. If the distance
between the parallel plates changes once the capacitor is charged, the voltage
across the two plates will change. This principle is used in the condenser or
capacitor microphone.

One plate of a capacitor is used as a diaphragm that can move in response to
sound waves. The motion of the diaphragm changes the voltage across the
plates in direct response to the sound waves that caused the motion. This
changing voltage can then be fed into a mixer, or recording equipment.

Condenser microphones require a power supply to charge the two plates. This
isusually supplied by a48V *phantom” power supply from the mixing desk or
microphone pre-amplifier.

Note — if you ever need to swap a condenser microphone for a dynamic
microphone, turn the power supply off to prevent damaging your dynamic
microphone.

Condenser microphones are often used in the broadcast and production studios
as they offer the highest sensitivity and best noise performance of any studio
microphone.

Electret Microphones

These are similar to condenser microphones, in that they have a permanent
el ectrostatic charge on the plates, but they do not use an external power supply.
This makes them cheaper, but they often deliver much poorer quality audio
than acondenser microphone. Electret microphones are often small insizeand
can frequently be found on domestic audio equipment, such as portable tape
recorders.

-
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Carbon Microphones

These are used in telephone handsets. These are inexpensive and only have a
frequency response of about 300 to 3000 Hz, making them unsuitablefor regular
use in the studio.

Directional Response

Microphonesdo not only differ intheway that they are physically constructed,
but also in their sensitivity to sound from different directions. The pattern of
sensitivity of a microphone can be called the directivity, directional
characteristic, directional response, field pattern or polar pattern. A polar
diagramisnormally usedtoillustrate the directional response of amicrophone.

The polar diagram shows the microphone’ s output sensitivity with respect to
direction over 360°. Usually the microphone’sdirectional responseis measured
for various frequencies, the results of which may be combined in a single
diagram. In many cases, amicrophonethat hasauniform response over alarge
frequency rangeis desirable.

Omnidirectional Mics

Microphones are broadly classified as having either an omnidirectional polar
pattern or adirectional polar pattern. Omnidirectional microphonesare sensitive
to sound from al directions, while directional microphones are sensitive to
sounds only from certain directions. The polar pattern of an omnidirectional
microphoneisillustrated below: The 0° direction on the polar diagram is often
referred to as“On AXxis’.

00

0dB
\ -5dB
M -10dB
\ \ -15dB
270° 90°

180°

Omnidirectional Microphone Polar Pattern
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Cardioid Mics

Directional microphones can have many different polar patterns. The pattern
commonly used for presenter’s microphonesin theradio studio isthe cardioid

pattern illustrated below.

270°

00
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\\\ -5dB

Du

90°

180°

Cardioid Microphone Polar Pattern

The microphoneisdescribed as* cardioid” because the polar pattern is shaped
alot like a heart. The microphone is most sensitive to sounds that come from
the front and least sensitive to sounds from the back. This design means that
the microphone will be very sensitive to a presenter’s voice - that is, on axis,
but will not pick up much of the unwanted background noise in the studio.

There are variations on the cardioid microphone’s response, such as the

hypercardioid and supercardioid microphones. These are even more directional
designs. The polar pattern of a hypercardioid microphoneis shown on the next

page.
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Figure of Eight Mics
Thefigure of eight microphoneis sensitive to sound coming from the sides of
the microphone. The polar pattern of a figure of eight microphone is shown
bel ow.
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Figure of Eight Microphone Polar Pattern
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Thefigure of eight microphoneisusually only used for specialist applications.
It has often been used for live back-up vocals allowing two singers to share
one microphone, with one on either side.

Tips for Using Mics

It isworth noting that the physical construction of cardioid and figure of eight
microphones causes them to exhibit the proximity effect. The proximity effect
boosts|ow frequencieswhen the sound sourceisvery closeto the microphone.
This effect benefits a presenter or vocalist by giving alarger than life sound.
Ontheother hand, if it isnot taken into account, the proximity effect can cause
voices to sound distorted and muddy.

The proximity effect is one of many things that can cause microphones to
produce unexpected sounds. Handling the microphone can cause large amounts
of noise. Thisiswhy whenever possible a microphone should be mounted on
a solid boom stand. Certain voice sounds, particularly the plosive P and B
sounds, cause the microphone to pick up a popping noise. Thisis caused by
blasts of air from the presenter’s mouth slamming into the microphone’s

diaphragm.

To reduce this effect, the presenter should point the microphone just above or
bel ow the mouth, or if necessary, use apop shield. A pop shieldisafine mesh
of plastic or metal that is placed between the mouth and the microphone. In
general, a good working distance for a cardioid presenter’s microphone is
between 10 and 25 cm from the microphone. Thisis, of course, highly dependent
on the presenter’s voice.
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Minidisc

TheMinidisc (MD) format wasintroduced in 1992, by Sony. MDswereintended
to replace cassette tape as anew digital audio playback and recording system.
The MD, like the cassette, wasintended to be portable. Thismeant it had to be
small and able to withstand vibrations and rough treatment outside the safety
of the home or studio.

The diagram below shows the make-up of atypical recordable MD.

72 mm

plastic case

disc

68 mm

shutter

write protect tab —— ¢ =5

Top view of a typical recordable Minidisc (actual size)

The diagram shows just how compact the MD is. The plastic case for the MD
isonly 5mm thick, making it much smaller than a computer “stiffy” disc.

The silvered disc that stores the audio is enclosed by the plastic case. To read
data from the disc, a MD player opens the shutter to reveal the disc surface
underneath. Thedisc storescompressed 16-bit, 44.1-kHz sampled digital audio.
This means that the MD delivers audio quality approaching that of a CD.

@ Under A in the A-Z for more about analog and digital audio.

Much like a cassette, the MD has a“write protect” tab. A cassette has tabs on
the top of the cassette that can be broken off to prevent accidentally copying
over the tape. The MD has adiding tab. When you slide the tab to the | ft (as
seeninthe diagram), you can use the MD for recording and editing. When the
tab is dlid to the right the MD is “write protected”. In this case no new audio
can be written to the disc and none of the existing audio on the MD can be
edited.

—
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Stereo and Mono

MDs are capable of recording in both stereo and mono. You can also store
stereo tracks and mono tracks on the same disc.

Stereo recording is obviously preferable when recording from a stereo source.
However the advantage of using mono is that it allows you to store twice the
amount of data on the MD. This means that a 74-minute MD can store 148
minutes of mono audio. For a radio journalist who mostly uses a MD field
recorder with a mono microphone, thisis very useful.

Types of MD
There are three different kinds of MD:

» Therecordable MD shown on the previous page isthe type most commonly
used in radio.

» Pre-recorded MDsare aso available. The shutter onthese MDsonly covers
the bottom of the disc and they cannot be used for recording.

» A thirdtype of disc hasboth apre-recorded section and arecordabl e section.

Why MDs Are So Useful
There are several things that make the MD such a useful tool for radio.

A MD can be recorded with the ease of a cassette, but with much higher audio
quality. When recording in mono, the MD can record for much longer periods
of time than any other medium.

Recordingson aMD are stored asindividual tracks, similar to tracksonaCD.
This means you can easily access any track, without the fuss of having to
rewind and fast-forward a tape.

But what really makesthe MD specidl, is that the audio stored on the disc can
be edited using any MD player / recorder. You do not need to copy audio to a
computer or splice tape. This means that reporters can edit their recordingsin
the field.

Editing on MD

The MD uses a table of contents (“TOC’”) data structure to link sections of
audio scattered about the disc into a continuous stream. Thisis what makes it
possibleto edit tracks. Tracks can be segmented, combined, moved, or deleted,
with an edit point accuracy of 60 milliseconds (12ms on modern units).

Because of the TOC structure, space freed by del eting data becomes available
for further recording. MD allows you to delete tracks you don’t want and with
a few button pushes replace them with new ones, placing them in any order
you like on the disc.

Under M, Minidisc Player / Recorder, in the A-Z for more about editing on
MD.
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Audio Compression on MD

CDs are 12cm across; the MD is only 64mm across, yet they both store 74
minutes of digital audio. To make this possible the MD compresses digital
audio using asystem called ATRAC (Adaptive TRansform Acoustic Coding).

By compressing the audio, the amount of data that is stored on the MD is
reduced, making it possible to use a smaller disc. ATRAC is an audio
compression system based on psychoacoustic principles.

Psychoacoustics studies how people hear, and models what parts of asound a
person with normal hearingisactually capable of hearing. The ATRAC system
uses this to reduce the amount of digital datathat is stored onaMD. ATRAC
leaves out the parts of a sound that most of us can’t hear, in such away that
most people cannot tell the compressed audio from the original signal.
Nevertheless, there is a difference, and uncompressed digital formats such as
CD and DAT do have greater fidelity than MD.

Handling Tips for Minidiscs

» Do not touch the disc by opening the shutter. The shutter and disc will be
damaged if the shutter isforced open.

* Do not place MDs in direct sunlight, areas of high temperature, or high
humidity, for example, in your pocket.

 If dust getsintothe MD cartridge, wipeit with asoft DRY cloth. Do not use
any liquidsto clean MDs.

* When putting alabel on aMD, make sureit isfixed to the correct position
for labelsonthedisc. If thelabel isnot properly fixed it may roll up or come
loose and could cause the cartridge to get stuck in the MD player.
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The MD Player/Recorder isthe machine that is used to play and record MDs.
The controls on most MD players are very similar to those on a CD player.
Thisisbecause playingaMD isvery much like playing a CD —you insert the
disc, select atrack and press play.

Minidisc Player/Recorder

You might liketo revisit the section on compact disc players, under Cinthe A-
@ Z, to have another look at how a CD player’s controls work before reading
more about MDs.

All MDs are marked to show which end of the disc goesinto the player.
@ Under Minidisc in the A-Z for adiagram of aMD.

Always make sure that the disc is inserted correctly. Forcing a disc into the
/ player inthe wrong way will damage the player, and discs can get stuck inside
the machine.

Standard Control Buttons on the MD Player/Recorder

The buttons on a MD player are usualy marked with the standard symbols
used on most recording and playback equipment. These are shown in the
diagram below.

“« » e m » Il « »

track back track forward record stop play pause skip back skip forward

Standard control buttons found on MD player/recorders

The TRACK Buttons

Choosing atrack onthediscinvolvespressing the TRACK or “search” buttons.
Some MD players use ajog wheel instead of a button to select tracks.

Playing and Cueing the MD

Once you' ve selected atrack, pressthe PLAY button to play the track. Many
MD players do not instantly start playback once PLAY is pressed. This is
because it takes a short time for the player to locate the playback data on the
disc.

Toavoidthe“dead air” that thisshort delay creates, MD players can be“ cued”
before playback. Cueing means getting the disc ready to play by selecting the
track in advance. You do this by selecting the track, and then pressing the
PAUSE button before the PLAY button.
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The SKIP Buttons

The SKIP buttons allow you to skip or scan through atrack. By pressing these
buttons, you advance or reverse the track at high speed, allowing you to find
particular parts while editing or playing back.

The PAUSE Button

If the discisplaying, and the PAUSE button is pressed, playback will pause at
the point where the button was pressed. Pressing PAUSE again, or PLAY, will
cause playback to continue from that point.

Thisisauseful function for editing aMD. You play the disc until the desired
edit point isfound, and at that point, you press PAUSE. Edits can then be made
easily at that point.

The STOP Button

The stop button returns the player to the same state asif the disc had just been
put into the player. Any track selection islost.

Programme Play

MD players are often used to play adverts and jingles. MD players that are
used for this purpose must be able perform programme play. Programme play
allowsyou play several tracksat oncein any order. To do thisusually involves
entering a “programme” mode and then selecting the tracks in the order you
want them to play out. Thisisvital for any station using itsMD for jinglesand
adverts, becauseit is often necessary to play ajingle, and immediately follow
it with an advert.

Recording on MD

Recording aMD isvery similar in operation to recording a standard cassette.
Even the recording controls on the MD recorder are nearly identical to those
on a cassette machine.

Firstly, you insert a recordable MD into the recorder. When you press the
RECORD button, the recorder will enter “record and pause” mode. Thismeans
that the player is paused but ready to record.

The display on the front of the machine will then also monitor the recorder’s
input signal. Check this level to ensure that your recording will not distort or
be too quiet.

Under M in the A-Z for more about meters and metering.

The signal level should first be adjusted at the mixing desk to make sure the
recorder isreceiving agood level. If the level from the mixing desk or source
equipment is acceptable, but the level received by the M D recorder istoo high
or too low, then the input sensitivity of the recorder must be adjusted. Some
recorders do this automatically, while others have an input level control. This
is typically a rotary control that is turned to increase or decrease the input
level, as necessary.
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Once the input level measured on the MD recorder’s display is acceptable,
press play to start recording.

Most professional playersautomatically add anew track to the M D whenrecord
Is pressed. However some players begin recording from the beginning of the
MD. Theserecorders haveto be skipped past the last track before you pressing
record, or you will lose tracks already recorded and stored on the disc. If you
select atrack on the disc and press RECORD, the recorder will overwrite the
selected track and all subsequent tracks onthe MD for aslong astherecording
lasts.

Editing on MD

The MD format allows the digital audio on the disc to be edited using a MD
player. Most players have several editing functions. Different manufacturers
also use different namesfor the functions, which can makeit alittle confusing.

Fortunately however, all machines have the same standard editing functions.
This means that even if the names of the functions are different on a new
machine, you can quickly figure out how to edit with a little thought and
patience.

Typicaly, selecting atrack and then pressing a button labelled EDIT, accesses
the edit functions. Each time the EDIT button is pushed, the machine will
offer another editing function. Once the function you want is displayed, you
pressthe ENTER or Y ES button to choose the function.

Some MD players have a dedicated button for each function. This is more
convenient if you plan to do alot of editing on MD.

The standard MD editing functions are as follows:

ERASE/DELETE

Erase can be used to remove atrack from the disc or to remove al tracks from
the disc.

To use ERASE, you must first select atrack. Then you pressthe EDIT button
until “erase” or “delete”’ appearsonthedisplay. PressENTER or Y ESto select
the erase function. The player will confirm the track you want to erase. If the
correct track isshown, press YES/ENTER, and the track isremoved from the
MD. If the wrong track has been selected, press NO/EDIT, and the track will

not be affected. Erasing atrack decreasesthe number of tracksontheMD. The
space on the MD that is freed up by erasing tracks can then be used to record
more material.
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JOIN/COMBINE/T MARK OFF

The JOIN function allows you to combine two adjacent tracks to make one
track, as shown in the diagram bel ow.

l Join
2

Track Numbers Decrease

Joining tracks on a MD

Joining thetracks as shown in the diagram invol ves sel ecting track 3. You then
select JOIN/COMBINE, and then you select ENTER/YES. Tracks are always
joined to the end of the track before them. Once the tracks have been joined,
the total number of tracks on the MD decreases by one.

DIVIDE/CUT/T MARK

DIVIDE alowsyou to split up existing tracks on the MD. This allows you to
givedifferent parts of atrack their own track numbers. The operation isshown
in the diagram below.

2
l Divide

1 2 3 4

Track Numbers Increase

Dividing tracks on a MD

Firstly, play thetrack until the point that you want to divide or split it, and then
press pause. Usethe EDIT button to select DIVIDE. When you pressENTER/
YES, the track is cut into two tracks at the selected point. When a track is
divided, the number of tracks on the MD increases by one.
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MOVE

The MOVE function allows you to change the order of the tracks on the MD.
The function isillustrated in the diagram below.

Before Moving
1 2 3 4
A B C D
Move
A C B D
1 2 3 4
After Moving
Moving or changing the order of tracks on a MD

Select the track that you want to move. Then press EDIT and select MOVE.
The MD player will then allow you to choose the track number that you want
to move the track to. Press ENTER/Y ES when you have chosen the new track
number.

Moving tracks will not erase any tracks, and the total number of tracks on the
MD is unchanged after moving atrack.

TITLE/NAME

Trackson aMD can also be given titles. The player will display thetitlewhen
atrack is selected. TITLE can be accessed by using the EDIT button. Letters
and numbers making up the title are often selected using the “track” button to
scroll through alist of characters.

Using descriptive titles for MD tracks makes it much easier to find items on
the MD. For example, don't just call your track Thabo — rather label it Prim
Reddy interviews Thabo Mbeki on 15 June 2002.

Connecting to a Computer Keyboard

Many professional MD players can connect to a standard computer keyboard.
The keyboards can be used to control the various MD functions. This can
make editing, and particularly titling tracks, much easier and faster.

Check Your Manual

The sequence of operations to use the editing functions on your MD player
will be explained in detail in the MD player’s operating manual. Go through
the manual for your specific MD player carefully before you start to edit.

I,_f"
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Therearemany usesfor amixing desk, or mixer —it can be used in the broadcast
studio, or the production studio, or on stage for amusic show or drama, or for
an outside broadcast, and in many other applications. Wherever it is used, the
mixer isthe centre of the audio system.

Mixing Desk (Mixer)

Every piece of sound equipment that you usein your studios—the microphones,
the CD players, the minidisk, the effects units, turntables etc. —will somehow
be connected to the mixing desk.

Before reading further, you might want to review the sections on the broadcast
and production studios, on pages 5 to 19.

The best way to become familiar with amixer isto get to know the control s of
atypical analog mixer. There are many different kinds of mixers — different
models of analog mixers, digital mixers, virtual mixers on acomputer screen —
but they all follow the same basic logic and principles. So once you' ve learnt
about how the controls of atypical analog mixer work, it won’t be too difficult
to apply your learning to other kinds of mixers.

The Purpose of the Mixer

Most people'sfirst response to a broadcast mixer is: “How do you remember
what all those buttons are for?’ This reaction often gets worse when you see a
production mixer, which has alot more buttons and knobs. Take comfort. The
mixer isnot as hard asit looks. If you take your time, work through the mixer
slowly, and don't try to master everything at once, everything will fall into
place.

Firstly, it isimportant to understand what the mixer does.

The obvious answer isthat it mixes sound, and that will impress many visitors
to the studio. In broadcast terms, we say the basic purpose of a mixer is to
allow two or more different audio signals from different sound sources to be
combined or mixed together, allowing independent control of the level of each
sound in the mix.

How the mixer works
The diagram on the next page shows how a mixer works.
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Input Level Faders Master Level Fader
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Mixing Bus

Basic operations of a mixer

In this diagram, there are two microphones and tape deck. Audio from these
devicesis being mixed and then sent to transmitter.

Thisisatypical situation intheradio studio, whereyou will have amicrophone
for the presenter, another for a studio guest and a tape deck to provide
background music.

The microphones and tape outputs are all connected to the input of a channel
on the mixer. Thefader on each channel isused to control thesignal level from
each piece of equipment.

Levels

You can seefrom the diagram that the levelsfor each device are set differently.
Look at thelevelsof thefaders, and you will seethat first microphone channel
isset at the highest level; the second microphoneisset at alower level, and the
tape deck is at the lowest level.

Imagine that the presenter is using the first microphone and an inexperienced
guest is using the second microphone. The guest is shouting into the
microphone. To ensure that the sound of the two voicesiseven, and thereisno
distortion, you haveto drop thelevel of the second mic. Thetape deck provides
a music background (commonly called a “music bed”) for both voices. Its

—
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level isthe lowest. The aim of using a music bed is to cover any silence, but
the music must not be so loud that it is difficult to hear the voices.

The Mixing Bus

Thethreesigna sdescribedintheexample, at their different levels, are combined
inthe mixing bus. Theterm mixing busisused to describe the pathway that the
audio signal travels down.

Most mixers have more than one mixing bus. This makes it possible to feed
different combinations of signals down each pathway (bus) at the sametime.

For example, you might want to broadcast the interview we' ve described, as
well as record it for your archives. The mixing desk may have two buses. a
programme bus, and a recording bus. The programme bus is the pathway for
signals that we want to be part of the radio programme. In the example, we
want the presenter and guest microphones to be part of our programme, as
well as the music. So we would send these signals to our programme bus.

For the recording of the interview, we may only want the presenter and guest
microphone, but not the music. So we would connect these two mics to the
recording bus, but not the tape deck.

The Master Fader

The master fader controls the level of the mixed signal from the mixing bus
(which is hopefully the perfect combination of the two voices and background
music). This mixed signal is then fed out of the output of the mixer to the
transmission equipment for broadcast.

While it isn't necessary to go into too much depth about the details of mixer
design, itisworth noting that thereis more to the el ectronics of the mixing bus
than just joining together each of the inputsto a piece of wire, as shown in the
simple diagram above. To mix sound, specialised mixing circuits are needed,
which iswhy we need amixer and why it is often so expensive!

Features of a Broadcast Studio Mixer

Channels
A good broadcast studio mixer should provide many more features than those
explained above. First of al, the mixer should have many more than just three
channels. The mixer should have enough channels for all of the equipment
you are planning to connect to it.

A/B Switches

Most mixers also have “A/B” switches. An A/B switch allows two pieces of
egui pment to be connected to each channel.

By selecting “A” thefirst piece of equipment is available on the channel; “B”
then selects the second piece of equipment.

Thisis an essential feature so that your studio doesn’t “outgrow” the mixer
because you run out of inputs.

I,_f"
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Mixing Buses

The mixer should offer more than one mixing bus allowing different mixes of
signals to be sent to different equipment.

Stereo

A broadcast mixer would aso have stereo channels. These alow youto control the
left and right signals from a piece of stereo source equipment with one fader.

Under Sin the A-Z for more about stereo.

Controlling Source Equipment

The mixer should also be capable of controlling the operation of source
equipment. Most broadcast mixers make it possible, for example, to play and
stop source equipment. This is often referred to as fader start, and using this
feature also requires that your source equipment is capable of using it.

Meters

The mixing desk will also give you away of measuring the levels of signals.
The mixer will have a set or several sets of meters that show the level of an
audio signal.

Under M in the A-Z for more about meters.

Modular Design

Most broadcast mixers are modular in design. This means that the mixer is
built up from different modules, depending on what you want to do with it.

To explain some of the controls on amixer better we' [l work through atypical
stereo channel module, as shown in the diagram on the next page.

A typical broadcast mixer

—
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The Connectors: Each module provides connectors for connecting equipment to the channel. Our channel
is a stereo channel, with XLR connectors, one for the left signal and one for the right signal.

Routing Buttons: PGM and AUD are the names given to the buses on many broadcast mixers. PGM is an
abbreviation for ProGraMme and AUD stands for audition. The buttons are used to route the sound from
the channel to one or both of the buses. For example, if you press the PGM button, the sound from this
channel is mixed with the PGM bus and will be part of the mixed PGM output. Most desks are set up with
PGM feeding the transmission equipment and AUD feeding the recording equipment. Production mixers
may be different: instead of buttons the mixer will have a rotary knob that is used to adjust the level of the
sound sent to one of the buses. The buses on a production mixer may also have different names.

Equalisation: Many broadcast mixers do not have Equalisers or EQ controls on the desk. However, EQ is
a standard feature on a production mixer. The equalisers are similar to the tone controls on a hi-fi system.
They allow you to boost or cut certain bands of frequencies. On our channel there is a bass EQ that can
control the lower frequency components, a Mid-range EQ that controls the frequencies in the middle of the
audio range (the voice frequencies), and a treble control that controls the high frequency sounds. Before
using the EQ it is best to try and get the best possible source sound, unless you need EQ for a particular
effect. It is good practice to use EQ sparingly, especially when using it to boost a signal.

Pan Controls: Our channel is a stereo channel, and many stereo channels will have a pan control. The
pan control allows the signal to be steered between the left and right channels. When the control is in the
centre position, the signal is equally split between the left and right channels. When the control is turned
fully to the right, the entire signal goes to the right channel output; turning it to the left sends the signal to
the left channel. Any position in between varies the balance between the left and right.

Cue: The Cue or PFL (standing for Pre-Fade Listen) button allows you to preview or cue the channel signal
on headphones or monitor speakers, and often check the level on one of the desk’s meters. This allows
you to both check the level of a signal and find out if that really is the sound that you want to play before you
play it.

The Fader: The fader controls the level of the signal on the channel. Moving the fader down will cause the
signal level to drop; moving it up will cause it to increase. Faders are usually marked as illustrated. The
position marked as 10 would typically be the normal level for the fader when the channel is in use. This
leaves room for the fader to be pushed up when extra gain is needed for an especially low level signal. The
fader is marked at the bottom with an infinity symbol (). This means that when the fader is at this
position, ideally the signal on the channel is reduced by an infinite amount. In other words no signal comes
through the channel. The 0 at the top indicates that the signal is reduced by zero, in other words not at all.

ON/OFF Remote Start Buttons: These buttons are used to switch the channel on and off, and are often
used to control equipment connected to the channel. Even if the fader is up and a signal is playing through
the channel, pressing the OFF button will turn the channel off, and remove the signal on that channel from
the mix. Pressing ON turns the channel back on. Let's imagine the ON/OFF buttons are also used to
control the signal from a CD player. In this case, the channel will be connected to a CD player that supports
remote control or “fader start”, as it is often called. Once a CD is put in the player and a track is selected,
playback could be started by pressing the ON button. Pressing the button not only switches the channel
on, but also sends a signal to the CD player telling it to start playing. Typically, pressing the OFF button will
not only turn the channel off, but also cause the CD player to pause or stop playback of the CD. This
remote control function is available on most professional audio equipment, so your broadcast CD, MD,
DAT, reel and tape players could all potentially be controlled directly from the mixing desk.
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Modulationisatechniquethat playsavital rolein transmitting aradio station’s
signal. Let's say an audio signa has a frequency of 3kHz.This is a typical
frequency component of arecorded voice. At thisfrequency the wavelength of
the voice signal is about 100 000 metres.

Modulation

Before reading further, turn to the E in the A-Z and read about the
electromagnetic spectrum.

It might also be useful to read the section under S in the A-Z on sound and
audio.

Antennas with dimensionsthat are less than aquarter of asignal’swavelength
arevery inefficient. Thismeansan antennathat isat least 25 kilometreslongis
needed to efficiently broadcast a3kHz voice signal. Thisishighly impractical.

For this reason, it is necessary to raise the frequency of the signal before
transmitting it. Modulation is a technique that makes this possible. It alows
broadcasters to use high frequency radio wavesto transmit their programmes.
Using higher frequency signals meansthat practical, efficient antennas can be
used.

Under T inthe A-Z for more about transmitters and antennas.

Modulation is a technique that “adds’ the information of the audio signal
produced in the studio onto the radio wave that carries the audio signal to the
listener. Theradiowaveor carrier waveis modulated or modified in accordance
with the characteristics of the audio signal, which isthe modulating wave. The
resulting signal is called a modul ated wave.

In radio broadcasting, the carrier wave is modulated in one of two ways.

» Theamplitude of the carrier wave can be modulated or changed to carry the
audio signal. Thistechnique is called amplitude modulation (AM).

» Thefrequency of the carrier wave can be modulated to carry theaudio signal .
Thistechniqueis called frequency modulation (FM).

Under E in the A-Z for more about the electromagnetic spectrum.

Amplitude Modulation, or AM

In amplitude modulation (AM), audio information is impressed on a carrier
wave by varying the amplitude of the carrier wave above and below its
unmodulated value, to match the fluctuations in the audio signal being
transmitted. Thisisillustrated in the diagram below.
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Amplitude Modulation Transmission

AM isthe oldest method of broadcasting radio programmes. Commercial AM
stations operate at frequencies spaced 10 kHz apart between 535kHz and
1605kHz. The wavelength of radio signals at these frequencies ranges from
560 to 187 metres. This meansthat the quarter-wavel ength antennas needed to
broadcast AM are relatively large.

Theadvantage of AM isthat radio wavesin thisfrequency range can be detected
by receivers hundreds of kilometres away. In addition to its use in commercial
radio broadcasting, AM is used for long-distance short-wave radio broadcasts
and for transmitting the video portion of television programmes.

Frequency Modulation, or FM

In FM, the amplitude of the carrier iskept constant, but itsfrequency isaltered
in accordance with variations in the audio signal being sent. This form of
modulation was developed by the American electrical engineer Edwin H.
Armstrong during the early 1930s in an effort to overcome interference and
noise that affect AM radio reception. The diagram below illustrates FM
modul ation.
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The frequency of the modulated wave increases or decreases

in response to variations in the audio signal.
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Frequency Modulation Transmission

FM is less susceptible than AM to certain kinds of interference, such as that
caused by thunderstorms, electrical currents from power lines, machinery and
other sources. These noise-producing signals affect the amplitude of aradio
wave, but not itsfrequency, and so an FM signal remainsvirtually unchanged.

Differences between AM and FM

FM broadcasting stations are assigned higher frequencies than AM stations.
These frequencies, spaced 200 kHz apart, range from 88 to 108 MHz. This
meansthat FM antennas are much smaller than AM antennas, typically ametre
or so in length. This makes FM antennas much easier to install than AM.

Themuch larger 200kHz bandwidth assigned to FM meansthat FM can transmit
much moreinformation than AM. Thisresultsin FM radio having higher audio
quality than AM. FM iscapable of accurately transmitting audio signalsranging
from 20 Hz to about 16kHz. AM is capable of transmitting audio in the
frequency range from a few hundred Hertz to about S5kHz. This is fine for
transmitting voice, whichiswhy AM isoften used in South African talk radio.
However, the limited bandwidth does compromise the quality of most modern
music. FM is also better suited to the transmission of stereo sound than AM.

Under Sin the A-Z for more about stereo.

The disadvantage of FM is that the higher frequencies rely on “line of sight”
between the transmitting and the receiving antennas.

“Line of sight” means that the receiving antenna has to be able to “see” the
transmitting antenna, and the signal path cannot be obstructed by mountainsor
other physical features, like buildings. This severely limits the reach of FM
signals when compared with AM. Even in an area without obstructions, the
curvature of the earth limits the reception area of FM to aradius of lessthan a
hundred kilometres around the antenna.

Community Radio Technical Manual



Placing FM antennas on high sites, such as towers on top of buildings, or
mountains can increase this distance. The limited reach of FM iswhy public
and commercial broadcasters use more than one FM frequencies for
transmission, asit isimpossibleto cover alarge geographical areawithasingle
FM transmitter.

AM signals are able to cover much greater distances. The lower frequencies
that are used for AM are effectively reflected back to earth by the earth’s
atmosphere. This is called the skef wave effect. In addition, AM signals are
conducted through the ground, called the ground wave effect. Thesetwo effects
combine to give AM amuch greater reach than FM.

The diagram below shows the differences in coverage area for an antenna
broadcasting AM and FM.

Line of Sight

Anterina Earth

Grey shading shows the Line of Sight Reception Area.
It can be seen how a mountain or other physical obstruction
such as a building can block FM line of sight transmission.

The propagation of the sky wave and the limitations of line of sight from an antenna

Demodulation

The radio receiver is used to reverse the process of modulation. The reverse
processis called demodulation. Thisalowsthe origina modulating wave (the
audio signal) to be retrieved from the modulated radio wave.
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Patchbay / Jackfield

A patchbay, also called ajackfield, is one of the most useful itemsin astudio.

Inputs and outputs that you regularly use are wired to a patchbay so that they
can be conveniently patched together with short signal leads. Thereareavariety
of patchbays availablein different sizesthat use different types of connectors.

The patchbay most often found in South African community radio stations
uses GPO jacks and plugs. This patchbay normally consists of a1U (one unit)
panel with 2 rows of 26 sockets, with each socket on the top row paired with
the socket below it. Thetop row of socketsisfor outputsfrom source equipment;
the bottom row is for inputs to the mixer or other recording or transmission
equipment.

Patchbays are most commonly used to gain access to mixer inputs, auxiliary
sends and returns, equipment inputs and outputs and insert points. However
not all patchbays are wired in the same way.

@ We recommend that you read the section on Mixersin the A-Z before reading
more about patchbays or jackfields.

The diagram below illustrates a patchbay that istypical of the kind foundin a
community radio studio. However, for convenience, we' veonly drawn 8 inputs
and outputs. As mentioned, area patchbay could have many more (atypica
patchbay would have 26 sockets). The appearance and abbreviations used for
the labelling of the diagram are typical of labelling you will find on a real
patchbay, so take care to study the labelling style.

Patchbay layout with 8 Inputs and Outputs

Outputs
The top row of jacks are outputs, and are labelled as follows:

CD1 L and CD1 R: These are the Left and Right outputs from CD Player
Number 1.

MD L and MD R: These are the Left and Right outputs from aMD Player.
PGM L and PGM R: Thesearethemixer’sLeft and Right programme outputs.

COMP L and COMP R: These are the Left and Right outputs from the
COMPressor.

i
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Inputs
The bottom row of jacks are inputs, and are labelled as follows:

CH 1L and CH 1 R: These connect to the L eft and Right inputs of Channel 1
on the mixer.

CH 2L and CH 2 R: These connect to the L eft and Right inputs of Channel 2
on the mixer.

COMP L and COMP R: These connect to the Left and Right inputs of the
COMpressor.

TX L and TX R: These connect to the L eft and Right inputs of the transmitter.

How the Patchbay Works in a Broadcast Studio

Imagine that this patchbay isin usein the station’s broadcast studio. Why isit
useful to have these jacks? Let’s work by example:

Example 1:

Assumethat you need to switch off the broadcast mixing desk for cleaning
and maintenance. This could mean taking your station off air while the
mixer is switched off. However with a patchbay you can avoid this.

There are severa options for staying on air while the mixer is switched
off. The outputs of CD1 and the MD player are available on the patch
panel, as are the inputs of the compressor and the transmitter.

L ook at the diagram below. By using patch cords, you connect MD L and
MD RtoTX L and TX R. By doing this, you are bypassing the mixer. So
while you switch off the mixer to complete your repairs, your station is
still on air, because the output of the MD player is connected directly to
the input of the transmitter.

If the compressor limiter normally processes the signal before
transmission, you could have patched the MD to the compressor input.
Thiswould be a better solution, as the compressor will control the level
from the MD player.

o

|200

Community Radio Technical Manual



Patching the minidisc player directly to the transmitter

Example 2:

Assume that the station is doing an outside broadcast (OB). We have a
stereo input coming into the studio from Telkom, but have no spare
channels on the mixing desk to plug it into. It will be difficult and time-
consuming to change the connections on the mixer, but the patch panel

provides a simple solution.

The diagram bel ow shows how you can patch the OB linesinto the mixer
without having to change any of the studio connections.

Incoming
Left and Right
OB Lines

Patching OB lines to Channel 1 of the mixing desk

I,_f"
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Connecting the OB Linesto the Channel 1 input on the patchbay brings
the OB signal to Channel 1 on the mixing desk. The OB can then be
played through the mixing desk, and the level can be controlled with the
Channel 1 fader.

You might be wondering what happened to the equipment that was
connected to Channel 1 before we plugged in the OB line. Patchbays are
normally built in such a way that if you put a plug into the jack, the
existing connection is broken, and our new connection “overplugs’ the
existing connection. When the plug is taken out the old connection is
restored.

In our example, CD1 is normally connected to Channel 1 of the mixer.
Plugging inthe OB line disconnects CD1 from the mixer in favour of the
OB line. Taking the plugs from the OB out will restore the connection
from CD.1 to the mixer.

These two examples demonstrate the versatility that a patchbay brings to the
studio. Any variety of signals can be re-routed by using the patch cords.

However, note that a patch cord must always run from an output to an input.
/ Thismeansthat the opposite ends of apatch cord must be plugged into different
rowson the patchbay. Thisisvery important — connecting two outputstogether
can damage the output circuits of both pieces of equipment involved.

Using the Patchbay to Find Faults

You can use patchbays to find faults by working through a problem
systematically. For example, if thereisno sound coming from the CD channel
on your mixing desk, you could usethe patchbay to find out whether the problem
lieswith the CD player or with the mixing desk before taking equipment out of
its racks or atering cabling.

If both the mixer and the CD player are connected to the patchbay, as shownin
the example above, you can try to find the fault as follows:

Check the output of the CD player by plugging a pair of headphones into the
outputs labelled CD1 L and CD1 R. Then,

* If thereis no sound coming through the headphones, the fault lies between
the CD player and the patchbay. So check the CD player and its cabling.

« If thereissound, then the fault lies between the patchbay and the mixer. So
you will check the CD channel on the mixer and the cablesfrom the patchbay
to the mixer.

@ This method of using the patchbay to find faults can save a lot of time and
trouble.

o
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Reel-to-Reel Recorder

Thereel-to-reel recorder has been standard equipment for recording and editing
inradio studiosfor many decades. However, reel-to-reelsare being fast replaced
by computer-based recording and editing systems. The lower cost and greater
capabilities of computer-based systems have rendered reel-to-reel obsolete in
many areas of radio production. Since the mid-90s, most new stations have no
longer invested in reel-to-reel machines and their use is becoming limited to
stations that have an archive of reel-to-reel tape that they need to continue
playing. Reel-to-reel issimilar to cassette tape in that it uses magnetic tape to
store audio information.

Under C in the A-Z for more on cassettes and cassette players and how they
store audio on magnetic tape.

Tascam BR-20 Reel-to-Reel Recorder often used in SA community radio stations

Asthe picture of the Tascam BR-20 Reel-to-Reel Recorder shows, the tapeis
not housed inside acassette or cartridge. Reel-to- reel isamedium that depends
on two separate reels of tape.
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Another differenceisthat the tapeis much wider. Reel-to-reel tapeisavailable
in a number of widths used for different purposes. The tape used in radio
production isaquarter of an inch (written as¥4’) wide, and records two tracks
of audio. This is why reel-to-reel recorders are often referred to as 2-track
analog recorders. The two tracks are used for the left and right channels of a
stereo recording.

TheVs (6.35mm) tapeismuch wider than the 4mm wide tape used in cassettes.
The use of wider tape by the reel-to-reel recorder provides better audio
performance than cassette tape.

Under Sin the A-Z for more on stereo.

Length and speed of reel to reel tape

Reel-to-redl tape is sold by length. Common lengths are 600, 1200 and 2500
feet. Depending on the length of the tapeit is supplied on different sized reels.
There are 57, 77 and 10" reels. The recorder in the picture is fitted with 10”
reels.

Reel-to-redl recorders can record at a number of different speeds. The higher
the speed of the recording, the better the recording quality. However the higher
the speed of the recording, the more tape is needed.

Recording speed is specified ininches per second, that is, how many inches of
tape are needed for each second of the recording. The most common recording
speeds are 15 inches per second (ips) or 38cm per second, and 7.5ips or 19cm
per second. If you are using 1200 feet of tape, and recording at 15ips you can
work out how long your recording can be as follows:

There are 12 inches in afoot. This means a 1200-foot tape is 14400 inches
long. (1200x12 = 14400)

The recorder uses 15 inches of tape for every second of recording time. So we
can work out the number of seconds of recording time by dividing the length
of the tape by 15.

14400+ 15 =960

So when recording at 15ips, 1200 feet of tape will record 960 seconds, that is
16 minutes of audio. The slower the recording speed, the more recording time
isavailable on alength of tape. The longest recording that is possible using a
singleredl of tape on arecorder like the Tascam BR-20 shown inthe picture, is
just over 60 minutes.

o
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Operation of the Recorder

Much of the content of the following sections on reel-to-reel isdrawn from an
excellent tutorial on analog recorders, by Peter Elsea of the Electronic Music
Studio at the University of California, Santa Cruz. The Analog Recorder and
several other essays are available at http://arts.ucsc.edu/ems.

Thediagram bel ow showsthe partsthat make up atypical reel-to-reel recorder.

LTake-Up Reel

Supply Reel

Tape

Tension Arm Q \/‘ E

Guide

Tension Arm

Capstan

(o Pinch Roller

Erase Head Record Head Play Head

Parts of a typical Reel-to-reel recorder

The tape is threaded from the l€eft to the right, as shown by the arrow in the
diagram. The tape starts from the supply reel. It runs past one or more guides
and atension arm, past the erase, record and play heads, between the capstan
and the pinch roller, past more guides and arms, and finally it winds onto the
take-up reel.

The capstan controls the movement of the tape past the heads. The capstanisa
steel shaft that is always turning at a constant speed. When PLAY is pushed,
the pinch roller squeezes the tape against the capstan, and the tape is pulled
past the heads. The take-up reel isturned to take up the tape as this goes on.

Thetake-up reel and the supply redl each have motorsthat turn during playback.
During rewinding or fast-forwarding they turn at high speed to move the tape
from one redl to another. There are brakes on both reel motors to stop the tape
quickly and gently. When rewinding or fast-forwarding the recorder lifts the
tape from the heads to prevent wear and tear of the tape.

I,_f"
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Controls

The controls of the reel-to-reel recorder are very similar to the controls on a
cassette deck. The PLAY, REWIND, FAST FORWARD and STOP controls
areused to control the movement of thetape. Therecorder will haveaRECORD
button. Usually RECORD and PLAY must be pressed together to start a
recording.

Typically, the recorder will have amonitor selector. This allows the choice of
listening to the input signal, or the signal on the tape. The input signal is the
signal being fed to the recorder, that is, the signal that you want to record. The
recording will have a speed control to select the recording speed and also a
pitch control allowing for fine speed adjustments. Like any other professional
recording equipment, the reel-to-reel recorder will have a set of level meters.
These are usually VU meters that can be used to monitor the recording and
playback levels.

Under M in the A-Z for more on meters.

The recorder will have a tape counter to keep track of your location on the
tape. Professional recorders also have “locate” features linked to the counter
that can remember positions on the tape for you.

Cleaning Heads

You cannot expect to make good recordingsif the recorder’s heads are dirty. It
is good practice to clean the heads of the reel-to-reel before any recording
session.

Heads can be cleaned with alcohol or surgical spirits on a cotton wool swab or
ear bud. Thisiseasly done: just dip the ear bud in the alcohol and scrub each
head. If there is anything on the head that will not come off with this method,
find a technician. If you notice that the capstan or tape guides are dirty, you
may clean these as well. Do not clean anything else.

Recording Tips

Alwayslabel your tapes carefully and thoroughly. Proper labelling reducesthe
number of times a tape must be played, because you won't be playing it over
and over tofind out what'son it. Thelessatapeisplayed thelonger it will last.
Labelling should include:

e your name

* name of tape

* date recorded

» gpeed and format

» headsor tails

Heads or tails refersto whether your tapeisin the rewound and ready-to-play
state, which is heads (asupply reel) or if it isin the just-played state, which is
tails (atake-up reel).

o
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To better preserve your tape it is recommended that you store your reels tail
out. (That means, store them in the just played rather than the just rewound
state.)

Editing on Reel

The reason the reel-to-reel became so popular for radio production, is because
it ispossible to edit recordings very precisely on reel tape.

Reel-to-reel tape can be edited by simply cutting the tape. For example, if you
recorded aninterview onreel, and your guest repeated herself during an answe,
you could locate the repetition on the tape, mark where it starts and where it
stops on the tape and use a blade to cut out that section of tape. The two ends
of your tape could then be joined back together using some splicing tape to
make the interview clearer and shorter for better listening.

In the same way, if you wanted to add something to a recording, you could
record it on another piece of tape and splice it into the recording. Splicing
means cutting the original recording, and inserting the new section, sticking it
to the original using splicing tape.

Editing Modes

Therecorder will have one or more edit modes that you use to find the spot on
the tape where you want to edit. There are different names for these, but the
most common are:

« STOPEDIT: Thisallowsyou to hear the tape asyou moveit by hand so you
can find specific sounds.

« DUMP EDIT: Thisis a play mode in which the take-up reel doesn’t turn.
This alows large sections of tape to be run off into a wastebasket.

* CUE: Allowsyou to hear the tape in the fast modes.

Making the Edit

To find the edit point, enter edit mode, put a hand on each reel, and move the
tape back and forth over the heads to find the beginning or end of the sound
you are looking for. The faster you turn the reels, the more natura the tape
sounds, so the best way to movethetapeisin quick, short jerks. You will soon
find that it is easier to find the beginnings of sounds than the ends.

Once you have found the sound, mark the tape with a dot over the play head,
using agrease pencil. Now that you have marked the edit point, you are ready
to cut or splice the tape.

Splicing the Tape
Before splicing the tape, make sure your hands are clean and free of oil. Your
recorder will have a splicing block. This block has a groove for resting the
tapewhileyou cut it. To complete the edit, place the tape in the splicing block
black side up (the black side of the tape, with the manufacturer’s name should
be pointing up).

I,_f"
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Line up the mark you made on the tape with the diagonal notch in the splicing
black. The tape will stay put because of the way the block is grooved. Using
the notch as a guide, take a razor blade and cut the tape with a quick motion
towards yourself. Pull the separate pieces of tape out of the ends of the block
and repest the process at the other splice point.

Be sure to use non-magnetic industrial razor blades, otherwise you will pick
up clicks and thumps on your tape.

Place the two pieces of tape you wish to splice in the block so that the ends
touch but do not overlap. You now need to apply the splicing tape.

It is best to cut anumber of 2cm long “tabs’ of splicing tape before you start
editing, rather than to make them one at atime as you are going along.

Use the point of the razor blade to pick up atab of splicing tape and put it in
the block across the splice. Rub the back of the splicing tape until it sticks.
Remove the spliced tape from the block by pulling upwards smartly at both
ends. The tape should snap out without wrinkling.

Set the splice (join) on the raised portion of the block and rub on the back of
the splicing tape until all of the bubbles are gone. The diagram below shows
how the completed splice should look:

Bottom

Top

— Side

Correct Splice

Once this is complete, examine the splice carefully for any of the following
mistakes.

o
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Bottom

Top

—— Side

Splice Gap

The diagram above shows a splice with a gap between the tape ends. The
exposed splicing tape can cause the tape to get stuck inthereel. Thisisusually
caused by adifference in the way the two pieces of tape are cut. To avoid this
problem, use the same diagonal of the splicing block for both sides of your

splice.

Bottom

Top

* Side

Splice Overlap

The diagram above shows a splice where the pieces of tape are overlapped.
Thiswill cause athump asthetapeis played.
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Bottom

Top

— Side

Splice Overhang

The diagram above shows a splice where the splicing tape is hanging over the
edge of the tape. Thiswill cause the tape to get stuck in the reel or to stick to
the tape guides.

Bottom

Top

* Side

Splice Short

The diagram above shows a splice that istoo short. Thistype of splicewill not
last very long, causing the tape to break.
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Bottom
\_ - . Top
Side

Splice Bubbles

The diagram above shows a splice where the splicing tape is still full of air
bubbles. This happens when the spicing tape is not rubbed down after being
applied. Thistype of splice will not last very long.

The splice will also not last long if you handle the tape with greasy fingers. If
you makethe piece of splicing tapetoo long, the tape may “thump” asit passes
the heads.

To take asplice apart, bend it backward right at the join and peel the recording
tape off the splicing tape.

Connections to the Reel-to-Reel Recorder

The reel-to-reel recorder will have at least one balanced pair of outputs that
can be connected to your studio mixing desk. The recorder may have one or
more pairs of inputs. Often recorders have microphone inputsin addition to a
pair of balanced inputs that can be fed from the studio mixing desk or
distribution amplifier. A professional recorder should also have connections
that alow for fader start.

@ Under M in the A-Z for more about mixers.
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In thismanual, we have used the term sound to refer to sound wavesthat travel
through air, and the term audio to refer to electrical signalsthat travel through
cables.

Sound and Audio

Sound

Sound is the effect perceived by the brain when vibrations travelling through
air stimulate the ears. These vibrations are acoustic energy. Acoustic energy
consists of varying waves of pressure that travel through a physical medium —
usualy air.

You cannot see these acoustic or sound pressure waves, but you can visualise
them. Imagine the waves that are created when a stone is dropped into a pool
of water. The movement of the waves away from where the stone hit the water
is similar to the movement of sound pressure waves from a sound source.

Anything that vibrates that isin contact with the air can create sound pressure
waves. This could be hands clapping, aloudspeaker cone, or a person’s vocal
chords. These vibrations disturb air molecules causing waves of alternating
high and low pressure. The ear is a sensitive transducer that responds to the
changesin pressure.

The shape of the outer ear directs sound pressure waves into the aural channel.
Theeardrumisastretched drum-like membrane at the end of the aural channdl.
The eardrum vibrates in response to the sound waves. These vibrations are
passed on to three tiny bones connected to the eardrum. These three bones act
asan amplifier by amplifying the eardrum’s vibration many times over, and as
alimiting protection device.

The bones transfer the vibration to the inner ear. The inner ear has two fluid-
filled chambers that are lined with very fine hairs. Vibrations transmitted to
these hairs are perceived as hearing. Hearing loss occurs when these hairs are
damaged, often by too much exposure to very loud sounds, and they can
deteriorate with age.

Take care of your ears— sound engineerswho damagetheir earswill have very
short careers!

Sounds that we hear as being louder (higher amplitude) are caused by greater
changesin air pressure. Quieter sounds (lower amplitude) are caused by |esser
changesin air pressure.

In order to be classified, as sound, air pressure waves must change at arate of
between 20 and 20 000 complete cycles per second. The number of complete
cycles that are completed in a second is called the frequency of the sound
wave. Frequency corresponds closely to the musical attribute of pitch. The
higher the frequency, the higher the perceived pitch of the sound.

The unit of frequency is the Hertz (Hz). The normal human ear responds to
frequencies between 20Hz and 20 000Hz. However, the ability to hear higher
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frequencies decreases with age, and most people begin to loose about 1Hz of
range each day from the start of their teens. The amount of time needed for one
complete cycle of asound waveis called the period of the wave.

Sound wavestravel through air at aspeed of 344 metres per second (1238.4km/
h). Thisismeasured at sealevel at atemperature of 15 °C. The speed of sound
is independent of frequency. The physical distance that is travelled by one
compl ete cycle of agiven sound frequency asit passesthrough air iscalled the
wavelength. The wavelength is expressed by the equation:

Soeed of sound
Frequency

Wavelength =

All of these quantities are illustrated in the diagram below.

1 Cycle
1/2 Cycle
Positive T 4
Pressure Amplitude
Negative A
Time < :
Period
Distance <«
Wavelength
Representation of a sound wave: A complete cycle of a sine wave

Audio

Anaudio signal isan electrical representation of a sound wave, in the form of
a varying voltage or current. Within the limits of the audio equipment, the
audio signal voltage or current will vary in frequency, and proportionally in
amplitude, in exactly the same way as the sound wave it represents. The
amplitude of anaudio signal iscalledthesignal level. Level isnormally specified
in decibels.

Under D in the A-Z for more about decibels.
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Converting Sound Into Audio

To convert sound to audio we use a transducer. A transducer is a device that
convertsenergy from oneform to another. In radio, we deal with electro-acoustic
transducers. These are devices that convert acoustic energy (sound) into an
electrical signal (audio), or vice versa. The most common input transducers
encountered in the radio studio are as follows:

Air Pressure Microphones—convert sound wavesin air to an audio signal in
the microphone cable.

@ Under M in the A-Z for more about microphones.

Tape Heads in cassette recorders, which convert the varying magnetic fields
imprinted on magnetic recording tape into an audio signal.

I’E Under Cin the A-Z for more about cassette recorders and tape heads.

Phonograph (turntable) Pick-Ups — convert the physical movement of the
stylus (“needl€”) within the grooves of arecord into an audio signal.

Laser Pick-Ups— convert the imprinted pattern of pitson aCD into adigita
data stream. This stream is then trandated by a digital-to-analog converter
(DAC) into an analog audio signal.

@ Under A in the A-Z for more about analog and digital audio.

Magneto-Optical Pick-Up — the minidisc uses a combination of magnetism
and laser light to write digital information onto a MD. The pick-up converts
changesin magneticfieldsto adigital stream. Thisistransated by aDAC into
an analog audio signal.

Converting Audio Back Into Sound

Output transducers convert audio signals back into sound. Therereally isonly
one type of output transducer used in the studio, and that is the loudspeaker.
Theloudspeaker convertsan amplified audio signal into vibrations of a speaker
cone that generate sound waves.

@ Under L in the A-Z for more about |oudspeakers.

Any electronic devicethat processes audio signalsiscalled an audio frequency
device or audio device. Most of the equipment in theradio studio fallsinto this
category.
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STL (Studio - to - Transmitter Link)

All stations need to feed the audio signal from the broadcast studio to the
transmission equi pment. However studios and transmission sitesare most often
not located in the same place, and thisiswhy you need an STL.

It is desirable to locate a community radio studio in a highly visible and
accessible place, somewhere like a shopping mall or community centre, or
where peoplelive, so that members of the community can seewhat ishappening
and take part in the station’s activities.

However, transmission towers tend to be placed on the highest point in the
broadcast area, somewhere like the top of a mountain. The higher up the FM
transmitting antenna is situated, the larger the station’s reception area, or
“footprint”, will be. AM transmission towers are also generally not located
near the station. Because the transmission tower and the studios are not in the
same place, an STL is used to link the studios to the transmitter.

Different Types of STL
Thereare avariety of STLs, all with their own advantages and disadvantages.

Cable

Thesimplest STL isacable between the studio and the transmi ssion equi pment.
If the station’s transmission siteis|ocated within afew hundred metres of the
studio, very high quality audio cable can be used to connect the two. But often
the two sites are too far apart to connect them with a cable.

Advantages of this system are that it is smple and cheap. But placing the
transmitter close the studio means you may not get the best coverage.

Wireless STLs

A wireless STL uses alow power transmitter at the station, and a receiver at
the transmission sSite to create a radio link between the two sites. The signal
from the studio is fed to the STL transmitter, which beams the signal to the
transmission site. Here the STL receiver picks up the signal and feedsit to the
broadcast transmitter.

Wireless STLsuse much higher frequenciesthan broadcast transmitters. These
frequencies require “line of sight” between the STL' s transmitting antenna at
the station and the receiving antenna at the transmission site. “Line of sight”
meansthat mountainsor other physical features, like buildings, cannot obstruct
the signal between the two antennas. This often means that the STL's
transmitting antenna must have its own tower, or be mounted on the station’s
roof, to prevent surrounding buildings from obscuring the signal.

Wired STLs

If the distance between the studio and the transmitter ismore than afew hundred
metres, and awireless STL isnot suitable, you will have to use awired STL.
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In South Africa, community radio stations that use wired STL s lease the wire
to the transmission site from the telephone company, Telkom. The extent of
the telephone network makes it possible for Telkom to carry signals across
great distances, something also used for outside broadcasts. Stationstypically
lease apermanent “high quality” analog or adigital connection from the station
to the transmission site.

An STL is used when the studios and the transmission tower are not co-located.
The STLfeeds the sudio audio to the tranmission point.

]
Transmission Tower §J

Radio Station

Wired STL

lllustration of different types of Studio Transmitter Link (STL)

Your choice of system will depend on the station. Buying a wireless STL is
often much cheaper. The initial outlay of buying the STL equipment is large,
but once this has been paid, there are no monthly fees. When leasing an STL
from Telkom or Sentech, you will be charged a monthly fee.

Thewired STL has the advantage that it does not require line of sight and can
often be used across greater distances. The wired STL is also less affected by
weather conditions. The advantage of leasing an STL isthat the station is not
responsible for maintaining the link.
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Stereo is aterm that today is taken for granted. It is widely assumed that FM
stations broadcast in stereo and that stereo is “better”. But what is stereo?
Stereo is actually an abbreviation for stereophonic. Stereophonic is a word
based on the Greek words* stereos” meaning solid, and “fonos’ meaning sound.

Stereo

Stereo is not so much solid sound as it is sound that can be moved about in
space.

Stereo reproduction records and transmits sound by using two channels. The
two stereo channels are referred to as the left and right channels. The two
channels feed two loudspeakers that should placed to the left and right of the
listening position, as shown in the diagram below.

; Speaker producing
Speaker producing .
Left Channel Right Channel

X

Listening Position
(midway between the speakers)

Stereophonic reproduction system

The aim of using two speakers to produce sound is to create a stereo sound
image.

The stereo sound image adds a two-dimensional perspective of laterality and
depth to the sound that is heard. In a broadcast or production studio, you can
use the pan controlsto create the effect of lateral movement, that is, movement
from side to side. The sound that is heard through the speakers, as we move
the pan control, moves from one side to the other.

Stereophoni ¢ reproduction was devel oped in the early 1930s by Bell Telephone
Labs in North America and by the British sound engineer, A.D. Blumlein in
Europe. Before this, all recordings we made monaurally (mono). Monaural
reproduction uses only one channel for recording and reproduction.
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Stereo works because of the way we hear. Our hearing allows us to locate the
direction from which asound originates. In amono system with asingle speaker,
our hearing instantly places the speaker’s position, and we always hear the
sound as coming from that one point.

The combination of two sound sources working together in a stereo system
creates an illusion of space. By varying the signal in each channel of a stereo
system, the sound engineer can position sounds so that they sound as if they
are coming from somewhere other than the speakers.

Stereo Connections

All stereo equipment uses paired outputs and inputs. You need paired
connections because you have to connect both theright and left channels. Stereo
connectors are labelled R, or Right, and L, or Left. They are normally also
colour-coded, with a RED mark on the connector for the right channel, and a
WHITE or BLACK mark on the connector for the left channel.

To maintain the quality of the stereo sound image, it is very important to keep
the stereo connections consistent throughout the studio. This means that |eft
channels are connected to left channels and right channels to right channels.
You may not at first notice if you accidentally swap the channels — but with
careful listening, you will pick up the changes in the stereo image.

Recording in Stereo

When recording music from CD to MD or cassette tape, you will most often be
making astereo recording. Thismeansthat theleft and right channelsfrom the
CD or other source equipment must be connected to the left and right inputs of
your MD recorder or other recording equipment.

In day-to-day radio work, recordings from amicrophone arein mono. A voice
isamonaural sound source, so it isnot necessary to record it using stereo. The
microphoneis usually set up in such away that its mono signal isfed equally
to the left and right stereo channels. Thisisideal for the presenter, asit places
the presenter’ svoice exactly in the middle of the stereo sound image. However,
you can create interesting effects in the production studio by using panning to
“move’ voices recorded with mono microphones.

Recording live sounds in stereo requires using a special stereo microphone or
involves special arrangements of two or more microphones. For example the
“kunstkopf” method uses two microphones that are inserted into the ears of
the recording engineer to capture the depth and perspective of normal hearing.
The *Blumlein microphone technique” uses two figure-of-eight microphones
placed at 90° to each other, nearly touching. Alternatively, two cardioid mikes
are placed at 120° to one another.

Under M in the A-Z for more about different kinds of microphones.

Stereo microphones are expensive and require good microphone technique to
be used effectively.

o

|220

Community Radio Technical Manual



A telephone hybrid makes it possible to talk to callers on-air. It allows you to
connect audio from atelephone lineto your studio equipment, and al so to send
audio from the studio to acaller.

Telephone Hybrid

It isan essential piece of equipment in acommunity radio broadcast studio as
it enablesthe station to interact with listeners. The hybrid also makesit possible
to interview people who are far away. Using a hybrid you can have on-air
guests from all over the country.

Telephone Basics

Telephonecircuitsare designed for voice communication and only deliver audio
in a frequency range from 300Hz to 3.4kHz. This is far from the full audio
spectrum that extends from 20Hz to 20kHz. Thisiswhy sound from atelephone
hasavery distinctive“tinny” quality that isinstantly identifiableto thelistener.

Under Sin the A-Z for more on sound and audio.

Thetelephone company suppliesyour phone handset with power viathe phone
line. So there is always a voltage present on your phone line. This voltage is
something you want to keep away from your audio equipment.

The term “telco” is often used to describe the channel on a mixing desk that
connects with the phone. Telco stands for “telephone company” — the telco
channel is the channel connected to the telephone company.

What Does a Hybrid Do?

The telephone system carries both sides of a telephone conversation on the
same wires. The job of a hybrid is to separate these two signals from one
another. The two signals are:

» Therecelved audio, that is the voice of the caller, which must be fed to the
studio mixing desk. Thissignal is then mixed with other programme audio
so that listeners can hear the caller’s voice.

» The send audio, that is the presenter or interviewer’s voice and any other
signals from the studio. This must be sent to the caller so that s'he can hear
the presenter or interviewer or other voices from the studio.

If these signals are not separated they will interfere with one another, creating
feedback and degrading the sound of the programme.
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Look at the diagram below to see how the hybrid separates these signals.

Difference

Amplifier
Send Audio © 2 (@) |+
(Presenter’s voice @ > *
from the mixing desk,”S”) aS+R @ o Receive audio
. (Caller’s voice
Telcol_% @ to the mixer desk, “R”)
'ﬂ g‘ ‘ Isolation |aS

A\ 4

Balancing Network

Operation of a telephone hybrid

In the diagram, the mixing desk sends apresenter’ svoiceto the hybrid. Thisis
thesend audio at Point 1. We'll call the presenter’svoicesigna “S’. Thehybrid
has to send the presenter’s voice to the phone line at Point 2, so that the caller
can hear the presenter. But the electrical characteristics of the phone line will

change the presenter’s voice by an amount we'll call “a’, giving you an
unwanted signal we will call “aS’.

Thevoiceof thecaller isalso coming from the phoneline. We' Il call thecaller’s
voice (the receive audio) “R”. So the signal at Point 2 is made up of both the
unwanted presenter’s voice plus the required caller’ s voice or “aS+R”.

The signal we need to send to the mixing desk must only consist of the caller’s
voice (R). To get the caller’svoice (R) from the signal that isavailable at Point
2, the hybrid must remove the unwanted part of the signal (aS). Extracting the
caller audio, R, from this combined presenter and caller signal is the most
important aspect of the hybrid's operation.

To do this, the hybrid subtracts the unwanted signal from the caller’s voice.
However it first needsto recreate the unwanted signal. Thisisdone by feeding
the presenter’svoiceto abalancing network. The balancing network isdesigned
to balance out the characteristics of the telephone line by changing the
presenter’s voice in the same way the telephone line does. So it creates the
signal “aS’.

The signal from the phone line at Point 3 is “aS+R”. The balancing network
createsthesignal “aS’ at Point 4. If thesignal at Point 4 is subtracted from the
signal at Point 3, you get R, asfollows:

aS+R-aS=R

-
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Thisisthe caller audio that is needed by the mixing desk. The hybrid uses a
difference amplifier that performs the subtraction shown in the diagram. The
output from the difference amplifier is only the caller audio and this can be
sent to the mixing desk.

The isolation element shown in the diagram is a transformer that prevents the
telephoneline power supply from being transferred into your audio equipment.

The accuracy of the balancing network in matching the characteristics of the
phone line defines how well a hybrid will work and also how much you will
pay for it. If the balancing network is not very accurate, then the subtraction
operation will not completely remove the send audio. In this case the signal
sent to the mixer will still contain components of the send audio. These
components can cause feedback and distortion of your radio programme.

The amount that these components are reduced by is called separation.
Separation will be listed in the hybrid specificationsin negative decibels. The
greater the negative number, the better the hybrid. An analog hybrid does not
cancel al of the send audio, but usually enoughiscancelled so that and feedback
and distortion are not a problem. More expensive digital hybrids effectively
cancel out all of the send audio.

Mix Minus

Mix minus is a term that you will often find with reference to hybrids. The
signal that is sent from the mixing desk to the hybrid send input is called a
“mix minus” or “cleanfeed” signal. It iscalled mix-minusbecauseit isthe mix
of al the sources you want to feed to the telephone, minus the phone hybrid
output. The hybrid output is the caller audio. This signa is needed for two
reasons:

 First, you want to feed the caller an audio signal so that he or she can hear
everything that over-the-air listeners hear.

» Second, if caller audioisfed into the hybrid send input, the hybrid isunable
to properly perform the* subtraction” described previoudly. Sending the caller
audio into the hybrid input also creates a “feedback loop” similar to the
when you send the output of arecording device back to itsinput.

@ Under F in the A-Z for more on feedback.

Most broadcast mixers are supplied with dedicated “telco” modules. These
modules provide at |east one mix-minus.

If you don’t have a dedicated mix-minus, then you need to make sure that the
signal feeding your hybrid does not contain caller audio. Feeding the hybrid
input from one of the mixer’sauxiliary busses can do this. Just make sure that
all your programmeinputs are connected to this bus and that your hybrid output
IS not.

@ Under M in the A-Z for more about mixers.

I,_f"
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Using the Hybrid

While the inner workings of the hybrid are quite sophisticated, operating the
hybrid is very easy. Operating a hybrid is just like using a hand phone, only
you use buttons on the hybrid rather than an actual phone. Normally, hybrids
don't “ring” out loud. A hybrid should have alight that flashesto alert you to
the fact that someoneis calling. This prevents the sound of ringing telephones
unexpectedly interrupting your programme.

When you see that there is a caller, you answer the call by pressing an answer
or ON button. If you have a hybrid that can handle multiple phone lines, you
pressthe button for the linethat isringing. This connectsthe call to the mixing
desk and you can then usually speak to the caller through one of your studio
microphones. When the call is over you would press an OFF or DROP button
to disconnect the call.

A hybrid may have a keypad that alows you to make calls, but many hybrids
can be connected to a standard tel ephone handset that is used for dialling.

A multi-line hybrid can handle severa incoming lines. This allows you to
“stack up” callerswho can then be put ontheair asneeded. A multi-line hybrid
must allow you to easily move between each caller so that the programme can
progress smoothly.

Settings

Analog hybrids usually require that you tune the balancing network described
previously to get the best separation. In this case, the hybrid usually has a
“null” adjustment. Setting thisinvolves making acall and adjusting the “null”
until the best quality audio is heard through the mixer.

o
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Transmitter is a general term used to describe the combination of equipment
that turns an audio signal from a broadcast studio into an FM or AM radio
signal that can be picked up by aradio receiver.

@ It may be useful to take another ook at the section on transmission on Page 29
before reading further.

Transmitter

The diagram below shows the components and signals that make up a typical
FM stereo transmission system.

Stereo Composite Low Power Transmitting
Audio Signal MPX Signal RF Signal Antenna
L Compressor [ ™  Stereo ) l’ RF Power L
R—» Limiter Encoder STL Exciter Amplifier [ "
Processed Composite High Power
Stereo MPX Signal RF Signal
Audio Signal

Typical components of a stereo FM transmission system

Often, al of the components shown in the diagram are provided as one piece
of equipment —atransmitter. Inthiscase, al the different devicesand functions
would be located in one box.

But, just as often, the components are built into separate pieces of equipment.

Components of a Stereo FM Transmission System

Compressor Limiter
The diagram starts on the left, with the stereo audio output of the broadcast
studio. This output is fed into a compressor limiter, or other final processor.
@ Under Cin the A-Z for more about compressor limiters.

The compressor limiter is often a stand-alone piece of equipment. The
compressor limits the level of the signal to prevent overdriving the other
equipment, and applies compression and processing to improve the broadcast
sound.

Stereo Encoder

The processed audio signal isthen fed to astereo encoder. The encoder combines
the audio of the left and right channels, and generates a 19kHz pilot tone that
is used by receivers to detect a stereo broadcast. The encoder can also add
other componentsto the signal.

@ Under Sin the A-Z for more about stereo sound and audio.
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Because the output of the encoder consists of several components, it is called
acomposite or multiplexed output. Multiplexed isabbreviated as“*MPX” This
abbreviation is often used to label the outputs of encoders and exciters.

STL

The arrangement in the diagram is typical of a station that uses a wireless
studio-transmitter link (STL). In this case the STL equipment generates the
MPX signal.

Stations that use wired Telkom STLs often send processed audio to the
transmission site. In these cases, the STL precedes the stereo encoder in the
transmission system.

Under Sin the A-Z for more about STLSs.

Exciter

The functions of the encoder and the exciter are most often performed by one
piece of equipment — an exciter. The exciter is the device that generates the
radio frequency carrier wave. The exciter also modulates the carrier with the
encoder’'s MPX signal. This creates aradio frequency (RF) signal that can be
transmitted by an FM antenna.

Under M in the A-Z for more about modulation.

The exciter is normally specified in terms of how much output power it can
deliver. A dedicated exciter normally delivers up to 50 watts of power. Many
community stations are licensed to broadcast using less power than this. In
these cases, the stationsfeed the transmitting antennadirectly from the exciter.

RF Power Amplifier

Stationsthat are licensed to broadcast with more power may follow the exciter
with one or more RF power amplifiers. These amplifiers boost the power of
the RF signal. The power boost can be enormous and commercial broadcasters
will amplify the RF to several kilowatts.

Antenna

The final stage of the transmission system is the transmitting antenna. A
transmitting antenna radiates the RF energy into space. The listener’s radio
Set, or receiver, hasareceiving antenna(aerial) that receives some of thisenergy
from space.

. AM Antenna

For AM, aquarter wavelength transmitting antennaisused. Thelow frequencies
used for AM transmission mean that the dimensions of a quarter wavelength
are considerable between 50 and 140 metres. So the AM antenna is a large
structure. It hasto be designed to match the broadcast frequency of the station.
Great care must be taken in locating the antenna, and alot of excavation work
will have to be done to secure the tower and install ground mats.

o
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. FM Antenna

The FM transmitting antennais much smaller and easier to install thanthe AM
antenna. There are severa different kinds of FM antennas. Many community
radio stations use adipole antenna. Thisis an omnidirectional antenna, which
radiates equally in al directions. The antenna's dimensions are the same as
half a wavelength of a station’s broadcast signal. Because FM signals are at
frequencies so much higher than AM frequencies, half a wavelength is much
smaller, and FM antennas are less than two metresin size.

How the Signal is Broadcast and Received

You are probably still wondering how the signal sent to the antenna gets into
theair. TheRF signal in an antennaisan electric current, and all electric currents
have an electromagnetic field associated with them. As current flows in the
antenna, an electromagnetic field is created around the antenna. An antennais
designed to radiate thiselectromagnetic field. The electromagnetic field travels
from the antennain all directions at the speed of light.

This electromagnetic field is what is detected by the listener’s radio. The
electromagnetic field produces a current in a receiving antenna (aerial) on a
listener’s radio. This received RF current is amplified in the radio and the
transmission process explained aboveisbasically applied inreversetoretrieve
the audio signal that can be played through the radio’s speaker as sound.

@ Under E in the A-Z for more about the electromagnetic spectrum.

I,_f"

Gl

Community Radio Technical Manual



Community Radio Technical Manual



All of the studio and transmission equipment at your radio station requires a
source of electrical power to work. Eskom or your local council suppliesthis
electrical power, or mains supply. Using mains power normally requires
connecting a plug to a power point in the wall.

Uninterrupted Power Supply (UPS)

Many stations are located in areas where mains power supply is unreliable.
Unless you have back-up, amains power failure will interrupt your broadcast.
Some stations have been off air for over a day as a result of mains power
supply failure. Thisis a serious problem — remember, your listeners will also
be affected by the electricity failure, and will want to rely on their radio station
to keep them informed about it!

This is the purpose of an uninterrupted power supply (UPS). As the name
suggests a UPS provides uninterrupted power to the station even when the
mains supply is disturbed.

Thereare many different UPS systemsthat supply varying degrees of back-up
protection. The choice of system for your station should be made after
considering the quality of the power supply inyour area. For example, stations
located in areasthat suffer from constant power disturbanceswill need amore
complete power back-up system than stations|ocated in areaswhere the power
supply is more stable.

Different Kinds of Power Disturbances

The mains supply is meant to be a stable AC voltage of 230 voltsat 50Hz, but
there are several kinds of power line disturbances that affect the mains supply.

“Spikes” or Power Surges

Lightning, power network switching and the operation of other high power
equipment in your building, such as elevators, spot welders and so on will
cause “spikes’ in the mains voltage. A power spike or a power surge is when
the mains voltage jumps to well over 230 volts for a short time.

Undervoltage

The mains voltage can also can dip below 230V, providing an undervoltage
supply. This can be caused by faults in the power network and sharp load
changes. Thiskind of condition isoften seeninlight bulbsthat diminintensity.

Noise

The mains supply can aso be “noisy” when signals at frequencies other than
50Hz find their way onto the power lines.

Power “Blackout” or Failure

Lastly, the supply can black out. In this casethereisatotal voltagelossand all
electrical equipment isleft without power. Blackouts canlast for afew moments,
or sometimes they can last for anumber of days.
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What the UPS Does

A stable power supply isbest for the smooth and safe operation of your station’s
broadcast equipment, and thisiswhat a UPS should provide. A UPS counters
power disturbances by fulfilling two vital functions:

» Firstly, aUPSactsasabuffer between the power sensitive studio equipment
and the fluctuating mains power supply, providing protection from power
surges, dips and line noise.

» Secondly, a UPS provides back-up power in the event of acomplete power
failure. The duration of the availability of back-up power is dependent on
the batteries used as part of the UPS. A generator can also be included to
provide back-up power for extended periods.

A UPSusually looks alot like acomputer. UPS s are supplied in an off-white
case that is more or less the same size a computer’s case. Thisis because the
most popular use of a UPS is to protect computer systems, and the cases are
meant to look at home in rooms full of computers.

Types of UPS

There are three main types of UPS: the off-line, line interactive and online
UPS. Each one has different features:

The Off-line UPS

Mains Supply Swjtch
'\-—> Equipment
Battery
Charger Inverter
Battery
The Off-line UPS

Off-lineor standby UPS sarethose power systemswhere equipment isnormally
powered directly from the mains supply. The offline UPS only supplies the
equi pment when the mains supply is not available. These systems are intended
for equipment that can tolerate momentary loss of power while the system
switches to back-up power. They provide no protection from surges or dipsin
mains voltage.

The diagram above shows a battery system used to provide back-up power.
The inverter shown in the diagram is a device that converts the direct current
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(DC) supplied by the battery to the aternating current (AC) that is needed by

equipment.

If you do not wish to use a battery, you could use agenerator to provide back-
up power in the same way.

Thiskind of system is appropriate for areas with minimal power problems.

The Line-interactive UPS

Mains Supply

—» Equipment

Transformer

Inverter and
Charger

Batteries

——

The Line Interactive UPS

Line-interactive or single conversion UPS's are used when mains voltage
fluctuations (dips and spikes) are aproblem. In the line-interactive system, the
mains supply isfed directly to the equipment through an inductor or transformer.
Switching elements, in combination with theinverter, monitor the mains supply
to control the supply to the equipment.

Thename*“line-interactive UPS’ comesfrom thefact that theinverter interacts
with the mainslineto drop, boost, or replace AC power as needed to maintain
voltage control.

These UPS's are cost effective but still expose equipment to short power
fluctuations while switching happens.

The On-line UPS

Mains Supply ——

Rectifier and
Inverter

Charger
AC to DC DC to AC

——» Equipment

Batteries

—il=

The On-line UPS

—

231
= |

Community Radio Technical Manual



The on-line UPS provides the highest level of power protection, as the
equipment is always powered by the UPS and not the mains supply.

Theon-line UPSisalso caled adouble conversion on-line UPS, asinput power
is converted twice, as follows:

» Firstly, input power is converted to DC, through use of a rectifier. This
eliminates any surges or dips and line noise.

» Secondly, an inverter converts the DC into a continuous, completely re-
conditioned AC supply.

In the event of a complete mains blackout, the inverter draws DC power from
the UPS batteries. Thisis also the case with the line-interactive UPS.,

On-line UPS sare the most expensive back-up system. However, if your budget
allows, these are the most appropriate for the radio studio equipment.

UPS Specifications

Once your station has settled on what type of UPS to use, there are two more
specifications to consider.

Power Rating

Firstly, a power rating, usually specified in kilovolt-amperes (kVA). Thisis
determined by the power requirements of your equipment. Each piece of
eguipment you intend to protect by using a UPS draws a certain amount of
power. By measuring the power consumption of all your equipment you can
find out how much power aUPS must be ableto supply to keep al the equipment
running. Thisis usualy atask best left to your UPS supplier or electrician,
although a good estimate would be that about 1kVA of UPS power is needed
for each studio. Thisfigure excludes back-up power for lightsand transmission
equipment.

Battery Power

The second specification isthe duration of back-up power that the UPS batteries
can supply. This specification greatly influences the size and cost of the UPS.
Depending on their size, batteries can supply from afew minutes up to afew
hours of back-up power.

Stations in areas where the power supply is often lost for long periods might
choose a battery — generator combination. In this case you would have aUPS
battery with power limited to a short period, and connect a generator to the
system to provide back-up for long periods. The batteries then only need to
provide enough back-up time to start or refuel the generator.

Stations in areas where blackouts happen often, but do not last for very long,
might not be able to justify the expense of a generator, but would still like a
reasonable amount of back-up. These stations should choose a system with a
few hours of battery power.

-
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Consult With Others In Your Area

It is useful to consult with your local council’s electrical department on this
issue. They should be able to give you detailed information on the nature of
power disturbances in your area. This information will help you to make the
best decision on aUPS. Hospitals, police stations and other emergency services
inyour areaare also likely to make use of UPS systems. Contacting them and
hearing their experiences will put you in a position to make a better UPS
decision.

Generator

A generator is a petrol- or diesel-driven engine that produces electricity.
Generators are used to supplement the battery power of a UPS, or can be used
as the sole source of back-up power in an off-line system.

If a generator is used on its own in an off-line system, the station will be
without power for the time it takes to get the generator running.

Modern back-up generators that are used to supply several kVA of power to a
studio are generaly small and relatively portable. However, agenerator presents
an additional maintenance burden to a station. A generator is an engine much
like a car engine, and like a car engine it needs regular use and servicing to
stay in good working order.

An electrical generator also presents a safety hazard. A generator operates
with deadly voltages and currents. Improper use or installation of a generator
can cause property damage, serious injury and even death.

If your station uses a generator read and follow the operating and safety
instructions contained in the user manual to protect yourself, your station’s
equipment and, most important, staff and volunteers.

Generator Safety Tips

1. Theinstalation of the generator and the disconnect and transfer switches
MUST be performed by aqualified electrical contractor. Thisisnot ajob
for the station’s technical department. Do NOT attempt to install these
devicesto your electrical panel, it isEXTREMELY DANGEROUS!

2. ALWAY S check and follow local and national fire and electrical codes.
You may find out, for example, that your building lease or equipment
Insurance attaches very strict conditions to using a generator.

3. NEVER run an electric generator inside a building.

4. ALWAY S store the generator fuel (petrol or diesel) in proper containers,
in asafe and secure place.

5. NEVER fuel an electric generator while the generator is running!

6. DONOT smoke or bring naked flamesnear the generator, or when handling
fuel.
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10.

11.

12.

ALWAY S have a fully charged, approved fire extinguisher located near
the generator.

Ensure proper ventilation around the generator.

ALWAY Sdisconnect from the mains supply BEFORE starting your backup
generator. The generator should normally beinstalled so that this happens
automatically.

NEVER remove or tamper with safety devices— they are there to protect
you.

NEVER attempt to repair an electric generator yourself. ALWAY S refer
repairs to your supplier or other qualified serviceman.

Many engine parts are very HOT during operation. Don’t touch them as
you could get severely burnt.
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It is alegal requirement for all South African radio stations to record their
broadcasts. It isalso required that these recordings are kept for at least 40 days
after the broadcast has taken place.

Video Logging System

It isimportant to read this section carefully —if you fail to log, or record your
broadcasts as the law requires, you run the risk of having your licence taken

away.

To make these recordings, most stations make use of avideo logging system.
The system consists of a tuner (radio receiver) and a video recorder (VCR).
The tuner is tuned into the station, and the audio from the tuner is fed to the
video recorder. A tuner isused rather than afeed from within the studio so that
what islogged (recorded) isarecord of exactly what was broadcast.

The diagram below shows atypical logging system.

Incoming Radio Signal Audio Signal

— — 1 —» Monitor Feed

Off-air Receiver Long Play Video Recorder

Typical video logging system

Why You Use a Video Recorder

The reason for using a video recorder is that videotapes can store more audio
than many other media can.

Video recorders can also record at half speed in “long play” mode. Thismeans
that double the amount of audio can be stored on one videocassette. If you use
long play, a three-hour tape can store six hours of reasonable quality audio.
Thismeansthat only four tapes are needed to record an entire day’s broadcast.
To store and archive 40 days worth of broadcasts, as the law requires, your
station will need 160 three-hour tapes.

A video recorder and videotapes are much cheaper than other bulk storage
devices. Astherecordingsare not used for broadcast, therelatively poor audio
quality of video recordings is not a concern.

How a Video Logging System Works

Several community radio stations have experienced problems using their
logging system. But the system issimpleto operate and easy to understand. To
comply with regulations, it isimportant to ensure that the logging system works.
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Firstly, the tuner must be tuned to your station. Thisis obvious — if the tuner
feeding the logging system istuned to another station, the recorder will record
that station and not yours.

We suggest that once your tuner has been tunedin, you cover thetuner’ s control
panel or put the tuner in a cabinet where no-one will tamper withiit. Visitorsto
studios often twiddle knobs... sometimes with disastrous results.

The tuner is usually connected to the video recorder’'s AV input. The video
recorder must be set to record from that input. This not as simple asit sounds
— avideo recorder can often have more than one AV input and can receive
signals on many other channels.

It is vital that the video recorder is at all times set to record audio from the
input connected to the tuner. As mentioned, thisisusually the AV input. Select
the right channel by using the video recorder’s remote control or front panel.

Correct setting of the VCR is very important. If the recorder is not set to the
AV input, your logging tapes will contain hours of silence or static, which
won't help you if someone complains about your broadcast or decides to take
you to court for something you said on air.

Managing a Video Logging System

The recorder isthe only part of the system that needs to be handled regularly.
Thisiswhy most stations put the video recorder in the broadcast studio. Every
few hoursthe videotapes used in the video recorder need to be changed. To do
this, the presenter takes out the old tape, inserts a new one, and presses the
record button on the recorder.

Choose the times that the tapes are changed very carefully to ensure someone
isavailabletodoit. Also, try to make sure that when you change the tapes you
don't interfere with the broadcast.

Sometimesthe video recorder can a so accidentally be switched off “long play”.
When this happens, your tapeswill only record for half aslong asyou expected.
It is very important to keep the recorder set on “long play”.

If, as we' ve mentioned above with the tuner, you put a guard or some kind of
protection over the VCR'’s panel once you've set it up, no-one will be able to
change the settings.

Monitoring the System

The diagram shows a monitor feed from the video recorder. This is a very
important feature. Most stations feed the audio from the video recorder to the
studio mixing desk or some other equipment that allows you to listen to the
sound from the recorder. Thisallowsyouto listento old recordingsand also to
check every now and then that the recorder is recording properly and that the
tapes are still in reasonable condition.

-
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To Sum Up....

Thelogging systemisan ICASA requirement, and many stationsfind it tedious
and difficult to manage. Given the number of tapes you need, it is also quite
expensive. However, there are other advantages.

Thelogging system can provide avaluable resource and record of the station’s
programming. You can also use the logging tapes for evaluating presenters
and programmes.

But most important, the logging tape is the only legal record of a broadcast
that the station can useif thereisalegal dispute or complaint. The only way to
review your broadcast to check the validity of a complaint, and formulate a
response, isto listen to the logging tapes.
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Appendix A:

Abbreviations

ADC Analog-to-Digital Converter (often written as AD Converter)
AM Amplitude Modulation

BPM Beats per minute

CD Compact Disc

CD-R Compact Disc Recordable

CD-ROM Compact Disc — Read Only Memory

CD-RW Compact Disc Rewritable

CPU Central Processing Unit

CR Community Radio

DA Distribution Amplifier

DAC Digital-to-Analog Converter

DAE Digital Audio Extraction

DAT Digital Audio Tape

dB Decibel

EQ Equaliser

FM Frequency Modulation

FX Effects

Hz Hertz

IBA Independent Broadcasting Authority

ICASA Independent Communications Authority of South Africa
ICT Information and Communications Technologies
I1/0 Short for Input and Output

IPS Inches per second

ISDN Integrated Services Digital Network

ISP Internet Service Provider

LCD Liquid Crystal Display

LED Light Emitting Diode

MD Mini Disc

NCRF National Community Radio Forum

0s Operating System

OSF-SA Open Society Foundation for South Africa

OB Outside Broadcast

PC Personal Computer

PFL Pre Fade Listen

PPM Peak Programme Meter

RAM Random Access Memory

RF Radio Frequency

ROM Read Only Memory

SPL Sound Pressure Level

STL Studio to Transmitter Link

TRS Tip, Ring, Sleeve. Used to describe ajack with 3 connections
TX Transmitter

UPS Uninterrupted Power Supply

VU Volume Unit

XLR Type of connector used to carry balanced signals

Community Radio Technical Manual



\

Community Radio Technical Manual



Appendix B:

Prefixes

Throughout this manual, and in many other technical documents, units are
prefixed by aletter that denotes magnitude. For example the unit of frequency
is Hertz (Hz), but in FM transmission we deal with Megahertz, written as
MHz. The“Mega’ and the“M” used as a prefix denote that we are working a
unit of amillion Hertz. It's clumsy and a little ridiculous telling people that
they can tune into your station on eighty nine million five hundred thousand
Hertz (89500000 Hz). It is much easier to talk about 89.5MHz.

There are severa prefixes. Some of them should be quite familiar to you. For
example, kilo asin kilometre, meaning athousand metres. Another ismilli, in
millimeter, meaning a thousandth of a metre.

Some of the more common prefixes are tabulated bel ow:

Power of Ten | Number Prefix | Abbreviation
10° 0.000 000 001 (abillionth) nano n
10° 0. 000 001 (amillionth) micro m
108 0. 001 (athousandth) milli m
102 0.01 (a hundredth) centi C
10* 0.1 (atenth) deci d
103 1000 (a thousand) kilo Kk
106 1 000 000 (amillion) mega M
10° 1 000 000 000 (a billion) giga G
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Appendix C:

Broadcast & Installation Engineering cc (B&l)
B& | supply broadcast equipment and studio installation, with a focus on transmission.

South African Broadcast
Equipment Suppliers

PO Box 1318, Highlands North 2037, Johannesburg

Te:
Fax:
Contact:

Broadcast Solutions Electronics (BSE)
BSE manufacture, supply and install FM transmission equipment primarily for radio, but

also for television.

(011) 452 4962
(011) 452 4964
Frans Jooste

PO Box 446, Bergvliet 7864

Td:
Fax:
Contact:

(021) 762 4521
(011) 761 1737
Thys de Beer

D Audio Services

D Audio services supply broadcast equipment and studio installation.

Box 628, Little Brak River 6503

Td:

Fax:
e-mail:
Web-site:
Contact:

(044) 690 4100

082 320 5923 or (044) 690 4100
d.h@mweb.co.za
www.daudio.co.za

Dean Holdstock

Eminently More Suitable (EMS)
EMS supply broadcast equipment.

PO Box 1026, Melville 2109

Tel: (011) 482 4470

Fax: (011) 762 2552
e-mail: mail @emsafrica.co.za
Web-site: www.emsafrica.co.za
Contact: Mike Shepstone
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Globecom
Globecom supply and install broadcast equipment and provide service and maintenance.
PO Box 50559, Waterfront 8002

Td: (021) 555 4701
Fax: (021) 555 4711
e-mail: matt@aqglobecom.co.za
Web-site: www.globecom.co.za
Contact: Matthew Buck

Sound Fusion Media

Sound Fusion supply and install broadcast equipment and provide service and
mai ntenance.

PO Box 3073, Pinegowrie 2123, Gauteng

Tel: (011) 880 5233
Fax: (011) 880 5234
e-mail: soundf @global .co.za
Contact: Mike Collison

New Installation Company (N.I.C.)
NIC supply and install broadcast equipment and provide service and maintenance.

PO Box 1202, Florida Hills 1716

Tel: (011) 794 5984
Fax: (011) 794 5204
e-mail: karl@nic.co.za
Contact: Karl Britz
Prosound

Prosound supply, install and rent broadcast equipment.
PO Box 261458, Excom 2023

Tel: (011) 334 6550

Fax: (011) 334 6826
e-mail: jhb@prosound.co.za
Web-site: WWW.prosound.co.za
Contact: Lee Thomson
Sentech

Sentech provide signal distribution, as well as transmission service, advice and
information.

Private Bag X 06, Honeydew 2040

Tel: (011) 471 4400
Fax: (011) 471 4758
Contact: James Odendaal

f2as
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Telemedia (Pty) Ltd.
Telemedia supply and install broadcast equipment.
PO Box 1853, Rivonia 2128, Gauteng

Td: (011) 803 3353/4

Fax: (011) 803 2534

e-mail: telemedia@pixie.co.za
Contact: Richard Fulton

Tru-Fi Electronics
Tru-fi supply and install broadcast equipment.

PO Box 111, Kyasand 2163

Td: (011) 462 4256/7/8/9
Fax: (011) 462 3303
e-mail: trufi @trufi.co.za
Web: www.trufi.co.za
Contact: Flemming Ravn

Wild and Marr
Wild and Marr supply and install broadcast equipment.
PO Box 318, Plumstead 7801

Td: (021) 762 8615

Fax: (021) 762 8619

e-mail: Mario@wmc.co.za
Web-site: www.wildandmarr.com
Contact: Mario Cupido

Community Radio Technical Manual



Community Radio Technical Manual



Appendix D:

Useful Websites

Thelnternetisagood placeto start when considering equipment. M ost equi pment
manufacturer’ swebsites provide detail ed information on their products and often
list recommended prices. Thisallowsyou to make moreinformed decisionswhen
looking at equipment quotations. Visitsto these sites and subscribing to some of
the manufacturer’'smailing listsisone of the easiest waysto keep up to datewith
new products and technical developments.

Equipment Manufacturers:

Thelist of equipment manufacturers presented bel ow isby no means compl ete,
but does cover many of the manufacturers whose equipment is currently used
in South African community radio stations. (All web page addresses were
correct at the time of printing.)

AEQ: www.aeq.es
AEV: www.aev.net
AKG: www.akg-acoustics.com

AKG manufacture microphones, headphones, and accessories.
Behringer: www.behringer.com

Behringer produce a wide range of signal processors including mixers and
pre-amplifiers and effects units

Beyer dynamic: www.beyerdynamic.com

Beyerdynamic produce microphones, headphones and conference systems.
Denon: www.del.denon.com

Denon produce a broad range of equipment, both professional and domestic.
Denon CD players are a standard piece of equipment in many community
radio stations.

Electrovoice (EV): www.electrovoice.com

EV produce a broad range of equipment. EV microphones are popular for
radio use.

Dateq: www.dateq.com

Dateq produce mixing desks.
Fostex: www.fostex.com

Fostex manufacture recording equipment, particularly multi-track recorders.
Their headphones are used in many community stations.

Gentner: www.gentner.com
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L exicon: www.lexicon.com
L exicon produce effects processors.
M ar antz: www.marantz.com

Neumann:; www.neumann.com

Neumann produce high quality microphones.
Neutrik: www.neutrik.com

Neutrik manufacture a wide range of audio connectors.
Orban: www.orban.com

Orban produce broadcast audio processors and digital editing systems.
Otari: www.otari.com

Otari produce arange of recording equipment from MD player/recordersto
digital editing systems.

Rane: www.rane.com

Rane produce a wide range of signal processors including mixers, pre-
amplifiers and effects units.

R@DE Microphones. www.rode.com.au

R@DE manufacture microphones. The RGDE “broadcaster” is used in many
community stations.

Roland: www.roland.co.uk

Shur e www.shure.com

Shure manufacture a wide range of microphones and accessories.
Soundcr aft: www.soundcraft.com

Soundcraft produce mixing desks. Their RM 100 and RM 105 mixers are
some of the most widely used in South African community radio.

Sony: Www.pro.sony-europe.com

Sony manufacture a complete range of audio products from microphones to
digital editing systems.

Tannoy: www.tannoy.com
Tannoy manufacture studio monitors.

Tascam: www.tascam.com

Tascam produce a wide range of recording equipment. Tascam MD, DAT,
tape and redl recorders are used in many community radio stations.

Technics: www.panasonic.com/consumer_electronics/technics_audio/
index.htm

Although Technics are not strictly a broadcast equipment manufacturer, their
products often seem to find there way into community radio studios.

Telos: www.tel os-systems.com

Telos manufacture telephone hybrids and digital codecs.
—
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Appendix D

Software Manufacturers

The list of software manufacturers is also nowhere near complete, but again
covers much of the software currently used in South African community radio.
If your radio station is using broadcast playout software, the manufacturer’s
website is an invaluable resource. The website should provide user updates
and software downloads, allowing you to get the most out of your playout
system. (The web page addresses were all correct at the time of printing)

Audiovault: www.audiovault.com

Broadcast Softwar e I nter national: www.bsiusa.com

Makers of Wavecart and Simian Windows based digital playout software.
Digidesign: www.digidesign.com

Makers of Pro-Tools.

Netia: www.netia-broadcast.com

Netia provide playout/editing and radio management software.
On-The-Air: www.softronmedia.com/ibs
Broadcast playout software for the Apple Mac.

Radiohost: www.radiohost.com

Radiohost is playout software that aso includes scheduling modules.
Radio Computing Softwar e www.rcs-works.com

Steinber g: www.steinberg.net

Steinberg produce a range of music production and editing software
including Cubase V ST, Nuendo and Wavel ab.

Syntrillium Cor poration: www.syntrillium.com

Syntrillium make Cool-edit Pro an editing and production programme for
Windows.

Virtual Radio: www.aev.net

Other Sites
Minidisc Community page: www.minidisc.org.

Everything about minidiscs- History, scientific papers, product reviews and
more.

Handbook for Acoustic Ecology: www.sfu.ca/sonic-studio/

This site provides definitions and explanations of hundreds of sound and
audio terms.

I__f"'
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