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UNIT -1 BASIC CONCEPTS OF SOUND
Unit Structure
1.1. Learning Objectives
1.2. Introduction
1.3. What is Sound
1.4. How Sound Travels in Air
1.5. Characteristics of Sound
1.6. The Hearing Mechanism
1.7. Sound Culture
1.8. Check Your Progress
1.1 LEARNING OBJECTIVES
After completing this unit learners should be able to understand:





The concept of sound;
How sound travels in air;
Characteristics of sound; and
The human hearing mechanism.

1.2 INTRODUCTION
It is 5:00 a.m. in the morning and you are cozily snuggled in your bed. The sweet
chirping of the birds wakes you up. If it is not a bird, then it might be the sound of an
alarm clock. This is a typical scenario in most of our daily lives in the early morning.
Imagine living in a world where we don‘t hear any sound around us. Life would
become so dull and boring. It would not be wrong to say that sound plays an extremely
important role in all our lives.
In this unit we will try to understand Sound and its various facets.
1.3 WHAT IS SOUND
The following explanations will help us understand sound a little better:


Sound is a result of vibration. The vibration is produced by a source, travels in
the medium, as a wave and is ultimately sensed through the eardrum.



Sound is a vibration that propagates, as a mechanical wave of pressure and
displacement, through some medium. Sometimes sound refers to only those
vibrations with frequencies that are within the range of hearing for human or for
a particular animal.
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Sound is a longitudinal, mechanical wave. Sound can travel through any
medium, but it cannot travel through a vacuum. There is no sound in outer
space. Sound is a variation in pressure. A region of increased pressure on a
sound wave is called compression (or condensation). A region of decreased
pressure on a sound wave is called rarefaction (or dilation).

Representing a wave
We need to describe a friend by name, height, color, gender for identifying. Similarly,
we have to specify some qualities that we shall call parameters, for wave description. A
wave is represented in terms of its wavelength, amplitude, frequency and time period.

Figure 1: A Representation of Wave

Amplitude (Am)
It is basically a measurement of the vertical distance of the trough(C) or crest(A) of a
wave from the average(B) as illustrated in diagram above.
Wavelength (λ)
The distance between adjacent troughs or adjacent crests, measured in unit of length
such as meters and expressed by symbol λ (lambda). For longitudinal wave, it will be
the distance between two successive rarefactions or compressions.
Time Period (T)
This defines the time it takes for one complete wave to pass a given point, measured in
seconds (s) (WL = T).
Frequency (n)
The number of complete waves that pass a point in one second, measured in Hertz (Hz).
Speed or Velocity (v)
The speed of the wave is proportional to the magnitude of the frequency. Wave speed is
defined as the distance travelled by a wave disturbance in one second and is measured
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in meters/second ms–1 or m/s. Speed is scalar quantity while velocity is a vector
quantity.
Not all of these properties are independent; one can relate some. Period is inversely
related to the frequency. This means if the frequency is high, the period will be low.
This is understandable because frequency is number of times a wave completes a set of
up and down movements (or a set of crests and troughs) in 1 second. If these occur
more frequently, it has to be done in very short time.
Mathematically one may say period
T = 1/n
Where ‘n’ is frequency. We just said that wavelength is equal to the distance between
two successive crests or troughs. In one second, this distance is covered a number of
times given by frequency.
So, Velocity = Frequency × Wavelength or V = n × λ
The waves that produce a sense of sound for living beings are called sound waves or
audible waves. Only those waves that have frequencies lying in the range of 16 Hz to
20,000 Hz are audible to human beings. However, this range is an average and will
slightly vary from individual to individual. Sound waves with frequencies below 16 Hz
are called infrasonic waves and those above 20 kHz are ultrasonic waves. Animals like
bats are able to produce and sense waves beyond the range of human audibility and use
it for ‗seeing‘ in the dark.
1.4 HOW SOUND TRAVELS IN AIR
Air is made up of gas molecules and has an elastic property (imagine putting a thumb
over the end of a bicycle pump and compressing the air inside – the air is springy).
Longitudinal sound waves travel in air in somewhat the same fashion as a wave travels
down a row of up-ended dominoes after the first one is pushed over. The half-cycle of
compression created by the vibrating source causes successive air particles to be moved
in a knock-on effect, and this is normally followed by a balancing rarefaction which
causes a similar motion of particles in the opposite direction. It may be appreciated that
the net effect of this is that individual air particles do not actually travel – they oscillate
about a fixed point – but the result is that a wave is formed which appears to move
away from the source. The speed at which it moves away from the source depends on
the density and elasticity of the substance through which it passes, and in air the speed
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is relatively slow compared with the speed at which sound travels through most solids.
In air, the speed of sound is approximately 340 meters per second (ms -1), although this
depends on the temperature of the air. At freezing point, the speed is reduced to nearer
330 ms-1. In steel, to give an example of a solid, the speed of sound is approximately
5100 ms-1.
The frequency and wavelength of a sound wave are related very simply if the speed of
the wave (usually denoted by the letter c) is known:
c = fλ or λ = c/f
To show some examples, the wavelength of sound in air at 20 Hz (the low frequency or
LF end of the audio spectrum), assuming normal room temperature, would be:
λ = 340/20 = 17 meters
whereas the wavelength of 20 kHz (at the high-frequency or HF end of the audio
spectrum) would be 1.7 cm. Thus, it is apparent that the wavelength of sound ranges
from being very long in relation to most natural objects at low frequencies, to quite
short at high frequencies. This is important when considering how sound behaves when
it encounters objects – whether the object acts as a barrier or whether the sound bends
around it.
1.5 CHARACTERISTICS OF SOUND
Sound can be characterized by the following three quantities pitch, quality and loudness
which are explained below:
Pitch is the frequency of a sound as perceived by human ear. A high frequency gives
rise to a high pitch note and a low frequency produces a low pitch note.
A pure tone is the sound of only one frequency, such as that given by a tuning fork or
electronic signal generator. Generally the pure tone part of sound is called fundamental
frequency (fo).
The fundamental note has the greatest amplitude and is heard predominantly because it
has a larger intensity. The other frequencies such as 2fo, 3fo, 4fo, ............. are called
overtones or harmonics and they determine the quality of the sound.
Loudness is a physiological sensation. It depends mainly on sound pressure but also on
the spectrum of the harmonics and the physical duration.
Principles of Sound
1. Sound is produced by a vibrating body and travels in the form of a wave.
2. Sound wave travels through materials by vibrating the particles that makes up
the materials.
Odisha State Open University, Sambalpur

Page 4

3. The pitch of the sound is determined by the frequency of the wave and loudness
by its amplitude.
The Decibel
Sound level is measured in units of decibel (dB). Here ‗deci‘ means one – tenth and
‗bel‘ is the level of sound. The term ‗Bel‘ is after the name of inventor of telephone,
Alexander Graham Bell. Actually it is a unit which compares the levels of power of two
sources. The unit of decibel is used widely in sound engineering, often in preference to
other units such as volts, watts, or other such absolute units. It is a convenient way of
representing the ratio of one signal‘s amplitude to another‘s. It also results in numbers
of a convenient size which approximate more closely to one‘s subjective impression of
changes in the amplitude of a signal, and it helps to compress the range of values
between the maximum and minimum sound levels encountered in real signals.
For average human ears, the whisper is about 30 decibel. The normal conversation is
about 65 decibels while a jet plane taking off makes a noise of about 150 decibel.
Beyond 85 decibels, sound is damaging and can lead to temporary loss of hearing.
Prolonged exposure to noise can cause permanent hearing loss. We must be careful not
to cause noise even when it means celebration for us. So it is not advisable to play band
in a marriage procession (barat) near hospitals where patients can suffer because of
noise. Noise raises the blood pressure and causes anxiety. Even if we don‘t realize,
constant noise causes tension. Crackers during festivals are also harmful as they not
only pollute air but also create noise.

1.6 THE HEARING MECHANISM
Although, this is not intended to be a lesson in physiology, it is necessary to investigate
the basic components of the ear, and to look at how information about sound signals is
communicated to the brain.
Figure 2 shows a diagram of the ear mechanism, not anatomically accurate but showing
the key mechanical components.
The outer ear consists of the pinna (the visible skin and bone structure) and the auditory
canal, and is terminated by the tympanic membrane or ‗ear drum‘. The middle ear
consists of a three bone lever structure which connects the tympanic membrane to the
inner ear via the oval window (another membrane). The inner ear is a fluid filled bony
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spiral device known as the cochlea, down the center of which runs a flexible membrane
known as the basilar membrane. The cochlea is shown here as if ‗unwound‘ into a
straight chamber for the purposes of description. At the end of the basilar membrane,
furthest from the middle ear, there is a small gap called the helicotrema which allows
fluid to pass from the upper to the lower chamber. There are other components in the
inner ear, but those noted above are the most significant. The ear drum is caused to
vibrate in sympathy with the air in the auditory canal when excited by a sound wave,
and these vibrations are transferred via the bones of the middle ear to the inner ear,
being subject to a multiplication of force of the order of 15:1 by the lever arrangement
of the bones. The lever arrangement, coupled with the difference in area between the
tympanic membrane and the oval window, helps to match the impedances of the outer
and inner ears so as to ensure optimum transfer of energy. Vibrations are thus
transferred to the fluid in the inner ear in which pressure waves are set up. The basilar
membrane is not uniformly stiff along its length (it is narrow and stiff at the oval
window end and wider and more flexible at the far end), and the fluid is relatively
incompressible; thus a high-speed pressure wave travels through the fluid and a
pressure difference is created across the basilar membrane.

Figure 2. Structure of the Human Ear
Music and Noise
Music is a set of sound that is pleasing to hear and is not random. It refers to the quality
of sound as well as the tune. Noise is random and irritates while music has periodicity
whether in beats, or rhythm. For instance, in a song, you‘d notice that the same tune is
repeated after certain period. After a stanza, the singer comes back to the same tune
(combination of notes). If we plot sound pressure with time, we‘d notice that it is sweet
if it changes in a regular fashion. Noise, in contrast, changes in an irregular fashion and
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irritates. Sound is evaluated by musicians in 3 terms: quality, pitch and loudness. Two
sounds may have the same loudness, may be at the same pitch but can still have
different quality/timbre. That is how we can distinguish the sounds from sitar and guitar
even when the loudness and the pitch are the same.

1.7 SOUND CULTURE
The concept of a sound culture (also called an auditory or aural culture) is directly
connected to the soundscape, indeed the distinction between the two is not that clear
cut. In a sense, the sound culture is a bigger picture, it requires us to step back and ask
questions about the origins and nature of the soundscapes; why does it sound as it does?
What are the broader social and cultural influences on what we hear in our everyday
lives?
Social and cultural organizations are largely responsible for the sound landscape that
we inhabit and these inevitably change over time.
In the pre-industrial European world one of the defining features of the soundscape was
the toiling of the church bell. It told the workers in the field of the progress of their
day‘s toil but was also an auditory marker of the community briefly enveloped in the
sound of the bell. It also reminded those who heard it of the centrality of the church in
their lives. The ringing of the bell was part of the soundscape but the social and
religious dimensions, which add meaning to the sound, are also part of the wider sound
culture.
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1.8 CHECK YOUR PROGRESS
1. What is Sound? How is sound represented scientifically?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
2. How does sound travel through air?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
3. Explain the hearing mechanism of a human body?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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UNIT- 2 TYPES OF SOUND
Unit Structure
2.1 Learning Objectives
2.2 Introduction
2.3 A Short History of Analog Recording
2.4 The Magnetic Recording Process
2.5 Understanding Sound Design
2.6 Phases of Sound Design
2.7 Check Your Progress
2.1 LEARNING OBJECTIVES
After completing this unit, learners should be able to understand:




Trace the history of sound recording;
Describe the magnetic recording process; and
Understand the sound design.

2.2 INTRODUCTION
We have already discussed in Unit–1 that sound is a mechanical vibration which travels
through an elastic medium, as a variation in the pressure exerted on the particles which
comprise it. Sound can be perceived as pleasant or unpleasant, but this is very
subjective. Something which is pleasant for us may be unpleasant for others. For
example, a teenager playing English pop songs on high volume may be pleasant for him
but it may not be so for a middle aged person. It might be extremely annoying. Rather
traditional classical music may be soothing for the ears after a hard day‘s work. The
choice is purely individual and can vary with regards to age, sex, religion, social strata,
geographical location… so on and so forth.
2.3 A SHORT HISTORY OF ANALOG RECORDING
Learners, let us proceed to discuss the history of analog recording. We would be
learning about the early recording machines, electrical recording and the later
developments like magnetic tape and open-reel tape. Let us discuss all these one by
one.
Early Recording Machines
When Edison and Berliner first developed recording machines in the last years of the
nineteenth century, they involved little or no electrical apparatus. Certainly the
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recording and reproduction process itself was completely mechanical or ‗acoustic‘, the
system making use of a small horn terminated in a stretched, flexible diaphragm
attached to a stylus which cut a groove of varying depth into the malleable tin foil on
Edison‘s ‗phonograph‘ cylinder or of
varying lateral deviation in the wax
on Berliner‘s ‗gramophone‘ disc. On
replay, the undulations of the groove
caused the stylus and diaphragm to
vibrate, thus causing the air in the
horn to move in sympathy, thus
reproducing the sound - albeit with a
Figure 1. Phonograph

very limited frequency range and
very distorted. Cylinders for the

phonograph could be recorded by the user, but they were difficult to duplicate for mass
production; whereas discs for the gramophone were normally replayed only, but they
could be duplicated readily for mass production. For this reason, discs fairly and
quickly won the day as the mass-market prerecorded music medium. There was no such
thing as magnetic recording tape at the time, so
recordings were made directly onto a master disc,
lasting for the duration of the side of the disc – a
maximum of around 4 minutes – with no possibility
for editing. Recordings containing errors were either
remade or they were passed with mistakes intact. A
long item of music would be recorded in short
sections with gaps to change the disc, and
possibilities arose for discontinuities between the
Figure 2. Gramophone

sections as well as variations in pitch and tempo.
Owing to the deficiencies of the acoustic recording

process, instruments had to be grouped quite tightly around the pick-up horn in order
for them to be heard on the recording, and often louder instruments were substituted for
quieter ones (the double bass was replaced by the tuba, for example) in order to correct
for the poor frequency balance. It is perhaps partly because of this, that much of the
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recorded music of the time consisted of vocal soloists and small ensembles, since these
were easier to record than large orchestras.
Electrical Recording
During the 1920s, when broadcasting was in its infancy, electrical recording became
more widely used, based on the principles of electromagnetic transduction. The
possibility for a microphone to be connected remotely to a recording machine meant
that microphones could be positioned in more suitable places, connected by wires to a
complementary transducer at the other end of the wire, which drove the stylus to cut the
disc. Even more usefully, the outputs of microphones could be mixed together before
being fed to the disc cutter, allowing greater flexibility in the balance. Basic variable
resistors could be inserted into the signal chain in order to control the levels from each
microphone, and valve amplifiers would be used to increase the electrical level, so that
it would be suitable to drive the cutting stylus. The sound quality of electrical
recordings shows a marked improvement over acoustic recordings, with a wider
frequency range and a greater dynamic range. Experimental work took place both in
Europe and the USA on stereo recording and reproduction, but it was not to be until
much later that stereo took its place as a common consumer format, nearly all records
and broadcasts being in mono at that time.

Later Developments
During the 1930s, work progressed on the development of magnetic recording
equipment, and examples of experimental wire recorders and tape recorders began to
appear, based on the principle of using a current flowing through a coil to create a
magnetic field which would in turn magnetize a moving metal wire or tape coated with
magnetic material. The 1940s, during wartime, saw the introduction of the first ACbiased tape recorders, which brought with them good sound quality and the possibility
for editing. Tape itself, though, was first made of paper coated with metal oxide which
tended to deteriorate rather quickly, and only later of plastics which proved longer
lasting and easier to handle. In the 1950s, the microgroove LP (Long Playing) record
appeared, with markedly lower surface noise and improved frequency response, having
a playing time of around 25 minutes per side. This was an ideal medium for distribution
of commercial stereo recordings, which began to appear in the late 1950s, although it
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was not until the 1960s, that stereo really took hold. In the early 1960s, the first multitrack tape recorders appeared, the Beatles making use of an early four-track recorder
for their ‗Sergeant Pepper‘s Lonely Hearts Club Band‘ album. The machine offered the
unprecedented flexibility of allowing sources to be recorded separately, and the results
in the stereo mix are panned very crudely to left and right in somewhat ‗gimmicky‘
stereo. Mixing equipment in the 1950s and 1960s was often quite basic, compared with
today‘s sophisticated consoles, and rotary faders were the norm. There simply was not
the quantity of tracks involved as exists today.

Magnetic Tape
Magnetic Tape consists of a length of plastic material which is given a surface coating
capable of retaining magnetic flux rather in the manner that, say, an iron rod is capable
of being magnetized. The earliest recorders actually used a length of iron wire as the
recording medium. In practice, all modern tape has a polyester base which was chosen,
after various trials with other formulations which proved either too brittle (they snapped
easily) or too plastic (they stretched), for its good strength and dimensional stability. It
is used throughout the tape industry from the dictation microcassette to the 2 inch (5
cm) multi-track variety. The coating is of a metal oxide, or metal alloy particles.

Open-reel Tape
Open-reel quarter-inch tape intended for analog recorders has been available in a
variety of thicknesses. Standard Play tape has an overall thickness of 50 microns
(micrometers), and a playing time [at 15 inches (38 cm) per second] of 33 minutes is
obtained from a 10 inch (25 cm) reel. Long Play tape has an overall thickness of 35
microns giving a corresponding 48 minutes of playing time, which is very useful for
live recording work. In the past ‗Double Play‘ and even ‗Triple Play‘ thicknesses have
been available, these being aimed at the domestic open-reel market. These formulations
are prone to snapping or stretching, as well as offering slightly poorer sound quality,
and should not really be considered for professional use. Standard Play tape is almost
always ‗back coated‘. A rough coating is applied to the back of the tape during
manufacture which produces neater and more even winding on a tape machine, by
providing a certain amount of friction between layers which holds the tape in place.
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Also, the rough surface helps prevent air being trapped between layers during fast
spooling which can contribute to uneven winding.

2.4 THE MAGNETIC RECORDING PROCESS
Since tape is magnetic, the recording process must convert an electrical audio signal
into a magnetic form. On replay the recorded magnetic signal must be converted back
into electrical form. Normally a professional tape recorder has three heads, in the order
erase – record – replay. This allows for the tape to be first erased, then re-recorded, and
then monitored by the third head. The structure of the three heads is similar, but the gap
of the replay head is normally smaller than that of the record head. It is possible to use
the same head for both purposes, but usually with a compromise in performance. Such
a two-head arrangement is often found in cheaper cassette machines which do not allow
off-tape monitoring whilst recording.
2.5 UNDERSTANDING SOUND DESIGN
Now let us discuss, what is sound design? How important is sound design to a visual
and non-visual experience? Where does it all begin? Sound effects originated in the
theater. The effects of these sounds were to reinforce, to a larger extent, the sounds of
natural phenomena such as thunder, rain and footsteps off stage. After a period of time,
theatrical sound effects became more and more sophisticated, which produced better
and more convincing sounds. Large mechanical devices were used for this purpose and
required a large amount of space during the live performance.
In the 1920s, radio advanced use of sound effects. At first, most radio was broadcast
live using the same types of machinery used in theater to produce sound effects. By the
mid 1920s, great steps were taken in the direction of recording sound. Better electronic
microphones and recording technology allowed sound effects to be recorded onto a
medium and reused. The library of sound was thus created. The sound effects included
natural sounds of the outdoors, cars, machinery, animals, planes and people. This added
a streamlined workflow to the process of radio production. It also eliminated the need
to have multiple sound effects artist on hand for a broadcast.
In the late 1920s, sound was introduced into the moving picture. There was a debate
whether this was a good thing at the time. Some critics felt that the dimension of sound
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was not part of the film experience and thus should be left silent. This, of course did not
last very long as the public could hear and feel the impact sound had on the experience
of watching a film. This opened up a whole new world for sound to explore, but it came
with technical and aesthetic points that needed to be understood. Because film is a
linear art form, sound had to be synchronized at specific points in the film in order to
convince an audience. Originally the sound effects track was recorded live as the film
was being projected onto a large screen in a recording studio. The synchronization was
more or less, done by an eye. Because multi-track recording was not available, all of
the effects had to happen during the screening of the film and recorded.
In film, the sound effects track is compiled of many tracks layered together and mixed
to form a dynamic, organic sound. The sound effect track is really made up of many
different types of sound objects created in many different ways. There are hard sound
effects which make up most of what is associated with the on-screen action and usually
require a synchronization and background sound effects, which need no real
synchronization, and create the atmosphere and context of a scene. The background
track should not have any conspicuous sounds that interfere with any foreground
sounds. Ambience tracks are considered background sound effects.

What makes film sound?
Sound plays a grammatical role in the process of filmmaking. It also provides a form of
continuity or connective tissue for films. The basic two characteristics of sound in films
are:
hyper-reality: Sound recordings for film and television are often an exaggeration of
reality. Heard in isolation, the soundtracks seem overhyped, but heard in context they
assume a more natural balance. All of these, because of the fact that the single sounds
in film often ‗melt‘ in auditory streams, and to be distinguished better, they should be
additionally emphasized.
correlation with a picture: Sound often has an influence on picture. Scenes are
different depending on how sound plays out in them. The sound also has a profound
impact on storytelling, and on a film rhythm. The same scenes played without sound
often seem much longer, than played with a background music.
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As already mentioned, there are two basic roles of sound in film. These are: storytelling
and story supporting. Storytelling is the most important characteristic of the films in the
‗sound era‘, and is possible in film using dialogues, monologues or off-narration. Story
supporting relates on the sound effects that enhance the tension in film and suggest the
audience how to feel. Special sound effects and music are the basic tools which enable
it. The sources for the sound used in film could be: recordings made during principal
photography on sets, sound effects libraries and customized recordings, and music, both
that composed from the film and from pre-existing sources.
The basic roles of sound in film are accomplished by utilizing different
types of sound in film, such as:


speech (dialogue, monologue, over voice);



music (recorded music, re-recorded music, live music,
background music, etc.);



sound effects



hard or ‗cut‘ effects



Foley sound effects (mixed with music)



ambience (backgrounds)



design sound effects

Speech
Speech is the most revolutionary thing which appeared in film history. It totally
changed the visualization of movies, which is now very different from the films in the
silent era. Speech is one of the most important tools for understanding the story of the
film, so it is very important to be understandable and as realistic as it can be.
Dialogue editors depend on several sources for their tracks:
on set dialogue: Recorded during the film shooting, synchronous with the action;
wild lines dialogue: Dialogue lines that the actor records under the director‘s guidance,
often at the end of a production day, in the same atmosphere of the set, after shooting.

Music
During the initial days of cinema, music in film was used for two different purposes; to
drown the noise of the projectors and to give emotional atmosphere.
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As cinema developed commercially, music became more elaborate and played a larger
and larger part in the show as a whole. There is quite a range of different applications
of music in the film according to its role in the movie. Music could be especially
composed for the film or can be made in a standalone format purely for commercial
purposes. In Hindi cinema, releasing the music of film much before the actual film is
released is a prevalent practice.
Foley Effects
Foley sound effects are those made in a recording studio, known as a Foley stage.
While watching the picture a Foley artist performs the acting more or less
synchronously with the picture (the perfect example of Foley effects are footsteps). The
Foley sound effects are responsible for realistic impression in a film. However, they
often exaggerate the real-life sounds to make them audible.
Jack Donovan Foley while working at Universal Studios invented the ‗Foley Effects‘.
Many early sound pictures had dialogue and music but no feeling of the noise of
movement. Soon editors started cutting together sounds of footstep for actors, but
would use the same tracks over and over. Foley got the idea of projecting the moving
image in a sound stage and recording sounds in sync with the actors‘ movements, using
different surfaces and an array of props. The idea was that many sounds could be
recorded to fit to the time they appear on the screen by simply performing the action in
sync with the picture, and recording it. Today, Foley recording is likely to involve a
multi-track recorder or workstation, so, that different record passes can be used to add
layers or different effects, building up to a complete whole.
Ambience
Ambience is the recording of background sounds present on the location or set. It gives
artificial ‗presence‘ of the space. Ambience most typically consists of more or less
continuous sound, often with a low-frequency emphasis associated with background
noise of spaces. It plays a significant role in scene continuity. If ambience stays
constant across the picture cut, the audience perceives that the action stays in the same
space. Conversely, if there is an ambience change along with a picture change,
audiences get an impression of a completely new scene. Ambience may even be
overlapped across certain scene transitions, either to create an effect of the former scene
lingering into a new one or to anticipate a cut to a new scene.
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Design sound effects are sounds that do not normally occur in nature, or are impossible
to record in nature. These sounds are used to suggest futuristic technology, or are used
in a musical fashion to create an emotional mood.

2.6 PHASES OF SOUND DESIGN
The process of sound designing for film or television usually consists of four phases:


Recording;



Mixing ;



Synchronization; and



Editing.

All these phases are very complex and deal with huge range of problems. That‘s why a
whole team of sound professionals should be involved in sound design.
Recording
The general aim of the recording phase is to record every sound potentially useful in
sound design processing and with the best possible quality. The quality of recordings
depends in most part on the type of microphones used. Directivity of the microphone is
also a particular problem to be solved. Using a more directional microphone generally
leads to recording with a higher ratio of direct-to diffuse-sound field. The position of
the microphones during the shooting of some scene is also a very important thing to be
defined. The temptation in sound recording is to match the camera perspective for each
new shot. In early sound recording there was an attempt to fit camera perspective, shot by-shot to what was seen. A wide master shot was thus more reverberant than the
associated close-ups. Then, when the scene was cut together, there was a very
noticeable change in the amount of reverberation. Modern practice, thus, most often
uses relatively small changes in the microphone perspective to correspond to large
picture changes and the reverberation changes are consequently kept fairly subtle.
Mixing
Production sound mixing involves microphone technique, recording, synchronization,
and has an impact of editing. Strictly speaking, mixing is dynamically manipulating the
level controls of the various microphones during the recording, taken for the purpose of
emphasizing the desired sound, and the converse. In the modern practice, mixing phase
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is not strictly connected to the recording phase. Nevertheless, it became the basic part
of the sound editing. The term mixed sound (or final mix) relates today on the
completed soundtrack of the movie.
Synchronization
Synchronization refers to two basic terms. First, it refers to the technique which enables
the picture and sound to be in the same phase and to ‗move‘ synchronously. Second, it
relates to the process of later recording of the dialogues and sound effects (Foley) in
studios, which couldn‘t be recorded on the set with the appropriate quality. Even in
situations when the later recording of dialogues and sound effects were not needed, the
synchronization was necessary to avoid the problem which turned out during the
process of making the film copies, which often caused the asynchrony between picture
and sound.
In today‘s practice these problems are over passed with the new digital technology.
Editing
Editing is the final step of sound design, and results in getting the final mix (or the
soundtrack) of the movie. During this phase all recorded sounds (speech, sound effects
and music) are combined together to achieve the final ‗sound vision‘. To manipulate
with the sound, sound editors use a mixture of types, cuts and transitions, to get the
final mix.

2.7 CHECK YOUR PROGRESS
Q.1. Trace the history of audio recording?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Q. 2. What is a magnetic tape?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Q. 3. What are the characteristics of film sound?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Q. 4. What do you understand by sound mixing?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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UNIT- 3 SOUND RECORDING TECHNIQUES
Unit Structure
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.1

Learning Objectives
Meaning of Recording
Types of Recording
Types of Sound Production
Sound Production Process
Recording Process
Check Your Progress

LEARNING OBJECTIVES

After completing this unit, learners should be able to understand:





3.2

The process of sound recording;
Various types of sound recording and production;
The sound production process; and
The techniques of a sound recording process.

MEANING OF RECORDING

Recording can be defined in many ways. One sense of the term is, ―notifying or
documenting some notes or statements‖. Recording sounds using mechanical or
electronic methods is quite different from notifying data or information. Recording
method varies from visual to audible. There is a diverse range of recording medium
including scripting, photographing, and drawing, etc. Sound recording implies to
preserve for listening again in future. However, recording sound differs from preserving
an object visually. In that sense, recording sound can be defined as a progression of
codifying or storage of human speech or singing, sound pertaining to instrumental
music or sound effects using electronic or mechanical methods. This can be understood
as a result of the scientific revolution.
There are four kinds of sound recording technologies that have emerged so far, since
the evolution of sound recording. Similarly, as far as the methods and procedures are
concerned, four kinds of recording eras can be identified as Mechanical Era, Electronic
Era, Magnetic Era and Digital Era that have continued from the early times to modern
periods.
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The four types of sound recording are:
1. Mechanical or Acoustic Recording
2. Electronic Recording
3. Magnetic Recording
4. Digital Recording
Mechanical Sound Recording
Mechanical recording is also known as acoustic sound recording. That is the initial and
practical method of recording sounds. Sound grooves on the recorded medium (wax or
other medium) were produced by the mechanical vibrations of a needle, which was
connected as stylus to one end to the membrane and the other end to large horn that was
employed as a microphone. In this recording process, sound was recorded as a visual
image into the membrane or the recording medium.
Electrical Sound Recording
Electrical recording emerged as a result, of scientific experiments and innovations. In
the electrical recording progression, sound is recorded using electronic devices such as
microphones, amplifiers and other appropriate equipment such as electrical record
cutters rather than phonograph horn that was used to record sound mechanically. The
sound quality of electrical recordings did not have harsh sounds like in mechanical
recordings and it improved the sound quality of recordings. However, the technology of
electrical recording did not change the practice of live group performance. Both
magnetic and digital recording technologies can be considered as evolutionary and
advanced methods of sound recording.
3.3

TYPES OF RECORDING

Even though this technology is basically classified based on the time periods and its
advanced features, the functionalities and the process of it permit one to discuss three
major headings as follows:
1. Live Recordings (Pre-production)
2. Track Recording (Post-production)
3. Programming
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Live Recordings (Pre-Production)
Sometimes, the musical performances are simultaneously recorded on specific media.
All the recordings that were stored on the previous storage medium such as wax were
cut to such medium at the same time of recording. However, this method is not
employed very often and it is not considered to be a proper and practical method of
recording of musical data. However, this is used to record live concerts and folk music
performances especially for preservation. The live beams of programs that are
broadcast employ the same method of recording.
Track Recording (Post-production)
With the introduction of magnetic recording with different track counts, the technique
of track recording came into existence as a practical method of sound recording.
According to this method, music is recorded using certain recording equipment
(especially microphones) on its own track. Finally, all the recorded tracks are mixed
once the recording process is completed. This principle is commonly used presently due
to its convenience and practical simplicity.
Programming
Programming is commonly used in the field of computing vocabulary. It is related to
the field of computers. The concept was adopted in the field of music with regard to the
gradual development of computer based music recording and production technologies.
With the development of the digital music recording technology which is based on
software and MIDI (Musical Instrument Digital Interface) devices, both composing
music and recording came to be known as music programming. Storing programmed
and manipulated data of music in a compatible medium by means of software and
certain other equipment is called ‗programming‘. As a result, the position of ‗sound
engineer‘ is sometimes replaced with that of the ‗music programmer‘.
There are two existing forms of recording. They are:
1. Analog Recording
2. Digital Recording
In analog recording method (Analog means that the electrical signals consist of
continuous changes in electrical voltage rather than a discrete series of numbers as in
modern digital format), waves of sounds produced by human voices or acoustic musical
instruments are recorded as physical texture on the medium. But when record the same
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analog data onto a tape medium it converts into electrical signals and are then stored on
a tape. On the contrary, Digital Recording is a process of transcribing sounds or data
into binary or numeric format (1s and 0s) while recording is taking place. The process
of transforming analog signal to digital is performed by a converter called ‗analog to
digital converter‘ (ADC). In contrary to analog recording, the most compensation of
digital recording has duplicate number of copies without losing the sound quality as
well as, copies can also be made of copies without the sound being degraded. This
facility is highly supportive for editing purposes. However, both forms of recordings
have their own distinctive characteristic qualities. As far as both formats are concerned
analog recording is like a painting while the digital is like a snap shot of a natural thing.

3.4

TYPES OF SOUND PRODUCTION

The foremost part of any production is to contemplate its type. Every production type
has its own requirements, its own target audience, its own production values and its
own equipment setup. For example, if the production is a talk or speech based, the
production requirements will be an audible vocal range with no unnecessary noises.
The target audience group will be people looking for information, such as students,
news enthusiasts, etc. The production values will be information based such as
educational, news and discussions. The required equipment will be considerably very
limited. The maximum list you might need will be a microphone, a mixer, a headphone,
speakers, a recorder, an audio compressor, an expander and a limiter.
On the other hand, for a musical production you might have to use a considerably larger
set-up. The equipment list might be as follows: A multichannel mixer with at least 16
inputs; microphones as per the instruments involved in the show; multiple headphones;
external effects like reverb, delay, etc. speakers; amplifiers; compressors; limiters; and
the list might go on to cover cross faders and equalizers. This will be a relatively larger
set-up than a speech based production.
There are basically three types of production scenarios. They are:
1. Studio Sound
2. Film Sound
3. Live Sound
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These can be further categorized into:
a. Speech Based Content; or
b. Music Based Content
Let us take a look at these production types one after the other.
Studio Sound
Studio Sound production has high standards. The final product has to be of the highest
quality in terms of sound and production values. The requirement is to have a really
good sound with good frequency response, a good dynamic range and good Signal to
Noise Ratio (SNR). Basically, the end product has to be of industry/professional
standards. Such a sound can be only obtained in a controlled environment (a studio is
built as a controlled environment to avoid unnecessary reverberations and noise). This
production type is used for recording different audio contents such as music albums,
speech, dialogues, and film scores. If you notice these contents, when usually heard, are
recorded in high quality. The usage of these contents is usually for commercial
purposes and also for community services as well. For example, the film score as the
name suggests is used as the background music for an entire movie. This production
will involve a mixture of acoustic or ‗real‘ instruments and digital instruments. Usually
these productions are done on a high scale, which requires a controlled environment.
Thus a studio is used.
For community uses, special non-profit based fully equipped studios are used to
produce content. Based on the studio‘s size and its amenities, the studio will be limited
to one or several production types. For example, if the studio is 20ft x 30ft, the resulting
area is not big enough for a 20 piece orchestra. Hence, recording a film score in such a
small studio is very difficult. The studio, however, can be used for mixing the
recordings done involving the 20 piece orchestra. The studio with the above mentioned
measurements can be easily used to record a music album or dialogues for a film or
television.
3.5

SOUND PRODUCTION PROCESS

This particular production type involves three stages:
1. Recording
2. Mixing
3. Mastering
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Recording
In this stage only the recording is done. The main point that is to be kept in mind is to
have an optimum level from the microphones without any distortion or ‗clipping‘. This
is the most critical stage of the production process since without a good recording the
next two stages will not be very effective. If a certain effect is to be recorded
permanently during the recording process then it should be applied or included in the
signal path at this stage.
Mixing
In this stage, the recorded material is mixed according to the requirements of the
production. During this process, the final product is achieved partially with room for
modifications. Any or every effect unit is applied during this stage. The program
producer works closely with the editor and the final product starts to take shape. Until
the mixing is finalized, the product cannot be forwarded to the third stage which is
mastering.
Mastering
In this stage, the mixed product is ‗sweetened‘, in other words finalized without any
further changes to be made. The only effects applied here will be for enhancing the
final product for the target audience to hear. The audible ‗power‘ which is heard in
commercial songs or film scores is achieved in this stage. The finalized product or
‗master‘ is further sent for multiple copy making or any other purposes (like
broadcasting).

FEATURES OF STUDIO SOUND
The features of the studio sound production type are:
1. High quality results
2. Non – chronological workflow
3. Better control on the production process
High Quality Results
The main production value to use studio sound is to record in high quality. The end
product, as a result, is of high standards and quality.

Non-Chronological Workflow
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This is regarded as the best characteristic in studio sound. The production does not
necessarily have to start at the beginning and then go towards the end. In a studio, you
can record the ending first and then go on to record the beginning and then record the
in-between pieces. For example, in a situation of recording dialogues, one artist is
available while the other is not. This will not be a problem as you can record the
available artist at the time and then later record the other artist when he/she is available.
The two artists might not even be involved in the same scene together.
Better Control on the Production Process
In studio sound, there is a higher level of control on the production process. If we
consider the above mentioned example, if the scene comprises of more than five people
involved, the recording becomes difficult. The use of a studio enables the producer to
schedule the artists to avoid such problems.
FILM SOUND
As the name suggests, this production type is for films only. In this production type, the
sounds which will be required in the film are decided and then recorded acoustically
using live sound or reproduced digitally. These sounds include sound effects, room
ambiences or room tone, dialogues, background noises, etc. The sound designer,
director and the producer work together with the script and decide the necessary sounds
that are required. This process is called sound spotting. Once the sound spotting is
done, the sounds are recorded and a library is made. This library in return will be used
for the sound effects in the film or for any other purpose as well. In this particular type
of production, some of the sounds are recorded outdoors in the field and some are
reproduced digitally indoors in a studio. For example, a gunshot sound effect cannot be
recorded indoors but can easily be recorded outdoors whereas a foot step can be
recorded indoors and has no need to be recorded outdoors. These kinds of decisions are
made during the sound spotting stage. Sound spotting is the process in which the film‘s
producer, director and the sound designer have a meeting and decide the required
sounds for the film according to the script of the film.

PRODUCTION PROCESS
This production type has three stages as well:
1. Pre-Production
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2. Production
3. Post-Production

Pre-Production
During this stage, the sound spotting takes place and the required sounds are decided. It
is during this stage that the sound team is also finalized and assigned to different jobs.
The locations along with the equipment requirements are finalized at this stage.

Production
This is the most essential stage of the entire production process. The sounds are actually
recorded using location recording equipment (portable recorders, and microphones).
The sound effects are recorded, the dialogues are recorded and the room tone or
ambience is recorded. A detailed Edit Decision List (EDL) is also kept with all the
details of the recorded files. For example, an on-screen artist takes five attempts to
achieve a perfect scene. Each take is recorded by the sound team. A log is made with
each video recording or ‗take‘ and its respective sound recording. After this a particular
recording is finalized as the ‗perfect take‘ and entered into the EDL. At the postproduction process, the EDL will be helpful to locate and select the specific sound file
for any given scene in the film. Once all the recordings are finished then the postproduction process starts.
Post-Production
This is also a very important stage in the production process. In this stage, the finalized
recordings are synchronized with the final cut of the film. If there were any problems
during the production stage, they will be solved here in this stage. For example, if the
dialogue of one artist in a particular scene was not recorded properly because of too
much of background noise like a train or an overhead airplane; then this particular
dialogue is recorded in the post-production stage with the artist watching the film and
re–enacting the scene. This process is called Dubbing. Sometimes the dialogues are
rewritten and are recorded at this stage while the artist watches the film. The
background music of the film is also recorded and synchronized to the film at this
stage. The surround sound encoding is also done (if necessary) at this stage. This stage
takes the longest time of the production process. During this stage, the sound track of
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the film, comprising of dialogues, music and sound effects are finalized and then the
film is sent further for making multiple copies.

FEATURES OF FILM SOUND
The features of a film sound production type are as follows:
1. Industry Standards are met and sometimes are newly created;
2. Combination of Studio and Location Recording; and
3. Non–Linear Workflow.
In film sound, the industry standards are met all the times and sometimes new standards
are defined or created during some film‘s production. For example, a particular scene in
a movie requires you to apply a certain method which has never been used or not used
in the particular scenario; you create or ‗define‘ an industry standard at that very
moment. The current standards that are prevalent in the film industry were defined
previously by someone or the other.
This particular production type is almost always a combination of studio and location
recording. Most of the sounds are recorded at locations but a few which are not
available in the outside world have to be created digitally and hence a studio is used.
Also, the final stage in the production process, namely post–production, requires the
use of a studio.
This particular production type takes full advantage of the non–linear work flow
method. Any film is not always recorded one scene after the other as the films
chronology demands; but rather the scenes are recorded according to the availability of
the artists. If one artist is available then his/her scenes are recorded on that occasion.
Let us now look at the third and the final type of production scenario
which is Live Sound.
Live Sound
This type of production is used for live shows or programmes. Almost all the work is
done in ‗real time‘, which means on the go. This is the most challenging production
type. This production type makes everyone involved to be on high alert at all times. The
programme to be performed would be live and hence there is very low opportunity for
any mistake. The process involves the assembling of the equipment. The next stage is
to do a sound check. Then the programme is actually performed live in front of an
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audience or broadcast live on the television. There is very little room for error in this
production type. The sound engineer will be on the mixer controlling all the mixing
while the sound assistant will be responsible for helping him with all the requirements
for the event. A sound assistant would mostly have to help with the setting-up of the
equipment and has to make sure that everything works properly as per the orders given
by the engineer or the performer. This particular production type also has three stages,
namely, Assembling, Performance and Pack Up.

PRODUCTION PROCESS
1. Assembling
2. Performance
3. Pack Up
Assembling
This process includes the planning of the set-up, determining the requirements of the
event and then the assembling of all the necessary equipment. This is the most time
consuming stage of the production process since the production team will face a lot of
problems and they have to troubleshoot them as well in order to carry out the event
successfully. This stage requires the maximum man power to do all the set-up process.
This is also a stage requiring due care as the equipment handled will be very heavy and
has to be set-up/wired. If proper care is not observed then the results can be harmful
(due to use of high power supply). Due care therefore is required to be taken.

Performance
This process is the most crucial stage of the entire production process. Since the event
is live, there is next to no room for any errors. This stage relatively is simpler than the
setting-up stage. Only a few people are required to carry out this stage of production.
The people usually involved are the sound engineer, the sound assistants and the stage
technicians. This is the most challenging and the most entertaining stage in this
production.
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Pack Up
This is the final stage where the event is over and the equipment that was used has to be
packed up. This stage also requires more man power. It is also a stage requiring due
care and attention since any equipment can fall and hurt someone. Most of the
equipment used for live sound is very heavy and needs to be handled carefully.

FEATURES OF LIVE SOUND
The features of the live sound production type are:
1. Real-time Performance
2. No Room for Error
3. Time Limit
Real-time Performance The program will be performed in real-time, this means that
all processing and decisions will be done or taken at the moment while also trying to
achieving the best sound quality possible.
No Room for Error
As the production is live, there is no scope for errors during this production. Any errors
committed during the production will not be correctable in comparison to the other two
production types.
Time Limit
The production has to be finished within a time limit. There is no freedom to make later
changes to the content that was performed. All the processing has to be done
simultaneously with the production.
Outdoor Recording
Recording outdoors is a challenge on its own. There are a lot of matters to be taken into
account. There are a few parameters to be kept in mind while recording outdoors. These
are as follows:
The Location
Always keep the location in mind. Every location will have its own limitations for
recording sound. For example, every restaurant can vary one to another in its loudness.
Every room will have its own reverberation time. The time taken for a sound to die in a
room is called reverberation time. Do select an appropriate location as per the recording
to be made.
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The Natural Circumstances
These might not be suitable for a recording but the location could be perfect. This
situation demands the use of certain equipment to neutralize these natural
circumstances. For example, if the location is too windy, then a cover/wind shield can
be placed on the microphone to take care of this problem.
Equipment
The equipment used for outdoor recording will be different than the ones used in a
studio. They have to be rugged and sturdy for transportation and functioning. Always
keep in mind to choose the right equipment while recording outdoors.
Multiple Recordings
Always record the same part at least twice like standby recording. This will help to
have a choice when using the recording elsewhere.

3.6

RECORDING PROCESS

In this section, you will learn the most basic recording process which will slightly vary
according to the various production processes. The recording process is as follows:

Know the
production
type

Recording

Equipment
Selection

Rehearsal

Assembling

Microphone
Placement or
'Miking'

Figure 2: Recording Process

Let us take a look at these steps one after the other.
Know the Production Type
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The first step in the recording process is to know the production type of the program to
be recorded. This will help significantly in the next step of equipment selection. Every
production type will change the list of equipment that will be required during the
recording process. Knowing the production type is the first and the most important step
in the recording process. Every decision taken afterwards will be on this step‘s basis.
Equipment selection
The next step in the recording process is to select the equipment required for the
recording. Here, you will select your equipment keeping the production type in mind.
For example, there will be a requirement of one or two microphones during a speech
based programme, but a significantly larger number of microphones will be required for
a music based programme.
Assembling
The next step in this process is to assemble the equipment in a proper chain. This
process is very critical as you will have to decide which equipment comes after another.
The audio chain has to be decided in this step. The most basic chain is as follows:

Microphone
or Source

Mixer

Compressors,
Reverbs

Amplifier

Cross Faders

Equalizer

Speakers

Figure 2: Audio Chain

Microphone Placement or ‘Miking’
This process is a very important step. The concept behind this step is that the
microphone captures certain frequencies of the same source at different positions which
then results in the source sounding different with every microphone placement. The aim
to be achieved in this step is to attain a natural sound of the sound source. Try several
microphone placements and experiment with the placement of the sound source itself.
Rehearsal
It is always important to have a rehearsal before the actual recording starts. If the
different microphone placements did not work to attain the desired sound, then this can
be achieved using the other equipment. This step will enable you to tweak the sound
source through the mixer and other outboard equipment to achieve the required sound.
This process will also allow the sound source to practice with the new modifications
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around them. It is always helpful to request the artist to perform as if the recording is
going on. This will help in setting-up of the headroom for the recording process.
Headroom is required to avoid sudden peaks in the recording signal. This is achieved
by observing the loud parts of the program and then reducing the master fader to a
comfortable level where these peaks will not distort even if they occur during the
recording.
Recording
Once the rehearsal is complete, you will be ready to record the sound source. If the
previous steps have been followed accurately, then the recording will be of high quality
and there will hardly be any requirement to tweak the equipment during the recording
process. There are a few points to be kept in mind during recording. The studio has to
be silent and the artistes have to be told not to make unnecessary sounds during the
recording process. The headroom has to be constantly monitored as to avoid peaks. At
the same time the audio signal should not become very weak as to not be audible. Once
these steps are carried out accordingly, the resulting sound or recording will be of a
high quality and of professional standards.

3.7

CHECK YOUR PROGRESS

Q.1. Define sound recording.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Q.2. Throw light on various recording technologies.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Q.3. What is Live-Recording?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________________________________________
Q.4. What is ‗Miking‘?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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UNIT- 4 INTRODUCTION TO MICROPHONES
Unit Structure
4.1 Learning Objectives
4.2 Introduction
4.3 Classification of Mircrophones
4.4 Factors to be Considered While Selecting Microphones
4.5 Check Your Progress
4.6 References
4.1 LEARNING OBJECTIVES
After completing this unit, learners should be able to understand:




The importance of microphones;
Various types of microphones; and
Factors considered while selecting microphones.

4.2 INTRODUCTION
The microphones (mic or mike in short) and the speakers are very common audio
equipments. You see them not only in public meetings and conferences but you come
across them even when you use your phone. The work of a microphone and a speaker
are opposite of each other. A microphone converts sound vibrations into electrical
entity (voltage/current) while a speaker converts the voltage/current into sound
vibrations by moving the diaphragm of the speaker and producing vibrations in the air.
Basically a microphone has a diaphragm which moves when sound pressure pushes it.
This movement can be converted into proportional voltage using several possible
transducers. Here, a transducer is a device which receives electrical, mechanical or
acoustic waves from one medium and converts them into related waves for a similar or
different medium. Thus, it can be said that a microphone (mic) is a transducer that
converts acoustical sound energy into electrical energy. Its basic function is therefore to
convert sound energy into electrical audio signals which can be used for further
processing.
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4.3 CLASSIFICATION OF MIRCROPHONES
We can classify the microphones based on construction/ directivity as
shown below:

Figure 3: Classification of Microphone

Microphones Based on Type of Transducer/Construction
There are different kinds of microphones based on the type of transducer/construction
used in the instrument. Let us discuss them one by one.

Condenser Microphone called as Capacitor Microphone or Electrostatic
Microphone
It is made up of two parallel very
thin plates, positively and negatively
charged respectively. It has a very
thin diaphragm of thickness 1 to 10
micrometers. One micrometer (or
micron) is one millionth of a meter
or one thousandth of a millimeter.
Close to this plate (metallic or
metalized plastic) stands another
metallic plate with holes. These 2

Figure 2: Condenser Microphone

plates act as electrodes and are kept at opposite polarities by supplying DC to behave as
a condenser, they should be insulated from each other. When sound wave pushes the
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diaphragm, it vibrates and the capacitance of the condenser (or capacitor) changes. This
is because the capacitance is proportional to the potential difference and inversely
proportional to the separation between the plates. Any change in the separation changes
the capacitance. The capacitance is also dependent upon the medium but as the medium
here remains the same, so we ignore this parameter. The values of the resistance and the
capacitance are chosen such that the change in voltage is immediately reflected in the
voltage across the resistance in series. Any change in sound leads to change of the
capacitance and leads to voltage change. The voltage is fed to an amplifier to amplify
the level of the signal. Condenser microphones were invented in Bell Labs in 1916.
Dynamic Microphone
It works on the principle of electro-mechanical
induction. This type of microphone is also
called moving coil microphone. Here, a very
small coil is used which is attached to a
diaphragm and suspended in a magnetic field.
When sound waves impinge on the diaphragm,
it vibrates and attached coil moves. This
movement of coil inside the magnetic field
produces an electro-magnetic field across the
terminals of the coil. The current so produced
in the coil is in proportion to the sound.

Figure 3: Dynamic Microphone

Ribbon Microphone
A ribbon microphone uses a corrugated ribbon made
of a metal suspended in a magnetic field. Sound causes
the ribbon to vibrate. This means change in magnetic
flux through the ribbon. This induces an electric
current which drives a speaker. When this current is
flown through a coil attached to diaphragm of the
microphone, the diaphragm vibrates and produces
sound. Special materials developed using nanotechnologies are being used to make ribbons that will
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be light but strong. Being light improves the response to sound. The ribbon microphone
senses pressure gradient and not just pressure. Therefore, it detects sound from both
sides.
Carbon Microphone
Carbon microphone (Figure 5) is also known as carbon
button

microphone

(or

sometimes

just

a

button

microphone). It uses a capsule or button containing carbon
granules pressed between two metal plates.

Figure 5: Carbon Microphone

Piezoelectric Microphone
Piezoelectric microphone uses the phenomenon of
piezoelectricity—the ability of some materials to
produce a voltage when subjected to pressure—to
convert vibrations into an electrical signal.

Figure 6: Piezoelectric Microphone

Fiber Optic Microphone
Fiber Optic Microphone converts acoustic
waves into electrical signals by sensing
changes in light intensity, instead of
sensing

changes

in

capacitance

or

magnetic fields as with conventional
microphones.

Figure 7: Fiber Optic Microphone

Laser Microphones
Laser microphones are often portrayed in movies as spy gadgets, because they can be
used to pick up sound at a distance from the microphone equipment.
MEMS (Micro Electrical-Mechanical System) Microphone
MEMS (Micro Electrical-Mechanical System) microphone is also known as
microphone chip or silicon microphone. The pressure-sensitive diaphragm is etched
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directly into a silicon chip by MEMS techniques, and is usually accompanied with
integrated preamplifier.
Microphone Classification Based on Polar Patterns
A microphone‘s directionality or polar pattern indicates how sensitive it is to sounds
arriving at different angles about its central axis. Some microphone designs combine
several principles in creating the desired polar pattern. Generally the pick-up
pattern/Polar Pattern of microphones fall in following three categories:


Omni-directional



Uni-directional



Bi-directional

Omni-directional
Ideally, an omni-directional or ‗omni‘ microphone picks up sound equally from all
directions. An omni-directional (or non-directional) microphone‘s response is generally
considered to be a perfect sphere in three dimensions.
Uni-directional
A uni-directional microphone is sensitive to sounds from only one direction. The most
common uni-directional microphone is a cardioid microphone, so named because the
sensitivity pattern is a cardioid. A cardioid microphone is effectively a superposition of
an omni-directional.
A hyper-cardioid microphone is similar, but with a slightly larger contribution leading
to a tighter area of front sensitivity and a smaller lobe of rear sensitivity. A supercardioid microphone is similar to a hyper-cardioid, except there is more front pickup
and less rear pickup.
Shotgun Microphones
Shotgun microphones are the most highly directional. They have small lobes of
sensitivity to the left, right, and rear but are significantly less sensitive to the side and
rear than other directional microphones. This results from placing the element at the
back end of a tube with slots cut along the side; wave cancellation eliminates much of
the off-axis sound. Due to the narrowness of their sensitivity area, shotgun microphones
are commonly used on television and film sets, in stadiums, and for field recording of
wildlife, etc.
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Bi-directional Microphones
Bi-directional microphones receive sound equally from both the front and back of the
element. Most ribbon microphones are of this pattern. In principle they do not respond
to sound pressure at all, only to the change in pressure between front and back; since
sound arriving from the side reaches front and back equally there is no difference in
pressure and therefore no sensitivity to sound from that direction.

4.4 FACTORS TO BE CONSIDERED WHILE SELECTING MICROPHONES
Selecting on appropriate type of microphone is an important factor to control noise and
produce quality sound. Factors which should be considered before selecting a
microphone are:
Impedance
Generally, resistance is considered for circuits‘ width of DC source. In case AC supply
is used and circuit contains inductor and capacitor in addition to resistors, impedance is
considered. While selecting microphones impedance has involvement of frequency
factor. The length of the cable used for microphone varies as per the impedance needed
for a particular circuit or load. In most of the cases the wire impedance is kept low to
increase the length of the cable for mic system.

Frequency Response
Frequency response is a microphone‘s capability to service high and low frequency
sounds. Ideally, quality microphone can receive frequencies ranging from 20 to 25,000
Hz.
Pick Up Pattern
This refers to choice of sound from one or all directions. Different microphones are
used to cater such varied requirement.
Balanced and Unbalanced Microphone
Balanced microphones are used for professional recording purposes and they carry
three wires while unbalanced connection use two (2) wires, i.e., central conductor
carrying audio signal while shield/basket carrying ground wire.

Odisha State Open University, Sambalpur

Page 40

Sensitivity
It is the ability of microphone to pick up faint sounds and thus termed as sensitivity.
Highly sensitive microphones are used in studio while in field, low sensitivity based
microphones are used as the chances of microphone being affected by strong wind are
higher.

4.5 CHECK YOUR PROGRESS

Q. 1. What is a microphone?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Q. 2. How are microphones classified?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Q. 3. What is a uni-directional microphone?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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4.6
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