Earlier on we looked at some of the basic theories behind the operation
of microphones. We looked at how sounds travel as pressure waves in
air. We also mentioned transducers, the devices which convert energy
from one type to another.

Microphones are transducers that pick up sounds as pressure waves,
and convert them to electrical signals. The microphone is a very
important piece of equipment, particularly because it has to be used with
great skill to pick up good quality signals. We will look first at how
microphones work, and the differences between different categories of
microphone.

Microphones may differ from one another in a number of ways. To help us to
differentiate between them, we use particular words to describe different categories. This
helps us to distinguish one category from another.

All microphones can be classified using these categories: Conversion Methods,
Directional Patterns, and Fidelity.

All microphones are transducers in that they pick up sound waves and produce electrical
signals, but microphones differ in the methods that they use to achieve this. This may
seem relatively unimportant for us as users of microphones, but the different conversion
methods do have implications that we need to be aware of. We will look at the most
commonly used conversion methods. There are others, but itis unlikely that we will ever
encounter microphones that use them.

All of the currently used methods for the conversion of sound to electrical signals use
one of two basic approaches: one is the use of Electromagnetism, and the other involves
Electro-Static charge.

Microphones that use the electromagnetic approach to conversion, employ the same
principles as are behind an electric generator (or Dynamo). Both the dynamo and the
electromagnetic type of microphone produce electrical signals by moving an electrical
conductor through a magnetic field. In the microphone the movement is caused by the
sound pressure waves hitting a diaphragm, the signals then generated follow the shape
of the original sound waves. Microphones that work in this way are commonly referred to
as DYNAMIC. There are two main groups of dynamic microphones which use the same
principle in a different way, they are known as Moving Coil, and Ribbon microphones.

In the moving coil microphone, a coil of wire is joined to a diaphragm designed to collect
the sound vibrations. The coil is held in a magnetic field, and this coil generates the
electrical sound signal.

In a ribbon microphone, the diaphragm is made of an extremely delicate and thin 'ribbon’
normally made of aluminium. This ribbon is not only the diaphragm, but also the
electrical conductor, and as it is placed within a strong magnetic field, it generates the
electrical sound signal. The ribbon is easily damaged, so this type of microphone is
extremely delicate and should never be used outdoors.

Microphones that use the electro-static approach to signal conversion, use the property
of electrical "capacitance" and the storage of electrical charge to convert sound pressure
waves into signals. They are normally known as CAPACITOR microphones, although
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they may occasionally still be referred to by the old name of 'Condenser' microphones -
the two terms have the same meaning.

The electro-static microphone cannot generate electrical signals, so capacitor
microphones need power supplied to them in order to work. In addition, the signals that
they produce are not immediately suitable for use, and so the microphones also contain
some electronics to convert the signal to a usable form. All capacitor microphones have
a fixed 'plate’ (a very small and light metal disc), and a moving one. As the moving plate
(the diaphragm of the microphone) moves in response to sound pressure waves so the
capacitance of the two plates varies, and a sound signal can be detected by the
electronics.

Although all capacitor microphones use this same technique, there is a particular type of
capacitor microphone which is commonly used in consumer electronics. This type is
called the ELECTRET capacitor microphone. This is different from other capacitor
microphones in that it requires a much lower operating voltage. This means that in
general, electret microphones can be powered by a small internal battery. In practice
such microphones are rarely used in studios, and on the rare occasion that they are, they
may well be designed to operate like a normal capacitor microphone.

Because conventional capacitor microphones need electrical power to operate, a system
has been developed to allow such microphones to draw power down the same cable that
is used to return the sound signal from the microphone. This system is called
PHANTOM POWER. Most professional equipment designed for use with microphones
automatically supplies this phantom power. If phantom power is not available, it is
possible to use a phantom power adaptor which injects the necessary power into the
microphone cables.

Not all microphones pick up sound pressure waves equally well from all directions.
These variations are normally described with the use of diagrams or graphs that show
pictorially how sensitive the microphone is in different directions. A number of different
terms are also used to describe these patterns. These terms either describe the shape of
the pattern, or the means by which the pattern is obtained. Here are are three of the
most common patterns and some of the variations.

Omni means "all'. An omni directional microphone is a microphone that picks up sound
in all directions, irrespective of which way it is pointed. The pattern of this type of
microphone is therefore a perfect sphere, shown on paper as a circle.

This type of microphone is also known as a 'Pressure’ type, as it
responds to the pressure of the sound pressure waves. This effect is
produced by having the rear of the diaphragm sealed off.

The following terms are identical in meaning:

Pressure Microphon e
Omni-directional Microphon e
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Bi means two, thus the bi-directional microphone is a microphone that picks up sounds
best in two particular directions. The pattern for this type of microphone is in fact a little
like two spheres touching each other. When drawn on paper this looks a little like a
figure 8, so this pattern is commonly referred to as a figure of eight.

This type of microphone is also known as a 'Pressure Gradient' type as it
responds to the way that the pressure changes between two points. A pressure
difference between two points gives rise to air movement - a velocity of air,
and so this type of microphone may also be termed a 'Velocity' microphone.

The following terms are identical in meaning:

Bi-Directional Microphon e
Figure of Eight Microphon e
Pressure Gradient Microphon e
Velocity Microphon e

Uni means one, and thus a uni-directional microphone is a microphone which picks up
sound best in just one direction. This type of microphone is perhaps one of the most
commonly used. However it is quite a broad category, as microphones with a variety of
patterns can all be called uni-directional.

The most commonly used uni-directional pattern is called the ‘cardioid'.

This name is given because on paper, the directional response of the
microphone resembles a heart shape (cardioid meaning 'as
a heart’). Other types of uni-directional microphone include
the 'cottage loaf', the 'hyper-cardioid’, and the 'gun’ or 'rifle".
Most of these names are taken from the shape of the response pattern,
but the name 'Gun' or 'Rifle' mic comes from the way that the microphone
itself looks and is used.

There is one other type of 'uni-directional’ microphone which is really in
a category of its own. This is the "Pressure Zone Microphone" or 'PZM',
which has a nearly hemi-spherical directional response. lItis also
sometimes referred to as a 'boundary zone microphone'.

Most uni-directional microphones achieve their directional patterns by combining the
effect of 'pressure' and 'velocity' microphones. They occasionally actually use a pressure
microphone and a velocity microphone in the same casing to produce the effect. Some
microphones use the two microphones in one case approach to allow the user to change
the directional properties of the microphone with a switch.

Fidelity is the accuracy with which a microphone converts the original sound pressure
wave into a signal. This is of great importance in recording, as any quality or detail lost
at this stage can never be recovered.

The main consideration as far as microphones are concerned is that of frequency
response; how well the microphone preserves the tonal qualities of the sound being
picked up. For example two microphones having a similar frequency response may
sound quite different.

One important aspect of frequency response is how the frequency response varies to
sounds coming at the microphone from differing directions. Some microphones,
particularly the more directional ones may have a clear frequency response in their
active direction ('On Axis' as it is called), yet may be much less accurate, often seriously
overemphasising the lower frequency sounds reaching the microphone from other
directions.

Another important part of fidelity in microphones is the level of noise (unwanted signals).
However this is rarely a problem in radio programming as noise from modern
microphones is normally less than noise from other parts of the system.
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There is one type of noise that can be a problem but it is not really microphone noise.
That is the unwanted sounds picked up by the microphone. Wind noise and noises due
to handling can often be a problem. The microphone may not be directly to blame. If a
microphone is to be used outside or held by hand it may help a great deal if the
microphone is designed to minimize such problems.

A practical look at a selection of different Microphones,and how they are commonly
used.

Manufacturer:- AKG Acoustics

Model:- C451E with CK1 capsule
Category:- Capacitor

Pick up pattern:- Cardioid, Uni-directional

Usage:- Normally in studios, for recording speech and music. %

General Comments:- A very high quality microphone system. This system
uses a common main body, containing the electronics and a screw in
"capsule" which may be used to alter the directional qualities of the
microphone.

Limitations:- This microphone is quite sensitive to handling and is
therefore normally used mounted on a stand. It is also quite sensitive to
wind noise and plosives. It is usually used with a windshield (shown) fitted.

Manufacturer:- Coles Electroacoustics (prev made by S.T.C.)
Model:- 4038 (Also known as a 'Frying Pan!")

Category:- Dynamic Ribbon

Pick up pattern:- Figure of 8 (Velocity or Pressure Gradient)

Usage:- Normally in studios, for recording speech and music.
(Particularly used in recording drama)

General Comments:- An old but very highly regarded microphone
which has a very pleasing smooth sound. It is still widely used to
record classical music, and in the speech studios of the BBC World
Service.

Limitations:- This microphone is very sensitive to air movement,
and should never be used out of doors, or even in a draught.
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Manufacturer:- AKG Acoustics

Model:- D222E

Category:- Dynamic Moving Coil

Pick up pattern:- Hypercardioid, Uni-directional
Usage:- Speech Recording

General Comments:- This microphone is a good quality general
purpose model. It is often used for close mic-ed voice recording,such as
with self operated presentation, because it gives a good warm rich sound
without being too susceptible to 'Bass Tip up'. Its predecessor (the

D202) performed a very similar role.

Limitations:- Whist this mic can be hand held, it must be held with care
as it is slightly susceptible to handling noise. Also, whilst it does have a
built in windshield, this does need supplementing when used out of
doors.

Manufacturer:- AKG Acousics

Model:- D130E

Category:- Dynamic Moving Coil

Pick up pattern:- Omni-directional (Pressure)
Usage:- Generally in location interviews and Vox Pops

General Comments:- This microphone is a robust model,designed for hand
held use. It features low handling noise, and is designed for clarity in
reproducing speech.

Limitations:- The 'hard' sound of this microphone is designed to reproduce
the detail of speech clearly, but this means that it is not good for other types
of recording. Its built in windshield needs supplementing if used outside in a
breeze.

Manufacturer:- AKG Acoustics
Model:- D190E
Category:- Dynamic Moving Coil

Pick up pattern:- Cardioid, Uni-directional

Usage:- This microphone is very popular for use in Public Address systems as it is
inexpensive and clear sounding.

General Comments:- The major asset of this microphone is its value for money, so it is
not generally not be seen in larger studios. It can be a useful microphone for simple
studio set-ups.

Limitations:- The sound of this microphone is designed to reproduce the detail of
speech clearly, giving a rather hard sound. This means that it is not ideal where an
alternative exists.
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Understanding how microphones work is a science. Using microphones is an art, so itis
not possible to lay down rigid rules as to how microphones should be used. What we can
do is give some general guidelines that may help.

"A microphone is a modern symbol of the human urge to capture a bit of the living world
and examine it later at our leisure" Bruce Sweiden

We can use our ears and brains to select which sound we want to concentrate on. Very
often we do not hear other sounds going on at the same time. However, microphones
don't have brains, they can't select what they pick up. We need to recognize their
weaknesses and where they may have problems. Then we can either avoid the problem,
or at least minimize its effect.

To a greater or lesser extent microphones pick up sound and vibrations through their
bodies. If a microphone is hand held, it can pick up every movement of the hand holding
it, depending how steadily the microphone is held and how the cable is gripped - if the
cable is allowed to fall free this can cause problems.

Microphones mounted on stands will pick up noise that is transmitted by the floor as
vibrations. In particular, footsteps may be picked up this way if the floor is not firm. It is
possible to use mounts which absorb some of the vibrations to help avoid this problem.

Microphones vary greatly as to their susceptibility to problems caused by draughts or
wind. Yet all microphones are affected in some way. Some microphones should never be
used outside, whilst others are designed for it.

Where wind noise is a problem, two solutions may help: the first is to shield the
microphone from the wind in some way, normally with the body of the microphone user.
The other solution is to use some form of windshield. The simplest windshields are open
celled foam plastic, which diverts the blast of the wind, without interfering too much with
the sounds. More complex, all enclosing windshields are occasionally used when the
problem is very bad, or must be completely eliminated.

When we say certain sounds, our mouths make an 'explosive' release of air. This burst
of air can cause distortion in the microphone. The sounds made by these letters are
called 'plosives’. Sometimes the problem is referred to as 'popping’. In English the worst
plosives are caused by the letters P and B. In other languages it may be different
sounds, for example Kh.

The solution to this problem varies. It may be possible to get the speaker to reduce the
effect of the plosives. A microphone windshield may also help. Often the solution is to
move the microphone away from the mouth of the speaker, and off the direct line of the
breath (straight out from the lips).

The speaker may make noises that we do not wish to pick up! If they are getting hungry
their stomach may rumble. A more common problem is noises made by the movement
of the lips and mouth. This can produce a sort of wet, sloppy, lip sound.

Like plosives, the problem partly depends on the individual speaker and the solution is
normally to move the microphone a little further away from the speaker.
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Another problem that can occur, particularly if the microphone is being used close to the
speaker, is 'Bass Tip-up'. This effect makes the low sounds (Bass) sound louder than
they actually are. Voices can sound unnaturally rich and deep.

The solution is generally to move the microphone away, or to use tone controls to
compensate. Some microphone users actually seek this effect to make their voices
sound deeper and richer.

This occurs if the recording is being done inside. The further away a microphone is from
the subject being recorded, the less sound will be received directly from the subject.
Conversely, the amount of sound being reflected off the surrounding walls etc. will
increase. This will have the effect of increasing the 'reverberance’ of the sound.

Such reverberation is rarely wanted, as it can obscure the clarity of the speaker.

Reducing it can be achieved by moving the microphone closer to the speaker. With a
directional microphone it can sometimes be done by angling the microphone away from
the source of reverberation. Studios are specially constructed to have only a little
reverberation to prevent this being too much of a problem whilst working in the studio.

DO treat with great care, microphones are very delicate. It has been suggested that
people should treat microphones as they would the ear of their best friend.

DON'T blow into a microphone ever. This is dangerous for the very delicate diaphragm.
It is a sign of inexperience to blow into a microphone.

DO gently scratch it if you wish to see if the microphone in question is working. This
produces an identifiable noise, without damaging the microphone.

DON'T drop a microphone or hold it by its cable. Some microphones may be fairly
robust. Others are not, and if damaged can be very expensive to repair or replace.

When placing microphones, there are no fixed rules. The aim is to arrange the
microphones so that they pick up the wanted sounds, whilst rejecting the unwanted.
There are three techniques that help to achieve this: Distance, Directivity, and Barriers.

When a microphone is placed close to the mouth of a speaker, even a small movement
to change distance from mouth to mic, will cause a large change in level. Conversely,
when a microphone is a few metres away from the subject, a much larger movement in
position will make little difference to the level. This is an effect that can be used to
advantage in avoiding some sounds, while emphasizing others.

The problem comes when recording voices in a room. The best sound is often a
compromise. If the microphone is too close to the mouth there may be excessive mouth
noises, pop, or bass tip up. If the microphone is too far away, then there may be too
much reverberation because the recording level has to be turned up to compensate for
moving away.

Directional microphones are used because they help to separate wanted sounds from
unwanted. Using the sensitive and insensitive sides of a directional microphone
creatively may solve the problem of sound separation. For example, directional
microphones can be used to separate two voices onto separate microphones, so that the
unwanted sound strikes them from an insensitive direction.

It is relatively easy to separate direct sounds in this way. However because reverberant
sounds come from all directions, they cannot be separated in this way.
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In music recording neither of the above techniques is effective enough. In order to reject
unwanted sounds, portable and fixed sound barriers called acoustic screens are often
used. These may be moved to ‘trap' the sounds and stop them from spilling over into
other microphones. The Drum Kit is often separated in this way in recording rock music.

However this technique is rarely used in Radio. Where screens are used, it is more for
their acoustic absorption properties than for their ability to block sound.

When recording voice, each situation will probably
be different. The following suggestion may help as
a starting position for the microphone.

Distance from mouth to microphone; 30 to 50 cms.
Microphone placed above and to one side of head
(roughly in line with the shoulder), and pointing at
the mouth.
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