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Selecting the right microphone is a
constant part of the job. B a n d :

The Has Beens. Song #5: The Hair I
Used to Have . O ve rdub #16: ukulele.
Wh i ch microphone should be used?

Depending on the studio, the engi-
neer has to choose among maybe a
d o zen or maybe even a hundre d
m i c ro p h o n e s . Th ey come from count-
less manu fa c t u re rs , offering seve ra l
model nu m b e rs .

What will a given micro p h o n e
sound like on a particular instru-
ment in a specific style of music in
this unique re c o rding space? A a a rg h !
Th e re is no end to the possibilities.

One develops insight and intuition
about which mic to try for a give n
situation through ex p e r i e n c e . But we
can help our experience along by
learning how they wo rk .

I t ’s helpful to break down the va s t
range of microphone possibilities
into some subgro u p s . In the re c o rd-
ing studio, the re c o rding engineer
t y p i c a l ly chooses among three types
of microphone designs: moving coil,
r i bb o n , or condenser.

How do they work?
U nusual in our wo rld of complicat-

ed gear (ever open up a digital 8-
t ra ck ? ) , the microphone is an ele-
g a n t ly simple, c o m p l e t e ly knowab l e
t e ch n o l og y. And knowing how the
thing wo rks gives us some insight
into how to use it.

A fascinating parallel betwe e n
electricity and magnetism exists and
seems tailor-made for audio.
Wh e n ever an electrical conductor—
l i ke a wire — m oves through a mag-
netic field, an electrical current is
induced onto it.

L eve raging this principle, c a l l e d
e l e c t romagnetic induction, you can
g e n e rate your own electricity if yo u
wa n t . Just persuade someone to hop
onto a bicycle modified so that the
rear tire is a coil of wire . Set it up so
that the wire rotates through the gap
of a magnet when he or she pedals.
If he or she pedals hard enough and
if the coil and magnet are big
e n o u g h , you could power all yo u r
favorite equipment free (assuming
you don’t pay this pers o n ) . We don’t
k n ow people willing to do that, s o
instead we have power companies.

Power companies use giant steam-
powered turbines to spin generators
that rely on this same fundamental
physical property. And not only does
a magnetic field induce a current on
a wire that moves through it, but
also a changing current on a wire
creates a magnetic field around it.
That is, electromagnetic induction
also works in reverse.

Using electricity to create a mag-
netic field is a basic necessity when

re c o rding music on magnetic tape or
p l aying music back through a loud-
s p e a ke r. M o re on all that in future
episodes of Nuts & Bolts; for now
l e t ’s apply electromagnetic induction
to micro p h o n e s .

M i c rophones that re ly on electro-
magnetic properties to convert an
acoustic event into an electrical sig-
nal are called e l e c t r o dynamic ( m o re
c o m m o n ly ‘ dynamic’) mics. Th e re are
t wo types of dynamic micro p h o n e s
used in the studio: moving coil and
r i bb o n . And they both are appealing-
ly stra i g h t fo r wa rd dev i c e s .

The moving coil dynamic micro-
phone converts sound into electricity
with essentially three components: a
d i a p h ragm that moves with the air, a
coil that is moved by the diaphra g m ,
and a magnet that induces electrical
c u r rent onto the coil when it move s .

This type of mic takes adva n t a g e
of the motion of air particles during
an acoustic sound to move a coil of
w i re through the magnetic field of a
permanent magnet. The coil move-
ment creates an electrical signal
whose voltage changes as a dire c t
result of the acoustic eve n t . I t ’s a sat-
i s f y i n g ly simple pro c e s s .

The ribbon microphone take s
a dvantage of the same electro dy n a m-
ic principle we ’ ve discussed. As a
m a chine that converts acoustic ener-
gy into electrical energ y, it is eve n
simpler than the moving coil system.
The ribbon microphone cleve rly com-
bines the diaphragm and the coil
ab ove into a single device: a ribb o n .
That is, the thing that moves in the
air is also the conductor of electricity.

The ribbon is a piece of metal sus-
pended between the poles of magnet.
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When a musical instrument play s , a i r
molecules move .The air molecules
near the ribbon fo rce it to move; the
motion of the ribbon through the
magnetic field induces electrical cur-
rent onto the ribbon itself.Vo l t a g e
changes that are a perfect analogy to
the acoustic event are cre a t e d .

A third microphone tra n s d u c e r
t e ch n o l ogy employed in the studio
d o e s n ’t re ly on electro m a g n e t i c
induction at all. The condenser micro-
phone relies on the electrical pro p e r-
ty of capacitance instead. We know
that if we hook up a voltage sourc e
( e . g . a battery) across a wire , e l e c t r i-
cal current will flow. If we cut that
w i re , the current stops.

It turns out that there is something
in between a closed circuit (the wire )
and an open circuit (the seve re d
w i re ) . Imagine that after cutting the
w i re we bring the two ends of the
w i re re a l ly close to each other with-
out touch i n g . I t ’s easy to imagine
t h a t , without current actually flow-
ing across the gap we ’ ve made in the
w i re , the two ends would influence
e a ch other electrically.

A capacitor is a component that
does this on purp o s e . Wh e re the wire
was bro ke n , plates of metal are
a t t a ch e d . And these two plates are
b rought up ve ry close to each other,
again without touch i n g . The result is
that an electrical ch a rge builds up
on the plates, pulled by the influ-
ence of the voltage source across the
gap in between the plates.

The ability to store a ch a rg e , o r
capacitance (hence the name capaci-
t o r ) , is a function of the vo l t a g e
a c ross the plates, the size of the
p l a t e s , and the distance between the
t wo plates. As the plates separa t e ,
t h ey become more like a fully bro-
ken circuit and the ch a rge dissipates.
As the plates conve rg e , t h ey have a
s t ronger and stronger influence on
e a ch other and try to appro a ch the
b e h avior of a completed circ u i t — t h e
ch a rge on the plates then incre a s e s .

Once upon a time this type of elec-
trical component was called a c o n-
d e n s e r. While the component is today
g e n e ra l ly called a capacitor instead,
the microphone built around this
t e ch n o l ogy hangs on to the name
c o n d e n s e r.

A condenser microphone is noth-
ing more than a va r i able capacitor
d r iven by acoustic sound wave s . O n e
plate of the capacitor is the
d i a p h ragm whose motion is a re s u l t
of the changing sound pre s s u re
a round it. As the diaphragm move s ,
the capacitance ch a n g e s . The electri-
cal output of the microphone is a
pattern of voltage changes derive d
f rom this change in capacitance.

Mission accomplished: acoustic
music in, electrical signal out.

Which one do I use?
Knowing the type of transducer

technology a microphone employs
gives the engineer some insight into
how it might sound and what appli-
cations it is best suited for. But let
me preface this discussion with
some very important, really good
news: we’re lucky to be in the audio
biz in 1999.

The quality of the design, m a t e r i-
a l s , and manu facturing tech n i q u e s
used today is enabling all micro p h o n e
t e ch n o l ogies to conve rge towa rd a
c o n s i s t e n t ,h i g h - q u a l i t y, h i g h - d u rab i l i-
ty pro d u c t .B e l ow I discuss some gen-
e ral properties of microphones based
on the type of transducer used.This is
a good starting point for deciding
w h i ch mic to use in a given situation.
And it’s certainly helpful when using
the eve r-popular older micro p h o n e s .

Ta ke note, h oweve r, that some new
m i c rophones have add ressed many of
the historic design weaknesses clev-
e rly, c reating mics that are often
a p p ropriate in a broad range of
re c o rding situations.

So with the caveat that these gen-
e ralities don’t apply to all mics, c o n-
sider the fo l l ow i n g .
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Durability
M oving coil microphones are often

c o n s i d e red to be the heartiest of the
b u n ch . As a result they are often the
t ransducer of choice for live sound
a p p l i c a t i o n s , w h i ch are ve ry tough
on delicate equipment.

At the other end of the durab i l i t y
chain is the ribbon mic.The ribb o n
itself is pretty fra g i l e — e s p e c i a l ly on
the vintage (i.e. ex p e n s ive) ribb o n
m i c rophones ava i l able at some studios.

R e m e m b e r, the job of the ribbon is
to react instantly to any change in
the air pre s s u re around it. And if
t h e re is, s ay, a 10 kHz component to
the music you are re c o rd i n g , t h e n
the ribbon has to be able to move
b a ck and forth ten thousand times a
s e c o n d . P hysics asks it, t h e re fo re , t o
h ave as little weight as possible.

U n fo r t u n a t e ly, as the ribbon loses
mass it necessarily loses stre n g t h .
Some ribbon microphones are still
m a nu fa c t u red today, and the ribb o n
within those mics is certainly
tougher than the ribbons in Gra n ny ’s
m i c ro p h o n e s .

But nobody dares stick a ribb o n
m i c rophone in the high amplitude
wo rld of a ro ck and roll kick drum.
Some new ribbons are designed to be
tough enough for screaming vo c a l s
and thundrous electric guitar. B u t
t h ey all want a chance at the horns
(not too close, thank yo u ) , the piano,
and the acoustic guitar, among others .

In the durability category, c o n-
d e n s e rs genera l ly fall somew h e re in
b e t ween moving coil and ribb o n
d e s i g n s . As a re s u l t , you’ll certainly
find some of them performing on
stage or placed near the ve ry loud
instruments such as kick drum, t r u m-
p e t , t ro m b o n e , and so fo r t h .

Sound quality
Though microphones of all types

seem to be improving in capab i l i t y, i t
is worth making some genera l i z a t i o n s
about how a microphone of a give n
t ransducer tech n o l ogy might sound.

M oving coil dynamic micro p h o n e s
a re the largest mechanism used fo r
c o nverting acoustic waves into elec-
trical ones. Not surp r i s i n g ly, t h e n ,
t h ey genera l ly have a natural high
f re q u e n cy roll-off as the ability of
the device to transduce diminishes
at higher fre q u e n c i e s .

Consider the fo l l owing hy p o t h e t i-
cal ex p e d i t i o n . B e fo re the session
b e g i n s , you go food shopping for the
band you are wo rking with, and the
drummer helps. The shopping list
consists solely of potato chips and
b e e r, but in enough quantity to get
the band through a two - week session.

You and the drummer go to the
neighborhood Chomp ‘n Gulp, get two
shopping carts, and you fill one cart
with chips while the drummer fills
the other with beer. ‘ This has nothing
to do with micro p h o n e s ,’ you—and my
editor—think to yo u rs e l ve s .

But consider these questions:
Wh i ch cart is easier to drive? Wh i ch
cart is easier to stop and start? Th e
chip cart and the beer cart can go
p retty mu ch the same speed, but the
beer cart needs a stronger shove to
get going. C l ever drummers start
emptying (i.e. drinking) some cans
for this ve ry re a s o n .

For our micro p h o n e s , the mov i n g
coil is more like the beer cart. Q u i t e
s i m p ly, the diaphragm/coil assembly
is too big to react quick ly, a s
re q u i red by ve ry high fre q u e n c i e s .

The ribbon microphone is more
l i ke the chip cart. Consisting of a sin-
gle moving part (the ribbon) it is a
lighter mech a n i s m . As a result the
r i bbon transducer is typically more
agile than a moving coil, a ch i ev i n g
m o re sensitivity at the high fre q u e n-
cies as a re s u l t .

The condenser microphone is gen-
e ra l ly lightest of all, b e h aving more
l i ke an empty shopping cart in the
a n a l ogy ab ove . The only moving part,
the diaphra g m , can be an ex t re m e ly
thin plastic membrane with just the
lightest coating of a metal to make it

U n u s ual in our world of complicated gear

(ever open up a digital 8-tra c k ? ) ,

the microphone is an elega n t ly simple,

c o m p l e t e ly knowable technology. 
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conduct electricity. As a result the
condenser offers the best opportuni-
ty to capture the detail of a tra n-
s i e n t , or the ve ry high fre q u e n cy por-
tion of a high hat.

The apparent transient response
weakness in the moving coil design
can in fact be quite a handy engi-
neering tool. By reacting slowly to a
sudden increase in amplitude, it acts
mechanically as a compressor might
act electrically. It reduces the ampli-
tude of the peaks of a transient
sound.

This is helpful for two major re a-
s o n s . Fi rs t , this reduction of peaks
can help prevent the sort of distor-
tion that comes from ove rl o a d i n g
your electro n i c s . The true spike of
amplitude that comes off a conga
might easily distort the micro p h o n e
p reamplifier or ove rload the tape yo u
a re re c o rding onto. The use of a
dynamic mic might be just the right
solution to capture the sound without
d i s t o r t i o n .

B eyond this issue of audio fidelity
and the prevention of distortion,
dynamic microphones with their nat-
u ral lethargy are often used for cre-
a t ive re a s o n s . The sound of a clave ,
s n a re , k i ck , d u m b e k , and many other
instruments is often mu ch more com-

pelling after the subtle reshaping of
the transient that a moving coil
m i c rophone intro d u c e s .

As soon as a session permits, t ry
using a moving coil and a condenser

on the same instrument, placed as
near to the same location as possi-
b l e . Then listen critically to the dif-
f e rent coloration of each mic. M o s t
a p p a rent will be the fre q u e n cy
response differe n c e s , with the con-
denser sounding a little brighter at
the high end while the moving coil
o f f e rs perhaps a presence peak in
the upper mid-ra n g e .

But listen beyond this, to the ch a r-
acter of the attack of the instrument.
Depending on the application, yo u
will often find that the moving coil
dynamic microphone squashes the
t ransients into a more ex c i t i n g , m o re
intense sound.

By the time the tra ck you are
re c o rding gets combined with all the
other tra cks in the mu l t i t ra ck pro j e c t ,
and after the signal makes its way

f rom mic to tape, t h rough the console
and various effects pro c e s s o rs to the
l o u d s p e a ke rs , the re c o rded sound
f rom a moving coil microphone often
just seems to wo rk better.

Meantime the ribbon micro p h o n e ,
offering more high fre q u e n cy content

The apparent transient response weakness

in the moving coil design can in fact be

quite a handy engineering tool.
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than the typical moving coil micro-
phone but less high fre q u e n cy re a ch
than most condensers , still finds its
place in the re c o rding studio.

M a ny instruments have a ra t h e r
painful amount of high end. C l o s e -
miking them, as we so often must do
in the studio, o n ly makes this wo rs e .
The natural high fre q u e n cy attenu a-

tion of a ribbon is often just the
right touch to make a trumpet, a
cy m b a l , a tambourine, a triangle,
and others become beautiful, a i ry,
and spark l i n g , without being shrill,
p i e rc i n g , t h i n , or edgy.

In our next Nuts & Bolts episode
we’ll look at other microphone pro p e r-
ties like directionality and prox i m i t y
effect so that we can make more sense
out of the vast range of options micro-
phones offer. We can look fo r wa rd to a
c a re e r-long ex p l o ration of the beauty

of applying different microphones in
d i f f e rent musical situations.

Let the other engineers wo rk their
way through the microphone closet,

ra n d o m ly trying different micro-
phones in different applications. We
can org a n i ze our experiences based
on what we know about how the
m i c rophone wo rk s .

Try to ra t i o n a l i ze what you actual-
ly hear with how you think it should
s o u n d , and you’ll bring some order to
an otherwise chaotic part of the
re c o rding gig.

Alex Case (case@re c o r d i n g m a g . c o m )
is the director of Fe r m ata wh e re he
records and produces music he lov e s .
He hopes you have a similar job.

Many instruments have a rather pa i n f u l

amount of high end. Close-miking them,

as we so often must do in the studio,

o n ly makes this worse. 
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