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RECORDING ELECTRIC GUITAR—
The Science and The Myth

By Alex Case

Electric guitar tone,

you know it’s right when you hear it. How is it achieved?

The typical starting approach at the
guitar amp: Shure SM57 microphone,
slightly off center of one of the cones
of a driver, up close and almost touch-
ing the grille cloth. Oh, and angle the
microphone a little.

Ask veteran engineers why this
microphone placement strategy is so
common and a range of justifications
follows, from seemingly scientific
explanations, to vague guesses, to an
honest, “I have no idea. I've always
done it that way. Everyone does.”

Sure, we change it up a little. It
could be a different microphone, but
moving coil dynamics at the affordable
end of the price range are common
choices. It’s not always the thickness
of a thin guitar pick away from the
grille cloth; we might back the micro-
phone away from the amp an inch,
maybe even two. As for the angle? I've
never worked in a studio with a
protractor (until last night), so I could
only guess the range of angles we use.

It's time to quantify the close micro-
phone, electric guitar ritual. Let’s
measure the effect of these classic
recording gestures one-by-one—off
center, up close, and angled a little.

INTO THE LAB

A guitar amp is set-up—in this case
it’s a currently available open-back
Fender tube amp with a single 10-inch
driver. The single-driver amp keeps our
tests simple, and any insights are easily
applied to multidriver amps. On a 4-by

guitar amp

Fig. 1: Measurement setup

12-inch cabinet, for example, any one
of the four cones is approached the way
this single driver is.

A tasty, clean tone that might be
appropriate for any generic rock or pop
rhythm part is dialed up. And then we
do something rather rude, but edifying
(Fig. 1). The guitar is unplugged, and a
computer is hooked up. We boot up the
same sort of software used to measure
the frequency response of loudspeakers
or microphones, and we measure the
electric guitar amp, as miked. We
aren’t in search of a flat frequency
response, of course. We want a spec-
tral snapshot of this real-world guitar
setup, as seen by the SM57, when the
guitar sounds good.

If the guitar output is to be replaced

Computer
with Frequency

Response
Measurement
Software

Microphone
Preamplifier

signal. We re-amp the test signal. The
computer output is a balanced. line-
level, low-impedance source. Raising
it's impedance and unbalancing it, the
signal may be fed at very low level to
the electric guitar amp input on an
instrument cable. This measurement
apparatus now lets us document the
tonal implications of placing that
dynamic microphone off-center, up
close, and angled. Three tests are run.

DISTANCE FROM CENTER

In the first test we measure the effect
of having the microphone slightly off-
center of the loudspeaker cone. Start-
ing with the microphone up close,
almost touching the grille cloth, aimed
straight at the amp, we measure the
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mance dynamics of the guitarist.

An engineer can not match the effect
of off-center placement with a simple
adjustment in EQ. It is not as simple as
a shelf or roll-off. It would require
many bands of parametric EQ to
match, and the EQ would have to be
automated into a constant state of fine
adjustments to keep up with the
dynamic level-dependence of the
effect. Off-center placement is a way
for the engineer to soften the bright-
ness of the tone, while leaving pockets
of strong spectral character.

Perhaps more interesting still, the
mechanical overdriving of the loud-
speaker cone is revealed as ever chang-
ing distortion, which a close
microphone, offset from the center of
the driver, is well-positioned to empha-
size. Off-center placement reshapes the
tone in ways that engineers find inter-
esting, and perhaps easier to fit into a
crowded mix.

DISTANCE FROM AMP

The next variable to quantify is the dis-
tance from the amp. Starting dead cen-
ter of the driver, at the grille cloth,
with no angle to the microphone, mea-
surements are taken at 6-inch incre-
ments from the amp (Fig. 5).

As we might expect, moving the
microphone straight back, away from
the amp, leads to an overall reduction
in level. The farther away the micro-
phone is, the lower the amplitude of
the signal. Fair enough.

Normalizing the measurements
again to the starting point, when the
microphone is at the closest location
practical (Fig. 6), reveals a bit more
information. The signal doesn’t grow
uniformly quieter with distance. The
attenuation is more pronounced at low
frequencies. As the microphone used is
a cardioid, it possesses proximity
effect. Backing-off the microphone not
only reduces level, but also reduces
proximity effect.

Engineers adjust the distance dimen-
sion, in part, to tune the low-end
content of the signal—enough for the
power and fullness desired, but not so
much that it muddies the tone and
makes it hard to hear any interesting
elements of tone in the midrange due
to overwhelming bass.

At mid and higher frequencies,
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Fig. 6: Moving away from driver  normalized to 0”

peaks and dips in the spectral content
start to appear. One would expect the
effects of the room to start to creep
into the measurements as the micro-
phone is placed farther and farther
from the amp. Specifically, the floor
bounce and other reflections eventually
become a factor (Fig. 7). As the

reflected sound travels farther than the
direct sound, it arrives at the micro-
phone delayed relative to the direct
sound. If the level of the reflection is
similar to the level of the direct sound,
the inevitable result is some comb
filtering. The strong boosts and cuts
that appear with increasing distance

microphone

direct sound

floor reflection

Fig. 7: Floor bounce introduces comb filtering

J. Audio Eng. Soc., Vol. 58, No. 1/2, 2010 January/February
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mance dynamics of the guitarist.

An engineer can not match the effect
of off-center placement with a simple
adjustment in EQ. It is not as simple as
a shelf or roll-off. It would require
many bands of parametric EQ to
match, and the EQ would have to be
automated into a constant state of fine
adjustments to keep up with the
dynamic level-dependence of the
effect. Off-center placement is a way
for the engineer to soften the bright-
ness of the tone, while leaving pockets
of strong spectral character.

Perhaps more interesting still, the
mechanical overdriving of the loud-
speaker cone is revealed as ever chang-
ing distortion, which a close
microphone, offset from the center of
the driver, is well-positioned to empha-
size. Off-center placement reshapes the
tone in ways that engineers find inter-
esting, and perhaps easier to fit into a
crowded mix.

DISTANCE FROM AMP

The next variable to quantify is the dis-
tance from the amp. Starting dead cen-
ter of the driver, at the grille cloth,
with no angle to the microphone, mea-
surements are taken at 6-inch incre-
ments from the amp (Fig. 5).

As we might expect, moving the
microphone straight back, away from
the amp, leads to an overall reduction
in level. The farther away the micro-
phone is, the lower the amplitude of
the signal. Fair enough.

Normalizing the measurements
again to the starting point, when the
microphone is at the closest location
practical (Fig. 6), reveals a bit more
information. The signal doesn’t grow
uniformly quieter with distance. The
attenuation is more pronounced at low
frequencies. As the microphone used is
a cardioid, it possesses proximity
effect. Backing-off the microphone not
only reduces level, but also reduces
proximity effect.

Engineers adjust the distance dimen-
sion, in part, to tune the low-end
content of the signal—enough for the
power and fullness desired, but not so
much that it muddies the tone and
makes it hard to hear any interesting
elements of tone in the midrange due
to overwhelming bass.

At mid and higher frequencies,
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peaks and dips in the spectral content
start to appear. One would expect the
effects of the room to start to creep
into the measurements as the micro-
phone is placed farther and farther
from the amp. Specifically, the floor
bounce and other reflections eventually
become a factor (Fig. 7). As the

reflected sound travels farther than the
direct sound, it arrives at the micro-
phone delayed relative to the direct
sound. If the level of the reflection is
similar to the level of the direct sound,
the inevitable result is some comb
filtering. The strong boosts and cuts
that appear with increasing distance
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direct sound
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Fig. 7: Floor bounce introduces comb filtering
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mance dynamics of the guitarist.

An engineer can not match the effect
of off-center placement with a simple
adjustment in EQ. It is not as simple as
a shelf or roll-off. It would require
many bands of parametric EQ to
match, and the EQ would have to be
automated into a constant state of fine
adjustments to keep up with the
dynamic level-dependence of the
effect. Off-center placement is a way
for the engineer to soften the bright-
ness of the tone, while leaving pockets
of strong spectral character.

Perhaps more interesting still, the
mechanical overdriving of the loud-
speaker cone is revealed as ever chang-
ing distortion, which a close
microphone, offset from the center of
the driver, is well-positioned to empha-
size. Off-center placement reshapes the
tone in ways that engineers find inter-
esting, and perhaps easier to fit into a
crowded mix.

DISTANCE FROM AMP

The next variable to quantify is the dis-
tance from the amp. Starting dead cen-
ter of the driver, at the grille cloth,
with no angle to the microphone, mea-
surements are taken at 6-inch incre-
ments from the amp (Fig. 5).

As we might expect, moving the
microphone straight back, away from
the amp, leads to an overall reduction
in level. The farther away the micro-
phone is, the lower the amplitude of
the signal. Fair enough.

Normalizing the measurements
again to the starting point, when the
microphone is at the closest location
practical (Fig. 6), reveals a bit more
information. The signal doesn’t grow
uniformly quieter with distance. The
attenuation is more pronounced at low
frequencies. As the microphone used is
a cardioid, it possesses proximity
effect. Backing-off the microphone not
only reduces level, but also reduces
proximity effect.

Engineers adjust the distance dimen-
sion, in part, to tune the low-end
content of the signal—enough for the
power and fullness desired, but not so
much that it muddies the tone and
makes it hard to hear any interesting
elements of tone in the midrange due
to overwhelming bass.

At mid and higher frequencies,
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peaks and dips in the spectral content
start to appear. One would expect the
effects of the room to start to creep
into the measurements as the micro-
phone is placed farther and farther
from the amp. Specifically, the floor
bounce and other reflections eventually
become a factor (Fig. 7). As the

reflected sound travels farther than the
direct sound, it arrives at the micro-
phone delayed relative to the direct
sound. If the level of the reflection is
similar to the level of the direct sound,
the inevitable result is some comb
filtering. The strong boosts and cuts
that appear with increasing distance

microphone

direct sound

floor reflection

Fig. 7: Floor bounce introduces comb filtering
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