
What is the Function of the Back & Sides?  
by Trevor Gore & Alan Carruth 
 
(These are quotes from the Acoustic Guitar Forum pages in response to this 
question: What are the back and sides actually doing ... are they moving? The 
sides move? Only the back? Is the back nothing more than a deflector of the 
moving air from the sound board?) 
 
Trevor Gore: 
The last time I gave a detailed response to that question it took me 150 pages 
(no kidding). It's that complicated. So what's here misses ALOT out. 
 
First, your going in assumption about how the top works is not very accurate. As 
the strings vibrate they exert varying forces on the bridge which sends bending 
waves across the top somewhat like waves across a pool of water. As the waves 
hit the edges of the top they mostly reflect back into the top with some 
transmission down the sides depending on the impedance mismatch between the 
top and sides. At certain frequencies the waves interact, producing standing 
waves in the top which can be visualized using Chladni patterns. Because these 
are standing waves (i.e. they appear not to translate) the guitar top appears to 
be pumping up and down at these frequencies and the Chladni patterns show 
different sets of standing waves forming at different frequencies and these 
different forms are called modes of vibration. These modes are active not only at 
their resonant frequencies, but either side of them also, just not as efficiently, 
and the summation of all this standing wave activity is responsible for varying 
degrees of sound radiation at the different frequencies and consequently the 
peaks and troughs in a guitar's frequency response curve. The peaks are at the 
resonant frequencies (which I hope is sort of obvious). 
 
The top is coupled to the air cavity, the sides and the back and when that 
coupling takes place things get pretty complex pretty quick, so this is the 
simplified, short version of the story.  
 
The top excites the air inside the guitar as various parts of the top pump in and 
out. For the monopole modes of vibration (the top basically acting as a single 
piston) the enclosed air increases and decreases in pressure with top movement 
and at certain frequencies (approximately half the natural frequency of the top) 
the air cavity resonates (like a bottle does if you blow across its top) and air 



moves in and out of the sound hole, but mainly only at frequencies relatively 
close to the resonant frequencies (and a little at its first partial). These are the 
only frequencies of sound in the low range that escape substantially from the 
sound hole. For other frequencies to escape, a sound wave has to develop inside 
the guitar, and (apart from the sound associated with the air resonances) the 
lowest frequency of sound that can be established and therefore escape has a 
half wavelength about the same as the depth of the guitar. This occurs at 
~1.5kHz and if you do enough testing (I have) you can measure this. So the 
concept of radiating and reflective backs is of little use; they all reflect above 
~1.5kHz and none do below that frequency. 
 
For guitars with relatively flexible backs (I call them "live" backs), the pressure 
change in the guitar will cause the back to vibrate (not the whole story, but this 
is the abridged version). This colors the sound of the guitar, but because energy 
is being extracted from the top to make the back move the guitar looses some 
loudness. Having the top and back flexible also reduces the resonant frequency 
of the air modes, because they make the "box" appear larger (similar in effect to 
having a longer organ pipe). The vibrations of the back are additive to those of 
the top, but much above ~250Hz are out of phase with the top and so reduce 
sound radiation. Guitars with stiff backs don't vibrate as much, (hardly at all), 
appear stiffer in the coupled system and so result in higher air resonant 
frequencies than flexible backs, but also produce louder guitars. Very 
simplistically, live backs give "tone" whilst non-live back give "volume". 
 
The sides do a lot more to tone than most people think, but it is mainly the mass 
of the sides which changes things rather than their stiffness. Here the story gets 
really complicated, but the net result is that heavy sides tend to give greater 
loudness and projection and lower the main monopole resonant frequency of the 
top. Varying the mass of the sides is a great way to tweak the sound of a guitar. 
There's a lot of physics behind these explanations and they hold up to testing, 
measurement, mathematical modeling and guitar building experience. If you 
want the details, Google my name and look up the references.  
 
  



Alan Carruth: 
 
In the low range guitars are 'bass reflex cabinets', but by speaker standards they 
are not very good ones. The main drawback is that the response is far from 
being 'flat': they're "lousy-fi" speakers. You can check this out by clipping the coil 
from a speaker to the bridge of a guitar, and driving it with the signal from a 
radio or some such. People talking tend to sound like they're under water. 
OTOH, guitars tend to be much more efficient than most bass reflex cabs. There 
are reasons for all of this. 
 
The differences between 'good' bass reflex cabs and guitars are due to two 
things in general: 
 
1) speaker cabinets are heavy and rigid, and guitars are not, and  
2) speaker cabinets are made with as few resonances as possible, and those are 
highly damped, while guitars are the opposite.  
 
The reason for these differences is that speakers are supposed to have a 'flat' 
frequency response, while guitars are not. The idea with a speaker cabinet is 
that what you hear is exactly the same as the signal you put in, as close as 
possible. A guitar that sounded like that would be boring: like a Les Paul played 
at low level through a really 'clean' flat amp and speaker. All you'd be hearing is 
the string sound.  
 
One way to build in some resonances in an enclosure is to make an odd shape, 
with lots of curves. From what I have seen the shape of the guitar is a big part 
of the reason it sounds like a guitar, and not, say, a six-string Bouzouki. It's 
interesting that simpler shapes catch on from time to time, but they always end 
up being fads that don't last: there has to be a reason for that. So that's one of 
the jobs the sides do: they define the shape. To do that they need to be 
reasonably rigid, so that the internal resonances are pretty well defined and easy 
to maintain, but a little flexibility can actually contribute to the 'interesting' 
sound. The nearly flat section of the sides just below the waist can vibrate, 
usually at a fairly high frequency, and color the sound.  
 
If you compare the guitar to a bass reflex speaker enclosure, the top is the 
'speaker' and the rest is the 'enclosure'. The top is the only part of the guitar 
that's driven directly by the stings that's also a reasonably effective sound 



producer. Everything else, and the back in particular, has to get energy via the 
top in some way if it's to produce sound. There are two ways the top can drive 
the back: 
 
1) through pressure changes in the box, and 
2) through forces transmitted by the sides.  
 
Both the pressure changes in the box and the forces on the sides are highest in 
the bass reflex range, when the top is moving in and out like a speaker cone. 
The back responds to these changes, and can move like a speaker itself. Note 
that the force on the back from air pressure changes and the force from the 
sides is out of phase: the air pushes on the center of the back (mostly) while the 
sides push on the edge. If they're both pushing in the same direction the back 
just moves in translation, rather than pumping air.  
 
Near the 'main air' resonance the movement of air through the hole is 'out of 
phase' with the top motion: the air moves 'out' while the top moves 'in'. Some of 
the air just slides over to where the top was, and this reduces the amount of 
sound the guitar produces. If the back is 'active' in this range, and is mostly 
driven by the air pressure change in the box, it can help move air through the 
hole, and enhance the output of the guitar. This is usually the case with most 
'normal' guitars; Ovations have backs that don't move enough in this range to 
help, and it's one of the reasons they sound the way they do. 
 
As you get above the bass reflex frequency range (say, from about the open G 
string up) the back tends to be a 'loser': any energy that you feed into it is less 
likely to make sound than the same amount of energy fed into the top, so back 
resonances usually show up as 'dips' in the response curve. This is not all bad. 
Like the internal air resonances (which also tend to be 'losers' because most of 
them don't 'talk' to the sound hole) the higher back resonances contribute to 
'tone color'. Those dips in the spectrum make some overtones of the strings 
weaker than others, giving each note it's own sound. Since our senses are set up 
to detect differences, this gives us something to home in on.  
 
The trick here is to make sure there are enough of these dips so that every note 
'sees' one or more that are different from the other notes around it. For this to 
happen the dips need to be narrow, and that correlates with low losses in the 
back. You don't want them to be too deep: we don't have a lot of power to 



spare, and wasting any more than the amount that will just be audible is a 
waste. Since damping is a function of movement you want the back to move 
some, but not too much, and that's best done by making the back both heavy 
and stiff. Rosewoods are materials that are dense, stiff, and have low losses, and 
that's one reason they make good guitar backs.  
 
I hope this has not been too confusing. As you can see, the guitar is actually a 
pretty complicated machine, and it's tricky to get just the right balance. As with 
the shape, a lot of it has been worked out empirically over a long period of time 
by people who tried anything they could think of. Once in a while, when 
something worked, everybody else adopted it, and it became part of the 
'standard'. Now that we have better tools for looking at this stuff we're starting 
to figure out why the standard designs work the way they do. 


