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7. Neck and body of the guitar

7.10.1 Simple equivalent systems
The guitar bridge mechanically interconnects string and guitar body. As a system of
mechanical vibration, it is an object of mechanical systems theory, the latter analytically
representing movements and forces. The small masses, stiffnesses and resistances
differentially distributed over a continuum can, however, not be described with complete
accuracy – only given the limitation to a finite effort the simplified representation via an
equivalent system is possible. In contrast to the continuum, the equivalent system consists of
a few, discrete elements that vibrate in one dimension only (a further simplification).
Mass (Newton), stiffness (Hooke), and frictional resistance (Stokes) are the fundamental
elements of mechanical systems. While a mass can relatively easily be specified as a
multiplication of density and volume, the analytical description of stiffness, and in particular
of resistance, is difficult. As an example, Fig. 7.89 shown a cylindrical pin made of metal, the
rounded lower side of which sits on a flat surface. The mass of the pin is easily calculated, as
is the stiffness of an axially loaded cylinder (sZ = ES / l).
Fig. 7.98: contact stiffness
F = axial force, E = E-modulus,
R = radius of round

Given an elasticity modulus E = 2.1⋅1011 Pa, the axial stiffness of a steel cylinder of 4 mm
length and a diameter of 2 mm is calculated, resulting in sZ = 165 MN/m. However, the
largest deformation does not happen in the cylindrical part of the pin but at the contact point.
Assuming a spherical round, the axial contact pressure force leads to a circular contact
surface. The radius r of the latter depends on the contact pressure. The stiffness occurring at
the contact point is force-dependent, as well: with increasing force, the stiffness increases,
too. With the keywords contact problem and Hertzian stress, specialist literature [z.B. Szabó]
offers approximations for the deformation from which the contact stiffness sK can be
calculated. There are several contact points in a guitar bridge, and therefore several
stiffnesses. The magnitude of the latter depends on two variables: on the radius R of the
round, and on the force. Both the pressure force perpendicular to the guitar top, and the
traction force in parallel to the top depend on the force of the string tension that amounts to
between 47 and 135 N (for a set of 010 strings, the benchmark is 80 N). In the Fender bridge,
the axial force acting on the height-adjustment screws moreover depends on the bend angle of
the strings as they run across the bridge; for e.g. the Jazzmaster this would be only about 6°.
Given a string tension of 80 N, a pressure force of 8.4 N results, and since two screws support
each string, the force is 4.2 N per screw. The calculation results in a contact stiffness of just
under 5 MN/m, with a radius R = 1 mm. For bridges with a higher bend angle (e.g. the
Stratocaster) the contact stiffness mounts and can reach, for thick strings, up to 15 MN/m.
This is still much smaller than the axial stiffness estimated above, so that the conclusion for
the aforementioned cylindrical pin is: in terms of its effect, the contact stiffness is the
dominant one of the two stiffnesses.
Besides the contact pressure force, the radius of the round R is also found under the squareroot in the above formula – and here things become complicated: this radius may vary
depending on the deployed screw and the manufacturing quality, and therefore the resonance
frequencies dependent on R may vary, as well! Similar issues appear for all other joints where
two components lie on top of each other: depending on the surface roughness, and on the
more or less protruding drilling burrs, an undefined bearing results that may undergo further
variations when the strings are changed.
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The first joint occurs between string and bridge saddle. The approximation using a spherical
surface certainly is inappropriate here; due to the string flexion, a roller-shaped interface
surface (like in a roller bearing) does not correspond to reality, either. The geometry of the
string is predetermined, and cannot really be changed due to its high hardness and stiffness.
Unknown, however, is the geometry of the bearing surface (the bridge saddle). The high Estring (E4, ∅ = e.g. 0.25 mm) rests on a probably 10-µm-wide strip; in this scenario, a
production tolerance of 1 µm would be advisable – not something that “every manufacturer is
likely to achieve”. Thus, the mechanical data of this joint can be estimated only very roughly.
The second joint is located between bridge saddle and adjustment screw (there may be up to
three of the latter per bridge saddle). Where the contact surfaces actually occur, and what the
corresponding stiffness is, remains completely undefined, just as the resulting friction. In case
of higher age, the degree of rust and corresponding mechanical parameters are also undefined.
The third joint occurs between screw and bridge base (or directly between bridge saddle and
bridge base). Adjustment screws (so-called setscrews or headless screws) come with 4
different end-surfaces: level, spherical (convex), tapered, or concave (Fig. 7.99). These
screws are mass-produced and not optimized with regard to any requirement of vibration
mechanics, and therefore the contact stiffness varies from one screw to the next. The contact
stiffness also changes as the screw is turned (an action that must be considered a regular fate
of any screw).
The fourth joint is found between bridge and guitar body, and again, what has been stated
above holds (as it is the case for any further joints): the stiffness and the resistance of/at the
joint are largely undefined, as are their effects on the resonances of the bridge.

Fig. 7.99: Typical setscrews of a guitar bridge.

Can the guitar then function at all? Sure it can – some kind of stiffness and resistance will
always develop; the term “undefined” used above merely means that the corresponding values
may vary from one guitar to the next. Some of the involved variations may be without any big
effect on the sound, but some will lead to audible inter-individual differences. Because it is
very difficult to determine the joint-parameters of a given guitar, a different approach shall be
applied now: in a model, we will assemble some basic elements (Fig. 7.100), and for these –
and some modifications – the frequency responses of the conductances will be determined.

Fig. 7.100: Simple equivalent system for a guitar placed on a stone table.
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Fig. 7.101 shows the results of the calculations corresponding to Fig. 7.100. Between string
and bridge saddle, the very simple Kelvin-Voigt model consisting of a lossy spring was used.
Even though the values of the latter are unknown and can only hypothetically be assumed: it
only has an effect in the highest frequency range that is relatively unimportant when magnetic
pickups are used. This finding holds even if the actual stiffness were only 1/10th of the
assumed value. As an orientation, the conductance calculated for the E2-string is shown in
grey in the figure (correspondingly see also Chapter 7.7.2. & 7.7.3); the more the bridge
conductance is below this grey line, the less it bears any importance to the overall damping.
Somewhat more important is the (lossy) spring (s2, W2) located between bridge saddle and
bridge base. It influences the high-frequency resonance that is found at 7.5 kHz for the above
values. Again, we need to bear in mind that there are no measurements as basis for these
values, and thus it is possible that the grey curve is crossed (e.g. for a smaller resistance W2).
In this model, particularly important is the bridge-base resonance formed (in approximation)
by the mass of the bridge (50 g) and the spring stiffness (s3 = 4 MN/m). Measurements with
Gibson bridges show similar resonance behavior and high string damping (Chapter 7.10.2).
The next spring in this model is found between guitar body and stone table (s4, W4) – it
influences mainly low-frequency resonances. The stone table with a mass of 250 kg vibrating
aperiodically damped with 2 Hz forms the conclusion: it is insignificant for the current
measurements.

Fig. 7.101: Input conductance of the system according to Fig. 7.100; variation of the system parameters. The
grey line is the “orientation curve” recalculated from Fig. 7.66 (E2; esp. radiation damping and inner damping).

Fig. 7.102: Conductance measurements (thin line); left: Les Paul body, right: Les Paul bridge.
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For comparison, Fig. 7.102 shows the related measurements. While the multitude of highly
different resonances can of course not be modeled with such a simple equivalent-circuit
approach, the order of magnitude fits well. It is in any case conceivable how the addition of
further resonators enables the model to also represent narrow peaks in the frequency response
of the conductance (Fig. 7.103).

Fig. 7.103: Additional resonance circuit (Zx), effect on the frequency response of the conductance.

The equivalent circuit shown in Fig. 7.100 is no complete model of a guitar – it does not even
begin to represent the multitude of body- and bridge-resonances. These resonances may not
only occur as one-dimensional vibrations (as contained in the model), but can take on the
shape of three-dimensional flexural vibrations, in combination with torsion-vibrations. Still,
the model allows for estimating the approximate orders of magnitude of the stiffnesses and
frictional resistances, and of the approximate effect the latter two have on the bridge
resonance. It is obvious that this resonance can influence the decay of all partials und thus the
sustain. However, if the bridge conductance is small (e.g. 10-4 s/kg), then the bridge and
everything that is mounted to it (including the guitar body) has practically no effect on the
sustain! The measurement curve shown in the right section of Fig. 7.102 crosses the grey line
only twice: between 100 Hz and 200 Hz, and at 1.8 kHz. If a partial falls into one of these
ranges, then the absorption at the bridge does influence the decay process. The other
resonance peaks may be attributed a theoretical influence (“everything depends on
everything”), but they have no practical relevance.
The considerations related to the contact problem have shown that stiffness and resistance
strongly depend on the contact pressure force and the contact surface. Both change if the
guitar bridge is shifted within the clearances given by manufacturing tolerances. The bridge
saddles of a Stratocaster may have contact to each other – or not. The bridge saddles of an
ABR-1 may have a burr on their lower surface, they may have contact on one side or on both
sides, or they may be clamped down by the set-screw with a force fit. The distribution of
forces (and therefore the stiffness) between the 6 screws holding the old Stratocaster bridge is
undefined and depends on the smallest of manufacturing tolerances – or on the tear and wear,
which does not make things any simpler. Changes in the contact parameters do not
necessarily lead to changes in the sound but they are potential sources of damping that need
consideration due to their closeness to the string.
The varnish of a solid body guitar, on the other hand, is far removed from the string, and its
mass is small. Still, for completeness sake a few citations: However, practical use has taught
us in the past that very sparingly varnished instruments have generated a rounder, more
succinct tone [G&B 7/05]. Hairline cracks (in the varnish) lead to an un-damping of the
resonating body [G&B 1/06]. The varnish can constrict an instrument and thus dampen it, or
it can adapt itself to the natural resonance characteristics and co-resonate [G&B 1/07].
Actually, any beer-belly will do the same ...
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