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Discovering the heart of your guitar
To fully understand what has been done to improve 
upon guitar strings, we must first examine how 
strings interact with the soundboard, and where prior 
developments have taken them.

How sound is produced:
Sound is produced when an object causes a distur-
bance that applies a compressive force to the air that, 
in turn, forces layers (molecules) of air to move away 
from the disturbing member to be detected by the lis-
tener’s ear. As the compressive force – called “com-
pression” – occurs, there is an equal but opposing 
force called “rarefaction” in which air moves back 
to fill the void left by the compressive movement of 
the air. In essence, sound is the result of compression 
and rarefaction. Without the changes in pressure that 
result from compression and rarefaction, there would 
be no sound. 

Musical strings are much too small to cause a signifi-
cant disturbance in the air, and as a result we hear no 
sound from the strings themselves. Their very small 
diameter and shape is not prone to creating an ef-
ficient compressive and rarefactive force against the 
surrounding air. As air is pushed away from one side 
of the string, the air easily slips around the string to 
satisfy the rarefaction on the other side of the string. 
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This movement of air around a vibrating object is 
called “circulation.” Circulation is easily evident 
when examining the sound production of a tuning 
fork. Like the strings, the fronds of the fork are too 
small to be efficient compression and rarefaction 
producers, and their small shape promotes circula-
tion of the air around the fronds. However, if you 
place the tuning fork’s fronds close to a hard smooth 
surface you’ll begin to hear the sound as you inhibit 
the circulation and promote the compression and rar-
efaction.

How strings produce sound:
On acoustical instruments like guitars, banjos, man-
dolins, and violins, the strings produce the energy, 
but it is the air within the air chamber of an instru-

ment, stimulated by the soundboard, that produces 
the sound. The more efficiently constructed the air 
chamber is, the greater the amplitude of the sound 
will be. And, the more sonorously the air chamber 
is built – with tuned soundholes, carefully gradu-
ated soundboards and backboards, and meticulously 
placed bracing and tone bars – the more colorful and 
rich the sound will be that is driven from these instru-
ments as a result of the strings’ energy.

The strings’ energy is derived from the sideway mo-
tion of the string which is converted to an up and 
down movement of the bridge on movable bridge 
systems and a rocking movement on fixed bridge in-
struments. (For more information on the direction of 
the string’s energy, see Addendum I on page 5.)

Movable bridge systems:
The acoustical system of a fixed-bridge acoustical 
guitar is quite different from the movable-bridge in-

struments of violins, banjos, and mandolins. On mov-
able bridge systems, the strings’ tension is anchored 
at both the tailpiece and the tuning machines (peg-
head), and the strings are tensioned over a bridge. 
As the strings are brought up to pitch, they apply a 
downward force on the bridge that, in turn, places a 
downward force on the soundboard. The soundboard 
resists the pressure of the bridge with an upward 
force that is equal to the down pressure of the bridge, 
and a stasis or neutral point is reached. (If this were 
not so, the strings would continue to push down on 
the soundboard until it imploded, or the soundboard 
would continue to push up on the strings until they 
went out of tune.)

In this state of equilibrium, the soundboard is now 
“loaded” and ready to respond to any change in the 

Fig. 1. (A) When the fronds of a tuning fork move towards 
each other, a compressive force is created between them, and a 
rarefactive force is created outside them. (B) When the fronds 
move outward, a rarefactive force is created between them and 
a compressive force is created outside them.

Fig. 2. The movement of the mandolin’s soundboard and back-
board, stimulated by the strings’ energy at the bridge, creates 
compression and rarefaction in the air chamber that exits from 
the aperture(s) to produce.

Fig. 3. The down pressure of the strings on movable bridge 
systems exerts a downward pressure on the soundboard that is 
met by a resistance of equal force from the soundboard.
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strings downward force. If the strings tighten as a 
result of being picked or played sideway, the strings’ 
tension momentarily increases resulting in a greater 
downward force on the soundboard that promotes a 
compressive force from within the instrument’s air 
chamber. When the strings slacken – which they do 
when they snap back from being pulled aside – the 
soundboard pushes up and there is an opposing force 
from within the instrument that causes a rarefactive 
force. During the moment that the strings are played, 
this compressive and rarefactive force occurs repeat-
edly and very high rates, causing a pumping action 
of the air within the instruments’ air chamber that is 
driven from the soundhole(s) and results in the sound 
we hear. 

Fixed bridge systems:
On the steel-string acoustic guitar, how and where the 
strings are attached to the bridge, and the design of 
the bridge itself, causes the interaction of the strings 
and the soundboard to be completely different from 
that of its movable-bridge counterparts.

Instead of the strings being anchored to a tailpiece 
as on banjos and mandolins, the strings on a fixed 
bridge system are attached at the bridge itself. On 
the guitar, the bridge receives the total tension of 
the strings, and this tension, pulling at the top of the 
saddle, causes the bridge to twist forward on its axis. 
The twisting moment is quite evident since it causes 
a visible low spot or “hollow” in front of the bridge 

and a bulge behind the bridge. At first glance one 
would see this as a defect in the instrument’s struc-
ture. In reality, it is a sign that the soundboard is load-
ed and ready to respond to any change in the strings’ 
tensions, somewhat akin to how the soundboard of a 
movable bridge instrument is loaded, except that the 
steel-string guitar’s bridge functions via a twisting 
(torque) movement, not an up and down one.
 
When the guitar strings are played and driven side-
way, the movement affects a change in the strings’ 
linear tension just as it does on the banjo, mandolin, 
and violin. However, in the case of the guitar, as the 
strings pull at (and somewhat release) the top of the 
bridge’s saddle, the bridge rocks back and forth on its 

axis and creates a twisting, pumping motion that pro-
duces compression and rarefaction within the guitar 
that results in the sound we hear.

In 1984, a series of tests were performed for a FRETS 
Magazine article to determine the true merit and 
value of the bridge-rocking concept. For this test, 
a fixture (Fig. 5) was constructed in which a guitar 
could be securely anchored. A lightened aluminum 
lever was then fastened to the bridge through two of 
the bridge-pin holes. The lever stood 2˝ high above 
the bridge. A steel bar with an adjustable knob at one 
end was prepared so that it could be connected to 
two points in the fixture: 1) to the top of the fixture 
where it would enable the bridge to be pulled upward 
– restricting the soundboard’s up and down motion 
while allowing the bridge’s rocking motion (to and 
from the peghead), and 2) to the back of the fixture 
where it would restrict the bridge’s rocking motion 
while allowing its up and down motion. To the front 
of the fixture (not shown in this photo), a swinging 
pendulum was fitted with a pick so that the “attack” 
would be identical for each test.

The tests were highly conclusive and clearly demon-
strated the function of the fixed bridge system. When 
the rod was tightened to the top of the fixture, allow-
ing the bridge to rock but inhibiting the soundboard’s 
up and down motion, there was virtually no change 
in the amplitude of the guitar. In fact, after raising 
the bridge 1/4˝, placing the soundboard under an ex-
treme load, the guitar’s amplitude (measured loud-
ness) dropped only 0.5 dB. (For reference, as it re-
lates to the human perception of sound, an increment 
of 3dB represents a sound that is twice as loud.) Then 
we moved the rod to the back of the fixture where it 

Torque load
String tension

Torque load

Slight depression

Slight bulge

Fig. 4. On a fixed-bridge instrument, the strings are anchored at 
the bridge, and their tension imposes a twisting or torque load 
at the bridge that pulls at the bridge and distorts the soundboard 
creating a slight bulge behind the bridge and a slight depression 
in front of the bridge.

Fig. 5. This text fixture was used to validate the concept of the 
fixed-bridge rocking on its axis to produce sound. The bridge 
was fitted with a lever that could inhibit either the up and down 
or rocking motion (to and from the peghead) of the bridge.
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would inhibit the bridge’s rocking abilities (to and 
from the peghead) while allowing the soundboard to 
move up and down. As soon as we tensioned the knob 
and placed the slightest restriction on the bridge’s 
rocking motion, the amplitude dropped significantly; 
2dB and more as we went on. Without question, the 
bridge’s rocking (twisting) modes proved to be para-
mount to the guitar’s sound production.

This twisting force is measurable in amounts of 
torque. More precisely, torque is a measure of how 
much force acts on an object to cause it to rotate. 
Torque can be measured in numerous ways, but the 
most common methods consider how many pounds 
of force are required to rotate an object at a specif-
ic distance from its center axis. In this regard, en-
gineers use “inch pound” – the amount of turning 
force required to move one pound a distance of one 
inch around an axis at a radius of one inch (1˝) – and 
“pound foot” – the amount of turning force required 
to move one pound a distance of one foot around an 
axis at a radius of one foot (12˝). 

amount of torque that was required at different points 
along the bridge to delivery a balanced response from 
the strings.

During this time, I was working as a consultant to 
Gibson’s String Division in Elgin, Illinois under the 
leadership of Bob Lynch. Working in concert with 
Richard and Michael, my goal was to deliver a set of 
Gibson strings that provided the specific torque nec-
essary to drive the Mark Guitar’s bridge. The merits 
and objectives of this project stimulated my long-
term goal of achieving similar results through string 
technology alone.

Applying managed torque to guitar strings:
For past three years, our team has focused intense-
ly on the development of guitar string sets whose 
strings would apply compensated levels of torque to 
the bridge to provide improved string-to-string bal-
ance, tone, sustain, and feel. Key to our efforts was 
n in-depth study on the amount of torque needed to 
drive conventional guitar bridge systems, and mea-
suring this across an array of contemporary and vin-
tage guitar brands.

Using a fixture (Fig. 8) devised in the late 1970s, we 
analyzed the amount of torque applied by every con-
ventional string gauge when brought to pitch on a 26-
1/2” scale. We then considered the effects of neigh-
boring strings and the importance of their relative 
torque loads. Lastly, we evaluated the entire bridge 
system of a conventional Martin-style belly bridge 
(with tapered wings) to determine where the torque 
load has to be the most and where it has to be the 
least, especially since some strings sit in the middle 
of the bridge, and others at its widest point. 

Since the center of the bridge is the recipient of more 
tension and torque than the outer bass and treble 
extremities, the distribution of the torque has to be 
meticulously engineered in a non-linear fashion with 
increasingly greater tension and torque in the center 

Fig. 6. Richard Schneider (l) 
and Michael Kasha (r).

Applying the objectives 
of torque to production 
instruments:
In 1978, Richard Schneider 
(1935-1997), a highly re-
spected luthier from Ka-
lamazoo, Michigan, and 
Dr. Michael Kasha (1920-
2013), a physical chemist 
and founder of the Institute 
of Molecular Biophysics at Florida State University, 
teamed up to develop a unique bridge and sound-
board bracing system for the steel string acoustic 
guitar. Their efforts were recognized and brought to 
fruition by Bruce Bolen (who then headed Artist Re-
lations and R&D at Gibson) in a guitar line known 
as the Mark Guitar. In addition to their unique brac-
ing structure (which goes beyond the scope of this 
paper), their bridge design centered around how the 

Fig. 7. The Mark Guitar bridge was designed to distribute the 
torque load of the strings progressively across the soundboard 
to provide improved string-to-string balance.

bridge interacts with the soundboard, and how the 
bridge’s ramped shape produced improved balanced 
tone over comparable guitars with a linear or rectan-
gular bridge shape. Their work focused keenly on the 

Fig. 8. A fixture with a surrogate bridge was used to test the 
torque load of both individual and full sets of strings. The fix-
ture features an adjustable-height saddle to determine the torque 
(twisting) load of strings over a range of bridge saddle heights. 
An inch-pound torque wrench was fitted to the near end of the 
shaft to measure torque loads.
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than at the extremities. The exact bell-shaped curve 
of these loads (proprietary information for us) serves 
to provide a finely-engineered set of guitar strings 
with compensated torque that delivers equal string-
to-string feel, equal tone, improved balance, and a 
more similar overtone series, string to string.

What we found most interesting is that we could al-
ter the overall tonal curve of the instrument by care-
fully re-shaping the bell curve. This wasn’t just like 
changing strings and having a “brighter” or more 
mellow sound, or those other adjectives used to de-
scribe different string sets, but instead a method of 
maintaining the instruments overall tone color (tim-
bre), while at the same time being able to enhance 
either the treble, mid, or bass response. It was like 
creating a huge tone control knob.

Managing the torque of each string:
To get a better sense of how or why torque control 
makes a difference, consider two strings pulling at 
the bridge, each with 10 pounds of force. Now con-
sider a guitar string between them pulling at the 
bridge with 5 pounds of force. Any movement of 
the 5-pound string will have very little effect on the 
bridge because the surrounding two 10-pound strings 
totally overpower it. Likewise, movement of either 
of the two 10-pound strings, will result in significant-

curve (Fig. 10), and controlling the curve to shift the 
tonal balance across a conventional X-braced Mar-
tin-style Dreadnought guitar. A slight modification of 
the bell curve was made to compensate for the ISO 
226-2003 Equal Loudness Contours (the standard 
that resulted from the Fletcher-Munson studies of 
1933, which revealed that tones of equal intensities 

are perceived to be at different loudness throughout 
the frequency spectrum). Loudness is a psychologi-
cal quantity and the human ear (and brain) make 
adjustments for perceived intensities at different fre-
quencies. 

Fig. 9. The tension of each string has a direct relationship to 
the torque load it imposes at the bridge. Because of the design 
of the typical belly bridge, each string’s tension is determined 
based on its location on the bridge as well as the tension of its 
neighboring string(s).

Fig. 10. Plotting the tensions and torque loads of our strings on 
a bell-shaped curve delivered the desired string-to-string bal-
ance in tone, sustain, amplitude, and feel. The lowest bar is the 
high E string, the upper bar is the low E string.

Fig. 11. Equal loudness contours showing that we do not hear 
sounds of equal loudness at perceived equal intensity. ISO 
226-2003 shown in red, Robinson-Dadson shown in blue, and 
Fletcher-Munson shown in green.

Fig. 12. Using graphics to compare our strings to the torque 
curves of another leading brand of  guitar strings. The unequal 
distribution of torque loads is obvious.
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ly more power than the center-most 5-pound string. 
And, it is easy to envision how the “feel” might be 
different to the picking hand or the fretting fingers 
for the 5-pound string compared to the 10-pound 
one. 

Sweetening the string sets:
After a great deal of research and testing, and reach-
ing back into the string analysis I have done over the 
past 40 years, we carefully developed three sets of 
guitar strings based entirely on their torque load at 
the bridge, plotting their loads through a bell shaped 



Torque loads were tested with a 7/16˝ saddle height 
above the soundboard. (Saddle height is important; 
the taller the saddle, the greater the torque load.) 
Strings were developed to meet the compensated re-
quirements of our bell-shaped curve. In some cases, 
this required the use of fractional wire gauges; for 

Addendum I: Direction of the strings’ energy:
As previously stated, the strings on banjos, mando-
lins, guitars, and violins are picked in a sideway di-
rection that is parallel to the face of the soundboard. 
And this drives the strings excursions in a sideward 
motion; not driving the soundboard in an up and 
down direction as one might think. As the strings are 
driven sideway by the pick(s), they are tensioned fur-
ther and then released. As the strings are tensioned, 
the down pressure on the soundboard increases; as 
the strings spring back to their original state and the 
tension decreases, the down pressure likewise de-
creases. So it is the change in down pressure caused 
by the changing sideway motion of the strings that 
drives the soundboard; not the up and down motion 
of the strings. In fact, the strings move in an array of 
orbits - only a few of which are perpendicular to the 
soundboard – during the period of their excitation..040˝

.022˝

.040˝

.020˝

Fig. 13. Gauge alone does not tell the whole story about a string 
since there are several practical core and wrap wire combina-
tions to arrive at the same overall string gauge. In this exam-
ple, a .022˝ core wire with a .009˝ wrap wire will yield a .040˝ 
wound string (.009 + .022 + +.009 = .040). The same string 
could be made with a .020˝ core wire and a .010˝ wrap wire.

example, requiring a .0165˝ rather than the standard 
.016˝.  In other cases, we needed to develop new core-
wrap combinations where a different core wire and 
wrap wire gauge (Fig. 13) were required to deliver 
the necessary torque while maintaining the proper 
overall gauge to achieve the desired note and feel.

Our efforts resulted in the development of three sets 
of guitar strings with meticulously balanced torque 
loads that deliver an excellent balance of timbre, am-
plitude, and sustain through each of the six strings. 
We labeled these light, medium, and heavy to help 
guitar players choose a set of strings based on the 
construction of their instruments and playing style.

Straight Up Strings are the first guitar strings to take 
this unusual approach to string design, the result of 
which is a meticulously engineered set of strings 
born from the application of diligent study and pre-
cise measurements, and tempered by the mapping to 
ISO human loudness standards. 

AA B C

Fig. 14. When a string is first attacked (picked), its orbit re-
sponds to the direction of the attack. Therefore, the energy it 
produces is not directed up and down, to and from the sound-
board, as one might think. Unless it is attacked in that same 
direction again, the orbit will begin to slowly orient itself in an 
up and down motion as a result of the “restoring force” - a force 
driven back to the string by the motion of the soundboard.

If strings on a movable bridge instrument are picked 
only once, they will eventually seek an up and down 
(perpendicular to the face of the soundboard) mo-
tion. The up and down movement of the soundboard 
(which can only move up and down and not sideway) 
responding to the strings energy, and acting some-
what like a trampoline, creates a “restoring force” 
that helps keep the strings in motion. Since the re-
storing force is an up and down movement, it helps 
to assist the strings in an up and down direction, but 
typically this is just for that region of the string above 
the bridge. In most cases the region of the strings 
near the peghead of the instrument will still be mov-
ing in random orbits.

Soundpost

Motion of bow

Fig. 15. The strings on the violin are kept in constant orbits as 
dictated by the direction and motion of the bow. The soundpost 
provides a fulcrum which drives the strings’ energy to the vio-
lin’s bass bar (positioned beneath the bridge’s bass foot).
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The strings on the violin have a more predictable 
path ( Fig. 15) since they are constantly driven in a 
direction dictated by the continuous motion of the 
bow. Here there is little chance for the strings to vi-
brate in an axis perpendicular to the belly (sound-
board) as one would think. The axis of the strings’ 
vibrations is parallel to the motion of the bow, and 
the exchange of energy between strings and the belly 
of the instrument – through the bridge – is controlled 
by the structure of the bridge, the location of the bass 
bar, and primarily by the location of the soundpost.

Addendum II: Anomalies in the design of mov-
able bridge systems:
The famed violin luthiers of the 17th Century were 
keenly aware of the need to control the path of ener-
gy from the strings to the belly and vice versa. Their 
focus was on preventing any of the strings from hav-
ing a direct path to the belly. Nicolas Amati (1596-
1684) made the first attempt at developing a bridge 
in which each of the strings was somewhat isolated 
from a direct energy path to the violin’s belly. An-
tonio Stradivari (1644-1737) made the next major 
development and created a bridge shape that came 
closer to the ideal. However, like the Amati design, 
the outer two strings of Stradivari’s design were over 
arches in the bridge, and the center two strings, while 
not directly over feet, had a more direct access path 
to the feet than the outer pair. Advancing Stradivari’s 
work, the design that has endured to today comes 
from Giuseppe Guarneri (1698-1744) in which the 
energy path to the belly (soundboard) of all four 
strings is interrupted by either the bridge’s heart or 
kidney and all energy is modulated through the waist 
of the bridge. This bridge design is so profound that 
it has endured more than 250 years without signifi-
cant design changes.

their bridge systems deliver a unique tone, the per-
ception was that the tone was both expected and ac-
ceptable. However, while the “tone” was acceptable 
– or at least perceived to be acceptable – the balance 
was not.

In 2014, we focused carefully on these two bridge 
systems and took a straight-up approach to develop-
ing strings with compensated down pressure at the 
bridge to adjust for the strings’ relative position to 
each other, and to their location on the bridge with 
respect to the bridge’s feet and arches or spaces. With 
the development of our Straight Up Strings for banjo 
and Straight Up Strings for mandolin, we proved 
that strings could be designed to compensate for 
anomalies in bridge design; to improve tone, sustain, 
balance, and feel without greatly altering the instru-
ment’s voice – a far more acceptable approach than 
radically and universally changing the bridge de-
sign. Through our efforts, the typical bluegrass banjo 
sounds as it should, only better – and likewise for the 
mandolin.

On these movable bridge instruments, each string’s 
precise downward pressure at the bridge is very im-
portant since it dictates exactly how that string will 
interact with the soundboard and vice versa.  

Amati Stradavari Guarneri

Fig. 16. The early violin luthiers sought to prevent any of the 
strings from having a direct energy route to the violin’s belly 
(soundboard). The most successful of these designs was the 
work of Guarneri whose bridge design is still popular today.

A quick glance at a conventional mandolin and 
5-string banjo bridge reveals that both of these bridg-
es have inherent design flaws, violating the objective 
of having equally indirect routes to the soundboard. 
In the case of the banjo bridge, three strings sit over 
feet and two strings sit over arches or spaces in the 
bridge. Likewise, in the traditional twin-post adjust-
able mandolin bridge, two courses of strings sit near 
the posts and two courses of strings sit in the center 
of the bridge’s saddle. Since these instruments and 

Fig. 17. The conventional banjo and mandolin bridges do not 
share the benefits of Guarneri’s work. In each of the designs, 
some strings sit directly over feet or posts, while others sit over 
arches or the center of the bridge’s saddle.

Roger Siminoff has been building and de-
signing musical instruments for more than 
50 years and has authored 11 books and 
more than 500 articles on musical instru-
ment construction, design, and acoustics. 
Roger has been awarded seven U.S. Pat-
ents, and was the founding editor of both 
Pickin’ and FRETS magazines. Roger’s 
experience in strings comes from his work as a consul-
tant for both Gibson’s and Fender’s string divisions where 
he developed unique wrap-wire tensioning devices for the 
string winding process and established criteria for core-
wire tensioning during the winding process. During his 
tenure at Gibson, he authored Gibson’s The Authoritative 
Guide To Musical Strings, was the engineer behind Gib-
son’s “Equa” string program, and was the creator of Gib-
son’s “Grabbers” strings. Today, Roger provides ongoing 
technical support for Straight Up Strings.
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