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Description

[Technical Field]

[0001] The object of the invention is a method of tuning chordophones in alternative musical scales with a reduced
number of degrees relative to the original tuning based on monotonic surjective mappings. The method of tuning is
characterized by the fact that if the original scale hasNdegreesand thealternative scale hasMdegrees,whereM<N, then
during the tuning of an instrument in the alternative scale, N‑M degrees of the original scale are mapped to the same
degree of the alternative scale as another degree of the original scale. The present invention is applicable to the technique
of construction and tuning of stringed acoustic instruments (chordophones) such as grand piano, piano, harpsichord,
clavichord, lyre, harp, dulcimer, cantel, spinet, psalterium, virginium, zither.

[Prior art]

[0002] In the stateof theart, themethodsuggestedbyAronAndrewHunt hasbeen revealed in thepreface toacollection
of notes [TheEqual-TemperedKeyboard,ZwillingeVerlag (2021); ISBN:Notassigned]. The foreword isavailableonlineat
URL: https://zwillinge.zentral.zone/vorschau/etk_frontmatter.pdf. The method reveals how to tune an instrument with a
typical pianokeyboard tuned in theoriginal scaleof 12TET to thealternativescalesof5TET,6TET,7TET,8TET,9TET,10
TET, 11 TET, 12 TET, 13 TET, 14 TET, 15 TET, 16 TET, 17 TET, 18 TET, 19 TET, and 20 TET, comprising assigning to
successive keys (relative to a selected pinning point), successive sounds of a selected alternative scale. This method will
be referred to in this application as a strictlymonotonic. Strictlymonotonicmethod applied to piano tuning from the original
12 TETscale to the alternative 10 TETscale increases the instrument’s frequency range. In the original 12 TETscale, the
piano has a frequency range of 27.5 Hz to 4186.01 Hz, while when tuned in the alternative 10 TETscale according to the
strictly monotonic method, the piano has a range of frequencies from 23.12 Hz to 9616.92 Hz (for pinning point C2).
Because of that fact, the application of this method to chordophones is extremely difficult or impossible, due to the risk of
damaging to the instrument resulting froma significant change in the total tension of the strings of a chordophone tuned in
thealternative scale, relative to the total tensionof the stringsof a chordophone tuned in theoriginal scale (tuning the string
to a higher frequency requires an increase in tension).
[0003] In addition, the strictly monotonic method disclosed by Aron Andrew Hunt involves the risk of breaking a string
whose vibration frequency in the alternative scale significantly deviates from its intended vibration frequency on the
original scale. Another unfavorable effect of the strictly monotonic method is a change in the instrument sound significant
resulting fromdiscrepancies in tension of individual strings of the chordophone relative to the tension in the original tuning
(changing the operating point of the strings).
[0004] Patent document [US6194646B1]proposesanalternativemusical keyboard layout,withan increasednumberof
keys within an octave relative to the layout of the piano keyboard. The embodiments show division of the octave into 20 or
16 degreeswith the specific order of white and black keys. The document does not discusswhether it is possible to tune or
otherwise modify an existing instrument to realize the presented keyboard layout with the frequencies corresponding to
each key.
[0005] The patent document [WO2003060872] presents a method of tuning the instrument in alternative (microtonal)
scales relative to theequally tempered tuning. Thesuggestedmethod requires intervening in the constructionof a stringed
instrument suchasapiano, grandpianoor dulcimer by adding amechanism that shortens the active vibrating length of the
string (’menzura’). Shortening the active vibration length of the strings modifies the frequency of the string’s vibration.
[0006] Patent document [US6559369B1] describes method for tuning piano involving the application of a dedicated
voltage to each string, resulting in current flow and thermal expansion of the strings. This method requires significant
interference in the structure of the instrument (including the need for electrical isolation of individual strings), allowing the
piano to be precisely tuned in the selected tuning without the need for standard tuning techniques.
[0007] Patent document [EP1153384A1] describes an alternative tuning system deviating from equally tempered that
allows an instrument to be tuned in a scale of more than 12 degrees per octave.
[0008] In the publication [K. Hobby, W .A. Sethares, " Inharmonic strings and the hyperpiano", Applied Acoustics,
317‑327, 114, 2016, https://doi.org/10.1016/j.apacoust.2016.07.029] it is disclosed a modification of piano involving the
use of strings with heterogeneous structure (for example, with different thickness and length of a braid). String hetero-
geneity significantlymodifies theharmonic seriesof thesound it generates. Thanks to this it is possible to control the timbre
and pitch of the sound generated by the string. The use of specially prepared strings allows the tuning of the piano to any
alternative tuning, however, it requires expensive and time-consuming replacement of a set of strings in the instrument.

[A problem from the state of the art]

[0009] The problem from the state of the art is safe tuningmethod for the chordophones in alternativemusical scales, in

2

EP 4 495 928 A1

5

10

15

20

25

30

35

40

45

50

55



which the number of degrees is less than the number of degrees in the original tuning provided for the instrument by the
manufacturer. Chordophone tuning involves the risk of damage to the instrument caused by both a change in the overall
tension of the strings (threatening, for example, with the mechanical damage to the instrument) as well as changes in the
tension of individual strings (threatening to break the strings). In addition, changing the tuning of a chordophone can
involve a deterioration in sound quality caused by a change in the operating point of each string. In particular, a problem
from the state of the art is the tuning of a piano from the original tuning of twelve equally tempered degrees (12 TET) to a
tuning of ten degreesevenly tempered (10TET),without the risk of damage to the structural components of the piano such
as strings, tuning board, soundboard, etc., and without deterioration of the sound quality.

[Solution to the problem]

[0010] The invention described in the present patent application consists in finding a monotonic surjective mapping
between the degrees of the original scale and the degrees of the alternative scale. If the original scale has N degrees and
the alternative scale has M, whereM<N, then when tuning an instrument in the alternative scale, theN-M degrees of the
original scale aremapped to the samedegreeof thealternative scale asanother degreeof theoriginal scale. Thismapping
makes it possible to solve the problem from the state of the art minimizing the risk of damage to the instrument caused by
both changing the total tension of the strings as well as changing the tension of individual strings, which increases the life
and durability of the strings in the instrument minimizing the possibility of damage to the structural components of the
instrument.

[Summary of the of the invention]

[0011] The object of the present invention is a method of tuning chordophones in alternative musical scales with a
reduced number of degrees relative to the original tuning, in which amonotonic surjectivemapping is sought between the
degrees of the original scale and the degrees of the alternative scale, characterized in that when the original scale has N
degrees and the alternative scale hasMdegrees, whereM<N, then the instrument tunes to the alternative scale so that N-
M degrees of the original scale is mapped to the same degree of the alternative scale as another degree of the original
scale, and, inaddition, the frequency rangeof the instrument tuned in thealternative scale is not greater than the frequency
range of the instrument tuned in the original scale.
[0012] Preferably, among all monotonic surjectivemappings a single one is selected for which the tension of each string
of the chordophone tuned in the alternative scale does not exceed its breaking tension.
[0013] Preferably, the total tension strings chordophone tuned to alternative scale is as close as possible to the total
string tension of the chordophone tuned to the original scale.
[0014] Preferably, the operating point of each of the strings tuned in alternative tuning does not extend beyond the area
of tuning stability region.
[0015] Preferably, a chordophone is a plucked chordophone or struck chordophone.
[0016] Preferably, a chordophone is an instrument selected from thegroup including: dulcimer, zither, piano, gusli, harp,
kankle, kanun, harpsichord, clavichord, kokle, kora, lyre, kantele, grand piano, psalterium, stredici, spinet, virginals.
[0017] Preferably, the chordophone is a piano or a grand piano.
[0018] Preferably, the original scale is the N TET scale, while the alternative scale is the M TET.
[0019] Preferably, the original scale is the 12 TET scale, while the alternative scale is the 10 TET scale.
[0020] Preferably, the mapping of the original scale of 12 TET to the alternative scale of 10 TET is characterized by at
least two fixed points within an octave.
[0021] Preferably, themapping of the original 12 TETscale to the alternative 10 TETscale is characterized by two fixed
points within one octave corresponding to the D# and A scale degrees.
[0022] Preferably, the mapping of the original scale of 12 TET to the alternative scale of 10 TET is characterized by the
fact that the frequency range of a piano or grand piano tuned in scale the alternative 10 TET ranges from 27.50 Hz to
4043.42 Hz.
[0023] Another subject of the invention is also a method of tuning chordophones in alternative musical scales with a
reduced number of degrees relative to the original tuning, in which a monotonic surjective mapping between scale of the
original scale and degrees of the alternative scale is sought, characterized in that when the original scale has N degrees
and thealternative scalehasMdegrees,whereM<N, the instrument is tuned to thealternative scale in suchaway thatN-M
degrees of the original scale aremapped to the same degree of the alternative scale as another degree the original scale,
characterized by at least two fixed points within one octave, in addition, the frequency range of the instrument tuned in the
alternative scale is not greater than the frequency range of the instrument tuned in the original scale, where the method
consists of the following steps:

(a) the corresponding signature of themapping of the original scale N TET to the alternative scale M TET is selected,
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the choice of signature defines which notes of the new scale will be repeated;
(b) the pinning point is selected between the original N TET scale and the alternative M TET scale;
(c) It is found what degree of the alternative scale (M TET) corresponds to the pinning point in the original scale (N
TET), then to that degree of the scale ’m’ it is assigned the vibration frequency corresponding to the pinning point fm ;
(d) the remaining sounds in the alternative scale in a given equive (or octave) are calculated using the formula:

where ’M’ denotes the number of degrees of the alternative scale, ’m’ denotes the degree of the alternative scale
corresponding to the pinning point, ’i’ denotes the calculated degree of the alternative scale, and fm denotes the
frequency of the sound being the pinning point;
(e) for the other equives, the frequencies of the sound can be obtained by multiplying the obtained frequencies
respectively by the corresponding equives frequency ratios (e.g., for octave factors 2, 22, 24 for subsequent octaves),
and by dividing the obtained frequencies by the corresponding equives frequency ratios, respectively (e.g., for octave
factor 2, 22, 24 for antecedent octaves).

[0024] Yet another subject of the invention is also a chordophone tuning method implemented by computer in an
electronic tuner for determining the frequencyof vibration of the stringof a chordophoneduring the tuningof the instrument
from the original N TET scale to the alternative M TET scale, including:

- recording of the sound signal generated by the string or strings of a single scale sound;
- extraction of the fundamental frequency of the recorded audio signal;
- comparing the obtained frequency of the audio signal with the reference data stored in the tuner’s memory

corresponding to the successive steps of the new M TETalternative scale and display information to the user about
the difference of the measured frequency from the reference frequency.

[0025] In another aspect of the invention, there is also a frequency tuner adapted to confirm the correct frequency of
vibration of a chordophone string or strings, using the reference data necessary to realize the method of computer
assisted.

[Advantages effects of the invention]

[0026] The invention described in the claims features a number of advantages over solutions known in the state of the
art. Firstly, the tuning of the chordophone using disclosedmethodminimizes the risk of damage to the instrument caused
by the difference of the total string tension of strings instrument tuned in alternative tuning to the total string tension of an
instrument tuned in the original tuning. Similarly, the risk of breaking a single string isminimized. Inmost cases, this allows
the instrument to be re-using tuned without interfering with its construction. By keeping the operating point as similar as
possible for eachof thechordophonestrings (dependingon theoriginal scaleof the instrumentand theselectedalternative
scale), there is no significant change in the instrument’s timbre in the disclosedmethod. Chordophone tuning according to
the disclosedmethod is characterized by the occurrence of more than one fixed point, allowing an increase in the number
of common sounds between chordophones tuned in alternative tuning and any other instrument tuned in the original
tuning,which facilitates joint performanceofmusical pieces inmusical ensembles. Inaddition, in thedisclosedmethod, the
cycle of equive is preserved in the sequenceof sounds allowing thoseexperienced in playing in theoriginal tuning to easily
transfer theperformance techniques learnedso far toan instrument tuned toalternative scaleusing themethodpresented.
The occurrence of N-M repetitions in the alternative scale opens up new performance possibilities based on rapid
repetition sounds and other rhythmic effects.

[Possible areas of application of the invention]

[0027] Thepresent inventionfindsapplication inmusical arts, filmarts and theater arts.Music composed for instruments
tuned in alternative musical scales is now one of the directions of avant-garde modern music. Due to the lack of safe
methods of tuning acoustic instruments suchmusic ismainly created using electronic instruments or computer programs.
Music performed on chordophones tuned in alternative scales can be used in film scores as well as in musicals for
theatrical performances. Chordophones tuned in alternative scales can also be a valuable source of musical education
about possible tunings of the instrument and the existence of other scales alternative to the most widely used equally‑
tempered tuning.
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[Preferred embodiments of the invention]

[0028] The invention will now be further illustrated in a favorable embodiments with reference to the attached drawing,
where:

Fig. 1 presents the concept of a method for tuning chordophones in alternative musical scales with a reduced num-
ber of degrees relative to the original tuning based on monotonic surjective mappings. Within one equive, the
original scale consists of N degrees, while the alternative scale consists of M<N degrees. The horizontal axis
shows the sounds of the instrument’s original scale, while the vertical axis shows the sounds of the alterna-
tive scale. Each scale degree is represented by using a single square. The mapping is periodic with respect
to (with respect to the degree of scale) with a period of one equive. A characteristic feature of the mapping is
the occurrence of N-M multiplications (visible as horizontal segments of more than one square length).

Fig. 2 presents the link between keys of the piano and sound frequencies for Steinway acoustic piano model B
tuned in the original scale of equally tempered 12 TET (white circles) and for a piano tuned to the scale of
10 TET using a strictly monotonic method (dashed line). The solid line shows the connection between the
keys of the same piano tuned by the method proposed in the following disclosure to alternative scale 10
TET with signature {6, 10} and the pinning point marked with a vertical dotted line. The area filled in with the
dotted pattern indicates the difference between the frequency range of the instrument tuned by the strictly
monotonic method and that of the frequencies of an instrument tuned by the method disclosed in the present
invention. In order to illustrate more clearly the difference between original scale tuning and alternative scale
tuning according to the disclosed method, a close-up view of the area between key 18 and 31 is shown in pa-
nel (a).

Fig. 3 presents a graph of the change of sound frequency in cents when tuning a Steinway model B acoustic piano
from the original scale of 12 TET to the alternative scale of 10 TET. The horizontal axis shows the successive
key numbers of the piano. The white dots denotes the values for the original scale, being zero (tuning to 12
TET scale does not require tuning the strings). The dashed line and the symbols "▲" denote the change in
frequency of sounds using the strictly monotonic method known from the state of the art. The solid line and
the symbols "x" denote the change in frequency of the tones with the tuning method obtained by the method
according to this disclosure for signature {6,10} and pinning point A (440 Hz). The dotted line marks the pin-
ning point. The gray area between the multi-point lines indicates the area of tuning stability corresponding to
detuning the string no more than 100 cents up or down.

Fig. 4 presents the tension diagram of a string being vibrated with hit of a hammer of the corresponding key num-
bered from 1 to 88 in a Steinway model B acoustic piano. Tension is expressed as a percentage of the max-
imum allowable string tension for standard strings based on "Röslau steel wire for piano strings Blue Label."
The white dots indicate the string tension values for the instrument tuned to the original scale of 12 TET. The
dash line marks the tension values obtained when the instrument was tuned to the alternative scale of 10
TET using the strictly monotonic method known from the state of the art. The solid line denotes the values
obtained when detuning the instrument to an alternative scale of 10 TET based on the method presented in
this disclosure for signature {6,10} and pinning point A (440 Hz). The horizontal dotted line marks the string
breakage threshold. The gray area between the multi-point lines denotes the tuning stability area corre-
sponding to the tension resulting from detuning of the string by no more than 100 cents up or down.

Fig. 5 presents the maximum detuning value of a single sound (and thus the corresponding strings) expressed in
cents for selected monotonic surjective mappings according to the method revealed for tuning Steinway
acoustic piano model B and used "Röslau steel wire for piano strings Blue Label" strings from the original
scale of 12 TET to the alternative scale of 10 TET. The value of the maximum detuning is represented on
the chart as a shade of grey according to the color scalebar given on the chart. On vertical axis there are
shown the names of the sounds corresponding to the individual pinning points (the names of the sounds fol-
low the standard notation used in the 12 TET scale), where sound A corresponds to a frequency of 440.00
Hz, and sound C corresponds to 261.63 Hz. The horizontal axis shows the successive surjective monotonic
mappings according to the present disclosure, numbered from 0 to 54. The bottom part of Fig. 5 shows a ta-
ble tying the mapping number to the order of the notes of the 12 TET scale (1st column of the table) to the
notes of the 10 TET scale on the piano keyboard (columns 2‑54 of the table). The individual columns of the
table excluding column number 1 denote successive mappings according to the method described in this
submission. In the diagram, white circles indicate mappings for which the maximum detuning of a single
sound (and thus the corresponding strings) towards higher frequencies does not exceed 60 cents.

Fig. 6 presents a diagram for assigning successive scale tones to the consecutive keys of the piano in the case of
the original tuning 12 TET (upper part). Enharmonic sounds names have been omitted for readability. The
bottom part of the diagram shows the assignment to the keys of a piano designed for tuning in the original
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12 TET, successive degrees of alternative scale 10 TET using the mapping with the signature {6,10} accord-
ing to the present invention.

[0029] The figure uses the terms according to the definitions in the glossary of this patent document.

[Glossary and definitions of phrases used in the description]

[0030] Undefined terms herein shall have the meanings as given and understood by one skilled in the art in light of the
best knowledge possessed, the present disclosure and the context of the patent application description. Unless stated
otherwise, the following term conventions are used in this description, which have the indicated meanings as in the
definitions below. In this description terms used have the following meanings.
[0031] The term "cent" means the change in frequency relative to the original frequency expressed as

,wheremeans the new sound frequency and forg means the original sound frequency. The change
expressed in the aforementioned form is denoted by the symbol ¢.
[0032] The term "equive"means - in periodic scales - a musical interval in which sounds are perceived as equivalent.
Otherwise knownasanequivalent interval. InmostWesternmusical scales (suchas the12TET), the equivalent interval is
theoctave. In theBohlen-Pierce scale, the role of the octave is the tritaveof frequency ratio of 3:1. In scalesbasedonequal
divisionsof fifths (so-called.EDF fromequal divisionof fifth) the roleof theequive is playedby thefifthwitha frequency ratio
of 3:2.
[0033] The term "number of scale steps" means the number of scale tones within the range of one equive.
[0034] The term "monotonic surjectivemapping" in the case of this disclosuremeans surjectivemapping characterized
by the fact that it preserves the order of scale degrees i.e. two consecutive degrees of the original scale aremapped to two
consecutive degrees of the alternative scale or to the same degree of the alternative scale.
[0035] The term "N TET," where N is a natural number, refers to the musical scale in which an octave is divided into N
tones for which the ratio of the frequencies of two consecutive tones (the higher frequency sound to the lower frequency
sound) is 21/N. Alternative names for theN TET (tone equal temperament) scale are theN EDO (equal division of octave)
scale, and the N ET (equal temperament) scale.
[0036] The term "tuning stability area" means the range of string operating points for which no significant change in
timbre and tuning instability is observed. In practice, the area of tuning stability is considered to be in the range from ‑100
cents to +100 cents relative to the original tuning.
[0037] The term "surjective mapping" means a mapping that takes as its values all elements of the counter-domain. In
the case of the present invention, this means amapping in which each degree of the alternative scale is assigned at least
one degree of the original scale.
[0038] The term "octave" means the musical distance corresponding to the ratio of the 2:1 sound frequencies.
[0039] The term "instrument tuning"means changing the tuning of the original instrument to the alternative tuning of the
instrument.
[0040] The term "pinning point" means the sound for which the frequency in the original tuning is identical to the
frequency in the alternative tuning, both when the tuning of the instrument is carried out by a strictly monotonic method as
well as when the instrument is tuned by the method described in this application. The choice of this point is one of the
characteristics of the mapping.
[0041] The term "fixed point" means the degree of the original scale, the frequency of which sound is the same as
alternative scale degree at which it is mapped.
[0042] The term "string operating point" means the percentage tension of the string relative to the breaking tension
specified by the string manufacturer. The optimal operating point of each string for the original tuning is set by the
manufacturer. Deviation from optimal operating point results in a change in the timbre of the sound emitted by the string.
[0043] The term "original tuning" means the tuning of the instrument predicted by the manufacturer’s specifications for
which the instrument was designed. For example, in the case of a modern piano and harpsichord, this is an equally
tempered tuning in the 12 TET scale.
[0044] The term "alternative tuning" means an instrument tuning different from the original tuning, distinguished by a
lower number of scale degrees than the original tuning.
[0045] The term "mapping signature" is a unique set of alternative scale degrees specific to a given mapping between
the original scale instrument, and the alternative scale. If the original scale has N degrees, and the alternative scale M
degrees, where M<N, then when tuning the instrument in the alternative scale according to the disclosed method, N-M
degrees of the original scale are mapped to the same degree of the alternative scale as another degree of the original
scale. For this reason, themapping canbedescribed by the characteristic sequenceof characters of lengthN-M indicating
which degrees of the alternative scale are assigned more than one degree of the original scale. The aforementioned
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sequence of characters is referred to as themapping signature in this application. In order to standardize the length of the
signature, it is permissible for the samedegreeof alternative scale to appear several times in the signature. For example, if
the original scale has a length of 7: [OR1, OR2, OR3, OR4, OR5, OR6, OR7], where ORn is the n-th step of the original
scale and the alternative scale has length 4: [A1, A2, A3, A4], whereAm denotes them-th degree of the alternative scale,
the signature of the monotonic surjective mapping [OR1→A1, OR2→A1, OR3→A2, OR4→A3, OR5→A3, OR6→A4,
OR7→A4], whereORn→Am denotes the assignment of the n-th degree of the original scalem-th degree of the alternative
scale, will be {A1, A3, A4}. Also, for example The signature of the surjective mapping [OR1→A1, OR2→A1, OR3→A1,
OR4→A1, OR5→A2, OR6→A3, OR7→A4], where ORn→Ammeans assigning the nth degree of the original scale to the
m-th degree of the alternative scale, will be {A1, A1, A1}.
[0046] The term "tritava" is a musical distance corresponding to the 3:1 ratio of frequencies sounds.
[0047] The term "instrument frequency range" means the frequency range of sounds that can be played on an
instrument expressed in Hz.
[0048] The term "change in string tension" means the difference of a string tuned in alternative tuning, relative to the
tension of a string tuned in the original tuning. The change in string tension shown in Tables 1, 3, and 4 and expressed as a

percentage was calculated according to the equation , where falt denotes the new sound
frequencyof the tunedstringaccording to thealternative tuning, and forgdenotes theoriginal sound frequencyproducedby
the string according to the original specifications of the instrument (consistent with the original tuning).

[Embodiments of the invention]

[0049] The following examples are included only to illustrate the invention and to explain particular aspects of the
invention, andnot for its limitations and should not beequatedwith its entire scope,which aredefined in theaccompanying
claims. In the following examples, unless otherwise indicated, standardmaterials andmethods used in the technical field
were used manufacturers’ recommendations were followed for specific materials and methods.

EMBODIMENT 1

[0050] Amethodof tuningachordophone from theoriginal tuning in theBohlen‑Pierceeven-temperedscale (13EDT) to
the alternative tuning in the 12 EDT scale based on monotonic surjective mappings
[0051] The Bohlen-Pierce scale is cyclic, with the tritave taking t h e place of the standard octave. The frequencies of
successive scale steps correspond to the frequency ratio resulting from dividing the tritave into 13 equal parts, i.e. f1/f0 =
31/13 . This scale is referred to in the literature as 13 EDT, from the equal division of tritave. The sounds of such a scale are
customarily called: [C, C #, D, E, F, F#, G, H, H#, J, A, A#, B]. One possible keyboard layout adapted to the Bohlen-Pierce
scale (http://ziaspace.com/NYU/BP-Scale_research.pdf) is the BT-tar layout presented by Elaine Walker. An acoustic
instrument that allows theuseof themethodpresented in this submission is the chordophone "Stredici" designedbyDavid
Lieberman(http://bohlen-pierce‑ conference.org/bohlen-pierce-instruments/stredici). The tuning method presented in
this patent application based onmonotonic surjectivemappings results in 12 possible mappings to an alternative scale of
12EDTinwhich the individual scalestepsarecalled: [1,2, 3, 4, 5,6, 7, 8,9, 10,11,12]. Thesemappingsarecharaterizedby
the one-element signatures {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9} {10}, {11}, each of these provides a lower total instrument
string tension than the strictlymonotonicmethodknown from the state of the art. If an instrument originally designed for the
Bohlen-Pierce scale has a frequency range covering two tritaves, and the common sound between the two scales (the
pinning point) is themiddleCsound (261.63Hz), then the individual sounds and their corresponding frequencieswill be as
shown in the first three columns of the table below.

Table 1

original scale of the instrument strictly monotonic mapping (state of
the art)

mapping according to the invention

degree
name in
13

No
degree
in 13

frequency
(Hz)

No
degree
in 12
EDT

frequency
(Hz)

change
in string
tension

No
degree
in 12
EDT

frequency
(Hz)

change in
string
tension

EDT EDT
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(continued)

original scale of the instrument strictly monotonic mapping (state of
the art)

mapping according to the invention

degree
name in
13

No
degree
in 13

frequency
(Hz)

No
degree
in 12
EDT

frequency
(Hz)

change
in string
tension

No
degree
in 12
EDT

frequency
(Hz)

change in
string
tension

C 1 87,21 12 79,58 ‑17% 1 87,21 0%

C# 2 94,90 1 87,21 ‑16% 2 95,57 1%

D 3 103,27 2 95,57 ‑14% 3 104,73 3%

E 4 112,38 3 104,73 ‑13% 4 114,77 4%

F 5 122,28 4 114,77 ‑12% 5 125,78 6%

F# 6 133,07 5 125,78 ‑11% 6 137,84 7%

G 7 144,80 6 137,84 ‑9% 7 151,05 9%

H 8 157,57 7 151,05 ‑8% 8 165,53 10%

H# 9 171,47 8 165,53 ‑7% 8 165,53 ‑7%

J 10 186,59 9 181,40 ‑5% 9 181,40 ‑5%

A 11 203,04 10 198,80 ‑4% 10 198,80 ‑4%

A# 12 220,95 11 217,85 ‑3% 11 217,85 ‑3%

B 13 240,43 12 238,74 ‑1% 12 238,74 ‑1%

C 1 261,63 1 261,63 0% 1 261,63 0%

C# 2 284,70 2 286,71 1% 2 286,71 1%

D 3 309,81 3 314,20 3% 3 314,20 3%

E 4 337,13 4 344,32 4% 4 344,32 4%

F 5 366,85 5 377,34 6% 5 377,34 6%

F# 6 399,20 6 413,51 7% 6 413,51 7%

G 7 434,41 7 453,16 9% 7 453,16 9%

H 8 472,71 8 496,60 10% 8 496,60 10%

H# 9 514,40 9 544,21 12% 8 496,60 ‑7%

J 10 559,76 10 596,39 14% 9 544,21 ‑5%

A 11 609,12 11 653,56 15% 10 596,39 ‑4%

A# 12 662,84 12 716,22 17% 11 653,56 ‑3%

B 13 721,29 1 784,89 18% 12 716,22 ‑1%

C 1 784,89 2 860,14 20% 1 784,89 0%

average of the absolute
value 10% average of the absolute

value 0%

[0052] Table 1. Tone frequencies corresponding to each degree of the Bohlen-Pierce original 13 EDTscale (columns 1,
2, 3) and the 12 EDT alternative scale (columns 4, 5, 6, 7, 8, 9), for the chordophone tuned according to the strictly
monotonic method (columns 4, 5, 6) and for the chordophone tuned according to the disclosed method (columns 7, 8, 9).
The gray color indicates the pinning point. The rows of the table assign sounds of the alternative scale to individual sounds
of the original scale. The selected mapping is characterized by a one-element signature {8}. In addition, columns 6 and 9
show the numerically calculated percentage change in tension for each string of the tuned chordophone relative to the
original tuning.
[0053] In Table 1 selects one of the 12 possible surjectivemonotonicmappings preserving tritava, in which both 8th and
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9th degrees of scale 13 EDT are mapped to the 8th degree of the 12 EDT scale. Minimizing the risk of damage to the
instrument when changing tuning requires both minimizing the difference between the total tension of the strings before
and after tuning and minimizing the difference in tension of each string separately before and after tuning. In contrast to
strictly monotonic method tuning the instrument in the alternative scale according to the disclosed method, does not
increase the frequency range of the instrument tuned in the alternative scale compared to the frequency range of the
instrument tuned in the original scale. For alternative scale tuning consistent with the strictlymonotonicmethod, the range
is from 79.58 Hz to 860.14 Hz, while for alternative scale tuning consistent with the disclosed method the range is from
87.21 Hz to 784.89 Hz and is the same as the range of the instrument tuned in the original scale. The disclosedmethod is
clearly more favorable than the state-of-the-art method as reflected by both the average of the absolute value of the
percentage change in string tension (10% for the state-of-the-art method technique, 0% for the disclosedmethod) as well
as the maximum value of percentage change in the tension of a single string (20% for the state of the art method, 10% for
thedisclosedmethod).The riskof damaging the instrumentwhenchanging the tuningaccording to thedisclosedmethod is
therefore significantly lower.

EMBODIMENT 2

Method of tuning the harp from the original tuning of a seven-step diatonic scale to alternative tuning in 4
TET scale based on monotonic surjective mappings

[0054] Another example of the implementation of the disclosed method is the tuning of a 29-string diatonic harp to an
alternative tuning in the 4 TETscale. The diatonic harp under consideration has 29 nylon strings, tuned in the cyclic scale
where thenamesof the 7degrees in the cycle are [C,D, E, F,G,A,H]. There are 4 degrees in the4TETscale,which canbe
called [x, y, z,W]. Using the disclosed tuningmethod based onmonotonic surjectivemappings, 20 possiblemappings are
obtained with the signatures shown in the Table 2:

1: {x, x, x} 2: {x, x, y} 3: {x, x, z} 4: {x, x, W} 5: {x, y, y}

6: {x, y, z} 7: {x, y, W} 8: {x, z, z} 9: {x, z, W} 10: {x, W, W}

11: {y, y, y} 12: {y, y, z} 13: {y, y, W} 14: {y, z, z} 15: {y, z, W}

16: {y, W, W} 17: {z, z, z} 18: {z, z, W} 19: {z, W, W} 20: {W, W, W}

[0055] Table 2: All possible signaturesofmonotonic surjectivemappings that allow tuning adiatonic harp from the7step
original diatonic tuning to the 4 TETalternative tuning according to the disclosed method.
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[0056] Table 3. Tone frequencies corresponding to each degree of the original scale, i.e. the seven-step diatonic scale
(columns1, 2, 3) and thealternative scale 4TET (columns4, 5, 6, 7, 8, 9), for a 29-string harp tunedaccording to the strictly
monotonic method (columns 4, 5, 6) and for a 29-string harp tuned according to the disclosed method (columns 7, 8, 9).
The gray color indicates the pinning point. The rows of the table assign sounds of the alternative scale to individual sounds
of the original scale. The selected mapping is characterized by three-element signature {y, z, W}. In addition, columns 6
and9show thenumerically calculatedpercentagechange in tension for eachstringof the tunedharp relative to theoriginal
tuning.
[0057] An example of harp tuning according to the disclosedmethod, for the selected signature {y, z,W} shown in Table
2, is shown in Table 3. The tuningmethod based on strictly monotonicmapping (disclosed in the state of the art) leads to a
tension difference for a single string reaching 1031%of the original string tensionwhichwould lead to the breaking ofmost
strings. The tuning method based on the disclosed method leads to a tension difference for a single string reaching only
21%. Similarly, the average of the absolute value of the percentage change in tension of individual strings for the strictly
monotonicmethod is 401%,while for the revealedmethod it is 9%.The riskof damaging the instrumentwhenchanging the
tuning is therefore significantly reducedbyusing thedisclosedmethod. In contrast to the strictlymonotonicmethod, tuning
the harp in alternative scale tuning according to the disclosed method does not increase the frequency range of the harp
tuned in the alternative scale compared to the frequency range of the harp tuned in the original scale. For alternative scale
tuning according to the strictlymonotonicmethod, this range is from55.00Hz to 7040.00Hz, while for tuning to alternative
scale consistent with the disclosed method, the range is from 130.81 Hz to 2093.00 Hz and is the same as the frequency
range of the harp tuned in the original scale.

EMBODIMENT3

A method of tuning a piano in 10 TET scale based on monotonic surjective mappings.

[0058] An alternative example of the implementation of the method according to the invention is a method of tuning a
Steinwaymodel B acoustic piano from the original scale of 12 TET (equally-tempered tuning) to the alternative scale of 10
TET. The tuning has been realized by means of a monotonic surjective mapping consistent with the invention, which is
shown in Table 4. The selectedmapping is characterized by the signature {6,10} and the pinning point A (440Hz) -marked
in gray in Table 4 below.
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[0059] Table 4. Tone frequencies corresponding to each degree of the original scale that is, the equally-tempered 12
TETsystem (columns 1, 2, 3) and alternative scale 10 TET (columns 4, 5, 6, 7, 8, 9), for Steinway piano Model B tuned
according to the strictly monotonic method (columns 4, 5, 6) and for the same piano tuned according to the disclosed
method (columns 7, 8, 9). The gray color indicates the pinning point. The rows of the table assign to each sound of the
original scale, the sound of the alternative scale. The selected mapping is characterized by the signature {6,10}. In
addition, column6and 9 shows the numerically calculated percentage change in tension for each string of the tuned piano
relative to the original tuning.
[0060] Fig. 2 shows the relationshipbetween thepiano keysand the frequencies of the sounds for piano tuned in original
scale equally tempered 12 TET (white circles) and for a piano tuned in the 10 TETscale by a strictly monotonic method
(dashed line). The solid line shows the relationship between the keys and sounds frequencies of the same piano tuned by
the disclosed method in the application to the alternative scale 10 TET with the signature {6, 10} and the pinning point
marked by the vertical dot line. The area filled with dotted pattern indicates the difference between the frequency range of
an instrument tuned by the strictly monotonic method and themethod proposed in this disclosure. In order tomore clearly
illustrate the difference between the original scale tuning and the alternative scale tuning according to the disclosed
method, panel Fig.2(a) shows a close-up view of the area between the key 18 a 31. In contrast to the strictly monotonic
method, tuning thepiano to thealternative scale according to thedisclosedmethoddoes not increase the frequency range
of thealternative scale tunedpianocompared to the frequency rangeof theoriginal scale tunedpiano.Foralternativescale
tuning according to the strictly monotonic method, the range is from 15.79 Hz to 6568.55 Hz, while for alternative scale
tuning consistent with disclosedmethod the range is from27.50Hz to 4043.42Hz and is smaller than the frequency range
of a piano tuned in the original scale.
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[0061] Fig. 3 shows a graph of the change in sound frequency expressed in cents when tuning a Steinway model B
acoustic piano from the original scale 12 TET to alternative scale 10 TETaccording to the selectedmappingwith signature
{6, 10}. The horizontal axis shows consecutive piano key numbers. White dots indicate the values for the original scale,
which is zero (tuning in the 12 TET scale does not require detuning the strings). The dashed line and the symbols "A"
indicate the change in the frequency of sounds according to state of the art, strictly monotonic method techniques. The
solid line and the symbols "x" are indicating changes in the frequency of the sound with the tuning obtained with the
selectedmappingaccording to thedisclosedmethod. Tuningapianoaccording to the selectedmapping requiresdetuning
the strings from ‑80 cents to +60 cents preserving their operating point in the area of the stability of the tuning. In addition,
the selected mapping is characterized by two fixed points within one octave corresponding to D# and A scale degrees
(according to typical 12TETscale degree designations). Tuning apianoaccording to the strictlymonotonicmethodmoves
the operating point of most strings outside the area of tuning stability.
[0062] Fig. 4 shows a diagram of the tension of the string being vibrated by pressing the corresponding key numbered
from1 to 88onaSteinwaymodelB acoustic piano. Tension is expressedasapercentageof themaximumallowable string
tension for standard strings based on "Röslau steel wire for piano strings Blue Label" wire. White dots indicate string
tension values for an instrument tuned in theoriginal scale of 12TET.By lineThedashed line indicated the tensions values
obtained when the instrument is tuned to the alternative scale of 10 TET using the strictly monotonic method known from
the state of the art. For keys with numbers greater than 80, the dash line significantly exceeds the string breakage
threshold. Tuning according to the strictlymonotonicmethod also results in a significant change in the instrument’s timbre
and tuning instability causedby the fact that theoperatingpoint ofmost strings is outside theareaof the tuningstability. The
solid line indicates the values obtained when the instrument is tuned to the alternative scale of 10 TET. The horizontal
dotted line denotes the string breakage threshold. The gray area between themulti-point lines denotes the tuning stability
area corresponding to the tension corresponding to the detuning of the string by nomore than 100 cents up or down. The
disclosedmethod allows the piano to be tuned to the 10TETalternative scalewithout the risk of string breakage causedby
exceeding the maximum string tension allowed by the manufacturer. In addition, the tension of each string after tuning is
within the tuning stability area.
[0063] In general, such a tuning canbe accomplishedwith any of themappings shown in Fig. 5. Each of thesemappings
has a distinct advantage over the strictly monotonic method due to the smaller difference in the total string tension of the
piano tuned in the alternative tuning relative to the total string tension of the piano tuned in the original tuning. Similarly,
each of these mappings has a distinct advantage over the method of strictly monotonic due to the fact that the maximum
detuning of any string toward higher frequencies in the disclosedmethod is lower than themaximumdetuning of any string
towards higher frequencies in the strictly monotonic method. This avoids string breakage during the tuning. Of all the
mappings shown inFig. 5, the best stability of tuning after tuning to thealternative scale is offered by themappingsmarked
with white circles. For thesemappings, themaximumdetuning of any string in the direction of higher frequencies does not
exceed 60 cents.
[0064] Fig. 6 shows a diagram of the assignment of successive scale tones to the consecutive keys of the piano in the
case of the original tuning 12 TET (upper part). Enharmonic of sound names have been omitted for readability. The lower
part of the diagram shows the assignment to the keys of a piano designed for the tuning in the original 12 TETsuccessive
degrees of the alternative scale 10 TETusing amapping with signature {6,10} according to this implementation example.

EMBODIMENT 4

A method of tuning any chordophone in the 10 TET scale based on monotonic surjective mappings using a
professional tuner or acoustic spectrum analyzer

[0065] Alternative example ofmethod according to invention is themethod of tuning aSteinwaymodel B acoustic grand
piano from the original scale of 12 TET (equally tempered tuning) to the alternative scale of 10 TET. The tuning was
implemented using a monotonic surjective mapping in accordance with the invention, which is shown in Table 4. The
selected mapping is characterized by a signature {6,10} and the pinning point A (440 Hz) - marked in gray in the Table 4
below. In general, tuning an instrument requires the following steps. The piano technician chooses a mapping signature
fromamong thepossibilities shownunder themappresented inFigure 5. The choice of particular signaturemaybe related
to the decision of the instrumentalist, whose playing comfort depends on, which keys of the instrument will produce the
same sounds of the alternative scale. In the embodiment, the selected signature {6, 10} = 1,2,3,4,5,6,6,7,8,9,10,10
(number 44 on the horizontal axis) means that within one octave the same sounds will be produced by the sixth and
seventh keys of the piano aswell as the eleventh and twelfth keys. Then, using Figure 5, the technician selects the pinning
point (vertical axis). Of all the pinning points shown on the vertical axis, the tuner should select such a pinning point for
which the maximum value of detuning of a single sound expressed in cents is as small as possible. In particular, it is
advantageous to choose the pinning points marked with white circles in Figure 5. In this example, the A sound of the
original scale with a frequency of 440 Hz is chosen as the pinning point. In the next step, the technician determines which
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degree of the new scale corresponds to the pinning point of the old scale. In this example, the A sound is the 10th sound of
the old 12TETscale, while in the new10TETscale it is the 9th sound, so the frequency of the ninth sound of the newscale f9
is 440 Hz. The frequencies of the other sounds of the 10TET scale are calculated by the technician using the formula:

Where i is the sound number of the alternative scale (i belongs to the set of 1‑10). For the other octaves, the frequencies of
the sounds can be obtained by multiplying the obtained frequencies by factors of 2,4,8... respectively for the next higher
octaves and by dividing the resulting frequencies by a factor of 2,4,8 respectively... for previous lower octaves. In this
embodiment, in the final stage it is necessary to use a professional frequency tuner or an acoustic spectrum analyzer to
verify the correct frequency of the chordophone string vibration, which was previously calculated from the formula above.
Theaforementioned tuner or spectrumanalyzer canbe realized in electronic or analog version.Othermethodsof verifying
the correct frequency of string vibration are also known, which can be used in the embodiments of the present invention
(e.g., comparing beat frequency). It is good tuning practice to repeat the complete tuning procedure several times,
depending on the technical condition of the instrument.

EMBODIMENT 5

A method to tune any chordophone using a professional tuner programmed for a scale of 10 TET ‑ based on
monotonic surjective mappings

[0066] Analternative embodiment of themethod shown inExample 4 is amethod of tuning aSteinwaymodel B acoustic
g ra n d piano from the original scale of 12TET (equally tempered tuning) to the alternative scale of 10TET. The tuningwas
implemented using a monotonic surjective mapping according to the invention, which is shown in Table 4. Selected
mapping is characterized by the signature {6,10} and the pinning point A (440 Hz) - marked in gray in Table 4, shown in
Example 3. In this embodiment, it is necessary to use a professional frequency tuner or acoustic spectrum analyzer at the
tuning stage to verify the correct frequencyof the chordophonestring vibration.Useddevicehaspre-definedchordophone
strings vibration frequencies preloaded in memory chordophone defined according to Table 4 for the 10TETscale. The
piano technician uses the aforementioned tuner or spectrum analyzer, which, thanks to the stored frequencies, do not
require the technician to calculate the frequency of vibration of individual strings corresponding to the keys of the
instrument in the new 10TETscale. The technician selects only the starting point of the instrument’s tuning (the key from
which he/she starts tuning), and then proceeds up and down the keyboard, tuning the instrument’s successive strings
accordingly as indicated by the tuner. It is good tuning practice to repeat the full tuning procedure several times depending
on the condition of the instrument.

Claims

1. A method of tuning chordophones in alternative musical scales with a reduced number of degrees relative to the
original tuning, in which a monotonic surjective mapping is sought between the degrees of the original scale and the
degreesof thealternativescale,characterized in thatwhen theoriginal scalehasNdegreesand thealternativescale
has M degrees, where M<N, the instrument is tuned to the alternative scale in such a way that N-M degrees of the
original scale are mapped to the same degree of the alternative scale as another degree of the original scale, and, in
addition, the frequency rangeof the instrument tuned to thealternative scale is not greater than the frequency rangeof
the instrument tuned to the original scale.

2. The method according to claim. 1, characterized in that among all monotonic surjective mappings a single one is
selected for which the tension of each string of the chordophone tuned in the alternative scale does not exceed its
breaking tension.

3. The method according to claim. 2, characterized in that the total tension of the strings of the chordophone tuned to
the alternative scale is as close as possible to the total tension of the strings of the chordophone tuned to the original
scale.

4. Themethod according to claim. 3 characterized in that the operating point of each of the strings tuned in alternative
tuning does not extend beyond the tuning stability region.
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5. Themethodaccording toanyof theclaims. 1‑4,characterized in that thechordophone isapluckedchordophoneor a
struck chordophone.

6. Themethodaccording toanyof theclaims. 1‑5,characterized in that thechordophone isan instrument selected from
the group including: dulcimer, zither, piano, gusli, harp, kankle, kanun, harpsichord, clavichord, kokle, kora, lyre,
kantele, grand piano, psalterium, stredici, spinet, virginals.

7. The method according to claim. 6 characterized in that the chordophone is a piano or a grand piano.

8. The method according to any of the claims. 1‑7, characterized in that the original scale is the N TETscale, and the
alternative scale is the M TET scale.

9. The method according to any of the claims. 1‑8, characterized in that the original scale is a 12 TETscale, and the
alternative scale is a 10 TET scale.

10. Themethod according to any of the claims. 1‑9, characterized in that themapping of the original scale 12 TET to the
alternative scale 10 TET is characterized by at least two fixed points within one octave.

11. Themethod according to any of the claims 1‑10,characterized in that themapping of the original scale 12TET to the
alternativescale10TETischaracterizedby twofixedpointswithinoneoctavecorresponding to thescaledegreesD#
and A.

12. Themethod according to any of the claims 1‑11, characterized in that themapping of the original scale 12TET to the
alternative scale 10 TET is characterized in that the frequency range of the piano or grand piano tuned in the
alternative scale 10 TET is from27.50 Hz to 4043.42 Hz.

13. A method of tuning chordophones in alternative musical scales with a reduced number of degrees relative to the
original tuning, in which amonotonic surjectivemapping between scale degrees of the original scale and the degrees
of the alternative scale is sought, characterized in that when the original scale has N degrees and the alternative
scalehasMdegrees,whereM<N, the instrument is tuned to thealternativescale in suchaway thatN-Mdegreesof the
original scale are mapped to the same degree of the alternative scale as another degree of the original scale,
characterized by at least two fixed points within one octave, in addition, the frequency range of the instrument tuned
in thealternative scale is not greater than the frequency rangeof the instrument tuned in theoriginal scale,wherein the
method comprises the following steps:

a) the corresponding signature of the mapping of the original scale N TET to the alternative scale M TET is
selected, the choice of signature defines which notes of the new scale will be repeated;
b) a pinning point was selected between the original N TET scale and the alternative M TET scale;
c) it is foundwhat degree of the alternative scale (M TET) corresponds to the pinning point in the original scale (N
TET), then to that degree of the scalem is assigned the vibration frequency corresponding to the pinning point fm ;
d) the remaining tones in the new alternative scale in a given equive (or octave) are calculated using the formula:

where ’M’ denotes the number of degrees of the alternative scale, ’m’ denotes the degree of the alternative scale
corresponding to the pinning point, ’i’ denotes the calculated degree of the alternative scale, and fm denotes the
frequency of the sound being the pining point;
e) for the other equives, the frequencies of the sounds can be obtained by multiplying the obtained frequencies
respectively by the corresponding equives frequency ratios (e.g., for the octave, factors 2, 22, 24 for the
subsequent octaves) and by dividing the obtained frequencies respectively by the corresponding equives
frequency ratios (e.g., for the octave, factors 2, 22, 24... for the antecedent octaves).

14. Amethod of tuning a chordophone implemented by computer in an electronic tuner for determining the frequency of
vibration of the strings of a chordophoneduring tuning of the instrument from theoriginalNTETscale to the alternative
M TET scale, comprising:

- recording the sound signal generated by the string or strings of a single scale sound;
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- extraction of the fundamental frequency of the recorded audio signal;
- comparing the obtained frequency of the audio signal with the reference data stored in the tuner’s memory
corresponding to the successive steps of the newM TETalternative scale and displaying information to the user
about the difference of the measured frequency from the reference frequency.

15. A frequency tuner adapted to confirm the correct frequency of vibration of a chordophone string or strings, using the
reference data necessary to realize the method according to any of claims 1 to 14.
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