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From math to physics

10 TET: we have procedure:



From math to physics
Step f/f0 f (Hz)

1 1.000 261.63
2 1.072 280.47
3 1.149 300.61
4 1.231 322.07
5 1.320 345.35
6 1.414 369.94
7 1.516 396.63
8 1.625 425.15
9 1.741 455.50
10 1.866 488.20
1 2.000 523.26

Result

Start with C4: 261.63 Hz
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106 853



Frequency vs key number

10 TET

Pinning Point: C(40)
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Frequency vs key number

10 TET

12 TET
scale min max
12 TET 26.24 Hz 3360 Hz
10 TET 16.72 Hz 5650 Hz

Pinning Point: C(40)



Frequency vs key number

Pinning Point: C(40)

10 TET

12 TET
scale min max
12 TET 26.24 Hz 3360 Hz
10 TET 16.72 Hz 5650 Hz

Extended  instrument range!



Physics of a string

Speaking length
of string

TensionFrequency

Linear density

String density

Linear density:

Tension (N)



Speaking length

Giordano, N. J. (2016). Physics of the Piano. Oxford University Press.



Speaking length

Giordano, N. J. (2016). Physics of the Piano. Oxford University Press.

https://www.chuppspianos.com/wp-content/uploads/2014/03/Steinway-Soundboard-Bridge.jpg



Speaking length

Giordano, N. J. (2016). Physics of the Piano. Oxford University Press.

https://www.robertspianos.com/wp-content/uploads/2018/07/img_5b4d1142f22cf.png

https://www.chuppspianos.com/wp-content/uploads/2014/03/Steinway-Soundboard-Bridge.jpg



Speaking length

Steinway model B

https://www.finchcocks.com/pianos/steinway-model-b/



Speaking length



Speaking length
Giordano, N. J. (2016). Physics of the Piano. Oxford University Press.



Tension

10 TET

12 TET



Tension
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Tension as %

10 TET

12 TET



Frequency vs key number

10 TET

12 TET
scale min max
12 TET 26.24 Hz 3360 Hz
10 TET 16.72 Hz 11 436 Hz

Pinning Point: A(1)



Frequency vs key number

12 TET
scale min max
12 TET 26.24 Hz 3360 Hz
10 TET 16.72 Hz 11 436 Hz

Extended  instrument range!

Pinning Point: A(1)

10 TET



Tension as %

10 TET

12 TET

Pinning Point: A(1)



Frequency vs key number

12 TET
scale min max
12 TET 26.24 Hz 3360 Hz
10 TET 10.06 Hz 5650 Hz

Pinning Point: C(88)

10 TET



Frequency vs key number

12 TET
scale min max
12 TET 26.24 Hz 3360 Hz
10 TET 10.06 Hz 5650 Hz

Extended  instrument range!

10 TET

Pinning Point: C(88)



Tension as %

10 TET

12 TET

Pinning Point: A(1)



Sound quality
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Sound quality
Piano demonstrator

by 
Andrzej Włodarczyk

String 490 mm

String 1000 mm

String 340 mm



Beyond simple physics

R. R. Boullosa et al.: The reaction force on a Helmholtz resonator 
driven at high sound pressure amplitudes.
American Journal of Physics 60, 722 (1992)https://en.wikipedia.org/wiki/Helmholtz_resonance



Beyond simple physics: soundboard

Giordano, N. J. (2016). Physics of the Piano. Oxford University Press.



Beyond simple physics: soundboard

Giordano, N. J. (2016). Physics of the Piano. Oxford University Press.



Beyond simple physics: soundboard

https://www.speech.kth.se/music/5_lectures/conklin/howdoes.html

Chladni figures

https://en.wikipedia.org/wiki/Ernst_Chladni

https://youtu.be/yz1kDKbIzws



Beyond simple physics: longitudinal modes

https://tenor.com/pl/view/longitudinal-compression-wave-rarefaction-gif-13936454 https://www.speech.kth.se/music/5_lectures/conklin/longitudinal.html



Beyond simple physics: longitudinal modes

https://www.speech.kth.se/music/5_lectures/conklin/longitudinal.html

US3477331A

https://www.fuw.edu.pl/~abogucki/Density_calculator.html
https://www.fuw.edu.pl/~abogucki/E_modulus.html

Let’s calculate it!



Beyond simple physics: longitudinal modes

Metal/alloy Density (kg/m3)
Aluminium 2700
Copper 8960
Iron 7860
Stainless Steel 7750 - 8030
Brass 8400 - 8730
Lead 11340
Gold 19300



Beyond simple physics: Lissajous figures

https://www.nature.com/articles/s41378-020-00211-4



Beyond simple physics: Lissajous figures

https://oscilloscopemusic.com/

Oscilloscope Music is a project 
by 

Jerobeam Fenderson and Hansi3D



Fixing the problem

10 TET

12 TET

Pinning Point: C(40)

Patent pending



Fixing the problem

Pinning Point: C(40)

α
10 TET

Patent pending



Fixing the problem

Pinning Point: C(40)

β 12 TET

Patent pending



Fixing the problem

keys
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Fixing the problem

keys

β 12 TET

10 TET

12 TET

frequency

3 Pinning points

Patent pending



Fixing the problem

keys

β 12 TET
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12 TET

frequency

5 Pinning points

Patent pending



Fixing the problem

Mapping method:

• Monotonic Ascend
12 TET sounds

10
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Fixing the problem

Mapping method:

• Monotonic Ascend

• Keep octave interval

12 TET sounds

10
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 so
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ds

1 1We need 2 duplicates

Patent pending



Fixing the problem

12 TET sounds
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Patent pending



Fixing the problem
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Fixing the problem

Key number

%
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n 12 TET
String breaks

Problematic
10 TET

Fixed 10 TET

Safety margin

String breaks
Safety margin limit

Patent pending



New possibilities
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Which mapping is the best?

Matter of:
• Experience 
• Personal preference
• Aesthetic taste

Patent pending



Which mapping is the best?

Leszek Możdżers choice:Matter of:
• Experience 
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Patent pending



Which mapping is the best?

Matter of:
• Experience 
• Personal preference
• Aesthetic taste

Leszek Możdżers choice:

Patent pending



Summary

• 10 TET scale 

• From idea to object → physics!

• Details create unique timbre

• Proposed method gives new possibilities

• Acoustic decaphonic piano

= octave/10



Concert

Leszek Możdżer

13.07.2023, godzina 19:00
Nowa Miodowa, 
Rakowiecka  21,
Warszawa
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