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A knowledge of the historic and philosophic 

background gives that kind of independence from 
prejudices of his generation from which most scientists 

are suffering. This independence created by 
philosophical thought is—in my opinion—the mark of 

distinction between a mere artisan or specialist and a 
real seeker after truth. 

Albert Einstein, Letter to Robert Thornton (December 7, 1944)



Music gave the first connection between 

mathematics and physical phenomena



Pythagorean temperament

Octave 2:1

Fifth 3:2

Fourth 4:3

Tone 9:8 (⨉ 4:3 = 3:2)

A tritone (93:83) is very close to √2:1 

But seven tones overshoot an octave.



Based on Pythagorean ideas, Plato proposed a “four-fold path”

(quadrivium) of  sister “liberal arts” to form the basis of  higher 

education: arithmetic, geometry, music, and astronomy.





Johannes Kepler’s planetary songs (including the moon), from his 

Harmonices mundi (1609)





Orlando di Lasso, “In me transierunt”





From Newton’s 

student notebook 

“Of  Musick” (1665)



Isaac Newton’s diagram 

of  the solar spectrum, 

showing note names on 

the right (Dorian mode)

Solar spectrum





Newton’s rings, produced by two planoconvex lenses with their flat surfaces 

in contact



Isaac Newton’s diagram 

of  the solar spectrum, 

showing note names on 

the right (Dorian mode)

Newton (“An Hypothesis hinted at for 

explicating all the aforesaid properties 

of  light,” 1672) supposed that “the 

vibrations causing the deepest scarlet 

to be to those causing the deepest 

violet as two to one; for so there 

would be all that variety in colours 

which within the compass of  an eight 

[octave] is found in sounds, & the 

reason why the extremes of  colours 

Purple & scarlet resemble one another 

would be the same that causes Octaves 

(the extremes of  sounds) to have in 

some measure the nature of  unisons.”



Newton (“An Hypothesis…,”

1672): the ratio of  the extreme 

colors in the rings was “greater 

than 3 to 2 & less than 5 to 3. 

By the most of  my observations 

it was as 9 to 14.”

Newton’s diagrams of  

the rings

Newton (Opticks, 1704): the 

rings “are to one another very 

nearly as the sixth lengths of  a 

Chord which found the Notes 

in a sixth Major.”



Max Planck

in 1878

ein Kulturträger

a “bearer of  

culture”



“The outside world is something 

independent from man, something 

absolute, and the quest for the 

laws which apply to this absolute 

appeared to me as the most 

sublime scientific pursuit in life.”

Planck, “A Scientific Autobiography”



Max Planck (1858–1947)

University study in Munich (1874–77)

Studies in Berlin with Hermann von Helmholtz (1877–8)
On the Sensations of Tone as a Physiological Basis for the Theory of Music (1863),
fourth edition 1877

Work on thermodynamics in Munich and Kiel (1879–92)

Appointed professor of physics in Berlin (1892)

Work on Eitz harmonium (1893)
“On the Eitz harmonium” (1893)
“Tuning in modern vocal music” (1893)



Hermann 

von 

Helmholtz

in 1881



Detail of 

Helmholtz

portrait



I think that no doubt can remain, if ever any doubt 

existed that the [natural] intervals … are really natural for 
uncorrupted ears; that moreover the deviations of tempered 

intonation are really perceptible and unpleasant to uncorrupted 
ears; and lastly that … correct singing by natural intervals is 

much easier than singing in tempered intonation. 

Helmholtz, On the Sensations of Tone (fourth edition, 1877)



Pythagorean

Temperament

Just Intonation Equal 

Temperament

octave 2:1 2:1 2:1

fifth 3:2 3:2

major third 81:64 = 1.265625 5:4 = 1.25

minor third 32:27 = 1.185185… 6:5 = 1.20

212( )
7

:1=1.4983....

212( )
4

:1=1.25991....

212( )
3

:1=1.1892....



Just intonation (“natural tuning”) vs. equal temperament (“tempered 

tuning”)



Orlando di Lasso, Prologue (Carmen Chromatico) from Prophetiae Sibyllarum

(ca. 1558)

J. Wild and P. Schubert 
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Example 5. Orlando Lassus, Prophetiae Sibyllarum, No. 1. Reprinted by kind permission of 

Karl Heinrich Moeseler Verlag. 

 

J. Wild and P. Schubert 
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Example 5. Orlando Lassus, Prophetiae Sibyllarum, No. 1. Reprinted by kind permission of 

Karl Heinrich Moeseler Verlag. 

 

Equal temperament
Adaptive just intonation



Planck’s 1894 paper 

“Natural Tuning in 

Modern Vocal Music”



Planck’s example from Heinrich Schütz’s motet, “So fahr ich hin zu Jesu Christ”

(SWV 379, Geistliche Chorwerke 1648). Text: “Thus I fall asleep and rest soundly.”



Eitz

harmonium

(Deutsches

Museum, 

Munich)



Eitz harmonium keyboard



Planck’s diagram of  the Eitz harmonium keyboard



Planck’s first composition



Planck’s diagram of  the Eitz harmonium keyboard, showing Tonnetz for his 

test compositions



Planck’s second composition



Max Planck (1858–1947)

University study in Munich (1874–77)

Studies in Berlin with Hermann von Helmholtz (1877–8)
On the Sensations of Tone as a Physiological Basis for the Theory of Music (1863)

Work on thermodynamics in Munich and Kiel (1879–93)

Appointed professor of physics in Berlin (1892)

Work on Eitz harmonium (1893)
“On the Eitz harmonium” (1893)
“On natural tuning in modern vocal music” (1893)

“The black year of German physics” (1894)
Deaths of August Kundt, Heinrich Hertz, and Hermann von Helmholtz

Return to studies of black-body radiation (1894–1914)

Planck’s black-body radiation law (1900)



Figure from Otto Lummer and 

Ernst Pringsheim, “On the 

radiation of black bodies for long 

wavelengths” (1900). Their 

observations are the solid line; 

dotted lines show earlier 

theoretical predictions.



Heinrich Hertz, oscillator to produce electromagnetic waves (18)



Herz oscillator in operation



Resonator to isolate overtone, from Helmholtz, On the Sensations of  Tone

(1863)



Harmonium reed resonator, from Helmholtz, On the Sensations of  Tone (1863)



Planck’s original statement of the quantization of the “energy element,”

𝜀 = h𝜈 (October, 1900)



Planck’s original statement of his natural units (May, 1900)



Planck’s comment (May, 1899)

These necessarily maintain their meaning for all times 

and for all cultures, even extraterrestrial and non-

human ones, and can therefore be designated as 

“natural units.”



Assuming standard A440, this corresponds to the pitch 

426 Hz 135 octaves above middle C: 

in terms of  present standard pitch A440, a quite low A

Planck time: G

c5
= 5.391´10-44 sec  

 

“Planck frequency”: 
c5

G
=1.855´1043 Hz  

 
 

Alternatively, any energy E can be converted into its absolute pitch n =
E

h
.  

 
 



A knowledge of the historic and philosophic 

background gives that kind of independence from 
prejudices of his generation from which most scientists 

are suffering. This independence created by 
philosophical thought is—in my opinion—the mark of 

distinction between a mere artisan or specialist and a 
real seeker after truth. 

Albert Einstein, Letter to Robert Thornton (December 7, 1944)


