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“We are determined to 
ensure that all human 
beings can enjoy 
prosperous and fulfilling  
lives and that economic, 
social and technological 
progress occurs in 
harmony with nature”

Harmony as basis for 
sustainability… 

But what does it mean?



Will understanding 
harmony improve our 
ability to design for it?





6

We Need 
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The Issue 
AI systems optimize for 
numerical metrics 

Landshapes.Earth
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The Challenge 
Turning humanistic values 
into numerical metrics?

Landshapes.Earth
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Design Question 
If we understand harmony 
could we optimize it?

Landshapes.Earth











“The good person harmonizes 
but does not seek sameness, 
whereas the petty person 
seeks sameness but does not 
harmonize.”


Analects  
Confucius 551-479 BC

Nature

Harmony is the 
integration of 

diverse elements 
into a whole



tiny.cc/harmonytalk

http://tiny.cc/harmonytalk








Sympathetic 
Resonance

Harmony

Aligned frequencies that 
synchronize and amplify

Integrating diverse 
frequencies into a whole



WISDOM IN MUSIC

For thousands of years, philosophers 
have been inspired by music as a 
model for the mind and the cosmos.



“Harmony has motions akin to 
the revolutions of our soul” 

Timaeus 

Plato 428-348 BC

Harmony and the Mind



Rhythmic oscillations are pervasive in life: 
think heart beats, breath, sleep cycles… 


Our brains are made of billions of neurons— 
each a rhythmic oscillator.



100 billion oscillating neurons…

We are Vibratory Beings



Reverberating 
Neural  
Circuits

Rhythmic  
Pattern  

Generators



Electrical Waves in the Brain



Electrical Waves in the Brain



“Let’s sync up” 

“There was a good vibe” 

“We really resonated with each other”

CONTEMPORARY RELEVANCE



Sympathetic Resonance 
in attuned oscillators



Sympathetic Resonance 
in attuned oscillators



It’s like magic 
“But how do magic spells work? By 
sympathy — and by the fact that there is 
a natural concord of things that are alike 
and opposition of things that are 
different. … it is the irrational soul—not 
the power of choice or the reason—
which is charmed by music, and this 
kind of magic causes no surprise: 
people even like being enchanted [by 
music]” 


Plotinus Enneads 
205–270



It took 300 years for a scientific 
acceptance of resonance…  

“[initially] scientists were reluctant to use the 
term ‘resonance’… some disclaimer that the link 
was “only by analogy” 

Buchanan, M. (2019). Going into resonance. Nature Physics



Magic in Design?

e.g., “thought vibrations” manifesting desires



Let us be rational 
about the value of 
irrational thinking



Integrating inspiration and rationality 



This is inspiring!



Big Idea 
Music has philosophical 
wisdom beyond words—  

Music can help us explore 
deeper principles of the 
universe. 



Musical Harmony 
how different notes and rhythms and 
all the diverse parts of music fit 
together to make whole units and 
compositions. 

Harmony in General 
how diverse elements are integrated 
together to make wholes.  

e.g., Diversity in Unity



Why is it that certain numerical proportions 
make for beautiful sounds? 



I am black but beautiful,  
O daughters of Jerusalem,  
Like the cedar tabernacle,  
Like the curtains of Solomon. 

Don’t stare at my darkness,  
Like the sun, changing my color. 

The angry children of my mother,  
Make me care for their vineyards;  
my own vineyard I have not cared for. 

Nigra sum 
sed formosa 
Gioseffo Zarlino, 1517-1590 
Sung by Singer Pur



Feeling the difference 
between consonance 

and dissonance



Numerical Proportions 
in Consonance 
An octave is 1/2 the string length 
A fifth is 2/3rds the string length 

440 Hz 880 Hz

1/2 2/3



Pythagorean Harmony
Small Number Ratios — the basis of musical harmony 


Do

Re

Mi

Fa

So 

La

Ti 

Do



1st harmonic

2nd harmonic

3rd harmonic

fundamental

Tone

100 Hz

200 Hz

300 Hz

400 Hz

Science of Acoustics:  
Half Wavelength, Double Frequency



The First Scientific Experiment!

Casting bronze chimes in 
proportions of 1:2 and 2:3



Harmonic Integration  
Fusing diverse frequencies into wholes



Virtue: harmony in the soul 
Health: harmony in the body 
Justice: harmony in the state



“The School of Athens” 
Raphael 1510



Aristotle 384–322 BC 
Tutor of Alexander 

the Great

Plato, 428-348 BC 
Founder of 
Academy



Pythagoras 
562-472 BC





Temple of Hera in Samos 
Largest in the World 

~100 m x 50 m 



Croton Delphi
Samos

Tyre

Hermopolis



Thales

Everything is made of water 



Anaximenes

Everything is made of air 

Thales

Everything is made of water 



Anaximenes

Everything is made of air 

Thales

Everything is made of water 

Pythagoras

Everything is made of math 





The principle of all things is the 
oneness… from the oneness and 
the twoness, arise numbers…

from numbers, points; from points, 
lines; from lines, shapes; from 
shapes, solid figures; from solid 
figures, sensible bodies, the 
elements of which are four: fire, 
water, earth and air; these 
elements interchange and turn into 
one another completely, and 
combine to produce a universe 
animate, intelligent, spherical… Fire Earth Air Water

The Most 
Basic 

Geometries



Spherical Harmonics



Pythagorean Women: 
Themistoclea, Theano, Myia



Harmony as 
Unity in Variety  

& 
Diversity and Inclusion



Pythagorizing Women  
Cratinus via Diogenes Laertius

If they happen to meet a foreigner, they will happily 
hold a cross-examination of their doctrines,  
to trouble and confound him  
With terms, equations, and antitheses 
Brain-bung'd with magnitudes and periphrases. 



Pythagorean 
Tetraktys



Do - C

Do - C

So - G

Fa - F

Mi - E

Octave

Fifth

Fourth

Third

Open



Pythagorean Quadrivium 

1+2+3+4=10

Arithmetic  
harmony in numbers

“all things are constructed 
according to the laws of 
harmony”

- from Diogenes Laertius

“All is number”

- Aristotle



1+2+3+4=10

Arithmetic  
harmony in numbers

Geometry 
harmony in numbers in space

Harmony in numbers create “wholes” in

Arithmetic, Geometry, Music and Cosmology

Pythagorean Quadrivium 



1+2+3+4=10

Arithmetic  
harmony in numbers

Geometry 
harmony in numbers in space

Music 
harmony in numbers in time



Cosmology

harmony in numbers in space and time

1+2+3+4=10

Arithmetic  
harmony in numbers

Geometry 
harmony in numbers in space

Music 
harmony in numbers in time



Cosmology

harmony in numbers in space and time

1+2+3+4=10

Arithmetic  
harmony in numbers

Geometry 
harmony in numbers in space

Music 
harmony in numbers in time



Brain Waves

40hz

Theta

Beta

Gamma 

Delta 

20hz

10hz

5hz

2.5hz Wolfgang Klimesch (2012) 
Alpha-band oscillations, attention, and controlled access to 
stored information. Trends in Cognitive Sciences

Alpha

Each band is roughly 
double the other. 

Harmony is part of the 
structure of the brain





“Tu habes mundi terminos universi. Tibi 
curae est principium atque finis. Per te 
virescunt omnia. Tu sphaeram totam, 
cithara resonante, contemperas”

“You hold the boundaries of the 
whole universe. You care for the 
beginning and the end so that 
everything can flourish. The 
resonance of your guitar attunes 
the whole sphere” 

Orphic Hymn to Apollo

Trans. Marsilio Ficino



“Do you not 
know that our 
soul is composed 
of harmony?” 

- Leonardo Da Vinci 

“In a temple there ought 
to be harmony in the 
symmetrical relations of 
the different parts to the 
whole. In the human body, 
the central point is the 
navel. If a man is placed 
flat on his back, with his 
hands and feet 
extended… 

Vitruvius’ Ten Books on 
Architecture





Johannes Kepler 

1571 –1630










Nicolaus Copernicus

1473 – 1543






Irrational to believe in the harmony of the world?



“To its inhabitants, 
Levania appears to stand 
unmoving, among the 
moving stars, no less 
than our Earth appears 
to we humans.”



“The Harmony of the Spheres”



Do we live in a harmonious universe?







“Order is most greatly a property of reason, therefore, 
in ordered compositions of sounds or shapes, there 
seems to be the traces of reason (rationis).  

Images of reason, in songs or in numbered rhythms 
(numeris), is harmony (harmonia). In the agreement or 
fitingnessness (convenientia) of parts of a whole or 
limbs of a body, Platonists call beauty (pulchritudo). 

These are not only alluring to the ears and the eyes, 
but they move the mind by the traces of reason that 
they contain.  

And since they have natural kinship with the mind, 
they occupy the mind completely and seize it and fill it 
with a kind of ineffable pleasure of the soul…” 

Chapter 9



Harmony is something 
we feel — hard to explain 

with words!



"The Error of 
Socrates”  

“a point at which a state… becomes an 
inferior state, like harmony passing into 
unison, or rhythm which has been 
reduced to a single foot.”

Aristotle, Politics, Book 2



Integrating diverse elements into a whole 



"There is a harmony in tension, as in the 
case of the bow and the lyre. Out of 
discord comes the fairest harmony…”

— Heraclitus c.550BC



Frank Zappa, The Real Frank Zappa 
Book (1989)

Music without dissonance is like watching a 
movie with only good guys in it, or eating 

cottage cheese.



‣Harmony isn’t unity but wholeness 

‣We appear to live in a rational and 
harmonious cosmos 

‣Music offers wisdom beyond words 

‣Harmony offers hope for sustainable futures

Key Takeaways



Interconnections of Wellbeing 
and Sustainability



tiny.cc/harmonytalk

Harmony in Design for 
Sustainability  

http://tiny.cc/harmonytalk


Best book written 
on harmony and 
sustainability

From Pythagoras 
to Urban Planning 
and community-led 
design

Yes, that Prince



Much more to say, 
much more to learn… 

Questions?
tiny.cc/harmonytalk

http://tiny.cc/harmonytalk










“the dynamic process of integrating 
diverse parts into a greater whole”

A definition of harmonization



Beyond Happiness…


Harmony can link wellness of the individual to 
society and nature

Harmony as a Source of Value 

Source of Optimism for a Future Vision



“This was what happened to the majority of the 
people who heard Plato's lecture ‘On the Good.’ 
Each came expecting to learn something about 
the things which are generally considered good 
for men: wealth, good health, physical strength, 
and happiness.  

But when the mathematical demonstrations 
came, including numbers. geometrical figures 
and astronomy, and finally the statement ‘Good 
is Oneness’ it all seemed to them utterly 
unexpected and strange.”



Oscillatory 
Stimuli and 
Resonance in the 
Brain

Scientists use 
“frequency sweeps” to 
find the resonant 
frequency of the brain to 
different stimuli: flashing 
lights, vibrations and 
sounds

Light Frequencies (strobes)

Vibration Frequencies (on the hand)

Light Flicker 
Resonance 
~10 Hz 

Vibration 
Resonance 
~20 Hz

Sound Pulse Frequencies

Sound Pulse 
Resonance 
~40 Hz

EEG

Power

EEG

Power

EEG

Power

Herrmann, C. S. (2001). 
Human EEG responses to 
1–100 Hz flicker: resonance 
phenomena in visual cortex 
and their potential 
correlation to cognitive 
phenomena. Experimental 
brain research 

Wang, H., Ge, Y., Song, A., 
Li, B., & Xu, B. (2015). The 
vibro-tactile stimulations 
experiment to verify the 
optimal resonance 
frequency of human's 
tactile system. IEEE 
Information and Automation 


Baltus, A., & Herrmann, C. 
S. (2015). Auditory temporal 
resolution is linked to 
resonance frequency of the 
auditory cortex. 
International Journal of 
Psychophysiology 

PHYSICS TO AESTHETICS?



AESTHETIC RESONANCE?



1:1

1:1

1:2

1:3

1:4

Christoph Herrmann 2016 
“Shaping Intrinsic Neural 
Oscillations with Periodic 
Stimulation”. Journal of 
Neuroscience

EEG response to
periodic visual 
stimulation

“10 Hz is the dominant 
and most resonant 
frequency in the awake, 
conscious brain”

The Resonant 
Brain



Human Brains 
Like to 
Synchronize
Synchrony enables 
social coordination 
and shared mental 
models.


When we chat, our 
brains literally sync up! Kinreich, S., Djalovski, A., Kraus, L., Louzoun, Y., & 

Feldman, R. (2017). Brain-to-brain synchrony during 
naturalistic social interactions. Scientific Reports, 7(1), 
17060. 

Stephens, G. J., Silbert, L. J., & Hasson, U. (2010). 
Speaker–listener neural coupling underlies successful 
communication. PNAS, 107(32), 14425-14430. 

Increased 
Synchrony in 
Couples vs 
Strangers



Ritual and 
Synchronized 
Arousal
Rituals can 
synchronize the heart 
rates of large groups 
of people, as in 
Polynesian 
Firewalking.


Konvalinka, I., Xygalatas, D., Bulbulia, J., Schjødt, U., Jegindø, E. M., Wallot, 
S., ... & Roepstorff, A. (2011). Synchronized arousal between performers and 
related spectators in a fire-walking ritual. PNAS, 108(20), 8514-8519.


Rufi, S., Wlodarczyk, A., Páez, D., & Javaloy, F. (2016). Flow and emotional 
experience in spirituality: Differences in interactive and coactive collective 
rituals. Journal of Humanistic Psychology, 56(4), 373-393.



-HRH Charles, Prince of Wales

“This is a call to revolution. The Earth is under 
threat. It cannot cope with all that we demand of it. 
It is losing its balance and we humans are causing 
this to happen. ‘Revolution’ is a strong word and I 

use it deliberately.”



-HRH Charles, Prince of Wales

“[N]ature itself is a harmonic system ... if we ignore 
the principles that sustain that harmony, nature’s 
essential balance and equilibrium become quite 

literally disordered.”



Harmony and dissonance can be felt in conscious experience;  
harmony acts like a guidance system for our intuitions 



How might we design systems that can help humans to better 
harmonize with each other and with the natural world? 



Harmony Summary  
• The integration of parts to create wholes.

• When the parts support the whole and the 

whole supports the parts. 

• The more diverse and the more whole, the 

greater the harmony.


As with music, there is greater harmony when 
conflict is resolved, not when there is never any 
conflict.



Harmonic Integration  
Fusing frequencies into greater wholes



It is a property of the human 
experience that we can pay 

attention to only 

one thing at a 
time



Or 7 things, give or take a few



…but mind can turn the many 
into one…



…but mind can turn the many 
into one…



…but mind can turn the many 
into one…



…but mind can turn the many 
into one…



…but mind can turn the many 
into one…



Chunking various things 

into a new unity



Rhythm and melody supply imitations of 
anger and gentleness… and of the other 
qualities of character 

When men hear these imitations, even apart 
from the rhythms and tunes themselves, their 
feelings move in sympathy…


Aristotle, Politics, Book 8 Part 5 

Sympathetic Resonance



Natural Magic 
“Sympathy doth produce occult 
powers in nature”


“Naturall Magick… the Grecians 
called συμπαθιαν [sympathies].


Heinrich Cornelius Agrippa 
1486-1535



Vincenzo Galilei 
1520-1591


Physics of 
Vibrating Strings



Musicae Compendium 

“perhaps even the voice of a 
friend is more pleasing than 
that of an enemy because of 
the sympathy (sympathiâ) or 
dispathy (dispathiâ) of 
affect: for the same reason, 
a sheep-skin drum, if struck, 
will not resonate (resonante) 
with a wolf-skin drum.” 

René Descartes 1629–1649



“…all sensation is excited, 
and the members of animal 
bodies move at the 
command of the will, 
namely, by the vibrations …
propagated along the solid 
filaments of the nerves”


Issac Newton, 1642 -1726


Principia published 1687



Internal Sense of Harmony 
in aesthetics and ethics. 


Moral Computation 
“the greatest happiness for 
the greatest number”


Francis Hutcheson

1694 – 1746



“The artist, the musical composer, the 
architect, the scientist — all feel a fundamental 
need to discover and create something new 
that is whole and total, harmonious and 
beautiful.”


David Bohm, “On Creativity”



Leon Festinger
Theory of Cognitive Dissonance

Cognition 1 Cognition 2

Cognitive 
Dissonance

Motivation to 
Reduce 

Dissonance

“Just as hunger is motivating, 
cognitive dissonance is 
motivating…Successful reduction 
of dissonance is rewarding in the 
same sense that eating is 
rewarding.” 



“Flow is the way people describe their 
state of mind when consciousness is 
harmoniously ordered.”
Mihalyi Csikszentmihalyi



Mihaly Csikszentmihalyi

“When an important goal is pursued with resolution, 
and all one’s varied activities fit together into a 
unified flow experience, the result is that harmony 
is brought to consciousness.” 

Whole-Mindedness



Magic of resonance can communicate in ways that 
reach deeper than words or images

Harmony is a source of human value

wholemindedness

Big Ideas



Mihaly Csikszentmihalyi

“Someone who knows his desires and works with 
purpose to achieve them is a person whose 
feelings, thoughts and actions are congruent with 
one another, and is therefore a person who has 
achieved inner harmony.” 



"And what if all of 
animated nature  
Be but organic Harps  
diversely fram'd,  
That tremble into 
thought?"  

“The Eolian Harp” 
Samuel Taylor Coleridge, 
1795

coupled to the 
world through 
resonance



"What harmony is to musicians, that 
is concord to states”


"When each person loves the other 
as much as himself, it makes one 
out of many (E Pluribus Unum), as 
Pythagoras wishes things to be in 
friendship.” 

—Cicero, De Officiis, c.44BC

E Pluribus Unum — USA 

In Varietate Concordia — EU

Harmonious Society — China



Flow of Entropy as Source of Design in Nature



Scientific 
Rationalist 
Reductionist

Intuitive 
Holistic 
Magical?

The tension



Chaldini Plates and Cymatics



Ernst Chladni 



“What would happen if you could 
play a recording of brain waves 
into someone’s brain?”



Light Flicker produces hallucinations of dynamic geometric forms 
and vibrant colors.  Results from interaction with alpha waves

Generating Resonance Through Design







Cymatics



Harmony in Information Processing 
Smolensky’s “Harmonium” was the first restricted 
Boltzmann Machine, the precursor to deep 
learning. It optimized for a metric called “Harmony”


