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A surprise new “theory of everything” involves the symmetry between order and
disorder

Prekvapiva nova ,,teorie vS§eho“

There may be a symmetrical interdependence between order and chaos.

Credit: Annelisa Leinbach / Big Think
Key Takeaways

« For thousands of years, philosophers and scientists have asked: Is our world ruled by
order or by disorder?

e Thinkers in various fields and disciplines are now exploring the idea of a fundamental
symmetry between order and disorder.

« All the laws of nature are built upon certain symmetries, but symmetry alone is subject
to itself.
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Excerpted from The Language of Symmetry, edited by Benedict Rattigan, Denis Noble, and
Afiq Hatta. © 2023 selection and editorial matter, Benedict Rattigan, Denis Noble, Afiq
Hatta; individual chapters, the contributors. Reprinted by permission of CRC Press.

Is our world ruled by order or by disorder? It is not just a big question. It is an old question
that has engaged philosophers and scientists for thousands of years. We can trace it back to
ancient Greek philosophers, to Egypt’s pharaoh dynasties, to ancient Chinese Taoists, and to
Buddhism’s origins in India. And it is also a question that is very relevant to life in the West
today.

Towards the end of 2019, before the coronavirus pandemic hit the world, | was visited in my
laboratory by the writer and philosopher Benedict Rattigan, who invited me to join a
fascinating project he was launching. He presented an idea that we have fundamentally
misunderstood symmetry, and that its reach is far more extensive than has previously been
recognised.

Rattigan’s theory intrigued me, and we worked together to invite other leading Oxford
professors specialising in multiple disciplines to explain in lay terms the role of symmetry in
their fields of mathematics, music, logic, philosophy, physics, chemistry, astronomy, and
biology. Their lectures were delivered at a public event at the British Museum in January
2022.

What is the common theme running through the various “languages” of symmetry? There
may not be just one common theme, of course. The concept of symmetry is used in
significantly different ways, for example, in physics, where symmetry-breaking plays a
central role in explaining the evolution of the universe, and in its use in art, where good
proportions are key. But there is one sense of symmetry that stands out from the variety of
forms: a fundamental symmetry is that between order and disorder.

It may seem paradoxical to suggest that Nature’s ordering principle encompasses a symmetry
between order and... well precisely disorder. Virtually all 19th-century scientists, and most
20th-century scientists, would have recoiled in horror at such an idea. But what we found as
the talks were drafted was that each form of the language of symmetry revealed a new aspect
of the order—disorder principle.

In my own field of genetics, for example, | have been able to demonstrate that rather than
disorder being passively experienced by living organisms, they harness that randomness and
use it as a tool with which they can generate many possible solutions to environmental
challenges. | presented a paper on this subject at The Royal Society in 2016, but at the time |
didn’t see it as a symmetry issue. More recently, however, I have come to understand why this
process happens: it places the harnessing of disorder as part of a deeper symmetry process by
which order and disorder interrelate.

If symmetry has no deeper cause than itself, then the cosmos has been structured in the only
way possible.

Empirical evidence for the symmetry between order and disorder is hiding in plain sight all
around us. In 1999, the Danish physicist Per Bak suggested to a group of neuroscientists that
the brain works on the same fundamental principles as a sand-pile. Imagine an hourglass.
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Grain after grain, sand falls from the top of the hourglass to the bottom. The pile of sand at the
bottom of the hourglass becomes increasingly unstable, and at any moment a single grain of
sand might cause a small avalanche. When this happens, the base of the sand-pile widens,
which increases its overall stability, after which the process repeats itself.

(01)- Sdilet Pieckvapiva nova ,,teorie v§echo* zahrnuje symetrii mezi fadem a nepofadkem na
LinkedIn Vynatek z The Language of Symmetry, editovali Benedict Rattigan, Denis Noble a
Afiq Hatta. © vybér a redakcni material 2023, Benedict Rattigan, Denis Noble, Afiq Hatta;
jednotlivé kapitoly, prispévatelé. Petisténo se svolenim CRC Press.

**

Je nas svét fizen fadem nebo nepofadkem? Neni to jen velkd otdzka. Je to stard otazka, ktera
zameéstnava filozofy a védce po tisice let. Mlizeme to vysledovat ke starovékym feckym
filozofiim, k egyptskym faraonskym dynastiim, ke starov€kym ¢inskym taoistim a k
pocatklim buddhismu v Indii. A je to také otdzka, ktera je dnes velmi aktudlni pro zivot na
Zapadé. Ke konci roku 2019, nez svét zasahla pandemie koronaviru, mé¢ v mé laboratofi
navstivil spisovatel a filozof Benedict Rattigan, ktery mé pozval, abych se piipojil k
fascinujicimu projektu, ktery rozjizdél. Predstavil myslenku, Ze jsme zdsadné Spatné pochopili
symetrii (Ja ji pochopil jak ,,rovniciti v matematice, ¢ili jako abstraktniro vnost>levé a
pravé strany< pfi€em?Z tato ,,matematicka rovnost fyzikalné ve vesmiru neexistuje. Respektive
rovnost-rovnice existuje v realité jsoucna jen jako ,,vybrany stop-stavi, jako vzacny ukaz,
nikoliv jak néco co plati ,,vécné*. Kdyz si vezmu vesmir a v ném ,,macetou si vyseknu*
libovolny objem (lokalitu v n¢jakym fyzikalnim stavu), pak v ném nebude na 99% symetrie,
ale na 1% asymetrie....piesto ze fikame, Ze plati zakon zachovani energie, hybnosti,
baryonovych ¢isel, zachovani ,,dominance hmoty nad antihmotou®, zachovani ,,pouze* toku
Casu v jedné Sipce...atd. - - Jak by jsme méli 1épe pochopit symetrii, nez v mém principu :
Princip stfidani symetrii s asymetriemi, od zac¢atku vesmiru po dnes, vSude, jako princip
geneze ,,v tomto vesmiru®. a Ze jeji dosah je mnohem Sirsi, neZ bylo dfive uznavano.
Rattiganova teorie mé zaujala a spolupracovali jsme na tom, abychom pozvali dalsi predni
oxfordskeé profesory specializujici se na rizné obory, aby laickym zpiisobem vysvétlili roli
symetrie ve svych oborech matematiky, hudby, logiky, filozofie, fyziky, chemie, astronomie a
biologie.+ HDV nepozvali.

K tomu, aby rostla entropie, tj. neusporadanost, musel byt pfedchozi stav usporadang;jsi, tedy
slozit&jsi, jenze od Ttesku ona slozitost je také stale vétsi a vétsi ( nejdiive jen kvarky a
leptony, pak atomy, pak molekuly, slou¢eniny atd. ) ... ;ale jak sem ukazal: za¢ina to plazmou
““prvni hmoty““* =100%, pak ““se vyrobi*““ 74% vodiku ( ziistane uz to mnozstvi konstantni
), pak ““‘se vyrobi““ 24% helia ( a ztistane toto mnozstvi uz konstantni ), pak ““se vyrobi“*
uhliku cca 0,6%, pak kysliku je cca 0,004% ...atd. atd. ; ,,mnozstvi kazdé vyssi slozitosti
hmoty klesa geometrickou fadou az se dostaneme na bilkoviny, napt. na 10°% bilkovin, a
DNA pak na 1071% % ; &isla si vymyslim (1), coZ je takova slozitost ,,nejslozitéjsi* pravé a
jedin€ na Zemi a nikde jinde ve Vesmiru. — pyramida sloZitosti.

[ kvalita krét kvantita = 1x1] http://www.hypothesis-of-universe.com/docs/aa/aa_037.pdf .
http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_034.pdf ; To znamena, Ze ke kazdé vyssi slozitosti = uspofadanosti

dojde ,,skokem* a to ve stale mensim objemu Vesmiru a tato entita se pak ,,rozpada“
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entropicky, tj. roste lokdlni neusporadanost. Tuto myslenku-tuvahu je zapotiebi precizovat. ((
... néco z té Teorie VSeho necham i na studovany fyziky))

Déle k entropii jesté tento ndzor :

http://www.hypothesis-of-universe.com/docs/aa/aa 227.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa 183.pdf ;

Jejich ptednasky byly pifedneseny na vetejné akci v Britském muzeu v lednu 2022. **) skoda,
ze je tezkée je najit. Jaké je spolecné téma prochéazejici riznymi ,,jazyky* symetrie?
Samoziejmé nemusi existovat jen jedno spolecné téma. Pojem symetrie se pouziva vyrazné
odlisnym zpasobem, naptiklad ve fyzice, kde naruseni symetrie hraje ustfedni roli pii
vysvétleni vyvoje vesmiru, j4 mam sviij >Princip stfidani symetrie a asymetrie< uz 20 let, a
pti jeho pouziti v uméni, kde jsou dobré proporce klicové. Existuje vSak jeden smysl pro
symetrii, ktery z rozmanitosti forem: zakladni symetrii je symetrie mezi fadem a
neporadkem. Muze se zdat paradoxni tvrdit, Ze princip uspotadani ptirody zahrnuje symetrii
mezi fadem a piesnéji neporadkem. http://www.hypothesis-of-
universe.com/docs/eng/eng_008.jpg Prakticky vSichni védci 19. stoleti a vétSina védcu 20.
stoleti by nad takovou myslenkou ucukla hrizou. Ale co jsme zjistili, kdyz byly rozhovory
koncipovany, bylo to, ze kazda forma jazyka symetrie odhalila novy aspekt principu fadu a
neporadku. Jaky? Kolik jich je? Ve svém vlastnim oboru genetiky se mi napiiklad podatilo
prokazat, ze namisto toho, aby zivé organismy pasivn¢ zazivaly poruchy, vyuzivaji tuto
nahodnost a pouzivaji ji jako nastroj, http://www.hypothesis-of-
universe.com/docs/eng/eng_009.pdf ; http://www.hypothesis-of-
universe.com/docs/c/c_028.jpqg ; http://www.hypothesis-of-universe.com/docs/aa/aa_008.pdf
pomoci kterého mohou vytvaret mnoho moznych feSeni environmentalnich problému. V roce
2016 Jataky : http://www.hypothesis-of-universe.com/docs/aa/aa_037.pdf v r. 2016 jsem na
The Royal Society predlozil pfispévek na toto téma, ale v té dob€ jsem to nevidél jako
problém symetrie. V posledni dob¢ jsem vSak pochopil, pro¢ k tomuto procesu dochazi:
zatazovani neporadku je soucasti hlubSiho procesu symetrie, J4 uz o mnoho let predtim jsem
povazoval skokové zmény, tj. ,,princip stfidani symetrii s asymetriemi‘‘ za jeden
z nezakladngjsich principti, fle nikdo to nedetl], a ti co to mozna &etli, si pouze uplivli. v némz
fad a neporadek spolu souvisi. Pokud symetrie nema hlubsi pfic¢inu neZ ona sama, pak byl
vesmir strukturovan jedinym moznym zptisobem. Empirické diikkazy o symetrii mezi fadem a
nepoiadkem se skryvaji na o¢ich vSude kolem nas. V roce 1999 dansky fyzik Per Bak navrhl
skupin¢ neurovédcil, Ze mozek funguje na stejnych zékladnich principech jako hromada
pisku. Predstavte si pfesypaci hodiny. Zrnko za zrnkem pada pisek z horni ¢asti presypacich
hodin na dno. Hromada pisku na dné pfesypacich hodin se stava stale nestabilnéjsi a kazdou
chvili mize jediné zrnko pisku zplisobit malou lavinu. Kdyz k tomu dojde, zékladna piskové
hromady se rozsiti, coz zvysi jeji celkovou stabilitu, nacez se proces opakuje.

(02)- Bak observed that the sand-pile maintains order by means of these random and
unpredictable avalanches, which is an example of disorder being “harnessed” by the sand-pile
as a means of maintaining order. In other words, there is a fundamental interdependence
between them. It has been demonstrated that this model can be applied to a wide variety of
different phenomena, from financial markets and traffic flows to earthquakes, black holes, and
the distribution of galaxies in the universe.
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Another example of order and disorder forming a symmetry can be found in that most random
of phenomena, crowd behaviour. Rattigan writes:

Watching a group of people negotiating a bottleneck at the doors as they filed into a lecture
theatre, | observed what I, as a layman, would describe as chaos. But any social scientist will
tell us that the behaviour of a cluster of people conforms to broadly predictable patterns,
patterns that are determined by factors such as geometric boundary conditions or time gap
distributions. It’s these factors which are calibrated in order to improve design elements in
lecture halls or theatres. So what | perceive as chaos is, in fact, randomness existing within a
framework of order... Life seems to exist at this border between order and randomness.

As the team at Oxford explored symmetry in their different disciplines, we realised just how
multifaceted it is. One is aware of it in musical composition as assonance and dissonance, or
you might catch sight of it in biology as a transformation that leaves an object unchanged.
Frequently it is elegantly simple, whilst occasionally it can be so contradictory as to be almost
incomprehensible. It is both orderly and disorderly, logical and illogical, transparent and
opaque. But why is symmetry so symmetrical? The conclusion we reached is this: because it
conditions its own structure. Whereas all the laws of Nature are built upon certain
symmetries, symmetry alone is subject to itself.

In Nature’s laws, complexity never develops beyond necessity. The best designs are simple,
and the best designer is Nature itself. Finding that there is a fundamental symmetry between
order and disorder that can run through all our explanations is like discovering a clarification
that was always waiting there to be revealed. Whereas this seems at first to be illogical, if
symmetry were life’s ordering principle then it would necessarily have infinite reach and
encompass everything, including itself. This would create a paradoxical universe of symmetry
and asymmetry, of cosmos and chaos. Our universe, in other words — a place of infinite
symmetries in which the co-existence of order and disorder is not only in evidence, it is
inevitable. If symmetry has no deeper cause than itself, then the cosmos has been structured in
the only way possible.

(02)- Bak pozoroval, ze hromada pisku udrzuje potadek pomoci téchto nahodnych a
nepiedvidatelnych lavin, coZ je ptiklad nepotadku, ktery hromada pisku ,,vyuziva“ jako
prostfedek k udrzeni potadku. Jinymi slovy, existuje mezi nimi zasadni vzajemna zavislost.
Bylo prokazano, ze tento model Ize aplikovat na Sirokou skalu riznych jevi, od finan¢nich
trhil a dopravnich tokti po zemétieseni, Cerné diry a rozlozeni galaxii ve vesmiru. Dalsi
ptiklad fadu a nepotadku tvofticich symetrii 1ze nalézt v tom nejnahodnéj$im jevu, v davovém
chovéni. Ja jsem poposel mozna o kousek dal nez fyzik Per Bak nebo filozof Benedict
Rattigan, protoze ja uz mluvim o procesu pouziti toho principu, tj.pouziti stfidani symetrii

s asymetriemi, coz vede k pyramidé (vyvojové pyramidé) slozitosti, kontra entropii.
http://www.hypothesis-of-universe.com/docs/eng/eng_096.pdf Rattigan pise: Kdyz jsem pii
vstupu do prednaskového séalu sledoval skupinu lidi vyjednavajicich prekazku u dvefi,
pozoroval jsem to, co bych jako laik popsal . http://www.hypothesis-of-
universe.com/docs/eng/eng_008.jpg ; http://www.hypothesis-of-
universe.com/docs/aa/aa_013.pdf (oni se sejdou a u kafe debatuji, ja jsem vystaven
osamélosti a pfesto mam ,,v t€ samotce™ stejné smysleni jako oni) **) .Ale kazdy socialni
védec nam fekne, ze chovani shluku lidi odpovidéa obecné pfedvidatelnym vzorctim, vzorim,
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které jsou urcovany faktory, jako jsou geometrické okrajové podminky nebo rozlozeni casové
mezery. Prave tyto faktory jsou kalibrovany za ticelem zlepseni designovych prvki v
prednaskovych salech nebo divadlech. TakZe to, co vnimam jako chaos, je ve skutecnosti
nahodilost existujici v ramei fadu. O.K. znova pfipomenu http://www.hypothesis-of-
universe.com/docs/aa/aa_037.pdf Zda se, ze Zivot existuje na této hranici mezi fadem a
nahodilosti. Kdyz tym v Oxfordu| zkoumal symetrii ve svych riiznych disciplinach, uv&domili
jsme si, jak mnohostranna je. (Oni neméli za sebou bandu plivajicich grazli, ktefi namisto
dialogu, pronasledovali. Ja ano) Cloveék si to uvédomuje v hudebni kompozici jako asonanci a
disonanci, nebo to mtizete zahlédnout v biologii jako transformaci, ktera ponechava objekt
beze zmény. Casto je elegantné jednoduchy, i kdyZ ob¢as miize byt tak rozporuplny, Ze je
témé&i nepochopitelny. Je usporadany i neuspotradany, logicky i nelogicky, prihledny i
nepruhledny. Proc€ je ale symetrie tak symetricka? ProtoZe je to stav nektivych 3+3 dimenzi.
A=A

A stiidani symetrii s asymetriemi podmifiuje vyvoj slozitosti. Kontra-entropii. Zavér, ke
kterému jsme dospéli, je tento: protoze podminiuje svou vlastni strukturu. Zatimco vSechny
zakony pfirody jsou postaveny na ‘uréitych symetriich|, symetrie samotna je podiizena
. No, to je pékné Salamounska vymluva... lepsi tam nebyla, co ?! http://www.hypothesis-
of-universe.com/docs/aa/aa_037.pdf V ptirodnich zakonech se slozitost nikdy nevyvine nad
nezbytnost. Cili pro¢ by se vyvijely z ryb obojZzivelnici a z obojzivelnikt plazy, kdyZ rybam
staci nezbytnost, Ze zlstanou sale rybami...co ? Nejlepsi navrhy jsou jednoduché a nejlepSim
designérem je sama piiroda. Zjisténi, Ze mezi fddem a neporddkem existuje zdkladni symetrie,
kterd mlze prochédzet v§emi naSimi vysvétlenimi, je jako objevovat objasnéni, které tam vzdy
¢ekalo na své odhaleni. To opét fekl salamoun. Proc by se kvarky a leptony ménily na

V budoucnu na kyselinu sirovou a ta na zaby a krokodyly, ze? — Tady neceka ,,odhaleni* Cili
nasledek na to, aby objasnil pti¢inu. Nasledky se ,,rodi* dle néjakého ,,principu zeslozitovani

vvvvvv

http://www.hypothesis-of-universe.com/docs/aa/aa_037.pdf 1kdyz se to zprvu zda byt
nelogické, pokud by symetrie byla principem uspofadani Zivota, pak by nutné méla
nekonecny dosah a zahrnovala by vse, véetné sebe samé. To by vytvofilo paradoxni vesmir
symetrie a asymetrie, kosmu a chaosu. N4§ vesmir, jinymi slovy — misto nekone¢nych
symetrii, ve kterém |k0existence radu a nepofédkul neni pouze diikazem, je nevyhnutelna.
Jisté, ale mi neni jasné, jak si to vykladate vy... Pokud symetrie nema hlubsi pfi¢inu neZ ona
sama, pak byl vesmir strukturovan jedinym moznym zptisobem. Piesné tak. Pro genezi je
nezbytny Princip stfidadni symetrii s asymetriemi, podmifiuje vyvoj sloZitosti. (ziejmé tu
panuje nedorozumeéni).

JN, 28.05.2023
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