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Abstract

Quantitative Geometrical Thermodynamics (QGT) exploits the entropic Lagrangian-Hamiltonian canonical
equations of state as applied to entities obeying the holographic principle and exhibiting Shannon information,
the creation of which measures the (validly defined) “entropic purpose” of the system. QGT provides a physical
description for what we might consider the true ‘atoms’ of physical science, and has also recently enabled a
number of significant advances: including accounting ab initio for the chirality of DNA and the stability of
Buckminsterfullerene; the size of the alpha particle (and other nuclear entities) and the lifetime of the free
neutron; and the shape, structure and stability of the Milky Way galaxy. All these entities, ranging in size over
more than 38 orders of magnitude, can each be considered to be an ‘atom’; in particular, the size of the alpha is
calculated from QGT by assuming that the alpha is a “unitary entity” (that is, than which exists no simpler). The
surprising conclusion is that clearly compound entities may also be physically treated as unitary (“uncuttable”)
according to a principle of scale relativity, where a characteristic size for such an entity must be specified. Since
QGT is entropic, and is therefore described using a logarithmic metric (involving hyperbolic space), it is not
surprising that the length scale must be specified in order to account for unitary properties and for an entity to
be appropriately considered an ‘atom’. The contribution to physics made by QGT is reviewed in the context of

the related work of others.

Keywords: Reductionism; monad; entropy; emergence; geometrical algebra; hyperbolic space

1. Introduction

In this work we intend to review Quantitative Geometrical Thermodynamics (QGT). For it is
through QGT that we have developed the general idea of the “unitary entity” (than which exists
nothing simpler). “Unitary entity” is not to be confused with the term “unitary operator” (whose
adjoint is its inverse, roughly speaking). We use “unitary entity” rather than the (effectively
synonymous) “monad” or “atom”, which terms are now rather ambiguous.

An “atom” used to be the name we gave to hypothetically uncuttable things. Ludwig Boltzmann
based his seminal statistical mechanics on the hypothesis of the reality of such “atoms” in his “atomic
theory of gases”. Despite the essential correctness of his approach, throughout the 19t century the
reality of atoms was doubted, and in 1906 Boltzmann took his own life in despair. This was tragic,
since within only a few years the existence of Boltzmann's atoms was put beyond doubt by a sequence
of fundamental scientific breakthroughs: Jean Perrin published his observational corroboration of
Einstein’s 1905 atomic theory of Brownian motion (observed by Robert Brown in 1827; Perrin was
recognised for this work with the 1926 Nobel Prize); and Niels Bohr published his “theory of the
atom” in 1913 which (amazingly) accounted for the “Balmer lines” of hydrogen (observed by Johann
Balmer in 1885 but mysterious until Boht’s work). Bohr was recognised with the 1922 Nobel Prize for
this theory.

So, early in the twentieth century it was established that, yes, atoms were real. But reality is
elusive: it was also clear that atoms had structure: an electronic arrangement surrounding their nuclei.
In particular, it was also very clear, very early, that it was remarkably easy to detach electrons from
their “atoms”. “Atoms”, oxymoronically, were not “uncuttable”! In fact, Ernest Rutherford was
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awarded the 1908 Nobel Prize for demonstrating that the alpha particle was, precisely, the nucleus
of the helium atom.

All this is very well known. What is not so well known is that the English “metaphysical poets”
of the 17t century took inspiration from the idea of (uncuttable) “atoms” promoted by the new
microscopes that made the commonplace look extraordinary. Cassandra Gorman (2021, p.22)[1]
observed that these poets “wrote poetry that meditated on the liberating power of atoms to dissolve and
recongregate into renewed and resurrected forms.” Suddenly the physical world had become much more
complex and beautiful than anyone had imagined, as is excellently reviewed and described by Kevin
Killeen (2017)[2] who provides a corrective to our ideas of the emergence of “scientific modernity”
which (as he puts it) “is often still viewed as a sad but necessary putting aside of the poetic”. But Jeynes et
al. (2023)[3] reflect a growing consensus on the reality of the poetry of physics.

In her monograph, Gorman notes that Henry More (1614-1687) originated the neologisms of
“indivisible” (still in use today) and “indiscerpible” (meaning “resists being torn asunder”: now
regarded as obsolete). We should comment on the prescience of these 17% century philosophers to
distinguish between the “indivisible” (which — in their terms — even God could not divide) and the
“indiscerpible” (not impossible to divide, but very difficult).

We usually regard the related “monad” as an important philosophical idea of Leibniz (1714)[4],
but More already explained it resonantly in the Glossary of his Philosophicall Poems (1642)[5]: “Monad.
Movag, is Unitas, the principle of all numbers, an embleme of the Deity: and the Pythagoreans call it ©&dg, God.
It is from pévewv because it is povioc, stable and unmovable, a firm Cube of itself. One time one time one still
remains one” (meaning 1%=1). But Leibniz’ Monadology is over half a century later than More’s “

Henry More, together with all his 17t century readers, would have heard in the word “Cube”

monads” .

(derived from the idea of unity) echoes of the biblical “Holy of Holies” (a cube of dimension “20
cubits” — that is, about 9 metres) well-known from 1Kings 6:20, a text probably significantly earlier
than the 6th century BCE. The (deliberate) Christian echo of this is the “Holy City”, a cube of size
12000 stadia (about 2200 km); see Revelation 21:16, a text dated 68 CE by John Robinson (1976)[6] and
68-70 CE by Jonathan Bernier (2022)[7]: note that More did not think it necessary to state explicitly
that God is One, although he did mention the Pythagoreans (well-known then for supposing the cube
to be the source of the element of earth). Frank Wilczek (2021; p.72)[8] therefore falls into a common
fallacy when he attributes the “atomism” of the “scientific revolution” to Democritus: the intellectual
power of the idea is predominantly sourced in the contemporaneous breakthroughs in the natural
philosophy of the 17t century.

So. Do “indivisible” (or at least, “indiscerpible”) atoms even exist? Maybe it is the “fundamental
particles” of physics that are the (uncuttable) “atoms”? The trouble is that although electrons are
regarded by everyone as “fundamental particles” (and everyone agrees that they are “uncuttable”)
there is no universal agreement on anything else. Protons and neutrons are made of quarks, and the
Standard Model involves a zoo of “fundamental” particles. Nevertheless, we are not sure how correct
this Model is, given that there remain a number of troubling lacunae (despite its remarkable
successes). In particular, the Standard Model does not (yet) include gravity.

Besides, Karen Barad (2007)[9] has cogently questioned whether it is even valid to speak of
individual particles: since electrons are indistinguishable we cannot (strictly speaking) single out any
individual. Of course, the fiction of “individual” electrons is both convenient and very fruitful: it is
“True Enough” (Catherine Elgin, 2017)[10] for almost all purposes!

But Parker et al. (2022)[11], by using the fundamental thermodynamic (entropic) basis of QGT,
the holographic principle, and the principle of relativity of scale, have shown that treating the alpha
particle (in its ground state) as a “unitary entity” enables its matter radius to be correctly determined
without any recourse to quantum mechanics. This is startling, since it also undermines the
“reductionist” model of scientific progress that has served us so well since Galileo: if the alpha is,
properly, an atom (“indiscerpible”, in More’s terminology), then “reducing” it to its constituent four
nucleons does not give a more “fundamental” description.
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This Review surveys first the growing wider interest in “geometrical thermodynamics” (§2) and
then the substantial advances in QGT (§3). The QGT formalism may be unfamiliar, so we sketch it in
some detail (§4) and then briefly summarise (§5) what we consider atoms to be: unitary entities. We try
to tie up some loose ends (§6) and conclude (§7).

2. Geometry in Thermodynamics

The concept of geometrical thermodynamics is still relatively unrecognised, although it has roots
in the original thermodynamical advances of the 19t century. Mostly, thermodynamics has been
considered as a highly quantitative (and successful!) descriptor for use in the analysis of chemical
processes, the efficiency of engines and energy transducers of all types (steam, internal combustion,
diesel etc. where matter is transformed from one state into another), and as the source of much
philosophical speculation, particularly with respect to the 27 Law. In the 20 century the
isomorphism between the theory of information and entropic thermodynamics was recognised; the
‘efficiency” of computers, telecommunications and information production was also found to be of
fundamental importance. Moreover, the geometry of general relativity and black holes was also
discovered to have a profoundly thermodynamic character.

Toikka et al. (2023)[12] have described the boundary of stability in thermodynamic systems,
making use of the Gibbs-Duhem equation (Willard Gibbs was a giant of 19t century physical
chemistry, but to his death in 1916 Pierre Duhem never believed that atoms were real). All boundaries
are “geometrical” things: the Gibbs-Duhem equation is a fundamental but rather limited relation
since it applies only to “homogeneous” thermodynamic systems.

Gibbs himself originally used geometrical diagrams as surface representations of
thermodynamic potentials (now known as a “contact geometry”), which served as a bridge between
thermodynamics and classical mechanics. His treatment of thermodynamics naturally involves state
spaces and conjugate variables, straightforwardly leading to a geometric phase space description (a
very good example of which is Carathéodory's principle). Frank Weinhold has “called fresh attention
to the special beauty and profundity of the work of ]. Willard Gibbs” crediting him with a “new representation
of equilibrium thermodynamics [using] an intrinsically geometrical structure”[13].

It was Edwin Wilson who in 1901 popularised the vector calculus[14] that Gibbs and Heaviside
derived from Hamilton’s treatment of quaternions that William Clifford had combined with
Hermann Grassmann’s treatment of bivectors to generate the Clifford algebra. But it is only quite
recently that David Hestenes[15] has advocated the systematic use of geometrical algebra methods
to simplify the methods of mathematical physics, and which we have also deployed to underpin
QGT[16].

Thermodynamic stability was also investigated in some detail by Gromov & Toikka (2020)[17],
who point out: “The idea of geometric interpretation of thermodynamics, originally suggested by
Gibbs at the end of the 19th century, later formulated within the context of contact geometry by
Robert Hermann in 1973 ... forms a natural framework for a rigorous study of (equilibrium)
thermodynamic systems.” Recent work using contact geometry methods includes Bravetti’s[18]
survey of “contact Hamiltonian dynamics”.

Geometrical methods were used by Lu ef al. (2023)[19] to investigate (non-equilibrium) quantum
thermodynamic effects in interacting quantum dot systems; Cérdoba & Isidro (2015)[20] have also
shown how complex geometry yields interesting results in fluctuation theory (building on George
Ruppeiner’s[21] classical work).

Ramirez & Le Gorrec[22] have given a rather comprehensive formalism to articulate irreversible
port-Hamiltonian systems (these are open systems — that is, systems with “ports” open to energy
transfers). Port-Hamiltonian systems have attracted much attention, since they are a way of applying
a systematic formalism to open interconnected systems (see recently for example Lorenz et al.[23]).
Note that “port-Hamiltonian” systems are a systematic way to introduce irreversibility: that is, use
of the Hamiltonian (or, equivalently, the Lagrangian) does not require reversibility. But note also that
Lagrangian-Hamiltonian formulations additionally imply a symplectic geometry framework, which
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in turn also implies the possibility of a systematic complexification of the formalism (and Parker &
Jeynes[24] have now done this, including a complexification of time). This is because the symplectic
form may be interpreted as a bivector in geometrical algebra (Hestenes [ref. [15]]); also to be seen in
the Riemann-Silberstein description of Maxwell’s equations for electromagnetism[25]. Thus, any
treatment of thermodynamical issues resting on a Hamiltonian formalism will always intrinsically
possess a geometrical interpretation.

Moreover, QGT is based on geometrical algebra methods: Parker & Jeynes [ref. [16]] use
bivectors (and the Clifford algebra) systematically in setting up their formalism, and point out (see
their Appendix A) that the isomorphism between the real-valued 4-dimensional (quaternion) vector
space and the 2-dimensional complex spinor space is well documented (for example Pandey &
Chakravarti[26] who handle Hestenes’ geometrical algebra very similarly to Parker & Jeynes [ref.
[16]]). Kyriaki Aslani[27] also shows (in her Appendix B) that bivectors are precisely isomorphic to
the imaginary unit.

Hans Ottinger’s[28] systematic treatment of “symplectic integrators” applied to (irreversible)
thermodynamic systems should therefore also be viewed as geometrical. Unfortunately, symplectic
geometry also opens up the conundrum of continuity, which complex analysis presupposes: Roland
Riek[29] has claimed to prove that time must necessarily be discrete! It is obvious that the Uncertainty
Principle is also incompatible with strict continuity, however current methods appear to be
sufficiently satisfactory so we will ignore these problems.

Raftery et al.[30] have observed a dissipation-induced classical-to-quantum transition in a
Jaynes-Cummings dimer model that has been recently thoroughly investigated by Vivek et al.[31]. A
Hamiltonian analysis is now standard for modelling Jaynes-Cummings apparatuses (despite the J-C
model being dissipative) and Raftery et al. show in detail how the appropriate system description
switches from semi-classical to quantum as the dissipation is introduced. We regard this as an
example of geometrical thermodynamics, with the “thermodynamics” being introduced by the
dissipation, and the (symplectic) “geometry” implied by the Hamiltonian treatment. Indeed, we have
shown how these apparently contradictory phenomena of dissipation and Hamiltonian’s reversible
symplectic geometry can be coherently united within QGT [ref. [16]].

Geometrical approaches in thermodynamics up to now have been related to the issues of abstract
geometrical structures (e.g. metrics, connections, curvatures etc.) in state space; such state spaces
being described by a set of state variables (e.g. energy, volume, temperature, pressure) each
corresponding to a point in the thermodynamic state space of the system under consideration.

These state-space approaches have been particularly described by the Weinhold[32] and
Ruppeiner[33] geometries, respectively; the former being useful for studying thermodynamic
stability (and see Andresen et al.[34] for a close discussion of "thermodynamic geometries”), and the
latter for phase transitions and critical points. Guo & Miao[35] have recently helpfully described these
geometries in the context of certain representations of black holes, but pointed out that the Weinhold
and Ruppeiner geometries are essentially equivalent.

On the other hand, the QGT of Parker and others defines a set of variables with thermodynamic
characteristics directly in spacetime, with spacetime properties that are geometrically related to each
other (that is, also involving derivatives and transformations from Euclidean into hyperbolic space)
so that QGT analyses the actual spacetime geometry of a system and its thermodynamic evolution
(including its stability) according to the relationships between conjugate pairs of the variables in a
complexified symplectic phase space.

This is to contrast with the earlier Weinhold and Ruppeiner approaches that use, not symplectic
but Riemannian geometries (and Euclidean spaces). Moreover, Parker and others now extend these
earlier equilibrium thermodynamics treatments into a more analytical (symplectic)
Hamiltonian/Lagrangian one, which being naturally complexified also unifies the handling of both
reversible & irreversible processes (PJ23a [ref. [24]]). However, they (PW25a[36]) also make explicit
and exploit the information-theoretic aspects and geometries that have always been implicit (PJ19
[ref. [16]]).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Geometrical Thermodynamics & Holomorphism

Quantitative Geometrical Thermodynamics (QGT) was introduced in 2019 by Parker & Jeynes
[ref. [16]], building on previous work by Parker & Walker (2010)[37]. Figure 1 indicates the approach
taken: information is represented by meromorphic functions (which are holomorphic nearly
everywhere, with isolated points of non-analyticity in spacetime), and the basis vectors of entropy and
information are Hodge duals. Info-entropy as a bivector is constructed using a QGT holomorphic
function across spacetime, that also allows the construction of an “entropic Hamiltonian” satisfying
the canonical entropic equations of state (described in a hyperbolic or logarithmic space; as might be
expected from their thermodynamic nature), as well the variational entropic Euler-Lagrange
equations based on the appropriate entropic Lagrangian, which also employs the Boltzmann constant
ks as its fundamental quantum unit.

Projection onto y,-y, -
, A 1 - # -

plane x,,=cty,+x,7, 0y (%)= %7,‘ — Pi= P19 Jplm‘t =¥1%0

of simple pole: 017 “polel

—a

I'll\’lI xp(ah."l = Ctﬂ}’t! +X 1}’1
imaginary spacelike i
axis, y, '

XY

real
timelike axis, y,

cty,

information

hy =k J‘l:_ﬁ Inp, :]m‘t Yo= j"s]"[:aﬁ e

Figure 1. Projection of a simple pole onto the yo—y1 space-time plane using the geometric algebra formalism, with
resulting information calculated by integration along the time-like axis (reproduced from Parker & Jeynes, 2019
[ref. [16]] Figure A.1; modified from Figure 1 of Parker & Walker 2010 [ref. [37]]).

A function being “holomorphic” (“the shape of wholeness”) is a very strong mathematical
condition, so that QGT being cast in terms of (intrinsically complex) holomorphic (or meromorphic)
functions is already a suggestive move.

The double logarithmic spiral (DLS) exhibiting dissipation is proved to be a fundamental
eigenfunction of the entropic Hamiltonian, and the thermodynamically reversible double-helix is a
special (non-dissipating) case of the DLS. Both spirals are holomorphic, in the sense that each is
composed of a pair of mutually C2 symmetry structures (according to the crystallographic notation),
which spatially combine together so that a geometrical algebra description has them mathematically
isomorphic to a Riemann-Silberstein bivector. To show that these mathematical manipulations touch
reality adequately, the energy required to transform one form of DNA to another was calculated by
QGT (see Figure 1 of PJ19 [ref. [16]] passim), reproducing the experimental results of Bryant et al.[38].
The observed virial mass of the Milky Way galaxy was also approximately calculated on a simplified
DLS model (see Figure 2 of PJ19 [ref. [16]] passim).

Table 1 of Parker & Jeynes, 2019 (PJ19, [ref. [16]]) shows a formal isomorphism between
conventional kinematical quantities (based on Planck’s constant #) and their entropic equivalents
(based on Boltzmann's constant ks), notably between the classical Action and the “Exertion” (proved
separately to be proportional to Edwin Jaynes” “Caliber”[39]). In particular, where Action is a line
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integral over the appropriate Lagrangian (in classical or quantum mechanics), Exertion is simply the
corresponding line integral over the entropic Lagrangian (and is thereby a thermodynamic quantity).

It is curious that QGT shows that thermodynamics may determine the shape (or, equivalently, the
structural stability) of entities. For example, DNA is stable, and yet the energy required to deform
one form of DNA to another is correctly calculated ab initio by QGT (see Figure 1 of PJ19 [ref. [16]]).
Moreover, using QGT one can prove that right-handed DNA is the thermodynamically favoured form
according to the 2nd Law (as is observed, see Appendix A and Equation A.17 of PJ19 [ref. [16]], which
gives a more rigorous and explicit argument than that in Parker & Walker 2010 [ref. [37]]). Parker &
Jeynes (2020)[40] have also shown that QGT explains the stability of Buckminsterfullerene (see Figure
2) since a sphere may be formed from a combination of holomorphic double-helices, which are
fundamental eigenfunctions of the entropic Hamiltonian.

Figure 2. Representation of double spiral trajectories on the surface of a C60 molecule (bold lines: in front of
sphere; thin lines: to the rear of the sphere). Reproduced from Figure 3 of Parker & Jeynes, ChemistrySelect 5
(2020) 5-11 [ref. [40]].

Parker & Jeynes 2019 [ref. [16]] already showed that the double-helix is a special case of the
double logarithmic spiral, which models spiral galaxies (like our own Milky Way) remarkably well:
that is, the QGT entropic description of spiral galaxies is an alternative explanation for their manifest
stability and their double-armed logarithmic structure, an explanation that needs no unobserved (and
apparently unobservable) entities. Rather, the presence of a supermassive blackhole (SMBH) at the
galactic centre, an object exhibiting the largest entropy (by far) as compared to any other object within
the galaxy, itself becomes the thermodynamic explanation for the galactic spiral geometry and
stability. That is also to say, the stupendously gigantic blackhole entropy of the SMBH dominates the
entire galaxy and is certainly not “hidden” behind the SMBH’s event horizon.

With respect to the entropic Lagrangian-Hamiltonian canonical equations of state, some
important fundamental relations were derived by Parker & Jeynes 2021[41]: in particular the entropic
Liouville equation in terms of the thermodynamic conjugate variables of the entropic Hamiltonian
(the “hyperbolic position” and “entropic momentum”), which they used to derive not only the
Holographic Principle, the Bekenstein-Hawking equation, and the entropic Uncertainty Principle
(based on the Boltzmann constant), but also an interesting isomorphism between the Schrédinger
equation and the entropic Partition Function. Parker & Jeynes 2021[42] also (separately) proved that
entropy production (the complexified counterpart to energy) is a conserved quantity, as well as
calculating the entropy production of black holes (a calculation confirmed subsequently by Parker &
Jeynes 2023 [ref. [24]]).

Using the results of Parker & Jeynes (2021) [ref. [41]], Parker et al. (2022) [ref. [11]] correctly
calculate the size of the alpha, and other “halo” nuclear isotopes of helium (°He, $He) on the basis that
the alpha is a “unitary entity”, as are also the neutron halos of ‘He and *He (each halo consisting
either of a holomorphic pair of neutrons, or a holomorphic pair of holomorphic pairs). Then ‘He and
8He are interpreted as a “sum” of two unitary entities (see Figure 3 for 8He) — again, a stable spherical
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geometry exhibiting stability analogous to the Csomolecule, and for the same reasons. Similarly, they
also correctly calculate the sizes (radii) of the “helium series” nuclei (1?C, 6O, 2Ne, Mg, 25i, 325, 3%Ar,
4Cl). This series could have been thought to start properly with 8Be but (being unstable) there are no
good comparable observations for this nucleus. The series ends with the unstable ©Cl (although this
nucleus has a very long half-life so that good measurements are available).

8He nucleus modelled by QGT

Image: © 2021 Michael Parker

Figure 3. The ®He nucleus is modelled in QGT as a unitary alpha particle with a four-neutron shell which is a
holomorphic pair of holomorphic neutron pairs (see Parker ef al. 2022 [ref. [11]]: for image see
https://onlinelibrary.wiley.com/toc/15213889/2022/534/2). The $He nucleus has an observed matter radius
of 2.49+0.04 fm (observations summarised by Angeli 2004[43]) and a matter radius calculated by QGT as 2.51 fm.

The point here is that all these calculations are on the basis that the alpha particle (in its ground
state) is properly an atom — a unitary entity (than which exists no simpler). Another way of speaking
about unitary entities is to say: they have no parts! Now of course, the alpha particle consists of two
protons and two neutrons so it seems wrong to say that “it has no parts”. However, its binding energy
is very high (>7 MeV/nucleon) so even though it is not strictly “indivisible” it is practically
“indiscerpible” (that is, remarkably hard to “tear asunder”): it normally behaves as a “unitary entity”
at the length scale of interest (which for the alpha is the diameter of a proton).

Of course, thermodynamics is normally about processes in which things are happening (where
entropy is being created). QGT was initially about geometrical effects which applied to stable things
(spiral galaxies, DNA, Buckminsterfullerene, the alpha particle) but Parker & Jeynes (2023[44]) have
also used it to correctly calculate the lifetime of the free neutron, which is unstable: it decays to a
proton, an electron, and an antineutrino (with a lifetime of about % hr). They also use QGT to
correctly calculate the half-lives of other nuclei (including °He, $He and ®Be). In these calculations, the
Noether-conservation of entropy production (proved by PJ21b [ref. [42]]) is the key fundamental
principle being exploited.

It is important to emphasise that, even though an entity may be unitary, it isn’t necessarily stable
(using the QGT formalism). That is to say, for the duration that it may exist, the unitary entity has the
qualities of an ‘atom’; however, it may also have a half-life and spontaneously cease to exist as it
fragments into constituent components. Thus while it exists, the atomic entity may be “unitary’; but
once it fragments into sub-components (increasing entropy according to the 2 Law), its ontology
changes (since it no longer exists as unitary).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The ab initio calculations discussed above closely reproduce the observed values, showing that
QGT is about processes as well as pure geometry. But geometrical methods in physics are now
becoming widespread: Jeynes (2023[45]) has reviewed the use of comparable new methods in optics.
Hestenes (2002 [ref. [15]]) has long argued for the systematic use of powerful geometrical algebra
methods in physics, pointing out their ability to simplify complex arguments and make new
understandings available. Physicists are starting to respond. For example, Aslani (2025 [ref. [27]]) has
used the new methods to reanalyse the damped harmonic oscillator, obtaining more detailed results
(and more easily) than those obtained with standard treatments.

QGT is scale-invariant. That is to say, it operates at all length scales; yet, the scale length always
needs to be specified (as a frame of reference) in order to satisfy the principle of the relativity of scale
(Auffray & Nottale 2008)[46]. It is this scale invariance that has facilitated the resolution of long-
standing logical (“Bertrand”) paradoxes (Parker & Jeynes 2023[47]). Another long-standing puzzle is
the relation between General Relativity and Quantum Mechanics: the one is important at cosmic
scales, the other at the nanoscale; but the two accounts are mutually inconsistent even though both
are extraordinarily accurate. We expect the scale-invariance of QGT to be crucial in addressing this.

Thermodynamics is often represented as being reducible to statistical mechanics, involving
probabilities; and probabilities are also central in the discussion of entropy in modern information
theories. But QGT has been used to show that probability is essentially a physical (not a mathematical)
idea, with the sum rule for probabilities in general being hyperbolic (Parker & Jeynes 2025[48]) and
thereby conforming to the scale-invariance of QGT.

As we already mentioned, in a far-reaching work Parker & Jeynes 2023 [ref. [24]] have shown
that reversible and irreversible processes can be treated entirely commensurately. Specifically, they
flesh out the isomorphism already shown in 2019 [ref. [16]] between physical relations expressed in
energy terms and those expressed in entropy terms. Using a fully complexified treatment (including a
complexification of time) they show that the Wick-rotated complex conjugate of the entropic
Hamiltonian is just the entropy production (in holographic natural units). See Figure 4.

 The (Wick rotated) complex conjugate of
the Hamiltonian is just the entropy production
in (holographic) natural units

Figure 4. Graphical Abstract of Parker & Jeynes 2023 [ref. [24]]. Picture credit: Christine Evans-Pughe
www.howandwhy.com.

This makes it clear that time should be represented as a complex number: it was always clearly
a simplification to think that it could be properly represented by a scalar. But taking this seriously,
Parker et al. (2025) [ref. [36]] have shown that a valid Lagrangian can be constructed entirely in
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complex time (with no spatial component), leading them to call it a “purposive Lagrangian”
specifying the “entropic purpose” of the system (see Figure 5).

I .
it sich
il heit Jilst sie o
wieviel AT ielen?
aus dieser Kol e " ation for?
Navthot = \I Wwhat's {his informa

0c rot

o
(T

R. CLAUSIUS

1822 - 1888

The entropic purpose is a line integral
over complex time of the Purposive Lagrangian

© A zoz4

Figure 5. Graphical Abstract of Parker et al. 2025 [ref. [36]]. Picture credit: Christine Evans-Pughe
www.howandwhy.com.

Avristotle is saying, “What's Nautilus’ purpose?” and Clausius is saying, “How much work is in this coal?”

“Entropic Purpose” is defined by Parker et al. as a line integral over the “Purposive Lagrangian”
of the system as it traverses a trajectory across the complex temporal plane (see Figure 5), comparable
to Action which is also defined as a line integral over an appropriate (spatial) Lagrangian. Entropic
Purpose also displays the same variational behaviour as the Action. That is, just as there is a Principle
of Least Action so also (for the same reason) there is a Principle of Least Entropic Purpose.

Parker et al. also go on to prove that this quantity of Entropic Purpose is represented by the
Shannon information created by the system as it navigates a temporal trajectory through complex
time. This latter property touches what we could properly think of as the purpose of the system, since
what the system does represents its purposes as it moves forward in time.

A critically important idea in QGT is holomorphism — “the shape of wholeness”. Holomorphic
functions are the main objects of interest in complex analysis, and the fact that QGT is constructed
around holomorphic functions accounts for the far-ranging results of the treatment. One could say
that the power of QGT depends on the fact that its basic objects are holomorphic. The Riemann-
Silberstein representation [ref. [25]] of the free-space electromagnetic field is holomorphic[49], and
photons (as the quanta of the EM field) are therefore unitary entities (indivisible per se). The EM field
when bound together holomorphically is a different thing from either of the electric or magnetic fields
that compose it. In just the same way the DNA molecule, when its two RNA halves are bound
together holomorphically is a different thing from its components: being holomorphic, DNA behaves
as a unitary entity. Similarly, the neutron halos of both the ‘He and #He nuclei, being holomorphic
are also unitary; as are the pair of logarithmic arms in a spiral galaxy. In all these cases the entities
formed are indiscerpible (not “indivisible”); in particular they have a half-life, and Tour et al. 2025[50]
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have discussed the case of polymer chains (like RNA). Unexpectedly, unitary entities prove to be
remarkably flexible in their ontology!

4. QGT Formalism

Quantitative Geometrical Thermodynamics (QGT) was introduced in 2019 by Parker & Jeynes
(PJ19 [ref. [16]]), initially considering only stable things (like DNA). It is remarkable that a very close
relation between entropy and information was earlier shown to explain the chirality of natural DNA
(by Parker & Walker 2010 [ref. [37]]). This is treated rigorously in Appendix A of PJ19 ([ref. [16]])
using geometrical algebra methods (as hinted in Figure 1).

The QGT formalism was summarised formally in §2 of Parker et al. 2025 [ref. [36]]: here we will
sketch it more informally. Equation C23 in Appendix C of PJ19 [ref. [16]] gives the entropic
Lagrangian Ls for the double-armed logarithmic spiral in hyperbolic 3D space g:

3
Ls(a,q' %) =3ms + ) mglng; ~Vs(q) n = (123} M
n=

where g represents the (hyperbolic) coordinate system (that is, the hyperbolic position); and g’
represents the “entropic momentum” (that is, an appropriate differential of g4). For hyperbolic
position and entropic momentum see Equations 9 of PJ19, [ref. [16]].

In particular, 4" = dg/dxs, where in this entropic representation xs is the (Euclidean) spatial
coordinate associated with g3 (see Equations B24 in Appendix B of PJ19 [ref. [16]]) that would
classically be the time dimension in the kinematic representation. This makes explicit the geometrical
flavour of QGT: PJ19 [ref. [16]] addresses the statics, not the dynamics. Stable structures have
symmetries, and in QGT the general system (in spacetime) is integrated in a way that makes the x3
symmetry axis behave mathematically as the time axis in standard kinematics (hence we have d/dxs
instead of d/dt: see Table 1 of PJ19 for an explicit summary of the isomorphisms between the entropic
and kinematic representations).

In Equation 1 ms=iwoksis the entropic mass, where ks is Boltzmann’s constant and o is a
parameter of the representation (see PJ19 [ref. [16]] Equations 7) with dimension of wavenumber (that
is, inverse length), and which determines the length scale of the system under consideration. Vs is the
potential entropy field (see Equations C24 of Appendix C of PJ19 [ref. [16]]). Note that the “entropic
mass” is “imaginary” (i2=-1; we will return to the physical significances of “real” and “imaginary”).

Using the Legendre transformation yields the entropic Hamiltonian Hs, given by Equation 11 of
PJ19 [ref. [16]]:

3
Hs= ) (ada} = Lsn = (12,3} @

where as usual p» and g« are the (entropic) conjugate variables (“entropic momentum” and
“hyperbolic position”) of QGT, where it is also correct to regard q and q” as conjugate variables. Note
that the entropic Hamiltonian is the sum of the kinetic entropy Ts and the potential entropy
(Hs = Ts + Vs) just as the (kinematical) Hamiltonian is the sum of the kinetic and potential energies.

As already previously highlighted, Parker & Jeynes 2019 [ref. [16]] show that the double helix and
the double logarithmic spiral are both holomorphic fundamental eigenfunctions of the entropic
Hamiltonian (in hyperbolic space) since they satisfy the variational Euler-Lagrange equations
indicating that they are maximum entropy structures, thereby also proving the validity of the
entropic analogue of the Principle of Least Action (the Principle of Least Exertion). Note that Parker
& Jeynes 2023 [ref. [39]] also show that Exertion is proportional to the quantity “Caliber” defined by

Edwin Jaynes[51], the exceptional usefulness of which is reviewed by Dixit et al.[52]
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Parker & Jeynes 2020 [ref. [40]] elegantly account for the stability of Buckminsterfullerene (Ceo)
by showing that a sphere is exactly represented by a combination of a pair of double helices, and
therefore that the sphere is also a Maximum Entropy geometry: in particular, “the representation [Z]
of the spherical topology of the Ceo molecule is mathematically the superposition of two holomorphic double-
helices [Z=Xat+Xs), and is therefore also itself holomorphic”. The relevant Equations 6 of [ref. [40]] are:

L iorpaio D if :
Za=§e {Re®x; —iRe%x, — R(1 + x5} (3a)

1 . . .
%, = Ee"“’{Re‘Q& —iRe%x, + R(1 +1)x3} (3b)

where R is the radius of the sphere and {¢, 0} are phases of the double helix, with {x.} #=1,2,3 being
the unit axes in Euclidean space. Because of its high symmetry, Buckminsterfullerene is easy to treat
analytically: probably numerical methods will be needed to treat other fullerenes.

Parker & Jeynes have derived the entropic Liouville equation (Equation 3 of P]21a [ref. [41]]):

N
dps Opg Z(GHS 0 OH; 0O )
_ _ ps =

dxs  Oxs 39, O,

— 4
0Gn 0P, Opn Oqn )

n=1

in terms of the entropic Hamiltonian Hs and the density of states ps. This has very far-reaching
consequences: they obtain from it not only the Holographic Principle and the Bekenstein-Hawking
equation for the entropy of a MaxEnt entity (such as a black hole) but also the entropic Uncertainty
Principle, represented by the quantum entropic canonical commutation relation (Equation 18a of [ref.
[417):

[qs, Ds] = 2kg (%)
where {g5, p5} are the quantum operators (see Equation 18b of [ref. [41]]) derived from the entropic
conjugate (generalised position and momentum) variables {g, p}, and ks is the Boltzmann constant as
usual. The factor ‘2" in Equation 5 arises from the fact that the Boltzmann constant as defined is
associated with the ‘amplitude’ description, whereas the Planck constant has been defined with
respect to the ‘amplitude squared’ description for quantum mechanical quantities (such as
probability: see further Parker & Jeynes 2023 [ref. [24]] and Cordoba et al. 2013[53]). Parker & Jeynes
also demonstrate that a probability term P. of the entropic Partition Function Zs is isomorphic to a

solution of the Schrodinger Equation (Equations 16 of [ref. [41]]):

Zs = z e BsSn (6a)
n
e_ﬁssn
P = 7 (6b)

where fs =1/ks is the entropic equivalent to the conventional inverse temperature parameter = 1/ksT.
Note that in the QGT formalism the temperature T does not appear: T is a parameter that transforms

between the kinematic and the entropic domains (kinematic <> entropic: see also Table 1 of PJ19 [ref.

(161]).

Since Equations 6 show that the Partition Function may be derived from QGT, they also mean
that thermodynamics is not reducible to statistical mechanics (contradicting what is widely thought),
a conclusion supported by Michael te Vriigt (2022[54]) in his careful discussion of coarse graining in
the context of the Mori-Zwanzig projection operator formalism. That is to say, thermodynamics is
fundamental.

Parker & Jeynes “[extend] QGT to generalise Onsager’s differo-integral formalism for the
entropy production of systems in hyperbolic (Minkowski) 4-space [showing] that the relativistic
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entropic Hamiltonian directly determines the entropy production”, also showing that “both the
entropic Hamiltonian and the entropy production are conserved quantities” (PJ21b, [ref. [42]]). They
apply their formalism to heavily idealised spiral galaxies, represented only by their central
supermassive black hole (SMBH) and ignoring all the stellar mass on the grounds that the virial mass
of such galaxies is dominated by (unobservable) “dark matter”. This builds on the work of PJ19 [ref.
[16]] who have already shown that the virial mass of such (heavily idealised) spiral galaxies may be
reasonably calculated by QGT, using the central SMBH entropy and certain simplifying assumptions.
Thus, the effects of the supposed “dark matter” may instead be considered as a purely entropic
phenomenon due to the (stupendously gigantic) central SMBH entropy. That is, the stability and
geometry of the spiral galaxy is entailed by its central supermassive black hole.

What is interesting is that the entropy production S-® of the idealised galaxy (that is, the black
hole with mass Msu and radius rsu), has fwo components {S;®}, one is the entropic mass (Equation 31
of [ref. [42]]):

c5
b = =2m |—k 7
c|mg| T J PR @)
where G is the gravitational constant, 7 is the reduced Planck constant, and as usual, ¢ is the speed
of light; and where for the Milky Way @ is 1.6 x 102 J/K-s

The other component is the entropic momentum (Equation 25 of [ref. [42]]):

cky  c3ky

S = = —=
P BH ZGMBH

®)

where for the Milky Way S'is 3.2 x 10 J/Ks.

The entropic mass (the volume-integrated dissipation function ®, Equation 7) is 46 orders of
magnitude larger than the entropic momentum (S; Equation 8). Note that S'is functionally similar
(differing only by a factor ~100) to the Hawking radiation (compare Equations 27,28 of PJ21b [ref.
[42]]). Black holes cannot evaporate! Their Hawking radiation is tiny compared to the rate at which
they must accrete mass.

But what is also interesting is that PJ21b [ref. [42]] asserts an “intimate relationship between the
geometric structure of a spiral galaxy and the dissipative processes intrinsic to it” also describing
spiral galaxies as “Maximum Entropy unitary objects obeying the Principle of Least Exertion”: the
variational Principles pervade all of our closest descriptions of reality. Black holes are archetypal
unitary entities, as indeed are also alpha particles. “Both supermassive black holes and alpha particles
are represented in QGT as unitary entities requiring only four scalar quantities for a complete
specification: the mass, the charge, the spin, and a scaling parameter” [ref. [42]]. However, whereas
the alpha particle is stable with zero entropy production, a black hole is highly dissipative and has a
high (positive) entropy production.

Thus, where alphas embody the double-helix, black holes embody the double-logarithmic spiral
(of which the double helix is but a special case): the logarithmic shape signalling dissipation (non-
zero entropy production) in contrast to the double helix signalling no dissipation (zero entropy
production). Where alphas are trivially time reversible (being stable: unchanging in time), black holes
definitely are not! (Note that, like the alpha, the photon also has zero entropy production and is
trivially time reversible.) However, both the alpha particle and a black hole are unitary entities; they
both obey the Holographic Principle, with their entropy S proportional to their surface area A:

r2

A

S
where 2 defines the length scale, and (since such unitary entities are necessarily spherical) A=4mnr?
where 7 is the entity’s characteristic radius. A black hole’s characteristic radius is its Schwarzschild

radius r=rsn, and its length scale is the Planck length A=r. In contrast, the radius of the alpha particle
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is r=r+=1.63 fm, and its length scale is determined by the proton diameter, 1=1.682 fm (as observed by

muon scattering[55] supported by the Jefferson Laboratory “proton charge radius experiment”[56]).

Parker et al. 2022 [ref. [11]] use the formalism of PJ19 [ref. [16]] and the results of PJ21a [ref. [41]]
to calculate the matter radius of the alpha particle (and other nuclei) ab initio from QGT, using no
quantum mechanics at all but treating the alpha as a unitary entity (which has no parts). In particular,
their treatment rests on a generalisation of the Bekenstein-Hawking equation and on the Holographic
Principle, both of which are derived (by PJ21a [ref. [41]]) entirely in a QGT formalism.

To this point QGT has been articulating the static properties of Maximum Entropy (MaxEnt) entities.
(Note that black holes are MaxEnt even though their entropy production is non-zero.) But in 2023,
Parker & Jeynes [ref. [44]] used QGT to treat the process of beta decay for various nuclei. In particular,
the entropy production IT is related to the exponential-decay time constant 7 of a process together

with the change in the number of degrees of freedom A of the system (Equation 2 of [ref. [44]]):
M=—S5, (10)

where the appropriate relation for the change in entropy production AlTis isomorphic to the Planck-
Einstein relation AE = hf (Equation 1 of [ref. [44]]):

All = ckg /A (11)
where Equation 11 again invokes the (entropic) length scale A associated with the phenomenon being
described, such thatc=fA as usual. Again, we see the presence of the Boltzmann constant ks in
Equation 11 as the entropic analogue to the Planck constant for kinematics.

What is astonishing is that Parker & Jeynes (see Equation 23c of PJ23a [ref. [24]]) have shown explicitly
that energy and entropy production really are two sides of the same coin: specifically that the (complex)
Hamiltonian H:and the (complex) Entropy Production I'l: are essentially Hilbert Transforms of each other:

iH; = 1, (12)

4mky
that is, the (Wick-rotated) complex conjugate of the (complexified) “entropic Hamiltonian” simply
equals the (complexified) entropy production (in holographic natural units—that is, over the
whole 47t sphere). What is required here (to apply the Hilbert Transforms, and make use of the power
of complex analysis) is that the whole treatment is complexified. Including, crucially, time itself. This
fundamental identity between the complex-valued Hamiltonian and the complex-valued entropy
production is yielded by analytical continuation into the complex frequency plane, and using the
Cauchy-Riemann relations.

This result of PJ23a [ref. [24]] is extended surprisingly by Parker et al. 2025 (PW25a: Equation 8
of [ref. [36]]), who are able to define a “purposive Lagrangian” entirely in complex time (with no
spatial component):

Lp = cmg(Ing; +Inq;) + 2cmg[AT — In(1 — AT)] + cmg In K, K, (13)
where K are entropic constants, T=|-t+it| is the empirical (measured) time, and g’ are the differentials
w.r.t. the empirical (essentially, Euclidean and local time) T associated with hyperbolic time g (see
Equations 7 of PW25a [ref. [36]]): T is the “real” part and t is the “imaginary” part of complex
Euclidean time, although both T and ¢ are just as real (or imaginary!) as each other. Equation 13 is
formally similar to the equation for the Lagrangian of a dissipative and entropy-producing
logarithmic double spiral, where A represents its logarithmically varying radius (see Equations 19 of
[ref. [16]]). But here the formalism (Equation 13) is defined in the (hyperbolic) 2-D g-space given by

the complex time plane.
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Parker et al. prove that the purposive Lagrangian of Equation 13 (Equation 8 of PW25a [ref. [36]]) is
valid by demonstrating that it satisfies the Euler-Lagrange equation describing the appropriate
variational principle, which they call the Principle of Least (entropic) Purpose. And “entropic purpose”
itself is defined as a line integral on the purposive Lagrangian (just as Action is also defined as a line
integral on an appropriate Lagrangian). Moreover, Parker et al. prove that the entropic purpose of a
process is measured by the Shannon information created by that process.
Finally, Parker et al. 2025 (PW25b: [ref. [47]]) explicitly address the issue of recursion, which involves
a hyperbolic mathematical object; again, strongly resonant of QGT quantities. Recursion is deeply
relevant to any discussion of the probabilities of real processes (especially in living beings). The
present conventional treatment of probability is specialised to simple applications (games of chance)
which do not admit recursion. But Parker et al. (see Equation 12 of PW25b [ref. [47]]) have generalised
this treatment of the probabilistic OR function to give a new (hyperbolic) formula for the probability
p of (A OR B) given C:
p(A|C) + p(B|C)
1+ p(A|O)p(B|C)
The mathematical similarity of Equation 14 to how kinematic velocities in special relativity are
added is clearly apparent. This hyperbolic sum rule is highly relevant to situations where the
probability must be estimated of multiple (possibly recursive) hypotheses under multiple (possibly

recursive) conditionalities. Which includes most real situations! The usual treatment of probabilities
today only treats simple (non-recursive) cases in which there are only a limited (small) number of

p(AORB|C) = (14)

both hypotheses and conditionalities. But real systems typically have a large number of these, and
are also normally heavily recursive, e.g. as seen in the large language models (LLMs) of artificial
intelligence (Al). This is clear from Philip Ball’s description of “How Life Works” (2023)[57], and is also
in view in Terrence Deacon’s treatment of “Incomplete Nature” (2011)[58].

5. Atoms

What we now usually call “atoms” (the elements of the Periodic Table) are not properly atoms
at all, since they are all so easy to ionise (with first ionisation energies typically a few eV they are
hardly “uncuttable”)! Parker ef al. 2022 ([ref. [11]], building on their independent derivation of the
Bekenstein-Hawking equation from the entropic Liouville Equation: see Equation 12a of P]21a [ref.
[41]]) have shown that the alpha particle is a “unitary entity” (since we may regard a MaxEnt object
obeying the Holographic Principle[59] as unitary); that is, in its ground state it can be considered to
“have no parts”. This is remarkable since we know that it consists of four nucleons: it is the enormous
binding energy of >7 MeV per nucleon that makes it indiscerpible (resisting being “torn asunder”).
Schlesinger in 1961[60] elegantly made a philosophical case against the (widely assumed, but false)
idea that “smaller” is necessarily “more fundamental”: here Parker et al. have shown a physical case
making the same point.

But we know that the Bekenstein-Hawking equation was originally derived for black holes, so
that what is true for alpha particles is also true for black holes (BHs): BHs are “unitary entities” too!
But where the alpha is indiscerpible, the BH truly is indivisible: the archetypal atom.

Parker & Jeynes have also calculated two components of the entropy production of BHs
(Equations 7,8: see PJ21b [ref. [42]], confirmed by PJ23a [ref. [24]]): the tiny (negative) “Hawking
radiation” of BHs is swamped by a much larger (positive) component so that they are never expected
to evaporate, however slowly. That said, the question of how the supermassive BHs found at the
centre of galaxies reached their observed sizes is still open.

So, QGT methods have revealed that both alpha particles and black holes are real atoms, that is:
“uncuttable” entities, either absolutely or practically (indivisibly or indiscerpibly). What is critical in
these calculations is the characteristic scale of the entity: for the alpha this is the proton diameter (a
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measurable quantity) and for the BH it is the Planck length. The enormous disparity in size between
the alpha diameter (3.3 fm) and the BH diameter (52x10¢ km for the SMBH at the centre of the Milky
Way) is due to the enormous mass of the BH (which determines the size of the event horizon), and
their vastly different length scales. This use of the length scale is in effect our generalisation of the
holographic principle.

Building on the idea (central in QGT) of holomorphism, we have asserted that holomorphic
entities, being MaxEnt and also obeying the holographic principle, are per se unitary. Atoms are,
properly, holomorphic (they have a “shape of wholeness”). Table 2 of Parker et al. 2022 [ref. [11]]
shows the nuclear sizes of the “helium series” (*He, *Be, 12C, 1°O, 2Ne, Mg, %5i, 325, 3*Ar, ¥Ca) all
correctly calculated ab initio from QGT. These nuclei are all sums (obeying holomorphic addition) of
unitary entities (alpha particles), so that they too may also be regarded as unitary. But experimentally,
such nuclei are also indiscerpible (while noting that their identity depends on their unity — torn
asunder, they cease to exist per se). In the same way, the 17t century philosophers regarded poems as
“atoms” (see [ref. [1]]); since the very existence of a poem depends on its integrity. In our terms those
philosophers were right, since poems are, properly, indiscerpible.

Disregarding its encoded genetic information we have shown ([ref. [16]]) how the DNA
molecule is also unitary (being holomorphic, MaxEnt and obeying the holographic principle). The
Buckminsterfullerene molecule (Ceo, [ref. [40]]), being a sum of holomorphic entities is also unitary in
the same way that the “helium series” is.

Note that every unitary entity (such as an alpha particle or a BH) is contingent: it may be created,
or cease to exist. Alphas are created in the Sun, releasing energy: this process may also be reversed,
given sufficient energy. Also, we suspect that electrons (for example) are “fundamental” (that is,
unitary); but if an electron meets a positron it too will be annihilated — transforming into two photons
(511 keV gammas) noting that in our terms photons are also unitary (being represented by the
holomorphic Riemann-Silberstein vector). We have previously discussed the lifetimes of other
entities [ref. [44]]. We leave the resulting ontological puzzles to the philosophers.

6. Discussion

“Shannon information” is an engineering concept used for developing and building the
photonic communications networks that underpin the information revolution of today: the telecoms
engineers use the information carried by the network as a syntactical object. That is, the engineers
explicitly exclude consideration of the semantic content of the “information”: they are deliberately
uninterested in the meanings of the messages carried by the networks. Similarly, “entropic purpose”
is a physical idea that specifically excludes the human properties of purposes: Aristotelian teleology
was excluded from physics in the seventeenth century — and a very good thing too!

But in Figure 5 Aristotle is considering a Nautilus shell. We know that Aristotle knew about
Nautilus since it is mentioned in his “Twv megl t&x Ca iotoguwv” (known in Europe as “Historia
Animalium”, 4% century BCE), as noted by von Lieven & Humar (2008)[61]. It seems that there is
something to be said for Aristotelian teleology, however wrong it may be, so that Carlo Rovelli (2014,
p-27)[62] is right to say of Aristotle’s physics, “it’s not at all bad”. The ancients liked Nautilus because
it was an exemplar of the Golden Ratio (see Figure 9 p.33 of Charles Seife, 2000[63]). But Nautilus is
also a rather perfect physical exemplar of the double logarithmic spiral, which Parker & Jeynes, 2019
[ref. [16]] have demonstrated to be a fundamental eigenfunction of the entropic Hamiltonian.

We are not here rehabilitating Aristotelian teleology. But everyone knows that purposes are a
characteristic of living things, and physicists claiming that those “purposes” are merely
inconsequential epiphenomena are, quite properly, ignored by sensible people. We are here claiming
that a correct physics that gives due weight to the Second Law of Thermodynamics does recognise
“entropic purpose”, which is a cut-down version of “purpose” — that is, shorn of its human value just as
is Shannon information.

We should note that the classical “Loschmidt Paradox” that has plagued statistical mechanics
ever since Boltzmann formulated it has been resolved by QGT; see Parker & Jeynes 2023 [ref. [24]]
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who show how to treat reversibility and irreversibility commensurately: the irreversible cases are
seamlessly included in the Lagrangian-Hamiltonian articulation of the Second Law (axiomatic for
QGT). The crux of this QGT treatment is the understanding that the treatment must be fully
complexified — that is, time must also be represented as a complex number. Really, this is not very
surprising since everyone knows that time is a slippery and very difficult philosophical concept. It is
remarkable that the scientific community has got so far with the obviously crude approximation of
time as representable by a simple scalar number.

We should point out that complex numbers underpin all modern physics, and are also at the
root of the Lagrangian-Hamiltonian representation of classical physics. Of course, the reason is the
extraordinary power of complex analysis, which Roger Penrose calls “magic” (2004[64], ch.4;
figuratively, of course)! Reality is complex. Complexifying time (“5D spacekime”) is also used
systematically by Ivo Dinov’s group to simplify Big Data problems (see for example Zhang et al.
2024[65], or Niraula et al. 2025[66]).

An intrinsic property of atoms is that they are necessarily discrete; but only a non-atomic
description is consistent with the continuity required by complex analysis. We regard ‘atomism’ to
be paradoxical in the same way that nature has the discrete/continuous properties also seen in the
wave-particle duality nature of quantum mechanics (and intrinsic to the Uncertainty Principle). But
clearly there is still a formal problem regarding the description of a discrete reality using complex
analysis. We regard this problem as out of our present scope.

We regard Penrose’s “Road to Reality” (2004 [ref. [63]]) as a seminal summary of physics, but
comment on surprising omissions: he mentions neither the concept of “information”, nor
Carathéodory; and therefore his treatment of entropy is also somewhat inadequate, which is
surprising in view of the space he gives to black holes and thermodynamics.

QGT does take the Second Law as axiomatic, following Einstein’s lead: he said,
“[thermodynamics] will never be overthrown”[67]. It seems preferable to choose this axiomatic basis
since, despite their outstanding observational accuracy, the currently popular alternatives (Quantum
Mechanics and General Relativity) are mutually incompatible: the former is necessarily non-local but
the latter necessarily local[68]. Their reversibility does add elegance, but at the expense of credibility
since every process we know of is irreversible; a circumstance guaranteed by the Second Law!

The equipartition theorem entails the Partition Function and the procedures used to establish
the granularity of the system. In particular, the Markovian (“coarse-graining”) assumption that is
used to derive the Partition Function can also be used to show how irreversibility may “emerge” from
(reversible) classical mechanics (te Vriigt 2025[69]). In at least this way thermodynamics is
fundamental (te Vriigt et al. 2022[70]). This conclusion is also supported in a recent work by Kian
Salimkhani[71] which shows how the (asymmetrical) arrow of time is consistent with the symmetry
properties of quantum mechanics.

7. Conclusions

Unitary Entities are the true atoms. That is, unitary entities are “fundamental” in important
ways. “Atoms” were originally conceived as “uncuttable”, but of course what we now usually call
“atoms” (comprising a nucleus and an electronic shell) are very easily ionised — that is, they are very
far from being “uncuttable”. A “unitary entity” is “that than which exists nothing simpler”: that is, a
unitary entity has, or may be considered as having, no parts (or, equivalently, it has the minimum
number of degrees of freedom). “Atoms” are either actually “indivisible”, or they may be practically
“indivisible” (“indiscerpible” in Henry More’s 17t century terminology). Indivisible things are such
that it is unreasonable to consider them divisible, where indiscerpible things are just very hard to
divide.

We have shown that the alpha particle may correctly be considered as a unitary entity [ref. [11]].
This upsets the conventional view which regards smaller things as being “more fundamental” than
composite things (such as the alpha, composed of four nucleons). Rather, the length scale adopted to
analyse any phenomenon determines its ‘fundamentality’. The length scale is required for a correct
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unitary description, just as in microscopy the wavelength determines the resolution of what can be
observed.

We have also asserted that black holes are unitary [ref. [36]]. This is startling since black holes
are enigmatic and extreme phenomena, not obviously “simple”. But unitary entities are such that “no
simpler exists”. That is, they have no parts and they have the minimum number of degrees of
freedom. Black holes are certainly indivisible, and having a spherical geometry they are an exemplar
of a fundamental eigenfunction of the entropic Hamiltonian (that entails a non-zero entropy
production in this case).

Michael te Vriigt ef al. [ref. [70]] have shown that thermodynamics is fundamental, and we have
shown by thermodynamics methods how both alpha particles and black holes may be considered
unitary entities, or “atoms”: uncuttable entities that are either indivisible or indiscerpible.

Acknowledgements: We are grateful for the valuable comments of Kyriaki-Evangelia Aslani (Kvoiakr)-
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References

1.  Cassandra Gorman (2021), The Atom in Seventeenth Century Poetry (Cambridge: D.S.Brewer, 2021)

2. Kevin Killeen (2017). Microscopy, Surfaces and the Unknowable in Seventeenth-Century Natural
Philosophy (from Lucretius to Margaret Cavendish), Journal of the Northern Renaissance (Issue 8, Spring 2017
- Scrutinizing Surfaces); https://core.ac.uk/download/pdf/96767929.pdf (accessed 26 April 2024)

3. Chris Jeynes, Michael C.Parker, Margaret Barker (2023), The Poetics of Physics, Philosophies 8 (2023) 3 (54pp);
http://dx.doi.org/10.3390/philosophies8010003

4. G.W.Leibniz (1714), La Monadologie (MS, 1714; Lehrsiitze iiber die Monadologie, 1720; “Principia philosophiae”,
Acta Eruditorum 1721; Leibniz: Philosophical Writings, transl. Mary Morris, Everyman’s Library, Dent,
London 1934). Available online: https://plato-philosophy.org/wp-content/uploads/2016/07/The-
Monadology-1714-by-Gottfried-Wilhelm-LEIBNIZ-1646-1716.pdf (transl. Robert Latta, 1898; accessed 6
March 2024)

5. Henry More (1647), Philosophicall Poems (Cambridge University, 1647; printed by Roger Daniel); full text at:
https://quod.lib.umich.edu/e/eebo2/A51310.0001.001/1:33.11?rgn=div2;view=fulltext (accessed 6 March
2024)

6. J.A.T.Robinson (1976), Redating the New Testament (London: SCM Press, 1976)

7. Jonathan Bernier (2022), Rethinking the Dates of the New Testament: the evidence for early composition (Grand
Rapids: Baker Academic, 2022)

8. Frank Wilczek (2021), Fundamentals: Ten Keys to Reality (Allen Lane, 2021)

9.  Karen Barad (2007), Meeting the Universe Halfway (Durham NC: Duke University Press, 2007)

10. Catherine Z. Elgin (2017), True Enough (MIT Press, 2017)

11. M.CParker, CJeynes, W.N.Catford (2022), Halo Properties in Helium Nuclei from the Perspective of
Geometrical Thermodynamics, Annalen der Physik 534 (2022) 2100278 (11pp);
http://dx.doi.org/10.1002/andp.202100278

12.  Alexander Toikka, Georgii Misikov, Maria Toikka, Some Remarks on the Boundary of Thermodynamic
Stability, Entropy 25 (2023) 969 (6pp); https://doi.org/10.3390/e25070969

13. Frank Weinhold, Thermodynamics and geometry, Physics Today 29 (1976) 23-30;
https://doi.org/10.1063/1.3023366

14. Edwin Bidwell Wilson, Vector Analysis (New York: Charles Scribner’s Sons, 1901)

15. 'David Hestenes, Oersted Medal Lecture 2002: Reforming the Mathematical Language of Physics; American
Journal of Physics 71 (2003) 104-121; https://doi.org/10.1119/1.1522700

16. M.C.Parker, C Jeynes, Maximum Entropy (Most Likely) Double Helical and Double Logarithmic Spiral Trajectories
in Space-Time, Scientific Reports 9 (2019) 10779 (10 pp, 44 pp Appendices); http://dx.doi.org/10.1038/s41598-019-
46765-w

17.  Dmitry Gromov, Alexander Toikka, Toward Formal Analysis of Thermodynamic Stability: Le Chatelier —
Brown Principle, Entropy 22 (2020) 1113 (16pp); https://doi.org/10.3390/e22101113

18. Alessandro Bravetti, Contact Hamiltonian Dynamics: The Concept and Its Use, Entropy 19 (2017) 535
(12pp); https://doi.org/10.3390/e19100535

19. Jincheng Lu, Ronggian Wang, Chen Wang, Jian-Hua Jiang, Thermoelectric Rectification and Amplification
in Interacting Quantum-Dot Circuit-Quantum-Electrodynamics Systems, Entropy 25 (2023) 498 (17pp);
https://doi.org/10.3390/e25030498

20. P. Fernandez de Cdrdoba, J. M. Isidro, Generalised Complex Geometry in Thermodynamical Fluctuation
Theory, Entropy 17 (2015) 5888-5902; https://doi.org/10.3390/e17085888

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0316.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2025 d0i:10.20944/preprints202510.0316.v1

18 of 20

21. G.Ruppeiner, Riemannian Geometry in Thermodynamic Fluctuation Theory, Reviews of Modern Physics 67
(1995) 605; https://doi.org/10.1103/RevModPhys.67.605

22. Hector Ramirez, Yann Le Gorrec, An Overview on Irreversible Port-Hamiltonian Systems, Entropy 24 (2022)
1478 (18pp); https://doi.org/10.3390/e24101478

23. Jan Lorenz, Tom Zwerschke, Michael Giinther, Kevin Schéfers, Operator splitting for coupled linear port-
Hamiltonian systems, Applied Mathematics Letters 160 (2025) 109309;
https://doi.org/10.1016/j.am1.2024.109309

24. M.CParker, CJeynes, Relating a system’s Hamiltonian to its Entropy Production using a Complex-Time
approach, Entropy 25 (2023) 629 (19pp); http://dx.doi.org/10.3390/e25040629

25. Iwo Bialynicki-Birula, Zofia Bialynicka-Birula, The role of the Riemann-Silberstein vector in classical and
quantum theories of electromagnetism, Journal of Physics A 46 (2013) 053001 (32pp);
https://doi.org/10.1088/1751-8113/46/5/053001

26. S.K. Pandey, R.S. Chakravarti, The Dirac Equation: An approach through Geometric Algebra, Annales de la
Fondation Louis de Broglie 34 (2009) 223-228

27. K-E Aslani, Complex Time Approach to Hamiltonian & Entropy Production: The Case of Damped
Harmonic Oscillator, Entropy 27 (2025) 883 (24pp); https://doi.org/10.3390/e27080883

28. Hans Christian Ottinger, GENERIC Integrators: Structure Preserving Time Integration for Thermodynamic
Systems, Journal of Non-Equilibrium Thermodynamics 43 (2018) 89-100; https://doi.org/10.1515/jnet-2017-0034

29. Roland Riek, Entropy Derived from Causality, Entropy 22 (2020) 647 (12pp);
https://doi.org/10.3390/e22060647

30. ]. Raftery, D. Sadri, S. Schmidt, H. E. Tiireci, A. A. Houck, Observation of a Dissipation-Induced Classical
to Quantum Transition, Physical Review X 4 (2014) 031043 (10pp);
https://doi.org/10.1103/PhysRevX.4.031043

31. G. Vivek, Debabrata Mondal, S. Sinha, Nonequilibrium dynamics of the Jaynes-Cummings dimer, Physical
Review E 108 (2023) 054116; https://doi.org/10.1103/PhysRevE.108.054116

32. F. Weinhold, Metric geometry of equilibrium thermodynamics, Journal of Chemical Physics 63 (1975) 2479-
2483; https://doi.org/10.1063/1.431689

33. George Ruppeiner, Thermodynamics: A Riemannian geometric model, Physical Review A 20 (1979) 1608-
1613; https://doi.org/10.1103/PhysRevA.20.1608

34. Bjarne Andresen, R. Stephen Berry, Robert Gilmore, Ed Ihrig, Peter Salamon, Thermodynamic geometry
and the metrics of Weinhold and Gilmore, Physical Review A 37 (1988) 845-
848; https://doi.org/10.1103/PhysRevA.37.845

35. Yang Guo, Yan-Gang Miao, Weinhold geometry and thermodynamics of Bardeen AdS black holes, Nuclear
Physics B 980 (2022) 115839 (15pp); https://doi.org/10.1016/j.nuclphysb.2022.115839

36. Michael C. Parker, Chris Jeynes, Stuart D. Walker, A Metric for the Entropic Purpose of a System, Entropy 27
(2025) 131 (40pp); https://doi.org/10.3390/e27020131

37. Michael C. Parker, Stuart D. Walker, A Dynamic Model of Information and Entropy, Entropy 12 (2010) 80—
88; https://doi.org/10.3390/e12010080

38. Zev Bryant, Michael D. Stone, Jeff Gore, Steven B. Smith, Nicholas R. Cozzarelli, Carlos Bustamante,
Structural transitions and elasticity from torque measurements on DNA. Nature 424 (2003) 338-341;
https://doi.org/10.1038/nature01810

39. Michael C. Parker, Christopher Jeynes, Jaynes’ “Caliber” is proportional to “Exertion” in Quantitative
Geometrical ~ Thermodynamics, AIP  Conference  Proceedings 2731  (2023) 020007  (8pp);
https://doi.org/10.1063/5.0133165 (2¢ International Workshop on Statistical Physics in Antofagasta, Chile, 1-
3 December 2021)

40. M.C.Parker, C.Jeynes, Fullerene Stability by Geometrical Thermodynamics, ChemistrySelect 5 (2020) 5-14;
http://dx.doi.org/10.1002/slct.201903633

41. M.C.Parker, CJeynes, Entropic Uncertainty Principle, Partition Function and Holographic Principle
derived from Liouville's Theorem, Physics Open 7 (2021) 100068 (11pp);
https://doi.org/10.1016/j.physo.2021.100068

42. Michael C. Parker, Chris Jeynes, A Relativistic Entropic Hamiltonian-Lagrangian Approach to the Entropy
Production of Spiral Galaxies in Hyperbolic Spacetime, Universe 7 (2021) 325 (15pp);
https://doi.org/10.3390/universe7090325

43. I.Angeli, A consistent set of nuclear rms charge radii: properties of the radius surface R (N, Z), Atomic data
and nuclear data tables 87 (2004) 185-206; (presented at IAEA-INDC, Vienna, September 1999);
https://doi.org/10.1016/j.adt.2004.04.002

44. M.C.Parker, C.Jeynes, ab initio thermodynamics calculation of beta decay rates, Annalen der Physik 535 (2023)
2300259 (11pp); http://dx.doi.org/10.1002/andp.202300259

45. C.Jeynes, How “Berry Phase” analysis of non-adiabatic non-Hermitian systems reflects their geometry,
Entropy 25 (2023) 390 (10pp); https://doi.org/10.3390/e25020390

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0316.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2025 d0i:10.20944/preprints202510.0316.v1

19 of 20

46. Charles Auffray, Laurent Nottale, Scale relativity theory and integrative systems biology: 1: Founding
principles and scale laws, Progress in Biophysics and Molecular Biology 97 (2008) 79-114;
https://doi.org/10.1016/j.pbiomolbio.2007.09.002

47. M.C.Parker, C.Jeynes, A Maximum Entropy Resolution to the Wine/Water Paradox, Entropy 25 (2023) 1242
(10pp); https://doi.org/10.3390/e25081242

48. M.C.Parker, CJeynes, S.D.Walker, A hyperbolic sum rule for probability: solving recursive (“Chicken &
Egg”) problems, Entropy 27 (2025) 352 (40pp); https://doi.org/10.3390/e27040352

49. Nikos Salingaros, Electromagnetism and the holomorphic properties of spacetime, Journal of Mathematical
Physics 22 (1981) 1919-1925; https://doi.org/10.1063/1.525165

50. James M. Tour, M. C. Parker, C. Jeynes, Thermodynamic Limitations on the Natural Emergence of Long
Chain  Molecules:  Implications for  Origin of Life, BioCosmos 5  (2025) 64-71;
https://doi.org/10.2478/biocosmos-2025-0010

51. E. T. Jaynes, The Minimum Entropy Production Principle, Annual Review of Physical Chemistry 31 (1980)
579-601; https://doi.org/10.1146/annurev.pc.31.100180.003051

52. Purushottam D. Dixit, Jason Wagoner, Corey Weistuch, Steve Pressé, Kingshuk Ghosh; Ken A.Dill,
Perspective: Maximum caliber is a general variational principle for dynamical systems, Journal of Chemical
Physics 148 (2018) 010901 (10pp); https://doi.org/10.1063/1.5012990

53. Pedro Fernandez de Cdrdoba, J. M. Isidro, Milton H. Perea, Emergence from irreversibility. Journal of
Physics: Conference Series 442 (2013) 012033 (pp); https://doi.org/10.1088/1742-6596/442/1/012033

54. Michael te Vriigt, Understanding probability and irreversibility in the Mori-Zwanzig projection operator
formalism, European Journal for Philosophy of Science 12 (2022) 41 (36pp); https://doi.org/10.1007/s13194-022-
00466-w

55. Carl E. Carlson, The proton radius puzzle, Progress in Particle and Nuclear Physics 82 (2015) 59-77;
https://doi.org/10.1016/j.ppnp.2015.01.002

56. W. Xiong, A. Gasparian, H. Gao, D. Dutta, M. Khandaker, N. Liyanage, E. Pasyuk, C. Peng, X. Bai, L. Ye
etal., A small proton charge radius from an electron-proton scattering experiment Nature 575 (2019) 147-
150; https://doi.org/10.1038/s41586-019-1721-2

57.  Philip Ball, How Life Works (University of Chicago Press, 2023)

58. Terrence Deacon, Incomplete Nature: How Mind Emerged from Matter (W.W.Norton & Co., 2011)

59. Raphael Bousso, The holographic principle, Reviews of Modern Physics 74 (2002) 825-877;
https://doi.org/10.1103/RevModPhys.74.825

60. G.Schlesinger (1961), The Prejudice of Micro-Reduction, British Journal for the Philosophy of Science 12 (1961)
215-224; https://www jstor.org/stable/685208 (accessed 29th September 2025).

61. Alexander Fiirst von Lieven, Marcel Humar, A Cladistic Analysis of Aristotle's Animal Groups in the
"Historia animalium", History and Philosophy of the Life Sciences 30 (2008) 227-262;
https://www jstor.org/stable/23334371 (accessed 24" April 2025)

62. Carlo Rovelli, La realta non é come ci appare (Milano: Raffaello Cortina Editore SpA, 2014; “Reality is not what it
seems” transl. Simon Carnell & Erica Segre; London: Allen Lane 2016) page numbers are for the Penguin Books
2017 edition.

63. Charles Seife, Zero: the biography of a dangerous idea (London: Souvenir Press, 2000)

64. Roger Penrose, The Road to Reality: a complete guide to the laws of the Universe (London: Jonathan Cape, 2004)

65. Yupeng Zhang, Yueyang Shen , Rongqian Zhang , Yuyao Liu, Yunjie Guo , Daxuan Deng , Ivo D Dinov,
Numerical methods for computing the discrete and continuous Laplace transforms, IMA Journal of
Applied Mathematics (2024) hxae033; https://doi.org/10.1093/imamat/hxae033

66. Dipesh Niraula, Kyle C. Cuneo, Ivo D. Dinov, Brian D. Gonzalez, Jamalina B. Jamaluddin, Jionghua Judy Jin,
Yi Luo, Martha M. Matuszak, Randall K. Ten Haken, Alex K. Bryant, Thomas J. Dilling, Michael P. Dykstra,
Jessica M. Frakes, Casey L. Liveringhouse, Sean R. Miller, Matthew N. Mills, Russell F. Palm, Samuel N.
Regan, Anupam Rishi, Javier F. Torres-Roca, Hsiang-Hsuan Michael Yu & Issam El Naqa, Intricacies of
human-Al interaction in dynamic decision-making for precision oncology, Nature Communications 16 (2025)
1138 (19pp); https://doi.org/10.1038/s41467-024-55259-x

67. Martin J. Klein, Thermodynamics in Einstein's Thought, Science 157 (1967) 509-516;
https://doi.org/10.1126/science.157.3788.509; https://www jstor.org/stable/1721684

68. Jeeva Anandan, Non-Locality of Quantum Mechanics and the Locality of General Relativity, Modern Physics
Letters A 17 (2002) 1097-1106; https://doi.org/10.1142/50217732302007661

69. Michael te Vriigt, Is thermodynamics fundamental?, Thermodynamics 2.0 | 2025 Webinar Series;
https://youtu.be/L1ILTIEBhPDM (accessed 4/6/2025)

70. Michael te Vriigt, Paul Needham, Georg J. Schmitz, Is thermodynamics fundamental? arXiv (2022);
https://doi.org/10.48550/arXiv.2204.04352

71. Kian Salimkhani, A Dynamical Perspective on the Direction of Time, British Journal for the Philosophy of
Science (2025, accepted paper, forthcoming); https://doi.org/10.1086/732154

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0316.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2025 d0i:10.20944/preprints202510.0316.v1

20 of 20

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0316.v1
http://creativecommons.org/licenses/by/4.0/

