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In this essay the topological properties of thermodynamics are used to derive a topological equation of 

state in 4 topological dimensions. The equation of state corresponds to an Open thermodynamic environment 
(the Cosmological Aether) that permits local exchange of both particles (mass) and waves (radiation). For dilute 
systems near the critical point, the cubic factor in the equation of state is homeomorphic to a van der Waals gas. 

 

1. Introduction 

The low mass density of outer space historically has led re-
searchers to approximate the environment of the Cosmological 
Universe as a Vacuum, a domain void of any physical properties. 
That is, the environment was considered to be a topological emp-
ty set. However, the concept of the Lorentz constitutive equa-
tions, 0D E  and 0H B , along with the measurable ~377 

ohm radiation impedance, 0Z    of "free space", as well as 

the observation of stars, planets, plasma ejections, the solar wind, 
etc., implies that the assumption of an empty set representing the 
cosmological environment is untenable. 

The concept that a void might be approximated as a flat geo-
metric space without any other structure encouraged Shipov [1] 
(1979) to devise a scheme to add structure by representing the 
environment of a "Physical Vacuum" in terms of geometries of 
absolute parallelism, but with a torsion structure.  Later on he 
considered geometries with both curvatures and torsion. Kiehn 
[2] extended the Shipov idea to voice the possibility that affine 
torsion was the source of electromagnetic charge. 

Landau and Lifshitz in their textbook on statistical mechanics 
[3] emphasized that real thermodynamic, very dilute, gases, near 
the thermodynamic critical point, exhibit extraordinary large 
fluctuations of density and entropy. In fact, these authors 
demonstrated that for an almost perfect gas near the critical 
point, the correlations of the density fluctuations (stars:?) can be 

interpreted as a 1 r  potential giving a 21 r  force law of attrac-

tion. Hence, as a cosmological model, the almost perfect real gas - 
such as a very dilute van der Waals gas - near the critical point 
yields a reason for both the granularity of the night sky and for 

the 21 r  force law ascribed to gravitational forces between for 

massive aggregates. 

2. An Alternate Proposal for the Cosmological 
Environment (the Aether) 

There is no doubt that the work of Landau stimulated this es-
say. The research to be presented herein describes how a univer-
sal theory of topological thermodynamics, based upon topologi-
cal properties of any Pfaffian system (equivalent to an exterior 
differential 1-form of Action, A) can generate both a universal 
topological format for a polynomial equation of state, as well as a 
finite topological structure for co-existant particles and waves. 

This essay will be focused on the concept of a topological equa-
tion of state, independent from a choice of a geometrical coordi-
nate (reference) system. The topological structure of particles and 
waves will appear in a second essay. 

The topological, thermodynamic equation of state (describing 
the environmental Aether) will depend only on the irreducible 
number of diffentiable functions required to describe the topo-
logical properties inherent in the Pfaffian system.  This minimal 
number of "parts" has been called the Class of the 1-form, in the 
older literature [4], but I prefer to use the name "Pfaff Topological 
Dimension, (PTD(A)" to emphasize the topological content. In 
this essay emphasis will be placed on systems that have a PTD(A) 
= 4, and are   thermodynamic Open topological systems that ad-
mit local thermodynamic exchange ofparticles and radiation. 
.Such topological systems describe the 4D environment defined 
herein as the Topological Aether. 

It can be shown that PTD=3 systems are thermodynamic 
Closed systems that admit local thermodynamic exchange of 
radiation, but not particles. Such closed systems describe topo-
logical defects in the 4D environment. PTD = 2 represents Isolat-
ed equilibrium environments, and PTD=1 correspond to Equilib-
rium thermodynamic environments. 

As an example, consider a 1-form of Action (a Pfaffian sys-
tem) given by the expression, 

        jm m m
x y z tA A x dx A x dy A x dz A x cdt     (1) 

Compute the Jacobian correlation matrix of the coefficients of 

 m
xA x : 

   jm
jk k x x         

 (2) 

The Jacobian matrix, jk   , is not necessarily symmetric, and 

therefore can have complex eigenvalues,  .  If the Jacobian ma-
trix of the functions is of rank 4, such that PTD(A)=4, there exists 
a quartic Cayley-Hamilton polynomial, , evaluated in terms of 

the eigenvalues, , of jk   . 

   4 3 2, , , ; 0M G K Kx y z t X Y Z T            (3) 

Conjecture:  , , , ;x y z t   represents the topological equation 

of state for the thermodynamic cosmological environment (the 
Aether). 
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Each coefficient can be related to a symmetric function of the 
curvatures of the implicit 4D hypersurface, 0  . The coefficient 

MX  is a linear function of the eigenvalues, and can be related to 

the Mean (linear) curvature energy of the implicit surface. The 
coefficient GY  can be related to the Gauss (quadratic) curvature 

energy. The coefficient KZ  can be related to the Interaction (Cu-

bic) curvature of the system, and is related to a 3D volume de-
formation contribution (a Pressure) to the "energy".  The last term 

KT  is a quartic contribution and can be related to an expansion 

or contraction of the 4-dimensional volume element. 
The 4D hypersurface can have envelopes, self intersections, 

and edges of regression [5].  The 4D envelope appears in Fig. 1, 
and the details can be found in the complete essay [6]. 

 

Fig. 1.  Van der Waals gas.  Higgs potential. 

For very dilute systems, 0KT  , and 

    3 2, , , ; 0M G Kx y z t X Y Z           (4) 

The cubic factor can be homeomorphically deformed into a 
topological Van der Waals gas!  Numerous examples and many 
applications are given in the Monograph 1 [6]. 
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