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Abstract

In geophysical and many modern applications, electrodynamics and classical ther-

modynamics are coupled. Generally, thermodynamic processes are modeled by equa-

tions of balance on the continuum scale. This paper demonstrates how electrodynamics

can also be formulated by balance equations. The basic and auxiliary �elds of electro-

dynamics are introduced in this context. Objective quantities in the classical limit are

presented in order to study general problems w.r.t. moving observers. A short remark

will be made reg. how authors use thermodynamical principles to �nd constitutive

relations, applicable to moving observers.

1 Introduction

In classical physics, Newton's laws govern the mechanical response of individual mass
points. In continuum mechanics these laws are extended to bodies modeled with continu-
ous properties. This allows to study problems in 3D-bodies to be described by means of
calculus. For example, Euler used this technique to formulate the equations of motion
for rigid bodies.

In the last century, continuum mechanics was rigorously reexamined mathematically
and extended by the principles of thermodynamics. The objective is to �nd the �elds of
mass density ρ, velocity v, and temperature T for each �particle,� i.e., statistical averages
over su�ciently many atoms. The governing balance equations and mathematical theorems
for their exploitation are presented in [1]. The authors also show the fundamental princi-
ples to formulate constitutive equations that satisfy the 2nd law of thermodynamics and
basic physical reasoning. Furthermore, they formulate the principles of electrodynamics by
means of balance equations and derive Maxwell's equations by mathematical reasoning
from those.

In general, the governing equations of mechanics and their associated �elds are intu-
itively clear. In electrodynamics, however, it is often not easy to see what a �eld actually
represents. Does it model the underlining physics? Or is it some mathematical tool? How
do the governing relations change in moving matter? To resolve these questions, the mod-
ern approach by balance equations is advantageous. Following [1], a more recent treatise
was presented by [2], who examines in detail, based on the Coleman-Noll method, how
the classical balance laws for momentum and energy change when electromagnetic �elds
are present. Here, the electromagnetic momentum density follows for any given class of
matter under consideration.

A recent modi�ed approach to electrodynamics using mixture balance equations was
examined by [3] and communicated by W. Dreyer. The mixture balances allow for an
even deeper insight into the nature of the �elds and how constitutive relations can be
obtained. The author also examines the transformation laws of the electrodynamic �elds
w.r.t. Lorentz and Euclidian transformations, as do all previously mentioned authors.
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An electromagnetic momentum density with appropriate �ux terms is de�ned in this work
and the application of the entropy principle yields constitutive relations.

The goal of this review is to present the concepts of electrodynamics as demonstrated
by the aforementioned authors. First, the two elementary �elds of electrodynamics, i.e.,
the magnetic �ux density B and the electric �eld E are introduced by measurable forces.
Second, the balance equation of the magnetic �ux is analyzed, yielding two of Maxwell's
equations. Third, balance equations for mixtures are applied. This yields the balance
of free electric charge as a corollary of the balance of mass. Based on the postulate of
a balance law for total charge a balance of bound charges follows. The examination of
the balances of total and bound charges with transport theorems and general surface �ux
balances yields, (a) the other two of Maxwell's equations and (b) relations that show
how the densities of bound charges and bound electric currents can be calculated by con-
stitutive relations. Fourth, the coupling of electrodynamics and classical thermodynamics
is reviewed, i.e., electrodynamic production and supply in the balances of momentum and
energy. As the exact coupling structure is still disputed, the common assumptions are
commented on. The transformation laws for the electrodynamic �elds in the classical limit
are reviewed w.r.t. objective �elds. Thermodynamic considerations yield constitutive rela-
tions, and, depending on the approach, extended balance equations.

Such considerations are necessary for problems of geophysics. For example, the Earth's
magnetic �eld is generated by dynamo action, which can be modeled by coupled momentum
and electrodynamic equations.

2 The elementary �elds of electrodynamics

There are two fundamental experiments that give rise to two independent elementary elec-
trodynamic �elds. The �rst experiment measures the force of two charged particles as

F 1 = −keQ1Q2
r12

|r12|3
, where ke =

c20µ0

4π . This is Coulomb's law for point charges. Here,

r12 is the vector pointing from charge Q1 to Q2. The speed of light and the magnetic perme-
ability in vacuum are de�ned by c0 := 299 792 458m/s, and µ0 := 4π10−7 N/A2, respectively.
The electric permittivity in vacuum is related to these constants by ε0 = (c20µ0)

−1. This
phenomenon is analogous to Newton's law of gravity. Likewise, when there are multiple
sources, it is convenient to describe the total Coulomb force upon a test charge Q1 by
introducing a resultant �eld: F 1 = EQ1. This quantity E is called the electric �eld.

In a second (seemingly independent) experiment a charge is moved at a velocity v.
Then near magnets or electric currents another force on the test charge can be observed:
F 1 = Q1v ×B, where the �eld B is called magnetic �ux density. Historically, the name
magnetic induction is also used. Sinces Q1v is an electric current, this phenomenon can
be generalized by using the total electric current J to read: F = J ×B.

In total, we have Lorentz' force law:

fL = qE + J × v = qE+ j ×B , with E = E + v ×B . (1)

The symbols fL, q, and E denote the Lorentz force density, the total charge density, and
the electromotive force density, respectively. The symbol j follows from the decomposition
J = qv+ j. A deeper insight into these symbols is given in Sec. 4. The theory of relativity
shows that E and B are in fact related to components of a world tensor and therefore not
independent of each other, as these experiments suggest.
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3 Balance of the magnetic �ux density

Due to Faraday we have the postulated law:

d

dt

ˆ

A

B · ndA = −
˛

∂A

(E + v ×B) · τ dℓ .

It balances magnetic �ux density w.r.t. a speci�c surface. Furthermore, it is assumed that
in any given point in space there was a time when B = 0. This is succinctly termed as
the �switching-on� argument for the �eld. There are two common ways to exploit these
postulates. The �rst is to apply Faraday's law to a closed surface of a body Ω with
A → ∂Ω and ∂A → ∂∂Ω = ∅. We immediately have:

d

dt

˛

∂Ω

B · ndA = 0 ⇒
˛

∂Ω

B · ndA = const.
∣∣
t
.

Due to the �switching-on� argument the constant is zero everywhere. Using the generalized
Gauss theorem1 yields:

ˆ

Ω

∇ ·B dV +

ˆ

I

e · JBK dA = 0 ⇒ ∇ ·B = 0 , e · JBK = 0 , (2a)

for regular and singular points, respectively. The second way of exploiting Faraday's law
is by comparison to a general surface �ux balance2. Consider a material surface that may
be cut by a singular surface. The general surface �ux balance yields:

∂B

∂t
+∇×E = 0 , −JBKw⊥ + e× JEK = 0 , (2b)

for regular and singular points, respectively. Eqns. (2) are a direct consequence of the
initially given two postulates and constitute the �rst set of Maxwell's equations. By
regarding singular surfaces, as it is usually done in continuum mechanics, relations for
singular points were also obtained without need for further arguments.

4 Balance equations for mixtures and the balances of electric

charge

This section starts with an introduction to mixture theory. The concepts of mass and
charge of a particle are examined. Then, the well known balance of mass for mixtures
yields insight into balances of charge and the underlying quantities.

Consider a mixture of N components: A1, A2, . . . , AN . In short hand notation a
component is denoted by Aα, where α ∈ {1, 2, . . . , N}. Each Aα consists of particles that
carry a mass mα and an electric charge eα. The particle's charge may only be a multiple
of the elementary charge e0, i.e., eα = zαe0 where zα ∈ Z. In the mixture there may occur
NR simultaneous reactions. For the ith reaction we have:

N∑
α=1

aiαAα �
N∑

α=1

biαAα , i ∈ {1, 2, . . . , NR} .

1For Gauss' generalized theorem and the general surface �ux balance, see [4, P. 57, P. 346].
2See Footnote 1.
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The symbols aiα, b
i
α ∈ Z denote the particle count of the ith reaction w.r.t. component Aα

before and after the reaction, respectively. The stoichiometric coe�cients γiα follow from
the particle counts: γiα = biα − aiα. In classical physics, mass and electric charge of each
reaction are conserved, i.e.:

N∑
α=1

mαγ
i
α = 0 and

N∑
α=1

eαγ
i
α = 0 .

Here and henceforth in this review, Einstein's summation convention is only applied to
tensor indices. In order to switch from point particles to the scale of continua, a particle
density nα for each component is introduced. The densities of mass ρα and of free electric
charge qfα for each component follow directly as ρα = mαnα and qfα = eαnα. The adjective
�free� indicates charges as properties of the particles. Bound charges are examined later.
As the components Aα may posses di�erent velocities vα, the densities of mass �ow rate
µα and free electric current J f

α of the components are distinctively given by µα = ραvα

and J f
α = qfαvα. For the whole mixture there follow the densities:

ρ =
N∑

α=1

ρα , qf =
N∑

α=1

qfα , µ =
N∑

α=1

µα , J f =
N∑

α=1

J f
α .

The mixture's barycentric velocity v is introduced analogously to the de�nition of the
center of mass: ρv = µ. For each Aα, the di�usive mass �ow rate w.r.t. the barycentric
movement of the whole mixture follow as: µ̂α ≡ µα−ραv. Accordingly, the mass �ow w.r.t.
all components is conserved:

∑N
α=1 µ̂α = 0. With the obtained relations, the individual

velocities can be expressed as: vα = v + µ̂α/ρα. Now, the free electric current can be
denoted by:

J f =

N∑
α=1

J f
α =

N∑
α=1

qfαvα = qfv +

N∑
α=1

qfα
ρα

µ̂α = qfv + jf , jf =

N∑
α=1

eα
mα

µ̂α .

This representation shows that jf and qfv can be interpreted as free di�usive and free non-
di�usive electric current, respectively. Some authors regard them as free non-convective
and free convective electric currents, respectively. As all free electric currents are convective
in nature, this interpretation is problematic. In order to illustrate the decomposition,
consider an ordinary �xed copper wire used to conduct electric currents. In the wire,
positively charged copper ions construct a �xed crystal lattice. In this environment, easily
conveyed conductor electrons are nested�the electron gas. In this example we have N = 2.
Then, A1 and A2 represent the copper ions and the electron gas, respectively (say). The
lattice does not move, i.e., v1 = 0. As m1 ≫ m2, v ≈ 0 is a good approximation. We
immediately see from the last equation, that in this process: J f ≈ jf = µ̂2

e2/m2. The
technical current is due to mass di�usion. A simple stationary model for this di�usion
process is given by Ohm's law: jf = σE.

Consider the material balance of mass for a mixture component Aα for a domain cut
by a singular surface I:

d

dt

ˆ
Ω

ρα dV +

ˆ

Ω∩I

ρIα dA

 =

ˆ

Ω

rα dV +

ˆ

Ω∩I

rIα dA−
˛

∂Ω

ρα(vα − v) ·ndA−
˛

∂Ω∩I

ρIα(vIα −w) · ν dℓ .

All quantities with the index �I� are �elds on the singular surface. The mass transition rate
densities are denoted by rα. Recalling that eα and mα are constants for each component,
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the mass balance can be multiplied by eα/mα and, due to the previous de�nitions, we
immediately �nd:

d

dt

ˆ
Ω

qfα dV +

ˆ

Ω∩I

qfIα dA

 =

ˆ

Ω

rα
eα
mα

dV +

ˆ

Ω∩I

rIα
eα
mα

dA−
˛

∂Ω

qfα(vα−v) ·ndA−
˛

∂Ω∩I

qfIα(vIα−w) ·ν dℓ .

Noting that
∑N

α=1 rα = 0, because total mass is conserved, we �nd after summation:

d

dt

ˆ
Ω

qc dV +

ˆ

Ω∩I

qcI dA

 = −
˛

∂Ω

(Jc − qcv) · ndA−
˛

∂Ω∩I

(Jc
I − qcIw) · ν dℓ , (3)

if we set in this equation qc = qf , Jc = J f , etc. This is the balance of free electric charge.
It followed as a direct corollary of the balance of mass. Observation shows that there
are other non-free bound electric charges and currents due to phenomena referred to as
polarization and magnetization.3 Without considering the speci�c physical origins of these
charges and currents, it is generally assumed that the densities of total charge and current
can be decomposed: q = qf + qr, J = J f +J r. Here, the index �r� indicates bound charges
and currents independent of the origin. Furthermore, it is postulated that total charge
can also be balanced. It is given by Eq. (3) when all �c�-indices are removed, i.e., total
densities are implied. Due to the decomposition of q and J , we may subtract the balance
of free charge from the balance of total charge and obtain the balance for bound charges.
It is also given by Eq. (3) when all �c�-indices are exchanged by �r�. In order to solve the
balances of total and bound charge, two potentials are introduced: the potential of total
charges D and the potential of bound charges P by

˛

∂Ω

D · ndA ≡
ˆ

Ω

q dV +

ˆ

Ω∩I

qI dA and −
˛

∂Ω

P · n dA ≡
ˆ

Ω

qr dV +

ˆ

Ω∩I

qrI dA .

The signs follow the common convention. The potential P is also referred to as polarization.
Application of Gauss's generalized theorem and localization yield:

∇ ·D = q , −∇ · P = qr , and JDK · e = qI , −JP K · e = qrI , (4)

for regular and singular points, respectively. Expressions for free charges follow by sub-
tracting these relations: ∇·(D+P ) = qf , JD+P K·e = qfI . This leads to the interpretation
of D = D + P as charge potential of free charges. The symbol D was introduced by [1].
In literature, D is most often denoted by D. This mix-up will be discussed later. Now,
the two potentials are used to formulate:

d

dt

ˆ

A

D · ndA = −
ˆ

A

(J − qv) · n dA−
˛

A∩I

(JI − qIw) · ν dℓ+

˛

∂A

(H +D × v) · τ dℓ ,

− d

dt

ˆ

A

P · ndA = −
ˆ

A

(J r − qrv) · ndA−
˛

A∩I

(J r
I − qrIw) · ν dℓ+

˛

∂A

(M − P × v) · τ dℓ .

These equations solve the balances of total and bound charge formally, as A → ∂Ω yields
∂A = ∂∂Ω = ∅. New degrees of freedom were introduced in form of two potentials: the
current potential w.r.t. the total current H , and the current potential w.r.t. the bound

3A phenomenological physical introduction of these potentials is given in [4, Sec. 13.6�13.7].
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current M . The latter one is usually referred to as magnetization. Simple subtraction
leads to another form, the balance of free electric charges:

d

dt

ˆ

A

D · n dA = −
ˆ

A

(J f − qfv) · ndA−
˛

A∩I

(J f
I − qfIw) · ν dℓ+

˛

∂A

(H+D× v) · τ dℓ .

Here,H = H−M denotes the current potential w.r.t. the free electric current. In literature,
H is mostly denoted by H. By application of a general surface �ux balance, the local form
of the total and bound charge balances are obtained for regular and singular forms:

∂D

∂t
−∇×H = −J , −JDKw⊥ − e× JHK = −J I ,

−∂P

∂t
−∇×M = −J r, JP Kw⊥ − e× JMK = −J r

I .

(5)

In summary,Maxwell's equations are shown in Tab. 1. The �rst row presents the balances
of magnetic �ux and can always be found in this form when Maxwell's equations are
presented in textbooks or other sources. It is usually accompanied by the groups of the
balance of total or free charge. The formulation of total charge is only practical for use
in media without polarization and magnetization. Of course, in that case the balances of
total and free charge are identical. Therefore, most authors only regard the balance of free
charges and put D → D, H → H. The original distinction is still bene�cial when the
laws of transformation are considered.

Table 1: Maxwell's equations in di�erent formulations w.r.t. the charges.

balance of: regular points singular points

magnetic �ux

∂B

∂t
+∇×E = 0 −JBKw⊥ + e× JEK = 0

∇ ·B = 0 e · JBK = 0

total charge

∂D

∂t
−∇×H = −J −JDKw⊥ − e× JHK = −J I

∇ ·D = q e · JDK = qI

free charge

∂D

∂t
−∇×H = −J f −JDKw⊥ − e× JHK = −J f

I

∇ ·D = qf e · JDK = qfI

bound charge
− ∂P

∂t
−∇×M = −J r JP Kw⊥ − e× JMK = −J r

I

−∇ · P = qr −e · JP K = qpI

5 The coupling of electrodynamics and classical thermody-

namics

5.1 The classical approach

In Sec. 1 the Lorentz force density was introduced. In inertial (Lorentz) frames, a
simple identity can be found. This is due to the fact that in inertial frames the �elds D,
H are directly proportional to the �elds E, B. Here, the simple relations D = ε0E and
H = 1/µ0B hold. They are referred to as Maxwell-Lorentz aether relations. First,
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calculate the sum of (a) the vector product of B with Eq. (5)1 and (b) the dot product
of Eq. (4)1 by −E. Application of vector calculus identities and the aether relations yield
after some rearrangement:

∂

∂t
(D ×B)−∇ · [−1

2 (ε0E
2 + 1

µ0
B2)1+ ε0E ⊗E + 1

µ0
B ⊗B] = −qE − J ×B .

Examination of this identity suggests the interpretation of D × B as density of electro-
magnetic linear momentum g and the expression in the divergence as theMaxwell stress
tensor m. We then have ∂g

∂t − ∇ · m = −fL. This representation follows arguments of
Poynting. According to [1, p. 686], there is general agreement that this de�nition of the
Lorentz force holds in media where P = M = 0, i.e., where fL = qfE + J f ×B. The
extension to the cases where magnetization and polarization do not vanish is, in fact, based
on a postulate. There is some ongoing discussion in literature as to whether this postulate
holds. Other propositions were given byMinkowski (D×B) and Abraham (µ0ε0E×H).
A de�nition of an electromagnetic stress tensor is generally problematic, since this suggests
the existence of a electromagnetic traction tL, i.e.:

F L =

ˆ

Ω

fL dV = −
ˆ

Ω

∂g

∂t
dV +

ˆ

∂Ω

n ·mdA = −
ˆ

Ω

∂g

∂t
dV +

ˆ

∂Ω

tL dA .

This is obviously not a physics-based approach, in contrast to the de�nition of the Cauchy
stress tensor, which relies on the existence of a mechanical traction vector. One can hope
that there will be some experimentum crucis in the future in order to settle this problem for
matter on the continuum scale. Most publications on this issue argue with (in part faulty)
gedanken experiments and promote one particular momentum density. In this section,
Poynting's version is assumed to hold for demonstration. The next step in coupling
mechanics and electrodynamics is based on the idea that total linear momentum and
total energy are conserved when all supplies are deactivated. In other words: there is no
production w.r.t. total densities of momentum and energy. Even without electrodynamics,
there are production terms in the balance of kinetic and internal energy. After summation,
these production terms cancel out and total energy lacks production. In the presence of
electromagnetic �elds, charged matter may experience a (production) force k due to the
electromagnetic �eld. The classical balance of mechanical momentum then reads in local
form for regular points:

∂

∂t
(ρv) +∇ · [ρv ⊗ v − σ] = ρf + k , and

∂g

∂t
−∇ ·m = −fL

can be regarded as (the correct) balance of electromagnetic momentum. The total balance
of momentum must not contain a production term, i.e.:

∂

∂t
(ρv + g) +∇ · [ρv ⊗ v − σ −m] = ρf + k − fL︸ ︷︷ ︸

=0

⇒ k ≡ fL !

The production of linear momentum is identi�ed. By using Poynting's version we have
explicitly:

∂

∂t
(ρv +D ×B) +∇ · [ρv ⊗ v − σ + 1

2 (ε0E
2 + 1

µ0
B2)1− ε0E ⊗E − 1

µ0
B ⊗B] = ρf .

The coupling of energy is formulated analogously. When P = M = 0, there is agreement
that rJ = J ·E is Joule's heating term. Another identity is constructed by subtraction of
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(a) the dot product of H with Eq. (2b)1 by (b) the dot product of E with Eq. (5)1. Using
the aether relations and vector identities yields after rearrangement:

∂

∂t
[ 12 (ε0E

2 + 1
µ0
B2)] +∇ · (E ×H) = −J ·E .

Again, one may interpret terms of this identity in terms of an electromagnetic energy den-
sity, uEM = 1

2(ε0E
2 + 1

µ0
B2), and �ux, S = E ×H. In this de�nition, S is referred to as

Poynting vector. It is again a (disputed) postulate to assume that the previously identi-

�ed symbols solve ∂uEM

∂t +∇ · S = −rJ in the case where magnetization and polarization
do not vanish. The classical energy balance is seen to possess some production ς in the
presence of electromagnetic �eld. It reads in local form:

∂

∂t
ρ( 12v

2 + u) +∇ · [ρ( 12v
2 + u)v + q − σ · v] = ρf · v + r + ς .

If we postulate that the total energy is conserved, the production terms should vanish. We
�nd by adding the (correct) electromagnetic energy balance:

∂

∂t
[ρ( 12v

2 + u) + uEM] +∇ · [ρ( 12v
2 + u)v+ q−σ · v+S] = ρf · v+ r+ ς − rJ︸ ︷︷ ︸

=0

⇒ ς ≡ rJ ,

hence, the production of energy is identi�ed. Assuming that rJ = J ·E holds in general,
the balance of total energy reads explicitly:

∂

∂t
[ρ( 12v

2 + u) + 1
2 (ε0E

2 + 1
µ0
B2)] +∇ · [ρ( 12v

2 + u)v + q − σ · v +E ×H] = ρf · v + r .

The relations in this sections were obtained by assuming (a) an inertial frame, where
the aether relations hold and (b) Poynting's form of electromagnetic momentum and
energy densities. The problem of providing a mathematical description of volume supplies
or productions by divergence terms are discussed in [5]. The authors advise against the
introduction of a Maxwell stress tensor due to lack of physical arguments. In [1] it
is argued that there are laws of interaction that cannot be stated in a general manner
but rather on a per media basis. If this statement holds, it renders the idea of a general
total balance of momentum and energy impossible. In this respect, the thermodynamical
formulation of [2] avoids a general interaction law. Independent of this speci�c point, all
promising thermodynamical formulations are based upon objective �elds, which will be
discussed now.

5.2 Objective �elds and equations in the classical limit

The general transformation of the electromagnetic �elds are governed by the four-
dimensional Lorentz transformation. For most practical engineering purposes however,
the Euclidian transformation x′i = R′

ijxj + b′i is more suitable. As in mechanics, objec-
tive quantities, i.e., those that transform as tensors w.r.t. this speci�c transformation, are
desirable in the formulation. Also, constitutive relations must not depend on the observer.
Therefore, these relations may only be objective tensors. In this regard, it can be seen
that Maxwell's stress tensor as de�ned above is neither objective nor symmetric in ev-
ery frame. However, the classical balance of momentum is not objective, either. Also, in
certain cases, Cauchy's stress is not symmetric. Therefore, this argument cannot be used
to dismiss Poynting's choice per se. Further treatments start by introducing objective
�elds, see [2]. In the classical limit (|v| ≪ c), the following quantities are objective: B,
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E = E+v×B, D, D, P , j, jf , jr = Jr−qrv, q, qf , qr, H = H−v×D, M = M+v×P ,
Hf = H − M = H − v × D. The symbol M is referred to as Lorentz magnetization.
With the �ux derivative, de�ned as A∗ = Ȧ+A∇·v−A ·∇v, Maxwell's equations can
be reformulated in an objective manner:

B∗ +∇×E = 0 , ∇ ·B = 0 , D∗ −∇×H = −j , ∇ ·D = q ,

D∗ −∇×Hf = −jf , ∇ ·D = qf , −P ∗ −∇×M = −jr , −∇ · P = qr .

Using these �elds, there are di�erent methods to obtain constitutive relations. If a general
form of total momentum and energy is rejected due to the reasons stated above, the proper
equations have to be derived for each class of media individually.

5.3 Thermodynamical approaches

A deep analysis of thermodynamical methods for problems involving electromagnetic �elds
would go beyond the scope of this review. Thus, only two methods and their speci�c dif-
ferences are reviewed shortly:

Kovetz-Coleman-Noll [2] avoids specifying a general body force due to the electro-
magnetic �eld. It is postulated (a) a general energy �ux, q + E × H, and, (b) that the
inequality �ux remains q. Whilst the �rst points seem reasonable, the validity of the sec-
ond point is hard to follow. These postulates can be referred to as Kovetz' hypotheses.
Subsequent application of the Coleman-Noll methods together with the assumption of
a media's constitutive dependencies, e.g., F(ρ, T,∇T,v,E,B, . . . ), leads to the form of the
total stress tensor T , momentum density, etc. Mechanical and electromagnetic e�ects can-
not be decomposed clearly in the representation. The author discusses several important
classes of media, for example, elastic materials, viscous and purely conduction �uids. The
latter is of importance in context with the analysis of the Earth's magnetic �eld and the
so-called magnetohydrodynamic approximation.

Dreyer-Guhlke [3] This approach relies on Poynting's choice for momentum and
energy to hold. However, the entropy �ux is regarded as a general constitutive �eld. Subse-
quent analysis is based upon the principle of objectivity and on an axiomatic exploitation
of the entropy principle stated according to [6]. The formalism considers general mixtures.
Temperature and chemical potentials are de�ned such that they are continuous on singular
surfaces in equilibrium. Furthermore, thermodynamics on singular surfaces is analyzed in
detail.

Both approaches are immaculate in their thermodynamical reasoning. Di�erent results
seem to stem from their corresponding initial postulates. Both methods should be further
examined eventually yielding consensus in the scienti�c community.
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