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ABSTRACT. We briefly review the concept of non-equilibrium temperature from the per-
spectives of extended irreversible thermodynamics, fluctuation theory, and statistical me-
chanics. The relations between different proposals are explicitly examined in two espe-
cially simple systems: an ideal gas in steady shear flow and a forced harmonic oscillator in
a thermal bath. We examine with special detail temperatures related to the average molec-
ular kinetic energy along different spatial directions, to the average configurational energy,
to the derivative of the entropy with respect to internal energy, to fluctuation-dissipation
relation and discuss their measurement.

1. Introduction

One of the essential differences between equilibrium states and non-equilibrium steady
states is that in the latter the system is crossed by a flux -of energy, matter, electric cur-
rent or so on. Thus, it is logical to ask which will be the influence of such fluxes on the
thermodynamics of the system. The presence of fluxes is related to inhomogeneities in the
system: the presence of a gradient of temperature, concentration, electrical potential, or
barycentric velocity. In the local equilibrium hypothesis [1], it is assumed that the fluxes
have not an essential influence on the thermodynamics of the system: the thermodynamic
potentials and, consequently, the equations of state of the system, keep their usual equilib-
rium form but at a local level, namely, for sufficiently small volume elements. In contrast,
extended irreversible thermodynamics [2]-[4] incorporates the fluxes among the essential
variables of the system. In fact, fluxes are of interest not only in thermodynamics but
they are true protagonists of our time: migration fluxes, information fluxes, commercial
fluxes, economic fluxes. The strength of the fluxes is changing our societies, mixing them,
accelerating them, fostering progress in some fields and menacing some aspects of small
cultures. Our society, then, is submitted to higher and higher fluxes of people, of informa-
tion, of goods, and this certainly has important effects. The aim of EIT is to explore this
question in the specialized domain of some physical systems.

In equilibrium, temperature may be defined by starting from several bases: Carnot’s
theorem, Gibbs equation, the expression for the entropy flux, expressions based on sec-
ond moments of fluctuations, Einstein’s relation, fluctuation-dissipation theorems, average
molecular kinetic energy, average molecular potential energy, canonical form of the dis-
tribution function, Lagrange multiplier conjugated to the energy in maximum entropy for-
malisms. When applied to a system whatsoever in equilibrium, all these definitions lead
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to a same result. However, out of equilibrium they lead to different results [5]-[7]. This is
not surprising, because out of equilibrium there is not energy equipartition, and therefore
different definitions -and consequently different measurements- implying different degrees
of freedom will lead to different results.

There arise, then, several conceptual and practical problems. For example, how to de-
fine temperature?, which of these definitions -if any provides the best- is most realistic,
most informative expression for temperature?, which information provide on the system
the different measurements of temperature?, can these different temperatures be related
to each other in relatively simple terms, i.e. through a small number of macroscopic pa-
rameters? In summary: is it still meaningful to use the concept of temperature beyond
local equilibrium? We will focus our attention on non-equilibrium steady states, in order
to avoid the additional difficulties arising from possible fast variations of the state of the
system.

This problem is receiving an increasing interest: molecular dynamics simulations, for
instance, explore situations very far from local equilibrium; the study of glasses, granular
materials or nuclear collisions are practical situations where these problems arise in an
acute way. Notwithstanding the wide and basic interest of this topic, the several groups
of researchers working on different problems are using different definitions of effective
non-equilibrium temperatures, which are especially fitted to their respective problems, but
there is a lack of contact -and even some incongruences or incompatibilities- between the
several perspectives. For instance, the groups working on macroscopic non-equilibrium
thermodynamics and those starting from microscopic perspectives widely ignore the work
carried out by each other; the groups working on different kinds of systems pay little
attention to the research on other kinds of systems, and so on. We have tried to foster the
contact through a wide review on these topics [5].

Here, we will formulate the problem in the framework of extended irreversible thermo-
dynamics and will pay a special attention to two very simple systems: a dilute monatomic
gas submitted to a plane Couette flow with shear viscous pressure P vxy and a forced har-
monic oscillator in a thermal bath. In contrast with much more complex systems, as glasses
and granular media, these two extremely simple situations allow a fruitful and illustrative
discussion and an understanding of the problem for researchers not specialized in this field.

2. Extended irreversible thermodynamics

In extended thermodynamics, the fluxes are considered as independent variables. The
most well known motivation arises in the analysis of fast phenomena, where the rate of
variation of the properties of the system is faster than the time scale characterising the
relaxation of the fluxes towards their respective local-equilibrium value. A detailed rea-
soning, repeated many times in the literature [2]-[4], [8] leads to the conclusion that for
simple relaxational extensions of the Fourier law for the heat flux and the Newton-Stokes
law for viscous pressure the entropy takes the form

(1) sEIT(u, υ, ~q) = sleq(u, υ)−
1
2
τ1υ

λT 2
~q · ~q,
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and

(2) sEIT(u, υ,Pv) = sleq(u, υ)−
1
4
τ2υ

ηT
Pv : Pv,

with u the internal energy, υ the volume, sleq the local-equilibrium entropy, all these quan-
tities per unit mass, ~q the heat flux, Pv the viscous pressure tensor, λ the thermal con-
ductivity, η the shear viscosity and τ1 and τ2 the relaxation times of the heat flux and the
viscous pressure, respectively. Thus, extended thermodynamics is, in some sense, a ther-
modynamics of fluxes, besides a thermodynamics of classical variables. This expression is
of interest not only for fast varying states, but also in non-equilibrium steady states. Indeed,
assume a system submitted to a heat flow. The characteristic residence time of the energy
in the system, i.e. the average time a parcel of energy supplied to the system will stay in
it before leaving it, is of the order of U/Aq, U being the internal energy of the system and
Aq the total heat supplied to the system (and leaving the system) per unit time. Then, if
the heat flux is high enough, the energy residence time will be of the order, or even shorter,
than the relaxation time, in such a way that the energy entering into the system will not
have time enough to distribute itself among the several degrees of freedom of the system
before leaving the system. Then, the relaxation time is important not only for fast-varying
states but also for steady states.

Since the entropy is modified by the fluxes, the corresponding equations of state ob-
tained by differentiation of it will also be changed. Thus, EIT provides a framework to
explore non-equilibrium modifications to the temperature, the pressure or the chemical po-
tentials. This does not mean that one assumes that the simple expressions (1) and (2) are
able to give all the quantitative details of these complex matters, but at least they provide
a framework where this topic may be discussed semiquantitatively, in contrast with the
local-equilibrium theory, where these matters do not arise at all.

In particular, the non-equilibrium temperature arising from (1) and (2) is

(3) θ−1(u, υ, ~q) ≡
(
∂s

∂u

)
υ,~q

= T−1(u, υ)− ∂α1(u, υ)
∂u

~q · ~q,

(4) θ−1(u, υ,Pv) ≡
(
∂s

∂u

)
υ,Pv

= T−1(u, υ)− ∂α2(u, υ)
∂u

Pv : Pv,

with α1 ≡ (τ1υ/2λT 2) and α2 ≡ (τ2υ/4ηT ). The problem, now, is to understand in
physical terms the meaning of the non-equilibrium contributions.

For instance, one of the intuitive difficulties in considering non-equilibrium temperature
is that temperature is associated with equilibrium between the thermometer and the system.
Therefore, talking about a non-equilibrium temperature seems at first sight a contradiction.
In the Gedanken (thought) experiment proposed in Fig. 1, this apparent contradiction
is overcome [9]-[10]. Indeed, on the one side we take into consideration the heat flux
qrs between the thermometer and the system; on the other side, the heat flux qs inside
the system itself. Measuring non-equilibrium temperature means that the heat flux qrs
between the system and the thermometer vanishes, but that the heat flux in the system is
different from zero. However, at the present stage of the presentation, (3) and (4) are only
a formal definition. To relate it with measurement, we examine the operational meaning of
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FIGURE 1. Gedanken experiment to analyze the physical meaning of
non-equilibrium temperature of a system submitted to a heat flux (see
the text for detailed explanation).

temperature by means of the Gedanken experiment of Fig. 1. We connect both systems by
means of a good thermal conductor. One of them (Σr) is at equilibrium whereas the other
(Σs) is in a non-equilibrium steady state characterized by a heat flux qs perpendicular to the
connection between both systems (Fig. 1), and which describes the heat exchange between
Σs and other reservoirs not indicated in the figure. When the flux qrs between both systems
is zero, we will say, according to zeroth law, that both systems have the same temperature,
at the points corresponding to the ends of the connecting bar. Note, however, that this
statement does not clarify by itself whether the thermometer (the equilibrium system Σr)
indicates the local-equilibrium temperature or another temperature. To clarify this point,
the second law is needed.

Indeed, the second law is able to relate the heat flux qrs to the temperature gradient. In
our analysis, there are at least two possibilities: one of them is that qrs is proportional to
∇T and the other one is that it is proportional to ∇θ, with θ defined in (3). If qrs is pro-
portional to∇T , the thermometer will indicate the local-equilibrium temperature, because
both systems must share the same value of T in order that the heat flux qrs vanishes. If,
in contrast, qrs is proportional to ∇θ, the thermometer will indicate the non-equilibrium
temperature defined by (3). According to EIT, the second law favors the second possibility
over the first one, under conditions that will be examined there in detail.

To be more concrete, consider the situation in which both systems have the same local-
equilibrium temperature T at both ends of the conducting bar (i.e. both systems have the
same average kinetic energy per particle). However, one of them (system Σs) is out of
equilibrium. If the heat flux qrs is proportional to the difference of the local-equilibrium
temperature of both systems, it will be zero in this case. If, in contrast, it is proportional
to the difference of the values of non-equilibrium temperature θ, then one should have a
nonvanishing heat flux qrs despite the fact that the local-equilibrium temperature is the
same in both systems.
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Indeed, application of maximum-entropy analysis to an ideal monatomic gas submitted
to a heat flux shows that the average kinetic energy along the direction of the flux is differ-
ent that along the directions orthogonal to the heat flux. In particular, if q is directed along
the y direction, it was found that [5, 11]

(5)
〈

1
2
mvxvx

〉
=
〈

1
2
mvzvz

〉
=

1
2
kBθ <

1
2
kBT,

(6)
〈

1
2
mvyvy

〉
=

1
2
kB(3T − 2θ) >

1
2
kBT.

In these expressions, kB is the Boltzmann constant and T the local equilibrium tempera-
ture, defined as usual in terms of the average molecular translational kinetic energy as

(7)
〈

1
2
mc2

〉
=

3
2
kBT.

This consequence could be checked, for instance, by exciting a small region of a rarefied
gas with two crossed laser beams and analyzing the Doppler broadening of emission lines
from the excited region along the direction of the heat flux and perpendicularly to it. In
this analysis, the temperature θ obtained from the derivative of the entropy is related to
the average kinetic energy in the directions perpendicular to the heat flux. The quantitative
results are slightly different if, instead of maximum entropy approach, kinetic theory is
used [12]-[13].

In the next section we will show a simple situation involving forced harmonic oscilla-
tors in a thermal bath which also shows that the temperature involved in heat exchange is
different from the local-equilibrium temperature.

3. Forced oscillator in a thermal bath

In this section we deal with another very simple physical system, a one-dimensional
harmonic oscillator, in which position contributes to the potential energy and velocity to
the kinetic energy, thus leading in a natural way to ask for a kinetic and a configurational
temperature. Though in equilibrium they coincide, out of equilibrium -for instance, in the
presence of an external forcing giving energy to the oscillator- they become different from
each other [14], thus adding a new question as which of these two temperatures is actually
measured by a thermometer i.e. about the operational temperature being measured.

The simplest thermodynamic or statistical analysis of such systems assumes an en-
semble of identical oscillators in a heat bath at a given temperature T . To analyze non-
equilibrium effects, we introduce an external force acting on the oscillators, and consider
that the system is described by

(8) ẍ+ γẋ+ kx = A sinωt+ ξ,

where the mass m of the oscillator is taken as unity, γ is the friction coefficient and k the
elastic constant of the harmonic oscillator. The term A sinωt corresponds to the external
periodic forcing, and ξ is the stochastic noise describing the thermal bath, which has zero
average and satisfies 〈ξ(t)ξ(t′)〉 = 2γkBTδ(t − t′), where T is the absolute temperature
of the bath defined by the noise.
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In the absence of the external forcing, the probability distribution function of finding the
system in a given position or momentum is Gaussian. The external force is giving an input
power Ẇext = Fẋ = ẋA sinωt to the oscillator, which influences the average energy in
the different degrees of freedom. In particular, Hatano [15] chose a situation in which the
forcing period is longer than the momentum relaxation time and shorter than the position
relaxation time, and found that the corresponding distribution functions for position and
momentum are Gaussian and may be described in terms of kinetic and configurational
temperatures given by

(9) Tcon =
2
kB

〈
1
2
k x2

〉
= T +

k

γω2
Ẇ ,

(10) Tkin =
2
kB

〈
1
2
k ẋ2

〉
= T +

1
γ
Ẇ .

It is seen that both kinetic and configurational temperatures increase with respect to the
temperature of the heat bath. The relative increase depends on the values of k, γ and the
frequency ω of the external signal. When ω is higher than

√
k the configurational temper-

ature is lower than the kinetic one, and viceversa, and at resonance (k = ω2) both temper-
atures are equal, but different from that of the bath. In the studies of heat transfer along
one-dimensional lattices may be relevant to understand which is the relative contribution
of kinetic and configurational temperatures in heat transport.

From a macroscopic point of view, there arises the problem of how these different mi-
croscopic temperatures are connected to macroscopic operational measurements. Since
the different degrees of freedom may have different temperatures, the operational temper-
ature will in general depend on the kind of connection between the thermometer and the
system. To examine a situation which bears some similarities with the proposal in Fig. 1,
it was considered [14] two coupled oscillators in contact with their respective heat baths,
whose temperature may be controlled independently of each other, and connected through
a spring. We will assume that one of them is forced to stay away from equilibrium (the
system) while the other is unforced to remain in equilibrium (the thermometer). They are
connected through a weak interaction potential V . The schematic picture of our situation
is shown in Fig. 2.

The equations describing the dynamics of the system are

(11) ẍ+ γ1ẋ+ kx+ ε
∂V (x− y)

∂x
= A sinωt+ ξ1(t),

(12) αÿ + γ1ẏ + ε
∂V (x− y)

∂y
= ξ2(t),

where k is the elastic constant of the spring connecting the oscillator to a wall, ε the elastic
constant of the spring connecting both oscillators, and α the mass of the oscillator in the
thermometer, which may be different from the mass of the particles in the system. As in
(8), ξ1(t) and ξ2(t) are again assumed to be Gaussian white noise describing the baths but
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FIGURE 2. Schematic setting for an operational temperature between a
forced harmonic oscillator and an equilibrium thermal bath.

characterized by different temperatures Ti, i.e.,

(13) 〈ξi(t)〉 = 0, 〈ξi(t)ξj(t′)〉 = 2γikBβ
−1
i δijδ(t− t′),

with δij is Kronecker’s delta. Sekimoto [16] studied in detail this system in absence of
inertia and external forcing.

We may test two kind of interaction terms: the harmonic and bistable potentials

(14) V (r) =


1
2r

2

− 1
2r

2 + 1
4r

4

The heat flux from the forced system to the thermometer is evaluated as

(15) q = ε
∂V (x− y)

∂y
ẏ.

When both oscillators are unforced (A = 0), the heat flux between them is proportional
to the difference of the temperatures of the corresponding heat baths. When one of them
is forced (A 6= 0), it plays the role of the non-equilibrium system in Fig. 1 whereas the
unforced oscillator plays the role of the thermometer, and the connecting spring simulates
the thermal contact between them. The thermometer will indicate for the non-equilibrium
system the temperature corresponding to a vanishing flux between the system and the ther-
mometer. When the kinetic temperature is higher than the configurational one, it turns out
[14] that the value of T ′ of the thermometer for which the heat flux vanishes is almost
equal to the temperature of the heat bath T of the non-equilibrium system. In contrast,
when configurational temperature is higher than the kinetic one, the temperature for which
the heat flow vanishes is intermediate between the configurational and the kinetic ones.

It would be interesting to study how the operational temperature depends on the elastic
constant of the connecting spring or the mass of the particles in the thermometer. Indeed,
it is possible that different values will make the thermometer more sensitive to one degree
of freedom or the other. This would mean that in non-equilibrium situations one must pay
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much attention to the interaction between the thermometer and the system. In this case,
the zero principle should be formulated only in a very restrictive form, by specifying the
conditions of interaction between the systems.

4. Dilute monatomic gas submitted to a shear viscous pressure

Dilute monatomic gases submitted to a plane Couette flow with shear viscous pressure
P vxy , have become a paradigmatic situation in current thermodynamics of flowing fluids
[3, 17], kinetic theory [18], non-equilibrium molecular dynamics [19]-[21] and fluctuation-
dissipation theorem [22, 23]. In order to stress that different definitions of temperature lead
to different values, but that these values may be related to each other if a sufficiently de-
tailed knowledge of the system is available, we compute several temperatures and compare
them.

The one-particle velocity distribution function for an ideal gas maximizing the entropy
under the constrains on the average values of the internal energyU and the viscous pressure
tensor Pv has the form [3],[24]-[26]

(16) f(~r,~c) = z−1 exp[−1
2
M : m~c~c],

with z the partition function, m the mass of the particles, ~c their peculiar velocity, and M
the matrix of the Lagrange multipliers conjugated to U and Pv , and the colon stands for a
double scalar product. In plane Couette flow, M is given by

(17) M =

 β λxy 0
λxy β 0
0 0 β

 ,

where β and λxy are the Lagrange multipliers respectively conjugated to U and Pv . A
more general expression incorporating non-equilibrium normal pressures may be found in
[25].

First of all, we compute the kinetic temperatures associated to the three spatial directions
(x, along the flow, y, along the velocity gradient, and z, perpendicular to the previous two
directions) of a flowing ideal gas. It follows from (16) and (17) that

(18)
〈

1
2
mc2x

〉
=
〈

1
2
mc2y

〉
=

1
2

β

β2 − λ2
xy

≡ 1
2
kBTx >

1
2
kBT,

and

(19)
〈

1
2
mc2z

〉
≡ 1

2
kBTz <

1
2
kBT.

Notice that, as in (7), equipartition of energy in the three spatial directions is broken.
The average kinetic energy along z direction, perpendicular to the velocity and the veloc-
ity gradient, is less than in the other two directions (this is also found in non-equilibrium
molecular dynamics for simple fluids with interacting molecules although in that case the
temperature along the x and the y axis are not exactly equal [20]). Furthermore, it is seen
that the kinetic temperature Tz coincides with the non-equilibrium thermodynamic tem-
perature Tneq, similarly to the situation when a heat flux is present in the system (Fig.1),
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in which the non-equilibrium temperature, denoted by θ in 5, agrees with the kinetic tem-
perature in the direction perpendicular to the heat flux [11]. It may be seen, after explicit
calculation of the Lagrange multipliers [27], that Tz is reduced for increasing values of
viscous pressure, whereas Tx and Ty increase with viscous pressure as it is shown in Fig.
3. The value of the temperature will depend, then, on the relative direction between the
surface of the thermometer, the macroscopic velocity and its gradient.

Another way to define temperature is to start from the entropy, as in Section 2. From
the thermodynamic point of view, this is the most fundamental definition of temperature.
However, out of equilibrium, the entropy is usually not known, or it cannot be univocally
defined. We refer to the non-equilibrium thermodynamic temperature Tneq stemming from
the derivative of a non-equilibrium entropy [3, 25, 26]. The differential of the entropy for
the plane Couette flow under consideration, characterized by U and P vxy , may be written
as[2, 3, 24],

(20) dS = kBβdU + kBλxyd(V P vxy),

where the entropy S is obtained from the distribution function (1) as S = −kB
∫
f ln fd~c.

This leads for the non-equilibrium thermodynamic temperature [3, 24]

(21) Tneq =
1
kBβ

=
(
∂U

∂S

)
V,Pv

xy

=
3
[
R2 + (1− Y )

]
1− Y

T,

where R and Y stand for R ≡ V P vxy/U and Y =
(
1 + 3R2

)1/2
. The factor R, expressing

the departure from equilibrium, is restricted to the interval 0 ≤ R ≤ 1, as it is shown in
detail in [24, 25]. In equilibrium, i.e. when R → 0, it is found that Tneq → T , whereas it
decreases for increasing R and it tends to 0 when R → 1. The physical interpretation of
this fact is that in this regime the molecular energy is highly organized, and the disordered
part of the energy contributing to the entropy is very small. Both Tz and Tneq decrease for
increasing values of the viscous pressure.
Still another effective non-equilibrium temperature Teff may be defined from the fluctuation-
dissipation theorem [6, 22, 23, 28] relating response function and correlation function. In
the situation we are studying, this temperature is defined as

(22)
η

τ2
=

1
kBTeff

〈
δP vxy(0)δP vxy(0)

〉
,

where η is the dynamical shear viscosity, τ2 the relaxation time of the viscous pressure and
the angular brackets denote the equilibrium average. In equilibrium, Teff = T and (22) be-
comes the Green-Kubo relation between shear viscosity and viscous pressure fluctuations
when the decay of the latter is exponential with relaxation time τ [2]. In the situation we
are considering, we found [29]

(23) Teff =
3
2

{
R2 +

[
R2/ (Y − 1)

]2} [
R2 + 2

3 (Y − 1)
]

R2 (Y − 1−R2)
T.

It is seen that Teff ≥ T ≥ Tneq and that both Teff and Tneq tend to the local-equilibrium
temperature when the viscous pressure tends to zero but their asymptotic limit far from
equilibrium is very different, as Tneq → 0 and Teff → ∞. Note that the several tempera-
tures we have used are related by means of a small number of variables, namely, they may
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FIGURE 3. Several temperatures at a given value of U as a function of
R = V P vxy/U . The temperatures shown here are: local equilibrium tem-
perature T , thermodynamic non-equilibrium temperature Tneq (equal to
the kinetic temperature along the x axis), the kinetic temperatures in the
x and y directions (Tx = Ty), and the fluctuation-dissipation effective
temperature Teff.

be expressed, all of them, in terms of the internal energy, the number of particles, and the
viscous pressure.

Baranyai [20] studied, instead of an ideal gas, fluid systems composed of spherical par-
ticles interacting through a soft potential, and used non-equilibrium molecular dynamics to
analyze their behavior in shear flow. He studied kinetic and configurational temperatures
at different values of the shear rate and found both temperatures to be anisotropic. Fur-
thermore, he proposed an operational temperature by simulating a physical thermometer
in contact with the fluid and found that the operational temperature is closer to the config-
urational one than to the kinetic one. He found that the operational temperature depends
on the mass of the particles composing the thermometer, in such a way that one must be
careful in considering not only the properties of the system, but too of the thermometer and
of its interaction with the system. In shear flow, he found that the operational temperature
is closer to the temperature along the axis of the velocity gradient. In contrast, the config-
urational and kinetic temperatures along the direction of the flow are much lower than the
operational temperature.

5. Concluding remarks

The topic of non-equilibrium temperature is playing a central role in recent theories
of non-equilibrium thermodynamics, information theory, kinetic theory, non-equilibrium
molecular dynamics, granular fluids, supercooled liquids under shear, radiative systems or
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nanoscale heat transport (see [5, 6] for wide bibliographies). Thus, it deserves a detailed
understanding from practical as well as fundamental grounds.

Here, we have seen that the different temperatures may be related amongst themselves,
in such a way that the knowledge of one of them allows us to obtain the values of the other.
They do not coincide because the different temperatures are related to different aspects of
the system. Out of equilibrium there is no equipartition, in general, in such a way that
different definitions of temperature, emphasizing on different aspects of the system, are
expected to have different values.

As in extended irreversible thermodynamics, temperature is found to depend not only on
the energy but also on the energy flux, i.e. the power input of the forcing to the oscillator, or
the viscous pressure. In particular, a Gedanken experiment was proposed in order to clarify
the meaning of non-equilibrium temperature from an operational point of view [8]. It is
not yet clear how such operational temperature is related to the kinetic and configurational
temperatures; probably, the contribution of both temperatures to the operational one will
depend on the kind of thermometer being used. Analogous situations are found in some
experimental systems, as for instance laser-induced plasmas in semiconductors under the
presence of an electric current through them [30].

In summary, temperature is a concept which still has many open problems in non-
equilibrium. For instance, in the situation studied here, the fact that the distribution func-
tions of positions and momenta were Gaussian has made especially easy to define the
temperature of the several degrees of freedom, but additional conceptual problems would
appear if the distribution functions markedly differ from Gaussian one.

If such a wide diversity of temperatures arises out of equilibrium, is it legitimate to give
a fundamental priority to one of them? May we still talk about temperature? In our opinion
[5], one of the aims of non-equilibrium thermodynamics beyond local equilibrium is to re-
late the different temperatures in terms of the average energy and also of the fluxes acting
on the system. In this case, one would need not only the global fluxes but also how these
fluxes are distributed among the different degrees of freedom. The two situations briefly
presented here have the interest of illustrating this point with simplicity.
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