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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Thermodynamique

Relations fondamentales

Dr. Sylvain Bréchet Hermann Ludwig Ferdinand von Helmoltz, 1821 - 1894

infinitesimal timexperiment determine passes s h d 0 surface
pr‘C())er(;Z‘rSS water Sp;te ermo ynéymeq']nlg partlcular
Q.
-2 - delta
G Hello seen o
S ¢ g TS WwWor k g <
= 2 quantit lane% -~
0 extensive prane o - e
welcome E e =}
heatz State variablefollowing derlvatlve vvvvvv jricme 3
. o
different 1a1 (sl ® Change cqllled energy = 1..® obtain ype @ isglated o
thermal rlght - third as
3 c _
Dlston notion explicitly E o Jdensity E o
systems space whose] 1ntr‘0duce % free energ ‘g p r S u r ]
C L
oroduct 1"”“"“5 S“bsy“e'“s 5 l l m e infinitesimal variation
contact materialpechanical ;takine “Chemical pOtentlhange 1 = d Substance interval dt
characterize terne P2 t %
simple evolution wall E’auil c v conjugated .o
Q explicit devoted o 3 v = ! _B
different substancesdescrlbed mechanical power cronet n 7 E‘ g o e=
mean course f [ T mua $ o — £ initial state —
allow call —~ & - 5 k=
time 1nterva1 3 v 3 curve o
intersect e lned closed ° 8_ E derive v
s tate functlon .
numbe reera )2
@ de
characte mole cause 3 " power PQ
enthal, -
» time derivative ™ . constant ‘relationship relation
e N\

=PrFL



https://mediaspace.epfl.ch/media/0_l62xz2n8
https://mediaspace.epfl.ch/media/0_l62xz2n8

Om 05s

BEI all“ns 'ondam enla Ies ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Relation de Gibbs

Relation d’Euler

Relation de Gibbs-Duhem

Espace des états, équation d’état

Thermodynamique

Notes
Hello and welcome to make fun of thermodynamics. This lesson is

devoted to the fundamental relations of thermodynamics. There are
three fundamental relationships in thermodynamics. The first is the type
relationship, the second is the air relationship and the third is the Duhem
gypsum relationship. In this lesson we will also introduce two important
concepts. These notions are the space of the States and the equation of
state to derive the IPS relationship.

Summary
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e Variables d’état e Fonctions d’état
e Entropie: S e Energie interne: U (S,V,{N})
e Volume: V e Température: T (S,V,{Na})
o Nombredemoles: {Na} A=1,.,r o Pression: p(S,V,{Na})
e Dérivée temporelle de ’énergie interne : e Potentiel chimique de A :  fua (S, V., {Na})

-
U =TS~ pV+Y nalia
A=1
e Identités :

dU=Udt et dS=Sdt et dV=Vdt et dNs= Nadi
e Relation de Gibbs :

dU =TdS — pdV + Z padN 4

A=1

Thermodynamique

Notes
We consider a system whose state is described by three types of state

variables. First, the entropy S. Secondly, the volume V and thirdly, the
number of moles of the different substances in the system. There is air
substance and therefore there will be a variable number of moles for
each substance and to denote the whole of these substances, well, we
introduce a brace. We must also define. Certain state functions. Internal
energy eu. The temperature T. The pressure P and the chemical potential
of the bare substance. These state functions are functions of the state
variables of the system, i.e. S, V and the set of SNA. In order to derive
this type relationship. The time derivative of the internal energy is used
as a basis. From the point which is equal to thirteen points minus PV
points plus the sum of A also has. R. De mua et n'a point. The
relationship is an explicit expression of the differential of the internal
energy. To obtain this expression, we will multiply the time derivative of
the internal energy by the infinitesimal time interval dt, and we use the
following identities. D u is equal to i for a dt, ds is equal to s for a dt, dv
is equal to V. For a dt, edna is equal to n a dt point.

Summary
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Variables d’état

e Entropie: S

e Volume: V

e Nombre de moles : {NA} A=1,.,r

Dérivée temporelle de 1’énergie interne :

.
U=TS—-pV + Z 1tANA

A=1
Identités :

e Fonctions d’état

Energie interne: U (S, V,{Na})
Température : T (S,V,{Na})

Pression : p(S, V, {NA})

Potentiel chimique de A :  pa (S, V,{Na})

dU=Udt et dS=Sdt et dV=Vdt et dNjy= Nudt

Relation de Gibbs :

dU =TdS — pdV + Y padNa

A=1

Thermodynamique

By multiplying the expression of the time derivative of the internal
energy. By the infinitesimal time interval dt, we obtain the group
relation which is the following. Start. Is equal to TDS. Minus PDV, plus
the sum of a ? R ? De mua ? DN. We have thus obtained an explicit
expression for the differential of the internal energy. What we would
like to get now, it is an explicit relation for the internal energy.

Notes

Summary

Potentiels thermodynamiques
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e Extensivité de ’énergie interne ( \ sous-systémes identiques) : e Température :
U (XS, AV, {ANA}) = AU (S,V, {Na}) =25
e Dérivée par rapport a A : e Pression :
AU d(\S) oU d ,\V d d(ANy) au
— U e ey
a(AS) dx +8()\V Za)\m d\ P="ov
e Variables d’état S, V, {N A} indépendantes de A : 2 POtentlgI; AT
ou ou ou P = g
g Vv —————Na=U ON 4
a0 Tapwvy T Z B(ANa) AT
e Relation d’Euler (\ = 1) -
ou ., 0 ~ oU 4
U=355+ V“LzldNA - UTS—;JV+4Z=:1#.4NA
- Thermodynamique
Notes

This relationship is called the air relationship. To establish this
relationship of air, we will use the extensibility of the internal energy of
a system made of identical lambda subsystems. These subsystems are
themselves simple systems. the internal energy of a simple subsystem U
is a function of its entropy S, its volume V and the set of the number of
moles of the different substances which constitute it and not. The total
entropy of the system which consists of identical lambda subsystems.
This is lambda is the total volume, is lambda V and the number of mol
the total of the substance A. It's lambda n in. Therefore. Since the
internal energy is a quantity extensive, the internal energy of the system
U, which is a function of lambda s, lambda V and the set of lambda N1
will be equal to lambda times. the internal energy of a subsystem U
which is a function of S, V and the set of nodes. This relation can now
be derived with respect to lambda. We obtain the partial derivative of U
with respect to lambda s for the derivative of S with respect to lambda
plus the partial derivative of U with respect to to lamda v for the
derivative of lambda V with respect to lambda plus the sum of R of the
partial derivative of U with respect to lambda n at the times the
derivative of lambda n.a with respect to lambda which is equal to U.

Summary
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UMAS,AV,{AN4)) = AU (S,V,{N4})

e Dérivée par rapport a \:
oU d(AS)_I_ oU d(\V) i d(ANy4)
D(AS) dX AAV)  dA d /\NA d\

e Variables d’état S, V, {N A} 1ndependantes de A:

Extensivité de I’énergie interne ( A sous-systémes identiques) :

e Température :

ou
=35
e Pression :
ou
U p== v

e Potentiel chimique :

oU
oUu U oUu BaA = w5
L V ——— —Na=U ON 4
368" Taowy T Z A
¢ Relation d’Euler (\ = 1) :
()U "« 8U :
U=3:5 V+Z:10NA - UTS—;JV+4Z=:1#-.4NA
- Thermodynamique
Notes

The state variables of each subsystem S, V and the set of N are
independent of the number of lambda subsystems. Therefore, the
derivative of lambda s with respect to at lambda seven s, the derivative
of lambda v with respect to to lambda cv is the derivative of lambda n a
with respect to to lambda this huge and so this equation. Reduces to the
partial derivative of U with respect to lambda s s. Plus the partial
derivative of U with respect to the time V, plus the sum of one to R of
the derivative partial of U with respect to lambda one at a time N-1 is
equal to U. This relationship is independent of the explicit value of the
MDA. We can take a particular value for the MDA lambda, which
means that the system consists of a single subsystem. In this particular
case, this relationship reduces to u is equal to to the partial derivative of
u with respect to s s. The more the partial derivative of U with respect to
V had the more the sum of to equals one to R of the partial derivative of
u with respect to one at a time one. The partial derivatives of U with
respect to S. This is the temperature T. The partial derivative of Hull
with respect to V. It's less pressure.

Summary
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Extensivité de 1’énergie interne ( A sous-systémes identiques) :
UAS, AV {ANa}) =AU (S,V.{Na})

Dérivée par rapport & A :
oU d(NS)

ou dAV

0

(AS)

A Tapwy)

e Température :

aUu

P

a8

e Pression :
- d(ANa) __au
Z d )\NA d\ =H P="%v

e Potentiel chimique :

e Variables d’état S, V, {N A} mdependantes de A: U
ou ou ou Pl
S Vv ————Na=U ON 4
208 - Taowy - T Z N A
¢ Relation d’Euler (\ = 1) :
U%S+—V+i—N = U=T8- V+i: N
a5 LN, - PrT
- Thermodynamique
Notes

And the partial derivative of U with respect to at N1 is the chemical
potential mu a of substance A. Therefore, this relationship takes the
following form. It is u which is equal to TS -1 pv, plus the sum of a ? An
a? R of mua and no. And this relationship is the relationship of the area.

Summary
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e Relation d’Euler :

U=TS-pV+) paNa

A=1
e Variation infinitésimale de la relation d’Euler :

dU=TdS+SdT - pdV — Vdp+ > (,uAdNA +NAduA)
A=1
e Relation de Gibbs :
dU =TdS — pdV + Y padNy

A=1
e Relation de Gibbs-Duhem :

SdT — Vdp+» Nadpa=0

A=1

Thermodynamique

Notes
Using the type relationship and the air relationship, we are now able to

derive the type relation of m. The relation of R tells us that U is equal to
TS minus pv, plus the sum of a also r of mua a no. Now we have to take
the infinitesimal variation of the relation of the air when taking an
infinitesimal variation. We vary each term. It is necessary to
differentiate this of a differential or we vary only the state variables. So
the infinitesimal variation of the air relation is written d u which is equal
to tds plus s dt. Minus pdv dp plus the sum of a equal to r of murder in a
plus an a of the walls. It is now that we will explicitly take into account
the CUPS relationship. Who says that d u is equal to TDS? Less POS?
Plus the sum of. An air of loitering in. And we will subtract. The
expression for the infinitesimal variation of the relationship of R. The
couple relationship. And in the end, what you get, it is the relationship
of the couple of the same that is next. S dt minus v dp the more the sum
of a also the r of n.a will decrease equals zero. This relation of Guy
Duhaime links the differentials of the quantities which are conjugated to
the extensive state variables of the system.

Summary
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e Espace des états: {S,U,V}

e Equation d’état : U (S,V) (surface grise)

Thermodynamique

Notes
Finally. We will introduce an important notion in thermodynamics, it is

the space of states. the Space of States is an abstract space whose
number of dimensions is equal to the number of state variables plus one.
Let's take an example. Let us take a system whose state is described by
the entropy S and the volume V. So we have two state variables, which
means that the state space is a three dimensional space. The three axes
of this abstract space are entropy S, internal energy U and volume V. the
internal energy U is related to the entropy S and the volume V. By the
equation of air. This equation of air is what we is called in
thermodynamics an equation of state. We have a three-dimensional state
space whose three axes are the entropy S, the internal energy U and the
volume V. And so this equation of state. This Euler equation which
gives an explicit expression of u as a function of s and V. Is a
mathematical condition that will define a two-dimensional surface in the
state space. This surface is the gray surface that is here. We can now
represent graphically the temperature and pressure. For this, we will
consider a point that lies on this space of states. It is a special state.

Summary
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e Espace des états :

e Equation d’état :

{S,U,V}

U (S5, V) (surface grise)

Thermodynamique

This is point P. And then we'll take a vertical plane which is parallel to
the planes S and U and passes through the point P. This is the vertical
plane that is here. The intersection between this vertical plane and the
surface of the states in gray defines a curve in black. This curve. It is the
internal energy as a function of the entropy S. With Constant. The
derivative of this curve. The partial derivative of U with respect to S is
the temperature. When S increases, U which directed downward
increases. The temperature is defined as positive. This is exactly what
this drawing shows. The pressure can now be represented graphically.
The pressure is equal to minus the derivative partial internal energy of U
with respect to the volume V. We take a vertical plane which is parallel
to the plane U V and passing through the point P. It's this blueprint.
Here, the intersection between this plane and the surface of the grey
states defines a black curve that passes through point P. This curve. This
EU as a function of V at constant S. The derivative of this curve. This is
the partial derivative of U with respect to V. When. V increases, U
decreases. Therefore, this derivative is negative, which means that the
opposite of this partial derivatives of U with respect to V is equal to The
pressure is defined as positive.

Notes

Summary

Potentiels thermodynamiques
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