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1 Euler Equation

Given the 1st-ordera homogeneous nature

of Fundamental Eqs .
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=> U = TS + PjX; Euler Equation -

if we have X , =V , Xc ... Xt =N...
. Nr
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* U orS is the sum of the product of their

intensive parameters and the corresponding extensive

parameters.

2. Gibbs-Duhem relation
.

*. There exists a relationship amongst
various intensive parameters.

Why ?

V = U(s ,
X ,

. - - Xt)

=> (t+1) EOS.
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For arbitrary X , true
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P = P, (4 , +z =-- Ut)

i &P =Pi(n ,m)·
Pt = Pt (U = 2 . . . (t)

PtH = Pt+1(y - z . - (t)

Now replace[U. ... r 3 in PtH = PEH (U. E ---(t)

by Uj = Vj (P, . - . Pt)

=> Pt+ = Pt+ (U (P.
-- Pt) , R(P.

--- Pt) --- U(P---Pt))

*Consider Euler Equation .

U = TS+ Xj

dr = TdS + SdT+ Xj + XjdPj

V

1st law

du= Q+ w= TdS+ X]

=> o = s .d+ XjdP
* Gibbs-Duhem Relation .

or EXjdP = 0
j=0



For a single component sys.

-Sat-vdp + NdM =0

-> dM= - PdT + Ydp = - sdY + rdP
- z

S v

* variation of any intensive parameter (M,T . P)

can be calculated based on the variations of

other intensive parameters.

* Entropy form of Gibbs-Duhem Relation -

XjdFj =0 Fj= (j
Fj=0=#

-> U .d(F)+ vd(f) - Nrd(u) =0

3. structure of thermo .

* Information contained Fundamental Eg.

vs.
that contained in EOS .

*U = U (S , V , N) -> all-inclusive (thermo.

info)



-> EOS
T= = T (S, V ,N)

I P=
- E = p(s, V,N)

u= =Y = u(s , V ,N)

v

if these are known , you
could recover

Fundamental E.g. because of

U =TS+ PXj

1) The totality of all EOS is equivalent to

the Fundamental Eg. & contains all thermo info.

2) what if one of EOS is unknown ?


