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Page 182, equation (4.177) and the two affinities

First, let us note that vector ~B was proposed to be called the (vector of)
constitutive affinity1. We will stick to this nomenclature here.

Substitution of (4.174) into µα = ~µ.~eα gives

µα = (− ~A+ ~B).~eα α = 1, . . . , n. (1)

From (4.175) it follows:

− ~A.~eα = −
n−h∑
p=1

Ap~gp.~e
α.

The vector ~gp will be now transformed to the vector ~g q as shown in (A.86)
and the latter will be expressed in terms of the basis ~eα as given by (4.40):

− ~A.~eα = −
n−h∑
p=1

n−h∑
q=1

Apgpq~g
q.~eα = −

n−h∑
p=1

n−h∑
q=1

Apgpq

( n∑
γ=1

P qγ~eγ

)
.~eα

= −
n−h∑
p=1

n−h∑
q=1

ApgpqP
qα (2)

The constitutive affinity vector is located in subspace W ; in the basis
~fσ of this subspace (see p. 152) it is expressed as ~B =

∑h
σ=1B

σ ~fσ. Upon
substitution from (4.34) we get:

~B.~eα =
h∑
σ=1

Bσ
( n∑
γ=1

Sσγ~e
γ
)
.~eα =

h∑
σ=1

BσSσα. (3)

Equations (1)-(3) give (4.177).
Components of constitutive affinity vector can be expressed explicitly

in terms of molar chemical potentials, similarly as in (4.176). Covariant
components can be expressed substituting from (4.173) and (4.34) as follows:

Bσ = ~µ. ~fσ =
( n∑
α=1

µα~e
α
)
.
( n∑
α=1

Sσα~e
α
)

=
n∑

α=1

µαSσα σ = 1, . . . , h. (4)
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The relationship between contravariant and covariant components is given
by (A.89); in our case:

Bσ =
h∑
τ=1

fστBτ =
n∑

α=1

h∑
τ=1

µαSταf
στ σ = 1, . . . , h (5)

where (4) was introduced in the second equality. Herein, fστ is the con-
travariant metric tensor (of the subspace W) which is obtained by inverting

the covariant metric tensor fστ = ~fσ. ~fτ which follows from (4.34).
Note. Given the stoichiometric matrix ‖P pα‖ the vector ~g p is obtained

from (4.40) and from it the contravariant metric tensor gpq = ~g p.~g q, cf.
(A.85). The covariant metric tensor gpq is then obtained by the inversion of
the latter, see (A.83).
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