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Vo= y(P) Y = Y(X)
Y =YX, X, ..., X) Y[Py P,, ...., P.] = funcién de
s By Pty Pon X oy vn o X, (B23)
oY g¥({ P . .., P
Pk:«, “Xk‘_‘b[o’« : n]v k<n
0X, 6P,
(5.24)
Py, onns P
P, = oY[P, n]’ k> #
X,

La derivacién parcial denota la constancia
de todas las variables naturales de Y distintas
de X, (es decir, de todas las X; con j # k).

dY = ) P, dX,
0

Mgy B = ¥~ Lo,

Eliminando ¥, X, X, ..., X entre (5.23),
(5.26) y las n + 1 primeras ecuaciones de
(5.24) se obtiene la relacién fundamental
transformada.

La derivacion parcial denota la constancia de
todas las variables naturales Y[ Py, ..., P,]
distintas de aquélla ‘con respecto a la cual
se deriva.

dY[Py, ..., P] = = Y X, dP,
0

1
+ Y P dX, (5.25)

n+1

Y=Y[Py ..., P] + Y X,P, (526)°
(0]

Eliminando Y[P,, ..., Py Py, P, ..., P,
entre (5.23), (5.26) y lasn + 1 primeras ecua-
ciones de (5.24) se obtiene la relacién fun-
damental original.
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dF = —~SdT — Pad¥ 4 uy AN, + p, dN, + - --
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T = U)as -S = 0GleT (5.43)
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G=G(T,P,N,, N, ...)

Eliminando G, Ty P se obtienc
U=U(S, V,N, N, ...)

dG = —SdT + VdP + pu, dN; + p, dN, + - - -
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(5.50)
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U[T, u] como funcién de T, ¥V, p U = U, V, N)
dU[T, u] = —=SdT — PdV — N du
1
S[1y71] = § - TU = —FT
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T
1 P
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/e 7
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S[PIT] = S — (PIT)V S = S[P/T] + (PIT)V (5.59)
Eliminando Sy ¥ se obtiene S[P/7] Eliminando S[P/T]y P/T se obticne
como funcién de U, P/T, N,, N,, . .. S=8SUV,N,N,...)

dS[P|T) = (1/T)dU — V d(P|T) — (u,/T)dN, — “72sz,
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CASE STUDY 2.1 | ife and the Second | aw of thermodvnamics

[Every chemical reaction that is spontaneous under conditions of constant tem. T

: : . !
perature and pressure, including those that drive the processes of growth, learn- |

ing, and reproduction, is a reaction that changes in the direction of lower Gibbs |

energy, or—another way of expressing the same thmg——results in the overall en- |
{ropy of the system and its surroundings becoming greater.| With these ideas in \
mind, it is easy to expﬁfam\w\hjihf@, which can be regardJed as a collection of |
biological processes, proceeds in accord with the Second Law of thermodynamics. |
"t is not difficult to imagine conditions in the cell that may render sponta-
neous many of the reactions of catabolism described briefly in Section 1.3." After
all, the breakdown of large molecules, such as sugars and lipids, into smaller mol- =>

ecules leads to the dispersal of matter in the cell. Energy is also dispersed, as it is @

released upon reorganization of bonds in foods. More difficult to rationalize is
life’s requirement of organization of a very large number of molecules into biolog-
ical cells, which in turn assemble into organisms. To be sure, the entropy of the
system—the organism—is very low because matter becomes less dispersed when
molecules assemble to form cells, tissues, organs, and so on. However, the lower-
ing of the system’s entropy comes at the e expense of an increase in the entropy of
the ¢ surroundmgs To understand this point, recall from Sections 1.3 and 2.1 that !/ i
cells grow by converting energy from the Sun or oxidation of foods partially into|
work. The remaining energy is released as heat into the surroundmgs SO Gour = Obj|
and AS,, > 0. mh any process, life is spontaneous and organisms thrive asi
llong as the increase in the entropy of the organism’s environment ccmpensates |
for decreases in the entropy arising from the assembly of the organism. Alterna-
tively, we may say that AG <O for the overall sum of physical and chemical
changes that L we call hfe m
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