The progress of science is marked by the transformation of the qualitative
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into the quanhtahve In this way not only do notions become turned into -

theories and lay themselves open to precise investigation, but the logical

development of the notion becomes, in a sense, automated. Once a notion

has been assembled mathematically, then its implications can be teased out
in a rational, systematic way. Now, we have promised that this account of
the Second Law will be nonmathematical, but that doesmot mean we can-
not introduce a quantrtatrve concept. Indeed, we have already met several,
temperature and energy among them. Now is the time to do the same
thing for spontaneity. - :
The idea behind the next move can be descrlbed as follows The Zeroth
Law of thermodynamlcs refers to the thermal equilibriun. betwm
(“objects,” the things at the center of our attention, are normally referred
to as systems in thermodynamlcs, and we shall use that term from now on).
Thermal equilibrium exists when system A is put in thermal contact with
system B, %ut no net flow of energy occurs. In order to express this condi-
tion, we need to introduce the idea of the temeemture of a system, which we

define as meaning that if A and B happen to have the same temperature,

then we know without further ado that they are in thermal equilibrium
w1th each other:-That is, the Zeroth Law gives us a reason to introduce a
“new” property of a system, so that we can easily decide whether or not
that system would be in thermal equilibrium with any other system if they
were in contact. :
¥ The First Law gives us a reason to carry out a similar procedure, but
now one that leads to the idea of “energy.” We may be interested in what
states a system can reach if we heat it or do work on it. We can assess
whether a particular state is accessible from the startmg condition by intro-

ducing the concept of energtg If the new state differs in energy from the.,

‘initial state by an amoun at t is different from the quantity of work or
heatmg that we are dorng, then we know at once, from the First Law, that
that s state cannot be reached: we have to do more or less work, or more or
less heating, in order to bring the energy up to the appropriate value. The
energy of a system is therefore a property we can use for deciding whether
a particular state is accessible (see figure on next page).

This suggests that there may be a property of systems that could be
introduced to accommodate what the Second Law is telling us. Such

would tell us, essentially at a glance, not whether one state Of the

rom the other (that is the job of the energy acting

through the First Law), byt whether it 1si§§ f@sﬂaccess;ble That is,
there ought to be a property that can act as the signpost of natural, sponta-
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colored boxes in the horizontal row), but the
First Law forbids it to change to states of differ-
ent energy (the brown-tinted boxes). b

neous change, change that may occur without the need for our technology
to intrude into the system in order to drive it.

There is such a property. It is thef the system, perhaps the

most famous and awe-inspiring thermodynamic property of all. Awe-in-

spiring it may be: but the awe should not be misplaced. The awe for en-
tropy should be reserved for its power, not for its difficulty. The fact that in
everyday discourse “entropy” is a word far less common than “‘energy”’
admittedly makes it less familiar, but that does not mean that it stands fora
more difficult concept. In fact, I shall argue (and in the next chapter hope to
demonstrate) that the entropy of a system is a srmpler property to grasp

than'its energy! The exposure of the simplicity of entropy, however, has to

await our encounter with atoms. Entropy is difficult. only when we remain
on the. surface of appearances as we do now

Entropy

We are now going to build a working definition of entropy, using the infor-
mation we already have at our disposal. The First Law instructs us to think
about the energy of a system that is free from all external influences; that is,
the constancy of energy refers to the energy of an isolated system, a system
into which we cannot penetrate with heat or with work, and which for
brevity we shall refer to as the universe (see figure on facing page). Simi-
larly, the entropy we define will also refer to an isolated system, which we
»shall’ call the universe. Such names reflect the hubris of thermodynamics:
later :weshall ‘see’to what ‘extent the “universe” is - truly the Universe.
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volumen cerebral pasa de representar aproximadamente un tercio del

Ve omedio de ; i
{l(;?r promedio de nuestra especie, como en los australopitecos y
parantr cgar L i "
pardntropos, a llegar hasta los dos tercios (el Homo habilis ocuparfa
una on intermedi i :
posicion intermedia). La segunda gran expansién tiene lugar en

¢l dlimo medio millén de afios, y produce los cnormes cerebros de
nuestra especie y de los neandertales.
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récorrer v el t,o de bisqueda. Al imismo tiempo, desde el Homo
;gﬂﬂ?i" los ricmos de crecimiento se sitian ya pféximos a los nues-
tros, lo que supone un periodo de dependencia infantil mds prolon-
gado que en antropomorfos y hominidos anteriores. Todo esto
implica que diffcilmente una madre podrfa hacerse cargo, ella sola,
de varias crias al mismo tiempo. Por este motivo es posible que el
gran cambio social se produjera en el Flomo ergaster, aunque algunos
autores sostienen que tuvo lugar en la segunda gran expansién cere-
bral, la nuestra y la de los neandertales.

Pero no sélo existe una relacién indirecta entre el aumento de
camafio del cerebro y las relaciones entre los dos sexos, sino que es
posible que la expansion cerebral esté directamente asociada a un
aumento de la complejidad social. En primer lugar, se ha observado
que los mamiferos que viven en sociedades complejas (como simios y
delfines) tienen cercbros mayores que los mamiferos solitarios de
ramafio similar. Alello y Dunbar han descubierto también que entre
las diferentes especies de primates el tamafio relativo del neocértex

respecto del resto del encéfalo estd en funcién directa del tamafo de
los grupos sociales que forman esas mismas especies.

Sin embargo, no se ha encontrado una relacién similar cntre el
ramaiio relativo del neocértex v el tipo de vida, por lo que la «teorfa
ecolégicar del origen de nuestra muy desarrollada inteligencia pierde
fuerza respecto de la «teorfa social»; no obstante, no hay que perder
de vista que a partir de los primeros Homo los hominidos entraron en
un nicho ecolégico toralmente nuevo para los primates, el de carro-
feros y cazadores, que también pudo favorecer el desarrollo intelec-
cual. - )

En resumen, es una teorfa muy respetable la de que la expansién
del cerebro v de la inteligencia (o al menos una parte sustancial de la
misma) representa una adaptacién a la vida social, un medio en el
que uno tiene que cooperary competir a la vez con los mismos indi-
viduos. Una inteligencia desarrollada con estos propésitos (una
«inteligencia social») podrfa muy bien aplicarse a otro tipo de situa-
ciones complejas. Para prosperar en ese diffcil medio social hace falta
utilizar diversas tdcticas, que van desde la formacién de alianzas con
otros individuos, basadas en el parentesco o en el interés, hasta el
engafio. Anne Pusey, Jennifer Williams y Jane Goodall han observa-
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