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4.10 Adiabatic Processes

The shove reasoning—in particular, the derivetion of Equation (4.13} and
the conscquent identification of TdS with 7 in a reversible process—is
somewhat abstract, and we will now consider how it applies to the system
of spin 1/2 nuclear magnets discussed in Chapter 3. In particular, we show
for this model that & process that & adichafic in the quantwn me:c:hamc:ul
zense (which will be explained) is necessarily isentrepic.

Consider first a single isclated spin i & mapgnetic fleld B, in a particular
state (say, spin up), with energy —uB. Now we slowly change B. In order
to produce o transition (a spén fTp) to the spin down state, whose cocrgy
is +pB, guantun mechanics tells us that we need a component of the
field czcillating at the frequency corresponding to the ensrgy separation
of the atates; that is, E.?TB_ If B were to change rapidly, it could have aeh
Fouricr component 2t this frequency, but we will asswine that B changes
sufficiently slowly that ne such high frequency field is present. Then the
spin must stay in whatever state it began in, even thouwgh the energy of
this state i chanping. The energy needed is supplied {or taken up) by
the electromagnetic field. Such a alow change, in which the occapation of -
quantumn stefes does not change, is called an adiahatic change.

Now supposc that we have a collection of spins isolated from its sur-
roundings. Although in our model we neglected the-interaction between
tiem, the spins must internct wealdy if they are to come into equilibrium
with each other. 'The interaction oceurs Decauss the motion of one spin
in the fisld geperates a high Fequency magnetic field of just the right fre-
quency to cause a neighboring spin to flip; this spin-spin interaction ensures
that the whole sassemblage of spins reaches its equilibrium condition of max-
imum £1. Hewever, the gquantum mechanica of this interaction tells us that -
if one spin flips T to |, the other has to flip from | to 4 (see Figure 4.5), 3o
that the total spin is conserved. Although there is a change of microstate,

8¢ L. R. 3. Treloar, Physics of Rubber Fiastinity {Oxford Um-mat;,— Preas, 1058)
for & fidler treatment.

L= )t

Fignre 4,5, Mutual spin fip, cnnserviﬁg tatal spin.

the macrostate does not change, so that © {and hence S5} does not change,
While this fs a very specific model, it iHlustrates the geperal result, which
we justify in Chapter 5, that an adiabatic change is isentropic.

In gemeral, a process i adizbatic in the guantum mechanics! sense if
it does not change the average occupancy of the quantum states. 3 is
unchanged, so that such & process does not change the entropy and is
called an isentropie process. An adiabatic proccss in this sense is always
possible in principle. Here wo bave shown this for a spin system, which
has diserete ensrgy levels; the case of contimuous levels, as in gas, will ba
dealt with ater (see Fxample 0.2).





