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that provide equilibrium for the smaller system.  A reservoir is a system with an
extremely large number of degrees of freedom.  For example, a reservoir of two-level
atoms or harmonic oscillators necessarily contains a large number of atoms or oscillators.
A reservoir of light consists of a set of modes where the number of such modes is
extremely large. Typically, we assume a specific energy distribution exists in the
reservoir.  For example, if the reservoir consists of point particles (such as gas molecules)
then one might assume a Boltzmann distribution for the energy. 

Let’s bring the reservoir into contact with the small system so that energy can
flow between the system and the reservoir as indicated in Figure
2.6.3.  The reservoir has such a large number of degrees-of-
freedom that any energy transferred to/from the small system
has negligible affect on the energy distribution in the reservoir.  

For a concrete example, suppose the small system
consists of a single gas molecule and the reservoir has a large
number of molecules all at thermal equilibrium (i.e., a
Boltzmann energy distribution). The temperature of the small
system will eventually match the temperature of the larger
system.  However, temperature measures the average kinetic
energy.  Therefore, to say that the reservoir and system have
equal temperatures means that the average kinetic energy of the
single molecule matches the average kinetic energy of all the
molecules in the reservoir.  

Suppose the molecule in the small system has a much
larger than average kinetic energy (maybe a factor of 10).  The
extra energy eventually transfers to the reservoir.  This extra energy distributes to all of
the molecules in the reservoir, which makes negligible changes in the total reservoir
distribution.  Essentially the small system loses the initial packet of energy to the large
system; the initial packet distributes over many degrees of freedom.  In effect, the
reservoir has “absorbed” the “extra” system energy and the motion of the single molecule
“damps”.   

 The reservoir energy distribution defines average quantities for the reservoir.
The contact between the two systems brings the small system into equilibrium with the
reservoir, which therefore defines the average quantities for the small system.   Suppose
the single atom in the small system is initially in equilibrium with the reservoir.
Occasionally, a large chunk of energy will be transferred from the reservoir to the small
system – a thermal fluctuation.  As a result, the single atom will have more energy than
its equilibrium value.  Eventually, the energy of the atoms damps when the energy
transfers back to the reservoir.  We assume any correlation between fluctuations occur on
such short times scales as to be negligible.  The process of transferring energy between
the small system and the reservoir provides an example of the fluctuation-dissipation
theorem.  The theorem basically states that a reservoir both damps the small system and
induces fluctuations in the small system.  The two processes go together and cannot be
separated.  Often, on a phenomenological level, the fluctuations are included in rate
equations through the Langevin functions. 

Figure 2.6.3:  The
reservoir can exchange
energy with the system
under study.
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