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Fig. 16.2 A plot of the gain and linewidth as a function of distance for a linear maser
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But this is a gaussian with the dispersion
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where σ0 = 3/8ln2∆v1/2. From (16.23), the width will decrease until the center
of the line begins to saturate. The linewidth then broadens as the wings of the line
continue to experience exponential growth until the line again has the original line
width σ0. In a saturated maser the linewidth remains constant. The saturated and
unsaturated masers are extreme cases. Intense masers are usually a mixture of these
two categories: unsaturated when the signal intensity is small, but then saturated
when the intensity becomes large.

What we have given here is only a much simplified phenomenological descrip-
tion of the maser effect in one dimension. If the astrophysics of any given maser
source is to be fully understood this is only the very first step. A detailed specifi-
cation of the pump mechanism, the detailed solution of the rate equations and an
account of the energy sources are needed just as a geometrical model. In the fol-
lowing we give a few examples of interstellar masers, emphasizing the qualitative
aspects.

All masers can be understood in terms of thermodynamics, in the sense that these
are like Carnot engines. In the case of interstellar masers this consists of producing
useful work, or more generally, organization, in the form of directional radiation,
which is sometimes highly polarized, at the expense of increasing entropy, or dis-
organization, in the place where the radiation is produced. In terms of Carnot en-
gines, there must be a heat source and a heat sink. That is, there must always be
two influences operating on the molecular species. Usually these are radiation and
collisions, because in the ISM, in general, the radiation color temperature is very
different from the kinetic temperature. However, two radiation sources, for example


