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proportional to n(H,) long after Ay (which is proportional
to Ty1-o0) has become essentially independent of n(Hy).

most cases (including CO and HCN) this is indicative
of the optically thin limit in which the escape prob-
ability 8 — 1 for all transitions. In this limit A(4) «
X(A)n*(H,); this is the regime characteristic of diffuse
clouds and is also discussed by de Jong, Chu, and
Dalgarno (1975) for carbon monoxide. This behavior
of A(A) can also occur when B« 1 if the collisional
de-excitation rate C is much less than the spontaneous
decay rate A;;, 83 18 the case for H,O. As discussed
by Linke et al. (1977), in this regime the flux from any

individual transition will still be proportional to the
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tional abundance for kinetic temperatures 10 K,
(dvjdr) = 10~* (km s~* pc~ 1)~ * if the effect of
t. The trapping reduces the population of

10 K, 20K, 40K, and 60 K in Figures 2a-2d. Each
figure contains a number of curves parametrized by
X{(COY/(dv/dr) with dv/dr in units of km s™! pc™'.
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for CO cooling alone; with the inclusion of varjoys
molecular species with greatly differing A-coefficients,
however, the tota) cooling is dependent upon the

conditions considered here,

We next shall discuss some of the heating sources
that may play a role in determining the thermal
balance of dense clouds. The heating rate for each will
be calculated and the conditions under which it might
contribute significantly to the cloud heating analyzed.

a) Heating Mechanisms

The cooling rates that we have derived can be used
to determine the time scale for thermal cooling in
interstellar clouds, This time scale is estimated, from
the formula Ten = I.SkT[A/n(Ha)] and from the rates
in Table 4, to be less than 105 years over the range of
densities 10°-104 cpy -2 for Thy, > 8 K—roughly an
order of magnitude less than the free-fal time. This
relatively short thermal time scale strongly suggests
that there must be 5 heating source for these objects
which maintaing them in thermal equilibrium, Several
possible sources of heating, which wiil be discussed

low, are cosmic rays, H, formation, and gravitational
contraction,
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