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Abstract 
Recent invest igat ion (Parravano, 1987) shows that the 
d i f fuse phases of the ISM condense mainly by the t rans i t i on 
from warm gas to small cool clouds (WG -»• SC). In th i s work 
we introduce the new hypothesis that the star formation 
rate (SFR) in isolated galaxies is sel f -regulated in such a 
way that i t maintains Pmax close to the ISM gas pressure. 
Here Pmax is the gas pressure at the marginal state of 
s t a b i l i t y for the t rans i t i on WG •> SC. This hypothesis 
leads to a re la t ion between global galact ic parameters 
which appears to be applicable to various morphological 
groups of isolated galaxies. 

The ISM Gas Model 

As is shown in Figure 3 of Parravano (1987) the thermochemical 
equi l ibr ium curve is strongly dependent on the Fuv parameter.* The Fuv 
parameter (Jura, 1976; Spitzer, 1978; Parravano, 1987) may be wr i t ten 
as: 

c f Ye/0.151 f Qa 1 f!60 Mdl f Ux } 
F u v l P s /3gcm- 'J [ 9 /2 10 -cmJ l Mi]IjUO1'erg c m - A i W 

where Fuv = 1 for the mean Galaxy condi t ions. The curve "log (Pmax) vs 
log (Fuv)" has a nearly l inear dependence with a slope of 1.35. Thus, 
when Pmax is near the gas pressure, an increase (decrease) of the 
non-ionizing UV radiat ion tends to i nh ib i t ( fur ther) cloud formation 
and consequently star formation. 

For the ISM gas pressure a dependence P = Ma R"* is assumed. 
Here a=2 and 3=4 i f the gas pressure is maintained by s te l l a r energy 
input (Dopita, 1985) or a=2.5 and 8=4.5, i f hydrostatic equi l ibr ium is 
assumed. 

Hypothesis 

In isolated galaxies, the c r i t i c a l pressure Pmax, above which the 
t rans i t ion WG -»• SC occurs, is close to the ISM gas pressure P. 

*See last page for a glossary of terms and a l i s t of approximations. 
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I f the hypothesis is co r rec t (P»Pmax) and the assumed 
approximations are not far o f f , isolated galaxies should fol low the 
re la t ion 

log Mh=A + PI log(Mwd Lb dl/d2) + P2 log dl (2) 

where Pl=0.40 and P2=0.39 if the gas pressure is maintained by stellar 
energy input. If hydrostatic equilibrium is assumed Pl=0.35 and 
P2=0.47. 

Results 

To test the va l i d i t y of equation (2) we used the Sc and Sd 
galaxies of the sample of Chini et a l . (1986), the i r regular galaxies 
of the sample of Hunter et a l . (1986) and M82 and the blue compact 
galaxy IZW18 of the sample of Gondhalekar et a l . (1986). Figure 1 
shows the re lat ion log(Mh) vs 0.35 log (Mwd Lb dl/d2) + 0.47 log (dl) 
for these galaxies. A- least-squares f i t to the sample points gives a 
s t ra ight l ine with a corre lat ion coef f ic ient of 0.97 as well as the 
expected slope. The typical error bars are also shown in Figure 1 with 
the assumption that a l l the parameters have a re la t ive error of 0.2. 

0.35 log!M,«Lb 6\/6z)+OA7 log(di) 

F ig . 1 : The re la t ion log(Mh) vs 0.35 log (Mwd Lb dl/d2) +0 .47 l o g ( d l ) . 
The Galaxy is plot ted as x. 
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Discussion 

It is necessary to improve the multiple approximation used to 
derive equation (2) in order to reach definitive conclusions; however 
many general conclusions may be given: 
- For the assumed ISM gas model SFR is self-regulated in such a way 
that it holds Pmax close to the ISM gas pressure P. 
- From all the parameters present in the model the mean energy density 
\}\ is the one which can vary most rapidly and can transport information 
most efficiently. Thus \)\ may be considered as the physical quantity 
that regulates star formation. 
- Dust effects are important in determining the SFR in isolated 
galaxies. 
- Blue Compact Galaxies have been described as galaxies that show 
intense bursts of star formation at the present epoch (Gondhalekar et 
al. 1986), but here it is shown that the high UV luminosity is due to 
the low dust content. The sample member NGC 1569 is the one which had 
the major deviation from the model. This was possibly due to a burst 
of star formation. 
- Interaction between galaxies may produce perturbations in all the 
model parameters. If the interaction perturbs galaxy parameters to 
points above (below) the curve in Figure 1 the SFR tends to increase 
(decrease). 

A model including the ISM inhomogeneities and the time lag between 
the WG +• SC transition and star formation is necessary to reach 
definitive conclusions. 

In a non-explicit manner, the galactic rate of supernovae plays an 
important role in this model. Many of the parameters used here are 
sensitive to the supernova distribution in space and time (i.e. the 
energy density of non-ionizing UV radiation, the ISM gas pressure and 
the WG filling factor). Additionally, it is well known that supernova 
shell fragmentation is an important source of neutral clouds. 
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Glossary 

WG - ISM warm gas 
SC - ISM small cool clouds 
Pmax - Gas pressure at the marginal state of stability for the 

transition WG -»• SC due to thermal instabilities 
Ye - Mean efficiency for photoelectric emission 
ps - Solid density of grains 
Qa - Grains efficiency factor for absorption 
a - Mean radius of grains 
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Mg - T o t a l gas mass 
MH - T o t a l hydrogen mass 
M* - T o t a l s t e l l a r system mass 
Md - T o t a l dus t mass 
Mwd - T o t a l warm dus t mass ( i . e . T~50 K) 
Ux - Mean non-ionizing UV density energy 
Lb - Blue luminosity 
d l - Major galaxy diameter 
d2 - Minor galaxy diameter 

Approximations 

i ) U = Cte.Lb/(dld2) 

i i ) Cte, Mwd/Md, MH/Mg and Mg/M* are the same for a l l the galaxies 
in the sample 

References 

Chini, R., Kreysa, E., Krugel, E., and Mezger, P.G., 1986, 
Astr. Ap., 166, L8 

Dopita, M., 1985, Ap. J., (Letters), 295, L5 
Gondhalekar, P., Morgan, O.H., Dopita, M., and Ellis, R.S., 1986, 

Mon. Not. R. Astr. S o c, 219, 505 
Hunter, D.A., Gillett, F.C., Gallagher, J.S., Rice, W.L. and Low, F.J., 

1986, Ap. J., 303, 171 
Jura, M., 1976, Ap.~J7, _20£, 12 
Parravano, A., 1987, Astr. Ap., 172, 280 
Spitzer, L., 1978, Physical Processes in the Interstellar Medium, 

Wiley, New York 

https://doi.org/10.1017/S0252921100102933 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100102933



