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A B S T R A C T . We show tha t the radiat ive cooling propert ies of the interstel lar gas 
lead natura l ly to a scaling law for the magnet ic field of the form Β oc n 1 / 2 , if 
the magnet ic field is amplified by a vigorous injection of turbulent energy due to 
expanding HII regions, stellar winds, supernova explosions, stellar je ts , etc. 

1. H o w is t h e in ters te l lar m a g n e t i c field ampl i f i ed? 

In regions of the interstellar medium which are supersonically tu rbulen t , the mag-
netic field is amplified unti l there is approximate equipart i t ion of energy between 
the turbulence and the magnet ic field. The more vigorous the input of turbulent 
energy, the stronger is the resulting magnetic field. 

2. H o w is ampl i f i ca t ion l i m i t e d ? 

This amplification process is limited by dissipation of the turbulence, either by ion-

neut ra l friction or by radiat ion from shocks. As long as the processes injecting 

tu rbulen t energy into the interstellar medium are coherent over time-scales longer 

t h a n the ion-neutral coupling time-scale, radiat ion from shocks dominates the dis-

sipation. 

Once the field has been amplified to equipart i t ion with the turbulence, distur-
bances propagate through the medium at speeds 

ν ~ vA = (4πρ)~1/2Β (1) 
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where ν A is the Alfvén speed, ν A will therefore be the typical speed of dissipative 
shocks. 

Because the radiat ive cooling efficiency of the interstellar gas increases steeply by 

several orders of magni tude above a critical t empera tu re Tc ~ 3000-10000K, shocks 

with speeds 

ν > vc > ( 1 6 f c T c / 3 m ) 1 / 2 (2) 

(where TO is the mean gas particle mass) are much more dissipative than those at 
lower speeds. 

Turbulent amplification of the magnet ic field is therefore relatively efficient as long 

as VA < VC) bu t much less efficient once ν A > vc- Over a wide range of turbulent 

energy input rates the magnet ic field will be amplified unti l ν A approaches VQ . The 

corresponding limit on the component of the magnet ic field along the line of sight 

is 

B\\ ~ (64nkTcp/9m)1/2 ~ C ( n / c m " 3 ) 1 / 2 (3) 

Here η = pj (2.4 x 1 0 " 2 4 g m ) is the number density of hydrogen nuclei in all forms 

in a gas with populat ion I composition. 

For predominant ly atomic gas with TO ~ 2.1 χ 1 0 ~ 2 4 g m and Tc ~ 10 4 K (due 

to the onset of bound-bound and bound-free cooling by H°), CH<> ~ 5.8pG. For 

predominant ly molecular gas with TO ~ 3.5 χ 1 0 " 2 4 g m and Tc ~ 3000K (due to the 

onset of dissociative cooling by H 2 ) , C\\2 ~ 2.5//G. 

3 . C o m p a r i s o n w i t h o b s e r v a t i o n s 

In the Figure, equation (3) is compared with observation. T h e solid diagonal line 

represents equation (3) with C = C H 2 as appropr ia te for predominant ly molecu-

lar gas; whilst the broken diagonal line represents equation (3) with C = CH<> as 

appropr ia te for predominant ly atomic gas. The rest of the Figure is copied from 

Fiebig and Gusten (1989) — their Figure 4 — and displays the run of magnetic 

field s t rength (parallel to the line of sight) with density. There is a remarkably tight 

correlation, in the sense tha t observed values of B\\ are concentra ted jus t below the 

limit given by equation (3). This correlation provides s trong suppor t for the role of 

supersonic turbulence in amplifying the interstellar magnet ic field. 

T h e fact tha t very few values of B\\ are measured well below the limit may be a 

selection effect, in the sense tha t larger magnet ic fields are more readily detected. 

This is certainly the case for the H 2 O maser observations of high density gas, as 

emphasized by Fiebig and Güsten (1989). However, it may also be an indication 

of how vigorously and frequently turbulent energy is injected in to the interstellar 

med ium on the scales observed. 
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4 . D i s c u s s i o n 

We note tha t the mechanism discussed here to explain the observed correlation 

of magnet ic field and density is unrelated to tha t discussed by Mouschovias (1987). 

Mouschovias ' discussion entails the gas being in gravitat ionally bound , magnetically 

suppor ted configurations. As stressed by Fiebig and Giisten, these conditions do 

not obta in in the high density H 2 0 maser sources. They do not necessarily obtain 

in the lower density sources either. 

These H 2 0 masers are believed to arise in s trong MHD shocks (Kylafis and Nor-

m a n 1987), which are precisely the conditions produced by vigorously s t imulated 

turbulence . 

F i g u r e . The variation of B\\ with n . The diagonal lines represent equation (3) 
for predominant ly molecular gas (full line) and predominant ly atomic gas (broken 
l ine). T h e rest of the figure is copied from Fiebig and Giisten (1989) and represents 
a variety of observational est imates of B\\ and n . 
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5. C o n c l u s i o n s 

We conclude tha t the observed correlation of magnet ic field s t rength and density 

may be evidence for a high level of interstellar turbulence in the regions observed; 

and for a high efficiency of magnetic field amplification resulting therefrom. 
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