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1. Introduction 

In the last few years our knowledge of the strengths and directions of magnetic fields in molecular 

clouds has increased significantly. This paper briefly reviews observations of magnetic field strength 

and direction, compares such observations with equipartition models, and discusses the implications 

of these comparisons for the typical internal structure of the field in a molecular cloud. 

2. Equipartition among Magnetic, Kinetic, and Gravitational Energy 

Figure 1 summarizes 14 measurements of magnetic field strength , based on the Zeeman effect in 

lines of O H and H , and the equipartition field strength B e q , compiled by Myers and G o o d m a n (1988a, 

hereafter M G a ) . The equipartition field strength is calculated by assuming equality among the 

magnetic, kinetic, and gravitational energy densities, respectively Μ, Κ, and G, for a uniform sphere 

with radius R, column density JV, and F W H M velocity dispersion Av. A n equivalent statement of 

the equipartition is that the Alfven speed, velocity dispersion, and free-fall speed are equal. This 

three-way equipartition implies 

_ 3 f5\1/2Av2 _ CAv2 

B e q ~~ 8 ln2 \ G J R - R ' ( 1 ) 

where G is the gravitational constant and C = 15 / i G k m - 2 s 2 (Myers and G o o d m a n 19886, hereafter 

M G 6 ) . This expression for Beq is consistent with that derived from the less restrictive, two-way 

equipartition M = G , 

/ G \ 1 / 2 

Beq = Znmlj) Ν = DN, (2) 

where m is the mean molecular mass and D = 4.2 X 1 0 ~ 2 1 pG c m 2 (e.g., Chandrasekhar and Fermi 

1953). E q . ( 2 ) is better-known than eq. (1 ) , but its comparison to observations is more difficult than 

for eq. (1) because regions of high density and field strength have column density Ν uncertain by 

a factor 10 or greater, while their line width Av and the m a p size R are each usually uncertain by 

a factor less than 2. 

Figure 1 shows that Β^β = Beq within a factor of about 2 for a range of three decades in field 

strength, from ~ 10 pG to ~ 10 m G . O f the three new measurements of field strength reported 

at this meeting, two (in Barnard 1 and N G C 2024) appear consistent with Beq within a factor 2, 

while one (in T M C - 1 C ) is less certain because the field strength deduced from the Zeeman effect 

depends on molecular constants for the molecule C C S , which have not yet been verified by laboratory 

measurement. 

8. Equipartition Field Strengths in Molecular Clouds 

The line width Δ ν and cloud size R have been measured for hundreds of molecular clouds in 

numerous molecular lines, so one can estimate the equipartition field strength Beq for many clouds 
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F i g u r e 1: Magnetic field strengths observed (B0be) and predicted (Beq) in 14 molecular clouds and 

molecular cloud cores. BQba is equal to either twice the line-of-sight component, 2B\\ {filled squares), 

or the total field strength, Β (filled circles). The solid line indicates = Beq; the error bars 

indicate estimated uncertainty of a factor of 2. Prom M G a . 

R (pc) 

F i g u r e 2: Nonthermal velocity dispersion vs. size for molecular clouds and cloud cores observed in 

several molecular lines. Curves show predictions of the model of equipartition among Κ, Μ, and G 

for a uniform sphere with temperature 10 K . Heavy curves, constant field strength as labeled; light 

curves, constant cloud mass as labeled. Adapted from M G 6 . 
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using eq. ( 1 ) , or a slightly more general version which distinguishes thermal and nonthermal kinetic 

energy ( M G 6 ) . For this estimate we use the nonthermal part of the velocity dispersion, 

where Ä; is Boltzmann's constant and Τ is the kinetic temperature. This allows for the relatively 

few clouds whose nonthermal line widths are small enough to be comparable to their thermal line 

widths: then the nonthermal and total line widths differ, and only the nonthermal part is attributed 

to magnetic origins. 

Figure 2 shows the relation of σχτ and R for more than 100 clouds observed primarily in lines of 
1 2 C O , 1 3 C O , and N Ü 3 ( M G 6 ) . The values of σ^τ and R appear correlated, approximately according 

to σNT <* Ä 1 / 2 , as was first discussed by Larson (1981). The solid lines in Figure 2 show predictions 

of the three-way equipartition model for various field strengths Beq. The data for the 14 clouds in 

Figure 1, which also have estimates of Β^», are shown as open squares. 

Most of the clouds represented in Figure 2 have equipartition field strengths within a factor 2 of 30 

/zG. If their true field strengths are generally close to their equipartition values, the relative variation 

of Β is then small compared to the relative variation of R, and the correlation evident in Figure 2 

is easily understood from eq. ( 1 ) . 

4. S p a t i a l S t r u c t u r e o f M a g n e t i c F i e l d s in M o l e c u l a r C l o u d s 

The apparent consistency of the equipartition field strength, derived from observed line widths, 

and the observed field strength, derived from the Zeeman effect, carries implications for the spatial 

structure of the field in molecular clouds. If the field were highly uniform, so that the mean 

field strength Β were typically much greater than the characteristic spatial fluctuation in the field 

strength SB, then the observed velocity dispersion would arise solely from thermal and nonmagnetic 

turbulent motions. Its similarity to the Alfven speed, evident in Figure 1, would then be an unlikely 

coincidence. O n the other hand, if the field were highly tangled, so that δ Β » Β, then one would 

not expect to detect the Zeeman effect, which requires a nonzero component of the field along the 

line of sight; and one would not expect to observe the highly correlated field directions from point 

to point in dark clouds, deduced from the position angles of optical polarization of background 

stars (e.g., V r b a , Strom, and Strom 1976; G o o d m a n et al 1990, this volume) . Thus it appears more 

plausible that Β » SB, i.e. the mean and fluctuating component of the field are typically of the 

same magnitude. 

If Β « δ Β, the question of whether the typical self-gravitating cloud is supported by its magnetic 

field or by its internal "turbulent" motions becomes somewhat academic: the turbulent motions are 

primarily magnetic, and both sources of support are present, with about the same energy density. 

The origin of the fluctuations still requires explanation, and hydromagnetic waves appear to offer a 

plausible account, if their excitation is sufficiently energetic (e.g., Arons and M a x 1975; Shu, A d a m s 

and Lizano 1987). 
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POUQUET: 3 m e t h o d s o f m e a s u r i n g Β ( Δ ν Ν Τ ; Zeeman; dus t g r a i n ) l e a d y o u 
t o c o n c l u d e t h a t S i s s l i g h t l y t a n g l e d . But a t w h a t s c a l e , compared , f o r 
e x a m p l e , t o t h e s c a l e o f v e l o c i t y a n d / o r d e n s i t y o f c lumps? On w h a t 
r a n g e o f s c a l e s d o e s t h i s a r g u m e n t ( s l i g h t e n t a n g l e m e n t ) ho ld? 

MYERS: T h e a p p a r e n t e q u a l i t y o f B e q , b a s e d on random m o t i o n s , and B « , 
b a s e d on Zeeman e f f e c t , ha s b e e n on s c a l e s r a n g i n g f rom a b o u t 1 0 1 6 cm 
in c louds a s s o c i a t e d w i t h mase r s and compac t HII r e g i o n s , t o a b o u t 
1 0 1 9 cm in e x t e n d e d dark c l o u d s . In L1641 and in S106 t h e r e i s a l s o 
some e v i d e n c e fo r B e q « BH f rom s c a l e t o s c a l e w i t h i n e a c h c loud . A s 
y o u r q u e s t i o n s u g g e s t s , i t i s i m p o r t a n t t o e s t a b l i s h t h e r a n g e o f s c a l e s 
o v e r w h i c h B e q a B « and a t w h i c h s c a l e s i t b r e a k s d o w n . 

MOUSCHOVIAS: I w o u l d l i k e t o c a u t i o n t h a t u s ing m o l e c u l a r l i n e w i d t h s 
and masses o f c o r e s t o i n f e r m a g n e t i c f i e l d s t r e n g t h s i s d a n g e r o u s 
( e s p e c i a l l y a t d e n s i t i e s ^ 1 0 5 c m " 3 ) . Our r e s u l t s show t h a t ( 1 ) amb ipo l a r 
d i f f u s i o n is in p r o g r e s s a t t h e s e d e n s i t i e s , and ( 2 ) t h e f i e l d s t r e n g t h i s 
n o t due t o t h e s e l f - g r a v i t y o f a c o r e bu t due t o t h a t o f t h e c loud as a 
w h o l e . 

T o i l l u s t r a t e t h e l a t t e r p o i n t , c o n s i d e r a t h o u g h t e x p e r i m e n t : R e m o v e 
t h e m a t t e r o f t h e c o r e and l e a v e an e m p t y c a v i t y t h e r e , and ask w h a t 
t h e f i e l d s t r e n g t h w i l l b e in t h e c a v i t y . I f t h e c o r e ' s mass c o n f i n e d t h e 
f i e l d , t h e f i e l d w o u l d d rop t o z e r o ( o r a t l e a s t t o t h e i n t e r c l o u d v a l u e o f 
- 3 / i G ) . T h a t c a n n o t h a p p e n b e c a u s e t h e v e r y l a r g e mass o f t h e m o l e c u l a r 
c l oud e n v e l o p e c o n f i n e s t h e f i e l d , and i t s v a l u e in t h e c a v i t y w o u l d be 
t h a t w h i c h i s a p p r o p r i a t e t o t h e total mass and t h e d e n s i t y o f t h e c loud 
su r round ing t h e c o r e ( s e e r e v i e w b y M o u s c h o v i a s 1987, in Physical 
Processes in Interstellar Clouds, eds . G. M o r f i l l and M. Scho le r , R e i d e l , 
D o r d r e c h t , p . 453 , f o r t h e p r o p e r i n t e r p r e t a t i o n o f l i n e w i d t h as c a u s e d 
b y h y d r o m a g n e t i c w a v e s ) . 

R U Z M A I K I N : What i s t h e p h y s i c a l mean ing fo r t h e r e l a t i o n B e q ~ ( A v ) 2 / R ? 
I t l o o k s l i k e a c o n t r a d i c t i o n t o t h e e q u i p a r t i t i o n r e l a t i o n B e q

2 - η ( Δ ν ) 2 

~ U v ) 2 / R w h e n η - R " 1 . 

MYERS: B e q ~ U v ) 2 / R a r i s e s f rom b o t h ( 1 ) " v i r i a l " e q u i l i b r i u m Δ ν ~ 
( G M / R ) 1 / 2 ~ sip R and ( 2 ) " m a g n e t i c " e q u i l i b r i u m Δ ν - B /Vp . E l i m i n a t i n g P, 
t h e mass d e n s i t y , g i v e s Β ~ A v 2 / R . E l i m i n a t i n g Δ ν g i v e s Β ~ PR. In y o u r 
q u e s t i o n , η ~ R " 1 shou ld r e a d η - B R " 1 , t h e n Β ~ ( A v ) 2 / R f o l l o w s . 
P h y s i c a l l y , t h e s e a s sumpt ions r e p r e s e n t an e q u i p a r t i t i o n among k i n e t i c , 
m a g n e t i c , and g r a v i t a t i o n a l e n e r g y d e n s i t i e s ; or e q u i v a l e n t l y , an 
a p p r o x i m a t e e q u a l i t y o f t h e l i n e w i d t h , t h e A l f v é n s p e e d , and t h e 
g r a v i t a t i o n a l e s c a p e s p e e d . 

MOUSCHOVIAS: F o r m a g n e t i c a l l y - s u p p o r t e d s e l f - g r a v i t a t i n g c louds , t h e 
A l f v é n s p e e d i s c o m p a r a b l e t o t h e f r e e - f a l l s p e e d ( a l m o s t b y d e f i n i t i o n ) . 
T h a t i s v A « V f f « ( G M / R ) 1 / 2 « O r G a R ) 1 / 2 , w h e r e σ s M / ï ï R 2 , so t h a t 
v i r i a l i z e d l i n e w i d t h s a r e n a t u r a l l y e x p e c t e d in such c louds . In o t h e r 
w o r d s , t h e m o t i o n s r e s p o n s i b l e f o r supe r son i c l i n e w i d t h s in m o l e c u l a r 
c louds a r e mos t l i k e l y long-wavelength h y d r o m a g n e t i c w a v e s , w h i c h 
r e s e m b l e l a r g e - s c a l e o s c i l l a t i o n s ( v i b r a t i o n a l or r o t a t i o n a l ) w i t h i n a c loud 
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( M o u s c h o v i a s , 1975, in Ph.D. Thesis, U n i v . o f C a l i f o r n i a a t B e r k e l e y ) and 
wh ich damp e s s e n t i a l l y on t h e amb ipo l a r d i f f u s i o n t i m e s c a l e ( s e e r e v i e w 
1987, in Physical Processes in Interstellar Clouds, e d s . G. M o r f i l l and 
M. Scho le r , R e i d e l , D o r d r e c h t , p . 453 , s e c t i o n 2 . 2 ) . I t i s t hus c l e a r t h a t 
Δ ν « R 1 / 2 , bu t t h e p r o p o r t i o n a l i t y "cons tan t " i s n o t c o n s t a n t a t a l l ! I t 
depends on t h e column d e n s i t y σ ( i n g / c m 2 ) . In f a c t , t h e s c a t t e r s e e n on 
l o g ( A v ) - l o g ( R ) p l o t s may be j u s t due t o v a r i a t i o n s o f σ f rom ob jec t t o 
ob jec t ; t h i s shou ld be l o o k e d i n t o b y our o b s e r v e r c o l l e a g u e s . T h e r e a s o n , 
I b e l i e v e , t h e s c a t t e r a b o u t t h e Δ ν « R 1 / 2 l i n e i s n o t much l a r g e r t h a n 
t h a t o b s e r v e d , i s due t o t h e f a c t t h a t t h e b a c k g r o u n d m a g n e t i c f i e l d d o e s 
no t d e p a r t much from » 3 μΟ and , f o r m a g n e t i c a l l y - s u p p o r t e d c louds , σ « Β 
( s e e e q u a t i o n ( 3 c ) in t h e r e v i e w c i t e d a b o v e ) . 

MYERS: One m i g h t e x p e c t t h e r e l a t i o n Β « ρ 1 / 2 t o a p p l y t o non-self-
g r a v i t a t i n g c louds , in a d d i t i o n t o s e l f - g r a v i t a t i n g c l o u d s . I f t h e l i n e 
w i d t h i s c o m p a r a b l e t o t h e A l f v é n s p e e d t h e n Β « Δ ν Ρ 1 / 2 . N o w in a l l 
k n o w n i n t e r s t e l l a r c louds t h e r a n g e o f Δ ν i s a b o u t t w o o rde r s o f 
m a g n i t u d e , w h i l e t h e r a n g e o f p 1 / 2 i s abou t f i v e o r d e r s o f m a g n i t u d e . 
T h e n t h e s m a l l e r r a n g e o f Δ ν w i l l a p p e a r as a c o n s t a n t o f p r o p o r t i o n a l i t y 
and Β « ρ 1 / 2 w i l l r e s u l t . 

DOGIEL: T w o comments : 
1. B e s i d e s t h e i n f l u e n c e o f an amb ipo l a r d i f f u s i o n i n s i d e m o l e c u l a r c louds 
on t h e s t r u c t u r e o f m a g n e t i c f i e l d t h e p r o c e s s e s o f m a g n e t i c f i e l d a m p l i c -
a t i o n s b y g a s t u r b u l e n c e n e e d t o be t a k e n i n t o a c c o u n t . A c c o r d i n g t o our 
c a l c u l a t i o n s t h e l a s t p r o c e s s can p r o v i d e m a g n e t i c f i e l d f l u c t u a t i o n 
s p e c t r a w h i c h d i f f e r f rom t h o s e e x p e c t e d from t h e e q u i l i b r i u m c o n d i t i o n s , 
e s p e c i a l l y in t h e subson ic s c a l e r a n g e o f g a s m o t i o n s . 

2 . I w o u l d l i k e a l s o t o n o t i c e t h e i m p o r t a n c e o f t h e r e s u l t s p r e s e n t e d b y 
Dr. M y e r s . I f s m a l l - s c a l e m a g n e t i c f i e l d f l u c t u a t i o n s a r e o f an o r d e r o f 
l a r g e - s c a l e m a g n e t i c f i e l d in c louds , t h e CR p r o p a g a t i o n t h e r e d i f f e r s 
f rom t h a t p r e v i o u s l y supposed . 

SHUKUROV: We h a v e h e a r d t o d a y abou t a n i c e a g r e e m e n t b e t w e e n t h e o r y 
and o b s e r v a t i o n s o f m a g n e t i c c l ouds . N o b o d y f e e l s c o m f o r t a b l e w i t h t h i s 
u n u s u a l l y g o o d a g r e e m e n t . I 'd l i k e t o t r y t o add a p r o b l e m . A s Dr. D o g i e l 
ha s m e n t i o n e d , t h e r e shou ld be c h a o t i c m a g n e t i c f i e l d s w i t h i n t h e c louds 
w h o s e s t r e n g t h s a r e c o m p a r a b l e w i t h t h e r e g u l a r f i e l d s t r e n g t h . T h i s 
c h a o t i c f i e l d c a n n o t be r e v e a l e d b y Zeeman m e a s u r e m e n t s bu t i t c o n -
t r i b u t e s t o m a g n e t i c p r e s s u r e and amb ipo l a r d i f f u s i v i t y ( t h e l a t t e r 
q u a n t i t y can s u f f e r a c h a n g e b y t h e f a c t o r o f 4 ) . I s t h i s c h a o t i c f i e l d 
i n c l u d e d in e q u i l i b r i u m and dynamic mode l s o f i n t e r s t e l l a r c louds? 

HEILES: In o r d e r t o measu re b o t h B | and B i from t h e Zeeman e f f e c t , w e 
must measu re n o t o n l y c i r c u l a r bu t a l so l i n e a r p o l a r i z a t i o n . T h e l i n e a r 
p o l a r i z a t i o n comes from t h e π c o m p o n e n t s . T h e s e a r e n o t e a s i l y measu red 
in t h e c a s e o f l i n e s p l i t t i n g δν « t h e l i n e w i d t h ΔΙ/ . In t h i s c a s e , t h e 
S t o k e s V spec t rum i s l e f t - r i g h t c i r c u l a r * oV/Δΐζ. In c o n t r a s t , t h e S t o k e s 
Q and U s p e c t r a « ( ό ν / Δ ΐ / ) 2 . I f δν/LV ~ 1 0 " 3 , t h e n i t r e q u i r e s ~ 1 0 6 t imes 
more i n t e g r a t i o n t ime s i m p l y fo r d e t e c t i o n . T h e s e n s i t i v i t y r e q u i r e m e n t s 
a re p r o h i b i t i v e un l e s s ( ô V / Δ ΐ ζ ) i s n o t t o o smal l . 
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