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A B S T R A C T . W e discuss small scale structure in the Galactic magnetic field as 

inferred from Faraday rotation measurements of extragalactic radio sources. The 

rotation measure data suggest a continuum of length scales extending from parsec 

scales down to at least 0.01 pc and perhaps to as small as 10 9 cm. Such turbulence in 

the magnetic field comprises a reservoir of energy that is comparable to the energy 

in the large scale field. 

1. I n t r o d u c t i o n 

Three measureable Une integrals are useful for discussing the Galactic magnetic 

field. These are the rotation measure (RM, from polarization observations), the 

dispersion measure (DM, from pulsar timing), and the scattering measure (SM, 

from radio wave scattering). SM is an integral of the wavenumber spectrum n\(q) 

of the electron density over length scales less than about 1 A U : 

SM = j ds j d3q n\(q). 
"'o < l AU 

Combinations of RM,DM,SM may be used to infer the nature of small scale 

variations in n e , B, and their product neB. Here we emphasize the discussion 

of the magnetic field. The main topics discussed are: ( 1 ) Distinguishing intrinsic 

and Galactic RMs; ( 2 ) Distinguishing large scale sys temat ic Β and small scale 

r a n d o m B\ ( 3 ) The wavenumber spectra of SB and Sne; and (4 ) Energetics of SB 

'turbulence.' 

2 . R o t a t i o n M e a s u r e s 

Rotation measures vary between the lobes of double radio sources; most of this 

appears due to magnetoionic material in the Galaxy because the rms R M is strongly 
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correlated with galactic latitude 6 [1,2]. Cases with large intrinsic R M s are diagnosed 

using depolarization vs. frequency and eliminated. The difference ARM (SO) = 

RM(0 + SO) — RM (θ) may be used to study the length scales of electron density 

and magnetic irregularities. A contribution to ARM (SO) arises even if there is 

only a large scale magnetic field and a uniform electron density. However, this 

'geometric' contribution is demonstrably much smaller than that from small scale 

irregularities, at least when looking at sources at small galactic latitudes. 

The mean square of ARM (SO) is the 'structure function' of RM, which measures the 

characteristic angular scales of RM. Estimates of the structure function [1,2,3] from 

various samples of extragalactic sources show that: (1 ) For fixed SO, the structure 

function amplitude is much larger for a sample of sources in the galactic plane 

than at or near the North Galactic Pole; ( 2 ) For b « 0° , the structure function is 

significantly larger than that seen for a sample with b « 90° for all SO > 10~ 3 deg. 

This signifies the presence of irregularities as small as 0.01 to 0.1 pc for assumed 

intersteUar distances of 1 to 10 kpc to the material. 

3. T u r b u l e n c e in Sne and SB 

Pulsar intensity scintillations and angular broadening of pulsars, masers, and A G N s 

indicate electron density variations with a wavenumber spectrum of the form 

Pn.{q) = Clq-a, ( 1 ) 

with a = 11/3 ± 1/3 and including length scales I = 2w/q at least in the range of 

10 9 to 1 0 1 4 cm and possibly extending to much larger (e.g. pc ) scales [4, 5]. 

If the product quantity S(neB\\) has a similar spectrum, the form of the structure 

function will be [1] 

([ARM(SO))2) cx (SO)5'3, 

where the 5/3 exponent holds for a = 11/3 and if SO is intermediate to the apparent 

angular sizes of the largest and smallest length scales present. This form is roughly 

consistent with the structure functions for selected regions of the sky, suggesting 

that the distribution of length scales in n e and perhaps Β \\ indeed extends to parsec 

scales. 

On theoretical grounds [6], it is reasonable to assume that fluctuations in A M are 

due to fluctuations in both n e and Β. In fact, the simplest way to understand the 

density variations is if they are driven by magnetic field and velocity fluctuations. 

Studies of M H D turbulence and propagation of M H D waves suggest 

https://doi.org/10.1017/S0074180900189521 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900189521


57 

with C ~ 1 and η = 2 for M H D turbulence and η = 1 for obliquely propagating 
M H D waves. Using this relation with eqn (1 ) yields the ratio of the energy density 

in magnetic field fluctuations to the energy density of the large scale field: 

where C\ is expressed in units of ( m e t e r s ) - 2 0 / 3 , £ in pc. For an 'outer' scale £ p c = 1, 
ne = 0.025 c m " 3 , and C\ = 1 0 ~ 3 , 5 , the ratio of energy densities is about unity. 
Larger values for both quantities obtain for lines of sight through the inner part of 
the Galaxy, but to some extent these will cancel. Thus it appears that the energy 
invested in small scale magnetic turbulence is about the same as what is in the large 
scale field. The ratio is larger if the outer scale is larger than 1 pc, as has been 
suggested by others [4, 7]. 
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MOUSCHOVIAS: I wou ld l i k e t o t a k e e x c e p t i o n w i t h t h e s t r o n g e x c e p t i o n 
y o u h a v e j u s t t a k e n c o n c e r n i n g t h e r e g u l a r i t y o f t h e i n t e r s t e l l a r m a g n e t i c 
f i e l d ! Can y o u r e a l l y s a y t h a t y o u o b s e r v e d i n t e r s t e l l a r turbulence» 
A r e n ' t t h e f i e l d v a r i a t i o n s o b s e r v e d j u s t l o c a l d i s t u r b a n c e s o f an 
o t h e r w i s e r e g u l a r f i e l d due t o phenomena such as HII r e g i o n s , s u p e r n o v a 
r e m n a n t s , b i p o l a r o u t f l o w s ( o r w i n d s ) e t c . ? F o r e x a m p l e , t h e f i e l d r e v e r s a l 
a t G a l a c t i c l o n g i t u d e s 40* < 2 < 6 0 e i s due t o t h e N o r t h P o l a r Spur. 
A l s o , t h e r e a r e k n o w n s m a l l - s c a l e d i s t o r t i o n s due t o g r a v i t a t i o n a l 
c o n t r a c t i o n o f c louds . Can y o u r e a l l y c o n v e r t o b s e r v e d v a r i a t i o n s in 
e l e c t r o n d e n s i t y i n t o r e l i a b l e s t a t e m e n t s c o n c e r n i n g t a n g l e d m a g n e t i c 
f i e l d s and i n t e r s t e l l a r hydromagnetic t u r b u l e n c e ? 
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CORDES: A l l s t u d i e s o f t h e i n t e r s t e l l a r m a g n e t i c f i e l d i n d i c a t e t h a t 
f l u c t u a t i o n s a r e e q u a l t o t h e a m p l i t u d e o f a n y s y s t e m a t i c f i e l d . L u c k i l y , 
t h e f l u c t u a t i o n s a r e smal l e n o u g h so t h a t a s y s t e m a t i c f i e l d can be 
identified, bu t as y e t t h e r e a r e no success fu l f i t s t o t h e d a t a t h a t y i e l d 
t h e s t r u c t u r e o f t h e l a r g e - s c a l e f i e l d . I t i s b y no means c l e a r as t o 
w h i c h came f i r s t , t h e l a r g e - s c a l e f i e l d or t h e i r r e g u l a r f i e l d . W h e t h e r 
s m a l l - s c a l e f l u c t u a t i o n s in Β compr i se b o n a f i d e t u r b u l e n c e ( i n t h e s e n s e 
o f a c a s c a d e from l a r g e t o smal l or smal l t o l a r g e s c a l e s ) i s unknown . My 
use o f t h e t e rm ' t u r b u l e n c e ' shou ld be i n t e r p r e t e d as a c o n c i s e t e rm fo r 
s m a l l - s c a l e v a r i a t i o n s . T h e r e i s c o m p e l l i n g e v i d e n c e from s p a c e c r a f t and 
g r o u n d - b a s e d s t u d i e s t h a t t h e i n t e r p l a n e t a r y medium c o n t a i n s t u r b u l e n c e 
m a n i f e s t e d as f l u c t u a t i o n s in b o t h e l e c t r o n d e n s i t y and m a g n e t i c f i e l d . I t 
i s r e a s o n a b l e t o a t l e a s t c o n t e m p l a t e t h a t a s imi l a r s i t u a t i o n ho lds in 
t h e i n t e r s t e l l a r medium. T h e e x i s t e n c e o f a b r o a d spec t rum o f m a g n e t i c 
i r r e g u l a r i t i e s may be required t o e x p l a i n t h e smoo thnes s o f t h e cosmic 
r a y e n e r g y spec t rum, a p o i n t made r e c e n t l y b y J.R. J o k i p i i . S u p e r n o v a and 
s t e l l a r w i n d shocks m a y in f a c t d r i v e t u r b u l e n c e in t h e i n t e r s t e l l a r 
medium. 

VERSCHUUR: P r e l i m i n a r y o b s e r v a t i o n s o f g a l a c t i c b a c k g r o u n d p o l a r i z a t i o n 
t o g e t h e r w i t h Dr. T . S p o e l s t r a r e v e a l e d u n r e s o l v e d s t r u c t u r e in t h e N o r t h 
P o l a r Spur o f o r d e r 0.9 pc in e i t h e r t h e r o t a t i n g medium a n d / o r t h e 
i n t r i n s i c m a g n e t i c f i e l d . U n f o r t u n a t e l y t h e e a r t h ' s g r a v i t a t i o n a l f i e l d 
p r e v e n t e d our pu r su ing t h e s e m e a s u r e m e n t s w h e n t h e 3 0 0 - f o o t t e l e s c o p e 
c o l l a p s e d j u s t b e f o r e w e w e r e due t o map t h e f i e l d in a s e c t i o n o f t h e 
spur . 

CORDES: In g e n e r a l , t h e f l u c t u a t i o n s in p o l a r i z a t i o n o f G a l a c t i c 
s y n c h r o t r o n r a d i a t i o n d e p e n d on f l u c t u a t i o n s in m a g n e t i c f i e l d and cosmic 
r a y d e n s i t y and e n e r g y in emi s s ion r e g i o n s and f l u c t u a t i o n s in m a g n e t i c 
f i e l d and t he rma l e l e c t r o n d e n s i t y a l o n g t h e l i n e o f s i g h t . Much cou ld be 
l e a r n e d from a d e t a i l e d s t u d y l i k e t h e one y o u i n i t i a t e d . 

BERKHUIJSEN: We h a v e a n a l y z e d w h a t mechan i sms cou ld be r e s p o n s i b l e 
f o r t h e d e p o l a r i z a t i o n o f t h e emis s ion from t h e SW q u a d r a n t o f M31 ( s e e 
Berkhu i j sen and Beck , t h i s v o l u m e ) . F a r a d a y d i s p e r s i o n across t h e 3' beam 
a p p e a r s t o be i m p o r t a n t . T h e d i s p e r s i n g c e l l s shou ld h a v e a d i s p e r s i o n in 
RM a R M < 3 rad m ~ 2 and s i z e s c a l e s dj_ < 200 pc i f t h e d e p o l a r i z a t i o n 
occur s in M 3 1 , and d i < 0.4 pc i f i t h a p p e n s in our G a l a x y . I f t h e o n e -
d i m e n s i o n a l f i l l i n g f a c t o r fj_ < 1 t h e s c a l e s w i l l be sma l l e r . T h e s i z e s o f 
t h e r e q u i r e d c e l l s in our G a l a x y a g r e e v e r y w e l l w i t h y o u r r e s u l t s . 

CORDES: I t w o u l d be i n t e r e s t i n g t o i n v e s t i g a t e t h e d e p o l a r i z a t i o n as a 
f u n c t i o n o f a n g u l a r r e s o l u t i o n t o t e s t w h e t h e r t h e r e i s a spec t rum o f c e l l 
s i z e s . T h e l o g - l o g s l o p e o f t h e d e p o l a r i z a t i o n v s . r e s o l u t i o n c u r v e w o u l d 
be r e l a t e d t o t h e shape o f t h e RM i r r e g u l a r i t y spec t rum. 
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