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ABSTRACT. This review addresses the quest ion of MHD p h e n o m e n a in the 
ga lact ic c e n t e r , wh ich are expectedly impor tant in view of the large value of the 
magnet ic f i e ld . A physical s imi lar i ty with other MHD env i ronments where 
magnet ic f ie lds are dominated by a dense dr iver and dominate a m o r e tenuous 
halo is r e c o g n i z e d . Known physics rules this type of c o u p l i n g . Most p roposed 
MHD theor ies of the ga lact ic center f i t , at least part ly , in this genera l f r a m e . 
One of them views Sgr A and its env i ronment up to 50pc as an act ive c o r o n a , 
s imi lar to that of the s u n . whose dr iver is some cent ra l a c c r e t i o n d isk , which 
may Cor may not) be the molecu lar r i n g . This unif ied p ic ture is out l ined and is 
shown to natural ly explain a number of otherwise puzzling observed fea tures , 
such as the radio arc and b r i d g e , possibly the ionized min isp i ra l and some 
aspects of the genera l energy ba lance of this r e g i o n . 

1 . EXISTENCE OF A STRONG MAGNETIC FIELD 

There is a c c u m u l a t i n g ev idence that the ga lact ic center harbours a s t rong 
magnet ic f i e ld . This c o m e s f rom Faraday rotat ion measurements (Tsuboi et 
a i . . 1986. Sofue et a l . . 1987) both in the arc and b r i d g e , which imply at least a 
ΊΟΟμΘ f ie ld in these features (Heyvaerts et a l . , 1988 ) . Indi rect ev idence 
c o n c e r n i n g the r ig idi ty of arc f i laments (Yusef Zadeh and M o r r i s , 1987) points 
to larger va lues. Infrared spec t ropo la r imet ry at 8 -10μ (A i tken et a l . , 1986) 
shows the f ie ld to be organized a long the nor thern a r m , and to be as high as 
1 0 ~ 2 . gauss . Simi lar organizat ion is observed by Werner et a». (1988) in the 
3pc dust r ing at ΙΟΟμ. with a value cons is tent with 10"~2 gauss . More d i rec t 
measurements of the f ie ld in these reg ions would obviously be of the utmost 
in terest . 

2 . EVOLUTION OF THE MAGNETIC FIELD 

This f i e l d , and assoc ia ted c u r r e n t s , in f luence f lu id mot ion by the J χ Β f o r c e . 
Conversely the f ie ld evolut ion is cont ro l l ed by the mot ions and by dissipat ive 
p rocesses th rough Faraday and Ohm's law which c o m b i n e in equat ion : 
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~ = rot ( ν χ Β ) + ηΔΒ ( 1 ) 

where η = (β0σ)~^ is the f ie ld diffusivity and σ the e lect r ic conduct iv i ty . Let ft be 
a charac te r is t i c f ie ld grad ient sca le . The rat io of the f i rst (convect ive ) te rm to 
the s e c o n d ( res is t ive ) one on the r . h . s . of (1 ) is the magnet ic Reynolds 
number R = ( Α ν / η ) . For ionized mate r ia l , ν = TOO k m / s . ϋ = l p c , R is T O 1 8 ! 
The dif fusive t e r m is usually neg l ig ib le , and the f lux - f reez ing t h e o r e m , wh ich 
states that in this l imit f ie ld and matter move together , is app l icab le . 
Never the less , the zero f ie ld diffusivity l imit may become inappl icab le at specia l 
p laces in the f low, where i happens to be much shor ter . This is the case of 
r e c o n n e c t i o n f lows , in which two di f ferent f ie ld systems are pressed together . A 
resist ive boundary layer develops at their in te r face , which has the shape of a 
th in l ine in wh ich resistivity cont ro ls the f low. Reconnect ion takes p lace t h e r e , 
between f ie ld l ines of the two sys tems, which are then quickly pul led away f rom 
the r e c o n n e c t i o n reg ion by a s t rong tension f o r c e . S o - c a l l e d t e a r i n g - m o d e 
instabi l i t ies spontaneously develop f lows in which reconnec t ion takes p lace , if 
they develop into a turbu lent r e g i m e , the s ingular boundary - l aye r l ine may 
b e c o m e an essent ia l ly f racta l ob ject . Reconnect ion then seems to o c c u r 
everywhere in the turbu lent r e g i o n , re leas ing substant ia l magnet ic energy into 
tu rbu len t k inet ic energy which quickly thermal izes . This will be re fered to as 
d i f fuse , or tu rbu len t , r e c o n n e c t i o n . 

M i c r o s c o p i c p lasma instab i l i t ies , wh ich may be t r iggered when cur ren t 
densi t ies pass cer ta in t h r e s h o l d s , have the potent ia l of enormous ly increas ing 
the magnet ic diffusivity in reg ions where they develop. T h r e s h o l d s , however , 
are h i g h , of o rder j * ^ 10 ne V j j for the i o n - c y c l o t r o n instabi l i ty , where V r i is 
the ion therma l veloci ty . For a typical ionized env i ronment , th is is 4 10~& A 
m ~ 2 , a c u r r e n t density wh ich c o r r e s p o n d s to a f ie ld c h a n g e of a mi l l igauss in 
20 k m . We expect this s i tuat ion when s c a l e - r e d u c i n g MHD processes have 
been a c t i n g . G. Benford presents in this meet ing a model based on the idea 
that some large sca le c i rcu i t is f i lamented in cur ren ts of that s ize , the g lobal 
c i r c u i t so b e c o m i n g resist ive rather than induct ive . The reason for this extreme 
f i l amenta t ion is cer ta in ly a c ruc ia l issue for his m o d e l . 

Only r e c o n n e c t i n g or . more genera l ly , resist ive reg ions can suppor t 
f ie ld a l igned e lec t r ic f i e lds , and are then a pr iv i leged site f o r J D . C . e lect r ic 
a c c e l e r a t i o n . Otherwise the law Ε + ν^χ B_̂ = ο ho lds , and Ε only causes 
drif t of c h a r g e d par t ic les at velocity (Ε χ Β ) / Β 2 , not acce le ra t ion to high 
energy . 

3. ENERGY DENSITIES 

Table I al lows us to c o m p a r e the impor tance of var ious forces developed in the 
50pcs f r o m ga lact ic c e n t e r , which is a relatively high energy density r e g i o n . 

The kinet ic ( a n d gravi tat ional ) energy of dense molecu lar matter 
dominates other e n e r g i e s , inc lud ing m a g n e t i c , but not always by a large 
m a r g i n . By cont ras t the f ie ld con t ro ls the mot ion of other more tenuous 
mate r ia l . It may however be conf ined by the pressure of a possib le X - ray 
emi t t ing g a s . at 1 0 8 K and density T c m ~ 3 . This s i tua t ion , where a dense f luid 
imposes its mot ions to a f ie ld which itself dominates a tenuous med ium is 
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fami l iar f rom other f ie lds of a s t r o - and geophys ics such as . for example , the 
system of the dense p h o t o s p h e r e / t e n u o u s c o r o n a on the s u n . 

Table I. A c o m p a r i s o n of representat ive energy densi t ies for var ious 
c o m p o n e n t s of the ga lact ic center r e g i o n . 

The c o n s e q u e n c e s of this are observed to be : 
(1 ) magnet ic heat ing of the tenuous m e d i u m . 
(2 ) dynamic MHD activity ( e r u p t i n g p r o m i n e n c e s , f l a r e s . . ) . 

it is then natural to expect some s imi i iar i ty in behaviour ( a n d 
morpho logy ) between the solar c o r o n a / h e l i o s p h e r e and the ga lact ic center 
r e g i o n . This is explored by Heyvaerts et a l . (1988) (herea f te r HNP (1988) for 
b r e v i t y ) . 

The physics of this d r i v e r / f i e l d / c o r o n a l med ium c o u p l i n g is descr ibed 
below and depends on whether the f ie ld is open or c loses back on the 
di f ferent ia l ly rotat ing dr iver . 

4 . COUPLING OF OPEN FIELDS TO A ROTATING DRIVER 

At the large s c a l e , the dense f luid may be regarded as c o n d e n s e d in a p lane 
and in c i r c u l a r m o t i o n . If the over ly ing magnet ic s t ruc ture is open and 
ax isymmetr ic a stat ionary state is poss ib le , wh ich may suppor t a thermal or 
cent r i fuga l ly dr iven wind ( B l a n d f o r d and Payne. 1982 ) . Shibata and Uchida 
(1987) and Uchida et a l . (1985) explored numer ica l ly the i l l - k n o w n 
n o n - s t a t i o n a r y evo lu t ion , s tar t ing with a n o n - e q u i l i b r i u m si tuat ion in the dense 

Region Parameters Ergs cm 3 Reference 

Molecular 
ring 

η = 1 0 5 c m - 3 ; 
ν = 100 km/s 
Τ = 350K 

nkT = 5 1CT 9 

1 / 2 p v 2 = 1.610""*5. 
Güsten (1987) 

Field in 
molecular ring 

1 0 ~ 2 Gauss Β 2 / 2 μ 0 = 4 1 0 ~ 6 Aitken et al . (1986) 

Ionized matter 
(bridge) 

η = 300cm"" 3; 
ν - 40km/s 
Τ = 7800K 

nkT = 3 1 0 ~ 1 0 

1/2PV 2 = 8 1 0 - 3 
Pauls and Mezger 
(1980) 

Field in arc 
and bridge 

1 0 ~ 3 Gauss Β 2 / 2 μ 0 = 4 1 0 ~ 8 Yusef Zadeh and Morris 
(1987) Sofue et al . (1987) 

Molecular 
clouds 
(not 2pc ring) 

η = 1 0 4 cm"" 3 ; 
ν - 40km/s 
Τ = 70K 

nkT = 1 0 ~ 1 0 

1 /2pv 2 = 2 1 0 ~ 7 . 

Genzel and Townes 
(1987) 

X-ray gas η = 1cm"" 3; 
Τ = 10 8 K 

nkT = 1.410"" 8 Watson et al . (1981) 
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dr iv ing disk. They observe the format ion of a t rans ient jet with a shel l s t r u c t u r e , 
w h i c h is somewhat remin iscen t of the "GCL radio lobe" and has some features of 
the observed rotat ion measure map (Tsuboi et a l . . 1986 ) . For fur ther 
d i s c u s s i o n , see Shibata ( th is m e e t i n g ) . This relaxing twist c o n c e p t , however , 
needs arb i t rary init ial c o n d i t i o n s . 
Real is t ica l ly , init ial n o n - e q u i l i b r i u m , caused for example by c loud c o l l i s i o n , 
shou ld be n o n - a x i s y m m e t r i c , and 3 - d i m e n s i o n a l e f fec ts , like f ie ld l ine t a n g l i n g , 
are l ikely to o c c u r , but more di f f icul t to mode l . 

5. COUPLING OF CLOSED FIELDS TO DIFFERENTIALLY ROTATING DRIVER 

When f ie ld l ines c lose back on their dense dr iver , the physics of the m a t t e r / f i e l d 
c o u p l i n g is d i f ferent . In per fect MHD ( η = o) the evolut ion is dominated by the 
fact that the two footpoints of a same f ie ld l ine on the "driver" must remain 
magnet ica l ly c o n n e c t e d dur ing the evo lu t ion . When there is d i f ferent ia l r o t a t i o n , 
no stat ionary state can be r e a c h e d . This connect iv i ty cond i t ion is usually not 
compat ib le with Β r e m a i n i n g c u r l - f r e e in the c o r o n a l m e d i u m . This means that 
e lec t r ic c u r r e n t s are dr iven into the tenuous m e d i u m . What is then the fate of 
this evolving magnet ic s t ruc ture and its stabil i ty proper t ies ? 

This s i tuat ion can be met in a number of d i f ferent g e o m e t r i e s . For 
example Yusef Zadeh and Morr is (1987) propose that the radio arc s t ruc ture be 
a large sca le ( c o r o n a l - t y p e ) fo rce f ree f ie ld dr iven by mater ia l faraway in the 
halo or in the disk of the galaxy. This looks like a s imple and cons is ten t idea . 
Probably the c o n f i n e m e n t of the c u r r e n t car ry ing s t ruc ture may be achieved by 
the X - ray gas . Note that this p ic tures the p h e n o m e n o n as unre la ted to ga lact ic 
nuc lear act ivi ty. If s o , we should expect to d iscover s imi lar arc s t ruc tures 
wherever the large scale ga lact ic f ie ld happens to become c o n c e n t r a t e d ( i n 
large molecu la r c louds ? ) . 

Another p lausib le s i tuat ion is when the f ie ld is a t tached to a di f ferent ia l ly 
rotat ing disk. If the f ie ld sca le is somewhat smal ler than the radius of the d isk , 
th is can also be convenient ly ideal ized as a magnet ic con f igura t ion having 
t rans la t iona i ( ins tead of az imuthal ) symmetry in one "horizontal" coord ina te z, 
ac ted on by boundary mot ions ν (x , y = ο) = ν(χ) e z . where χ is the other 
hor izonta l coord ina te and the boundary is the plane y = ο. The f ie ld s t ruc ture 
pervades the half space y > o. This is an archetypal p rob lem in solar phys ics , 
where it models the c o r o n a l evolut ion in the p resence of shear f low on the 
boundary . The sequence of magnetohydrosta t ic equi l ibr ia p r o d u c e d by a given 
(s low) boundary mot ion has been studied numer ica l ly and analyt ica l ly . It is the 
s o l u t i o n , at each t i m e , of a c o m p l i c a t e d n o n - l i n e a r e l l ipt ic part ia l d i f ferent ia l 
equat ion (Low. 1977 ; Heyvaerts et a i . , 1982 ; Birn and Sch ind le r . 1981 ) . 

The results are convenient ly descr ibed as a funct ion of the total c u r r e n t . 
I, dr iven into the c o r o n a ( t h o u g h I is not necessar i ly a monoton ie funct ion of 
s h e a r ) . it is found that the sequence of equi l ibr ia c o r r e s p o n d i n g to an increase 
of the c u r r e n t , s tar t ing f r o m the potent ia l solut ion ( I = o ) . t e rmina tes at some 
f ini te value of the total c u r r e n t , I * . For I < I* there usually exists a number of 
o ther equi l ibr ia with magnet ic i s l a n d - t o p o l o g y ( f ie ld l ines that never reach the 
b o u n d a r y ) . For I > Γ , there usually st i l l exists an equ i l ib r ium with open f ie ld 
l ine topo logy , but no "c losed" equ i l ib r ium (Heyvaerts et a l . , 1982 ) . A t rans i t ion 
f r o m the last c losed conf igura t ion at I = I* to the rema in ing open one can only 
take p lace th rough a dynamic event where J χ Β fo rces are temporar i l y 
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u n b a l a n c e d . It is conce ivab le that such a dynamic impuls ive event be the cause 
of e rupt ing p r o m i n e n c e s and corona l mass e ject ion events observed on the sun 
( W a g n e r . 1984) wh ich are known to be dr iven by Lorentz f o r c e s . The dynamic 
r e g i m e , i tself , is not as well model led as the quasistat ic evolut ion wh ich 
probably t r iggers i t . 

Resistive stabil i ty is also impor tant . For example the open equ i l ib r ia 
re fered to above are unstable to r e c o n n e c t i o n (Kopp and P n e u m a n . 1976 ; 
Ma lherbe et a l . , 1984 ) . This is the cause of those large solar f lares wh ich 
o c c u r immediate ly after a c o r o n a l mass e j e c t i o n . 

On the other h a n d , even c losed s t ruc tures may be subject to resist ive 
t e a r i n g - m o d e instabi l i t ies on some t ime sca le longer than the Alfvén t ransi t t ime 
sca le . If the boundary mot ion is slow e n o u g h , the system will not reach the loss 
of equ i l ib r ium poin t , but wil l evolve th rough a resist ive s e q u e n c e , where 
turbu lent di f fuse r e c o n n e c t i o n permanent ly re leases part of the magnet ic energy 
in jected in the s t ruc ture by the mot ions of the dr iver . The heat ing and magnet ic 
reconf igura t ion of a s t r u c t u r e , due to the decay of t u r b u l e n c e assoc ia ted with 
di f fuse r e c o n n e c t i o n is amenab le to quant i tat ive cons idera t ion thanks to a theory 
e laborated by fus ion physic ists ( see the review ar t ic le by Tay lor , 1986 ) . 
Genera l isa t ions have been used to ca lcu la te the f inal state of solar f la res 
( N o r m a n and Heyvaerts , 1983) and c o r o n a l heat ing (Heyvaer ts and Pr iest . 
1984 ) . It is in terest ing to note that the ideas put forward by Yusef Zadeh and 
Morr is (1987) for the energ izat ion of the radio arc may actual ly be d e s c r i b e d as 
such an " internal di f fuse r e c o n n e c t i o n p r o c e s s " , and are ent i re ly cons is tent with 
this known phys ics . 

Recent ly , Heyvaerts and Priest ( 1 9 8 8 ) . have mode l led a th in disk dr iv ing 
a c losed c o r o n a above i t . wh ich is mainta ined in stat ionary state by the di f fuse 
r e c o n n e c t i o n p r o c e s s . The heat ing of the outer med ium and the back react ion 
of Lorentz fo rces on the disk dynamics have been c a l c u l a t e d . The nature of their 
so lu t ions depends on a coup le of d imens ion less p a r a m e t e r s , the most impor tan t 
one being the rat io of magnet ic to gravi tat ional energy of the d i s k / c o r o n a 
system : 

where R is the disk r a d i u s , B 0 its sur face f ie ld and M q its m a s s , whi le M is the 
mass wh ich creates the grav i ta t ion . For stabi l i ty λ should be less than some 
number of o rder unity. For the s u n . λ = ΙΟ"""1*. However for the mo lecu la r 
t o r u s , with B 0 = 3 m i l l i g a u s s . we get λ = 0. 25. This is a ra ther exotic degree 
of magnet izat ion indeed ! The rate of c o r o n a l heat ing assoc ia ted to it should 
a p p r o a c h the maximum conce ivab le ( see a lso HNP ( 1 9 8 8 ) ) which is : 

This is indeed enough to a c c o u n t for the total di f fuse X - r a y luminosi ty of the 
50pc reg ion (8 Ί 0 3 6 e rgs s " 1 a c c o r d i n g to Skinner et a l . ( 1 9 8 7 ) ) . but perhaps 
marg ina l to feed the total losses of the s t rong wind that we should expect . 

( 2 ) 

(3) 
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Indeed , if a gas at 1 0 8 K is present , its thermal velocity so much exceeds 
the escape velocity out of the ga lact ic potent ia l well that a s t rong wind must 
exist , unless this gas is ent i re ly conf ined by a complete ly c losed f i e l d , wh ich is 
qui te unl ikely. Standard therma l wind theory g ives , assuming a density of 1 
c m ~ 3 a t 2pc for this very hot g a s . a mass loss rate 

and an assoc ia ted enthalpy loss rate of 2 T O 3 9 e rgs s"" 1 . to which s imi lar 
k inet ic energy losses a d d . This led HNP (1988) to cons ider the possibi l i ty that 
the ga lact ic center a lso harbours some c o m p a c t magnet ica l ly act ive object at 
subparsec s c a l e , presumably a disk a round some c o m p a c t and massive cent ra l 
ob jec t . Sca l ing of the above rate of corona l heat ing to a more c o m p a c t ob jec t , 
with B 0 = FT" 3, easi ly reaches values larger than 1 0 4 0 e rgs s"" 1 . Later on we 
envisage the two possib le models : the "1-Disk" model ( the molecu la r r ing is 
the only a c c r e t i o n disk s t ruc ture in the G . C . ) and the M 2-D isk" model ( t h e r e 
also exists ano ther , more c o m p a c t , magnet ica l ly act ive object (a disk too 
presumably ) ) . Note that the self gravi tat ing mass that is able to bind a flux 
c o r r e s p o n d i n g to a mi l l igauss f ie ld pervading a f rac t ion fß of the 2pc sphere i s , 
d e m a n d i n g gravi tat ional energy to exceed magnet ic energy : 

6. EJECTION OF MAGNETIC STRUCTURES 

As expla ined in paragraph 5. the quasistat lc evolut ion of the magnet ic s t ruc ture 
over ly ing a sheared dr iver is likely to lead to a dynamic expansion of part of 
these s t ruc tures when the stress exceeds some t h r e s h o l d . This dynamic mot ion 
is dr iven by unba lanced J χ Β f o r c e s . As a f i rst a p p r o a c h to mode l ing this 
complex MHD f low. HNP (1988) genera l ized to the ga lact ic center gravi tat ional 
e n v i r o n m e n t an early theory developed by Anzer (1978) to descr ibe corona l 
mass e jec t ions on the s u n . In this theory the fo rce which causes the s t ruc ture 
( m o d e l e d as a c u r r e n t ca r ry ing loop) to expand is the imba lance between the 
magnet ic p ressure of the f ie ld ( i n d u c e d by this very c u r r e n t ) at the inner and 
outer edges of the g a s - c o n t a i n i n g loop . In reality the magnet ic s t r u c t u r e , and 
the c u r r e n t and mass d is t r ibut ion will be m u c h more complex . This a p p r o a c h 
has the advantage of s impl ic i ty and should be suf f ic ient to test 
semi -quant i ta t ive ly the order of magni tude of the e ject ion ve loc i t ies that can be 
reached and to identify the parameters which cont ro l the main features of the 
m o t i o n . The ga lact ic gravi tat ional f ie ld model adopted inc ludes a point m a s s , 
an iso thermal c luster and a flat disk of un i form densi ty . With χ = r / R * , 
R* = 2 p c . M* being a re fe rence mass and X Q , X C Ä . X c three coef f ic ients wh ich 
add to 1 . HNP (1988) model the gravi tat ional f ie ld as : 

M = 1.5 10 3 MQ yr" - 1 
( 4 ) 

^Bind 
5 

= f_ B(mill igauss) . 8 10 M_ 
( 5 ) 

g ( x ) = ( 6 ) 
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They inc lude a drag fo rce due to in teract ion with ambient gas ( p a r a m e t e r 
YQ) . and al low for a self s imi lar increase of the loop c ross s e c t i o n . The 
equat ion of mot ion for the apex of the loop i s , in some normal ized t ime (HNP 
( 1 9 8 8 ) ) : 

- X - y X ( _ ) t ( 7 ) 
ΛΛ2 2 X G D dt v ' 
dt χ 

The parameter is the rat io of magnet ic to gravi tat ional energy of the 
loop . It d i f fers f r o m the λ parameter def ined in e q . ( 2 ) . It must exceed A C 

0. 4) for loop inf lat ion to take p l a c e , and should not be m u c h larger than a 
few, otherwise loop inf lat ion should have o c c u r r e d ear l ier d u r i n g the evolut ion of 
the loop . It is found by HNP (1988) that inf lat ion ve loci t ies of s o m e 1 0 2 k m / s 
are possib le at 30pc , and that only those loops which have equal to unity or 
so (vfvj = 2 or 3) can reach 50pc star t ing inf lat ion at 2pc . Loops with sl ight ly 
smal le r ( y M 0. 7 or 0. 8) can only do so if emi t ted f r o m subparsec sca les . 
Loops with sti l l smal le r stop expanding at d is tances of o rder 3 p c / 1 2 p c , It 
takes a f ie ld la rger than 200μΘ for a loop of density 1 0 2 c m " " 3 to expand 
"r ig id ly" , not be ing d is tor ted by the d i f ferent ia l az imuthal rotat ion that spec i f ic 
angular m o m e n t u m conserva t ion of matter a lone ( i g n o r i n g magnet ic to rques ) 
would imply . When they are acce le ra ted off their dr iver , loops must be on the 
verge of kink instabi l i ty , s ince the cond i t ion for loss of equ i l ib r ium is a lmost the 
same as for the kink instabi l i ty . There fore loops may buck le , and de tach off 
their dr iver by r e c o n n e c t i n g on themselves . Thereaf ter they expand a round thei r 
center of mass which i s , but for a smal l d r a g , in f ree m o t i o n . The az imuthal 
mot ion resul ts f r o m total angular m o m e n t u m c o n s e r v a t i o n , except for the d r a g , 
wh ich remains smal l If the env i ronment is t enuous . Stabil i ty of the de tached loop 
depends on expans ion , c u r r e n t and density prof i les . This issue can only be 
meaningfu l ly addressed in a more real ist ic m o d e l . Field a l igned dynamics is 
another impor tant aspect that has been left out of these c a l c u l a t i o n s . 

7. CLOUD/FIELD COLLISIONS 

The ga lact ic center reg ion is most probably f i l led with magnet ic f ie lds of varying 
intensi ty , and by gas of d i f ferent dens i t ies . If magnet ic inhomogene i t l es are 
la rge e n o u g h , the c o n c e p t of "magnet ic features" will make sense ( jus t as the 
c o n c e p t of a c loud d o e s ) . What happens when c louds and magnet ic fea tures , 
or when di f ferent such features co l l ide ? The issue depends on the relat ive size 
of the co l l i d ing ob jec ts . 

Consider f i rst an extended f ie ld and a smal le r c l o u d , u n m a g n e t i z e d , 
say. A safe physical p ic ture of what happens can be drawn f r o m the ana log with 
the mot ion of the satel l i te lo in Jup i te r ' s m a g n e t o s p h e r e ( H e r b e r t . 1 9 8 5 ) . This 
mot ion drives by the (ν χ B) e lec t romot ive fo rce a sur face c u r r e n t at the 
in ter face between f ie ld and body. This c u r r e n t causes a per turbat ion of the f ie ld 
l ine with wh ich it is temporar i l y in contac t . Once the body has p a s s e d , th is 
Pertubat ion propagates away a long the f ie ld l ine at the Alfvén s p e e d . All these 
together c rea te an "Alfvenic wake", a long which e lec t r ic c u r r e n t f lows , c los ing 
at inf inity the sur face c u r r e n t f lowing on the body. 

A s imi la r c i r c u i t should set up in the case c o n s i d e r e d by G. Benford ( th is 
meet ing ) of the co l l i s ion of a large c loud with an extended magnet ic f i e l d . 
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Benford takes the view that the c u r r e n t path mater ia l izes as radio arc and 
b r i d g e , thus assoc ia t ing these features with the edges of any c loud not shar ing 
the f ie ld m o t i o n . The reason why his c i rcu i t should indeed c lose th rough the 
rad io arc is not yet c lea r , however. 

The moving body is dece lera ted with respect to the rest f rame of the 
s o u r c e s of the magnet ic f i e ld . It works against a pressure Β 2 / 2 μ 0 on its sur face 
exposed to the f i e l d , if its size is a, in the d i rec t ion of m o t i o n , the equat ion of 
mot ion relat ive to the f ie ld is : 

dv 
pa — = - — ( 8 ) 

ο 

where ρ is the c loud densi ty . The charac te r is t i c brak ing t ime is then 

.21 
( 9 ) 

a 
T B = V 

where v/^ is the Alfvén velocity ca lcu la ted with the c loud densi ty . Typica l ly , for 
1 0 ~ 3 G and c loud densi ty T O 4 c m " 3 , v ^ = 20 k m / s and τ Β is a smal l number of 
t imes the c loud self c r o s s i n g t ime a / v . This is a very effect ive drag and may be a 
very effect ive help to a c c r e t i o n . The p i c t u r e , however , should be modi f ied if the 
s t rong f ie ld c o m e s in rather indiv idual ized fea tures , of c r o s s size smal le r than 
the c l o u d . T h e n , the co l l i s ion of the magnet ic loop with the c loud genera tes an 
MHD shock sys tem. A son ic shock wave fo rms in the c l o u d , ahead of the flux 
t u b e , whi le a fast MHD shock c o m p r e s s e s , in a shor t t i m e , the flux tube . The 
de fo rmat ion of this tube caused by this in teract ion propagates in the tube length 
d i rec t ion as an Alfvén s i g n a l . If this Alfvén t ime sca le is s h o r t , the loop is only 
weakly d e f o r m e d . The c loud gas just in f ront of the loop is shocked and 
essent ia l ly brought to rest with respect to it. The brak ing t ime for the relat ive 
mot ion is the t ime it needs for the loop to sweep up an amount of gas equal to its 
own mass . For tenous enough c louds this causes a b r a k i n g , which has been 
inc luded in our ca lcu la t ions ( H N P , 1988 ) . For a very massive c l o u d , the resul t 
of such a co l l i s ion is that the loop is caught by the c loud and brought to its own 
m o t i o n . Here a g a i n , the gas that has been d is turbed f r o m its gravi ta t ional 
mot ion is suscept ib le to a c c r e t i o n . 

8, COLLISIONS BETWEEN FIELD SYSTEMS 

If the magnet ic f ie ld is i n h o m o g e n e o u s enough for the c o n c e p t of separate 
magnet ic features to make s e n s e , one may wonder about the effects of their 
c o l l i s i o n s . 

A c c o r d i n g to Sofue (1984) a s tarburst may have shocked the interste l lar 
gas in the ga lac t ic center reg ion and c leared a reg ion bounded by the "galact ic 
center lobe" f r o m its dense gas and magnet ic f ie ld f o r m i n g a cavity f i l led with hot 
gas and bounded by a magnet ized boundary . A s t rong hot w i n d , as impl ied by a 
hot X - ray emi t t ing g a s , cou ld have carved a s imi lar cavity by the in ject ion of 
several 1 0 3 9 e rgs s"" 1 d u r i n g 1 0 7 yrs (HNP ( 1 9 8 8 ) ) . This boundary may be one 
of the features involved in co l l i s ions a m o n g f ie ld sys tems. 
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Sofue and Fuj imoto (1987) suggest that a magnet ized o n e - s i d e d jet 
emanat ing f r o m the nuc ieus co l l ides with this boundary , acce le ra t ing par t ic les 
at the c o l l i s i o n , thus i l luminat ing by synchro ton radiat ion those f ie ld l ines wh ich 
are involved in the in te rac t ion . Though Fuj imoto and Sofue (1986) analyze 
some of the fo rces that may in f luence the s t ruc ture and mot ion of such a je t . 
they do not propose any spec i f ic explanat ion for the fo rmat ion of this o n e - s i d e d 
jet. 

Heyvaerts . Norman and Pudritz (HNP ( 1 9 8 8 ) ) suggest that a magnet ic 
loop, wh ich has de tached f r o m its dr iver , and is expanding for the reasons 
ment ioned above , is present ly co l l id ing w i t h , and even p e r f o r a t i n g , the GCL 
lobe boundary . Sofue and Fu j imoto 's view is an o p e n - f l u x tube vers ion of 
Heyvaerts et a l . 's o n e . and shares c o m m o n physics with it. The latter theory i s . 
we be l ieve , more able to explain a number of observed facts ( s e e b e l o w ) , 
especia l ly so s ince radio f i l a m e n t s , fa inter but ana logous to the br idge o n e s , 
have been seen on the other s ide of the ga lact ic p lane . Note that in both these 
t h e o r i e s , the "GCL" radio r idges are actual ly M l i t M ver t ica l p lumes on this 
boundary , not its edges . A n o t h e r , weaker or o lder , in terac t ion of the same type 
should cause the western r idge and Sgr C radio emi t t ing r e g i o n . 

The co l l i s ion of two j i e l d systems gives r ise to two main ef fects . An 
e lect romot ive e lec t r ic f ie ld ν X ( B 2 - B - j ) . where ν is the relat ive ve loci ty , 
is developed at the in ter face and dr ives a c u r r e n t s y s t e m , just as in the case of 
c l o u d / f i e l d c o l l i s i o n . In this respect HNP's and Sofue and Fu j imoto 's ideas 
share c o m m o n conten t with B e n f o r d ' s . the d i f fe rence being in the nature of the 
bodies c rea t ing the e lec t romot ive ef fect , and in the def in i t ion of the c u r r e n t 
c i r c u i t s . S e c o n d , co l l i s ion between f ie ld systems is the archetypa l s i tuat ion 
where r e c o n n e c t i o n o c c u r s . 

9. LOOP/GCL COLLISION 

In the view of HNP ( 1 9 8 8 ) . expanding loops will co l l ide with the GCL magnet ic 
boundary ( w h i c h they assume to e x i s t ) . If this boundary c o m e s in d iscre te flux 
tubes , as Yusef Zadeh and Morr is (1987) env isage , th is does not make m u c h 
d i f fe rence . Because the mater ia l on the boundary is in ga lact ic r o t a t i o n , whi le 
the loop is not . GCL mater ia l will ram in the az imuthal d i rec t ion in the loop . 
Because the loop is expanding and because its kinetic energy is larger than the 
magnet ic one in the GCL boundary , it will a lso penetrate the boundary and 
intrude on the other s ide . As a resul t a c o m p l i c a t e d f low pattern will deve lop. If 
the loop were only to graze on the boundary , a sur face wave system would f o r m . 
However, because the loop penet ra tes , these sur face waves are s t rongly 
n o n - l i n e a r i z e d . Actual ly the loop "hooks" those boundary f ie ld l ines wh ich are 
brought by ga lact ic rotat ion into contac t with it. The magnet ic tens ion s t re tches 
these f ie ld l ines between the contac t reg ions with the l o o p , whi le the s ignal that 
part of this boundary f ie ld l ine has been brought to rest with respect to the loop 
propagates a long it at the Alfven speed . This causes this f ie ld to a l i g n , above 
and below the contac ts with the l o o p , a long an "alfvenic wake" ( s e e F ig . 1 ) . 
Reconnect ion may free the hooked f ie ld l ines . The flow itself may also br ing 
boundary f ie ld l ines round the pro t rud ing loop. Those f ie ld l ines ( m o r e cor rec t l y 
smal l flux tubes) wh ich have just been r e c o n n e c t e d b e c o m e lit by the par t ic les 
acce le ra ted in the p r o c e s s , and are pul led violent ly by magnet ic tens ion away 
f r o m the contac t reg ion ( F i g . 1) ( h e a t i n g due to the relat ive mot ion of these flux 
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strands with respect to the ambient med ium is also expected (HNP ( 1 9 8 8 ) ) . 

F igure 1 . T ime sequence history of the in teract ion of two e lementary flux t u b e s , 
one in the loop ( i n p lane (1 ) in F ig . a) and the other in GCL boundary ( p l a n e 
(2 ) in F ig . a ) . The latter is c a r r i e d a long by ga lact ic rotat ion ( th ick a r r o w ) . ( a ) 
First con tac t at A and B. ( b ) The segment AB is "hooked". Magnet ic tens ion 
s t re tches f ie ld between A and B. An al fvenic s ignal has propagated up to A-j and 
B<| the in format ion that mot ion has s t o p p e d . The f ie ld c o n n e c t s AA-j and BB-| 
a long "alfvenic wakes", ( c ) Reconnect ion o c c u r s at A ( d ) . The magnet ic 
tens ion pul ls the f ie ld l ine away f r o m A, and moves the contac t point f r o m Β to 
C. where r e c o n n e c t i o n will o c c u r later o n . 

This p ic ture has the potent ia l of expla in ing : 
- the l inear i ty of a rcs ( s t r e t c h e d / c o m p r e s s e d f e a t u r e s ) . 
- t h e rotat ion measure invers ion observed by Tsuboi et a l . ( 1 9 8 6 ) . in 

compat ib i l i ty with the s t ra ightness of a r c s . 
- the in jec t ion of par t ic les of h igh energy (GeV's) a long r e c o n n e c t e d fea tures . 
- the ex is tence , emiss ion and size of non thermal lobes . 
- the in teract ion between arc and br idge go ing on at points A and Β 

(Yusef Zadeh and M o r r i s . 1 9 8 8 ) . 
- the threads and hel ica l f i laments as recent ly r e c o n n e c t e d s t ruc tures as 

p ic tured in F ig . I d . 
- the fact that f ie ld in te rac t ion is go ing on at polar ized spot on the a r c . 

as at point C on our F ig . I d ( I n o u e . this m e e t i n g ) . More quant i tat ive detai ls 
are in HNP ( 1 9 8 8 ) . 

10. LOOP/TORUS COLLISION 

The molecu la r torus is also a p lace where the f ie ld is o rdered ( W e r n e r et a l . . 
1 9 8 8 ) . Two s c e n a r i o s are conce ivab le a c c o r d i n g to whether one or two 
a c c r e t i o n disks are c o n s i d e r e d (see sec t ion 5 ) . If there is a c o m p a c t 
magnet ica l ly act ive cent ra l ob ject shedd ing loops , these wil l co l l ide with the 
torus f rom ins ide . However the magnet ic r ig idi ty of the torus is l a r g e , and loop 

c 
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penetrat ion deep inside the torus should not o c c u r . For a 10 mG f ield the 
gravi tat ional rotat ion in the torus is supera l fven ic . This means that all the 
magnet ic per turbat ions wh ich o c c u r at the t o r u s / l o o p in teract ion points are 
car r ied downwind in the sense of ga lact ic ro ta t ion , on the outer "skin" of the 
to rus . If the eastern a r m and the bar are regarded as a p iece of the most 
recent ly co l l ided l o o p , the min isp i ra l morpho logy of the ionized gas at the torus 
inner boundary may be natural ly expla ined by the decay into heat of 
per turbat ions induced at the in teract ion points ( tha t is at in te rsect ion of bar with 
nor thern a r m and western arc ; HNP (1988) ) . These p laces should show s o m e 
nonthermal features t o o . 

This kind of in terac t ion is based on the same physics as the l o o p / G C L 
c o l l i s i o n . It has the potent ia l of expla in ing several puzzl ing aspects of the 
physics of the torus ( H N P . 1988) : 
- the r e c u r r e n t loop shedd ing f r om the cent ra l ob ject feeds energy in the fo rm of 
turbulent al fvenic f luc tuat ions in the t o r u s , and heats it by their decay. A rate of 
heat ing of 3 1 0 3 7 e rgs s"" 1 is a reasonable expecta t ion . 
- th is in teract ion mainta ins turbu lent ve loci t ies in the t o r u s , and has the 
potential of con f in ing its inner boundary ( G l i s t e n , 1987 ) . 
- if indeed our explanat ion of the "min isp i ra l" morpho logy is c o n s i s t e n t , this 
impl ies v ^ ( t o r u s ) < v ( g a l a c t i c ) < v ^ i b a r ) . that i s . it "predicts" a f ie ld of o rder 
10 mG in the to rus . 
- the organizat ion of Β in the plane of the torus resul ts f r o m its s t re tch ing by 
di f ferent ia l r o t a t i o n , and its very s t rength may be regarded as resu l t ing f r o m the 
saturat ion of th is ω-effect by Lorentz f o r c e s . 
- some k inemat ica l pecu l ia r i t ies of ionized gas at the nor the rn and western 
a r m / b a r in tersect ion cou ld be at t r ibuted to r e c o n n e c t i o n f lows. Some more 
quant i tat ive detai ls are in HNP ( 1 9 8 8 ) . 

If the loop emit ter is the torus i tself , de tached expanding loops may sti l l 
co l l ide back with it . Most of the above p h e n o m e n a are sti l l expec ted , but for the 
role of energy in ject ion in the t o r u s . The loop inf lat ion appears as a p rocess by 
wh ich rotat ional energy is t r a n s f o r m e d into magnet ic and gravi tat ional energy , 
and the co l l i s ion between loop and torus merely red is t r ibutes it as turbu lent 
energy . The d iss ipat ion of this energy ul t imately causes the shr ink ing of the 
molecu la r t o r u s . This is a help to a c c r e t i o n , just as c l o u d / c l o u d co l l i s ions are 
in an hypothet ica l n o n - m a g n e t i z e d r e g i m e . 
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