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A B S T R A C T . M a g n e t i c v o r t e x t u b e s ( M V T s ) on a h i e r a r c h y o f s c a l e s occur 
u n i v e r s a l l y . On t h e l a r g e s t s c a l e t h e y channe l b i p o l a r o u t f l o w s o f g a s . A 
p i n c h e d r e g i o n o f M V T p r o v i d e s an a c c e l e r a t i o n mechan i sm c a p a b l e o f 
y i e l d i n g t h e maximum cosmic r a y e n e r g i e s . 

A t h e o r y fo r t h e o r i g i n o f a s t r o p h y s i c a l m a g n e t i c f i e l d s p roposed 
p r e v i o u s l y ( B r o w n e , 1968, 1987) l e d t o t h e c o n c l u s i o n t h a t a l l a s t r o -
p h y s i c a l m a g n e t i c f i e l d s a r e f i l a m e n t a r y on smal l s c a l e s . A l i g n m e n t o f t h e 
f i l a m e n t s e x p l a i n s l a r g e s c a l e o rde r . 

A s s o c i a t e d w i t h a v o r t e x tube is a c u r r e n t d e n s i t y j and m a g n e t i c 
f i e l d B, bo th in g e n e r a l h e l i c a l . I f t h e r a d i a l c o m p o n e n t s v a n i s h , t h e n 
j χ Β = ϋ φ Β ζ - , ΐ ζ Β φ ) Γ , w h e r e ( γ , φ , ζ ) a r e c y l i n d r i c a l p o l a r c o o r d i n a t e s . 
When jzB<j> > j<|>Bz t h e M V T p i n c h e s . In a p i n c h e d r e g i o n c h a r g e s can be 
a c c e l e r a t e d t o u l t r a r e l a t i v i s t i c e n e r g i e s b y a mechan i sm a l so d i scussed 
e l s e w h e r e ( B r o w n e , 1 9 8 8 a , b ) . A n a x i a l cu r r en t J f l o w s t h r o u g h an annu la r 
c h a n n e l d e f i n e d b y an e l e c t r i c doub le l a y e r . Here a r a d i a l e l e c t r i c f i e l d 
E r p e rmi t s d r i f t o f c h a r g e s a x i a l l y ac ross l i n e s o f a z i m u t h a l m a g n e t i c 
f i e l d Βφ. T w o mechan i sms can i n t e r r u p t t h e c u r r e n t in t h e annu la r 
channe l ( r a d i u s R, t h i c k n e s s A r E ) . Jn t h e r e g i o n o f t h e b r eak o f l e n g t h Δ ζ 
a d i s p l a c e m e n t c u r r e n t f l o w s , b u i l d i n g up a l a r g e v o l t a g e V ac ros s t h e 
b r e a k . T h e maximum v o l t a g e is a t t a i n e d w h e n a l l o f t h e e n e r g y in Βφ has 
b e e n t r a n s f e r r e d to E z . T h e maximum e n e r g y o f a c c e l e r a t e d p a r t i c l e s t hen 
is W = e V = Κ θ Β φ « ) Δ ζ , w h e r e Κ - 3 - 1 0 . 

V o r t i c e s a re fo rmed dur ing e a r l y e v o l u t i o n o f a s t a r or g a l a x y . A 
r o t a t i n g g a s e o u s c loud c o l l a p s e s under g r a v i t a t i o n a l f o r c e s t o an o b l a t e 
s p h e r o i d and t h e n a d i sc . C o n t r a c t i o n t o w a r d t h e a x i s i s a r r e s t e d by 
c e n t r i f u g a l f o r c e a t a r ad ius r* wh ich i n c r e a s e s w i t h z . T h e d e v e l o p m e n t 
o f a b i p o l a r o u t f l o w a l o n g t h e g e n e r a t o r s o f t h e cone r = r * ( z ) p e r m i t s 
loss o f a n g u l a r momentum b y d isc f l u i d , p e r m i t t i n g c o n t i n u e d c o n t r a c t i o n 
in t h e d i sc . T h e i n f l o w o f d isc mass m a i n t a i n s t h e v o r t i c i t y , much as 
h a p p e n s a t t h e ba se o f a t o r n a d o . Once t h e v o r t e x has fo rmed , i t w i l l 
p r e c e s s abou t an a x i s d e f i n e d b y t h e r e s u l t a n t a n g u l a r momentum o f 
o u t e r f l u id shou ld t h i s d i f f e r from t h a t o f t h e i n n e r f l u i d . 

I m p o r t a n t M V T phenomena i n c l u d e : 
( 1 ) T h e b e h a v i o u r o f s o l a r m a g n e t i c f l ux f i b r e s in a s s e m b l i n g i n t o s u n -
spo t s e a r l y in t h e s o l a r 11 y r c y c l e and d i s p e r s i n g l a t e r as sunspo t s 
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d e c a y can be e x p l a i n e d as a v o r t i c i t y c y c l e . Suppose t h a t a 22 y t o r -

s i o n a l o s c i l l a t i o n g n e e r a t e s o c i l l a t o r y v o r t i c i t y . A s v o r t i c i t y i n c r e a s e s 

Jz B 4> > J<t>Bz» s o t n a t f i u x f i b r e s a t t r a c t m a g n e t i c a l l y . A s v o r t i c i t y w e a k e n s 

t h e r e is r e v e r s i o n to j<j>B2 > j zB<|>, c aus ing f l u x f i b r e s t o r e p e l . T h e 

p o l a r i t y o f sunspo t s w i l l a l t e r n a t e w i t h t h e 22 y r p e r i o d o f t h e v o r t i c i t y . 

( 2 ) K i l o g a u s s m a g n e t i c f i e l d s o b s e r v e d in A p s t a r s a l so may be an M V T 

phenomenon . I h a v e a r g u e d e l s e w h e r e ( B r o w n e , 1 9 8 8 a ) t h a t t h e Zeeman -

s p l i t l i n e s a re l o c a l i z e d a t o p p o s i t e p o l e s o f a p r e c e s s i n g M V T . P o l a r 

r e g i o n s a l t e r n a t e l y come i n t o v i e w and pass b e h i n d t h e s t e l l a r l imb. A n 

impor t an t c lue i s t h e e x i s t e n c e o f t w o g roups o f a n o m a l o u s l y abundan t 

e l e m e n t s w h o s e s p e c t r a show a n t i p h a s e v a r i a t i o n s in i n t e n s i t y , D o p p l e r 

sh i f t , and Zeeman e f f e c t . A n o m a l o u s l y abundan t e l e m e n t s r e q u i r e 

r e s o n a n c e l i n e r a d i a t i o n p r e s su re t o s e g r e g a t e t h e e l e m e n t s , and then 

f r e e d o m from m i x i n g . Mi ld o u t f l o w s t h r o u g h t h e c o r e s o f an M V T and 

c o u n t e r - M V T p r o v i d e t h e s e c o n d i t i o n s . One r e p l a c e s t h e " r i g i d r o t a t o r 

mode l " b y a p r e c e s s i n g M V T mode l . 

( 3 ) E x a c t l y t h e same mode l a c c o u n t s fo r t h e m a g n e t i s m o f A M Her s t a r s 

( " p o l a r s " ) ( B r o w n e , 1 9 8 8 a ) . Now s t r o n g c y c l o t r o n sou rce s a re p r e s e n t a t 

o n e or bo th p o l e s , g i v i n g v a r i a b l e c i r c u l a r p o l a r i z a t i o n . A l s o , X - r a y 

sou rce s may be p r e s e n t a t one or b o t h p o l e s . S t rong g a s o u t f l o w s a re 

common, and t h e c h a n g i n g d i r e c t i o n o f t h e o u t f l o w r e l a t i v e t o t h e l i n e o f 

s i g h t g i v e s a Dopp le r c u r v e π/2 ou t o f phase w i t h t h a t due t o p r e c e s s i o n . 

(4 ) X - r a y bu r s t e r s i n v o l v e M V T s in a d i f f e r e n t c a p a c i t y . A d e g e n e r a t e 

s t a r has a n e a r l y i s o t h e r m a l i n t e r i o r o v e r l a i n w i t h a sk in o f normal g a s 

s u p p o r t i n g a l a r g e t e m p e r a t u r e g r a d i e n t . I f p o w e r g e n e r a t i o n e x c e e d s s u r -

f a c e l u m i n o s i t y f o r a normal s ta r , t h e r e r e s u l t s an i n c r e a s e o f t e m p e r -

a tu r e g r a d i e n t and h e n c e o f p r e s su re g r a d i e n t w h i c h causes e x p a n s i o n 

and p e r h a p s p u l s a t i o n . I f p o w e r g e n e r a t i o n e x c e e d s s u r f a c e l u m i n o s i t y fo r 

a d e g e n e r a t e s ta r , t h e r e r e s u l t s a s low i n c r e a s e o f r a d i a n t e n e r g y un t i l 

r a d i a t i o n p r e s su re s u f f i c e s to "puncture" t h e sk in l a y e r . T h e punc tu re 

occurs in t h e co re o f a s o l a r M V T b e c a u s e h e r e t h e r e i s l e a s t mass t o 

l i f t o f f due t o m a g n e t i c p r e s su re . A p lug o f c o o l g a s in t h e co re o f a 

p o l a r MVT is a c c e l e r a t e d o u t w a r d , e x p o s i n g to v i e w a h o t d e g e n e r a t e 

s u b l a y e r a t a s h a l l o w dep th . T h e spec t rum o f a burs t a t maximum is t h a t 

o f a b l a c k b o d y w i t h k T - 3 k e V (Swank e t a l . , 1 9 7 7 ) . T y p i c a l l u m i n o s i t y 

o f s a y 3 χ 1 0 3 8 e rg s " 1 t h e n i m p l i e s sou rce r ad ius - 1 0 km. T h i s is n o t 

t h e r ad ius o f a neu t ron s ta r , but o f an MVT c o r e . Hard f l u x en rou t e to 

t h e o b s e r v e r must pass t h r o u g h t h e e x p a n d i n g p lug o f s u r f a c e gas w h o s e 

o p t i c a l t h i c k n e s s x ( t ) w i l l v a r y w i t h t ime t. I f a c c e l e r a t i o n i n i t i a l l y 

c o m p r e s s e s t h e g a s , τ i n c r e a s e s b e f o r e i t d e c r e a s e s . When τ > 1 hard 

b l a c k b o d y f l u x from the s u b l a y e r is r e p r o c e s s e d i n t o s o f t e r b l a c k b o d y 

f l u x from t h e e x p a n d i n g g a s . T h e v a r i a t i o n s T ( t ) and R ( t ) s e e n in some 

burs t s (Hof fmann e t a l . , 1980) i n d i c a t e such r e p r o c e s s i n g . F o l l o w i n g 

e s c a p e o f e x c e s s h e a t t h e "w indow" to t h e i n t e r i o r c l o s e s , and the s t a g e 

is s e t f o r a r e p e a t p e r f o r m a n c e . A c c r e t i o n p l a y s no r o l e in th i s burs t 

mechan i sm, and b i n a r y membersh ip is no t a r e q u i r e m e n t . 

( 5 ) G a m m a - r a y bur s t s r e v e a l b l a c k b o d y s p e c t r a w i t h k T - 300 k e V 

( M a z e t s e t a l . , 1 9 8 1 ) . O n l y one source has b e e n l o c a t e d . I t l i e s w i t h i n a 

s u p e r n o v a remnan t in t h e LMC a t d i s t a n c e 55 kpc , so t h e l u m i n o s i t y o f 

t h i s burs t is - 3 x l 0 4 4 e rg s " 1 . T h e spec t rum is a n o m a l o u s l y so f t , bu t 

t h i s i s l i k e l y t o be a c o n s e q u e n c e o f r e p r o c e s s i n g . Such a l u m i n o s i t y w i t h 

k T - 300 k e V imp l i e s a source o f r ad ius 1 km. S ince k T - m e 2 pa i r c r é a -
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t i o n s in t h e r m a l c o l l i s i o n s is p o s s i b l e and r e c o m b i n a t i o n s v i a p o s i t r o n i u m 
shou ld y i e l d a s t r o n g 511 k e V t w o - p h o t o n a n n i h i l a t i o n l i n e . T h e l i n e w i l l 
be b road and w i l l be s e e n w i t h a l a r g e r e d s h i f t due t o t r a n s v e r s e Dopp le r 
e f f e c t . P r e c i s e l y t h e s e e f f e c t s a re o b s e r v e d ( M a z e t s e t a l . , 1 9 8 1 ) . T h e 
r e d s h i f t s o b s e r v e d a re such t h a t t h e l i n e occurs a t 3 4 0 - 4 2 5 k e V 
( K l u z n i a l , 1 9 8 9 ) , i m p l y i n g L o r e n t z f a c t o r y in t h e r a n g e 1 .5 -1 .2 . Us ing 
( y - l ) m c 2 = k T one i n f e r s k T in t h e r a n g e 2 2 5 - 1 0 2 k e V . 
( 6 ) T h e burs t mechan i sm can be a p p l i e d t o c a t a c l y s m i c ou tbu r s t s in 
g e n e r a l , r a n g i n g from d w a r f n o v a e t h r o u g h n o v a e t o e v e n s u p e r n o v a e . 
T h e e s s e n t i a l d i f f e r e n c e is t h a t t h e e s c a p i n g p lug o f gas r ema ins 
o p t i c a l l y t h i c k fo r much l o n g e r . 
( 7 ) X - r a y pu l sa r s r a d i a t e o v e r s p e c t r a l r a n g e 1 0 3 < hi/ < 1 0 1 6 e V , t h e 
h i g h e s t e n e r g y b e i n g d e t e c t e d b y a i r s h o w e r t e c h n i q u e s . T h e r e must e x i s t 
a mechan i sm to a c c e l e r a t e e l e c t r o n s t o a t l e a s t 1 0 1 6 e V . T h e p r o p o s e d 
mechan i sm can do so . T a k i n g Βψ(Γ) = 30 MG fo r a m a g n e t i c w h i t e dwar f , 
and a d o p t i n g Δ ζ - R = 10 km on t h e bas i s o f t h e n e w b u r s t e r t h e o r y , one 
o b t a i n s W = 1 0 1 7 e V , t a k i n g Κ = 10. A p p l y i n g t h e mechan i sm to t h e more 
d e g e n e r a t e γ - r a y bu r s t e r w i t h B<^(R) = 3 x 1 ο 1 2 G ( i n f e r r e d from c y c l o t r o n 
l i n e s ( M a z e t s e t a l . , 1 9 8 1 ) ) and R = 1 km, one i n f e r s W = 1 0 2 1 e V , t h e 
maximum cosmic r a y e n e r g y . 

( 8 ) A c c e l e r a t i o n in p i n c h e d M V T s supp l i e s t h e u l t r a r e l a t i v i s t i c e l e c t r o n s 
w h i c h d e l i n e a t e s t h e M V T as a s y n c h r o t r o n j e t . W i t h o u t such d e l i n e a t i o n 
one r e l i e s on l i n e a r a l i g n m e n t s o f sou rces as i n d i c a t o r s o f an u n d e t e c t e d 
M V T . S y n c h r o t r o n j e t s a s s o c i a t e d w i t h bo th compac t and e x t e n d e d g a l a c t i c 
s o u r c e s h a v e d e t a i l e d p r o p e r t i e s con f i rming t h e i r i d e n t i f i c a t i o n w i t h 
M V T s . F o r e x a m p l e , t r a i l i n g o f j e t s t h r o u g h t h e i n t e r g a l a c t i c medium 
b e c o m e s c o m o t i o n o f v o r t e x l i n e s w i t h t h e f l u i d . P e r i o d i c w i g g l e s s u g g e s t 
p r e c e s s i o n , as a l s o do r i n g s and r e c e n t l y d i s c o v e r e d l a r g e luminous a rc s . 

( 9 ) D i f f e r e n t i a l r o t a t i o n in a g a l a c t i c nuc leus can d i s t o r t an a x i a l M V T . 
In t h e same w a y as t o r o i d a l f l u x t ubes a re p roduced from a x i a l f l ux 
t u b e s in t h e Sun, t h e r e a r i s e s a t o r o i d a l m a g n e t i c f i e l d in g a l a x i e s . D i f -
f e r e n t i a l r o t a t i o n i n c r e a s i n g l y s t r e t c h e s a l o o p o f f l u x t u b e . H o w e v e r , in 
t h e g a l a c t i c ca se t h e l oop e x p a n d s from t h e nuc l eus i n t o sp i r a l arm c o n -
f i g u r a t i o n . A s s u m i n g t h a t t h e M V T c o n t i n u e s t o c h a n n e l an o u t f l o w o f g a s 
from t h e nuc l eus , t h e s p i r a l arm d i s t r i b u t i o n o f n e w l y formed s t a r s i s 
e x p l a i n e d . A f t e r f o r m a t i o n s t a r s d e c o u p l e from M V T r o t a t i o n and may g e t 
l e f t b e h i n d . A p r e d i c t i o n o f t h i s model is h e l i c a l arm m a g n e t i c f i e l d s 
w h i c h r e v e r s e ac ros s t h e e q u a t o r i a l p l a n e ( M a k a r o v and A n d r e a s s i a n , t h i s 
v o l u m e ) , or from o u t e r t o i n n e r arm i f t h e p l a n e o f t h e l o o p s is r o t a t e d . 
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