
T H E M A G N E T I C S W I T C H A N D T H E F R I / F R I I B R E A K 

D.L. M E I E R 1 , P. G O D O N 1 , S. E D G I N G T O N 1 , D.G. PAYNE, AND 
K.R. L I N D 3 

1 Jet Propulsion Laboratory, Caltech, Pasadena, CA, USA 
2 Intel Corporation, Hillsboro, OR, USA 
3 Digital Equipment Corporation, Livermore, CA, USA 

A b s t r a c t . I t is p roposed t h a t t h e Fanaroff a n d Riley division be tween 

class I a n d class I I r a d i o sources m a y be due t o p h e n o m e n a occu r r ing in 

t h e c o r o n a e of m a g n e t i z e d accre t ion disks a r o u n d black holes . 

E x t r a g a l a c t i c r ad io sources have been d iv ided i n t o t w o g roups by Fa-

naroff & Riley (1974) . F R I sources usual ly have low luminos i ty (Pradio i$ 

1 0 2 5 W Hz~l), w i th t h e m a x i m u m rad io emission in t h e j e t s occu r r ing close 

t o t h e hos t ga laxy . F R II sources general ly have high luminos i ty , w i th nea r ly 

all h a v i n g t h e p e a k emiss ion far from t h e ga laxy a t t h e end of two j e t s . T h e 

divis ion in r ad io power is especial ly sha rp when galaxies of t h e s a m e op t i ca l 

m a g n i t u d e are cons idered . In add i t i on , b r igh te r , m o r e mass ive galaxies un-

de rgo t h e F R I / F R I I t r a n s i t i o n a t a significantly h igher r ad io l uminos i t y 

t h a n fa in ter ga laxies : log = - 0 . 6 6 M 2 4 . 5 + 10.35 or P ^ oc 

w h e r e M24.5 is an i sopho ta l op t ica l m a g n i t u d e (Ledlow & O w e n 1996) . 

T h e c o m m o n i n t e r p r e t a t i o n of these resu l t s is t h a t b o t h classes a re 

p r o d u c e d by twin j e t s e jected from an "eng ine" in t h e cen te r of t h e ga laxy , 

b u t t h e j e t s in F R I sources a re t r a n s o n i c or subsonic , while t hose in F R II 

sources a re supe r son ic , w i th t h e t r ans i t i on in je t speed occur r ing a t Vjet ~ 

0.6c or 7 « 1.25 (Bicknel l 1985, a n d references t h e r e i n ) . O n kiloparsec scales 

( W a r d l e & A a r o n 1997) j e t speeds a p p e a r t o b e ~ 0.1c ( 7 ~ 1.005) for F R 

Is a n d 0.6 — 0.8 c ( 7 « 1.25 — 1.67) for F R l i s . O n parsec scales, d a t a a r e 

l im i t ed , b u t i nd i ca t e a possible t r e n d wi th 7 < 3 for F R Is a n d 7 « 2 — 10 

for F R l i s ( P e a r s o n 1996). If fu r ther obse rva t ions confirm these j e t speed 

differences in t h e cen t r a l core , t h e origin of t h e F R I / F R I I division m u s t 

lie n e a r or in t h e cen t ra l eng ine itself. 

Recen t l y (Meier et al. 1997a) t h e a u t h o r s pe r fo rmed a la rge n u m e r i -
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cal s t u d y of one of t h e m o r e p romis ing mode l s for p r o d u c i n g j e t s in r a d i o 

sources a n d o t h e r ob jec t s — m a g n e t o h y d r o d y n a m i c acce lera t ion in of ro-

t a t i n g acc re t ion disks a r o u n d black holes (Blandford k P a y n e 1982) . O u r 

m a i n resu l t s were : 1) t h e Alfvén veloci ty in t h e co rona above t h e disk can 

be q u i t e h igh , even for m o d e s t disk m a g n e t i c field s t r e n g t h s ; a n d 2) t h e r e 

is a s h a r p difference in t h e speed of t h e je t p r o d u c e d when t h e corona l 

Alfvén veloci ty is be low t h e escape veloci ty a n d when it exceeds t h e e scape 

veloci ty. In t h e former case , j e t velocit ies a re only a few t e n t h s c, b u t in t h e 

l a t t e r velocit ies of 7 > 10 a re c o m m o n . T h e r e is, however , no co r r e spond ing 

t r a n s i t i o n in j e t power ; i t var ies s m o o t h l y across th i s "magne t i c s w i t c h " . 

W e p r o p o s e t h a t th i s effect m a y be t h e reason for t h e F R I / F R I I 

d ivis ion. It expla ins w h y a s u d d e n change in j e t speed occurs a t a g iven 

r ad io power . F u r t h e r m o r e , it can quan t i t a t i ve ly r e p r o d u c e t h e slope of t h e 

Ledlow k O w e n re la t ion . Us ing t h e express ion for je t power from Blandford 

k P a y n e (1982) , ou r theore t i ca l express ion for t h e F R I / F R II b reak (Meier 

et al. 1997a) , S h a k u r a k Sunyaev ' s (1973) accre t ion disk mode l s , a n d t h e 

wel l -known K o r m e n d y k R i chs tone (1995) resul ts t o re la te black hole m a s s 

t o ga l axy op t i ca l luminos i ty , we o b t a i n a theore t i ca l express ion for t h e j e t 

power a t t h e b r e a k of Pj™ak cx £ ; ^ 2 5 , in very close ag reemen t w i th t h e 

slope of t h e observed re la t ion . ( B e t t e r mode l s of t h e disk co rona are needed 

t o p r ed i c t t h e intercept i tself.) T h e r eade r is inv i ted t o consul t Meier et al. 

(1977b) for m o r e de ta i l s on th is m o d e l . 
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