
Revista Brasileira d e  Flsica, Vol. 15, n? 4, 1985 

The Hall Effect in a Unipolar Inductor: A Possible Dynamo or Antidynamo 

H. HEINTZMANN 

lnstitut fur Theoretische Physik der Universifit, 5 Koln 41, FRG 

and 

M. NOVELLO 

Centro Brasileiro de Pesquisas Física, Rua Dr. Xavier Sigaud 150, 22290, Rio de Janeiro, RJ, Brasil 

Recebido em 04 d e  outubro de 1985 

Abmact The H a l l  e f fec t  i n  a  magnetized d i s c  i s  considered. I f  the d i s c  
i s  used as a  un ipo lar  inductor  the  o r i g i n a l  magnetic f i e l d  d e c r e a s e s  
whereas i f a cur rent  o f  appropr ia te  d i r e c t i o n  i s  d r i ven  through a  ro-  
t a t i n g  d i sc  the magnetic f i e l d  increases whi thout  l i m i t  i n  o u r  s i m p l e  
ana lys is  f o r  constant cur rent  I. The e f f e c t s  should be t e s t a b l e  f o r  
labora tory  s ized ob jec ts  and may be o f  c r u c i a l  importance i n  pulsars.  
The magnitude of the r e l a t i v e  change o f  the magnetic f i e l d  i s  o f  o rder  
BN f o r  pulsars.  6 = QR/c i s  the equator ia l  v e l o c i t y  o f  the p u l  s a r  i n  
u n i t s  o f  the  v e l o c i t y  of l i g h t  and N i s  the dimensionless H a l l  constant 
N = e B ~ / r n c .  Under favourable cond i t ions  6 B / B  = 10-5 f o r  l a b o r a t o r y  
sized ob jec ts  and f o r  pulsars BN = 1. 

1. INTRODUCTION 

I t  i s  we l l  known t h a t  the magnetic f i e l d  i n  an ord inary  d i s c  

dynamo i s  amp l i f i ed  i f  the i n e q u a l i t y  

i s  s a t i s f i e d ,  where M i s  the  mutual inductance between the  solenoid and 

the d isk ,  R i s  i t s  angular v e l o c i t y ,  and R i s  the Ohmic res is tance o f  

the c i r c u i t .  I f  the i n e q u a l i t y  i s  no t  s a t i s f i e d ,  the  cur rent  w i l l  decay 

as soon as the  i n i t i a l l y  g iven magnetic f i e l d  has disappeared. 

The d i sk  dynamo depends on the specia l  arrangement o f  w i r e s  

and i t  has remained doubt fu l ,  f o r  a  long time, whether a  dynamo process 

can occur i n  a  s i n g l y  connected domain o f  nea r l y  uni form e l e c t r i c a l  

conduc t i v i t y ,  such as t h a t  represented by the Ear th 's  core.These doubts 

have been d i spe l l ed  by the work o f  d i f f e r e n t  authors who demonstrated 

i n  a  mathematical ly r igorous way t h a t  the so-cal led "homogeneous d y -  

namo" i s  indeed possib le.  S ince  then, a  l a rge  number o f  so lu t ions  have 



been obtained, and i t  i s  genera l ly  bel ieved nowadays tha t  a l m o s t  a11 

v e l o c i t y  f i e l d s  are  capable o f  generat ing magnetic f i e l d s  i n  a  s i n g l y  

connected body o f  f l u i d  i f  the rnagnetic Reynolds number Rm i s  s u f  - 
f i c i e n t l y  h igh.  R  i s  def ined i n  analogy t o  the ord inary  Reynolds num- 

rn 
ber except t ha t  the k inemat ic v i s c o s i t y  i s  replaced by the magnetic d i f -  

f u s i v i t y  X = (pa)-', where o i s  the  e l e c t r i c  conduc t i v i t y  and i s  the 

magnetic permeabi l i t y .  

Here we sha l l  pursue the a l t e r n a t i v e  idea tha t  i n  the c:ase o f  

pulsars, i . e .  neutron s tars ,  the H a l l - e f f e c t  may play a  c r u c i a l  pa r t  i n  

determining the e x t e r i o r  magnetic f i e l d .  

2. THE HALL EFFECT I N  A MAGNETIZED, NONROTATING DISC 

Consider a  magnetized d i sc  w i t h  inner radius Ri and o u t e r  

radius R Let o  be the conduc t i v i t y  o f  the d isc ,  I the t o t a l  c u r r e n t  
a' -+ -+ 

which i s  d r iven through the d i s c  (from Ra t o  Ri) and N = e-rB/mc, where 

T i s  re la ted  t o  a  by the we l l  known r e l a t i o n '  a  = ne2T/m. Ohrn's l a w l S 2  

reads : 

-+ 
; + 1 ' i x ;  = a E  

o r  i n  tensor no ta t i on  

w i t h  i n e  inverse 

We use the surnrnation convention and give,  f o r  l a t e r  use, eq 

i n  vector  no ta t ion :  

where b i s  the  u n i t  vec tor  i n  the  d i r e c t i o n  o f  B and 

o,, = a  . 

( I  c) 

(Ic) a l s o  

I f  we apply a  po ten t i a l  d i f f e rence  A@ between the i n n e i -  and 
-+ + 

outer ,  r i m ,  the e l e t r i c  f i e l d  i n  the  d i sc  w i l l  be given by E = -V@ , d i v  

E=O so t h a t  we have 



+ - + +  
bk use c i  1  i n d r i c a l  coord ina tes  (p,$,z) i n  t h e  d i s c  and ep, e$, eZ a r e  

t h e  u n i t  v e c t o r s  i n  (p,$,z) d i r e c t i o n  r e s p e c t i v e l y .  

I n  t h e  f o l l o w i n g  c o n s i d e r a t i o n  i t  i s  conven ien t  t o  cons ider  a  

d i s c  o f  f i n i t e  h e i g h t  h < < R  I n  o r d e r  t o  determined t h e  energy d i s s i -  i' 
pated i n  t h e  d i s c  we e v a l u a t e  W = /  jE.dV and o b t a i n  t h e  f o l l o w i n g  

t h r e e  e q u i v a l e n t  express ions:  

i - 
whence we deduce by means o f  A$ = t h a t  t h e  r e s i  s tance  R i s  

- 1  +iV2 R = -  l o g  a  - . 
2nah R< 

Note t h a t  I = 2rh j (a) Ra = 27rh j (i) Ri. Due t o  
P P 

d i s s i p a t i o n  increases by a  f a c t o r  1+m2 f o r  a  f i x e d  

creases by t h e  sane f a c t o r  f o r  a  f i x e d  p o t e n t i a l  d  

t h e  H a l l  e f f e c t  t h e  

c u r r e n t  I and de- 

i f f e r e n c e A @ .  T h e  

reason f o r  t h a t  due t o  t h e  magnetic f i e l d  t h e  c u r r e n t  I s p i r a l s  f rom 

R t o  R .  i n  N  t u r n s .  The c u r r e n t  d e n s i t y  j+, which i s  j u s t  -N jp, ac- a  z 
c o r d i n g  to eq. ( l b ) ,  w i l l  however generate an e x t r a  magnet ic  f i e l d  

Z 

i n  the  d i s c ,  which i s  o f  o r d e r  6BZ = -NI/cRa (see below) . Depending on 

t h e  d i r e c t i o n  o f  t h e  c u r r e n t  I t h e  e x i s t i n g  magnetic f i e l d  w i l l  e i t h e r  

inc rease  of decrease. I f  we k e e p I  f i x e d  (which i m p l i e s  t h a t  t h e  V o l t -  

age A@ i n c r e a s e s  b y  1+N2!) w e c a n a r r i v e a t  v e r y  l a r g e  m a g n e t i c  

f i e l d s  w i t h o u t  u s i n g  any c o i l s .  As a  m a t t e r  o f  f a s t ,  i n  o u r  s  i m p l e  

a n a l y s i s ,  which ignores any dependence o f  T on B~ and t h e  mechan  i c a  1 

magnetic s t resses  e x e r t e d  on t h e  d i s c 3 ,  i n f  i n i t e  magnetic f i e l d s  a r e  

p o s s i b l e  f o r  a  f i n i t e  c u r r e n t  I. The a d d i t i o n a l  magnetic f i e l d  can be 

c a l c u l a t e d  by s tandard techniques4 i n t r o d u c i n g  t h e  Green's d y a d  i c  i n  
-+ 

p o l a r  coord ina tes  (r,€),$). S e t t i n g  6 5  = r o t  6Â and d i v  6A = O,  we ob- 

t a i n  

which g i v e s  t h e  f o l l o w i n g  f o r  r $ R : a 



where ct can be i n f e r r e d  e.g. from r e f .  4. For the  d i p o l e  p a r t  we f i n d  
n 

as s ta ted above. 

3. THE UNIPOLAR INDUCTOR 

We apply now the foregoing cons idera t ion  t o  the  r o t a t i n g  d i s c  

(unipolar  inductor) . For an 

t 
3 

where 8 = o 8xeD and terns  
C 

observer a t  res t ,  Ohm's law now reacls: 

-f + = (T (E + &B) (5) 

o f  order  have been dropped. The e l e c t r i c  

f i e l d  a t  the r i r n ' o f  the d i s c  (index a) i s  therefore:  

For good conduc t i v i t y  the second term i n  eq. (6)can usual l y  be neglected 

but  i t  i s  c l e a r  t h a t  i t  i s  t h i s  term l i m i t s  the maximaly e x t r a c t a b l e  

cur rent  I. l f  we connect inner and outer  r i m  by nonro ta t ing  wires and a 

res i stance R, a  cu r ren t  I wi li f low and energy wi 1 1  thus be ex t rac ted 

from the r o t a t i o n  o f  the d i sc .  Ignor ing the H a l l  e f f e c t  f o r  a  moment, 

the ana lys is  goes as fo l lows.  The e l e c t r i c  f i e l d  È i s  g iven by eq.(6) : 

and the  p o t e n t i a l  i n  the d i sc  by 

so, the  po ten t i a l  d i f f e rence  i s  

and a  cur rent  I i s  set  up 



The d iss ipa ted energy i s  g iven by W = I A @ .  This d iss ipa ted energy de- 

r i v e s  from the r o t a t i o n a l  energy o f  the d i sc  and there fore  angular mo- 

mentum must be d iss ipa ted a t  a  r a t e  j such t h a t  W = %. Externa1 l y ,  t h i s  

i s  achieved i n  the f i x e d  wires and res is tance and ins ide  the  disc,  an- 
-f 

gu lar  momentum i s  taken away by means o f  the electromagnetic torque T, 

MuI t i p I y i ng  eq.í9) by we have 

as i t  should. 

Let us now take i n t o  cons idera t ion  the Ha l l  e f f ec t .  Under  

s ta t i ona ry  cond i t ions  a - O and f o r  r o t a t i o n a l l y  symmetric f l o w  
a 
$$=O. 

-f 
S ince r o t  E = - - B = O and - O i t  i s  c l ea r  t h a t  E must vanish as 

C q- @ 
E vanishes a t  the boundaries R and Ri. As E = O and neg lec t íng  the a @ 
sec t ion  term i n  Ohm's law, eq.(6) ,  we have j@ + N j p  = O .  Then, as i n  

the nonro ta t ing  d isc ,  an ex t ra  cur rent  w i l l  f l ow  which w i l l  g i ve  r i s e  

t o  an add i t i ona l  magnetic f i e l d  6B í n  the  d i sc  and the  a n a l y s i s  can z 
d i r e c t l y  be c a r r i e d  over from the previous.  

According t o  Lenz' r u l e  the induced magnetic f i e l d  w i l l  oppose 

the o r i g i n a l  f i e l d  i f  we put  i n  a  resistance.  However, t 

obviousiy a l so  possib le,  t ha t  i s ,  i f  we d r i v e  a  cu r ren t  

po lar  inductor  so t h a t  the d i sc  speeds up, the magnetic 

increase and the  energy must be suppl ied by the externa1 

d r i ves  the cur rent .  

he reverse i s  

through theun i -  

f i e l d  w i  l l then 

e.m.f. which 

4. APPLICATION TO LABORATORY AND ASTROPHYSICS 

For a  pure copper c r y s t a l  a t  4 ~ ,  a  value o f  T = 2 10-9 sec i s  

feas ib le ,  whereas a t  room temperature -r = 2 10 - l 4  sec f o r  o r d i  n a r y  

copper. We f ind, there fore ,  t ha t  N = 100 B,T-, and N = ~ o - ~ B ,  T-,, f o r  

a  magnetic f i e l d  o f  1 Tesla = 10, Gauss. S e t t i n g  a  copper d isc ,  w i t h  a 

rad ius  o f  10 cm, i n t o  r o t a t i o n  a t  R = l o 3  sec-' (=I60 HZ) w i t h  a  mag- 



magnetic f i e l d  o f  1 Tesla, the  p o t e n t i a l  d i f f e rence  w i l l  be 5 \ l o l t s .  

Pu t t i ng  a res is tance o f  Ohm as a load, a cur rent  o f  1 Ampêrc? w i l l /  

/flow, which w i l l  g i ve  r i s e  t o  an induced magnetic f i e l d  (eq.(4c)) 

B = 2 Gauss b/200) (1/1 Ampêre) . (1 1) 

Compared t o  the o r i g i n a l  1 Tesla, t h i s  f i e l d  should be measurable i n t h e  

labora tory .  

I n  pulsars,  which are  bel ieved t o  work e s s e n t i a l l y  l i k t ?  u n i -  

po la r  inductors,  the  e f f e c t  may be much l a r g e r  f o r  low enough tmpera -  

tu res  i . e .  f o r  h igh  enough conduc t i v i t y  a t  the surface. I f  the surface 

i s  something l i k e  a l a t t i c e  we expect a temperature dependence of the 

conduc t i v i t y  due t o  electron-phonon scat te r ing ,  which scales w i t h  tem- 

perature T 1 i ke (T/8) -' where 0 i s  the Debye temperature o f  tht? l a t -  

t i c e .  I n  one model c a l c u l a t i o n 6  f o r  the  matter  j u s t  below the pu lsar  

surface (P = 10' gem-3 B = 1012 Gauss) a conduct iv i  t y  a = l o 2 '  ~ , ; ~ s e c - '  

was ca l cu la ted  which, w i t h  ns - 1 o Z 6  ~ m - ~ ,  gave (eq. (1)) r = 10'-"' sec 

and 

- 5 
N = I O ~ B , ,  T-,,T, , 

For the  induced magnetic f i e l d ,  due t o  t he  H a l l - e f f e c t ,  we ob ta in  f o r  

known cur rent  I (which can observat iona l ly  be i n fe r red  from slow-down7) 

i f  we use I = qc AF = - =- (%I @, where AF ir the area o f  the  po la r  cap. 

5. EXTENDED BODIES ANO THE BUILD-UP PROBLEM 

So fa r  we have considered o n l y  a t h i n  d i sc  and f o r  t h i s  c a s e  

the ca l cu la t i ons  can be done a n a l y t i c a l l y .  The m s t  i n t e r e s t i n g  case as 

f a r  as as t rophys ica l  considerat ions a r e  concerned i s t h e  magnet  i z e d  

sphere. t h a t  happens i f  a cur rent  i s  d r i ven  through a magnetized sphere? 

(The res is tance o f  a non magnetized sphere i s  g iven i n  r e f .  2) . The 

bui  ld-up problem i s  determined by Maxwel l 's  equations: 



r o t  E = - - i3 
C 

H 
w i t h  u given by eq . ( l d ) .  A good approximation i s ,  i n  our  case, t o  drop 

1 
the  term ; k  and we end up w i t h  one o f  the fo l l ow ing  equ iva lent  sets o f  

equat i ons 

4IT + r o t  r o t  E = - - o  È 
c 

Neglect ing the H a l l - e f f e c t ,  the s o l u t i o n  o f  the  magnetic f i e l d  

decay i n  a sphere i s  o f  course wel 1 known2. Separating the t ime depen- 
C2 dence B = Bo e-yt ,  one f inds f o r  the eigenvalues o f  eq. (15) yn=- kn 

where j ,  (k R) = O i n  the' case o f  a sphere of radius R, and J ,  (kna) = O 
n 

f o r  a cy l i nde r  (which i s  i n f i n i t e l y  long i n  t h e z - d i r e c t i o n  and  f o r  

which R; = 0) , where j ,  and J ,  are  appropr iate Bessel func t ions2.  

The lowest decay o r  bu i ld- up mode i s  k, = IT/R f o r  the sphere 

and k, = 1,22 IT/R f o r  the i n f i n i t e  cy l i nde r ,  i .e .  the magnetic f i e l d  
a 

i n  a cy l i nde r  decays (1.22) = 1.5 times s l o w l i e r  t h a n  a s p h e r e  o f  

equal radius. For the  c y l i n d e r  i t  i s  s t i l l  possib le t o  f i n d  and ana l y t i c  

so lu t i on  i f  t h e H a l l - f i e l d  i s  taken i n t o  account. The complete s o l u t i o n  

reads: 

wi t h  unchanged eigenvalues as can be seen f rom eq. (16) i f  one bears i n 

mind the  r e l a t i o n  Jó  = -J , .  The on ly  e f f e c t  o f  the  magnetic f i e l  d i s 

the re fo re  t o  produce an add i t i ona l  e l e c t r i c  f i e l d  E = -N E 
P +. 

I n  order t o  s tan t  t h i s  r e s u l t  b e t t e r  we consider t hed i ss ipa ted  

energy by means o f  the phenomenological equation2 ( f o r  a t h i n  wire) 



where i s  the sel f- inductance,  5 the res is tance and 2 the  capa~ci tance 

o f  the system. uext i s  the  externa1 l y  appl ied e.m.f. I n  t h e  decay  

problem the net  charge i s  zero and no ex terna l  e.m.f. i s  present. We 

have the re fo re  

New, as both R^ and ,f depend on N~ i n  the  same way, we understand tha t  

the decay time, which i s  the r a t i o  of the two quan t i t i es , i s  independent 

on N'. For a sphere we should use the te legraph equat ion8:  

which leads t o  

I t  appears t he re fo re  t h a t  i n  sphere the  Hal I - e f f e c t  w i l  l not  

q u a l i t a t i v e l y  d i f f e r e n t  decay (ar bui ld-up) o f  the magnet 

e i t h e r .  We t u r n  now t o  a d e t a i l e d  app l i ca t i on  t o  pulsars.  

(21) 

t o  a 

i e l d  

l ead 

i c  f 

6. EVOLUTION OF PULSARMAGNETIW BY VIRTUE OF A FARADAY DYNAMO MECkIANISM 

i& s h a l l  f i r s t  g i ve  some background informat lon on pulsars and 

some mo t i va t i on  why we t h i n k  the preceding considerat ions could be o f  

importance f o r  pu lsars .  

Soon a f t e r  the i d e n t i f i c a t i o n  o f  pulsars w i t h  neutron s ta rs  i t  

was pointed out  t ha t  the  observat ion o f  the absence o f  l o n g  p e r i o d  

pulsars could be understood i f  one assumed t h a t  the magnetic f i e l d  de- 

cayed on a t ime scale o f  some 10 years. As shown i n  sec t ion  5 the t ime 

-scale T fo r  a magnetized body t o  lose i t s  magnetic f i e l d  dueto Ohmic d 
d i s s i p a t i o n  i s  



and t h i s  amounts t o  -cd = 106 years i f  the  average conduc t i v i t y  i s a = 1 0 ' ~  

sec-', a ra the r  la rge value f o r  nondegenerate matter .  H o w e v e r ,  un l  i k e  

i n  o rd ina ry  s t a r s  the mat ter  o f  a neutron s t a r  i s  extremely degenerate 

and due t o  the Pauli-principie the conduc t i v i t y  i s  very la rge.  I n  fact, 

the  protons may i n  some s i t e  o f  the neutron s t a r  a c t u a l l y  form a type 

I I  superconductor. Consequently, o n l y  i n  the c r u s t  o f  a neutron s t a r  

can the magnetic f i e l d  decay and t h i s  would no t  lead t o  any appreciable 

reduct ion  i n  the s t a r ' s  d ipo le  moment. 

Unimpressed by such theo re t i ca l  considerat ions,  observers con- 

t inued, e s s e n t i a l l y  u n t i l  today, t o  discuss t h e i r  observat ional  r e s u l t s  

i n  terms o f  magnetic f i e l d  decay6. How do pu lsars  t u r n - o f f  then i f  mag- 

n e t i c  f i e l d  decay i s  no t  poss ib le?  Three f u r t h e r  i d e a s  have  been  

suggested. The f i r s t  i s  a c lever  v a r i a n t  of the magnetic f i e l d  decay  

hypothesis7. It i s  c l e a r  t ha t  a magnetic f i e l d  c a n n o t  be a n c h o r e d  

s tab l y  i n  a l i q u i d  body. So e i t h e r  a c r u s t  o r  a t o r o i d a l  f i e l d  which 

conf ines the po lo ida l  f i e l d  must be present. I f  t h i s  t o ro ida l  f i e l d s  i s  

mainly anchored i n  the c rus t  i t may decay by Ohmic d i s s i p a t i o n  (see sec. 

51, and the po lo ida l  f i e l d  may subsequently crack the c rus t  and re-  

o r i e n t  i t s e l f ,  thereby, lower ing the magnetic energy, and f o r m i n g  a 

quadrupole f i e l d .  

The second i s  based on the f a c t  t ha t  e x t e r n a 1  o r  i n t e r n a 1  

torques may lead t o  considerable a1 ignment o f  the pulsars s p i  ns a x i  s  

w i t h  the a x i s  o f  the d ipo le  moment8. There i s  l i t t l e  o b s e r v a t i o n a l  

evidence t h a t  al ignment alone i s  the  mechanism tha t  t u rns- o f f  a pulsar,  

although the angle between d ipo le  and sp in  a x i s  i s  probably i m p o r t a n t  

f o r  pu lsar  evolut ion9 . Therefore some o ther  mechanism must be a t  work. 

I n  1 i ne  w i t h  e a r l  i e r  work by ~ t u r r o c k ' ~ ,  Ruderman and h i  s  

group" have developes the  idea t h a t  sparking i n  gaps i s  r e s p o n s  i b l  e 

f o r  the  coherent rad io  emission o f  rad io  pulsars and t h a t  t h i s  process 

depends sens ib ly  on the surface temperature and on the r o t a t i o n  per iod .  

The fo l l ow ing  discussion i s  a l s o  i n  l i n e  w i t h  these consider-  

a t ion ,  and i t  stresses, as w i l l  be seen, the importance o f  the surface 

temperature. As i t was explained i n  de ta i  1 elsewhere9 
'12 a va l  i d  model 

f o r  slowing-down o r  speeding-up a neutron s t a r  i s  provided by the d i sc  

dynamo, which i s  shown i n  f ig .1 ,  if one replaces t h e  w i  r e s  b y  t h o s e  

conducting f i e l d  l i n e s  o f  the magnetic d i p o l e  which cannot c o r o t a t e  



Fig. 1 - Unipolar  inductor .  

r i g i d l y ,  i .e . ,  the so c a l l e d  open f i e l d  l i n e s .  In  r e f .  12 the d e t a i l s  

o f  the cur rent  f l ow  i n  the noncorotat ing magnetosphere a r e  explained 

and i t  i s  demonstrated t h a t  the anomalous braking index o f  the c r a b -  

-nebula pu lsar  can bederived i n  a q u i t e  natura l  manner. This i s  a major 

success o f  the model s ince the explanat ion o f  the anomalous braking i n -  

dex has presented so f a r  a major d i f f i c u l t y  f o r  any theory. Bas ica l ly ,  

the neutron s t a r  i s  slowed-down o r  accelerated by  a magne t i c torque 

provided by a cur rent  which f lows along the  magnetic f i e l d  l i n e s  away 

f rom the surface area AF centered on the magnetic poles (polar  caps). I n  

the s implest  case the r e t u r n  cu r ren t  wi l l flow symmetrical 1 y  i n t h e  

a x i a l  d i r e c t i o n  around the forward cu r ren t  and f u r t h e r  way f r o m  t h e  

center  o f  the po lar  cap. 

According t o  the considerat ions presented i n  sec t ion  4 i70 Ha l l  

- f i e l d  can be es tab l ished f o r  geometrical reasons so the cur rent  which 

f lows across the magnetic f i e l d  l i n e s  ins ide  the n e u t r o n  s t a r  must  
+ 

s p i r a l  and s a t i s f y  Div j = O .  The t o t a l  cur rent  I can be i n fe r red  from 

the observed slow-down o r  speed-up and we can wr i  t e  i nstead of eq. (1 4) 



where 9 is explained in fig. 1 .  If the conductivity o is mainly due to 

electron-phonon scattering u will denote on temperature like T - ~  i.e., 

the conductivity will be dependent extremely temperature. In this case 

it is convenient to turn around the meaning of eq. 23 and solve it for 

T instead. For those pulsars13'1~hich are believed to turn-off, we 
- 2 

have typically 6 = -10-l6 sec 0 = 10-I 
B~ 

= 6 B  = 1012 Gauss, 
P 

which implies a temperature T = 1 0 " ' ~  OK. For Rontgen-pulsars, we may 

on the other hand put 0 = lo7 OK for the surface temperature, 0 = 10-'.' 

to obtain6B = 1012 Gauss that is, in good agreement with the obser- 
P 

vations if we use h 10-I' sec-' as inferred from their speed-up15. 

7. SYNOPSIS 

The evidence that radio-pulsars are slowed-down and Rontgen- 

-pulsars are accelerated predominantly by magnetic torques is now very 

strong. Angular momentum is transferred away from the neutron star in 

the case of radio-pulsars and down to the neutron star in the case of 

Rontgen-pulsars by means of a magnetic spring. The physical origin of 

this is an appropriate current flowing along the magnetic field 1 ines. 

As this current must be closed at the neutrons star surface and no 

Hall-field can be built-up, a Faraday dynamo mechanism is set-up. It is 

pointed out that this mechanism could switch-off a radio-pulsar or turn 

-on a Rontgen-pulsar. Many disconcerting pulsar observations could thus 

be explained15 if radio-pulsars can be reactivated in the galactic 

plane by means of accretion in dense clouds, and if Rontgen-pulsars must 

first create a sufficiently strong magnetic field to function as aregu- 

larly pulsed emitter. 
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Resumo 

Neste t raba lho examina-se o e f e i t o  Ha l l  em um disco magnético. 
Se o d isco é usado como indutor  un ipo la r  o campo magnético o r i g i n a l  de- 
cresce, enquanto se uma cor rente  de di reção apropriada é inser ida  no 
d isco em rotação, o campo magnético cresce sem l i m i t e  - em uma aná l i se  
s imp l i s ta ,  usando-se cor rente  constante I. O e f e i t o  pode ser t e s t á v e l  
em labo ra tó r i o ,  e pode ser part icularmente importante em pulsares. A 
magni tude da mudança r e l a t i v a  do campo magnético é de ordem N para pu l -  
sares. = QR/c é a velocidade equator ia l  do pu lsar  em unidades da ve- 
locidade da l uz  e N é a constante adimensional de Ha l l  N = e Em 
coodi@es favoráveis ; \ O - '  para ob je tos  t í p i c o s  de l abo ra tõ r i o  e pa- 
r a  pulsares BN = 1 .  


