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A b s t r a c t  

With t h e  a i d  o f  r e c i p r o c i t y  r e l a t i o n s  r e l a t j n g  a 
magnet ic  ( s c a l a r  or v e c t o r )  p o t e n t i a l  and one  of  t h e  
magnet ic  f i e l d  q u a n t i t i e s  (magnet ic  f l u x  d e n s i t y  or 
magne t i c  f i e l d  s t r e n g t h )  a l t e r n a t i v e  e x p r e s s i o n s  ' f o r  
t h e  r e a d  f l u x  of a magnet ic  r e c o r d i n g  head are de r ived .  
They e x p r e s s  t h e  r e a d  f l u x  of  t h e  head as a weighted 
p roduc t ,  ove r  t h e  f r o n t  p l a n e  of t h e  head ,  o f  its write 
f i e l d  and c e r t a i n  f i e l d  q u a n t i t i e s  t h a t  are r e l a t e d  t o  
t h e  r eco rded  p a t t e r n  of  magnet i z a t  i on .  

I n t r o d u c  t i on 

I n  t h e  p r e s e n t  paper  some e x p r e s s i o n s  are d e r i v e d  t h a t  
y i e l d  a l t e r n a t i v e s  t o  t h e  u s u a l  e x p r e s s i o n  [ l l - [3]  f o r  
t h e  magnet ic  f l u x  l i n k e d  t o  t h e  r e a d  coi l  of  a magnet ic  
r e c o r d i n g  head when a magne t i za t ion  p a t t e r n  r eco rded  i n  
a c e r t a i n  medium is p r e s e n t  i n  f r o n t  of  t h e  head. They 
e x p r e s s  t h i s  r e a d  f l u x  i n  terms of a s u r f a c e  i n t e g r a l  
o v e r  t h e  boundary surface of  a c e r t a i n  domain i n  t h e  
i n t e r i s r  o f  which t h e - r e c o r d e d  p a t t e r n  o f  magne t i za t ion  
is p r e s e n t .  One of  t h e  q u a n t i t i e s  e n t e r i n g  i n t o  t h e  
s u r f a c e  i n t e g r a l  is e i t h e r  a magnet ic  ( v e c t o r  or 
s c a l a r )  p o t e n t i a l  or a magnet ic  f i e l d  q u a n t i t y  
a s s o c i a t e d  w i t h  t h e  h e a d ' s  write f i e l d .  CorrespondJngly  
t h e  o t h e r  one  is e i t h e r  a magne t i c  f i e l d  q u a n t i t y  or a 
magnet ic  ( v e c t o r  or s c a l a r )  p o t e n t i a l  t h a t  h a s  t h e  
r eco rded  magne t i za t ion  p a t t e r n  as its source. The 
q u a n t i t i e s  a s s o c i a t e d  w i t h  t h e  h e a d ' s  write f i e l d  are 
t h e  ones ,  t h a t  are caused  by a u n i t  c u r r e n t  i n  t h e  
head ' s  coi l  w h i l e  t h e  m a g n e t i c a l l y  permeable  matter i n  
f r o n t  of  t h e  head is p r e s e n t .  

We restr ic t  o u r s e l v e s  t o  media t h a t  are l i n e a r ,  
t i m e - i n v a r i a n t ,  i s o t r o p i c ,  and i n s t a n t a n e o u s l y  and 
l o c a l l y  r e a c t i n g  i n  t h e i r  magnet ic  behavior .  Conduct ing  
media are exc luded ,  so a l l  q u a n t i t i e s  i n  t h e  
c o n f i g u r a t i o n  have t h e  same time dependence. No 
s p e c i f i c  a s sumpt ions  are made t o  t h e  type  o f  i n d u c t i v e  
head or t o  t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  
magne t i za t ion  p a t t e r n .  

I n  t h i s  way f o u r  novel  e x p r e s s i o n s  are o b t a i n e d .  
They can  be of p r a c t i c a l  impor tance  i n  t h o s e  cases when 
t h e  magnet ic  p o t e n t i a l  or t h e  magnet ic  f i e l d  q u a n t i t y  
a s s o c i a t e d  w i t h  t h e  head ' s  write f i e l d  can  be  measured 
on t h e  boundary s u r f a c e  of t h e  r e l e v a n t  domain ( f o r  
example i n  t h e  f r o n t  p l a n e  of  t h e  head) .  

Genera l  R e c i p r o c i t y  R e l a t i o n s  -- 
R e c i p r o c i t y  theorems i n t e r r e l a t e  i n  a c e r t a i n  manner 

two a d m i s s i b l e  "states" t h a t  can be p r e s e n t  i n  one  and 
t h e  same domain i n  space .  L e t  D be an a r b i t r a r y  bounded 
domain i n t e r i o r  t o  t h e  bounded c l o s e d  surface a D  and 
l e t  2 be t h e  u n i t  v e c t o r  a l o n g  t h e  normal to  a D .  
p o i n t i n g  away from D. The magnet ic  f i e l d  e q u a t i o n s  i n  
t h i s  domain D are,  upon employing, as cus tomary  i n  
magnet ic  r e c o r d i n g  t h e o r y ,  t h e  q u a s i - s t a t i c  
approx ima t ion  of  t h e  electromagnetic f i e l d  e q u a t i o n s ,  

w h i l e  . 

The magne t i za t ion  i s  s e p a r a t e d  i n t o  a f ie ld-dependent  

983 

induced  p a r t  Mi and a f i e ld- independent  permanent p a r t  

M :  
-P 

The media t h a t  we c o n s i d e r  have a scalar,  f i e l d -  
independent  s u s c e p t i b i l i t y  K(L), so  

(5 )  

A t  s u r f a c e s  wnere t h i s  s u s c e p t i b i l i t y  changes  
a b r u p t l y ,  t h e  t a n g e n t i a l  components of  t h e  e lectr ic  and 
magnet ic  f i e l d  s t r e n g t h  are con t inuous ,  and t h e  normal 
component of t h e  magnet ic  f l u x  d e n s i t y  as well. 

been r eached  by s t a r t i n g  from a s i t u a t i o n  where no  
f i e l d  i s  p r e s e n t ,  and  s o u r c e s  have been swi t ched  o n  a t  
t h e  i n s t a n t  t=tO i n  t h e  f i n i t e  pas t .  We d e f i n e  t h e  

v e c t o r  p o t e n t i a l  as 

The e l e c t r o m a g n e t i c  s ta te  i n  t h e  c o n f i g u r a t i o n  has  

S u b s t i t u t i o n  o f  ( 6 )  i n  (2 )  l e a d s  t o  

( 7 )  

I n  any subdomain free of e lectr ic  c u r r e n t ,  ( 1 )  r educes  
t o  4: x kJ( f , t )  = 0, and i n  t h e s e  domains a scalar 
magnet ic  p o t e n t i a l  '4 can  be i n t r o d u c e d  such  t h a t  

The f i e l d  q u a n t i t i e s  i n  t h e  domain D i n  t h e  two 
a d m i s s i b l e  s ta tes  "a" and "b" i n  t h e  r e c i p r o c i t y  
r e l a t i o n s  are denoted  by t h e  s u p e r s c r i p t s  a and b ,  

r e s p e c t i v e l y .  The e x p r e s s i o n  !.(Lax Eb - Abx s a )  can  
t h e n  w i t h  t h e  a i d  of  (11, ( 3 )  and (7). be  r e w r i t t e n  as  

(9 )  

prov ided  t h a t  t h e  c o n d i t i o n  sb-$ = kJa.$ is imposed 

( i . e . ,  Ka(r )  = K ( E ) ) .  
I n t e g r a t i o n  o f  ( 9 )  over  t h e  domain D and a p p l i c a t i o n  of 
Gauss '  d ive rgence  theorem l e a d  t o  

b 

. n.(Aa x zb - Ab x wa)dA 
/rem- 

Equat ion  (IO) is t h e  g l o b a l  form of a r e c i p r o c i t y  
r e l a t i o n  f o r  domain D. 

S i m i l a r l y ,  man ipu la t ion  of t h e  e x p r e s s i o n  F ( ' 4 k b  - 
Ybla) l e a d s  wi th  t h e  a i d  o f  (3 ) - (5 ) , (8 )  and  a p p l i c a t i o n  
t o  a c u r r e n t - f r e e  subdomain t o  
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(11 )  

Equa t ion  (1 1)  c o n s t i t u t e s  t h e  g l o b a l  form of ano the r  
r e c i p r o c i t y  r e l a t i o n  which h o l d s  f o r  a c u r r e n t - f r e e  
domain D. 

I n  t h e  r e c i p r o c i t y  r e l a t i o n  as expres sed  i n  (10 )  t h e  
volume i n t e g r a l s  c o n t a i n i n g  t h e  electric c u r r e n t  
d e n s i t i e s  can be f u r t h e r  reduced  i n  case t h e  c u r r e n t s  
flow i n  a th in-wire  l o o p  C. By u s i n g  t h e  r e l a t i o n  

J dV = I T d s ,  (12) - 
where I deno tes  t h e  e lectr ic  current i n  t h e  loop ,  1 is 
t h e  u n i t  v e c t o r  a long  t h e  t a n g e n t  t o  t h e  c e n t e r  l i n e  of 
C. and dV is an e lementary  p a r t  of t h e  l o o p  w i t h  arc 
l e n g t h  d s  a l o n g  its c e n t e r  l i n e .  S i n c e  i n  t h e  quas i -  
s ta t ic  approx ima t ion  I does  n o t  va ry  a l o n g  t h e  wire, we 
have 

L e t  S deno te  any bounded two-sided s u r f a c e  t h a t  has  C 
as boundary cu rve  and l e t  2 be t h e  u n i t  vec to r '  a l o n g  
t h e  normal t o  S such  t h a t  2 and 1 form a r ight -handed  
system. The magnet ic  f l u x  8 p a s s i n g  through t h e  l o o p  C 
is t h e n  d e f i n e d  by 

which can  be expres sed  i n  terms of A ( c f .  ( 7 ) )  as 

The magnet ic  f l u x  8 is f u r t h e r  r e l a t e d  t o  t h e  
e l e c t r o m o t i v e  f o r c e  e induced  a l o n g  t h e  o r i e n t e d  c l o s e d  
con tour  C ( c f .  ( 6 ) )  t h rough  

Taking  (13)  - (15) i n t o  accoun t ,  t h e  r e c i p r o c i t y  
theorem ( l o ) ,  a p p l i e d  t o  t h e  domain i n t e r i o r  t o  a D ,  
l e a d s  t o  

U n t i l  so f a r ,  t h e  domaln D ,  t h e  boundary c o n d i t i o n s  on  
aD and t h e  s ta tes  ''a'' and ltbtt  are a r b i t r a r y .  

The u s u a l  e x p r e s s i o n  f o l l o w s  from app ly ing  ( 1 7 )  t o  
t h e  domain i n t e r i o r  t o  a l a r g e  s p h e r e  SA of  r a d i u s  6. 

and center a t  t h e  o r i g i n  o f  t h e  chosen  c o o r d i n a t e  
system. The c o n t r i b u t i o n  f rom SA v a n i s h e s  i n  t h e  l i m i t  

A -i -, s i n c e  

I n  t h i s  l i m i t  we o b t a i n  

aaIb  - G b I a  = (U Hb*Ma - pSa*Mb )dV, (19)  
-P - O- -p 

where t h e  r igh t -hand s i d e  c o n t a i n s  t h e  permanent p a r t  
o f  t h e  m a g n e t i z a t i o n  on ly .  The a p p l i c a t i o n  of  ( 1 9 )  t o  
t h e  e n t i r e  R 3  wi th  s t a t e  ''a'', an  " a u x i l i a r y "  s ta te  

c h a r a c t e r i z e d  by Ia # 0, -P Ma = 0 ,  and s t a t e  "b", t h e  

" readingf f  s t a t e  denoted  by t h e  s u p e r s c r i p t  R ,  

c h a r a c t e r i z e d  by Ib = 0 ,  Mb = MR where -P MR is t h e  

permanent ly  r e c o r d e d  magne t i za t ion  p a t t e r n ,  l e a d s  t o  
-P -P' 

Here, D 

m a g n e t i z a t i o n  -P' M I t h e  c u r r e n t  i n  t h e  co i l ,  G t h e  f l u x  

l i n k e d  t o  t h e  coil  and ha = H a l l a  a t ime- independent  
c o n f i g u r a t i o n a l  q u a n t i t y  c h a r a c t e r i s t i c  for t h e  h e a d ' s  
performance [2]. The u s e  o f  lower case le t te rs  i n  t h e  
r ema in ing  t e x t  for q u a n t i t i e s  d e s c r i b i n g  state 
means t h a t  t h e y  are t a k e n  f o r  Ia = 1 .  The absence  of 
r e t a r d a t i o n  and d i s p e r s i o n  i n  t h e  c o n f i g u r a t i o n  makes 

t h a t  Ha and Ia have t h e  same time dependence. so t h e  
lower case q u a n t i t i e s  are t ime- independent  and d e s c r i b e  
a m a g n e t o s t a t i c  f i e l d .  

deno tes  t h e  domain occup ied  by t h e  permanent 
P 

A l t e r n a t i v e  Expres s ions  f o r  t h e l e a d  Flux  w i t h  t h e  
Magnet ic  Vector  P o t e n t i a l  

We now app ly  (17 )  t o  bounded domains and cons ide r  

t h e  case where on  t h e  boundary aD+ of a bounded domain 

D+ t h a t  comple t e ly  c o n t a i n s  t h e  permanent m a g n e t i z a t i o n  
d i s t r i b u t i o n ,  a d d i t i o n a l  boundary c o n d i t i o n s  are 

invoked. The domain D may a l s o  c o n t a i n  induced  
m a g n e t i z a t i o n  occupying  a subdomain Di.  

+ 

-core 
coil 

state "a" 

medium of inl.inite 
p e r  m e a b  11 ity 

s t a t e  "b" 

Fig. 1. The l o c a t i o n  of t h e  domain and t h e  two 
states f o r  a n  a l t e r n a t i v e  r e c i p r o c i t y  
r e l a t i o n .  

The domain o u t s i d e  D+ is denoted  by D- (F ig .  1 ) .  State  



"att is t aken  t o  be t h e  s i t u a t i o n  i n  which Ma = 0, w h i l e  

- Ha is t h e  magnetic f i e l d  s t r e n g t h  due  t o  a current Ia 
i n  t h e  coi l  of t h e  r ep roduce  head t h a t  is l o c a t e d  i n  

domain D-. For t h e  l a t te r  s ta te  no s p e c i f i c  boundary 

c o n d i t i o n s  on a D +  are invoked,  s o  t h e  c o n d i t i o n s  of 
c o n t i n u i t y  of t h e  t a n g e n t i a l  components o f  A a n d ;  ho ld  

across aD+.  S t a t e  "b" is c h a r a c t e r i z e d  by Mb = MR i n  

which MR is t h e  r e c o r d e d  magne t i za t ion  p a t t e r n ;  2 is -P -P 
p r e s e n t  i n  t h e  domain D+. F u r t h e r ,  we s u b j e c t  t h e  f i e l d  

i n  state 'lb" t o  t h e  boundary c o n d i t i o n  2 x ib = 0 on 
a D + ,  where fl is t h e  u n i t  v e c t o r  a l o n g  t h e  outward  

normal to  aD+.  With Ja = Ha/Ia as c o n f i g u r a t i o n a l  
q u a n t i t y ,  s u b s t i t u t i o n  of  t h e  assumpt ions  f o r  t h e  
s ta tes  'taf* and 'Ib" i n  ( IO)  l e a d s  t o  

-P 

-P -P' 
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t h e  a s sumpt ions  f o r  states and llbrr i n  (IO) l e a d s  to  

(21) 

However, on accoun t  of  (20) t h e  r igh t -hand s i d e  o f  (21)  

e q u a l s  gR and hence 

(22)  

In (22 ) ,  fi x AR is t h e  t a n g e n t i a l  component of  t h e  

magnet ic  v e c t o r  p o t e n t i a l  o f  t h e  magnet ic  f i e l d  i n  D , 
t h a t  is caused  by t h e  permanent magne t i za t ion  MR i n  t h e  

r e a d  s i t u a t i o n ,  b u t  is now s u b j e c t  t o  t h e  c o n d i t i o n  E x 

- Hb = 0 on  aD+.  The l a t t e r  f i e l d  can be env i saged  as  t h e  

one  t h a t  would be p r e s e n t  i n  t h e  domain D + ,  i f  in D- a 
medium of  i n f i n i t e  p e r m e a b i l i t y  were p r e s e n t .  

t 

-P 

S i m i l a r l y ,  w e  o b t a i n  f o r  t h e  same domain D - ,  w i t h  
t h e  same c h a r a c t e r i z a t i o n  of s t a t e  "a!', b u t  now f o r  t h e  

s ta te  "b" s u b j e c t  t o  t h e  boundary c o n d i t i o n  fl x Ab= 0 
on a D + ,  a d i f f e r e n t  e x p r e s s i o n  f o r  gR (F ig .  2 ) .  With da 
= - A a / I a  as c o n f i g u r a t i o n a l  q u a n t i t y ,  s u b s t i t u t i o n  ol" 

QY 

coil @IC ore 

state "a" 

medium of infinite 
conductivity 

state "b" 

Fig .  2. The l o c a t i o n  of  t h e  domain and t h e  two 
states f o r  a n  a l t e r n a t i v e  r e c i p r o c i t y  
r e l a t i o n .  

However, on accoun t  of  (20)  we have 

(23 )  

in which. 

f i e l d  s t r e n g t h  o f  t h e  magnet ic  f i e l d  on a D + ,  t h a t  is 

caused  by t h e  permanent magne t i za t ion  MR i n  t h e  r e a d  

s i t u a t i o n ,  b u t  is now s u b j e c t  t o  t h e  c o n d i t i o n  2 x A = 

- 0 on a D +  ( i . e .  fl x Eb = 0 on aD+). The l a t t e r  f i e l d  can  

be  env i saged  as t h e  one  t h a t  would be p r e s e n t  in D , if 

i n  D- a medium of  i n f i n i t e  c o n d u c t i v i t y  were p r e s e n t .  
In t h e  e x p r e s s i o n s  ( 2 2 )  and ( 2 4 )  f o r  t h e  r e a d  f l u x  

t h e  v e c t o r  p o t e n t i a l  is e x p l i c i t l y  p r e s e n t .  To o b t a j n  
a va lue  f o r  t h e  r e a d  f l u x  from t h e s e  a l t e r n a t i v e  
e x p r e s s i o n s  a v a l u e  f o r  t h i s  v e c t o r  p o t e n t i a l  is 
r e q u i r e d .  Now, t h e  v e c t o r  p o t e n t i a l  is, when i t  
s a t i s f i e s  t h e  above  s t a t e d  c o n d i t i o n s ,  de te rmined  up t o  
t h e  g r a d i e n t  of a scalar f u n c t i o n  of p o s j t i o n .  I n  t h e  
a l t e r n a t i v e  e x p r e s s i o n s  f o r  t h e  r e a d  f l u x  ( ( 2 2 )  and 
(24) )  t h e  v e c t o r  p o t e n t i a l  may v a r y  w i t h  t h e  g r a d i e n t  
of  a scalar p o t e n t i a l  w i thou t  a f f e c t i n g  t h e  r e s u l t .  
Taking  in (22) e.g. 

x ER is t h e  t a n g e n t i a l  p a r t  of t h e  magnet ic  

-P 
b 

+ 

in which $I is a scalar p o t e n t i a l ,  we o b t a i n  f o r  t h e  
r e a d  f l u x  

( 2 6 )  

The l a s t  i n t e g r a l  can be r e w r i t t e n  as  

Now bo th  i n t e g r a l s  on t h e  r igh t -hand s i d e  o f  ( 2 7 )  

van i sh .  The f i r s t  one due t o  t h e  f a c t  t h a t  a D  is a 
c l o s e d  s u r f a c e  where a p p l i c a t i o n  o f  S t o k e s '  theorem to  
p a r t s  of  i t  l e a d s  t o  c a n c e l l a t i o n  o f  t h e  r e s u l t s .  The 

second one  g i v e s  no c o n t r i b u t i o n ,  because  1 x ha = 0 i n  

D+. In t h e  same way i t  can  be shown t h a t  (24) i s  no t  
a f f e c t e d  by t h i s  change  i n  t h e  v e c t o r  p o t e n t i a l .  

t h e  ha l f - space  D+= [ r  - 6 R 3 ;  y > 01 in f r o n t  of  t h e  
h e a d ' s  f r o n t  p lane .  Then t h e  e x p r e s s i o n s  for  t h e  f i e l d s  
t o  be c a l c u l a t e d  in t h e  " reading"  s ta te  R w i th  boundary 

c o n d i t i o n s  on aD' ( i . e .  now, y = 0 )  can  be o b t a i n e d  
e x p l i c i t l y  w i t h  t h e  a i d  of  t h e  method of  images. 

+ 

In cases of p r a c t i c a l  i n t e r e s t ,  D+ is chosen  t o  be 

I 
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+ 
Again t h e  bounded domain D I t h a t  c o n t a i n s  t h e  

permanent m a g n e t i z a t i o n  d i s t r i b u t i o n ,  is cons idered .  A s  
t h i s  domain is a c u r r e n t - f r e e  o n e ,  we can a l s o  employ 
t h e  magnet ic  scalar p o t e n t i a l  i n  it. Applying ( 1 1 )  t o  

D w i t h  t h e  same c h a r a c t e r i z a t i o n  of s ta tes  and llb" 
(F ig .  11 ,  b u t  w i t h  t h e  a d d i t i o n a l  boundary c o n d i t i o n  

- n x Hb = 0 o n  a D +  and u s i n g  (20) l e a d s  t o  

+ 

(28)  

i n  which n.BRis t h e  normal component of t h e  magnet ic  
f l u x  d e n s i t y  o f  t h e  magnet ic  f i e l d  caused  by t h e  

permanent m a g n e t i z a t i o n  MR i n  t h e  r e a d  s i t u a t i o n  i n  D+ 

under  t h e  boundary c o n d i t i o n  t h a t  Y b  is c o n s t a n t  on 
-P 

aD+ . 
S i m i l a r l y ,  we o b t a i n  w i t h  t h e  boundary c o n d i t i o n  ?gb=O 
on aD+ ( F i g .  2) t h e  r e s u l t  

(29)  

R i n  which Y 

f i e l d ,  t h a t  is caused by t h e  permanent m a g n e t i z a t i o n  MR 
-P 

i n  t h e  r e a d  s i t u a t i o n ,  b u t  is s u b j e c t  t o  t h e  c o n d i t i o n  

- n.Eb=O on aD+.  The f i e l d  i n  t h e  r e a d i n g  s t a t e  i n  (28) 
c a n  as i n  (22) be e n v i s a g e d  as t h e  one  t h a t  would be 

p r e s e n t  i n  D+ i f  i n  D- a medium of i n f i n i t e  
p e r m e a b i l i t y  were p r e s e n t ,  w h i l e  t h i s  f i e l d  i n  (29)  c a n  

b e  e n v i s a g e d  as t h e  one  t h a t  would be p r e s e n t  i n  D i f  

i n  D- a medium of  i n f i n i t e  c o n d u c t i v i t y  were p r e s e n t .  
I n  t h e  e x p r e s s i o n s  ( 2 8 )  and ( 2 9 )  for t h e  r e a d  f l u x  

t h e  scalar p o t e n t i a l  Y is e x p l i c i t l y  p r e s e n t .  T h i s  
scalar p o t e n t i a l  is w i t h  t h e  p r e s c r i b e d  boundary 
c o n d i t i o n s  de te rmined  up t o  an a d d i t i v e  c o n s t a n t .  I n  
t h e  e x p r e s s i o n s  ( 2 8 )  and ( 2 9 )  for  t h e  r e a d  f l u x  t h e  
scalar potential may v a r y  w i t h  a c o n s t a n t  wi thout  
a f f e c t i n g  t h e  r e s u l t .  

In t h e  p r a c t i c a l  case t h a t  D+ is chosen t o  be t h e  

ha l f - space  D + = ( f l  6 R3; y>O) i n  f r o n t  of  t h e  h e a d ' s  
f r o n t  p l a n e  t h e  r e a d  f l u x  i n  e x p r e s s i o n  (28) c a n  
d i r e c t l y  be  i n t e r p r e t e d  as t h e  i n t e g r a l  o v e r  t h e  h e a d ' s  
f ron t  p l a n e  of t h e  magnetic f l u x  d e n s i t y  emanat ing from 
t h e  m a g n e t i z a t i o n  p a t t e r n  weighted by t h e  scalar 
p o t e n t i a l  c h a r a c t e r i s t i c  f o r  t h e  magnet ic  head 141. 

is t h e  scalar p o t e n t i a l  o f  t h e  magnet ic  

+ 

Conclus ion  

S t a r t i n g  from t h e  g e n e r a l  r e c i p r o c i t y  r e l a t i o n s  for a 
bounded domain s e v e r a l  e q u i v a l e n t  forms  of  t h e  
r e c i p r o c i t y  theorem of magnet ic  r e c o r d i n g  t h e o r y  are 
p r e s e n t e d .  By a n  a p p r o p r i a t e  c h o i c e  o f  t h e  domain and 
of t h e  boundary c o n d i t i o n s  t o  which t h e  magnet ic  
p o t e n t i a l s  and/or  t h e  magnet ic  f i e l d  q u a n t i t i e s  are 
s u b j e c t e d  t h e s e  e q u i v a l e n t  forms  f o l l o w  from t h e  
g e n e r a l  r e c i p r o c i t y  r e l a t i o n s  f o r  t h e  bounded domain. 
These  relations hold  f o r  any  d i s t r i b u t i o n  of 
m a g n e t i z a t i o n  i n  space and time i n  a bounded domain. 
The a p p l i c a t i o n  of  t h e  r e c i p r o c i t y  r e l a t i o n  t o  an 
unbounded domain l e a d s  t o  t h e  usual e x p r e s s i o n  f o r  t h e  
r e a d  f l u x  which c o n s i s t s  of a volume i n t e g r a l ,  whereas  
t h e  a p p l i c a t i o n  t o  an a p p r o p r i a t e  bounded domain l e a d s  
t o  an e x p r e s s i o n  for t h e  r e a d  f l u x  c o n s i s t i n g  of a 

s u r f a c e  i n t e g r a l .  The r e s u l t s  o b t a i n e d  i n  c4]  have been 
ex tended  and  g e n e r a l i z e d .  I n  [ 4 1  o n l y  t h e  e x p r e s s i o n  

(28)  was o b t a i n e d  f o r  t h e  s p e c i a l  case o f  domain D+ as 
t h e  ha l f - space  i n  f r o n t  of t h e  head.  S i n c e  a l l  
e x p r e s s i o n s  are e q u i v a l e n t ,  c o n c l u s i o n s  can  be reached  
w i t h  any  of t h e  e x p r e s s i o n s .  However, t h e  q u a n t i t i e s  
o c c u r r i n g  i n  t h e  e x p r e s s i o n s  and t h e  domains o v e r  which 
one  h a s  t o  i n t e g r a t e  d i f f e r .  Depending on t h e  purpose  
of t h e  a n a l y s i s ,  one  e x p r e s s i o n  w i l l  be  more convenient  
t o  a n a l y z e  and t h u s  g i v e  more i n s i g h t  t h a n  a n o t h e r  one. 
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