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The energy-momentum tensor in a polarized medium, as derived from microscopic theory, can be looked 
upon as the sum of a material part. defined at zero field, and a field part. It can then be s h o ~  that both 
Minkowski's and Abraham's tensora are unjustifiable. 

The macroscop ic  re la t iv is t ic  energy-momentum conservat ion laws in dipole substances  have been 
derived [1] f rom the cor responding  microscopic  laws. In this way a s ta t is t ical  express ion for  the icon- 
served  and symmetr ica l )  ene rgy-momentum tensor  TC~fl in t e rms  of a tomic p a r a m e t e r s  has been found. 
In this express ion a par t  appears ,  which reads  in the res t  f r ame  of the medium (i , j  = 1,2,3; g/i  = 1; gij= 
= 0, i ~ j): 

(1) 
\ ( E x H )  i - E i D J - t l i B J +  (½E 2 + ½B 2 _ B . M ) g i j  

T(0?) 0i i0 "~ it depends on the Maxwell fields only. ( and c T ( f ) a r e  the energy density and flow; c - l T  (f)  and T ) 
a/3 _ a ~  

a re  the momentum density and flow.) The remaining par t  T (m) = Taft  T i f ) '  which contains bulk 

mater ia l ,  velocity fluctuation and in tera tomic  e lec t romagnet ic  interact ion corre la t ion  t e rms ,  is d i rec t -  
ly re la ted to the s tat is t ical  thermodynamical  express ions .  For  the e lectr ic  dipole case the second line 
of (1) was propose~ a l ready by Lorentz  [2] and Eins te in-Laub [3]. 

If instead o~T/mP~ one defines a s imi lar  tensor  T~m~,, for the sys tem with same tempera ture  T and 

d2~.ttloPns but: ? t / a / :q f i i l l id :~ua  C:th:sp:ndXfrngafi:l:~dten~::SrTl~aftfl)visT:flvelTc~y,~;:ctbtt?::::; # ? d e : e t  ? 

re la t ions  P =  KEand ,44 = xB  it reads  in the res t  f rame 

00 , T ( f , )  = -~E.D + ½B. t l  + -~E2T OK/~T + ½B 2 TOx/~T,  (2) 

Oi iO 
T(f,) = r(f,) = (ExH) i, (3) 

ij = -E iDJ- I - I iBJ  (~E .D + ½ B , I t -  -~E 2 ag /ap  - ~B2ax/ap)g  ij T ( f , )  + + 

_ ~ ( p i p j  +A4iMJ) + ~  (p2+/|42)gij" (4) 

For  induced dipole media the last  two t e rms  of eq. (2) a re  negligible; for  permanent  dipole media,  
which obey the Langevin-Debye laws (with K(K + 3) -1 and ×(3-  2×) -1 inverse ly  proport ional  to T), the field 
energy density (2) becomes  

oo = ½(E 2 +h,2)  _ ~ ( p 2  + M 2 )  (5) T(I , )  
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Using the Claus ius-Mosot t i  formula  for K(p) and X(P) one gets for the momentum flow 

T~f,) = -EiDJ - HiBJ + (½E 2 + -~/./2 _ _~p2 _ }M2) gij _ ts_(pipj + MiMj ) + ~ (1)2 + M2) giJ. (6) 

Consequently for induced dipole media with K << 1 and X << 1 the t ensor  T~f~) reduces  to 

a~ ~ E ' D +  ½B'H (E×IT) i 1 

T (f,) =\(E x/ ' l )  i _EiD j _HiBJ + (½E2 + ½1.12)gij ] ,  (7) 

where the f i r s t  l ine occurs  a lso in the t enso r s  proposed by Minkowski [4] and Abraham [5]; the momen-  
tum density c-lD ×B of Minkowski is  not found, it r e ma i ns  c - l E  ×/ ' / ,  as in Ab.ra.ham's tensor ;  the mo-  
mentum flow (field p re s su re )  is  different from both Minkowski ' s  express ion  -E~D 3 - HzBJ+ 

1 + ( ~ E . D  + ½ B ./-/)g~J and Abraham ' s  express ion  which is  the s y m m e t r i c a l  par t  thereof.  
In the past  the d i scuss ion  focused mainly  on the re la t ive  m e r i t s  of Minkowski ' s  and A br a ha m ' s  ten-  

sors ,  while Loren tz ' s  and E i n s t e i n - L a u b ' s  express ions  were hardly taken into account,  even in P a u l i ' s  
review [6]. The widely adopted a rgument  of yon Laue [7] in favour of Minkowski was inval idated by 
Tang and Meixner  [8]. 

Thus it has been shown here  that s ta r t ing  f rom the field t ensor  (1), based on microscopic  theory, 
one can define - under  two l imi t ing  condit ions - a field t ensor  (2)-(4) which cor responds  to a ma te r i a l  
t ensor  at zero fields.  In a more  special  case it takes the form (7), which shows some s imi l a r i t y  with the 
t ensor s  of Abraham and Minkowski. However even in this case dif ferences  between the r e su l t s  obtained 
from microscop ic  theory and those of Minkowski and Abraham remain ,  such that the la t te r  cannot be 
justif ied.  

This invest igat ion is par t  of the r e s e a r c h  p rog ra mme  of the ~Stichting voor Fundamentee l  Onderzoek 
der  Mater ie  (F.O.M.)", which is f inancial ly  supported by the "Organisat ie  voor  Zuiver  Wetenschappel i jk  
Onderzoek (Z.W.O.)". A detai led account will appear  in the journal  "Physica" .  
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