
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Relation between Kinetic and Exchange Energies in a Relativistic
Inhomogeneous Electron Liquid
N. H. Marcha; R. Santamariaa

a Theoretical Chemistry Department, University of Oxford, Oxford, England

To cite this Article March, N. H. and Santamaria, R.(1989) 'Relation between Kinetic and Exchange Energies in a
Relativistic Inhomogeneous Electron Liquid', Physics and Chemistry of Liquids, 19: 3, 187 — 188
To link to this Article: DOI: 10.1080/00319108908030618
URL: http://dx.doi.org/10.1080/00319108908030618

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319108908030618
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phq’s. Chum. Liq., 1989. Vol. 19. pp. 187-188 
Reprints available directly from the publisher 
Photocopying permitted by license only 

(: 1989 Gordon and Breach Science Publishers Inc. 
Printed in Great Britain 

LETTER 
Relation between Kinetic and Exchange Energies in a 

Relativistic Inhomogeneous Electron Liquid 

N. H. MARCH and R. SANTAMARIA 

Theoretical ChemistrJq Department, University of Oxford, 
5 ,  South Parks Road, Oxford OX1 3UB, Englund. 

( Rrcuiced 14 September 1988) 

The relativistic kinetic energy of a weakly inhomogeneous electron liquid can be calculated from Dirac’s 
equation, as recently shown by Baltin and March. Here this result is combined with the relativistic exchange 
energy as  given by MacDonald and Vosko to yield the exchange energy density in terms of kinetic energy 
and electron densities. 
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Using Dirac’s one electron relativistic wave equation, Baltin and March’ have 
obtained an explicit form for the kinetic energy density t of a weakly inhomogeneous 
electron liquid in terms of the electron density p. The relativistic treatment of, for 
example, an atom embedded in a dense plasma’ is a problem to which this 
approximation for t ( p )  has relevance. 

Recently, we have used a non-relativistic density matrix for a bare Coulomb field to 
argue for an  intimate relation between exchange, kinetic and electron densities3. The 
purpose of the present work is t o  display an  explicit form of such a relationship for a 
weakly inhomogeneous relativistic electron liquid. 

The result of Ref. 1 for the kinetic energy density t is 

r = a{p ( :  + f l ’ ) ( 1  + fl’),”’ - 4p’ - + ln[p + ( 1  + f l ’ ) ” ’ ] }  (1) 

Using the work of MacDonald and Vosko4, the relativistic exchange energy density 
where a = ( 1/4n2)(mc/h)’mmc2, ,/3 = hp’I3, h = ( 3 7 ~ ~ ) ~ ” ( h / r n c ) .  

E ,  can similarly be written as5 
113 

E x  = - :.2(;) p4’3QP) 

where 
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I t  is now to be noted that the term ln[p + (1 + b2)1/2] is a common element 
between E, and t. Therefore we shall proceed by eliminating this term between Eqs. (1) 
and (2). The resulting relation may be expressed in the form 

with p = bp1 l3 ,  and c, = 3e2(3/n)1/3. 
In the non-relativistic limit, the Dirac-Slater p4l3 exchange energy density is 

recovered. Thus, near the non-relativistic limit, Eq. (3) can only be used to con- 
nect relativistic corrections to the nonrelativistic energy densities to = 
(3h2/10m)(3/8n)2/3p5/3 and E,,, = - c , P ~ / ~ .  

While Eq. (3) is certainly true in a weakly inhomogeneous electron liquid treated by 
Special Relativity, it is to be anticipated that, for more rapidly varying electron 
desities, E x @ )  will be related to t(r) and p(r) by a non-local theory. Any such non-local 
relation which may be set up in the future must clearly reduce to a form equivalent to 
Eq. (3) in the limit when p(r) varies by but a small fraction of itself over a characteristic 
electron wavelength. 
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