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EXCHANGE CONTRIBUTION TO LINDHARD "' S DIELECTRIC FUNCTION 

v. §ips
Institute "Rudjer Bo§kovi6", Zagreb 

The dielectric function of the degenerate electron 
gas interactlng with the uniform background of the positive 
charge was first calculated by Lindhard 1 ) in the approxima-
tion which is equivalent to the RPA. Although Suhl and 
Werthamer2> and Watabe3 > developed a general approach for
improving the RPA with higher-order terms, explicit calcu­
lations of this type were performed only for small momentum 
transfers q and the limiting cases of high and low frequen-
cies w . In the present paper, these results are extended to 
arbitrary frequencies, excluding only the vicinity of the 
point at which the frequency is equal to the product of the 
momentum transfer and the Fermi velocity vF .

In the second RPA, the dielectric function of the 
electron plasma may be written in the form 
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V i s  equal t o  4we2/q2, Ek is the electron kinetic energy
ft�k2/2m and N8k is the occupation number in the state with
spin s and wave vector k .  

We have evaluated the real part of the dielectric 
function in the approximation that q is small compared 
with the Thomas-Fermi wave number � · ·  The influence of 
the exchange contribution measures the quantity 
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w being the electron plasma frequency p 

w2 = 4fl'Ne2 

P m ( 3 )  

Note that in our approach higher-order terms in the 
perturbation expansion are omitted. This requires that 
y must be much smaller than unity. 

In the table are listed numerical results for 
Lindhard 's dielectric function £L (q ,w) and the cor­
responding exchange correction 

6£ {q ,w) = £ (q , w) - £L (q ,w) (4 ) 

as a function of the ratio w/qvF for q=0 ,01 qTF and for
different values of Y. 
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