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Abstract: A modif.ied version of the Bohm-Pines approach is obtained by trans­
forming longitudinal long-wavelength phonons into p!asmons. Taking into 
account the exchange processes, the electron-plasmon Hamiltonian is derived 
in which the electron correlation is included. Th� exchange and correlation 
contribution to the plasma frequency depends upon the influence of the 
crystal periodicity on the effective short-range electron-electron interaction. 
Full agreement with the Bohm-Pines theory is obtained if periodicity effects 
are completely disregarded. 

1. Introduction

Bohm and Pines1> developed the theory of an interacting electron gas in 

metals, which offers a simple justification for the one-electron approximation. 

Replacing ions by a uniform background of positive charge, they considered 

the influence of the electron-electron Coulomb interaction on metallic pro­

perties. The main feature of their approach, called the theory of a coJlective 

description of electrons, is a set of collective variables introduced to re­

-describe the long-range interaction between electrons into a plasma field. 

Although the BP theory gives an excellent physical insight into the effective 

electron-electron interaction, it suffers from certain difficulties. These dif­

ficulties are caused by the introduction of new terms into the Hamiltonian, 

whereby the number of variables is increased. To maintain the number of 

degrees of freedom unchanged, it is necessary to impose an equal number of 

subsidiary conditions on the wave function, which makes the whole approach 

considerably complicated. In practice, the final results are obtained by ignor­

ing the subsidiary conditions. This treatment is based on the work by Bohm, 

Huang and Pines2>, who found that their effect on the ground-state energy 

and the specific heat is small. 
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Difficulties arising from the subsidiary conditions can be simply avoided 

in problems where we are not interested in the behaviour of longitudinal 
long-wavelength phonons. Then, instead of neglecting the ionic oscillations 
and introducing the subsidiary plasma variables, we can transform the long­

·Wavelength longitudinal phonon field into the plasma one. Performing the
calculation within the Random Phase Approximation (RPA), we found that
this approach slightly affects the effective short-range electron-electron inter­
action term, but leaves the plasma dispersion relation unchanged3>.

Starting from the formulation developed by Bardeen and Pines-'>, Hone51 
examined the influence of non-RPA corrections on electron-phonon scattering 
and showed that correlation effects are automatically introduced by diagonal 
exchange terms. The same refers to the expression for the plasmon energy6>, 

where the electron correlation somewhat modifies the strength of the ex­
change influence. While all those studies are based on the BP theory and thus 

involve an auxiliary plasma field, in the present paper we treat correlation 
effects in a modified BP approach which is free from the subsidiary condi­
tions. Owing to the fact that correlation effects depend on the effective 
screened electron-electron interaction, our method will not lead to the same 
results as derived within the original BP theory. Nevertheless, it confirmes 
the main features of their results. Full agreement is obtained if different 
contributions to the effective electron-electron interaction coming from the 
ionic periodicity mutually compensate. 

2. Transformation to plasma modes

An approximation calculation of the electron-phonon interaction can be 
obtained by assuming that phonons are either longitudinal or transversal and 
that the latter ones do not interact with electrons. This is essentially the 
long-wavelength approximation. Then t,e longitudinal electron-phonon Ha­
miltonian for a monoatomic metal can be written in the form7> 

E
li 

is the energy of an independent electron moving in the periodical poten­
tial, V 1: is the square of the electron-electron matrix element, Pk is the electron 
density fluctuation 

(2)
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This leads to 

and 

v
l 
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+ e(kc-l;_:,1> wK_ K,]}+nfkK -wk�gkK,aNK, =0 . (23) 

SK' 

With the help of (21) our Hamiltonian becomes 

where the plasmon frequency is defined through the dispersion relation 

The first term on the right-hand side arises from the ionic motion, and 
because of the large disparity between the electron and ion mass, it is negli­
gible. The main contribution to Wk2 is contained in the second term which is 
of the order w/, while the last one determines the k-dependence. 

Neglecting terms higher than k2
, we shall confine ourselves to the first 

order iteration for fkte. and gkK • using the RPA values as basic solutions. Then
we can write 

(26) 

with 

(27)
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KORELACIONI EFEKTI U DEGENERIRANOM 

ELEKTRONSKOM PLINU 

V. SIPS i M. VRTAR
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Sa d rz a j

Efekt elektronske korelacije na plazmonsku energiju ispitan je prosire­

njem metode Bohma i Pinesa. Prednost pred originalnim Bohm·Pinesovim 

postupkom sastoji se u tome sto je cijeli racun proveden bez prosirenja 

stupnjeva slobode i odgovarajucih pomocnih uvjeta. Pokazano je da clanovi 

izmjene ne daju opcenito isti doprinos plazmonskom kvantu kao u BP teoriji, 

Potpuno slaganje dobiveno je u okviru zele-modela. 




