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The aim of the present paper is to study the behaviour of a degeneratz high-
density electron gas of concentration N immcrszd in a uniform background of
positive charge. The dielectric function of such a system may be written as!

8(‘1:“’): 1 +2quzFk+qk(w)Gk+qk(w)(Nk+e_Nk)- (1)

N, is the Fermi distribution function, V, is the Fourier transform of the Coulomb
potential

47e
Vq =——q—2—’ (2)
and G, . (w) is given by
1

Gk+ﬂk (w) - ’iw + Ek _ Ek+q’ (3)

E; being the energy of a free electron

K2 k2

Ek - 2m . (4)

The function F,, ,(w) plays the main role in the theory; it is determined by coup-
led equations of motion for particle-hole pairs. Confining ourselves to the approxi-
mation which extends the RPA only to lowest-order corrections, we have

Feop(wy=1+ § Vii (Nk’+q — N, (G 4 i (0) — Gk+qk(w)]' N C),
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Now Equ. (1) becomes

&(g ) = & (g @) + & (> ), (6)
where ¢, (¢,w) is Lindhard’s®» dielectric function

&g ('?sw) =1+ 2Vq§ Gk+wk(m) (Nk+q — Ny, Q)

and e, (¢, w) represents the contribution describing exchange scattering
Eex (Q’: w) = ZquE' Vk—-k' (Nk+q - Ni) (N&+q - Nk') G;+qt(w) [G;:+qk(w) -
— Gy g (W) (8)

Neglecting higher-order terms in the series expansion for F,, ., (w), we
have tacitly assumed that the second term on the right-hand side of Equ. (5) is
much smaller than the first one. In other words, our basic assumption is

eL(g w) > e (g ). )

Starting from expressions (7) and (8), we calculate the real part of the long-
-wavelength dielectric function at zero temperature. If ¢ is much smaller than the
Fermi wave number k;, we may write

-

k
Niso = Ne= =32 8(k— ), (10)
Bl
Evyg—E= m kgq. (11)

In this approximation ¢;(¢, w) is given by

egw) =1+

3w, z 1+ 2
qzvf:(l - —2—ln‘1 —z

), (12)

where w, is the electron plasma frequency w, = (4zNe?/m)''? and z is the ratio
between the phase velocity w/g and the Fermi velocity v

z=-2_ (13)

Expression (12) shows that our approximate treatment automatically intro-
duces singularity into the calculation. This occurs if the phase velocity of the wave
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is equal to the maximum particle velocity. Having in mind that singularity does
not appear in the exact Lindhard’s result, we must exclude the point 2 = 1 from
our consideration.
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Curve A = RPA. Curve B = Extende? RPA fc;r rs = 0.5. Curve C = Extended RPA
or rs = 4.

In a similar manner we can perform the calculation of the exchange contri-
bution to the dielectric function. The result is
kre\2y 422 z
Ecx(Q)w) = (T) 2 [2 T 122 + 2 (1

2

1+ 2

2—%m

where k;r is the Thomas-Fermi wave number

kn‘ =

® V3 (15)

haut
Y
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and y is defined by

Ere\2  rg £ 40\V3
={IF} (L 16
4 (2k,.~) 7 (9:;) ’ (16)
rs being the dimensionless measure for the interparticle spacing
me( 3 V3
TR (m) ' an

The exchange terms are proportional to the parameter of the perturbation expan-
sion y. Of course, for a high-density gas it must satisfy the condition

y <1 (18)

Now it is easy to find the behaviour of the dielectric function in the limiting
cases z > 1 and z < 1. For large frequenci:s, the dielectric function becomes

L 3y
S(G’aw)—l—mz[l-{-szz(l T)] 71, (19)

in agreement with the results obtainzd previously3~%. In the opposite limit of
low frequencies, by virtue of (18) we may write

e(gw) =1+ (ﬁ’) Ll < (20)
g) 11—y ’
which is in accordance with the result derived by v. Ross®.

Expression (19) shows that for 2 > 1 the correction contribution does not
influsnce the leading term of [e(g,w) — 1]. Hence we expect that RPA works better
in the high-frequency than in the low-frequency limit. This is shown in the figure.
It is worth noting that the RPA and the extended RPA are already in close agreement
at frequencizs which are of the order of gv,. For example, choosing r, = 4, we
find that at 2 = 2 exchange scattering influences the RPA value by 6%, and at
2z =3 only by 19%,.
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