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The Ward identity relation 

is used to obtain the effective electron mass m*, at metallic density by solving the integral equation for the proper vertex function, A1w (p) with a non-local formfor the interaction. We find that for sodium metal m*/m = 1.14, which is inClose agreement with the experimental value of 1.11 ± 0.08. 
In the last few decades many attempts have been made to obtain a suitable form for the dielectric function, prevalent at metallic densities. Recently we deri­ved an expression for the dielectric function, e (k, w ), in the static approximation, in terms of the proper vertex function .Aka> (p ), given as 1 > : 

e Ck, w) = 1 + 2 vk l: g1r.a, Cp') J'ka> CP'). ( 1) 
p' 
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Th� proper vertex function, satisfies an integral equation 1 > : 
A1w, (p) = 1 - LI (p, p') C1w (p') Aka> (p')

. 
p '  

(2) 

the kernel of which contains the interaction term 7 (p, p'), which characterizes an effective electron-hole interaction. Here 
(3) 

where BP = p 2/2m + LI (p, p')fp ,, 'YJ is a positive infinitesimal quantity, /p is the
P' Fermi function and L is a shorthand for (2n)- 3 J d 3p. We proposed a solvable

p model based on the separable form of the kernel leading to a non-local form of the static interaction term namely 
J(p, p') = -4n e 2 ;., 2/(p2 + p2) (p' 2 + p2) (4) 

where A 2, p 2 are screening parameters 2 > .
Using Eq. (4) for I (p, p') in the integral equation (2) for the proper vertex function we obtain2> : 

where 
Ckw = f d3 P' Ckw (p') Akw (p') (p' 2 � p2) • 

The solution of the integral equation for Akw (p), becomes : 

and the expression for the dielectric function, e (k, w ), is obtained as : 

where 
2Vk · 4n e2 A 2 [I (P)J2 e (k, w) = 1 -1- 2Vk 11 

+ 1 _ 4n e2 i.2 1, (P)

f d
3 p' f 1 = (2n)3 Ckw (p')

f d 3 p' I 1 I (P) = (2n)3 C1tw (p ) (p' 2 + p2)

(5) 

(6) 

(7) 

(8) 

(9) 
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I' CP> = - a:2 I CP>

/ { p 2 (p + k) 2 

• } Ckw (p) = (/p+k - f p) { ;2m - 2m + w + 1 17  •

(10) 

( 1 1 )  
The values of real and imaginary parts of  I 1, I ({J) and J' ({J) ,are given in  our ear-lier paper2> . It is well known that the proper vertex function Akw (p) satisfies different3> Ward identity relations depending on the order of taking the limits k � 0 and w � 0. For instance one of the Ward identity relations requires : 

lim [lim Akw (p)] = zP - 1 ( 12) co-+O k-+O 
where zP is the wave function renormalization constant. In the static limit Zp tendsto unity for all p. Thus in this limit the Ward identity relation Eq. ( 12) becomes : 

lim [lim Akm (p)] = 1 ( 13) co-0 k-+O for all p. This condition is satisfied in our model. We see from Eq. (7) that I ({J) given byEq. (9) vanishes in the limit k �.o for non-vanishing co. This follows from the use of Eq. ( 1 1) for gkt» (p) which occurs in equation for I ({J). The other Ward identity relation is4> : 
lim [lim .Akw (p)] = m* _l_�k-+O W-0 m ZpF � F 

(14) 
where m, m* respectively are the mass and effective mass of the electron, �,�F is the compressibility ratio of the interacting and free electron gas and ZpF is the wave function renormalization constant at Fermi surfaces. If we perform the inte­gration for I ( {J) and take the limit co = 0, k � 0, we get

lim [lim A� (p)] = 1 + Zi
k-0 m-+O Zz wh�re z 1 and z 2 are the following : 

_ k}r A 2 { 2n (k} - /J2) 1 /12 4n _ 1 2/Jkp Z1 - Sn (p2 + p2) k; (/12 + k}) n 7f2 + k} + fJkF 
tan p2 - k2

_ 2n (k} + 3/J2) } 

p2  (/12 + k})
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k}T ). 2 
{ 

(k} + 2/J2) (/32 + k})
Z2 = l - fJ2 4{32 ({32 + k}) - 2 [(/32 ...::. k})2 + 4k}fJ2] 

p2 p2 l - 1 

2 ({32 + k})2 In /J2 + k} - 4/Jk
F 

tan
2/J kF 

}(/32 - k}) 

Here the following abbreviations are used : 

k2 _ 6n n e2 

FT - EF ' 
k} 

EF = - and ki = 3n n2 • 2m 
The compressibility ratio "F of the free and interacting electron gas is calculated" 
from the following expression 5 > :  

,eF = ____ k.;:,...}=--T ___ .,.....-
,e lim {k2 [e (k, 0) - I ]} .

k...O 

Making use of Eq. (14), we have calculated m*/m for different values of rs [rs = 
( 4 ) - 1 / 3  

= 3 n n a� , n is the density and a0 the Bohr radius] and these are tabulated
in Table 1 . In the calculations the screening parameters ). 2 = [J 2 = 2k} + k}r 
have been used. It may be noted that for sodiuP1 metal i. e ;  rs = 3.93, the calcu­
lated value of m*/m is equal to 1 . 14, which agrees with the experimental result6> 

of m*/m = 1 . 1 1 ± 0.08. 

TABLE 1 . 
.,p = /32 = 2k} + kh

r, = 1 r, = 2 r, = 3 r, = 3.93 r, = 5 r, = 6 
m*/m I 1 .010 1 .0-1.J J .085 1 . 140 1 . 1 67 1 . 1 88 

Variation of m*/m with metallic electron densities represented by r,.

References 
1 ) D. C. Langreth, Phys. Rev .. 181 (1969) 753;
2) BhaswattJ3iswas and S. P. Tewari, Phys Rev. B22 (1980) 681 ;
3) P. Nozieres, Theory of Interacting Fermi System (W. A. Benjamin Inc. New York, 1 964) ;

W. Jones and N. H. March, Theoretical Solid State Phys. Vol. l (Wiley-Interscience London,New York 1 973) 588; 
J. M. Luttinger and P. Nozieres, Phys. Rev. 127 (1962) 1423, 143 1 ;

4) T. M. Rice, Annals of Phys. 31 (1965) 100 and Ref. l ;
5) K. S .  Singwi, M .  P. Tosi, R. H. Land and A. Sjolander, Phys. Rev. 176 (1968) 589;
6) R. T. Schumacher and W. E. Vehse, Bull. Am. Phys. Soc. 4 (1960) 296.

266 FIZIKA 18 (1986), 3, 263-267 



BISWAS AND TEWARI : EFFECTIVE ELECTRON MASS , , ,

PRORACUN EFEKTIVNE ELEKTRONSKE MASE POMOCU W ARDOVA IDENTITETA S NELOKALNOM INTERAKCIJOM 
BHASWATI BISWAS i SRI P. TEWARI* 

Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, U.K. 

*Department of Physics and Astrophysics, University of Delhi, Delhi 110007, India 

UDK 538. 915 

Originalni znanstveni rad 

Polazeci od Wardova identiteta 
lim [lim A1ca, (p)] = ': -1-!!...
k-+O (IJ-o m ZpF "F 

odredena je efektivna masa elektrona u metalima rjesavanjem integralne jednadzbe za vrsnu funkciju Ak<o (p) s nelokalnom interakcijom. Nadeno je da je za natrij 
m*/m = 1,14, sto je blizu eksperimentalnoj vrijednosti 1, 11 ± 0,08. 
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