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Wave functions to order k2 are presented for electrons in metallic l i thium. The calculation is an application 
of the cellular method. The empirical potential of Seitz was employed. 

THIS paper reports the final calculation in a series 
of studies of wave functions of electrons in the 

alkali metals. Results have been reported for sodium,1 

potassium,2 rubidium,3 and cesium4 in preceding papers 
of this series. The cellular method in the spherical ap­
proximation has been used throughout. 

The wave function and energy of an electron of wave 

T A B L E I . T h e functions R0, Ri, R2, and Q2 are given as functions 
of / ' . T h e normalization of these functions is given in Eq . (5) of 
the t ex t : f<?< R0

2dr = 1.000; fQ
r* RxHr = 0.478; f^ R^dr = 1 . 3 1 7 ; 

/ o r ' W d r = 1 . 1 7 5 ; * o ( O ) = 2.31;0o(O) = O.745. 

r (au) R0 Ri R2 Q2 
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vector k are expanded in powers of k according to the 
method of Silverman.5 We have 

^k = eik"fck, (1) 

Uk=Uo+ikui cos0+&2[WP2(cos0)+<£o], (2) 

E(k) = Eo+E2k*+EAk\ (3) 

in which 0 is the angle between k and r and P% is the 
second Legendre polynomial. 

The equations which determine the functions «o, Wi, 
etc., and the energy parameters Eo, E2j and £4 are 
summarized in reference 4. 

The functions which are tabulated in Table I are 

Ro=ru0, Ri=rui, jR2=f«2, 62=^0. (4) 

The normalization integral for \p^ is (to order k2) 

f | ^ k |Vr= f |^k |2^r = 47 r [ l+^ ( i / 1 +/ 2 ) ] , (5) 

in which 
pi's /»rg 

/ i = / R&r, J2= / jRoGa*\ (6) 
Jo. Jo 

This calculation was based on an empirical potential 
constructed by Seitz for use in a calculation of the co­
hesive energy of metallic lithium.6 This potential yields 
energy levels for the free atom in good agreement with 
spectroscopic data, and has frequently been used in 
band calculations. 

All calculations were made for a sphere radius 
rs = 3.21 atomic units (a.u.). Other details of the crystal 
structure are not relevant to the spherical approxima­
tion used in this calculation. 

The band parameters obtained in this calculation 
have been given previously.7,5 These results, together 
with the calculated cohesive energy and Knight shift 
parameters are summarized and discussed elsewhere.8 

* R . A. Silverman, Phys . Rev . 85, 227 (1952). 
6 F . Seitz, P h y s . Rev . 47, 400 (1935). T h e published potent ia l 

contains an error. T h e correct potent ia l has been given by 
W. Kohn and N . Rostoker, ibid. 94, 1111 (1954). 

7 R . A. Silverman and W. Kohn, P h y s . Rev . 80, 912 (1950); 
82, 283 (1951). T h e values are E 0 = - 0 . 6 8 3 2 R y , £ 2 = 0 . 7 2 7 , 
7 ^ 4 = - 0 . 0 3 . 

8 J. Callaway, in Solid State Physics, edited by F. Seitz and 
D. Turnbull (Academic Press Inc., New York, 1958), Vol. 7, p. 99. 
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