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G. Grosso and G. Pastori Parravicini, Solid State Physics (Academic Press, 2000)

Chapter 4, sections on the electron gas.

\110 = A {(bla' (DI.H e O"m(-l Q’m.}a . 'Q.DN/Q(-II @}'\/'/2,"3} s ‘30)

where ¢;(r) (i =1,2,... N/2) indicate orthonormal orbitals. Notice that the state ¥
has total spin component S, equal to zero and total spin S equal to zero.

The general Hartree-Fock equations (25), earrying out explicitly the summation
over spin variables, take the form

p° , y ‘
I:m T "rlucl(r) + "coul(r) + "cxchJ Qi(r) = E{,(f)i(l') (31 a)
i=12,... . N/2), with R
/ 1 .. v
¢ N/2 5
. C
Veour(r) =2 (6 (r2) p— | 6j(r2)) (31b)
J ’
P "\1', _'?0 ~
cam TN 2
Vexehi(r) = = > (6;(r2) | T |9 05 () - (31c)
. 2
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The Hartree-Fock equations of the homogeneous (interacting) electron gas can be
solved exactly using plane waves W(k;,r) = (1/v/V)exp(ik; - r). The normal ground-
state of the interacting gas is approximated with a single Slater determinant, formed
by doubly occupied plane waves with wavevectors filling the Fermi sphere of radius
kr: we have

= A{Wi,a Wi,8 ... Wi,,.a Wi, .0} . (38)

In the jellium model V. (r) and V.,.(r) exactly cancel, and the Fock operator be-

comes
2

It = "'p_ + ‘cxch ) (39)

2m

where V., is the exchange integral operator of type (31c) built with the occupied
plane waves. In the case the Hartree approximation is considered, the exchange oper-
ator V.yen 1s omitted and one recovers the free-electron Sommerfeld model.

It is well known that the kinetic energy operator p?/2m is diagonal in a plane wave
representation. We now show that also the exchange integral operator, built up with
plane waves, is diagonal in a plane wave representation. In fact we have

(oce) 2

: 1 i e
iV 'hezk-r eitleoe E : 6 / —zq-r akr dr’

(occi

—— zkr —z(k—q) (r—r’) é /
‘/ Zf Ir_r'l

47 e?

___ik-rl 4
- e L 3o e (10)
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Fig. 4 (a) Schematic plot of the function F(z). (b) Kinetic energy and Hartree Tock orbital
energy as a function of the wavevector £ for the homogeneous electron gas. Fnergies are in
Rydbergs, k is in units of a;;' (inverse Bohr radius), and we have taken kr = 1/ag.
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Another interesting remark can be made on Egs. (41). From Eq. (41b) we see that
F(r) varies smoothly (from one to one half) as £ goes from zero to kp. In the hypo-
thetical case that we replace the function F(z) by its average value 3/4 (see Eq. C5),
we would have that the operator Vec, becomes a constant equal to

2 2
Slat 3 €e” 3 € 2
VG = 3k = g ). 150
Slater suggested that expression (45a) could be adopted also for non-homogeneous
electronic systems of local density n(r), so obtaining the famous “n!/? local approxi-

- f\/ﬁ

mation” to the exchange operator X
VA

Slater 3 62 ;
Vi () = =5 =[3x*n())'R .

(45b)

It is worthwhile to mention that the Slater local exchange approximation has had
historically an important role in making many properties of actual materials accessible
to the theory and to the interpretation; the reason is that the Hartree-Fock equations
become ordinary differential equations, when the exchange operator is approximated
with a local potential. In the literature, many attempts have been done to correct
and improve the Slater expression (45b); among them we mention the once popular
“*X, local approximation”, where a semi-empirical parameter a multiplies the original
Slater expression of Eq. (45b). All these attempts have come to an end with the
advances of the density functional theory, mainly in the local density approximation



W. H. Lien and N. E. Phillips,

Heat Capacity of Sodium and Potassium at Temperatures below 1°K,
Phys. Rev. 118, 958 (1960) _
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Fi1c. 1. C/T vs T2 C is the heat capacity of sample plus calorim-
eter per mole of sample. The corrections to C/7 for the calorimeters
were estimated from the known heat capacities of the material

used (largely copper) and are 0.49-40.03672 and 1.02+4-0.0772
millijoules/mole deg? for sodium and potassium, respectively.

The data give values for the Debye temperature, v, and

Sodium, Na  the effective mass ratio of 156°K, 1.45% 103 joules/mole
deg?, anﬁ@spectively.

Potassium the Debye temperature, v, and effective mass ratio
K 89.9°, 2.2X107? joules/mole deg? and 1.3, respectively.
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ve energies of the alkali metals within the
| for electron—electron interaction using
e, Hartree—Fock (HF), and Hartree—Fock
- Wigner). All energies are in kcal/mol.
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