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electrons + ions

22ER) _ g p, R, PG R)
H(r,p,R,P) = Ti(P)+Te(p) +
WII(R) + Wee (I‘) +
WeI(r, R)
r=#,...,7n, R=Ry,... Ry,

3(N + M) variables

Exactly solvable: Hydrogen atom, harmonic oscillator.
Numericaly solvable: single-particle problems.

Nevertheless

GS geometry within 1-2 %

elastic constants within 5-10 %

lattice vibrations within a few %

phase transitions under pressure correctly described

and much more ...

Thanks to

e Adiabatic Approximation
e Density Functional Théory

e Powerful Computers and Efficient Algorithms
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FIG. 1. Spherically averaged density n(r) in ground state of
carbon atom as a function of distance r from nucleus.
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FIG. 6. Density of metallic Fe and Cu as a function of the ra-
dius r. The density n is expressed in terms of the parameter r,,

where n =(4xwr2/3)~\.
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SELF-CONSISTENCY IN DENSITY FUNCTIONAL THEORY
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l E [ f ] “(%“( ’ VP/ V} ) dj Filippi, Umrigar, and Taut: Density functionals for a soluble model 1295

|Vl
2kgp’

kg= (31:-1,9)"3 k= ( kF) , §=

3 \13
=(ems)

All the parameters that appear in the following functionals
are in atom1c units.

LDA exchange functional:

LDA_AP

Vel
2k, p’

(A2)

where 4,=—(3/4)(3/7).
LDA correlation functional ‘Padcw—Wang”):

e,I;DA= —2ap(14ayr,)

: ’_
+32a8, r’”+ﬂzr,+ﬂar’”+ﬁ4r’)
(A3)

Xlog|1

where @=0.0310907, a;=0.213 70,
By =3.5876, B3=1.6382, and B,=0.492 94.

Langreth-Mehl exchange—correlation functional:'’

B, =17.5957,

__JLDA__ |Vp|?(7 2

ey=ey ‘Trp —-4+18 f° (A4)
___RPA | Plz —F 2

e=e; (p)+a—zm Gl (2 +18f )s (A3)

where F=b|Vp|/p7/‘, b=(97)8f, a=n/(16(37)*3),
and f=0.15.

Perdew—Wang ’86 exchange functional;'*

. s AL
e,#ei‘DA(p)(1+0.0864’—n-+b}s4+c56) , (A6)
where m=1/15, b=14 and ¢=0.2.
Perdew—Wang 186 correlation functional:"®
LDA [ I Plz
e= (p)+e%C, (p) (A7)
where
_C. \4
O=1.745 F 2 (°°)-|-,’7’;l,
Cp) p
Cy+CyritCot
C.(p)=C , A8
«(p) l+l+Cs";+Cos"3+Cl’f (a8
and f=0.11, C;=0.001667, C,=0.002568,

C;=0.023 266, C,=7.389X 1075, C;=8.723, C;=0.472,
C,=17.389 1072, ; '

. Perdew-Wang ’91 exchange functional:!!
1+4-a, 5 sinh™1(a5) + (a3 4-a,e~1%%) &2

LDA(
l+ays sinhfl(azs) +ags*

ex=6;

(A9)

where a,=0.196 45, a3;=0.2743,

ag= —0.1508, and a5=0.004.
Perdew-Wang '91 correlation functional:"!
e.=[ecA(p)+p Hps)],

where

a,=7.7956,

(A10) -

Bz 2a A+Ar
log l+B_t2_27+A A

+ColCulp) —Cyl eI,
A=Epf_z_[e—2as,(.pl)/ﬁz__ 1] fl'

and a=0.09, [=0.066726 3212, Co=15.7559,
C.,=0.003 521. The function C.(p) is the same as for the
Perdew—Wang ’86 correlation functional. €.(p) is defined
so that eFPA(p) = pe.(p).

Becke 88 exchange functional:®
B - x?

__LDA _
a=ea (P Iy T egxsmn T | A
where x= 2(67%)3s=213|V p|/p*3, A,=(3/4)
(3/m)'73, and B=0.0042.
Wilson~Levy correlation functional:'?
a p+b|Vpl|/p'
p+b|Vpl|/p (A12)

= erd|Vpl/(p/2Y 47,

where a=-0.748 60, b=0.06001,
d=0.900 00,

Closed shell Lee-Yang-Parr correlation functional:'s

¢=3.60073, and

1
Cr p*—2 wtg

ee=—a———=1;3{p+bp~*"
¢ 14+d p~™

1 A1
S

where
17vp|?
t”'=§( p VP )

and Cr=3/10(37%)%3, a=0.049 18, b=0.132, c=0.2533,
and d=0.349.

Pecdew —évvh'EerMf PRL

(A14)

1P. Hohenberg and W. Kohn, Phys. Rev. 136, B864 (1964).
2W. Kohn and L. J. Sham, Phys. Rev. 140, A1133 (1976).

3N. R. Kestner and O. Sinanoglu, Phys. Rev. 128, 2687 (1962).
4P. M. Laufer and J. B. Krieger, Phys. Rev. A 33, 1480 (1986).
38. Kais et al, J. Chem. Phys. 99, 417 (1993).

$M. Taut, Phys. Rev. A (in press).

7C. Umrigar and X. Gonze (unpublished).

$A. D. Becke, Phys. Rev. A 33, 3098 (1988).

J. Chem. Phys., Voi. 100, No. 2, 15 January 1994

21

38650



TABLE IV. Known properties of the exact density functional

Property

-

LDA
Exc

Red. (¢}

LM
Es

Ref. [34}

PWo1
Ey.

Ref. [36]

2B88
Ex

Ref. {37}

TECMYV
E. X

Ratl, [38)

WL
E)

Ref. [39f

LYP
E <

Ref. (40}

Nox(r,¥) <0

*

o

Ll

Ey[p] = AEx[p) °
E.[pA) < AE:[p]. A <1 =

limyoe Ec[pa] > —o0
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bpalx) = A3p(Ar);

“ 3(x) = Motz )

4 p(x) = A2p(Ax, Ay, 2)
¢ Note that E¢[pa)] < AE:[p], A < 1lis equivalent to Ec[pa] > AEc[p], A > 1.
J But it diverges to +oc : '

4 Y™ for exponential p(r), but “N™ in general, ¢.g. €833(») — —1/x for a gaussian.
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