Auxiliany - Field drnj@fe-Gradaent (taﬁoialcm of

Electronie Shuclinea in Density Funclional Theory
5 /27/72

8. KoRn-Sham Scheme

E[{hm}] = derr “ar) (— \7) 1/)0r) " Jd:r () Ve (XD

-é— gdlrﬂ(ﬁF)U‘H Gyt Bl ] . (1)
D=3 R (2)
L
2
Vo) =k 47Gf€ nor)  (witk a propen bowno/afy conddilion ) (3)

In the Kohn=Sham scheme, we minimize the eneAgy Punctional ,
Equ@y i Lwith Camtz.cu;nf/i/

der pran z,b&(rr) = 55 (%)

With a boméanza condiclion  whene  the Hoalwo Fiold odue To
a potnl cpx.mge. fecomea. Zero af [mf}m%, we can Solve tha
Hontwe feld oa

2

e B b €
Eir—ir Lar (6

Try= Jdrr




(Eldan- Laaremae, Eq,ucdlon 3

We minimize Eq. (1) with reapect to () with conclrainle, Bg.(8),
and ,waung ) Harlreo. ngo/) Eg.ﬂf)j

S‘q%(—lr){ Elfhm}] — %Kj“,d!rllf(n-ﬂfj(r)f S_ij :H e “

whene Xj @e Lo?fr_a/nge muﬁtﬁaf&/ud_

(C,Yampﬂei Laav-éhaa muita‘aﬂtm method )

Mimimize Fy)= xX2+¥Y* with o condframt FOLy)r=xty =1.

We. wnatead minimi ze.
Ry = ey = X §egy)

L.e.)

{aﬁx/ax = oy~ A =Q

> Xy) = (N2,0/2)
PA/AY = 2Y-A =0 ,

Let (&x,8y) be an aflbtj;\orua duplocement omound (M2, V2), then
Sha= &F - 283 =0  of Mz N2) fo V(8X,8y)
In particdor, Ffor a cﬂa/nje which aaliafied 89 = 8X+8y =0, t.€

P

(8x,-8x), Shy =8Ff =0.

—

e\ OV, 2>
f
o S3=0




T8 e cRdose X =1, | then (B 54 o bt oround, which

Vh, Ghrsx, 1h48y) = F(1ers 1ey) - gversx, 1248y) . Lorger tRom By i 12),
Urlcéu.o&m(? the diowdlion (8§X,-8x% ) wkene 5(‘/21-6)(, f2-S%) =Y ra.
aﬂwagfa_ s’aiﬁéfaeo(.

Su.bs‘cr_tutimg Eq. () In. (6),

_i % -—LJ J SEX
SV W 0 + Vg (D) + —%—%m > jdr diré“r = s naNTLI + ST

| .
i =

v SNas 0§ [ 1 J J
25y anTIar
o §§Xur) snar) L2 ar E! g LR

—

Str-ir) ¢, or)

% 5 SEe
= [ Sdtrefr i ST )}’b“ i

— Ml i7 L =
= XJlfé(rr) 0

i S /_e2 SExc J N hf
[ 2m*\7' + Vet + direlir_‘r,l"ﬂ(lr()ﬁ- o Y r) = %i_ A‘& ?J)& ar) (%)

e —

Rar)

Edlr thor) ¥ e Gy

SRR e Pk (&

Aften gcttc}nj an ovthonovmal set; {hanl i=1,., ”}; whech.
A.atm%( Egs. (¥) omol 4), we con a&‘oﬁa’naj{(je the sub-space

RO




L |

(e

Homdtonlom , Eq.(8) .
i E(i)u?‘) utﬂ) : u‘LH) Gu)‘ :
. i = Ve ‘ : % %)
]eunuN u ’50 uNU‘J ew)

[ﬁ“ o 'B,‘N jl [u-iu) U-:NJ E{t) u‘u)

Rt R ’tiﬁn ‘jum’ e

i ) £ =

= Ry, uhd = e(ﬁ’ufﬁ) e uLdﬂ [E(bgh& T (10)

N
.8,

Since. %Lk . Heamitiom : €@ ono rood & U;_dﬂ com Do
miﬁma. TRen, with a mew sef
{Qun) = %u?tléuml;;:un,w} ) (1)

PR = A% TR Uf;’ 1-%(H")
¢

!

= hy i ll{hmr)

h h@U(a:{L) q)h ar)

Il

2
03
% e(bu@fj“’ q)®ur) = APy {2)

A.QSO i note T/Pxoj-

@ = |Qmf == U@ W u‘;’d« ar
i 'f)kl_d: ) k

ut?®
= 8k Wam Yor) = = Jon | (13)
, ¥ £ ¥ (L) G) *
@ jdrr&"c(lr)%(rr) = & E,f— U,_e jsur‘ djkf’”%ﬂ”
s Sk

= Zuliu® = &; (#)




We con rewrile the Eu.ﬁon.—l-agwmae_ Q?M.a:tx_m ol

SUARE

H § 5 SQUARE

L \
*%*721-'[)%(\01-?);4(!01- Ve (IF) }50;_00 = E‘j" DL, (r> (15)
=5 /
Uy )y = deEllr-\l’/l Tnar) (15)
e =5t ' (17
Uke (n) = _S—]%t_‘_) Exc ; (18)

jdrr PEar) sgar) = 55 ‘ (1%)




l |

HEETS 5 SQUARE
gHEETS 5§8UARE
HEETS 5 SQUARE

2
El{tmiy,m] = Zjd!rtlgcro (- @%\72) W ary + jduf ) Vst (r) + Exe [mar)]
B 3

=+ f dir Uy vy + Jdlr () Uy ar) o)

=
gmwe*

Nt

Mimimize the emergy funcional, Eq.(0), with nespect, o (R
omel an owrideary feelol Unlr) ,  witk conshainla

* = ..
Sdrr A&urﬂg(zr) = 5&} 1)

The. MQJL'LCL?/nge_ e.ffua,ﬁc}ml, oNne.

S L = * i b
> SLPfur){ = (), UyiD] EJ: 2y Hd'r%“rﬂﬁf“” 5&)J } =0 (2

@ El{dm} oyl =0 (23)

o)
SUW(Ir)




| |

Zis spl
HEETS EggHAlE

(Ewor- Lagrange Eoualions for Wi )

B o2 [oExc
Ot S Yot + Vexe 0 W aro + o W )+ Uy ar P ar)
=T % )\U 1/3 (r) 24
far wtan « Bq.o#)  weme Eg.cen
il Ll ity T =N (25

gdlr Wory [~ 5V Vst 0+ Uetr) + VRr) |, 0r) = Nk /

["g“ﬁ*v2+ erxr(IIH UH(lr)+l)x¢_((r)] W) = Ed.l)\}j lij (r (26)]

har)
wRere
Nig = Sdn“ lP;(:r) Raors Woir) o= <Frhoii > (%)

Or we com perfoum 2 subspace diagonalizalion of <ithij>, so thaf

iy

2ms

,UJPIETE’_ -
Ei = jdlr '%*(ir)%(lr)g}_(rr) = <iIRiL>

V34 Ut + UL a0 + V) | F0n = € R ar

(28)

)




| |

0

( Exlar - Laﬁranae. Ewabn for Uy (i) )

jdrr [5(fr 1N V*Uy () + U HV S(lr-tr):] g i i
v

8‘7I6‘1
g%ezvzvﬁ(lm - - eljd'r V'U:(lr) Vé(;r/fr) + 00

Jdn— 72Uy ) Sar-ir )

* e
L8 Uy
2
O ) = R e (30)




S. Gradient wmt. Woor)

To dead with the m‘bﬁrmm:ma.&,% cono&:&b-n,, I a converient
lo expresa tRe problem tn tornmd of mon-orthonoumal set [Rur)}

wﬁt‘cﬁ, i redateol fo‘tgeorthommaf sef {1&(“’)} o4

LPL = X 851/253 (31)
where

Si"J' = der Qﬁ}‘ur) Far = <G4 > (32)
© Note thot S} = <%IB> =G (wnetony ), 10 i S*2

hify= = SRS <qip>
ke Lk d2 W

S’""’ Sok

- 1/2

=z ma Jﬂ Sﬂks = S

Energf)z Bl il Eq.(z0) fou [l/{, (P} com be writlen ad

E = %Jdlr *arRars> B ar)

— —

*-1/2 o -1/
ZS-- (P-Gr) % Sj,b R,

1'/2

= z: 8 ur)

%
(Z S 1/‘?S 1/2) [drr AR,
;.w__.l

(|
Sk




10

[{‘-PL(W)}) Uy} = % &dlr‘S\;ji Cﬂ-f () [ i V F Usyt IR+ U (I0 T“'UXC("‘):[

=
T Brez

jdrr Uy ar) VU (r)

('(D} ar)

(33)

(Ewlor- Lagramge Bowalion wnt. $ln )

Now we con ' get tho Eu,é’m=LaMe_ e_?z,«_a,tbn. withoul
Lag&afnae muﬂtap.@wm,

Forat, mote thot

b L RS AT
SP¥an R 8 Skp = S§¥ar) %4 =0

BTNk R 1
¥ [smmSie] See + % Sik S =0
|

/, /
E%%’) fdff‘%(lr‘) (@(fr) = ‘Siﬁ CP,Q(fr)

- |
= [8‘?*("‘)8 ] Sb,Q i 8(.0}% S&h (Ph(IrJ =0

-1
%E» S_D_'mx (oabove )

oy

ST AR A S SR "
Sbm
SLP*(ID S-
= - -1
SPEm Sk = Stk % Sge GO (3)




11

TS 5 SQUARE
TS 5 ggUARE
TS 5 SQUARE

L

Usin g Eq. (34,

)

o _
o E = ??f SLOCR(WJ P.ar) + 5’;

88 k
S CP*ar)

GIRIk>

= %83 —Rthdur) - &%? <GRk> S S5y Bar (35)
At an otRonovmal 'FM’{CW"SPQC& Poént}
%—% Rar> @ ary - @gm‘%:bg&gﬂ @, ar)
? <GIRIL> P ar)
SE
= Qﬁ(lr) - — m}
— {-R(lr)%(rr); z{j“: Cé‘?.(fr) <d‘{‘gl[,>} (352
where.
. #2
*Rc:r) = - = \7 T Vet () + Uy, (ir)+ Vg (1) %)

Ty

G

Y




%

If we perfoum a subspace oblaﬁona.la‘éa_t_én of <&l£u‘, >, then

Roary = — [fﬁfrr) — <uRIL> :} L. ar)

)




151

8. Gradienl wrt. Uyn)

Gan)

_ ©oE
BUH(!r‘)

i

= — [%V*@,ﬂr)+ﬁﬂr} }

(37)




br

#

aded ¢

N

0 SHEETS 5 SQUARE
8 SHEETS 3 38UARE

=21

S. Cond‘uaaﬁ; Gradienl Method.

Stazt from  {%n)] O'T‘tAonorMaﬂ}) 12 ars

i) = 2 %) I°, ROr) = -%V'z'f*?)exr(lr) + VR0 + Vi (D)

Subspace dLagmaf@alon o | %(D)l‘ﬁ,wﬁéf(w> 5 get new %nf 4 E.'z(,_b)

Rff)(rr) =- Ky - ECEJJ %.%r) -

Gram-Schmidt orthog onal:zation, RV un< rCr) - = %% <R

%) = R

Glr) = - [g,-j%v*zfﬁf’ur) +m@ar) ]

ZOr) = G@ar)

do T =20, Ncgmax
Line m v?ma-m[ e EL{E™un+ 6}, i +6Zar) ]
‘gﬁmf @}iﬁzgﬁﬁﬁp iy RO get rad {00 4 € I
RO =~ ROy - £ D T Y |
Orthogonalige. R REI™Y — = ar < ) R0 >

J
L R R

Yy <— RM™ar) + Year)
1 il <QC(nJ! Ql(m)
GM™an = = [ ==V y ™ + ™an |

(nH) (n+f) ”
Z ey & G n -+ <%Gr_)l["%7>‘) £

enddo




