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3. Response  Functions
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§. Coupling—Constant Integral
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§. Hamiltonian

HEH = T + U + V(E) ()
i = §_Jd3r Yo 50D ©)
U = & Jerfer wtmytoumridad g 3
V(t) = jd?r pr) V) ()

where  Pr) = SWEmYpm),
Accondimg to Harris and Jones LJ.Phys. F4, 1170 (17)], we
decompose. the Hamilloman (1) omlo Two parls :

Mty = LT + Ver®d + LU+ Vi) —Veplt):] (33)

= Ho (t) T H 4 () (5b)
where Vimd (1;t)
/. /
Ve @® = |&T P [VEE) + [arfurrdnat) + Uemt) 1 (6)
(L ’Z}H (.. ! Y,
Vetr(T )

and M) = WUHIPMIYL> . Equalion (6) w the single-
parlile polentiad in the Time-dependent Kohm~ Sham formalim.
As a Tesulf, the density expectation values take on the same
values for both systems governed by Ho(t) and H@®.
Accondemg  to  Eg. (6),

Hit) = U = & PO [ Umg@t) + U t) ] (7)

S

UICBE)




8.Gererating Field

[ﬁ%(t): Ht) + 2
Dwr = forpm dmt)

SU%
1 , t

We specify an onitad stafe at time -T,. Affer that an
external fiefd Pt) o Twrned on and off before t=7,.

(Schﬁ.’adtnsew" Picture B

[dsh> = Uit lds 3>  acconding o t 2t
where Sy

USwt) = Teewpl-4] dt Wi ]

and

® Uitt) = 1
G A s 2 S A
® I USL) = dhit) UT L)
w2 uStt) = - URtt) HeE
©® USHEIUS &, 6) = ULWB)
with SL:j'nS e x accmd&nj o Tuft 2 'LLrg,qAJL
@ ULttr! = UTe)T = UZWT)

(8)
(9

(10)

(12)

(13)
(H0)
(Hb)
15)

(#)




(Heisenberg Picture )

\?‘P’O = {LI/S (‘.to) Vs d7)
Doty = Wt ) ds US 4-1) (18)
then
<Ysttpn] Gs Ukt & ity = <Gt St %> (19)
(Intevaction Picture )
{MH > = Ulet,t) ldst> (20
Guehr = UMty & Ul a-1) @)
where 1
ULEt)= Teewp [—:,%L, dty Ht) ] (92)
Then,
> = WhE UMt D1%m> + Ul Etet) [k 14stt)>]
—uﬁflr,,,t) H @) [cf Eq.(14)) H D |40 >
= Ut t) [FP-Ho 1 | 1dktr>
uii(frfo)%ﬂ(-fo Jt)
= Sy 9yt >
L RE Y > = B 14D (23)
S0 that |
{Id’HctD = Sttt 196>  acanding to t2T (%)
S2 L) = Tiexp [—%j;,dt, P, t) ] ©5)




D S:thh)SthG) = S+th) with sims t accmmjfo turtytght  (28)
|® 8lat) = SLdt) . = . 581 @7)
@ <l Gtk %>

= <% S.ati)}, &) St )1 GIS 1 (B-00) 14 > (28)
O

M ew> = ULt-t) 4>
= U-ty Sitttd ulett) 14et)>

il

=USED
In Pzw-‘lxchAY‘ Scﬂ'fma. tie==1oy
)y = UYt-16) Spt-) |4>

() <Bl G Uz, )G 1%&) >
= <l S_to ) UM, 1) G Ut (4-1) Sttty ) UL, t) & U 6) S -l >
On) O () .

8. Response Theorem

%f%) = FEO+GH,) T2 [RNStE1)] (29)
where

Ot(ty,... tn) = Oltit) - O thy=tn) o
O_ (o, ) = Olty-tag)e O (o= ) (30b)

O Funclional derwstue i defined so that

e St 3
= [at 8l s9m = - [ty s r




EETS 5 SQUARE
5 SQUARE

42.381 50 SH
42.382 100 SHEETS 5 SQUARE
42.389 200 SHEETS

a
o J

~NATIONA -

3 Closed Time ®ath
/\£\¢_(5 t)

/_/\_\q%md

~T b

S = Texp [—-%Jd?rjpdt RtrPmt) ] (313)

~ —00 . @
= 1w[-ﬁjd?rjgf/gmt)¢_n;m7;exp[-:ﬁkjd?rjdf@mw%mw] (3/b)
=00

= e . S+ (3ic)
@ { e Swt) = Fw Str) | (322)
WS ¢t) = —Sut) ) (32b)
SSED . & y y
® SFuy =~ wOWHOD TIRNISEE) ] (%)

where  O¢t,t9=1 fo T3G 3T and =0 otherwise; t3t; mens
that t w Aater than 1y on the csed time path.

Sl

- of
§T = E S5 S dt

_ (®sf sp
= 88 samct + E - s3dt

Therefoe, there is Mo addctional mimus sign. m conbroat To the

case of Eq.(27).




Field-Theorslical, /hnaﬁysrs of the XC ﬁPoTent[ag : Luttinger

IWard Functional and Cprrelation.  1989.9. 28

_ Form.
8. Nonlocal & Matrix
S = Terp [~ 3| at|or bt D13 tuott) ] )
(Response Theorem )
oS z
e = T B [ Ko bye S ] (2)

S<TISOBE)-1> _

(B) = —-ffj = <T{SI¥md, D]t gt)-} > (3

0P (1,17
wRere
SIYZi] = Wdrdedi — <¥nfun > “4)
<Gt > = R{TIG®wSIP} /1 (SP) (&)

(Response Funclions )

S G

5))~‘i Jr o
SLKTIHH4A)] > (6)

SPMWV) - EP(R20 T

In parlcular,

VH2) = AHAN; 242) (7)
i the density response fumclion, where 4t=,t+0p), and
Op meana an imfinitesymal later tme on the closed time
path.




| \

8. Generating Functional
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S. Equation of Motion for the Greeris Function
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S. Sham Equation. [ Sham, Phys. Rev. B32,576 (1985 ]
Multiplyimg Eq. (13 by Gpx ()% G,
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Field - Theoreldcall Analysis of ﬁhe XC Rotenlial:
Correlgtion- Function Expression,  198%.9.29
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\ |

5. Couplling-Constant,  Integral

If we replace

Ht) —= AHi(t) = Hjxt)

then

oo Jdt Hikiatt) o o
dz =-—zTI L (90
Sw=- & (20 [/t who)
i H
= -% £ jd‘f‘ 1;3@) >
W= We + % J A Jdt <HO, )
where
B> = o [TIGLUPIB ) /th(Uh) (12)
= BT HSIPY/ 1 (SO) (1b)




Here,

H @) =

p:dr

Ua-1) <Yhmd (1) Yy ()% 2.

—jcﬁr T ) Wt

—)Ljdsr T lriirt)

% d3njd3r2um-?3) [<PmPm) % ~ S0 T M) ]

Na)+ SR

e
—~ —g-jod;xjgu T} () W)

s o
. L
W= W 5 A def J;!z U4 {<TIPWAER)I S-S 62 ]

M NA2) + <TLPHISP(2) 1

vh 5 1,2)

e
W= Wiz +ijdajdffgg UH2) [Tty — ST (1)]
3

2
. i
e

-4 Ajdf NAHIWA

[ Jo1 32 a2

(12)

whel‘e—

U e) =

(€/1h-131) Spt-Ta2).




.‘ Exchange- Corrdlation Bienfialim the Time-Dependett

5 SQUARE

42.381 50 SHEETS 5 SQUARE
42.382 100 SHEETS 5 SQUARE
42.389 200 SHEETS

NATIONAL e ma

ol

| Denstty- Functional Theory — 1387.9.27
S Effective Action

t
R = jt’dt<<l/(t)ltﬁa/at~Hct)flf’m> (1)
0
Here,
HT)Y = T s RS & SR N = (2)
= LT+ Vpr 1 + L[UTVE)-Vewit)] (3)
Ho(t) H.fft)
wheﬂi

Ve (E) = Jd?r P L vmt) +Jd3r’wr-r’mm’t5 + Uk t) ()

e
Vind (G L)

rU'H(T,f)

~ -

?}epp(nt)
L the s&njﬁe—Partbée polenlial in the Tome —dependent Kohn ~
Sham scheme. Thia choice of Ugt) rmakes the density
expeclation value Nmt) = <PML> the same for both systems
qoverned by Hott) and Ht),

ACCmJij o EF.4),
Htt = U = JErpm [Vpmt) + U@t ] (5)

| —

W)




| §Coupling- Conslant, Integrad

We ontoduce & dimensionless cowcf:l&rug, constant auch that
Ht) = Hyh +  AHym 6)
Then,
.l.
%% = S;dt { {%wmlj [iFast- HDJYw> ~ <¢t|HyDI1d) >

+ <Yl vhase- HlKI¢o> |
Since we are conshucling the mapping,

Umt) —> dD> (7)
where
[iRa/t - HB] 9> =0 (&)

(@ A=0 foo all the cases. ), we can Tewrite dA/dA  usimg
Eq.(8) as

i 42 d
b= ot [rg-HmyZdnmm — wolboiho,

’ =0 =0
1 fy
e - — dA | dt <H,(t (7)
A= Ano — ],
= Ay 'S 2?«/W~ Wa=o / (10)

/

@ +path o2 5 1 TA L Unt)
N> ITIRBT S




.!
LA = Aneg = —éJdRJdinQ UL T 1) M (2)
0 ‘PP

" ﬂdszdf T ) W)

-8 jo é}\j}gf fpdg X H,2) (H)

Ax=p

e

L A= <welwalt-TIv)_ ~ [dt i) Ve

IO SHIS

U)W
1 1Y
- & JodA J;’H Ldgfu(p)n;\ (1) M (2)

+ [ | M) wet)

ik (1 J
— L) |41 |d2 X,
- OJ\JPfP A0,2)
= <HDIRBL-TIV O, - [dnd) V) - 4 jdfjdmﬁ,zmﬁmfs
i 2 JpJp

1
+ L] s1]ae un2) [y -mnn@]
o Jpp

+J4dAJcH [T -td) Jw )
0" " Jp

- i di 02 Xnt,2)

)



| If we define the exchange- correlalion part of the achom t’rmgk

A = WOlikdpt-T ¢ty — NOHVH) - é—uﬁ,ﬁmmnti) +Axc

#2)
then A UTZ)
ol 5 i
Axc S 'Q‘Q'"jodk N, %
+ %Ed)‘ UEZ) [MATUL) = TAHITIN@)]
+ [l @ -n@Iwm L2
0

We temporaly meglect the terms Contcu‘/nc‘mg M-, becawse
the tmlegramd equole gero for bath A =0 and A =1 Then,

_ S [uny(? 53

V) = SN ( 2) SOCD‘ X(EZ3))
SUE [_ih 1, XT3
SNH ( 2) ngA SUV(F)
| —

ANFEA) A*A3,3,7,,

Wz, 3)
7

6
< —i 3
Veeth) = — & | A3 A B 1) ()




)

8. Luttinger-Ward Form

From FEq.02),

P = A= ( <4fcr)rzﬁa/at—’l"!4’(t)>—/72/7{—ziu’)’l'n )

e 4

A2=O+77QJE'FF
/'2/9/-1—20‘
= A -Ax=0 —TW + SUNNL

e

23 (W-Wa=p) = -2t Int-29%)+=9]+ VecT2+ 20k

= -2ih b [In(1-5Gy)+Z5] + 2Lh S

+ (-~ w+%un+ Vxc )
= Vimd - c"‘%‘?)wﬁ+%

-
1

Axc = —2thtr [In (-G +=G] +2ih =
-funn ~»?

(15)




If we regard Vet and W  imdependent - and 13ke the
functional denwvalome , then

A = AZ:O =
= 2L (W-Wa=0)
= ~2ih b [ Un(-ZHHEGT+ FUNTL T Ve T2 + 20R 3

cAe= (A-A3-0) — wn +Zunm

fl

~ 9k tr [In(U-S9)+55] + UNT+ Unc =W + 20K
(UN+Uxe-w) M =0

Aye = - 2R trl In(I-$)+XG5] +2eh =

(16)




Matrix f?epresénfatrbn in KelJySh Formalism

Ql

42.381 50 SHEETS 5 SQUARE
2.382 ISO SHEETS 5 SQUARE
389 200 SHEETS 5 SQUARE

,
it

1959.10. 5
§. Strgle-Parlicle Greens Funchon
SU.1) = - (1/2) <TI%OWHIT > (1)
"E (91*9*_)“ _%mm&mcgmp | %%4@{5%{1)) ) o
Sr -\ cis s> ST 1)

(Physical Representation )

e 5 5 0 SOHHIZYt) w3}
Sy & (3 “‘): - o )
r S ~SOUIZAha ] -2 <Thmuli)])

Then,
o~ G i & -1
§=Q'5Q, or S = QSQ .
where

_ A 4= A = AL o

=5(171), © =& 1) £,

A g of 30 =1 G+ G \ (1 | 1
- § L2 [1)
St = Gym | Grit G-
(9-+ -3, 9—++9-__)
G- Fp-—E4 F G Gt + G- =Gr=G_
<8++~fj+ﬂ +9.4+-9-- G445+ G413 - )

ho>=




rIoNAL MedemU B A

na

D Gt Go= -5 [t <bmylar> — OdH) <UHGH>]
— L5 [00-1)<db ) > — Ot Ws I W1 ]

= -5 <[bH@dal> = S.uid

Gr-t Gp= = ST, YINI> = Ged D)

® Git ~G4-= s [04DH 1> - 089<1>

*%E_[G(H’)(i’b-{-e({’ 71> ]
= -304N <> = Ir

el = ~§§ Lea)«11> +W]
+3% [6 M — 81 <11> ]

= ST <> = 9
@ Gn-G4 = -i2 [M ~ 84N <> ]
ts= I8 [M> + o) <> ]

= —:'z-eu’wum» = e

G-~ G = £ [8M+ 8 <11> ]
t£3 80N U1> - 04HT1> ]

= Lo =<y, 11> = S,

@ e + 8= G_+ S = G (X) )
@ S-H' o \9+- i \9-+ - \9—_ == ST‘ :) (%)

® S~ S—--}-: \91-— ™ il

]

2 i
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50 SHEETS 5 SQUARE
42.382 100 SHEETS 5 SQUARE
42.389 200 SHEETS
MademU B &

P
.A\.

nNATIONAL

Using  these definthons,
SC_SC «9&"'94_) . :9\/
It Gt%

N

o
QgQ -—--Q‘(

—

4

8 Self-Energy

The Dyson egualion i written as

-

re,2561) = sS4 (9)
where

[760.2) = [ia'a—ﬁ—j—,—n FAUBINE180,2) ~5P61.2) - Z(1,2) (10)

| Y 04,2) = -5 UDANA34, 22T B (1)

The malwx representation of arbitrary quarilily i defimed as

A = (&(¢,1’)e(t+) (g ) 02)
&(...,.) Ce(--)
In pa‘::tioufa”!}
' i ] SUAY 0 y |
8(1,1) = ( ) —= o1 (13)
0 ~St,1) 7
where

[

%

i 0
( ) ()
0 -




Nofe that,

@ . X(® A
j;lt ) = Jdt‘F+(t)+Jdt£(t) = uz:‘Zt(-f) dt fy(t)

(15)

Fquaton 9) may ke rewritten as

= = ,3'/\ = / .
% R!y(t?) (1) \9373(2;1 ) = 8a1 O:?dﬁ

e

-

S B0 G (517
23 042”( 2) /3 9&8 21)

In matx nolalion,

/

PG EEn = Gti)

(16)

(Physical Representation )

,.9) = 0 FET! = ( )
74,2) Qe o

(1)

thery

Mo GEA) = o7 8617
where

o 1
it
T 0

(16

(17)




5 SQUARE
5 SQUARE

S
5

42.381 50 SHEETS 5 SQUARE
89 200 SHEET

42.382 100 SHEET
42.3

SISy
Q x Equug) x Qf

Koy o] 103 Hot = -4 ’
Qr‘(fiz)? QG Q Qf(m)Q =" QEQ i1
~1,2) Si31)
and
caer= () -2
T2\ g No 4 /\l
g flL.r) o AT8. 8% -
=3 (1 1 (1)—1)~ 35 3) = o
@ %)
From K. (16),
@ ®
<H+9++ = [4-S-4 [r4Gp- = [3-5-- ) B (f 0 )
[~+9++ -l_-_9—+© [~+%- - E-9—€-{*> 0 -1
@D+@-®-©
r-’;--r (9—;»;-‘*91--—)‘ ﬁ»—(f?-f--s__ )' i‘i+ (9++‘9—r—) Lo (9-#-"3—-—) = O
el e AR Aeer , —_—
Ir Sr Ir I

(]—;-Jr‘f'ﬁ_* rf:-—‘Ef—) \9r = 0

Gyt 2= = .+ % “0)

Tt follows From the defimilion of > that ﬁﬁ =0, //




1 |

S Density Response Function

A2 = —£ <TI0 > (@)
then

- 5 ~ESTISPHISPRT>  —E<SPQSP(M)

%A4,2) :(%” *)_—__ ( 1?7’: i 4 )(22)

§ Ao —H7 LSRN SLQ)>  ~ELT-LSP(1)SPD]D,
H@Tf)
D Nyt X = —F [Ou2) 012>+ B21<IZ> + 621 <125 + B12) 21> ]
== _% .2} = Q’c
then

Dt X = - §<H 24>

= f@(fQ) T =

Y= YWe =-E[002<12>+ QW— O(12) <o4> ]
= -%012)<H,21> =

@ M=Ky = “ﬁ[QWS(QfKQD W@@HGIDJ

= %6121

Ao =0l = =g [G(W (2104215 ~ W— 6(21)<12> ]

= £6QHILA> =7,

Hl




Ur,2) = - 004 <[50()502 1> ()

Nal,2) = +60H) < [521),50@)] > (2
A ,2) = —£<{s0d),80@)} > (25)
Dot = e 2 - % () w
888 :?)/):-H-—(X/'f'— - /xq_!__%__ — %T‘ (_.I__>.) (27)
¥ P2y = %- % = % (14 @)

These equalions have the same shucline as that of ks (6)-
C ), 40 that

5\5:(0 %“): Qo1 ()
Y A




EE \

i

3. Physical Response
Pb)'s?caf S)sfé,m 0 obtaimed b)/ Seﬁ(}ng

dNHSHH 0 )

P, 1) = ( = suNi

0 1) SH 1)
Then,

o = { 5¢( sPi1)

- J i sgfm) 5P

(30)

- SO

- EETIN - bN i o
SbH) [éqt;m 6%‘2(1):{jC ’9‘%=¢_ h %o_écpcru)‘c

(Linear Response )

oNe) _ SN SN+l)
b () Shr@  SP(2)

= x+(,2) - X1-0,2) = Wl 2)
(Quadeatic Response)

SNt _ [ S
SPRIsPR) [56!313) SCPG)] [%i**“'m %f—”’?)]

(3)

= X3++(123) — %i-ﬁ-—(’/;? 3)

1,93 -2 (1,93)

(32)

_SNal) =
SPBsPR) wz TU N 423

()




8 Physicall Expressions

>

= £07G0
(==

ALY

rte- Larte

(1

( RFTTE  G=FHC
el 7 L o ] O = G

e

ﬁ_%ﬁqzi e 11 11
8_(%9_ z{gr(f-f) *94@}1)* 96(1 1)]

—_—

The same Tfor ‘X.

(@)




Physical Rep%senfab‘on of X&: Roternlials

1989.10.6
5] inear Response

Finst,  note that

21 i S
o = 5wt I%qb

(1)

Stnce. M) =-2iG (1) = -20G_417) = -20G_1.1), we
finst examine these three choices n  the Lowest—ordere

approximations.

O ~ 2 (512G (21) = G 1D G4 (21 ]

=—Ryd [r+a+0) (rrare) —Errgec ) (r-a+C) ]

4
2 'rr+lj~/o,4?c+ Oy + aa tOL + /4 ca + ¢
“IEI A FA-YC SAr — Oa 4 At i 8- W ;

R (TT+rct+aa+ca. )

]
~9K'E 06,5 2G5, (31) il
= — iK1 (9;~90+ SCSQ + Grp + 5(2341) (23)
= —iht (955 +5.% ) + (zb)

©@ Gri,2)9-(21) ~ BO-6)BL-t) =0. )

® _21% 18 09 Sty — G205 . @9 ]

=—5= [ 0-arcrerraro ) = (-0 C)F-01C) ]

—w+)?4‘rc -r/ - +CQ
=2 _TX e + - M

26T+ rc—aqtrea )

= %(rc+Ca—}Y-a,a,)




~2f S oG ARG (2,1) 1 1~

= -iF (65 +%9% — 55 ~G%%. ) (3)
= =1h (55 +ScSa) A (35
@-F [540DG,_(21) — G DG._(21) ]
= 521;[ (rrate) (-Tta+ ) —Crearc i Er-at ) J
N A A e oy g
2(-rrirc+aa+ea )
—2h ! 2 oG, h2)G, @ 1) £ PR 3
e —'E«-ﬁ_f(SrSC—f-gch _97‘57‘\_!- SQSQ) e
= —jj‘ﬁ-{ (91’\.9c+5c9a) +2 (%)
L or ) = ~2A TR TG ()5 (91) @D=GHor=) (&)
Wt oI
= ‘iﬁfi (57156 T+ cha ) b)
s
Thia ta consislent with 2 more @e"neraf fnmada. 2
§ 5 Sﬂo— 15
B = B Bl To o = L2 .




D -2 (G, 0D (21) —Gu12)84(21) ]

g b T (T’*Q'fC)(T—taTC) — v—a+ C)(T—a—eC) ]

However, the other choice (G0) = (n+) does ot apply To thea cane.

2k
T Y — - — s ol 4 S
) =y +/ av —t-om, ?‘é /\; =C®n ﬁéf
2LYY*YC aa +ca )
= 20RO 8,20 % 2 ) LY
= o E/ﬁ_f( 37“3(;, + Squ T grs?— '_’5@ (= ) (7(3)
= “iﬁ'1(5r5c+3cﬁa.) = Q- 11,2) _ 9 (76)

Neverthe_lessj Yr W also mproc{ucea[ tn thia cade.
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& Nonlinear Response.

%(?(1;2;3):"gﬁ%,.CET}TU'[Sﬂ-'cH,Q)S-tv(Z,B)SU_(3,1)‘l" (2e>3)] (D

151
AN
21

b= Z TV [$1012) 90y @3) §p 1) ]
= S 05 9 T8 ) 1 G- (934 St T2 T)

—— =t — —
1 1
s(Tctca-rrtaan) SArerea—ry—=Qo)

= 1 (Gu-Gr(rerea-rr + 5 (Gher Gro) aq

"r\

lz +a+c=/r/+ oty
= a+C

= 45 (Trc+rca->’<+>¢+ Caa. )

é Bi-%)6L-15)0L-5) =0

%%3)(#,23) = - 7‘%—2 | 510252325 (31)
012 523 Gq61)
1 5.02)G, 3% (31) + (2¢23) ] (9)




% We may use other end-poinl Signs (1,1),

1+ +1
e g
{5 = 2 TV [§4212) 3, (23)9,,..G1 ]
t+
3
2t
= 8++(9++9++"5+—S-+) g 5+—(9—+91-+_ 5——9-1-)
\'—‘_'—“r"'—-—*——/
3—(?‘(:+C0,+7—r+aq) -é-(“r‘c+ca_+"r7‘—dq]
4('SH*r G+= ) (rcteo+Tr) T3 (3++*9+ Y e
i g/+a+c SratC) = ar ¢
=5 (Trctrcaty Y‘-i-%f caa )
=, A
R U
b= 2 0 [J12) 902308y 61) ]
3t
2t
= S (e %8 ) 5 G (8 e 5054 )
& — -

——

1
(retca-vr+aa) 35 (re+ca-rr-aaq)

It

E
9- §_.) (revca-77T) +5 (81t daa
L farcF-a+c)=-a+cC

= 3 (rTrc+rea %M* caa )

it

"
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8 Physical Sham Equalion
Now if . obviowa that

O gl DF@)|, = At 2)f2) A0
+= 1=
@ Sp@E(5HIS(E2) for any end-point sigms
o % [ TG 5+ G52 5] (1)
Ustng these relations,
Vi) = =28 T 425,350, 3FIGES) (123)
= -2i7t ] Folst+ §5sot+ E5iet T (izb)
where
T (14,2) = —20h " Go(1,2)5(2,1) (B3)
Tort1,2) = —28h1(575¢+ G562) (3b)
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vea

42.381
15-382 100 SHEE

nAari AL Mas

P
-

§ Physical Correlation Representation

Ue) = ~1HL ’JdAuE 5 ACEGE; 5.5 Ty XV E1)

ac=====3
2

N1
Here,

FSHIEHA)
= Z U oo, GF) 9y (B 1)

F++3++ = F+-9-+

[l

JF—+3+w~ i F__S_

%(m+ca+rr+a0\)

. %LY;/w» cg/—y/vtaa —%—%%*aa) =

2 (Tc+ca1-Tr an )

(W)

Vee) = ——@ dz USDHATG I X E1)

= ——deAU 2‘5)%@( ;5,5 %), %4 (%1)

(150)

(15b)




8. Kohmn- Sham  Scheme
Ge-) = $£ <O|LP;F-HSM 10>
% Cpio-(” a&o*

% 40t
L Pt Lo
- ‘5 - PR 01T Q510>

Now , aSSLune

0> = TT Q,A lv> (16)
JA

Then, only the terms i=] swrvivesS and

G-t = 5 2 PdIRe <0l dig hio 102>

10>
S =1 of io s filled.
In the same way

4 =-5= <Pwm¢* 1) <0lQia Q10>
Cs =4 f o s wnfelled.

Feetad)

?\Z_chr B Poi e (7)

SEEREE —-—2~<1>Crm<1> (1) (1- ﬁo-) (1)




‘Y =i 1y = L0

© Grtht) = 8-t T Do Fotid (D) (BsT 156
£ L /

® %Qui) = 5610 E Py bled) (5T 1-Fi5 )

Z oy P
® %) =-35 Qe lottS (1-fir ~Fic)

T " __,.:E_ % A e /
Srd ) = —50W-1) = QB 1) | 7)
Saitd) = —;;emf—m%%m%rr) 0)
/ L =
S 1) = —sZ R mbEu) (- 2hic) 1)

L
Yor 4, 2= —F LG12)5,@21) + Gc(12) G (21) ]
C /

y]
= Zefﬁ—fz)g%;d%omqb;;(m P2 J.’;H) (NZﬁ-,x )
J

1 o
4 Ze(ﬁ-'l'z) %’—i %G{f)ck;ﬁ-(zﬂk‘?ﬁ;o-) (;gz(z)qu?; (1)
dJ

_ L 4 )
= - éﬁ%;z 0t 5 Pigt b o 20 1) (i )
oA

ot oty |
Kpr:2) = =1h G(ﬁ'ﬁ)%q%g(ﬂqb;(z)qg,‘fz)#;ﬁ)(ﬁb«ﬁl) (22)
TA
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EETS 5 SQUARE

Nf 43380 130 SHEETS £ 3aUARe
vy 42.389 200 SH

EETS 5 SQUARE

196%. 10. 10
8. Definitions
(System )
HEEY = Tk M)
T = g_:JcPr Y r) (-Kviem) Yir)
U = &5 Jerferdmylosumrs 4o dm)
Vit) = Jor pm wrest)

where Uy = €Y1, and Pm=Ym ¥ m.

(KS-based Pertwrbation )
HE= [T+ \eet)] + [U+ V)~ Ver@)]

= Ho (t) + H, ()
Here, Vird 1)
Vet = Jorom) [vot) + Jerurrnat) + Uty 1
- VHt) >

Vepst)

Hitt) = U = [&rPr) (Vmdmt) + Vi) ]
wrt)

where

Veml) = Ay /ENME)
(Generdting Functional )

S = Tpexp[-4E[ai[dr4t 006154 ) 1
where

()

)
Yoll) = ULt U th-1)

(1)

(2
(3)

“)

(Jd)
(sb)

(6)

(7)

(&)

(?)

(10)




7= T (SP)

W= —Ho)nZ

Then,

oW _ i

sapn 9T

where the simgle-parlicle Greens function ta defimed as

S41) = - S<TL% M1 >

and  the average wu defimed by
owy = Z M [ TI®S1A )

(Vertex Funclional )

Fls] = WIPT - Ldfjdf’ﬁ(ﬂjcpﬁff)
P

= W -t (5D)
Then,
RO ’
sgi.1) P

8. Dyson’s Fquation
Using the egualion of molion, for the GF,

Sl = Sou) - Hloa, D - Zd1)

where
5{(1,1’) = [196 + Fv3/zm — Jﬁ'*Q}eﬁH) ]8P 4,1)

L._Y_—l

exfernal parameéler

(11)
(12)

(13)

(1

(15)

(164)

(168

A7)

(18)

(17)
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42.381 50 SHEET.
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TronAL | v -

&
.‘\.

Ara

ext. par.  dymamic 13T,
>4 = -2t 53950 - FwD-Vdd15p0,1) 20

= ZxclA) = FiUeh) SpdAD (21)
X015 00) = > & = SLTIY%H PR T D> (22)
i i 6P Y) - §P(R,20 T TS

% Note that un Eq.20), WH) i1 an external Ravameter
contained in the original Hamcblonian (see Byt ) 5 on the other |

hand Vind(1) = ULDTUZ)  derwves from commulalion operalions,
thue e @ dynamic. variable cw?b!eoé‘fo Pd,1).

Comparlna Eq. dT) with FEq.d&) r

52‘(:,1’) = h [S60—- S0 + )] 23)

L 87 = KLGTTnssaT) - %N S9ET) +ERDSGTT) ]

e Sy _—; SS
S In ST

(f

S ®trIng-5l6] + K2

7= Atrlg-5%'51 + RE (24
where
St nS = S'TT) 8SFT) (25)

$SZ/550A)= S (1,1) %)




&

8 Genexator as a Functional of G
From Egs. t6) and @b,

W= T + % (GP)
= ftrlns- G-F1P)ST + K2

'+
constant of imlegration, omitted. !

W= DG -26 -X ] + RhE @7

We ARere vnthoduce a dimensionless cm/«]uﬂfm(? constanl A such
that
Ht) = Hyt) + A Hylt) (o)
Then, for the system A =0,

Subtracling  Ey. 29 from Fg.(@2n),
W =1 Wf'\=0: -RTT'[-—@YT(S/QO)"ZS] ey —RE

Consider a system ¢4.1) =0, then G'= .954-2 from Eq.(18)
40 that

W — Wy = RtrIIn@/9) -~ %5 +1]J+ k3 (30)

/

Fa. (5203) im Nozieres




From Eq.(20),
M 89) = FtlEkdy) — WSS + UGSINUZ) §SGTH)

~Z5TLhn B> = £ nd)
A
= b (Bxc89) =5 WD +5UTLDTNDSN(T)
= 5] Bl (5e89) —TwaMm + SuTDNONE) |

Then, Bq.B0) can be yewritten as

W-Wr=o= hTr[8n(8/9%) =59 +1 1 -SWAMT) +ZUGNOHNE)
+ Sixc 31)

,ungere

C iSExc_/éS(fff) = S (1,10




8. Action Integral

.
A= J_:ﬁ <Yt |vhapt - H ) [d @) > 32)
0

We mow exlend the action infeqrad to the closed-tume path,

A= [dt cro limaos-Hio o> @)

We imhhoduce the dimensionless couplimg comslaml, A, Eq. (28),
and differentale Fq.(33) with vespect ToA 2

| o0
% = L_-;t {f{iwmlj[zta/at-ijl o> — <l Hy0 ) >

— <HOI [iha/t-HO 13 14>

+{ihd <o)+ <1I’§_tj| Hit) } 55w
0

= - jpdt <ylHy®) ¥

A = Axep = —JPdt <FMIH ) 1t > (30

( Comparison with W )
If we temporaly assume P,19=dt)Sp.13, then
Z = wWihop L£laBm1l | = tusd (352)
=t {Tp exp —%jpdt (Hig® +F, 1)) ]ﬁ} = (S 0) &5b)
where
Bt) = jcﬁrpmqu £3 36)




_%_)nj;)dﬁ":&#r{d%-,;{f)‘Hf’_g,)-f-@HD{'q)J...} ﬁ ]

oo )
: h%{_(ﬁ:l_).l (__lﬁ)'“ Xs.t‘...gcgtn_ﬁ:[ H"Hé‘t‘) I.AHngt,)"rtﬁ_‘o((;)].-. } R ]

L
o %(_/%,) % t-b{[TPjgt H-ngh)So] 6}

e
W= e = 5 | 2 Sl;:lt <Hyt >, @7

wohere

B> = niTHIgwS10} /T (6)

A
X b Tp I 0S10 } g, | (39

Co-mpawt/vg Egg. @) and (37,

A=A = 2L (W-Wi=p ) (39)
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5 SQUARE

B 50 SHEETS 5 SQUAR
382 100 SHEETS 5 SQUARE
389 200 SHEETS

8. Exchange- Correlation Action
The xc aclon s defined through

e det<?{’(mfi8/bt~7{‘f’(w,3= o ~ NV - FUTDNDND

— Axe (40)
Note that,
A = jgu%wlit%t-ﬂ‘f’tt));\ o~ O Uegp(T) 1)
Subtracting Eq-#1) from Ey.(40),
A-Axep = MO [W(i)- VD]~ FUGDTINE —Fc (+2)

W)
On the other hamd, combiming Eas. (31) and (39),
A-Arep = 2tk Triin(9/9,)-8G+11 +w(7m(‘1‘)—%u@§)77(¥)77{§)

+20 o “3)
Compari/rﬁ Egs. (2) and (h3),

Axe = =20k tr [In(S/5)— 551G +11 —2i Sxe )
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8 Exchange- Correlation Potential
In Eq.(0),

et = (Ffy-w')rrm =0

h

—

Fom Bg.(48), = ~X fou$=0

QUA
SQUARE

EETS
EETS

sw-wa=o0) _  8(A-Ax=0 -
sow) — 0 = Tsswhn #)

42.381 50 SHEETS 5 SQUARE
-382 100 SH 5 SQUARE

P
N
TiOoONAL

Ara

Simce the excess aclion does mot depend om the change vn G,
Axe does mot Too .
Now, consider the chamge SUeff. From Eq.(17),

855',1) = ~HISUeR IS 1) (%)
Simce Axc depemds only om te expheit charge in Yo,
shi = ~2htr EX551-58%"

= 2if L[94D-5 anl (—js(f SUettd) Sp (117

Sd-m,d) 1

= [MO-1T)]8Vese(T)

From the definition, NMH)=MyH), a0 that SAx =0, i€, Axc
does not depend om the d\ah%e in Vefplnt),




|

10

Thia SVeff dependence mawy be rewritten by e of the Dyson
eguolion

0= -2t [S4i") -G, TDI8Vesr(7)
EIPACK) 3G
G52 X (2,3)5(31) = 0O 47)

Sul;s_ti'tutﬁ? K. () om Eg.47),

Got,2) [Zxc(23) - F e (335631 9(5,1) =0

Ve 5,(4,2)3(31) = h H12) S (FG(E 1) “43)
| :

X Note that the funclonal devwative of Axc with vespect to
SVeffd) on the closed time Fabpv, not o the PhAfsCCw{
devivalive

® (SF _ Sf
= di -
St L, (SLE,Scm SUgtl) Lé:ﬁkwm)sveﬁcmz

bccause on,@y '(/ln:quJ L phystca% weaﬂ&rg-&nj as a definlion
of the extended action , Eq.GH.




Genemﬁng Fbinctionaﬁ and, Tnimspormaﬂan Funclion

1990, 3.1
Rty = H@O® + V)

(Schrodimger Picture )

oy = Urt) 1Yst)> (tzt)
\ Ustht) = Trexp [—%ﬁdf}s‘{m) ]
(Inleraction Piclure )

4> = UL CHE) 1%
{ Gty . = UM t) QU 1)

-t
ufet) = Texpl£) dhHG]

vm{ / |

~1, 2
Then,
%> = Spat) > @zt)
y 4L
tt) = Trexpl-#| ot Vit ]
St +expl e A

(1)

(2)

€,

(4)
&)

(6)

('7)

(8)




] Genemwrg Funcliona?
( Closed, Time Fath )

to
b

5 1t
Z. = th (BS)

= LR USHG-1)IL

1Lt ST= U BT Tigt-G) >

=.Z P GBI 1>

= X A (Untt )%, Uttt #)
T = T (PS) (?)

= P Uyttt , Ut-thHE ) (10)
& =

over@(m, @ )
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HEETS 5 SQUARE
5 SQUARE

8. Tromsformabion, Funclior

T =" T (ou)
= = <iIT@xF[—1—%/J;dt§A(t)]IL>

(11)

(12)

8. Relalion, belween Genemﬁ)nj Functional and
Tmmsforma,tbn Fz,mc'&'am

T A N ;
IZ i %e’ 61(65—6,,)27:9//5 (L//E,, u(_-[‘b)_to'f) C/E )

for  time wndlependenl H.
Further for Hy = H-  (Rowever, attlf H, +FH_ )/

Z=ZR W, w4 %) =T

(13)

(14)




