O

Leckure 6 Comstruction of Uy density fanciiona).

Rlsw‘.‘hs gcﬂf ‘f\ovnbjmow_S 6WQLS CVU'I; ("'25) :o)

?0\/‘ tikion wmClion / \Ver cod LSLPO'IMS fens
éc’r Ch‘-'_?-f‘ C'E'""‘:j . rouddy o
‘nO\/‘UC«[ﬂ«S \‘3 Determs madion o(r 60‘) J‘g\zrmdyﬁ&?‘
US(noy op pvo ximative closure
j ‘)P CL.%., RPA, HSA, @ ’..-)
Vi the Ornceesin- Q,Um‘ le relodion.

O%: L\,(,r\: Cé\.p?j‘&:" CC[}'-F‘[)L\,Cr'), (K[r): %Cr\-—().
() ir\«am{j&'es Pure corrddotions, eohereas %fr) Us move relected

“Three

2o co W\'“V\j fbi/'b'c,(&s aroumd co~ter ()wﬂdb
What Reppons when Ve 7V £ 0 2

clac e
Z\\w&f\w i ;:L ~?: - iﬂci: kS
A

\/@x—(—,(?’) = <0 or  <£0
2o {of % >0

We nead the L%jM&j(‘ 0{2 %ﬁifg §%c{;fa’,&1] W, o ‘ CD-FT ),

e’ of et § S, Rt olso
Pvme_wov‘[k -fo(‘. j Jc

wed £ Yebssicl 45§ms \)

Thermo 4;7 NCL( C prop erties Cor reloation, (g) wnctions .
¢ 4
P['\asu ‘oobxw(ou/' M!‘cwos coPcc, Stvru c:{wr(_
\ L/
E.X \

(AT
M: TL\Q/{_, ¢ oL u:('_a#e, {Efuacb(w\ ol %[3] O.E 4—04, ov\a—‘ooalcj
d,.emc,\'-bj ?G)) ,‘:"TLQ furm o-g ;EP:’ does not QILPU\G\ ot
Vert (P)-




&
|.e. Sf@&c,fo\rm 0<F 9:):%:‘ va lcd -@-/r' C.J g(,bv\'[-s (n rolu\-&o&mv,q{ Co[i

Govw tt A Whwmds din wz,g
] A{Surkﬁx wids gn UO4“5

Musnbases  + Vi gmct( ool $iffertbiobion snsior i obbain
exach results tait follow [romthe poutition Lonction
+ For giuen BN ) ansy o devse approsimoctions £
all fo\«qu a,( .-.&\omojwﬁms\
Disedo aﬂlcajcsl ' D(f{’ went iﬂpcs 0{ Cf e s reqware. mb&f-fwmi);
opproximorte funchionals. (Conbrest 4o quantru OFT
bhot an E(j o olues the (loul omb p olenbinl )

°§fu“ ol inbdbion are vequared 1o conslvect %f?] . Not a lot
o_( s\jshm ke O\PPv‘o oches j

. O€£% mproxim+b<EumGJo fom\.ﬁ oMt't(FQACW{*'U" Q(%OR

O._-iuﬁ\—%i Ftﬂ doas EJ; olcfw. oum ot gwa- Ong. s hould a[wsz
lezp Je u«r\de/(ﬁ(vx\cj microscopic Hamilbonion dn mind.
(Unless S Junebionol is Broem exactly ey
ora~dimang] onal Dod-vod g(wcls)
Construckion of flo densite (]:Fm@gcowa\

%fov\ér Comonical 2nsumble ’M,(-P) :/.A'“\/e,x-\ C?,) (indrinsic
Chum el

cenbial
We com viww S)= TW] p )

do

ROt AV &Y - (4R J0) 8 (P
ST T (o SPEIPEEROL o
N=zo ~




>

Ce
gQ 1 C{MC lono.\ QLC//'(\/D{'\JUL.)

Nobe that  o(#)= w)y: e

quﬂ'mah'cQ\ terma B0 Funchionals prxcl ~odne vied) 2
' &
Foncki ons 2.- % a) R—R %um VJJ X = ng) dﬂCsdeﬂZ

Fastiond: F2 AR g by {0 T o
(f)wudrdom Sp ace. ﬂ:ﬁ e[Q_

Fonctiona J&pvﬂs o Kg“”’dﬂ@ﬁ g& o {x b

U'l:CuM X)LVL\‘)O\TJ{A als CO\*\(nuOuj versyon ( Xm ckion 0‘-? s&uz/oq\
vaciaoles | fe By o) wibh gy =f6) ete

Frocyls: .
(C\: F(&é(,%,_r__..\é],q) =§CLC\6_;_ E— FE%—\—I:J\@\ a(ac)(f(sc)

(vi
) C( Jor 461, "“laN>C %T L,} '%,'\60. - G E%] =V(foalv.' Hx,x‘BJ(ﬂ)éfﬂ'S

(va(fu*bn{:&a:’:fon : Ta.a.c g(%\) with g gundu‘on ag N vourtals leg
ERCIIE ) )
Then £otad Q\A{gwﬂffbo\k QL{ 2 ai = 2 A; [:&_’Bigt
€ o o dterprobed B
'( ‘erpy AN c{g_é(%{_ia —-gc%)
(w\(\ﬂr(-% %cﬂ &ch:b(ovm) Fru]:

SFTw] = Flus Su]- FLu]= }Lx AT |8 wlx),
v &MQ‘-\'[OM\ derfoatie.,

—_:qu 05T ).

—_

Vewlx)



©

No"x. f,véz_J rM‘\'/i on Q?vunclw«‘e__ﬁ m{)‘)rﬁ?r(a\:‘&_ 1';0 Fo\/‘{,(cwlw P(‘O‘ollﬁ’\~
?.e:(: c&) Qo akast XMC&(OV\- Then e con adsod \‘;\a_l-e.c,(fmch‘ov\ol\

Aw(uo\{( ve. oS

I(J'W\ ;C‘tu,-(- (571

&eDo &e

Xf E.,._'[

bG)

i\){ Cemn 0/3 o boue Q;MS*(V\CA'\?)V\ olso ch\-\L {21,(85\2/ oveler (@A‘( .'ow:,\
derodives: UL &7""“\: 'L
*F t\:.] S?L:YM} e <C°V"‘P o L ﬂ f>

U ) | Bule )oulx) oxdy By

Functional Taj\of Qpcmd o -

SCL??O'S(_, we Qx?aad. ou/'OU-ml oL aiw\_‘ &w-\c:b(t‘)‘a U Cx.) .

F Tl = F Tual+ (4x %;i_; Cule) -, Lsc)]

W= Weo

- « w (x GY [ s olx
Si"j& sumsm ‘E e [sweb) -

/—\/\_,
&MS‘{ {zuwxc}(cms ot( v omd X' ...

Okou‘v\ rale - a:éw«c:%wnot‘ O‘< W Q\.QP.U\QLS So\a\/j on v, whach (s
also mnc,‘\1°v\°~\ Ctr

oF f* CSF Jols)
S\ALX) 8-\)[_5( gq,(x) C'EV\A u,( interma B30 ) )

60 We tnd A with SZY_\AJ We con male a (fmcjc,c‘o;«ot\ XL Jmém

'«Lromc_fwm
F Le)= L 2Law] - j\év w7 gg t] = 82In] +SJP ?CF‘)[/\L—\/QE(?)J




. U A = . = '-5]0-'-/“&9
IV\oJu, a.\{:umuhvd,a: de-—-%o 'é\.";m S‘lefJ/rH(.“B /S{?\i z?;‘dzo{uf___u
Flgl- <\'<N v B Ay T @u? = Tryg LgN [Kavda el T&Juﬂ
< lsi@t’/‘rﬂfﬂb\'m\
(i ot ectermed potenbinl ) (sec P3.0).

JDF'T .FOCM«S OV\(S?W"CHUV\O\\S Og ?C?) rodher fomn ‘VL(?)

a/-‘ e f-c

Not so dbvious fasulb: gt‘uu—s %N , “E:‘xu\ »L;_r =) EU s (71) 'l’e“’d'?"ues
rise do 9P¢':€('C ?C? )]

£N €S &gmc"\(W&\ orc Veet (7)) m— SCF’ >
=) Av\j it\,«u»»&(’cj -?w 8_:\;4,, %N ,/A,.T_, .ft‘/t“\j det ervnined LJ UPN

tg w_s:.rz,ssWt'(/j &gw*\‘um\ 0.( gc—;>~ There <5 no Lumchona)
JE'PMPLJV"\CL on Vegt (17')_

:)) ?E?l Cs auﬁﬁa anctional 0{7 g(;f) amdd QIDIS e S e,

garw’\a ov wuu;] Ul—-&/r/\o\_‘ (DCAQ/\{_,P\\

Ve ug Sormo\l (e Hre_above .
hemmeon =~ ket (? Do o PML SPD\CL Pmobabi‘\'-%ycﬁmdion W\"\D\ch( g";\c

Yot ULV =T [f (N 1 &gT Rnf ] Then 13000

-0 (Hy -
Dﬂ% Recall ¥t (g&(t & g:;/m) = O = BT A T =2

-

\Jotlgw%vwm,: HN"/MM = - QT ff’\[&klg‘]

So wq,gmd_:
ST Yo Tog 14 [ ka7 2n3u3) + AT £ 1§
T T U8 - 80 -85 ]
?&STTVC\QY/Aé’,fg 2 gN> - %T%Elm\g
kT Tea (§0ng-20n0u) v QL8]
= QY-S0 |« BT T o (£ it el @
S IV Y N fc\? -—Trc(é)rq



;
>0y }-0tg] - AT Flf (4 4 - .H)J 0

Note Hond (f, 5,\('70 C?robm\oi\i{t] Ae,hs(-bfe,s> NN
usfh\cj Yot xlnx 2 X
{

= QU] 20 0fw] ] <.
N !
—l 'I D X%

TI\(,O(/:,M | Ford“uln %N )TJ/“/) {Jh ﬂvaﬁt\tj (‘T\ISJ g OLUP\I'ﬂ\.UL

5%0{10\/\0\‘ O‘F 8993 z,ﬂw'l,(‘for(um ele,ncé-{:\j 3(;‘),

Pe 00& B ssume there, G on ex8ernn| \ao&ﬁn{m\ ve,;{; (r) % V t(‘j)
Yoo s rise Yobhe same. §07) Defie ZI Veut (7;)
ond \/N ZVCK{') (xf

(&1

DDQ"F("‘”' H oumi [£ontong: HN:\(N"' §N+\/N p HH( - \,(N{_IDN-F\/N\
with g"{ fius 8‘\12,\ ‘DJ 5(\!: e—p(HN—/‘N)/

=
%
é C_ Pl M)
N —/IT-
Then )
Q= 2L T=Toy | fu (N edyT 20 00| N
N v =Hy
< T [ (b N oA T L ) %
= Try [ (Hu 7N+ kg T 2n £ 4V -U)] (A

= Q[%N] - Trc\Eg-M (\/N‘ —\/N>] > Q.—}fé? 9(;)—[\/’@:4 (V‘) ’Vezlf?i]



®
o vessibs Tog ()= (49 Ve )T TP

-_.Jc{;‘ o7 )Vyy, )
g(mf\urr\:j, QC&\ Tjo\? y(?) ZVex-l- \7 )—\/EJ\"} (?bj (—%’4)
(Xﬁ"\’(‘{-&yb,) Q#S}_} <Q\+_S>/ j =) \/.eﬂ‘ K‘j ): V@:} (PJ

T M words, 41 Vo ) o dedermines QT ehich fives -
FW%V»\QXU

FLo] :51[%1*547903 [ Vet )

=y [@NQHN“/‘N *&@T @“M) +leg DJZN (/‘N B g“’v@]
= Troy [ (Hy =N enlN = Vyr dgT s OE“‘)]

& Wy + Py F Vi

T L (BT )], Togbped oyon B

Oh‘»\j oM S)cti), o

morm?. C’ohg(w Yhe wnCHono |
/‘

o~ - o (,;—) oL QLV’\?\% role
Qvﬁé‘]ﬁm—jw W3 Y ) s y prefiie

Corot N.ccsswf(j ijfu&w‘um

on ),
Tren: ~ Q. [
Whel-o ) -
v Ipag

(\Wwer, ‘\?'(5‘) -“—SDQF\) U~ 2y. Ms\"cj Profie | Hen Ny reduses $03) .

S oA 0 & Y0 )



Feufy When R2p Son

Q\{I?lz \(FE(JI ~Jcl: u\?jj) KP) :qu [{{N( HN =Wy *'QBTP/\ OE"I “/"N(‘vﬁlﬂ
=L)< ()
A ssume now 3@‘(?) Ofov %6,«\\1% Verg (2) on & Hy A(-f-fum’o -SZer\

?Co‘j) ASSoc\‘o\“{A Pro\oo\bf\(tj A«ﬂ--&(‘bj ¢S é‘zg‘t?)] Lot qu .€\-‘-\.
HUL, cul, aSSumel w\t«‘f i\/’u:‘_(?) U\p& wuu\& e F S 1o M\L Z’ﬂ' A,e,.\g\{J

profile gﬁ) (i ovder (ot &‘ 210435, Than #” e shence o&’ FCo) s
B.W?\/O«M )

= QL= Te Jp (Hup s kTt ] = Tl ) [
=1 Qv (?")[A\)
.
From e fumma: Q417 5008,] C—l)a N Lol L] o

BV\'\'.V‘\'V\SI'C H-(/\V"\»\o\‘ta 're{,Wo]t,]gMcbfum\

1/9& g\'hi gbf N3 Hdmhota Srz_e, enwraj :
PN,V T Q(/A,\/,T)+/A_fcl;'sat?) = FTe) +§4’2 o) Voss ),
?3?):?] conlyibabion +o F(N,V‘T) Mo& does ot -Ucp\(c,r"};b
&fuqa on He exdernal potentian V

SF el

J"fom '*«qupcruv\ 2 /2 Ve,x’r (r) ¥ W{) - Cc,ov\s-}wncy oﬁ

SFT J cLamical po«lmjrl'o\\ )
/—\S com @Q,u(mci oS A~ W~Ering C [

8?(\:‘) Chem cenl Yw\wh'o»\. (Hn 3%%\ wot o Loca| UPWC{&:E’;G:(

Exception: & =0 (ider &"‘S)" ?9‘:& [?] tjﬂ Q(F')eﬂﬂtg(ﬂ/\"] al {
Fra [?1 (s o{ Ue loco gwm? s rq) =\[a‘;' $ia (o) @\/



®

G [o'.ssccm\ J’*\sfiz) émdjow o\ Wor& ve,co'P‘
— éu 29 rov~d = v oniesl phoge ~Spoce.
Jﬂ[?l = < KN F §H 1 '&BTL\‘ £N> Pv'o[fac&o?[#(/ JJ/\S\'LD-

?Ey] cs A Unicpue (?W\cjdov‘od 0«6 the Lﬂ‘lﬁ/onﬁ'uma\wﬁ'HSj \3(?)-
Vourcakion o) ?xr(lrm‘pu,: Q\/ [‘?\] = 3'\[6] -jJ; w(F)?’(?).

£ corme dens iy w{“\g .

g \/[\'\ﬁ _ ' _ 7 P

WS&{ )N—O /Qvt?] .S)-
0=

SFIo)
= 4=Ver @) r 2280 (constoncy of chimical polential )
H(‘UWQL\XLS af CC)‘('V‘L,LO\,HCJV\ (Fupc;h'ov»s-

Recall 1ot S com &v(uou\vo\s 9_{%3 and we Powe seen Un P31

S[Bmuj A §pLn]
e - G #)= - el
S m IINEIAED
oand for n22" Gﬁ\‘(‘j(,-~-|?u)=48§(;,)-" 8(83('—"“37
) SoT A (Demsiy- oy
= m Co\ML\D\q.'\'U‘\
COF ) 2GR ? Y {“1‘5;";,&3)

Q[‘\/\l 4 0\,3 .u'\MoAl'hj guwc;[-l'ah o\ {ov dery \“U - Q\—mﬁl“[:j COV‘F(\N\,EUV)
gwb\c\'fcms .

(lA)b Cam o bdoun o SeCond QUW/C Ug Covre lockion é>omc{\'ons-’f¢ofm



®

C)( S SP(F&Tg] ¢ 7 - (19' ):?:l w(_”_‘)
6\‘)“) ! ('SQG’)SQ("'.)

CCM(;(;'““/—?‘ e 7 _L ?d‘ta

S0 SptA)

w@, cle,r\'vxlb direct corvelotion gw—\c{-u'vnﬁ os:

Y= Y
FVW")* /Aw E?(rj + ex}( )
L R, SFARY Ly, 10
XQCr gg(v)
N\ T e~— 9
=K eOF) LI,
=) ¢ ()= LG T pule) - =) pEIR = g [ fal) 1]
We ceo, Yot - BT CCD (P) acts as own L(fd)c_d-«lz OM—boéU Foh/x\-l'ov]

Aot determ jnes %J(-:' ,

Ong. wrore gw-\o\nom] di %wm{, corbion:
(o -\‘) § (7 r) _ Suld) _ 8(?~s—rﬂ ; é\‘(a?\)' (S?)
Q(r Y({Lr S)G}‘)
anith tnuer se J%‘neA as:
j@ G ™ & () =) ()

(Com?wc enth: Zj\- oK Aiﬂ_ A—ﬂ% tS;b) ,
PVom QSO
-, (1) ‘\ -'\\ E(W -r Au A C o\ [*Iu —|
Clk™ e ) A MECrO I EED

AN

—\\\
Q( aw\;,“,\\.e,c,‘rm\e ouer v



©
N—

-(F!
fw CGan)c gy s G gy

aln —-&.') ?tﬁ(—‘—«x) \);‘ N -\-?CV‘ (,\ -(\. cL) _( ,) Q( ?(
Ur\(v-r\-\'(:\

-—.?(r)?(v(ﬁk N)?W SJ/ *?“)8\?({‘ )

QI = [i50 RPN ) )
0\4\\ ?/(;._;(\)Cﬁ, -ﬁ\(-ﬁx .

@ C(L) (\‘ —\() 54-"'“ ‘h(—-\(-—\n) ("“'u C2) (—l n—H)‘ J

Bv\&amo‘jmcou.s O/%, e,j\/a“'l'ov\ Y FOV \/e,,(lr (x_r\) — o reduees
“0 th“(, O%~ LJP\,

We, conclinde Yot Yo OY {/3‘\.&‘7\'\'[‘0\/\ LS o Novkwrey) Comseguence
O(Y ‘\o\ss)(ha "(wo jp\Qr%‘\-hj (S)w-\c;"vhm‘j D[M] o~ ??Eq:l
Yook o Gnked in. ondee mnsform FLg J= QT jéa W)t

GOV\A\‘UOV\ Q) $ Q,'K\M‘um(.z,-;l:« to:

j ~ ) 8 ?:Eé] Q[’V\] — g‘ e 4\)-
33C#) o (") S sl

QDLWM(‘ notlov ox [QX

or-rwn\

Formally; we com obfmintergressions for L9 ) Aot forms o
) ’Uv\\-aaww\-.ow wort par-tick é,u\gd(-j‘
C) B«ugm\-im vy €b\§-bra.~\—€°V\?o\-%‘\'(0\\.

K7C4S\ S -gow O\PPr oxd rverdiong



