9
Lq,d [Q: Eluf}wn—p/wnm mlerackion n mednlg

Mahan
We Comsidor the Conpling botwesn electmms anel  lattice chop €4
2

—

wns, _ 3;1 > LW 7 &
HOe" Z,,:‘ am * g’« Vor (7= Rt ) + i Wa-?jl ’
0) .
This part is the elochm Hamiltmion in the absence of Phomums, (R s
the Qquilibrium positim of lathice ims.) We will noglect The dattico
trctire for oleims anl Opproximete tham as in the Jellwn moelal

i aM
describes the bove - Pk«n\m Hamidtmodn, Thege are Pkms withowt
= labn -phom apsl elockion - elockam interaction, The ims are not charpe

> . ,
M= T 4o+ 3 ZQu@pn GGy Bu(RaR)

: bare,
neudrad sze"(lent eleclnms  as hgul backg,mml,mm PWLM&
mode g a',ust He P[a_sm osculdation w? ions ot g-—?O

ﬂz‘ 0= @ & zz(_%@.) UJ; << wpz& fﬁ::;f::‘
! freguend

We fnow in real metal , PLMS howe Linean oLu’sPers&m
Velatim, This is due £ the Swreening of electms.

-9
we itwduce the im Collechive Cuovvolivate Cphonoms) QK’

Y
3 . 2> kRS
ot

-
—IT/_';I Zi Qh e Where. Q, can be represadw

2 L % 2 y where A danodes
Q= 5 (2 MQuA) Sar Gt Q) tha polari zockion .




| | )
New Jot us omsioler tha electim - p homum inraction

S 2
A =-2 Ci‘ ’ VVel(-r"Qo?))
Vo) =-& 2 g
, 1..9?? = v (.? ES‘”)= _LZ‘ e"'a -»e‘:a rVe((i
Ve or) = :\7 Z’_ e Ver(g) & Ve v 4
S
r

g bR TR ?Ze”'“?' Ve D)

AV(J')"" VNVZ ol A
B (2-0) V)
- N% 5 i e ! .
v T o e
ot on () 615 Veth) B TE

vt Mla

~ Hep= [ Wory i 4V o) .
" vl )¢
1 (EE Y ) G 3 (gt %) Gog C

<t 2;{ oAy \aMix
olow the SOy beliveen

in cmsiduring Umilapp proces?, e ams! o Cu+£+G
J =L Nt )/‘ vezc'i'fa;)(?n'(‘i*@’] ol Ci
= -1 T —

(0g + @y’ Cerar G, G




we Jltfh\b the PW GTM’S fum as @

~  DW@it-¥)= -iTApw A’;,\bé’)w where Aga= Oga +a+

at 2ero tamperolive ord {ree phomon

)(q. t-t) = w, (t-)
D g, t-t) =-i[owt) & Siwy -ty g _“e'a. A ]
D (g, w)s ——— . I _ 2w

2

w“wQ'*'iQ w.'.wi_i,z w‘“};"’w

MRtSubra.
= A D(ga; vty = - (T, ACQ,Z.)AL-Q,L')>

0 - Tw slug -%/.
3 0%, 1) = -0w) ((Ny+1) €t Ny @ ¢] -g-z)(Ng & % LY ]

w
— = Docg.wu)=-:-——’-———-— - d = 2 We ~
Twn-Wy | AwetWy  Gwa)l W

§ PQWMALtiaiwn p_—r PW ‘FYC?'V«MC?

U.:F echiMM5

° (kw)

Ko W) is +the o(usdj respunse o:f’ boret elechrve +

2’ kW) IS {:kz du\s\'e:’ YQS’:)(m;e af e Shntt - mﬂ’\a',t
rmale The ‘CMDLI\MG( m"?”"‘C'l‘FL;

Pwr% u-_F intera rns

- imsS.
(oawm wn For X:(k'w) , we approx:
te Om't w << Ve

cvvrechion )(O(Lw)= _No (wew
e ™ [.-'.FO_S‘ . becomse \QP<< Ui:q-' _F,,. most p)wrwv\




@

o the sellium e < o
for X w), we we B2 g e Other Gan Condnt,
D Y
?)QM/}& = - V’a'i‘m ___a&i‘m. = -_Z_l.."‘"‘V Vexf (W l'n&
' et M Q Comnt ba_
mude culowr field

S5
. e S
.>} lWw Sn'(?dw)- ‘12_&:_.“—)’)—” M'a\t fqu.i% ovoler

. 4 .
-lw JYw) = - _% (ig Vex(qwn) of average olemsidy
2 R - niz |
S dngr- & 2 leaw 3 [ g - 2

e

How suppose on dlomal fistel @, ur,t) —> tespnse Ofer anel O

2 = -€ X Pect = '€2XZ.C<PN+<PMM]
_(22)2 Xim Peot =~ (ge)z Kim CPex t Prrotucant]
T Prnst == 47 (Ot +3,.)
5 QW= - EXaaw [ oy - B0 92, 5]
g 0) = =G X5, 40 [, = L, (00, (q.0) +92, (500)
> @&(g,w): . ¢ Xot@w) Fex
- T ‘”‘e : (Xe@9t FAGngw]

~(Ze) xw, @.w) Pox
| + 43¢ (g Xona ]

0 em((i’w) =




= - ¢ne? 2
B > 8‘%.“-’) = | + —é';_ (XJ_CQ,LU) -+ Z)t:mq‘w)]
= |- 4nni’ + 4xet Mo
M w? A
2 \ .
8quw) = 1- Wpimy Ri guasi- static fir elechms
w? 9> ‘
"l?"‘“"'c 'Fw tons
Ly = 4re?
F 0
Bohm - Stower formuta “Fe L
Cuvvectiowy
X‘&m = - n,Qz/sz e - n.qz/sz
1+ R _ V2 iom -ﬁ& _m’;.&m
Q2 w? q: o
— g2 n-q,/M \‘m»gl%
xT= V) {
2 ‘\)}\.ul. C __?__ nﬂ:nz
ke wi-cfg? Rrp
5 oc L% _ [@€Fn @EH 1% = 32E
UF ) T B a.] ° a2
FVr M 4ne* NoUEd m" Ve

M No 52

< . Z"(HF,,‘)UF"]'/'-_ [m"‘z(HF,f)]'/LN __)vl’f)’/z
% B 3M M




& Phomaem -Freq;nu\g, Renvrmeali2atim <— Green's -qutfm

D, w)
= Dfg JUgw

Dy o) = wheve T'@Quw) ig elecbnm

2
T, w) |Mrcpwr |

|
; (q,w)= -
bubble. dresses ba, columto bime T | = V‘iﬂq'““
aral  combi ith edoctrm -phume verdiv
’\L‘l Wt e P 7T0=’X°(i’w)
D°Cq,w) Lo
, W
% D(a'w) = - a 2 0 0 :
| - Macgml® Deguw) T(gw)/Beg,wre— Soresning
eleclom
UL p, f
= plgin  DPg) = rim &5
(.Ol - ﬁzp.\}m'r%
Z\QP,&m —
SDQw) =
: W' - Wy im = 2V%p,iom M1 T /8 g )
NNV % arxe'd
M, > (ﬁ' o
/\ a RM JZP,W) Qz _u\:s {M.t” I’S COO‘LU‘.!J( "} PWLA:VW%
2 iézy . He drein
52 @i o 12 (HEE) = =
p A M 9 2 M
= U \DP?%M
2
_ 2 2 U?LT\'O L w",\p} S | (.g_.‘_)\n-})wn
= W - \QP.WY\ eq‘m) p.im P, um




\ ../ \
MANAAA wﬁ\ --A\Mf V + V
JUR, AT O wge T
. 1-(%44/,,}‘)”
V.
P S
>"“'\ 3SR 7 ER b Voh = 1Mg|” DG, w)
+ .
1l com S‘efu‘dl ke Lo por€
V;
- 2
+ Voeph @w)
248.w) '\Pm% Soreen Culymp, P N soreenedd d—'ph
Vecph Quw) = o ko i
|- (Vz.‘.vl',“ﬂ 1=V T G-lgm) CI—(VZ‘H{M)”)

~the depominatin = é (& - ‘ﬁhﬂ)= & - ?,%_E)



&

Lo
=> \/gc w) = P (:+w~0+u0~o+--]
— -P‘\ (¢, N _ Ti
& Ph/Z) Q@1+ O
3 y oo
Vo Quw) = 2L ﬁ D(g w) + .
W) E%q.w)
4
where DY,w) = Vhpim Eguwrilant to screenes| el-ph

W~ JZP,M/ZI%W). Vertey

\ + )‘ ~ + '\mw-
TR M T 7
For owr pwrpuse , -the Soreeneol 7 -

Condowmdy prortial Y ,MQ/% o

. 4re? , . "
_ V@, w «~ Q’-l-klr,: , Which s positive
us«'ﬂg,
but the Screemesl el-ph v

3 2
AMG i [E10) V3 p,im (€ w)
o™ wh(q, w)

VS‘c—ph (Q,w) =

w* - Jl;,i.,./el&.w)

N renvwmalize
2
= _E__ Lph (4 w) phomam
g@w) W2 - W;l\ @, w) -

2
R L R
2(%.‘”) Co:' - wzl)h Lg,w)




C(wl;j as

w < w,,,, 4, w),

gwes nagative  omArihution D attractim !/

how Bo undsestand his reswld 7

Suppose. in The malia,

{ot us review the classic themy of
al:syu-sc relstim in meolia:

o te tnducesl  Egug €°°

wms

the Screen el-ph ideraction
Scresnesd - el-ph
Veg @) ‘1‘/——}—\ -
’\ & Qulu
— W
w’,,, \

N — m

7 Screen.
Over Soreening &,

- -t
incidinet E-M ol Eo €t the trtal fitedl EE

where

Zind =¢T P
p= XE amel E= EotEin

ove bowol with an -f;eiw‘a W,

o “' - wwt eE
mk +mw, x € efe S Xw)= m a-w? ~iw¥)
2
ne 2
Ptw) = enXtw) = — /i D X = "'L' Wp
W ~wreiwy w:_wz__wx
- W
D> Emd = P__E
A |+
s w-w,rj 5 EC "—"%_ oy
E= E, +Eind w2
= 1| + P
e - W=iwY
Eiﬁ\o(= Eo“E
= (- —L‘) Eo = -c::-l'E



el o, o fecna 11-E

um(w..svming” x>0

W, /R w
IS vy -Ewa // E U1 E,

E
SA'ffu‘ Plasm g}
—_— —
E Eid, [Emal<iEel,
8>‘r r}:e 80") .
Pn.glm B: G\IM‘-SW% %‘O) N—fmct‘w\ telesg
E E Forx >
—— E/l-E z (;wt I/E ond Eid ZE
<« o ) ° & .
Eind = ~4r Y€

forbiden regiom £r E-M wowe /!
~®R<E <0 D n= i

at 8.:0, c/r-q.nx:l > E = Zwl. & E, . ],fn'ns«’cmo\lt-

RQS‘LM C: Cc)'w!t’/r - S’(‘/M;v\g ( X<o, oneh0<—GRX <0 )

Eo_> E*’g‘ EM Il amet Eind <E
> Ccnn(wwul‘ﬁo &,

Cc
n= "80‘{) % ]};,me: -V:,:-. >C.

EM-wove Own pwra&af& in his ”ff""“z'

E




S Aplication % o ol-ph Syl
ini;r = Zi;) : Suresning  Coulund polstion as input E, .
N oo w fre election gas, bk not Low for btfice.
w, iS 2er, (wethink

—

For the Dutbica, in the Jelbium mode, Hhe

2 2
Yo positwe im as mdbie ) _ w»rh___._L____(:"__.?
= 8% = I+ —_ o = Eim W o
i.e. Thwe’s no u»du-swm:-\é w%ime, but over /cmmi‘u
S‘Ofwnin; ve}t‘me.
§ Kohn's a.nm.la
2 g
_ 4ae | g [1BX)] whee X=op
’8(3,%_ ""‘?ii”° (i_-l-;—i(l x)ﬂml,_y/] 2

as x~I

n 2 - -
© e 4 T el

ade
7
5 4 hAs l'nfw:& .S'&,Pe at 9= aﬁF =) %_28. ~ %S_Nol,\ll-x‘

i %%hCZ) has «&r;ﬂ - olwergence ot 2=7'£F.
Wph U)

TLf Fomi Sufia fas wasting {
=) 8('7-37'5}" w=o) iS ?nnﬂg_ enhanceel

S phmen is sofﬁnal.l.l " ?




