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Chapter 7. ©Piers Coleman 2011

Table. 8.1 Key Properties of the Fermi Liquid .

PROPERTY NON-INTERACTING | LANDAU FERMI LIQUID ‘

Fermi momentum PF unchanged

Density of particles (vzgf; unchanged

Density of states N(0) = 25 N*(0) = "pr [O) {'n/%c
ensity of states 0) = s ()_M3 OMTM n

-
Effective mass m m* =m(l +FY) Z - CI 4 F' CS))

Specific heat Coeflicient

Cy =T y = ZIZN(0) y = ZIAN(0)
. . 2 2 N'(0) okll &S “b’r
Spin susceptibility Xs = HEN(0) Xs = HpT3rg & (() L& F @
"’ Csn
Charge Susceptibility xc = N(0) Xxc= 'IV;‘;.’& z: It Eo / )

Sound (wt << 1)
Collective modes - Zero sound (wt >> 1)

Table 8.1 summarizes the key properties of the Landau Fermi liquid.

7.3.1 Landau Parameters

The power of the Landau Fermi liquid theory lies in its ability to parameterize the interactions in
terms of a small number of multipole parameters called “Landau Parameters”. These parameters
describe how the original non-interacting Fermi liquid theory is renormalized by the feedback effect
of interactions on quasiparticle energies.

In a Landau Fermi liquid in which spin is conserved, the interaction is invariant under spin

154




—_—

T effcekive  Yovihomiom o Ha apuas paxfecls

Nl F?ckm we qaffor oave b el we Afk Wi nen N;\J-ﬂfvl/k‘a-
QLJ;\N 00“&@&“‘“&- a Fermd SW(‘)-\U.-- Tham ad%m-u-éf 'hnvw?-rd "
fi mbevetKon (9(°"‘l'()5 W ek of waleSa dew elndmmg (ENpr) acnes
Corn S, e eeded elufmne %0 gl M l’"h{t%lkm,m\d Thur
dynamdts i govexrad by om cYfeckive Lon- ererpyr Homi[tondan. #
which 15 a fumeRanak A Npe s B O ) Mo vry we agsimt Thal

k. eruvony E(Me) 5 am o\m%ﬁ\c furnchoond of MNer Lnth ok we con
Fue-mw amn rrml«&r Lm}aam(ﬁm, areon-dl ety m»u&*wkcﬁvé w\[mxnﬁ(

“7’1" 0o

SE . S"e .
E(ng,)=E +Z§n',s.('"pr~ﬂp,) )y — \Shp Sy ¥ Osn)
1) Fo b 2 Bhee Eplg L] < |
\_/?’\I Snp'r 0;0" ‘\rl
Cor § oy ---®

Gk i boom o i b entvmg foam fo e quasi panicl oy
e e A

el oelr
{[p,p’”tl”,o o calhd Fa [ ordan /)WWJ?. Thir & ke m%baumﬁr
e ‘ﬁ;ma;- Yo drscvibeg ukkmd(hh laghntin queci badkdis raowe [fix
Fow supw, omd ecdlualid of  ENpe=0 ) whit aﬂw}w\bdbo ang
t\'ffbith” or (wefde B Ferww 20U,
D Jﬂrfm% of th @v\m«t/kra- Wufaw\b«lk (B e that we

obme )

/

. SE _ oo S S
eﬁr" ﬁ,-o'_ e T glf;f prr STpe” -~




Z Y deond kem i lxaiﬂa Hix SdVB- ~entray corveehom ( by hor\-l%mﬁé
eldmg) : ro!

Lps = %,6,’&91” €N p o — @
dme bt mdeeathon , wlmda & dgid T Gresmls
%wr(/h% «’—uch.\cV/w In B brvewn's 30-.“(/4'014 vécﬁm’w, o
‘"\Z(j wehelo B fmi- 0(/74(»0&»—& on-d bt o OC“WM“—@-
A*f»(rdw‘}f feem  ond 1 fmmﬁ/imwa- frm} of M /w%rewrm
ogive 1A /ﬁ'&( fine of fin %m}mvffdlz ( eneromy o(rss(]oo\&m th
61\ lf(cm wel g 'r-\/wmnlmy%v\l g #&fm»ﬁnwﬁ W "
rart U%WG NN Ad‘l enrepy mehod %(rmmg ond o'é/wmd
fre ot inordipas , mor onky R Lowolme /ﬁommfﬁ

2 o B renovranlizeki fothr E i cbhatnd dom T
freqpunsg oivabive of e ved fork of b slh envae,
How  wibin TR fma- i oy J(LM W< €pr
ord Rma o vnormold snbirs doctr o oblounud oo

(®

> Lha o a%e)\;m fla %W\K o‘/\l)—tmk’-lmjn i} a-(:\mm»ﬂm
fordder. e will Leonss blod  h Cmv\fnﬁ J‘fmf
/’\)\ Lanrdom 1{\&“1!{031 CORY «
- See Z4L ord 'k ddfind kﬁﬂulfuf:c of Z waok P, ey we
Lem “’WJ"Y’U ffruﬂxc}
'1 - ﬁﬁm& fte kawarlo vy

=D R ¢ i, e e T rhvese
F‘»"‘Jd,&;,,qiﬁ: EM!oTDbe;, Lletime) =0 ar Q,"’Mg. J.



o Uew B Do entryy caf%%m‘ow of B Wv{}:mﬁvbo; wdroche differ
foom b Mon- n?hw\cl'{n% ( &gkt bim&q/}améo/(c) c@\‘?ﬁersfah 9;3,4-
by A Loyt fecomn. Hu Dot bexm l»@\'ﬁwnﬁx Syt 0 e alll
’nw;éla !hﬁcwlsm\, wilk (& waliie - elimint j_p':a‘:/ ‘?H/bvrt w\(qna-
fusfher vooms bt vl af b mabion on e, AR o frat ek
a o few dJ/\g]mAm.(' koo Vg " dCq) , Z ik foms o{-f,,p,,

We exbedt o JA/b,,mh-n uaf F3 (ﬂwm the berd JﬁVfOMww 1%

249/6) 6\6 AMNG (N TG/UQM ‘U)c}:m\sﬁon f(‘j— e anrel devem awere €p @

o col 68?\9’&’{ O
2{’,6‘ = Ef,c- t I’Z’c' [{'PP/ D Epe ff;i- 8::;/ ] Sf;
o 2
= F gﬁr * 8(21»r)
?Vﬁmﬂwum ob beuinn ﬂo\ﬁﬂif—r\'v{wdﬂm'\h?m
/
I d8np!, €0t
Z:(+Z oC’ P‘+&J Snge| ~(q)
Ple’ o%r <, Sepelgp, Pt

- 5’& COWY S ,—?\N we Gm add @ b-J}%m-&ma n 2. bk we will
oo o ot s fird Ahak F—d.x%mim-u f % & Grmod o, Fr



g Landaw  Paramddir C Foxr wma‘ﬂff mvardant sacr/rmd

s Landam /gwmmﬁ? opt u’u an unkrosmn foedin . How do e »
jéwcqw,ﬁ/uc mﬁnﬁaw 1 3 furne o dus fo r‘faln v bfional ond
thefiel whbincl symmiiiss, F ok diforch on b rehbive gin orientbaon
ond  vednflive Torrunedom O‘YTMW befuun B P Wﬁq/mﬁ@ 7m/1w{ﬁfhz
symmihies will ginflidy B foms of -

&) M&;M\Pﬂ% ; ,(M( w ﬁ’rﬂ' hus o Ao %fﬂ/%ﬂ. In 1
Landae tifomcfion e bl ghin S=S1%5 i
tsnseyved . Hena pe Bon< ’fTT = 0"4’-" - jCCS) COW\ﬁN_) mcﬂ

F1v - f"“ = OLU) (ﬁ’d‘f’zndma& I"'f’[‘r‘d““ bolh sici), d’(s)"‘ 3%

ou calhd Spin Symmb&'t an~dl %f!‘Spmmtﬁfa (o charge M%fbj
bt ot £

A o olupire e charge ond »f)ﬁx dinsifies o
gﬂc = (Sh']\ #SY\_\I)/Q , vshun p-dl.ﬁeho(xmc&m\, ""(‘M)

§ne = (8ng- Sm,)/?_. 'y s)o(l.rm?m{bl(“tc!;. —®
T I A O

+ Z &ng Eny ’Z [8" §n. + ces’ EMe Eng +Cc"+5') &n‘gn;
ces! \M}

SIV\CL e=%.

= 4 thgnc+ 2 S“sé“'\g

59\(,5#%% ok in B lardae 5 onchon dree we b

) (n)
r o gn,,,gn,,,,, § S Dcff' 6ncp &1 ’*ﬁ L

Cw:ﬂm obsobed gk 47 €2 6 fFOM),




® S/AMIA‘M wofrdaon b gmwﬂ’gf

2 Sthet we aw plereshed A %u./wfww newe The d’v:nw\ gn{]au_ sy we neeof f

df;/bxu £ rean e Ppm\%. S0, he Aﬂ/mﬂm«ﬁ P PFP ond P BeP'
Wit Ponol P’ see P wnik veefne @ Ko Fermi Snifee .

=)

Neoc we assure o y/alxmnc«f Permm sntfnce . Thas af/nnm«iﬁo Aver not
Lold well for Loy Foma s whune  fi drsaelt Ww
a\&,mrefa; bewrt m}:m‘om},md we Lore h exbard B LW/M-
mediy & ko of pornd [ et qrmb s{ymnd? r?(wwﬁ\ﬁm of K favy.
Hore we tsme o codivuong v fuignall s)mw@, WK vald fir
chidion 3o, ond oo woks fine o Smadhy R seypd.

on ek o m ewtank syckm, T ikreckon dem £, 507
ﬁ\%obf:crdo ot rdafive amgle bfuen R b mominfa Aog B2

m?l

= PF Gt ®

P
A,\[] MM } (slﬂ)(Lbi'e) e Q‘d

A fau'o&‘o fxrchon , vallich vnxéuab)%ed: o~ Gg g € C1,0)
be egpardid o i basts o o(a.?z'Jn Mamwals PC(‘!I‘@) oo

<
Y
J“’A)() Z:F;.S)P( ) mslsg (2"9
whoe o cocdlicoents B ZH lebcl i wa(mv /mmwffv 00 firen by
|
tsh) Q€]

Y
R I A N ATREE N &



® Aﬂ/b'zmwm form  th e B is new old],huo( 6o

- (‘S;ﬁ) Z J:PP’ gﬂrr‘;

‘é‘*,ijwj A8, Snper £ () o

Aﬂh'-‘} %?/& n o( O(k'm/
Vv 1a-1 = ?
= '_54 Efb‘l j‘:{-ﬂa %nPI&/Z{lfd&‘ B_ ClOHD‘ —({Bé)
\Aforar mel h FC Fm e (12 R)‘

. A”ﬂwy‘; (} M w«b we  Canm $1% Ao . do 1&&37'&
M\ﬂ}&lo{mm-,q w%em Dbr\f mate Kb & 5 a rdalive
ongl behuun P4 ply omd  Snplyr ochunlly fia rvm(

{DO\R—Q}(LK J*MAD% s \hc\y\d(r fre }k%. ?m ﬁhr
&y fh \v\\wﬁcaon stk ﬁﬁ& The, CVM\%\M\ B o

MQ' s Shenf mGm oIl o om\/nfza/ '\V\N/‘U\Q‘lf/?

. 9 thai wwé of o\n\kra fian aove I»d/\;—ewrcng % wh dishirguish
bchaan R excl e «Zm-ﬁ o aedral ca{vcck‘or/ 2, eenes B
%X entroy usn fo v ) o ccass fim “W&"“ c{/{vc(,"\%r) &, on [
eqpad entvy nbowy- Cfmfﬁ,, fox foee vetporge fontRone whidh



& volves u\cm-& entreng ud—:, brddn 20 X(Snuf}uc 49\0\0) QLm,;,v_[c,{,.'h
cw\f;rcn'[-iw%, bR was(f)"“lﬁcbd e lxciFto\ cm% Y“t\&/{‘ )Cf\Q
R e omgrdan Fac\d' dod mt ondreldls . On e o (Ry Pon-d,

j—w Vv Al ovo hwlfzﬁﬂ- ;V\L?n:(,ﬁ\, I volves Mmlmﬂwm A(‘\m'v)
(8 wv\;./&ym 1::(17& corchuibrdis .

for thi cone , wlhen §n e s |'QJ+(%M th . cw\g{t, &, M
apansi pndhed eeitedlong o«&a_ rrdaod fo e Bamn surpre.,
we folas Enpiy onbeids th ompdon Mkl TR we

Car ,:)Q'(tmm ﬁ-—\k wagv\g.&k |:\\-too.(,ﬁ (So\(ﬂ/a) yeQ NQ?L*

- t@r @G/
| I%OSdJL& §, Pl = § o EF"““ "v(llﬂg)]
ter e tooabie pork ot Bemidion cmbibidy endy o
T we Aone:

C, N

[
¢ )

A T20, ol chdy whb i Fer fncd i &L, &, €0 pler =
Fv PLPs ond Bime we onk

/

&6
2pe = M IS

( ;/ik c S/‘ t)

0 Tha & o Cm\r#m\'F emrqa, VJ.:J,,
is olsoled 15 fi chomical o]




d New we can old\)-.m the renormalitation (f’me‘ Z i toms “'JZ FZ{S'A)
eojﬂﬂa. Fm Uv(%),wc Aocre

0T e’ 8Ny 3@;,;’»'
:1——"’ =+ %> |$ __”_*l + —F ] &np
Z=l 2% P, PGIPP' B lgo 3 e

o
C i Lut fom oy ﬂm« fe chonge 1 . (w@
L oond e dnd bkrm & oﬁu/o (Ao»gx/‘% /Zi/m&mé%z.
o wwtd convr, e Gl fam omensfs | L@éca‘q/l?% /A &C“\w;\va(
" mcwumALMM corwvedd .
Cae L Now, fl enevag Hacholoh worspoch h going fram ot tortlonf eromy
bl b omoly 5 i, fin Feartsurfe zs}w& oty %0(«‘«/6?,- 5y we

’BWV\A— / <
Z = Lt Ggas 45 j ped ! 3@(&/
<. 2 25 e [p,

o i e T 050
- g 0 Lax)°\§" b -5(2p) ;e
PO S B R

= |\ - cl(b)z.ﬂor/ Ay =,
& .

- PE = = (_C:"/
Nl fd”
s dagoe T Lamdan Pk | F2T 7 ALY &
In /trvnso’f fom, we wwte ' -

T e,
L ZC ) s ) - (:0@15) _ ’_QS—Q
_ A(sn
\ 18l S5
% Whan PDQR,S) =\, on ebhine an )

bW calial e Shner Trdobildy . Tho
o shiming a fakw hamss fiom.

¥ F oc F. rm.ff&% &m\%o\m hehwoun B aoncd levaghing (2-E) ard
mlereckon (P8 feom. Fv 0422\, pop lyminaio , 250 says P-£ bnfs o,



M Yo olipve YLSM.U'S% écUb. AT oy ord Yt"nwmmSZA’?:e\fT/o';\ ok
ose whhae T v ‘YV\LQL dansily vertomet dune by PN
Chamge fa ?F)w(]-{c, Roalt, Comfwcsiéik% dhe . Mo the (Evir boom
e (€9 a.\ﬂ?r cordncbnbed |

Now we wank b orsidy fle cone wdune the Styekem 1,

boocked sich faf Thow wan svorald mmﬁm/mwwf i e
sytleom . In Thi Cone, fle F$ 4 mi—qloqm&&/cm{rw‘:oﬂ, suf
(N\% QLK_ZEQQ h fhe righk. W/ He vt teeme R gsw)
¢ R, Mid e md dovm omdrebrlis

S Atunmd foem comu Jam t momundum bedng olosolbed (s7in
by I charge in T hnckon pokatad 3¥ap . Yir teerm 5
Bt o Foves® 5 bt oy efaa, which b difined! by (R gendived
o fu }mfm%'d £t L oundam y{gau,, Tounthoe, we want b 34
A B CLUWLEA b memimfurn Com:lfxg,. from fh i berz.cfion devm
Sha vume e Pormas Lndl  ore Zone gp X RO P, gy bp/m« fae

%f\%ﬁﬂwﬁdﬂ envey  finm

o
g'Plb_ = S()/S * ZP/O’

o D .
=y K9P o RVZP ¢ s?:"‘ )PFF + (Y

=

0 [ 9T
o) P = ﬁ P A *TKE P,m\ P _r—<l§d‘)
R
\_/?S_\-/
Fn_ ""c‘ A ,

E Node B we Qone (ca'nov'e& Toopp herm, bewun & absoted Fo
shept i chomieak O RoknRal ok Iof~ PE =P,



3!\thusfwx7'£\&} b and ke con also be 1m kv}m}mc’ 00 am a'muw;mX*
Vebn polenbel in analopy with B gmuge fovgmmafion BoB-2T
The vy }m*m}mi et e cowvakd o&_tf}_hc_mw
whick bolioas K it [megreke abel evedid Ly e shipg
of e Perrw snifrec. in tan aleo be wndur shod fom R
Galilean wvatanes of-fi spolem , wlh ik Landlom &A»\M}/&w urd
&JYHZL Auvivaliod . %Mcm,w oo o fn vwovirén,‘«om of-
Jome of o P skl Chadice) ond Look of Ba  P-shhi (panbity
eof owy mkrest, Thim we s« faf T P- St momumfum Ao
Chomgedl o s fame fo e P = Pyt P, whau P7 i Bu enkr of
™Mnris mww‘éum/ S
Now, i T amplahon o+ 55, we b 2 o, brf anlly
Cong 7 day &&/91" e 15 Q’\(QSQ o ( Nole BoE o some koks, ct w
contidivedd  Row ™ G w«u[w&»‘dw ans. s/«ib(?d,i,, 8(&“)/3,,’%00
Corove  2T[ap. Boft fmucﬂw ol ofconrse LWW'\L('*\}) 50, we fons,

BP (eoty)
e A (e g“r'c’Z R /
2P pe T @0t 5
n
f ) \; SQ)|
N e m (S,ﬁ_
A =
T o Plw®)  dflw®) _
2p T g 3l fv 020
=\ fox =t
= Pq (06)

Thn SRPCEO =0 £ 12 dub orthosomalily o M
Legenndt \’“\b”‘o ol . (3



New, ‘rewmo\gk'ieo( 00“\(1."3 ok s{-»\ﬁ W W) = .:\x:’:

2
‘n:.ﬁ— C n 59). $v, ﬂ(PF:(d(\))/mk) Pe = Ve dw)

3R>

o5 J - Ve dod®Y - v. pGh
F ™ (g

N oo Goiry bode to (8, we o ok P=Pe.

/Pp/z _\LFO + L;ﬁ Flfs,@%

Ve
Ng - cLBf)
MSN) _\—/&F; \ ﬁ ’
mr,v\/f:(VPO ~ | + F\('S'A) ( - — (s

Sthu W\ku/v\X'wm Pe = Vg w® = Ng w® )y $0)

oy
wmT o Ve oy - 5N — - (L59)
g VF .

) e mass :s eham\w& ot Fecren w&w% h wedmned laa—
Hu o&,m)fm, backruohwnf e mdeorechom

At M =, e, of A &'CS’D':-\ Ha \rdlpaf:a Ve o

o max m* e, Tai ofsr cvvabords b o phanc ‘fmv\%fbh])o(i},
codld e Mol mendabiva bemetBon . Needlsss bo Jm\a) i Pevma-
:{NWJ f'kura_ brealis dom Aner Yha i ooﬂu\lﬁd fi downa
\'N&'b\o/iufa Had ebtrrad W fevms % fhcslﬂ),u\ﬂx& fre Powaran-
CL'A‘Q ms?]-»\fré(ﬁ!fg —“Jn‘ozn rem/ﬁ (N fﬂmamn} Jh'fﬁmltfn tff/&
Parmicwince — Calbol  Powmeror-duk. disfexfiom .

= G 122 wer, timdlae pestd W andsee, whidh wealkol emaie bl




5___—1: M.Rﬂi;,o "’:JK R&f%o’r-@{ P\/\h&lov\s N\\ﬁ\ L«hcp\o\m,
O\TLQW\LQ;S

We wall W&G th &bw\ss\wa on chonxéx h »\(zﬂa_,
envvoy ebe i b charge i Forad swhe vie ,gufwéd{ons SIRL
MarbLy D:IL b(Mﬁmn s C»Nevvw( amd? ‘de Fernn 47«{&4\& mfv\m?- "

tonserved , g0, AL Forme srllt e av\x-a L o&és«wo@, Cexa.@{»fw
aﬁ/{l\d Mcﬁﬁo/knﬁd whicle comsn Ep omdd Renst §n). Bhe

chturm forrm gw s (e O[LOO"W?(/SJ m Olr\éAl\QNt yommAm
C/mﬂav'*\lht a0 ﬁ{chﬁmﬂ(r dimonspafid  bulpo

— ()~

Ps b 1(%),{.1, Q [\ =2
db—vrt% Aﬁm g,-wwve I’}\ wane Cdyzy - wone

Wm«bb) J.vvnmxm ) dpmaRied)

Yura ons ko beme 1 B Bomillontom i parfiafolC 6
O(A*m'm«ﬁo;;— o Kirihe  envayye ke (85 ) whidh b a mingc
podide feim ond i Fiviel amd o hovrchion deem - whidd obfds
m T a(wmgca( o#ar/éanﬁ'o&.aw& #LL%%M//éwwﬂ" We Rowe
Jubw\fmsw{/ He  Kardoam /amwﬁ_ e amda&ut WD rambm basls i
/08, ol iF will b enites b disan ot ompedan mommbim
codrc bnfiw . Lo wer ema‘v&a& V'\IJW\IMX‘W\"‘MW\ waong  Lovge ~amglo
(Ll Lorge  wowelungtl) W ond & Qover &\ entrgee, became
Loty b sl flrchoadlas, . Unin wweng we will ody Wenp
Lope st wryv&w«- S e T Zmd«‘wa] i tn F5Y
T given Hﬁfam\u g‘“"““"‘"’"



@ ol ke M '~

Pt o 4,6 fugpreal Metfoinsc frreBom Thaf we affin
oL and C»M)E»\L" '

- G - 9}:«1 &-tc N sz,;rsc buﬂ(w“on/ b krmﬁmm
chomge o vaatunes Hu onirey j‘—{,mmh e
Lirasn Vw%nm 'muv‘(]n of ¥ eci hic Al b,

§E = Qv §T,

Bunirg the el &lv\(_ﬁu\h‘m, fia, deo@oﬂz
wated cevwss  fhe d-%wr)\ A wdsdh in MF'{‘W\LA 'o'a-
. Coorm -.Q»\‘rs.c oﬂst\b«h& :F.m»oQWW O T
wm%w&‘dm e, B chomae 6 mommban clmﬂ.ﬂa
or mommfem  olis i brbios &wcktm

Lh f o'>

— = —]

8,.(51p) qyaciponliy

T=p oM txukd

C[s Han covuf )

29

‘hf ék
entverg-
@ WS Shen Bt v,\mfmﬁ‘dk‘ dishib b forchon 1y
#-qms oj rwm/wu(»‘dk vy 2p, rtmoms M fwre 00
:f—ca‘o,&) by (2@6’(‘"")—(—91 4“{,’¢> T=D°

|

J T5%

ﬁlclo- Cﬁ [




® Lo i entyeny allc!w'[mfw‘n :fm.mtfovx Npe = € %p6) Tomais,
he dome, 6, fm emfﬁ‘bfoa, o remans B et B enbnpy
fexm  das YW dam frim oo b anse fam Mo cloggien]
frivaliWG of sccobymg o obdi (Be) betry  npe = Sipo)
MMO‘.{' Mﬂ&#cmﬁ?%ﬁ~hﬂr)‘%,weﬁ

S= — ks b o pi

1 € movs

ﬁ,r

s L ¢ e L €% = 25,
o~d we sbfwn "
Co= 2T, wha 3= b de)

= Somwey HA? Con.%'\u\!f\g'
= n'Pp L2
943 ks

)

[ P, Qoure ey s



D A~ Chesge s»\scgbklrib‘\% o Cotv\frc“iéiéigg- GHrn & o
Roifonse furthons 1 ebduwctbic pofniek | whik
Conies obm.»% Llothuforh. We an fune Inobirg f
e (F=w20) | ie, fin global ( ¢pafinlly i form)
bdwelafe /mimi'%f ~vwduich it chamge i chomicad
/Mkh#\ﬂ EM , ond mydhoning. fix Chowsge 1n Twrmibar
wfc@rﬂvw Ene , whid ot redofid fo ench otir
by e Divear mvﬁom Mw

Me

§Mc = Xe Pok = S = -4 81 I\ X= -5

% efeod( %ﬂl /\m\aevvu. lﬁf‘tw\bAW ) /b CAOW\S,Q Y4
ehebiowc sfmchne Q‘a- Seec 66 L0, ard 00 We
echlliched finf fe emtromy  dishibnfort forchon  rolaine
N - foron 5 Sy He mgfnmsc f\nv-ckdh{eﬁmgc
trsophbtbly giok mdifid b e

Z %(on-) - :F(QP-HW;-)
K (%) =

P’U- % Q?IO' 'QP'&‘II/U'

- (19

' We nohic an t“w%mr*av\k d-wt} R ol B effed o B
Laydan \h\-tno’w"ow w wot b five a RPA e orcechion
bo ’?Vb‘i\rl;\'{'l\"&c#l'r‘a {64}& 5%076/&44‘6515.wo( (’D/’ro@&
@ Plasmn vodi (wllefve mody) , orf salhr Nfﬂw
fl J»cfn'm\( La o Coller/)'ve Aarcge /wu& whach
bebwe Al froo- padicln (quac /omt-cm).



%w/b—m, B rufouc Olm—c!(w,wc well o\}\.d fre

B gomes silicher £l (m\ﬁ'wuw\_, bk o\jra o A’{cjoe
Wil b mode Beds -

W

- %% Hhe g{of;,, o e pokicde hole codiraum will be
renrmalized o Vp = ZVe.
Hue Zen —enYopy- f:a'd»(ﬁx&y(: tonfintaem of Lardans
[&'\\[-:-(u(/{rd_ W/éw\ﬁ‘dL o e B Fovn cLipnd mnde .

~ of(owstl f /km-f» Bis i mond Faf B Fecrn K‘W&o(
%ﬁmxk«nm&m\ n M%L valid . Ceormt Ll , whie af
’fviy{\l'l’ CN‘(W, J‘ (ofv\&s dem . Thm orni. G ebfal a
RPA wkb tﬁfrﬂﬂfm ﬁ/x T Wqﬁmﬁdm md ﬁ[almh
rwdles afﬁ/oe«n..w‘ who scen  eppou mutadly..



For Ha Qme(si(a{l/{ka codedadiot , wlidn e e vesulf of
W0, g0 veall Bl Buw arouu‘va- m Lvada ?W\/’ao\fw\}.
we fivk dola B WD AD fovg fime firee befrene
it fle elalmstbic }10}"\,\“”\1 ts b twmilom (409
vkt Audn Bal we cnn capburt B odinily Hrthnfing
ek i Fernm Awel,

Becawne fhe tpﬁrer({m-v wf A rvemarn, M dort, Bomct /2
')’U'r»“ v(m[s’o i domts | L

K(qn owmy = = o Do)
N

= 2 B S
= ggapffs?u)_—% ap

= -2, g&csma) = -%
= dlo) = Cl;\mib of Wﬂf»m&\(bﬂ
= zﬂclo(f’)._

VNS E\,J#(M whim Z 20, &, [+ FOM/‘) 5 0 oy
Pol" > =1 iy iy achlly o0 sirglive hoent vthine
Hu ammﬂ»(ﬁil w(gihv\l??a, heham Cp oA Q—:ﬂ'a’ byeaks  deom,
ond fh Perna Aiquid Fhovy brenke olppm. Sn b b
5 abw tia Phase demsi from /nr{h,?' b o Pomtrmrchuk
phaae for chnge cont ( ) ar B Fexto meg rohle. phmms
PP gl sty clld the Pomuronchuk

1‘1\8%?&%— od  Ha Shwr w S'fvxf/f"‘/flj: : Ye% ch('w/%).



Buasibordidlt Lefe hone

I

Oru 036 f ‘,“\"ijvk of fia erw\i—fA‘vMo( f‘ka\éL ot Mﬂ\&«ﬁm

of VA’\%/:NIX’([L o T s entyang @fn—(’.JMAW,&z,NN’L (e

Foms Swel. un & beewne of- W Pamle aclusion f’a‘dv\\k\yall! N1
'3»\9 Aurvxﬂ h.uﬁ?c koN o~ M«A:l'\bh .S%VQE vk R Formw QM”QJ
?nwfac/iv(' 35 A lr‘uft%('"ifh P s,nryft‘ by clacm wao Hak
e Al lme ¢~ Y, g- cwwi[omﬁ'd: LYy, MR CAn oW
sk by e datw,

U éd/[; enrgy X ) ae&aﬂa, ww\&m, wdich ean be
bun if we ¢h eleele f'Llw-o(A/m-M h(fme Mmy,»:{) &

ho ~callied  Green's B'M'H/k“" wﬁ/mac@v. Pa renf /aouJL (R
W/kr onvey | Qa\ch\Qﬁk/ fne. 15 B Foyma ,(»‘*Wv\’ci ook o ond *
givet s orvehm b i ddmme ﬂ’\'kjow{/faw b = forecfiom. TRL
;mmrazinar«a, !ew&' Fives Om fmmg«{mmma. w{kr\»\'\ekﬁwi o e 2mvng,
whweh mems, it give Ba ihvese ,l,:/kd-fw& h fia Wﬁmﬂo& m
0 lien siebE.
Bocose s Mk-mwa :,\mﬂa&o, B red owd l\vvxbf‘,‘v\wua,—
‘amb ao b K ol ofr ba o kaverls l*'n;‘hlta- tu-(thm?\.
Y Rk R Aoverr Swvplies 1n thmﬁa'n orey X onfr RUrgvy T,
md B et Cord Loyad widlad i valid uv\f»& wove i
I.n\;'-euw@ﬂ, rasdm. , We Carmo o(zfnc'ﬂ? e Ty ovems
fo oblain it lraginarsg ]w/\.{‘ boaer, Bud Mg lﬁs}jwb@%
s (e o fridid U Ledarter e o Pomet Dl

Zk h /A‘M‘\"- h 2 e R CuMM,M ‘A‘W



l‘n?{ﬁv—‘)a ) E'h_"’ CZ“)%.M/b-N/}km-J OM
»{-m»&{&n o Sy In M kFKWVﬂ/mWMmoMo(
el /m\f AVd  ~ tvin {h\._h‘hm,a_ Pa/\.f’. Toe larwu‘f‘ v
cvehkvm%&LWdemeﬁm
n" L
Zu =" % .

"

F@'N- Vedvy oot Guldin rv&», chon B=f I PM‘L‘—
LX/“C(N\"**. fr\ﬁnu%'(x h olaed Fives o Qg‘:'w £V doawm b

By Ceoms Arquid g J



