% INTERNATIONAL ATOMI1IO ENERGY AGEKNOY
UNITED NATIONH EDUCATIONAL, HOIENTIFIO AND CULTURAL ORUANIZATION

INTERNATIONAL CENTR

34100 TRIESTH (TALY) - F.O.B 888 -
CABLE; CENTH ATOM - TELEX 460593 -1

SMR/I88 - 49

SPRING COLLEGE IN zIATERlALS SCIENCE

'CERAMICS AND COMPOSITE MATERIALS'
(17 April - 26 May 1989)

P

I

E FOR THEORETICAL PHYBSICS

MIRAMARE - STMADA OOBTIERA 11 - TELEPHONK:

29401

THEORETICAL DEVELOPMENTS IN
Hi-Tc¢ SUPERCONDUCTIVITY

YULU
ICTP
Trieste, Ialy

and :
Institute of Theorctical Physics
Academnia Sinica
P.0.Box 2735
Beijing
People’s Republic of China

These are preliminary lecture notes,

intended only for distribution to pariicipants.



THEORETICAL DEVELOPMENTS
IN
Hi-Tc SUPERCONDUCTIVITY

Introduction
Basic Experimental Facts
Questions to Be Answered

CuO, Plane and Electronic States

Weak Coupling Theories and Related Models
Experiments in Favour of Strong-Coupling Models
One-Band vs Two-Band Hubbard Models

The Resonance Valence Bond (RVB) States
Interplay between Quantum Antiferromagnetism and
Superconductivity

Concluding Remarks

C[d!fef af AT f«?éarwnMary

lﬂz—x Sry Cu /2 (214) le~40/

Ygdz af_; 0;? ' (/2}) rc"'?’/t

Xim Baz(ﬁh—l G‘"- Oztnﬂ)'ﬂﬂ

X= B, T4 wa=/23 m=2/08,2
(2292 ) Te = (/10K
(z 223 ) Te wl2SK
Uﬂ_’r‘ L‘Cz.x (Cx&‘fﬂ4-} I 26 K
' - 2, x=ou
Cs W5 V. febera 'l
Cubic -
BaPb, 8y, 03 (3K
BQ 31‘05

B‘X KI"X B:‘O_; 2ok |



BQS:'C. ﬁfi

what S comwrore ?

x Zoto pesislance. (7]

& Meissmer effect ; Conehlle D
* Fluy ;«Mfg%m 2e

T Enelzy Y i shecl it

What is a/:‘//crmf,’
Y2l 4 m‘;y Fo _ra»‘/ y /) /an/é-m#m sl SO
vor cowduilors oawd Zf/n?'&' noyrnl. |
sfele /pv/@rﬁzj
* r"'f"f/y w1 m7—«¢/7':-«_.

* 1 gluost mo” :‘!oﬁ/gc ‘/{k'/_

+* Va? shnl correbatioe lessprs
Z ;WW

“ﬁwc ;‘ﬁ!—
X Wrm-exfonenlicl l"""“?“""’"—
.jftn'p[f't— M

« P




762“.!/?0#} 7/9 é& Mjwbrqé
4 Scenario r SC

amofrew" Scalletirnn

/
¢ ALL BCS /‘Da.‘r:'y .) Bore md/&u,nzﬁ'np 2
ev < E} _ : . oxide 5C ﬂ'?”d“""’.’ Sornee ﬁr‘;{ enlirnely nay’)
“ . .

ballisTie .sca.ﬁ'chy ,‘_/‘{\§ 2. Wha? 5 the raleraclim resSfhoses. b4,
an? #4 currsund s | AN c/” $C

A a ¢ b o K |
atc Ma!d, . add) Lronal > P Fbecrson %Lm 2 lpalonid o F8ta e’ one

hole " cusrend o Jeyws Z’ ck?a. or -’~4/“f—

o Cuel it lirg

; W/& Pomsfor 7 MHabbord )
bt o o S et ome, Lww .or FHres downdy)

k .~k
paie i f 4  what s fle Hewrelical Bas's)
S dired  evrelbace s. A ‘Rf ? W“‘""?‘4.7 f(¢7 Oare¥ sy Coavcalng

Fermd - é.’u‘d-’- 9‘64?

Ja;wn—fo-%«& 7 i
M?‘,{cﬁ /Z«f ;':7‘%'/-(" 7



/fﬁta«%/_‘; S mﬂf—«aﬁ; [ Te 74&;:“
/ ~57L"? (oe%ﬁag

P‘onon \ A?.'/m larove
— Sahn- Teller
| [ Cutor ]l o)
ﬁ"’ﬂf rig
charge M;:U‘m
chmfc

4 LucTualions Cf laancon

torp baval ( Localipeol
ys ewlenolen ) modsl

qufmm'C

— ‘ co b
|
ueﬁ'c J/N? 64‘75/3;!

Lo (T¥ree) haol
models

On¢ -bavd Heubbard
moded \f 3 l.

L
[ Wt
i8] [

-1 -

f,[«ofua/-'ﬂ'j

Cu 0, plane s respronsible frr £C

f } ) ‘,/am'won " J'?‘h‘w"u.m&
2) Omiso fr.;/y
i , Su ~ T

-
ﬁ."f'"‘vlo , le/T
3) ofry deperdence of Te opor~
A}vflrliy-‘r s LA e of Calr

Te
b= |

-

%

— (5

4) Bond STrudwre
£) 2D bekan'r - /(.;/..,/,;

— [Thow bess frmes, lir

-



2t &~ /
L112.61L C#. 5;
Lutf ‘ 3d’
(ubic Air mom T
Ty e (o 244
\ E ) i gl satp 72
7 SRAGS (94
b xJ/A&-
Jahn - (aller ‘%[ﬁ}
Cu- 0 /l,fh'(yf Lo
w?
g2 ot bondlyy)  ~ wwly
[ i-#
s I 3310 by
Ll 0\’—’—” T‘:’(nnh&d ) Xy X3 0F
0. &> 3% Y Al
3a? N £, (bmity) b
JFP ﬂ;’@ x 1
/144/..:{,1?:(  should be o METAL
bsz R S 4 ﬁof ,

/ower fr"“‘ﬁ/ /O AF e 7

N .

’ S Snsulelly

L02CU04




o ® ©® o o o @ - 0 p(_,'(,'{/. cln.i."( é:.//f,’/Z

CU' 02 [df&:{ ’ 8 ’ i ‘i (ne colimcensibmnal melal s cns/eb le_
t ' s prosgEem e 0t — due to wu//v fo Llalleca &
ﬁ f Ul v g . . 7 ,

charze pvclis balira PV 5 Jformeed

f.‘fﬁf‘ﬁf"/';t pand * ¢ 0 T T amd A SeoTLY Y f-‘«.; al’ Ferad

ZL'I;) = 2¢(Cshe@ * C'féa“—) [~
ﬁ-: 8. ev
Fernd Swrface
M
d‘,) &J/ﬁ p’t'ﬁ,’(:
X |
L) Perfut WeTigp | |
foavr diy Vorlone WA waw eyectr /7 o
T ’noru( , fhe deslorlioe o .'ullMMMM,
| X Spou dews'ly wave due b -
Saddle - po Mffr _f;_ff") ffﬁ“é‘"""—/ 4/;.~~ mi“::/m
?g'»e a f/im.l%l/“- %" T E;._Zx-v.r/ At
,)',-.?u/an‘(/’} A £=E- VoV W
. - cyw B4
, e SN2




68)1#4[ /mté’f,'.r g S weak ~
&’u—/&é? ey

/ D, /Vz;/x;'_. j,&-:,"?‘fv/

T. ~ € "%
2D .
M‘y-4ém”/30d ?( frsar A ;
pn‘«f_;
Acc) B(Y
P c

Lo norma lisﬂm & rovd
(.rm;&‘?) JJ“?

\ Pufutm o & Prma g%',a.k.ﬁé'u;%
st~ I -F

PP — SS 7

Ph > cow  sow

S fllsr  SDW

M7 - Db ase /Tu.rf ‘m 7

‘(Jfr'n 37 Y weode [ // J R I:Jn'%/q:

/. ST W }/"'.Céz"’)"o—-vna(.. A
~. Nes ivy pecler /:‘/A’etL
3 }0/&'7 reditce s Local WAB

"

4. “J/{Lr:'fzi’ Y,f;ﬁ o wer: exorsy

y/”' x
> N

A-wwe SC7

Z7 7 > X
'/
4 { ’
C—,-_*-—-——J X
~ Jaow = A% .
Z ,JDW R goy Ao = ASN‘ [ 7] .



Hﬂ./_ﬂ #xfr:r’ Jadrcced éy

5/

/ua&n
'Se,/m.rtfrm &/( Q’f

AF F(ar/(u@ﬁfm}

J:M.J)a-yJ? & Tosally

Z.B. Su, l'rul
/_f YR S f’t:&,@'v-‘»‘"'o&.

£ Son/

7%.;

AF ot ’
o oL

wotes . RPA

Zél""-"f..\ nErs &
a/fmoé'a»-—-— e fﬁr/ Eas”

;,‘-"//Lz cfi e
afde

N2 A
...@_,__@_ AJ‘./
r 4

V(2) ocj}f"?

P wave peiring SC.

- “o

-575’0"2 fleclrom —/Aouou
2w il 7

. M/e,fff /O[Udau /146 7 en st
La -x /(r, [‘40f S 4o K
ma,r;«d
Z
Lonseprsncss af a4 ;rfvy craplss

A>?/
gu(aw;ﬁ... ef af. T Ranmer efal

7 P Cavkbo e efal

W L f“"":{‘?““" Vi
- 0 '
A%ﬁ‘”) A PP T oy

28 /LT — -zucruﬂ?’

C‘Cﬂé of /ﬂl— 7‘{«'7'

1) /‘(«.rur/; £ Fw)
2] Téwawv?mt Y o
]/ [ /‘/n'uaflc CCZMMW ‘:

’'d ~ T r
of oY

v de'ep R

- A -



-

S:Taddi I
NiTeiSK

W

(& px51,CuQ.y -4
rg C(:K
dawi/iTe 10

B¢sS




M f’u;r"élt rede ven e
fuﬂ'/eucﬂ_ ;u /ayar o/ 47—4 L/

fr Boy Kinb:0s

B.k.cﬁaxrtw?
A- l/""(“"/’" "'F J. [‘M;yl" iy 2 Cu JX:“I(J
Dretovsek | A é’v(.,;, g Py e
&!.4 )lf(f’/ 1 L (ué e "/ o SO AR e
MCX!L' ./&'u .z wl:'/(; Cf[/"// ) 42 b4 - j‘“ A /” 7 ‘,‘
(o Uy FVTE W"/" ‘““"‘:“ ~ 05 M
b — FRY. . <
N.HJ \
/ t ehz/?@ . 2 ) No cIwW d;/drf-'r" wes 7/0,“'44
A = ’ A
“r \ . Orfho - Jo 79—.«;;7;:"”! ps wdl
;.7 7. ” ]
~ /‘, 3-) 1.’.4',(“ 0? /t(j 0/2{4'(1'( fy ga_f(‘./‘
ae (TTk= Vi VE |
4) j/ec/‘r«u‘w/: ve dale — f?‘«fe-.

4
907‘ feron: [,W‘L

o Ceow rﬁé.
7‘0/ £

E”‘W 7o fee e 1 el — ,4 _ d
(-4 % 3
\{ 4 : ' J-.) Y 34 (u ﬁ AdJ L0 rse
Do "%/“if.&, « 2613 %7-9 ofte A .

b

SWWWM'{"W'/ s sz(arm_;“% 4
Bose. m~(¢/l.!a,l{'-‘m 'f 6) Haﬂ WJ"H? - m/;aeq- ’ ‘
Py =20 m o e Carr'eT ol Srntrore
e DT APK
Flackrms ! frr Ny x oy &l

A A=/



(1,059,0) 0050

o
N

l
n
=X

(counts/14sec) .

gi

!

|

|

!

|

| I
x

Integrated intensity

Integrated infensity (counts/ 7sec)

30K
20 K
10K
0
0] 100 200 300
Temperature (K)

L

068 012 016
X
Liw Temp. Phase &s\wvi A Ly sBex)s Cuy
\O_knvn\r.vl. e nt \w\s\hﬁ L r-103 12,965



o

0cO

Correlation length (A)
- N YD
OO T ?ﬁ ? T ? T C|> T 8
: .
4
o)
S
e
o =8
3] E'g
T W

YOS 207

g0 90 %0 <20 00

01

Temperature (K)

— 0J Y] o i (o)}
- o QO - -] -
- - O -] - O -]
hlfl[[lrl]llllllllllllll"llll]l-
o3 -
n-ia"' -
31 4 ll]._llll.llllllllllllllllrd




q
0.20 0.25 0.30

30— ™ T 1.1 ; v 1 1 i
| | e Nd |
g . s Pr |
20 g =R 1
v 5} "\. |
ol 3 'g 1
oAl
_ L .
10 E .
@ l
|

0 0.10 _

Tusdeok WK y ,’u (Ce)

: vof maguelic ahbyve 44
Lu‘[q G g,?

PR g2 11000/

XPS —

CALC—

----------------

.............................

0
ela?
P8

]

i_

0 Eg WV
o rirfr e SARESPm

Sgple

¢}
e &
X
{,
5
més*_-
z 1Y
-3 ‘:\‘
3
[ ®
3

ALISN3INI Q3ZITVWYEON



| ! -7

E!— /‘ e ﬁrlpé'm ?

Bt ‘7 dow P IK g Fom
Jomee “..7‘0»0'(; wi % e x bt Y8/

w-R Onp s €.

-23 -

nder: v’
H(Lébﬂ"é MJ/!‘Z 4 e liee

.Sf)‘ﬂ" o~ S/ fe Qa/aw.& r?a(_r,'n.'__

= -2 GeGe the + U mieny

Lcj).d"
Ex“t? SG(WM ﬂ; ) ¢ L (Loeh & W)

S frn‘uj fﬂvv;/ /"y.
/‘fo t Emia &f;’r

Weete Coppr T (U << W =22T
Blrch wfafes are 3o st

Pd‘"‘bf-
y r | T.';L
f// 2 )>“ A

wead.




y=e hoaod 4 el ; jrente uwﬁﬁ’y
* Lamday [ersa -[.-fm'o/ 7‘407 o omla

WeLl -dlef e ;«ax,'ﬂ,én//fz/e_;
/_a.m'?,fir ﬂeorcm.- - /wu/b st //‘L

ot £ 4 /‘WW ole's ,ﬁ-f'éka"‘f -

My

e
Ke

5 ff’d;f a-,‘-&}
A el -J%"«d /uu,-/-—o/;'od..

U:Oﬂ Jlt'kﬂl /)d-'kf’

Mo 0,.“.79 o e W&A—'
s / r.'éu Lo
Nx

! ->

7~ Ferns: level

E/ﬂp?ﬁy'd't /(w:/fd;‘-f"'—"!- ot J""?

clhert owbiprce ) 1
:"'ﬂ“" D= F//;/T/DJ{ :

("‘fe"? lrni ¥
v > z Sz /(-2 <</
P o S
Canon. 7(75'-"{/"""’- H,, —=2 //{,5(-35 4 C
T - 7;%(«. + 7;«-',.« t tyubte scc.
y { o ject anl
v f,.,‘/cd" 4
7 + 4.¢c
= {'"L"}Z 4((-" P“ .
Ha)y %:v “g:) J D
-
(5:"-5' ‘#/
+ 3'2%.-) g,
c0(58 N0
A 1 !
D=/ 'Tz )
Hepe operaies ca N U y

L

PR Y

M—elo«-u/m?y |

ERIER



-~

1.0

5
E o }
g | ]
5

[ \ |
z .

s 0.2 f
Y

3 - -
] Y .

E ~0.2 8
0 .

Z v

% -oe o |A
|

Z

h

u 1

-1.0 .
A [ e

SITE

Pigure 8. Spin-spin corralstion function of o 1D 16%19 Nubbard medel for U=4, vu ]
(continweus linw) snd "I“ (deshod line). The path In the ualt coll it chewn n the inest.

2.0 T v
‘\‘ P [ r"
| 3 / !
1.8 } B ] ! J
z } r r i
0 “ 3
3 LR A a:
LN :f
! 0.8 l \\ ,’
T H
l- 1 I
[\ h
0.4 A I
1 ;
!\"I‘t-r .1,’.("‘
0.0 F I —— F F

WAVEVECTOR

Pigure 8. Momentum distribution of ihe 3D 1014 Hubbard model with et for pu N (st
Hae), vu [ (detted line), snd wa gl (sontinnooe Mue). The path in the Saliesia 1900 B RO
In the Inset. The lmaginaty tive wes Twil (half Slied) sad Tttt (o (W T H0ER).

the momentum disteibution n{k) fer the throe values of § coinAderEd obove. Ow

S So""lu J“o




arel
 bmarnt (b

0"@ bavd vs Tor

wodels del 015
Andcdﬂ . ”ne AMJ /{ P

La,, Sr, CuO,

Hnoerer . Holts o~ ’Wm ¥=0.15
) o < cuﬂxuél/’
Hiph En 7w £ wet Chemnly 0

Hatl meadurre e buio

U s e
d¥{¢r‘.‘j ”NK ré A"Qﬂ
b shoft rasults

NORMALIZED INTENSITY

d‘ ol .
£ 7 y PV
AF Least  Lore |

I

A

525

LU A e e e
8530 535 540
ENERGY (ev)

Nioker of ad E&c F'g‘ 10



/

Photoemission data: evidance of Fermi “lye Nuclear Relaxation Rate 1/Tj(s™)
£.5 Lst ef &L los Alames | _ B .
EuBagCus0, ¢ % : t.?

7T 7] | I A |

hy = 22 ¢V

Meg ©
auoid Zony
Loen:)ZDg A

& }
20 K 0T
i “ A iy
i <
-
i 4
— -
F -

s ' - ,f:!}
AT

Energy Relative 1o K, [ oV ]

R

il

(1-S 201 L 714

‘:%‘:’v‘ﬁ;: .
|

- Tl - e _



107450-4amhp

19 A Tami
Rt'-*‘r‘.
RN Hogne

T Fraw
loy Alan
E
. r Cu(1) o Hie i
< * hfe ) t
' e » HiIb - &.
gu _ )

|

| 7,

Knight sbipp (spra Sesciprtiligy) B Iope
.760. Cuy0y. Axia/ powt stonss F- Bwepr Adeonr’
at lon J‘tn/amm, ‘*’“ﬁ'@ ASHE M My d

Yeallasd for .m--..la‘l m o anis Pervine 7

Mode ! Yusri Lloman tor (O /a/a..e

e

H"‘ 'Z toL{-d.: Fea' f"C,C)
&, o ) oa' o,
’ ' '
— 3t (Pestys t¢t) 0
e T

TN AL TN YT

-+ ud .z ”JW n‘i& + % (z. ,1”' “ftvl/
‘
ty 2 Ndic Yoo
.0

=5 to o, pastbed foiterew
¢/ = o e, Ve/(s eV . Aiﬁ.-@q}“{;

i
-
.
B

~38-



- S | # / ‘,",:f//.,-_’bk-p-hz .
£ " ol s B b
f’ﬂ-Z. E’A?f¢/{,£y S
Exp- hole -ev 0.
cs 0K 7

_S;'ny'/( favd weode €

s o [ X% ®
d-tke p~=riey L J )

i ot .
of O Rele
’ ) . - . o
‘u..;luul é/ .,.(rr-;’ 4 or

M‘(f‘;f fo Cocend °

[ ] o

y2 cau,/,}m-«,l-n ot o v @
Cw
Z 4 g X K )
Ctat pra x Bonds, ) 8!.-%
Stros srplig T et /, N

fv f.vrm a ;:—'7(&(_'
E’yeafv'w& [l . s
,‘vf " f:'? le fprrtl . N

AN

s Sywt. b of O hao droar \ /
7 4 MRV

v ,S:'?fd Ma¥e

-39~

5?"““"‘/'";"‘ aré;‘ t

/
b =j2; 4‘(/3 : 4-2:/

= (dinBey = 4iv Fr)

¢ =

dig bir _

VS {f (die Pey v fir),
diy Pt

ge~ft ~ (€

]ucw? / :
e A

v

s arcimbictins =
Lﬁéf;rﬂ" . /‘m f f__j"déé

g
one hile por Spuare - i .
3

pdilstoone? hile frroiss

I
ﬂ'\
[ 4

-

oo
f/'?&f Dé‘+‘9b |

5
8

8

(ne hole mw'ffr?’

oo



s
G e et el

[UUSEPE

28 S5Sa X ¢ 04
,5,‘73%‘ /b/djé S @& & /a;/'rft /br/,,@

R 5’."6&- N PR - o & v
vt /7 /Zf 4 /e

% If, 7‘/44-’5 as 4.‘7;4 /wf'cé’@

x

44 "W"w haworcona  4h o
S
_Zﬁ_,&!!m, Lol irVacd awailabs

S e
f?f an h-,brﬂ..f‘ /:v_/c_ ,z,/.'#‘u‘g
Ff ~T
. 7%
It ajpevs ” m”('/‘“f/” c&s
wiise

fw? B,
LowsTat  wiT¥ avariable agbBn'~

Y YR

,.l.,-,.f/cyé y et i L C:t’/_ ’/&“{.‘
T e -

/‘(“iéﬂ""/ Vs Céob?e -/(rcm_;]/-nr-

Y>> A4:=8-¢y or
U <<l A A
o
= L A
== i_=t
Ny AR
™ 0 . Cu
t>»a
u _
/4 ‘ or yd
mu“rr F 4
uet | 4w 7 Sy
w>é \ , g Hubbord
\ ’ M:
)l UPW
s \\-\__‘_ ““““““ h
. Mot WU
%
w



e 4 r"[. [’r,-".d K/Vg

g (e €ry ==

(?7_3 Y /'ff‘/

/aur/ $22  AF

A/o {rr
Jf‘/t- £S5 ...47" rhe

ey be weel
.;/e.'jlt‘*?
ﬂ = J-Z §|"_\§;° , TF>0C

< t:,.)

AF

/D case .
tv t LTy
..,Z_L/vf

DD

veel  sTafe
-SI' H}"f P(.rs;

1> =g (el

Lineor lonnd: naliov of el possible
5»«,4% pairs

{(f’> - Z/c'/‘)(‘(/ (o] - & o

=1
O 0% 0

ﬂl f?lf.ft/*a- { 04"( o&
well - .r-y.w-ﬁi/ f‘"’.‘!

f«,z-m .

pn Lipurdl o
(C[,wwz '/u,m J, P ‘G ’{‘ ,;u.. ’J: |
7y b Caice. . Jes .r/ A
v .7 -frusfm‘fm

e alllce .
S g™ —
What happons <P CLE

ﬁ»g/‘&t"v‘"ﬁ;
spiwen . s=fh 4me

Hv-fob



L nheie er Heip ElenenJar exe falsoms oo RYVB
S Cue approach. = Kuelim ef
L/\‘ | -./’\,' SP;”O"S [ofdr-m'm/ S/b-“" }4_ Chm‘;& I,
' h! l: t:a 'I.? :
H hOLO”,S (bo!m/ hin O charge e
a/fumz. 7‘/? Sh’f and “";’ Formeds - / /
Y o defed — donain well OaoHer pooct lagpd b ot ot
/ﬂn,cnm- 04 ¢f¢ _50[,'ﬂ—n_ ‘%/5 :
A b [i :’j_:' Sf.'u on ne« el
= T -—'.5--'-.—...—-__. weo- - f‘i}"'"" l
) %70_@/ | holm chorged e
hont bendng
DIMER — PICTURE e bending ot bot4 of /ruﬁ-ma.( S Fakes Fres
Voutrad Solclre S5t R=e e
- £ K =1e %(I'L)“ }//2// "W
s ‘e S o =
(arged S1CTF e i
There 15 A fa/d‘é/-v cn @ au..f"/'-cuﬁ 7 ;
» . o blen 2 3
o et f ) A As ' FOHE Srackiral chape %%
Ts flus neccss®”7s e
}v“ M'MC s oy
Fractiimmnat s s tall /ﬁ‘/& ” ({ Jﬁ’ﬂ

-4'5' - _4" |



Hm ﬁl/&/ ‘?/)a.h' e/ ot
fastaras, Zome, Jaders—._
Ku aéa;/éc'q, /fzw/lf-{, 4//&6

(ol limr -
ﬂa7' l:"afrt_r . Slekha

1) Mo dochte IC%; an!fm‘.._}“r

Thites —> —2 52 e Ge
6“?%”" ,?/ru,n‘uuu:'m

H: Fe e 7 g 7
g6 = z:.‘/(ﬂa') . B y[/hf/"

| 1) Pr sl Ph con Hensalio

b.:' . # ((a';- C}'; '(;‘:C.};)

3I'J. = ZC‘,sp

Ay = < bc',t'f.?>

3 * < ;a', e D , ?; 2 < 3.', ;‘_ff) "‘-il
S -wave /"""’7 axvayn &, Jaslys P
du-m ,w ‘...7 a C 't"’.k
pwot Aoer [y NTE aprapze, t.m-l.r.-c |
clarel stfe

.4;)

A’ g b’"'f) ‘

A -'-4'75 C, ,lta_l_# ae '.

s (0 Heoe

R A A

’}15—/5‘.’5-/'9{%_ / ‘/M/K/”"' e ..,/‘v-_;/f/.
There 3 o Loce l  SOZ/ A
‘annetd
¢ PR
C;,'. A /: . f‘f’ S,
Cf"/ — F& 1"'4 C Y

(Aol Et{p] © =
elaslron - Lol #M;ﬁv’uoé'h Py
thf-‘f”/-vou 7 )/'h'u.

u:? : reduxc&u/ s aﬁfl«.n
rw Tl |
Spra i ro, v
Sarmeioe : o * v TV

Mcr 6«9«#—6&»’ /N C‘zo-\- -/tyﬂ

fle Ssam e s rwlle
o broKaw ;r

The of - WEHE fﬂ«r‘;{ Lar 7“4

Lovresr’™ %7/

—‘_8’



/Va.m-cr:'c.a/ f,‘mullz'ru._;

J. = A’-'r:a‘ &of al,

()R M. C
Hubboro waodel cTself  does wo?
: 7
'q,-'u'{ pose o SC 74[! f«gj,m c5S77 .£(
_f'/?‘q P A St I :.X/‘—n{l( #c“p"'(—

2 ”. r%z‘/}o' ] k-

! VM,' l/;l' rla-lz{ M C. Y ﬂﬂ/ﬂ-put Shtd

Erre,, )//f e,

.'5(5 o ,}/‘L Lor. r—/m“ldm m/‘( M:

g,L = Fro law 77'(&1-@4#4.“)/0,

~ AF ad RV B Anve 4/4.;11"'
fHa asrae W"ﬁ ‘7?0::0?'

»* A - Weorst— P egmtersatiomn "

aA~T
* Zs ‘f/&.c. rme DOLARO /o,jr-du.-‘
M Ly - rAep< ralar) )
Gres = Veg | pem
-49-

ué.m ”_!"__

i ue 7 AF L5 (e RYB)

e, St Pov'E. rY

o i H, A ’”4/‘((
atiig ,e..la i

CHEV, SU , TV
Iu Hu eorbtr MF studied Lorw ovelor

prrantlors . A Lhyd w L Ok

3, ~ < CioGr>
what “‘f‘ ‘*;,,)/ e cucludes .s;duriocm

mrd‘au,"m 5 - <5f > ¢ ¢
7he absobule vabue g 4 7 = reAead, L d

X Coprntie 7 7k Laa B 5710
5 = - 2.3¢) -7'/»-4(— w‘/‘ﬂ?‘.i

g = - P T pt  SFE

* /( sM /1/-0- M“é ' :
/)"F W ‘&&'1/ f({’ e

Lﬂ-/‘ [ & jr"'f a.'ﬂf";

-850 ~



Fig.1
04 '
L AF+d
d-wave
027
0.0 -
0.0 . :
0.2 Delta 0.4
-l »

—éf'l“ - /LM« Covpliug

-
H o I, f/ ‘fe((“f."‘f,'/_) 5"':‘;-. (B d €rSom—
kel e Holbsar Se/hen
2.4.7 prelovsek
‘ (A-u Horseh
t Whe! rs fhe Fround stele 2 AF. S

# Wl Alas c",o«ﬁev';ﬂ Javer  RUE
sC 2
T vt

Y /D 4Iu~/: JP@®

20 A wyuy SP
o« « of g AF
Jrrer wew Frany o

§

- art
d~ L ke
2) K Y S Y Y 4 yes
Aud 8# 50 nipleys
J Ctm(g’z
[rsallis £ Ya Prokbab

-s2- | "Am

i



. . P . g A
/s, (i fersn oo ool gl e e
’ ’

os::‘/ll | SCenarios JC
P 04"' - at i Lt //"7‘(,‘//‘”"‘?"6’

x Da/'t?; vofer e e —FA.";;‘,:,///,H.,; F.Wf /, Mq/gr.f/maf'ﬂ“m'ém J/ ‘”?‘fﬁ
' AnAerse
“a LA ﬁ“""—f”“"“(’-
1 . Holon" Condlh.faé:an /W&J o |
Wl slele,
X Holor. poct pomdensqloy. e
| foty i (AR
ARG boktyt VLD
RN Y
‘-“7"" /"é;wl' \“J ™ o ‘ (-‘ ot
e, Wheatley ) ; ' W“? Jidh nlppmend
(Wﬂrn, re, : / /W\L [rm./:'u e /,/u/,'qé ,
' ol
* f{;'{;; condevsalion 0;&:(:2 o Butaorshi of ot |
reFts 7 | coulmann £ A ca -
/ZM/-&-«. / ST:”,W £ Sytia Ke frmceadLe ’04/‘
1/* ~ 0 .

b puasiperticts profppatie

d'. PYAPY ) 7(/.‘. M‘M-

TSA~ -84 -



?}!.' AR ‘Al . /(Mr;’ /(:-4'1{' Z{ ¢ !/igd,
I ol ;o ,
Seton o W R <K NVorma, Kadonsd,

¥

Rmr“'-lf:r"/ Ay e

£- e
H;'- . Z‘-[(.-;CJ',- f“.C/ +J‘Z-3T‘t?; = = — 4+ la__
<052 &Yy o = Q
.Saé (L#f'(t /I A o
- - - G —>h G = w——&——-*’u + & owe (k)
Cy — 4’ erad et
k"[‘“"‘ Bosev [ jf“" UM) La4&’;“uf._ Pa/’f :MCI4 (. P
b (WD =0 o =5 on A Ar ~ % W“’" mays eelnucail
sy =57 o~ 8 | '
¢ ‘/ . ' f_ S.cé/ - WI/JM J}h'« Wl(al‘m Wzv“ru..
o ; v . d @ml‘m ’#""“” e - éwuq
Ty 0 ¢ Ty e ol 2B Su, K MLl WS i
T, 24 ¥
17 wid /J&UW}
by = & ZhHh (Kb 4 7 - -
L ot F Pl S
. - ey 16! +4 é. . a. /s .
Hy s 4 2 fﬁ;[ﬂ’& thiy va 4] Hore — spen ﬁ}&* -
¢ <eT /wﬁf‘u"m W‘I /l"‘ + q"u nad W
Spim bac bprr s/
t > 7 A pelpes . &ue.n‘&}/l—“ waé , d,y/d""a‘h.—
14 i Py - —EA bxc k-4 <p? ko
& F /ﬂ> "”6 /%> H,j‘ = _z.z'_‘..z)' “_"“, + g (“:f“/'f *"‘f/))
-SK - / -
S5 K=o Leag L=/ /ferreaé?‘

-_QL -



&'m‘f
A0 W e Hh2 4-/(*« /o2 /gédﬁ—u..‘
w o K

(o Be
“ e’ AP o
F%%y —7 o9
r *°
- 5?-

(Fk!(?/uo/f‘f'w/" Fe m(,,,-é_g :
/) [ie fé‘d’{f:'aj uu/{r_; }‘Mdy f
Hle SC '3 K7/ 4 —f‘a‘cy

4 04(_{ are

2) Mere by[e/r'H‘M/d
4:4967ﬁ/'€¢_

b o Fhe ravpe v
f(urllf‘ab( WPV /Y S AMW“;?

3/ ﬂhwﬁnéé?' Fe ‘fpencldpéafcyc_
et /:'c/a/-l s vnbal

4/ C}Tr'bdsynJ olue %o J?évj?t
cyrnV(QJﬂfWJ neared

Ar-L

mr raf e

-0 -



