&

INTERERENATIONAL ATOMIO ENRERRGY AGENOT
TUNITED NATIONSE EDUCATIONAL, BOIRNTIFIC AND OULTURAL ORGANIEATION

o .,

I

INTERNATIONAL CENTRE FOR THEORETIOAL PHYBICS

34100 TRIESTE (ITALY} » 7.0, B 586 - MIRAMARD - STRADA UOSTIERA 11 - TALEPEONE, sss0-1

CABLE: UENTRATOM - TELEKX 450008 -1

SMR/384 - §

EXPERIMENTAL WORKSHOP ON
"HIGH TEMPERATURE SUPERCONDUCTORS"
(30 March - 14 April 1989)

THEORETICAL DEVELOPMENTS IN
Hi-T¢ SUPERCONDUCTIVITY

YULU
ICTP
Trieste
Italy
and
Institute of Theoretical Physics
Academia Sinica
P.O. Box 2735
. Beijing :
People's Republic of China

These are preliminary lecture notes, intended only for distribution to participants.



THEORETICAL DEVELOPMENTS
IN
Hi-Tc SUPERCONDUCTIVITY

Introduction
Basic Experimentai Facts
Questions to Be Answered

CuQ, 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

Classes of Hi+Te f«;wrwnﬂ/‘ufvt

Z“Z-X Sre Cut Oy (214) Tle~4oKk

Y@nzaeg,z?' (123) T.~?#K

Xm Baz. alh-l a‘n Og,um)-r"t

X= B, T4  p=12,3 m=/082

,

(2292 ) Te = (10K
Ufhers bz Centally Te = 28K
' < ). xsou
Loz M. Y. 7obera I oL,
Cubie |

BQ,PAX Bo',.x 03 f-’/t

Ba B:0s |
Bﬂ,\' KI"X Bl. aj ..;Ok
- R~



L4, S (ut WAy sCee Sy O

My Ce Gy

Y ﬁkur«. o al  iatwe 377 240(8Y

Ba 5/, ¢ :/ﬁo}ﬁ

Wﬁaf VS commrorg ?

w Zoto resislamce. ()

# /Teissner e7//¢a/' / 60-%/(’5-0)
* [l /%Mffauﬁ'an 2e

* Enerry P shec s

Wha? s differeat )
£ Sens' 17 m';r Yo _Tﬂ-a% e /av?é‘m#m ans SOIe
& Poor comdiplirs awal STrasse” noreal. |

sTale /aw/tar?"'e;
* t‘"f‘—’,é/?r w'Th M?—«l";'.fne_

w VRluost no"  1seFefe et~

“/‘ﬁ‘M( ?ﬁ-‘-—
K Wi~ erfonentiol Ly -Tomlerahime
J/(twb('"— M



a"ldfCW JMM'I' ‘

ev < F} |
ballistic .sc»ffcr.'y

MJ’*'W ] carrsnt g
emhanced | addsLooal

“hole" cusrond

& , Kk

,pa,‘r . 7

7w d,‘r"pf W'ﬂa" e

0(¢'d-? SC

7
O pw
o N
--—2> 0o K
e ~K

o<

CZuJﬁ‘ou; Yo be L siered

i . Jce.na,,r.'o (-/u'r Jc

BCS /‘Da.‘n‘y 7 QBese mdé"fczm 2
ﬂ,?]p lavere s ? Sorree ?‘ﬁr‘?’ enlire e
2. Wha? s fhe rali ”Q&é‘m re.%au;,)ég
04,-, A
FFC&A‘V# -'/)‘«vm ? (rlond +u latnctd’ or.

" 7""’“'5? "“‘7" or ‘_r.‘/,‘._
3 W‘m" ' s Hhe av//rv/h‘dc w&(.)
Chape TPrawsfor ! Hudbare )
e, Liww .or Tires dawdy)

4 what 15 e thesrelycald Bas.s?
W«-‘-u-y‘4'7 ‘/h’“y barel v Cavcning
[rered - [.’wtf- ﬁu;y



4#“76{‘; S o ST r; ST f“?
/— .57‘}'0? “‘754"9

f%anon \ B fo lLaron
— Jahn- Telley
' ‘/’Calrﬂ ]"‘3’[64’4’_]
CW& ﬂwnl/‘f.
c/mr;ve exceton
+ [uo?‘ua"c'ﬂﬂj E_f lagmon
Tweo bavd ( Local s
E[um“’lc vs g‘»"uo/&l / M&/“
—weatk coud b
[
Ma;ne’f" strong complivg
_l,[ucfua/-'ﬂ".f ;,,,,i{#r«) bavol
models
On¢ -bavd Hubbard
model ¢ JZM
spin W]
ey
- ? -

Cud, /ﬁlane 5 responscble yrr £C
{j ) “(ommaﬂ a J‘fm&"ur&_
2 ) @m‘;vfﬂ'f/y
£ S~

! -§
f"‘fu""o , 51 ’“’/T

3 ohwg depedens of T gpe
”'..fcr[!/-‘r s Lo ce 'f Ll

Te
8"—.1-.;{

T

(5t.)"

4 Baud SHudare
wmdmﬁm
2D behan'r . Lot /("r""ﬁ’;
- Jhouless frailio
-8—

- &)



Mattheiss. Php Koo bt 22, 1028 (15

Lo ’
[ )
4 - | La,CuO
2 4 0 , 4 2 4
¢t ¢ i
lu 3d
2_
(ubre Aar wao s
Ty KRR A Cu0 244
\ E L g : Ve l.'.S)_
R A Y
\/ x‘y/&& -
Jahn - rellor -y‘-"?’y
-2-—-
Cu- 0 A,/n'dyfﬂ'm- . i
crantibondltey K I W® Oy -4 -
# Aol W 32 r*ed ‘., o
,_.-—-M T"'(Jwvlm/ o) X X2, Jf
25t -6F
3df \""' £ (buadteg) Oy &> |
ﬂ&,@ X"y‘ - :
faly -frtbed . should be o METAL | L s vz :
r A U ZAT XS yA
put oF 5 nl |
/ owrer ff—-ncﬁ/ S AF oraer / ) Sler Saswlely
-9- ’ o %



® e o o o0 - 0
Cu 02 /7”; quw . v >
%‘f.'laé l.x. . ? _g_, L

é,*}é(‘b,m{,? é@‘!d.‘ ¢« ¢ o o e o

L )

El—k’) = 2t (Co:é),d f(‘a:éaa.)

b eV
Fernd Surface
o M
a) Sudd e prcts .
X

b) perﬁcf Ve 75}_

V[W dfy Afﬁ'm Wlw w‘,‘/cyec*- /'/If

Saé{ﬁ(é. - pﬁ /'ﬂ}f{

B pomeral | e dislolipe i

Une -olimens: bnal wmetal o5 wns/eble
- due o wuf/7 So dwﬁ'.:ce_‘ A
M weaclu baloee  (CPWS oS fereced

Level.

g /“ b0l _//

[~

(.——; 24.__i '

7

ol §

l
X

AN,
N
=

._%ﬁ ~ke

X

h"”“u“”%'

St de«;,? WAl  pie fo foubred

M“ !Ia'm 4/"‘.' o el M‘m
¢

v oV
cpw J;W\/\/
\\W\\Y/2ew

il ¥ B




Fruf .
[ D A/b; /&"—g""/
Tc"‘e-&
2D .

/V?‘éov"’/lol‘z lff VZ«/—-‘&‘
ph‘nf;

A(c) BD

Lenorma £pa Lo Grogd

(.n:o&‘?) JJ“(/
\ lp"f“m ("‘,’m ._:(%74.50544'“.!‘?
-F
g~ no~ e
PP - SS 7S
Ph cow  SsoW

S fllr  SDW
awray =

spe psdel  gf TR SeARGLo,
J/Ht 37 wedde /(x'&.WG“ "7, LL&“;

A-wwe SC7 ,}
Phase Trwos; Ao 2 A

+. //esiv'y peclrr s 7/.-'41’6&(.
3 Dopivg reduces Lrcal F¥ “s
4. "_)Aﬂrf"% Y,f;ﬁ Lowers exZy
f
’ / \/x
%
/
A 7 . X
/ / P '
L
et
Z “~ ’JDW :A"v B ":‘Aswa .su



Hole /?m% ,'Wmce/ £y AF Fluctuals omy

2.8 Su, LiYu, J:M..Pay.? &, Tosalsy
Al v SowW Gackgrosral.

AF M&7 7 LioCe Fr sow/

Se/«.a.r¢ fion &/ [m—f/ua&muf o ol
Fruas nerse neocles ‘ /Q/)A
E—"'/fc et e 2Frracleo~  FoT r‘r% Cat™

alde

v

W— WweJ€ fdr,‘? SC .

-15'

t.s_:_f’_'_‘_’_;i 5&075“6"4— -/Lvuou

54-:/6';1
£ '&‘«Jééeg; | rpeeline Lfﬁtnmoﬁz%
w. Weber /oétnau _:/u’(/‘r«.-&
La,‘.* 5’, Lu 011 So -4 K
)’n@?ijld.ﬁ
éan{(/w‘-‘-ncd! :{f u-?’ ;ﬁcy wd;
A>?/
Eufawﬁd-' et ol 7. Ranner efal

. p. Cavkode LY 4

and grfhor ﬁcr.....oa;vumv‘c Igouud‘:/.g
“%f,‘»} - —napmalosn'c

2e / Lic — fu cru;;'ﬁf w74 /L
chek of e THF, | )
1) Messariy < W) fuuf‘;p k

+) Th ernmo 2y 42 Y e 7o dee

J/ /*:'m’/‘ ./’,'uh)&[( C‘d“‘uw

o oY

w"’



S1 s 48X
N1 TalSK

i

-1_.I _ W -

“H 5:,0«4.’ '“
Tg '(2‘
Qawi/iT* 10

rex
b.Reakay,... F N




Bipolaroe wudel  p ita it Eridewce in_favor of Gpe

/ f-! Bﬁx K{-xﬁ"ﬂj
B.charrevarSs . Cu mites
4. Atexandror £ I K suming €
. T Py coF  fe
/9,-44*3!‘1(‘ . y (7 Z%(“? &Z‘ 150067) 1) L‘lz Co '9‘{' < Aot /"_;{ / rrlm?n‘f
v fen e (—w/ﬁ cow /_- e M‘“(f“f i é,r/dd'/(u..
COEX (- W&

7 e 200
» ~<

< U = &V 7K /
pis) \ 2 ) o oW s 197 Friem  wed 7/0-4-'4{
c-ﬂ/fx_ ] .

2 A ss 4wl
f ‘ . - "‘ f} “
A(.ph’ * ‘ 24, pw } - 7 ; 0,7‘40 /tﬁm- Foram ]

\ P~ Y famell 2
A= {/ZK”UA‘)/f

L

3.) L{qz(‘u 0? Aq; 0/&/‘:".’(( fy ;3‘#

« — A S
4) j/ecfrdﬂ‘d/r ' < Aa? no L. e‘

0‘.7‘ fel‘m" AM‘C

J') )’ 34& [uJ 07__‘;‘ AR 4o ,';17?/54 -
%(cd‘ W

Supor md“oz‘w? = &,whfﬂ"ﬁit% 6)  Hall comductiely - Holart K
flose mr/“-fm?-{v’m " Ccarr'eT mmf"-d'm- |
)"7%/( ~2 0 me = 7. <« ok ﬁ £)¢Jm} ’ f"’" nas /le*[‘x 4%

- 19‘ ' ’l'." -20’



(1,0.59,0) =

O
b
3K
~
o
9 2K §
I e 3
S BN Jx =
3 -0 =
. <= 30K o .
= Ji:
= 2 :
& 20K & \
= L
D 10K
2
h
D 9
a= 0 100 200 300
Temperature (K)
e T
.1 200
" 160 } Al hervesnagne lic
- _
20 + a ,
ol Supemcamdaiing n
O " S S S
0 0068 012 016

X

L \.MS.\W. Phase Dﬁh\v‘r g S\&Wﬁ«\h Culp

Kefa oo et af, \W\*\S Cor-263 12,768



OF0 GO0

GlI'O

0cO

O

Correlation length (A) Terperature (K)

L 8 e " N ¥ BN N

B ch
O O Q Q Q o O O 8

009

1 T 1 1. 17T o & 5-3 8
l[ll'ilill]lll[lllllll’FT LI L]
Ak VAE
. e i
@8] .y
o 1 i 1
— - — o [ . y
—0——d I .
r - -
‘Q o ~ -
3 2k -
» - .
&L > - i
] - O ™ N
e O - o e -
> - -
r.:.g g-— ﬂ—ll"i -
* -
=1 - _
E- —_ "
' . O -:lnx lllllllllllltlllllll]||rq
'—4‘ l:-u— ":': ‘-

- 25 - “ - 2'4 -

**+908m%eg &



g27d
\uvv\ 2

A9
o ]

Q&-ﬂ\.bﬁ

LT A 2 XL 4

4
. 3 0L .—uwmm&wzbﬂm >ommzm

bpmrey <ar pe l I O
FSrTIy  p Yh&.}iﬂ-\wi

ALISNAINI Q3ZITYWYON

[ ]
s '
“ b
Y : ; :
J i m
coy ]
4 " "
L .
; . : : H '
; p ; . [ ' .
; .l. --\ e " “ \h\.l.'.
“ A 4 J m m [
| ; R —IV0
: — Si¥ m m — SdX
<
X
D §
< =
= o3 o
oS _ %
- oL DN SR, A \
Za &
A e 11 w M
- \' ~ . ~
T 0.\0 N w.w..;lw, ,W..
- o/6e0 . .
. eD = ~ Mg
™
= g <L
e N
[ | o a /w-
i BunonpwodWas = rw.» .
o 3 ﬂa.
™ ~J
A ¥ 3
; LY
=~
2L .
1) <

-~R6 -

25 -



j,-.‘w fb—ﬁen/w(, b(lf“/e“c&
of resis fi w‘g

va
El- pE. jnterachion

Bl down Fo  HK g S
Jore e wv-r("“‘(f wer% ”d el

”,ﬂ ﬂn; ‘x ‘(.

-23-

nder.om .
Hubbard — Model A i Velie

Sf}au on- S/ Te &u/m-cl r?a(,n'n.‘_

H o= ~tZ CeGe the + U mrmy

L6
Exuty selvable nj ‘v 1D (Leekd W)

57[10“%7 W/x (,-; .
/10# A;‘f‘&ﬁ")‘

Weele Coprc 7 J << W =22%
Blrch afafes are gord ahellot
pm'mf




Uso bk gt ek compling

s Loguardl Thesry o5 gmE
* Landaw [errea -[.fﬁu/ /é‘d/ 11

wel€ -/e/-‘-« e i:a&',/ﬂ’/f"éj

Fheore - /'M-‘/ o e

Lallingsr
/ 7{-.'545‘0# 4?‘ F&"“‘ﬂ" /(V‘(

morm &4 f'-‘-*-t ole's .

n.,h

)

L.

strosy copplint

* ferns - Ligedid behnryor Orenks Losrr
A wuf-o(f'«a( /“4"'/""5""“'

VELEZ Jl-'rﬂ/ /m-'»f’

GQAO'
No J'wwf “'n f‘-‘- aan s
A /r,‘éu Z:‘M
x
, -
KF K

E/j&dfv‘:ft Hain il Fonaan

(l"‘f(";f lrwni?
v 7 7 J=r—n <</

e Y+
Conow. Frowifor—t My —2 Hog =€ %€

71‘:0(«. * 7;--1r + /:/mile sc.

C‘: uf!"/.c"‘ ’“’f-

T -

By (412 G7GE Fomo

Ao‘f P
¢

+ 4.¢.

Hepy =

He o/«mfu fa
Hrelbert awbsprce 5
D=0

Aowple o0ce / ’

~30~-




-31—

+ag, TR

B A

1.0
4
2 0.4
I . 4 i
e | |
i /
T | i
] Y R
f‘—o.z -
o 1B
¥
z 7
?-M 0 |a
z
Y
1]

-1.0 4 L

L] A » [

SITE

Figure 8. Bplu-spin corrslation function of & 3D 14x14 Mubbard wmadel for U=¢, y;.
(tontlnnens line) sad v=Jf (dashed line). The path in the unit coll W shown in the inest.

2.0 T T
»..‘\. —a r'
v f
1.8 } - ; i
r i
‘:
v I
: i
- I .
i;
I:
: I§
i
\ i .

r

WAVEVECTOR

Piguse 6. blamesium distsibuiion of the ID 16x 14 Nebbard model itk Ust for »= Jif (doobed
Mas), v-]' (detied Lns), sad r-“ (sontingont Hne). The parh in 10t Brillenis +#I0 B PR
In the inset. The imeginery sime woo To1) (holf Sliod) aad T=58 (lew (xn Iutf KPw9).

the momentum distsibution (k) fee the thres values of § comfidersd above. O

[%
o

T
iy
.'—k.

whhE



One bavd v

o dlels del

Anderse : One boed /(//: /
ponthins Hhi pasc

y Ho /U on ”W‘“—

pHR  rebiesion &
d%[‘":,éf J/b/‘,_ ,‘:«41(3'

‘f d :
o 7 bavwdy
py. Lanesd Lave |

525 EpS30 535 sig
ENERGY (eV)

”—”ﬁ.’"" d d. E!‘S
-2 -
-3% - 3

Fig. 1a




Photoemission data: evidunce of Fermi edpe Nuctear Relaxation Rate 1/T(s™)
£.S.lList et al. Los Alames . .
‘ 3

Eu 80’ Cu_' 0‘,'
T T

hv = 22 gV

]

NJgq ©
aupid ¢on)
LOEnDZDg A

e

sternsily [ arbitrary units |

\A} =

o\

3 ——
| (-S 0 U /1

T P

D e L, U Y R L S LY

~35- ) -4 -



/ BH10T450-4abkg

~ Cu(2) e Ky ax P C. Malow

RN Hojgae
L Frswe

log Alam

0 8
®
PR LN B B A B B BB
o
| Cu(1) * Mil
- o Hia -
o - s Hib
go.o
o

-

% ol_g —— l“L'lJG""
", 3

Km‘,ﬂ‘ it (3p/a Jaurﬂ'l;’/fy () » ‘W"‘”‘v?'.
.YOQ. C‘a,o,, Axia/ fposd shpuss 7 - dnope Adorir’
C o femparatures, soppesiing Aetes m "o pl

;follaol Lor ov..../s‘ A wins BR/¥/ne

'Macfe-f .‘(k«wu'/fﬂm'm«r dor Ll /b/a«e

o
+
H: —Z d“‘&(‘d;r Pea- f'C,C)
&, 0o o ‘c' A
/ 1t
-3 Lo (Fectps tec) 0

(erT

+ Cu D disr 4 6,2&?;,,-
6,0 ey
1

t )/ 2 Ndis /l/go"

wd.ef’

Ug=85 400 &0, Lprstb ¥, 2/tirtw
tls ok, YVelre  s3&-Gale



et sz & . A ,3':4,’(./9114,.2_
ey i /" o ‘1.‘/{(“4'-2&_
f’id S‘f’g,?'?/(,iy. L
Exp. hole -ent O
5,‘;:/‘/{ favd weode € cs 0K _7
A- &t pm‘r:'?;f ¢ @ oV ¢ @
| e 0* v

sf  OCF hote
‘l..:luu/ é/ .3!91-7 44

M!"‘;/ to Cocat ¥ °
sS4 cdu/y,«rzf/wr« ot

¢ @ '\‘, 9 P

L
zéu«dq 2 K e
Stort ppo 2 Bnndy /8\’.‘*‘3
¢ . '\
51"07 Wé? Yo G /, \\
fo forme & ;57&{_ p,--i,gf ) \\R"&'
apective b © o D TRD SD
' &£
'fé"r A s 7 \\ N /
15;»«.;0’“‘3-"{0 /M'(’/rmw‘\ (/
me?/ \ X7 p“"iﬁ
\ 4 Sf?[d thfe. '

-39‘

Sy'wmtf"(;"d or‘éc' t

oz it Ve
$* = 75 (diabiy = 4ov Fir)

dig Pir |
‘Pi = {f[d.'r Pey ~divfir),
Aiv Py
fr-g’ ~ (6 W
}"J&n/?/ "c/ecﬂm'c "’ W"""/"/"—f
ver g’ F~7
pote Aoty = o8 I

g
One hile por Spuare
T e
3

a A, d{z:M Af& 7/4" “"'7 ' /8..‘.\.0

ol <fse
\ﬁp

(Ine Aeole m/'ﬁ’f'7 o .8 _

8

-¢0-



[ 4/‘ ’
’_. Tkl e T i, _t'/-t-—. .. ALw ,/’ﬂff LéL

;g/ué] "Z_.,. /r,r/_x._ h-/a-w”.'r-f GIL /&"“L o
2.8 Sa X ¢ Iy

5,-7,[”f' /L”J-C s A w_-%za;,‘/f-c fb'/fr,(g
W/d éna&/tf MW i~ [ev

K I ofpears as a sispbe parlicle
o W';«-% Hhanorsna | 4yl ge

“'&d << E, ) .&“, ﬁm;gct
w Lot irFust sewlatis

>~
WJ ay zo,bnﬁ..f /:-'(‘ N ad

. ;: ‘ﬁ:'"’ oo Py /arif'c&r_.»:

u ../?,‘. ”W /bunauﬂ-, wrlisw

v K, LAe

L3 LasastrT oA P aoniinbls 7‘“""
oy 3

?a‘“'

sacs elc

—4.’-

U >7 A = 8,-{6{. T
Uy << 4 p
KN
F ) <D
e e \
e Y. QD&
“-—-—@l o- T
™ 0 o Cu
U ¢y>»a
/4 ‘ cr J/
mfué/ﬂ i 4
Met \ 4{"” g Q«é()
wa \ 7 Hubberd
\ ’ M‘
}I U)W
N~ _
l‘ ”‘f v U
L



K)(f,.ﬁ/:.?f{;/‘u— /g Lot [ ond V4

p. Ceserse—
(73, +PE7

No [ vy for) s°/a AF

7‘& wyeel st e s we?’ Tha
frmul ch-fg
ﬂe-;nhf AF

f( = .T%)S ’ F>o0

[ D case

' f
wiel  state, tv titiry

CHY = —EMT
J,'u;/d‘ oS,
> =’ri‘(°’ffi"°5'ﬂ") TPTDEIeD
Kl = mET L E e F T

Ep(wf 5’4/4‘; M; ;o[aé'm
F;; : ~ O 443 i}!
3 B /J-'

-43-

bo T |

Lineor Cowtd: nalio of all pessible.
5,-«/15/ pairs

(P> = T (1)) (s

’ =Tl

Mo sfara Tawes el M/nc
OZ«,Z- P

| | @
AL prsible ( imebudin O U O OOO

w‘ell—.ry,w-/t(/ pudces
@M/n 'fu—m
«
.;6/00 IJ/‘
- n s7ale

T a«f-«&r Ca Y e
7 fm:fmfa

_S';,«AVL a7 ce
W/Z.a/' A‘?‘/’WJ u—/r‘* t:(c/b u;_

/’m ,-

Ex cfations
SP/MIA/ —(":/2,4:.‘
Hr Lon 620, B
/{l& - Sbc'nr"— + hotort

-44 -



™~
~

YARE E AVt R Eée,mm faw' ﬁa'fa,é'mj ro RVEB
n | ; :‘-1 U“e« anua 4 . 4“_3(”" Y
) \L ' !/-\!. SPnS (farwiey) P Lo Charse ©
. . n o | holons ( bes ! char
tH ofom) $hin O /C e
Q/ftrna.l‘/‘? Slorl ond ‘"V Sormdls ‘ /
—  dynain wulf Aer rooely. dw el
Wois paleh defed ’ Splifo fano g/ L, laupd
A : 8 T - Sf.'u on ne« ol
__.-__-__-_H._—__-,,.r:-,.z__.:_—: o - P~ -
! %% lom CAhorged &
/ bend, A'
he ondi'n e o,
DIMEK  PICTURE Jrlending she bot4 of /1.(,::3-,...4.( $ Fakes Vres
/f'/fru- .f""'%t, o =>o ‘ﬂ)r
Newlrad So l.,b[/, z) = %/2 // —_
(urged $1€ 0~ s20 , &=FE ( 2
| S
6= %

e Hrmeen
ﬁcrf ff a fp/.d‘é/—v et 7 e

P b ATE T pi FOHE  frckimal chepe %

heort /r-vl-'a'n-a-c e /{

Ty Aoir e ’
Ff"'- o/(cﬂ"-“j ﬁ““ /M rall g ‘/L .

-45' -&lé-



™ /‘:'0"‘4_.-
AW /)ﬂ.{'t e 3
Hw ‘% 54!;4”’"‘, 347-1-(, /né{dr-s,,_-.,__
Rachiowsler , Hontbf e, /////&Z
Kol Coor
27{47 ﬂafrvr .

,‘ .
1) WMo ascbee secopan s Coved Prad o e
Thebes — —Z y%)q'a' Gr
6«;;0..”“' ,?/rwn‘ Y Ly

Slhrka

He ge e r I

by L
7f = Zf'/fﬂr/ ‘ = %//*/
P/’ Py 4 /ﬁ matlcofad‘m
1)
7
o H GGy -CyGe)
f
gi'd. = chc'f 9" j
A, = < bgotr > p A’ 5 < bg‘”'*y > j
x = ] |
3 = < ;c ‘ Tp) ?; = < 3.‘,; f’ ‘..
X ) j
A /mrl a3 Ay (g )‘u},up
S A Ba a C‘ ""’.g
A= wave  Pain Xy
M d“";? M"A’ “-Bd, =c ’*_ a -’, r c
- v
hurel STt M= -G C, ppaigee
4P

[ ,;‘/é ‘/ '/./z”,e ~ /fb/C,_ Pyl
f’".rri" ,V/t. (/.'-/. .- //

- e /
y & LAl ] e r;A -~
5(%5‘! ,,'.UQ_ / ,VM/ / St el

There ¢4 a Lvceal sOZ/ ;—ﬂ—-—yc
7 '

spronmel ot

‘ t
C‘{{ - o) 4-7, f‘ﬁ s €, v
C.:‘g, —5 “F:‘ Ct.;.fdl.*.cl.w
[X‘-/Ll’({";/" =/ »
o~
elalirr -~ Ll #m;/'rf-ua!‘-
Crn Sav vailson af );év—'-.

o fdrrn
Uf/ : e M:&«;
r,d/wf alioe | _ |

T T . v
i o 0 U v TV
/ﬁ/f‘rf‘;:;mﬁcr pryy ccloo—, -/(7 e,
flhe Sae s Falle oy |
7 tea's Sy f;/ o5 bre A
apisy B
The o - Wl P m};

Lorres” %47/

-49-

Har b



/Va.m-trf‘u/ f,‘my.(gd‘m

L/ a M. C. JE Horsek of ai?.

Hubbord wodel
;4'0‘( rose o SC.
S'FI'M "—/L’Lﬁu;;'.. /

/u(// dots wo
This pueition > 15574

7w ded ”‘;“Ma‘-
nHu. refoc/;-‘ on ¥V

2/ VN:uﬁv‘ruA/ M. C. )’aﬂo(’wt Shrba

bers., /vf Lloee.

" [Py AW s m/{ Gu Wﬂ*
s Gy ver ofenh =5

br Bl Tt a500 >

; luss
* AF ad RV 5 Aeve <= r:u_ |
‘/"1 A E M”ﬁ “‘7 poa“'%

® d-—wm/-‘- fﬂ-"‘ m/m:ylf',.‘ t

a~t |
Zs 7"[&4— e ODLR 9 /o/f-dcu.-.
’ M -(rh/- rm/,c d‘lélr) b
Gres + Ve o
~4Q -

/)055;'0/,/6- Mf.v’fﬁwce% AF & S50 (or RVE,
[

SHar, Sk, DoV E. yv
Fwur, Povid A, L 4

CHEV, SU , TV
I« e eorlitr Hl’ SHudied  Twe v olor

fﬂmbt"l: O ~ < LJ ) <cﬁf‘;)\} ij

What AA,‘/‘*; / one ma&u(.rf .s/mi—w
/ @Jm 5r<ﬁ>M

s absolelc vabiue of a § 3 reAad b

e /N_,' w%‘/ v5 Lgwsr,

Confirmsition 4

* ruéﬁrw / S las 2 Py
5 - - ast) T fems ket 5
g5 = 0.3 T gt SFE

x AR 47/1,- taly

Waﬁ(zyw o al,
A owler Helpes LK Po |
444 ra .5}-'.’, a‘&fwf

-50 -~



0.4

0.2

0.0
0.0

Fig.1
AF+d
d-wave
PFL
0-2 Delta 04
N

t - é, é‘
:_5;%1“ friou  Cowt ;—j‘;
—> s
Ho o= Tof 1 +lu)) 53y (lrd ersom

Ka'u-l-/';'rn‘ lal(aaﬂ; Sefhug
24 . prebovs fé'
;

) T;-y /(f'r«"?{.
£ What (o fhe grrwnd stle ? AF. SP
£ woll fli 4»«7&4/7" V&sa U
S C 2
T v ¢ 4
A
/ 1D walwsys SP
20 Of¢ o ¥ oig S/o

r

o =< d‘ AF
gl ol w Frmes Bom

"'ﬁ-""" 'wf' : -
A~ ERe e £ e
2) I‘M»[{rﬂ- &/‘ al . yes
v corbEe
At szr.a;’g;!” {'”W&‘Mﬂ
[rsalls £ Yu /7,,,4,;;, L Spaoe? s

-52-



Pas;///l Senarios dé—» JC

x .Doffy ré leae : /5*'—6 - EALS ?‘.«7 fomar
[ﬂ«l&rfrw-/

" .Ho(onﬂ cond-th.fal{u‘cn

Holon p&cr mdm.fqé-w_

; .-/7[&/‘4 £

> Tor /4"""" \N/

Qudarsee , Ase, Wm : '
L3 Hotom &uva/-bufa.ér'm du €. 7

g~ rog #e
/ LM/-&"" }

-56’

— 2 J Kwan Bt A7 ferre msgse
F.‘r:f 7o Ma{er;/aud’fktmffm 7 J:‘y'/c.
holes on  a RAENT padprrens-.

fVe’c 2 5{‘7“"—:

Bubasvohi of al- ¢

Gronkman B Ko~

Shraiway & Sippe Ke HraceadLe ,aﬁ
oo matire



S Y. P I /KM? /G"’:f' Z{ €, k! :

}f_»'_ ! L. Seliy T K« K NVorma, Kadbonin
£ -0 mented -
e she) + TS 505
H = *“4%;[("’9‘ rhe) I
Sub et e A /A . C,. ""’Ar.f
3 \(, Cllv —b /!+
Hord -comr € Bosevw ([ J'f'." wavre)
b V> =0 o =5 o~ A
h’f = 5"-’ o~ 8
; : . :
/ J
0 v 0
a ¥ | ¢ T
¢ 0
T o

ty f4t e
ﬁt = f‘i/’.] b (‘c +‘J)

/
t , .
Hy o~ -3;’,?)[(‘7.‘; théy) v240]

f.q—far‘&bm W‘J

¢t <<J
£ 7 A palpes
e b6 %
-85 -

RW)"M-(:'/ ry /z S !
[

= = - + N
> = =2
&' = —’f:&:_ ‘ 1 5,*..;_(2.‘0/
" ‘:.f # z'm604'r“"fﬁ"7‘
‘604-”” lb‘/
Ar ~ 7% W'y.c. mays calavcadl

* .Suj/

-WI/JM -5/’,'&.« Wl(atm o lia
(eautamt Fpreese” ~Le - Gen=ed

Soruibiant, Z.5.Sa, KH.E

ﬁ.qa,/w W"'J{ /ﬂ&;"“/

o, WY i
L4 Ve

ebrndl.
olectme 7 ftc:‘z;:ac. Ao
/frr!. Sz - | .
/ /;ft,g + ,d’luﬂ W‘W
Spin I-c‘f;f:-f
y T
&r‘lﬁ;/d ’Maé ﬂ(uf or
- Tk ke
Hy = %qu;(hﬂ,- + Z (;‘:f;JT ""‘é/'/)
J.)('z.a J:G;f’ p(;-/ , /fe,-faé?

-84 -



ij( res4 /IS‘ .

ble eve
e 15 posse
1. fale propepat e e
“ /dl J:g7 " 710" 5 a!Jo
X .,uﬁ'? e 7 'Jub-cé;
2. T-A'e';fd.*.“ -/‘L ﬁ!’c
well defin

c(ﬁ'ﬂ-e_.
e funiFoor g
3 ke e e ¢¢: ;/
l po? Gwei 0

Loy

/ tn s g&bc{uf'z,f .
((_Ty;_/,jaafi 0'/
(

lers Famals f
/) JHe fécarﬁ/:'aj (s o | 7

SC s shLl &‘Ay
Hie
’ .
*/ MM- %M./ Fhe racpe 7’W~.«7
we?;‘z /MM; s nat7?
ﬁ“}'ll

ncrlrev' .
3 pr.u;;j:‘/j e _/"'"C‘

a€
ef'mcu/ﬁé 54"{

en,/ﬁ/&

Y 7§'
ﬁcjyﬁ ;e v‘oﬂ;";‘
/ rectriomn - |
' mrd/('/t""“' ar



