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and� It i. all boDour tor _ to be iDvlt.d to dellver the in­
United Nations Educational Scientific and Cultural Organization troductory reporl at thi. C~.reDO•• Haw.ver, 1t 18 bard to 

...... be:forebaD4 the ~.  of IIUCh • "porl. LeaviDg
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS ..id. t. effort. put into thia paper, the e1'~.ot  will depend 

em the oam,poa1t10D of t. audltori,. UU! tlw oontents of sub­
..qwmt talD. At the t1M o:f prepar1D& this nv1_ art1cle, 
I did not haft an 1DJd1Dg to .ither ot the... lIbat i. more 
important, 1nvell1iigat10D11 1Dto hisb-taperatun supercoDduc­
tivitl' are baII.d on nil. re8Ult. on _tal oxid. oeramios andHIGH-TEMPERATURE SUPERCONDUCTIVITY * -- _.:-: ·"" r.~-===f· ~ 

r ~: r}'f'" " or- I F 

(An Overview)� ...... r.-_"'".".__ _ f· '.1 d ,ON have been carr1e4 out ~  tor the put aa aontba or so. 
~ ~-~,~ < • ....r•• ,._= 

••• relNlta are oont1ml'''IS to pour iD. UlI4.r wah oirCWD8tan­-''- .. ,~~-.,~--J 08., lt 1. _tural to lq the a1D IItn.. in ,. 1Dtroduotory 
nport on the h1storloa1 upeot. o:f tba problem aDd general 

V.L. Gin.burl •• r:.:~:.",-".,-!-~.'.:=:, theoretical nmaru. 
International Centre for Theoratical Physics, Triest_, Italy. 

1. Let _ begin nth • brle:f aooOUDt o:f t. hi.to17 of('" 
j 

experimental stud1•• on INpel'COlJ4uot1v1ty. fb8 liqU8~aot1oDr 
~i~:-::"-.L~--=-::'..:.;.:>..: 

of bell\1J1l bl Iamerl.1JlP lOmeS in 1908 ... the f!rllt milestoDe
i 1D thi. direotion. _ tbe wea, l1quid bellum .. produoed on­~  

~.	 

ly at Leiden ript up to 1923. III 1911, 0aDe. di.covered su­
~l.1r_~~;  

'~';.  -<>.� percODdUOt;LV1tl' in ..rour,y (T .4.1 X). In 1913. 11. superoon­o
~~.'''''"'''''-- duot1v1t,. ot 1•• ('0.1.2 K) ... 41soov.re4. It ... observed 

in 1914 that IlUperooDduot1'11ty ls des1lroTed by the me.gnet10i"~"'~'  "','-~  

:fi.ld. tbe '1alu•• of tba or1t1oal fi.ld BoU~)  beiDa not '1ery 
t,c"""L"::'" large (:for ezample, in the caae ot _rcur,y .'1en at T'" 0, 
g 

1Iben H bu it _y1.,m value, it do•• not em..d about 400 08).L._"""",.,,: ...� o
HlRAHARE-TRIESTE latural17. the critical current 1 .. &1.80 :fCND4 to be small. 
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the author.') MIUIU1"e4 the nai.ano. of thes. oenm1o., 
thougb not 1D liqui4 helium. So, D&tural17, the1' 41d DOt 41.­
oover llUper0cm4uotiv1ty 1n oeramioa (u tar .. I )mow, there 
..re DO "D1trose" superc0D4uo1lara 8IIIOD3 the.. ceramios). !he 
014 ..,lea were re08Dtl¥ 1DY.nipted IIQ4 were fOUD! to be 
auperOODduotiD&, 1Ih1oh 1D41oat•• that tbare 18 little or DO 
"ageiDs" of tu.. _teriala. I have heard that auah oerlllD1oa 
..re al80 .,nt••1sed 1JllraDo. aDd J.p. betore 1986. al­
though thay1lU'8 DOt t.n84 tor IlUperoODduot1T1t7. th1. JIIq 

.ell ..rft ... 1••8OIl. ~  .. _ter1alJl hGa tM a1u8 of 

..tals aDd Mm100D4uotar.lI1IIt UD4oubt.dJ¥ be "t.ned tor __ 

peroODduotlT1ty" 1D liquid .Uum. aDA the value. of '0 IWIt 
be 4.tel"lldMd it • _terial turu out to be 8UpercOD4uotiDa. 

Seocm417, ....~  aDcnalJ' in tlMa .u_pet10 properti•• 
of Cuel repart.47 111. 1978 aDA lat.ra in 1980, the .­
etteot ob_n848) in CdS eu, .t 11quid D1tropn l1li4 
higher temperature. (a.. nvl 10&. ». The.. re8Ult. 001114 
:lD41aat. the aideDO. of higb-t..,.rature aupercoaduot1Ds 
phuea, althoucb aupeJIGcm4uot1vit7 1t..11 ... DOt ob..ne4 
tram re.illtanoe _~ta  (apparentq. thi. ~  be 4ue to 
the abMDO. of pLII'e~  8Upe1'Ocm4u.otiDs ohaDDa18 in tbe II8IIlPl••). 
The aiateuae of ~J'00D4uot1Dg  "8l1pe~tioa·  al80 
oazmot be ruled out9). ~  nature of .U-egnetio aDeme'le. 
1D CuCl and CdS rema1D8 unol.ar 80 tar, u4 .amet~••• 
~ak  ot "ncmreproduo1bl. IlUpercODduotora" 1Ob). III the Usbt 
ot latest redta. it i. qu1t. re..cmabl. to u-.- that 8U­

perooDduot1v1ty 1.JlTolnDg .... oz1d.a of copper ... observed 
1n CuCl. III UI1 0.... it would be int.natiJIs to 801v. the 
probl.. ot "DOnre~:r04UOibl.  superocmduotors". The _ hold. 
tor tbe report100 .hiab appeand 1D 1986 .".n before tha Pllflt, .­

per3) aDd reveal.d the aiatuoe of auperoODduotiv1tl' with 
To,., 40 X 1D Ib-Oe-Al-O t1_ (I JaMnr DOth1.D6 about tha fat. 
ot thi. paper or, to pat it 1D • bett.r WIII'. of the result 
r.port.4 tharea). 

B7 the ....,. .ven for DMr "nitrogen" .upercOD4uotor8, 
• 0IIl8 nonreprodu01bl. n8Ult•••n obta1m4, wb10h oould 1Ddl­
oat. tha appeanua. ot auperocm4uot1'Vity with '0'" 200-250X11 ). 

It oan b1' no _lIDS be rul.d out tbat reUabl. 1Dtormat1on on 
tha ex1atenoe at "roam-temperature" auperccm4uotivitl' with 
'0 ""'250-,300 X wiU .OOD tlPpear• 

Bon".r. tha trualt10n trca "hel11a" to -n1tropn- au­
perocm4uotora ia 1t..lt _ aah1.~t  of .D01'mOU8 lI1p1ti­
oauoe. !he atrildDg 1mpreN101l oreat.d by thi. tr8D81tlon i. 
4ue to three reuOlUl. !be t~n  UIOD8 the.. 1. tba econom­

ical - aDA t.ohD1oal fsotor. A litre ot liqui4 bellua oollta 
&beNt 10 roubl.a in tu USSR. whil. 11qU4 nitrogen 1. avail­

able tor ~UIIt  5-10 ooJMlOk-. JIoreov.r. tha haat of 'Vapor1.... 
tlOll tor D1trogen 1a an O1"der of DBgDitu4e larpr thaD tor 
h81i\l1l, u4 all O17opn1o .qui~nt  tor D1tropn ia a lot 
.impler aDd. oh8apu thall tor hallua. 1I88id.a, halila i. obe 
ta1Jw4 traa .tural _, aDd bnc. it w111 beo.. saara. 
with t1M. !berdan, a n1tobover to oooliDs bl' D1tropn 
1IuIt.a4 ot 1Mt11um i. a l.ap towar4a a 48Ore... 111. tba oon 
by a taotor of ..".ra1 huD4n4a or .VllJ1 thou.end•• At tha 
_ tt., efforta are be1Dg l1li4. 1D .l.otrioal aDd. beall .D­
81MeriDs to rat. tlMt etri01eD01' b7 • tft percent, or .ven 
b7 a h'aotiQD of ODI peroent. fh8 MOcm4 nason beh1D4 _ah 
a k.en int.ren in bish-t..,.ratuJoe .uperoODduoti"itl' ia of 
pureq pJva10al nature. A 41socmar.1 hu UDdoubt.417 been 
.-d•• althouP _ do oame aero.a .YeIl -=- senaat1cmal discov­

eries in plQ'aioa DOt 1Dtrequent13'. tha third nuon 18 tha 
aooes.ibillt7 of .. auperoODd1lotors. ~ti'V.1¥  apeaIdDs. 
tha1' can be "oooked b7 "'.rr houaew1t.-. Peracmall¥, although 
I have t1nal7 ..11....d that higb-temperature auperoODduotiv1­
117 i. poa.1ble, I ocmeld.r thia aoo••a1b1l1t7 to be JllDat 

atr1ld.Da. 

a. fh8 micro.oopio thaoJ7 of 8l1peroODduotiYity, wb10h 
can be call.d reliable or ta:l.rq oGlllpreMlUliv.. _ tirat 
oOlUltruoted in 1957, 1••• onl7 46 y.ara aft.r th8 41aoov.17 
of auperocm4uotiv1tl'. Of oour_. I _an the tha0S'7 fonnulat­

ed b7 Barel..D. Cooper aDd 8ohrl.tt.r12). BowYer. thi. tha­
cry 41d DOt grf1fl out ot nathlD81 a lot of work had preoede4 
it13) • 
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in orier to appreoiate the oontributlon made b7 Babatroth 
who ... killed ill a plaDa oraah in 1959. Lik. _, he .tarte4 
b,· o0ll81der1q a oharS.d Bo.e 8.. 2) and then put rorth tb8 
ld.a or pa1riDs in the lIOn oleU' aDd UIIII1ttgat.d rona, wa­
•••till& that .v.n the .l.otron-phonon 1Dteraotion oould be 
re8POuib1. tor pa1r1D&24). Sahatroth .t al.25 ) dev.loped 
thair theor,y but l.rt tu qu.Alon about the nature aDd mecha­

nism Or pa1riDa ~.re4.  !be pair .i.e ........d to 
be -:11 (or atCllio d1Mulou) ad tlw orltlcal temperature 
To .. d.t.J'Il1De4 to a tir.t approzt.atlon 117 tha rol'Dlla 
tor the temperature ot JIo_l1Il8t.1Jl oODdaatlon ot an ideal 

SUI 

t = 3. 3(e'lt//3=1. 9.10-II ( hi- )lit _,).tftK 
C /It 1t K ~-ht  "il' un / 

(1) 

J 
1> 

when .- 1. tha .... ot tha pair, ...9.1 x 10-288 i. tba .... 
or a tr.. eleotron, 8D4 n 1. tM m.ber 4811111t7 ~ pair. With 
aero Qin. t 

In recent 1'ear., aDd e.peola1J¥ DOW when _w superconduct­

ing _t.rial. haTe been obta1D8d, Baha:troth'. JII04.1 with 
"t11V" pair. 1. beiDa wi4.1¥ 41I1OWI..4, aDd .. IIball retU1'D 
to lt lat.r. ThwI, lt 1. obviOll8 that tbe pn8ral13 acoepted 
notlOJl about tha 1Dtroductlon ot pa1r1D& in the the0rt or 1I\l­

percODduotlvlt7 b7 cooper26) in 1956 i ••ntirely UDrounde4. 
The _rlt of Cooper'. work aDd, 111 tba tir.t place, or tba 
aub••qu.nt »OS tb.Ort'2) 11•• in the real demonatration or \ 

pair formation ("larS.", or Cooper, pair.) aDd of tb8ir 001­
l.otiv. "oondenatton" eTeD UDder a .eak attractlon b.tween 
e1.otrona neU' the J.mt au-tace of 'lila eleotron .... 

The ••11-kDowD tOl'lllUla in the BOS th.or,y 

(2)Te = ge -1/Ae{I. 

WIUI .tr1k1nsJ,7 lNoc••.rul. Inde.d, acoordlDc to thi. rormula, 
the value of To i. det.Dl1Ded b1 only two pa.:rametera, vis. 
e _ the resion or attraotion bet.een el.otrOll8 naar tM 'ermi 

b0UD4ary, aD4 ~  eU-.(O) v - a 4m.naiGD1e•• par8Mter char­

acterizing· the iDtenait.1 ot thi. attraotion. In 'lila ori&1Dal 
veraion Or the BeS theor,y, A .tr--CO)y -« 1, where W(O) 1. 
'lila d.nalt1' ot .tate. OIl tbe hl'lll1 bouDdar;y UI4 V 1. tlw DB­

trlx eluent or tbe interactlon enarQ. It i. not 8Urprla1Ds 
that ,be BeS theOJ7' 1. 1D4.ed tlw real lI10r0thauy o' wper­
ooDduotlv1t7 r.r tha aboaen lIOdel. Howev.r, tha taot that 
thi. lI04el provi4••• fa1r1¥ aocurat. 4e.oriptiQll of real au­
perocm4uotor. with a weak ooupl1Dg ( A.ft« 1) oan b1 DO 

_aDa be oouldered ob'Yloua• .la aD eumple, we GaD ocmai4er 
tbe DCS tolWlla oODDeotiDs '0 with the eurQ PP 2 (0) 1n 
the aupero0D4uotor apeotrua for !.o, which baa been oonfirmed 
uper1JMDtal1¥ I 

~tJ(O)=.3/'.t  Kg Tc () 

Th1. relation IDisbt not be _ttati.4 tor the a1mp1.st model. 
ot oour.., 'lila DCS theo17 .. 4.....10pe4 aDd ret1ne4 (in tbe 
USSR, tbe oontrlbutlona .ad. 1»7 ••••BoSol1ubov, L.P.Oor')cov 
aDd O•••Bliuhber& &1'8 worth _ntlOD1D&). Th8 reuona beb1n4 

27tba ..tonMing 1I\100e•• ot the BCS lIOdel are 418GW1Md 1D ). 

.3. Let 118 now &0 over to tbe oaloulation of tha orltical 
t_perature aDd It. po••lbl. JDey1... value .). Jor tM phonon_obaD1_ of auperoonduotlvtt7. 1••• when t. attraction be­

tween .leotroaa i. due to tJwir interaction with tha 1attl0. 
vibratlou of phonona, the temperature 8,.., Ix> in rcmaula (2) 

:U tbe Deb7e t.-perature. Jor tbe ~  accepted value. 
SD ~ 500 ~  &D4 A.ft ~  1/), .. obta1Jl To~  500 .-3.25 ~. III 
aenual, thi. upla1Da the raet that 'o~  10-30 I. 

In a lIO~e realistic theor,y, and tor a .at ooupl1D& (uDder ./ 

the coDd1tlon ~  .ft 4. 1) t .. have 

(4) _Ad/ =A-)I JI = A- )f r - • 

;-, )
- \ II / , 

.) !he tou~  text ia __4- on tlle ..'.rial of l.oture 
28delivered b7. on 26 March, 1987 111 1Io.00w. 



where A u4 Jl an dbIM.iODl... ooupUDs ooutant. tor 
the phODOIl (-.oltOD) aDd Coulaab iIltenotlon napeotlv.~.  

u4 e,.a,tkB 1. tM t.-perature OOlTe.pcm41Dc to the "1'111 
UIlrl1 17 ot tha .tal. ~her,  ill the OO"""D1" UH4 approx­

i_tion (~lt,.  i_tl"O", __ 1""IPJf wa>•. _ oJna1a 

)/-). =9Jit 1 N(o)< tJ.~(qC)/} 

(5) 

wbare C (W. IE) 1. tM 10DC1tu41Da1 peatttln.t, ~  t. __ 
terial, aDd the U&le bNobt. iD41oat. tbe aftftl1lla over 
the ..-ta'fak.­

It .. be...tl 1a Utuat1an that tile ft~t  

ot -'ab111t, of a .tal 1 to tU ooa41tlQD C (O,ld > O. 
It thi. be ., tba A~)J  1a aoool'daDoe with Kq.(S), aD4 

auper0cm4uotlvlt, WGU14 be po.atbl. 0D11 beOllllM {'#t </I • 
fh1. woul4 1D41O&t. the 1_ upper um.t t. '0 29 • 8uoh a 
Ocm.ol1&81OD, 1aaIr S. 1DoClft"ed a1Doe tbe atab1l1t7 requir.­

..nt aot~  tha taa 1/E (O,ld ~  1 (JQlO), tb8 ftlue. 
of S (O,ld<O. aD4 b8D0. A;>/I an MId••lble. !hi. 1IQOr­
taDt re~t  ... obta1M4 .., K1nbD1t~,27)  u4 1. a.aoelat­

ed with tbe toUGIriDC ~.... fbi ftapGlWe tUIIotl_ 
obeT1D& the 41QU'81OD nlatl.. 18 JlGt 8 lNt nther 1/8 • 
Aa a _tt.. at taat, tba .1eotrio tle14 i.l if ,11M" Di.' 
the 1D4uotl_ .t1d7111a tba .,_tlO1l 41v "&4Jf!~.  ~  ex­
terD&1 ohara- g ext oaD be OODtI"OUe4, aa4 beDoe It ~.  D 
tbat plq. tb8 I'Ole of tile ......., whil. the tl.14 K 1. the.. 
wOODMqu.aoew••• oamaot arbltzoarS17 abaI:a&'e B, aa4 ba_. the 
tuDotlOD 8 18 .. tGl'lllla 1.S i DH4 IIOt obe, .. cU.aper­
dOD nlatlou. to be IIan ,"01_, tba tuIIotlO1l C. (O.k .. O) 
tor ..u value. of IE .. 0 1. &1•• nQOllM t\IDotl., aDd 

heDae tbe -_.8&17 OOD41tlO1l tor tile dab111t, ot th8 117" 
t. 1. C (O.k ..... O)~ O••t ill tbe tU017 of .pel'OGD4llotlY1t,. 
_ an _re iDtueate4 ia U. larp value at tbe _v. v.otor 
k. U8U&l.1.7. k 1. of tile on.. of Jer. aII4 buG. _ 1Ib.cN14 u.­
po_ 0D11 tbe n~t  1/E. (O.ld ~  1. Aa MDtl0M4 &bOY•• 
tld.. 1. 1D ape__t with tbe oOD41tlOD E (O.ld < O. What s.. 
lIOn, ~uat  tba ftlue. E (O,k)< 0 aft na11ae4 ill _at _t­

ala 31,32). Uwa1.17. /i.Jt", 0.1 (the ,...ter~~  0.5), aD4 

1D .... A!::, 3 (t• ...1., 1D tbe I'bB1 &110'.,
A~ 2.6_ 32.33». 

-.hr 1Dt.1WH1at. aD4 at1'ODC OCNP11D8 1Ib8D A.tt~  1, tor­
III1a (2) UDder oOD41tloa (4) 18 obY1ou1T iDapplloabl•• hae 
thi. oue, a -..but of tOlWollu of tne (2) haft be_ pro­
poRd With, ~,  

)4/ =(),-jJ1/(i+)) (6) 

., 
., WI of aD euap18, .. ob....e4 that t. ,IJ .0.1, ) .1 

aD4 A." tile t..,.ratun '0.0.11 f7 aDA '0.0.15 f} r.apective­
1y - ill aaooI'daIIa. With (2) aD4 (6). III ouae 1I01"U. _ obe 

ta1D tIa8 value. 'o~  JO K aDd 'o~'"  K tor ()-{)XJ "'300 I. 
MaIW otMr .t-1Jar t01Wl1u tor '0' obta1M4 _ tbe but. of 
1]18ebber.'••quat1ou21,'2,33) aa4 baviDa a -s...,1r1oa1 
.....1 4epmllleD., 18_ to h1P val•• of '0 tor appropriate­

ly Gboea ~ter•• hr a-p18, tM toUowiIIa t.-ala 
!au 1Mta pnpoee4 iIl33) (. pn..t it t. ,)1*.0.1)1 

7; = ~':i.  (:l + 0. 33l.)exp[-U5/(,?- 0.1/)) (7) 

~=iaJ~/K8'  4uJ'f =fffItJJJ'i.l(aJ}F(((}}-!ff, 
A=J,/«J.(W)F(W}tIuJ/IJJ 

(_ 21,32) tor DOtatloa). AoOGl"41Da to 1), 'o.o.f1I log aD4 

'0.0.14 (Jl0S t. A .1 u4.J., nepeo!lft1-1. Jar a -"J"G118 cou­

plina -- A~ 10. '4~  9(j' (ban ().- tlJJl~8 , ... 
;; i8 a certain _en frequency in the phonon apectlUl, ... ]4) and 27), 
Chap.4). 

III U7 ...., there an DO natriott..OlD pr1aolpl. fa­

poae4 aD tba pou1b18 value. of '0 b.J the ocmftlltlOD&1 thao­
r7 of .pero0D4uotlvlt7. tbWI, 1t 1. 01.. that larp (whlP­
t..,eratun·) Yalua. of to"" 100 I GaD be obta1Mcl t. AJC.. 3 
aD4 {}'" () 10S"'0,,- (}D it at tha - t~ () D~ I. tM"" 
0D17 queatiOD i ...ther auoh val... of A aDd () D oaa be 
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nallsed tor tha phonon meo.ban1_ at auperoonduct1vit1'. lor 
each type o~  _terial, tbare en.t. a meximum value ot Tc 
.iDee tha parameters () D IID4 A aft DOt 1n4.pendent. TbwI, 
an 1Dorea. 1D the value of tbe eleotrcm-phonon coupling oon­
.tant) 1e84. to • deere... U1 th8 phoDon tJ'8qwtDC1e. (due 
to the sore8D1D8 by oODduct:lOll eleotl"GDll aDd. otbar reaaQD8). 
Thi. erreot can be appra1mBte2¥ t.aar1bed bY' the tonula 
(... )2) 111 thi. OODDeot1on). 

(8)
()13 ';::; KJv00/l8 (1+c)) J 

~h.re UJ00 1. tbe Dot renor-.l1.e4 ("p..u4oatamic·) phoDcm 

frequency ad. C 1. a cOD8tant. Aa • nwlt... obta1D tha lD8X­

imum value of T 1Ib:1ah 1. propori1GD&1 to Woo •c 
Supercomductor. obta1Ded b.roft , 986 weN characterised� 

b7 p&:rIUII8ter. lea41Dg to T £ 25 I. HeDOe an4 in vie. of tb8�o
rough estimate. pre..ted above. it .. WIUA1J.7 ooncluded 
that To ~3<>-40 l( tor the phonon _ohaD1_ of aupercODduotlvl­
ty (.... tor a.maple. 21). Chap.,). It _a al~. stipulated, 
however. tbat thi. oono1ualon 1. DOt pural. lor example, 1t 
_ ID8DtlOD8cl tbat ()D",,)000 I tor ..'aUlc bl'drogen and ... 

(t~  Dot all) aaloulatiou 1e&4 to tbe value. To "",1ao-mE 
(8.. ,32) aDd th8 literature oited therein). JIauv _tala 
are kDown to bave h1sh'taluea ot (JD (tor u:uaple, QD(Al,) ~  

~QD(Tl)  ~430  E. QD(O.)~500  I, ()D(JIo)~450  It, aDd 

gD(Be)~1400 I). !be high value at ()>> tor Be e~en  18d to 
the sugge8tion") that. temp.rature !0....100 K Oall be atta1Ded 
tor bery111U11l UDder oerta1D oOD41t10D8. 

The preaenoe of 1~'  atau B aDd C 111 orgaD1o 8l1p8raOD­
. ductor8 rai.ed 11opea3' tbat tb8 hip pbODOD treqwmolea in 

this oas. iusht result in large value. of !o. 80 far, tbe.e 
expeotationa bave not beeD tult1lled, but nah a po••lbllit, 
oazmot be ruled out. 

4. Jlaturall.3, 1t i. elJP8c1al1¥ important at pre..nt to 
ezplabl the mecbaD1_ at aupercODduotiv1t1' in reoent17 41.­
Govered material., vis. metal ox1de oer8lD108. Let .. 8tart 

nth the 81101' 1e1 • SrO.2Cu04 8D4 .1m11&r _terlal••,J1) witha 
TO~36  I. It i • .-nticmed in 4,37) tbat the auperoomuotiv1t7 
iD thi. O&H ma¥ be caused b7 the U8Ual phonon ..ohan1811l de­
scribed above. fbe high value ot f 1. attributed to tbs h18ho 
rrequeno.y ttJo or nbratlcma 111 the .. lIUblQ'....... ro~d  b7 a 
au lon 8Un"OUD4e4 b7 • c118'torted ootaha4ron of OX1'gen lema. 
A CClDp8r18OD with tha auper0cm4uot1ns _tal oxide oerma1c 

BaPbl-zD~03  (tor thi. 81107, !o~1J  I tor .0.25, ..e above 
U42 ) tor _ar17 ldeJltloal value. of () D 1ea4a to To ~.36 It 
UDder tbe ulJUllpt10n tbat tbe 481U11t1 ot atate. B(O) Dear the 

.um1 aurfaoe 1. 2-3 t1JDe. higbar for I&w .sBrO.SCuo. (1.u 37), 
where tlMt all01' La,.asSrO.15Cu04 1. 1Dve.ttpte4, the value 
of .(0) 1• .3-5 t:lme. higb8r than ror Dal'bO.atiO.20) 111 accord­

ance with tbe _UUl"8JII8Ilt. ot tlul tle14 Ho2). TakiDg A.1.2 

tor BaP'b0.75B10.250), .. set A.3.1.,., tor k, ,8581"0.15011 °•. 
Jutting -).5 bl .., of u eump1e aDd. WI1D8 tOJ'Dlla (7) 

with an identical value of 8D, we obtain T (La 8SSr CuO).
c 1• 0.15 4 

3.2: i (8aPbo.758iO.2503) ~  42 K. The same conclusion is drawn 
a c 

in tram quantitative 8I1&178ia baaed on the caloulatiQD839) 
ot tha e1eotron at:ruotuzoe t~  tbe tetraccmal O17J1tal JaCUO4 
(lNcb o~tatiQIUI  have bRa oarrted out aUo 1n 40». J..Accord­

Irig to) ,40). th8 value. 'c"*' JO-" It for A-2-2.5 are quite 
_tural tor the Q'at_ La2-XUa. Br)zCUO•• !he light ~gen  

atam vibratiDg at a high tnqueDC7 UJo Pltv. aD important 
J"Ole in this GaM. 

A 41Bt1D(p&1ab1Dg teature of tlw _tal oxide oe1Wl108 1s 

tbat tbeT are abaraoterue4 bT a h1&b Y&1wt of UJo 0It'iDs to 
the preHDOe (&88OO1&t84 with 11&bt ~aea at-.) of rigid 
optioal mode. of latt1" .,ibratioaa (pbonans) 1Ib1ah are 
strongly ooupled w1t11 o0D4uotion e1eotrcma. In tum, this 1. 
due to ••1pU1oant oontrlbution ot ionio bcm4 111 th••e OeD­
p0uD4•• About 20 v81euoe eleotrcma per un1t oel1 oontribute 
to the formation of thi. baD4 (the _tall1o bcm4 ls tormed 
b1' just 1-2 oODductlon eleotrcma which exert a ratber .eak 
lnt1wmoe on the lattloe). !hull, it OaD be ..8U11184 that tbare 
la • teD481LC¥ toward. the opt.1m1satlon of tbe oOlltributicma 
from 10D1c aDd .taUl0 bema 1D _tal O1I1de oenm1o. (.e71l 
p. 170). 
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tb8 allowed band 3ust D8ar the boundar;r or the 41e1.otrl0 sap 
( ... li&.1). !heD the euperecm4uot1Dg pairing ot tbe e1eo­
tron due to their pboDoD attractlon (or due to tb8 attractlon 
or ~ other type, 1183, ar emlton t7P81 .e. below) will be 
enbaDoe4 on acoount or tlw 4.peDdaoe ot JJ on E • Aooord1Dg­
~,  the orltloal temperatun !fo w1U be higbar tbaD iD the 
ease without. 41.l.otrl0 gap, aa4 w1l1 be deaorlbed, in vl_ 
ot tha 8't~  depen4enoe of B(I) OIl B ,b7 • DOD8xp0D8Dt1al tor­
IIU1a (••• 41 aDd 27), Cbsp.', wbe:re tbe oaloulatlou are 
made 11& the weak ooup1J.DB approJdJlatlon). 

Another tactor, vis. tlw 1Don_ 1n the attraotlCID Y b.­
tween electrons, 1. reallsed, 1Jl partlcular, in the blpolaroD 
lIIOdel ot supero0D4uotlvlt7. AooardiDg to thi. lII04el, a 8troag 
.1eotron-pboDoD :1nteraotlon oantraot. the ratb8r wide oGD4uo­
tlon b81J4 to • DarrOW polaron b8D4 1Ib1ah oorre_pcm4. to • 
faidylarge ... of tbe oarr1er., vU. polarGD8. Because of 
this interactlon, pairs at po1araD8 ma.Y ocab1D8 to rcma • 
bcnm4 state, or blpolaran, with • larp b1n,Uns ..r&1 . 
roughly speaking, .thi. OOJTespcm48 to tlw oaDr1Jl8nwnt at both 
eleotrona 1n the _ polarisatlon ..U). !rbe aggregate of 
blpolaroD8, which u-.Bo.. partlole., IRq UDdergo Do_Einstein 
condensation who. temperature 1. desor1bec1 bJ' tOJ'llllla 
(1) tor • low mabel" deu1t~  D of blpolarou. In tha IIIOdel 
UDder oOlUl1deratlon <_ 42 aD4 the literature 01te4 t_reiD) , 
this temperature i_ iuat tM critlcal taperature ot IlUperoem­
duotlvltl. lor n ,..,10 1.1022.-) and ..*....... 102m, _ obta1D 
T ",,)O-100 I. !be to~tlon  ot pair. with a ..u ra41ue (10­o
oa1 pairs> 8b4 tMir subsequent oon4tUUllltlon tema the basi. 
at not onl7 tlw blpolu on model, but also some other !ROdela 43­

45). The pair tcmaatlon in tbaH Il10481_ 1. attrlbuted to tlMt 

ezob~  roree. or Uelt1er-LoDdon tJ'P8 ("rellOll&t1D8 valenoe 
band.-) and to the eleotrcm ateraotlon in geD8ral. The crit­

ical temperature raDP 1_ t0UD4 to be or tha order of the 
temperature tnical of antUerraD86D8tl0 tZ'8D8itlon, 1.e. ~  

atta1n value. ot 100 E 8b4 higbar. lIoc1els with Bose-B1JuItein 
oODdenaatlon or local b0UD4 pairs dUter in general trom the 
BOS model in that the cbaraoterl.tl0 interaction ls .trong in 
oompariaon with tb8 '.na1 euargy. I _ not ver;y oonversant 

with the.e model. aDd oazmot deaorlbe tham 1n detail. Tb8l' 
will be UDdoubted.17 di80W1Hd bl' maD¥ speakers. 

6. CODt1Du1Dg tbe 11M of reuon1ng out11Ded at the be­
,� ~DD1 ng 01 tb:1. talk, let WI DOW oaulder th8 third wrq ot 

1Doreaa1Dg '0' vis. a brcMI4eDiDg of tbe region at interao­
timabaraoter1sect bJ' () 1Ja (2). The interactlon between oem­
duotlO1l eleotrGIUI, which 1... to superoonAuatlvitl'. .., be 
08WMtd, apart f'raa lattlce YibratlQD.8 (pboncmn). ~  1»7 
otb8r eleotl"ODll (let U8 oa1l tha -bouDd- eleotroul. In tb:1s 
respeot, lt wou14 be appropriate to speak of the eleotremio_aban1_ of auperocm4uo'tlrtt,. 81aoe llUp8rooDduotlvlt7 1D 

_tal. 1_ aD eleotremio pb8nomenon, tba superoonduotlvit1' 
.chana d1tter1n8 tram tba phcmoD _ohaD1_ ls oalled ellciton­
ic a order to ayold Ooutu8101l ill t.rminolos,y. IIonver, 
other te1'llUl u-. also .aplQ7ed. !ba tem -ezoltcm _ohaD181l" 
has been used b7 .. .1Doe lons f:1,46) bee8Ll88 of tha clear 
ploture iUuatratiDg tba pbenGJ*'GD' 111 the pbonoa _abaDi_. 
tbe 1nteractiDg oOD4uotlon electraJUI aobange phonona .wh1le 
1n the exclton _olum1_ the7 Gobenp aoltQD8 (uo1tat101U1) 
of eleotron tJ'P8. In -8OOd- _tal. (as also 111 • Cree .leo­
tron pa), tare 1. ~  OM t1'P8 of electron aoltation, ri.•• 

plallDOD8, tor the 8DerQ BeJAW. ~BJ.  fo • tiret approx1ma­
tim (tor tba tree eleotron gas. this 1s lID uaot :re1JUlt). tbe 
p188'N'!1 trequaDOl' a> p.(iU;::t,P)1/~ 5.64 x 104 V;; (tba DLl­

Mrioa1 value oOlT8spon4a to tb8 obarr aa4 __ of a tree 
eleotron). hI" n",102).-J. Wp ",101 and I1tU lIB ",10 eV 
(tor a dese-rate eleotron ps, {J)p= '(f...re.t./L'= Vr61l£.~F ,l = 
• .2/1(11 'lfp ). ftI8 plemon. be1ng OOD81Cre4 .d an'long1­
tu41na1 rtbratlons in the IVstem of oGDduotlOD electrons aDd 

tbeir oohanp does Dot take ato aooount tm etteot of otb8r 
. (-bound-) eleotrons. Henoe, 1t ls natural tbat the pl88D0D8 
are tound to oontribute 1n tbe .1mplest oase ~  towards the 
soreell1Dg ot the Coulomb iDteraotion l1li4 1D1'1uenoe tbe para­

meter )I (..e(4». ao- _tal8 or "88D4w1ob--tne ..,et-., 
however, J11IJ3 oonta1D eleotron1o exoltatl0D8 othar thaD pl_ 
mons, haviDg freqwmo18S tV e l..< uJ p-B~. In 8D¥ cue, ta 
frequencle. tV e IIIq o0D81derab1¥ aoeed tV» IIka ()Jib. 'or 
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tlon. A O0JUl1dut theo17 taJd.D& til•• n~t.  1Dto ao­
oount bu Dot 'beeD oozwtJ'UOte4 .0 tar 32, 1). 

III general, the pro.,.ot. ot wa1Dc tJw exciton _abaD1_ 
trail tbe po.lt1on ot "h1&h tbeoZ7- U'e DO" ol.ar .. ,..t. All 

tar .. Yar10ua heurletl0 arguments eD4 en1Jlat.. &l"e concern­

ed, DO .1pj11ou.t aclYIIIIG•• haft be_ ~.  d~  Noent 
"ean.), aDd _ caD nt.r to tb8 &rilol•• 47,49) aDd Cbap••1, 

4,'-8 in the book 27). lrCII a qualltatl'" polDt of view, I 
dlU be11eft that 1t 1. harcl to expeot aD .Ueotl..e aolton_ohaDi_ tor good-oODduot1D& tn1oa1 _tal. (with ~?  1-)eV) 

with a baDogeMOU. etruoture. !hat 1. __ quad-oDe.cJ1wn.l­
oD&1. aDd quaal-t~ ...lOD&1 nruoture. ott.reel great pro-
lid ntl0M4 &boye. tha latter t7J)tl ot _terials 
haT1Dg more Myantap. It oaDDOt be rulN out. aD4 I th1Jlk it 
18 qult. l1.ke13. that tba uoltaD1o _obaDi_ of .peroOll4uo­

tly!t" plq.....ort of a role 1D tb8 _tal oxide o.rudo. 
which oonta:1ll quul-tw0-41Mu1ODa1 ocm4uot1Dg lq.r8 ot 
atOlDll aM a large m.ber of oolleotl.. eleotron ..ltatlO1l8 
(o:oltona). fo be IIOre "'011'10, _ an .peak1Dg of tbe .f­
teot ot lqv. '6) OODta1n1D8 r. Ia (aDd, to .m. .xt.t. 
eYell Cu aDS 0) GIl Sood-0cm4uot1D8 ~er. ot eu &D4 o. Th8 
... opiD1OD _ upre8Mcl 117 Little 111 a ,reprint 5') be 

8mt to _. A .re 4e1iaUeel 1UIa1381. of vG'1ou. Md.1. ot 
thi... aU .. otha' t".. 1••,emA the .oope ot th1. n­
port. 

7. III .,lte of the 1IIportaaae ot _tal oz14e .perocmduo­
tor•• thare are ab.olute13 DO reaODe to belleve tbat 0D17 
web materlal. GaD 'be b1F-temperature .peroODduotor•• A 
broad aDd unpn3u41oe4 appz'OaOh 1••••8&17 1D thi. cue, 
aDd a ba.,e alWT8 adhered to lt 2'7). Allow .. to reproduoe 
Tabl_ J, which I preMDteel at tbe pleDarT ....lon of the 

27)Such quasi-two-dimensional versions (see p.39 etc.) have always been 

my favourites. although no breakthrough was made for a long time 

(by tlw 1rII¥, tha.. 1D...etlgatlou were carrled out b1 -.u 
&rOUp. aDd Dot per.1etentlT). !hat 18 1d\Y I lDtroduoed a mark 
of lDt.rrogatlon ega1zuIt ~.n4  oanpCNll4. &1.0 1D tba .­
tabl. pre.entad b7 _ at 1Iha wqDtl.t. leoture. 54) 111 1982. 

What 1. rea11¥ 1IIlporiant 1. the ab8aoe O'f ~ JmOllll re­

strictions on T ••epeola117 far the exoltcm _ohaD1_. Tba 

oGD41tlO11 '0.{;00 I: ... mentlcmed lD 'able 3 aDd lD 27). In 
va•• ot tbe reOeDt aperiMDtal reeu1t., I would wue.t tbe 
oOD41tlO11 

'0 ~ 500 X 

I IIl8t ooat.... how..er, that thi••ett-te i ....4 GIl the 
... 8rgull8llt... tha prev10ll8 OIW. 

It .. oould.r t"Dduental 1.n'nniptlou rathar thaD the 
praotloal applloatlou, tba aiD probl.. t~  1. to UDder­
.taDd the p!\y.loa1 DatuN ot tlw hlp-t.perature IlUperocmdUO~  

t.-. that baTe alnad¥ bea ob'a1Ded. Olrt1OU8l3, l' 1. neces­

sary to 4.tel'llli.M tbe or;retal _:Nature aD4 other propertie. 
ot tbe ne. wperoODduotor. both 1D 8IlperoOll4uot1D6 aDd DOmal 

atat••• JIuoh baa alrea.d-1 beeD 4cme lD thi. tireot!on, but 
.ae .zperu-atal aDd tbeoretloa1 rewlt. an DOt quite ol.ar 
8114 OODt:ra410t each other. I' would 'be a JII1ftake OIl IV part 
to t17 to draw arq 4et1D1te ocmoluaiou at thi. nap. I hope 
tbat we will MU' a lot about thi. trca other epeaker.. Let 
_ oont1De to 3u.t • tew ~•• 'Ibu8, It ... tuo1Dat1Dg 
to tum to tha -'wiT ot leotopl0 efteot ud., in partlcular, 
to replao. "0 bl 180 1D order to 4.t8l"ll1Dl tM role of tlw 
phoDoD _cbaD1_ ot IlUpuocmduotlT1t, frcm ~atlOD  of To. 
Such u:per1Dlm1t. hay. 1D4HC1 'been oarrie4 OIl' 55) aDd within 
the limits of the high degree of accuracy attained in ~asurements,  isotopic 

World B1eotrot.abD1oa1 CoDgre•• 1D 1977. ab.ene tbat DO effect was not observed in respect of T in "nitrogen" superconductors. 
c -1/2

qul81ilon mark 18 put aplDati sandwiches. layer compounds etc. However, even if we use the dependence T ~ H ,where M is the mass of c/ 
the nucleus, the effect should be of the order of just 1%. Moreover, the

.} The only exoeptlon to this 1. tlw 41eooveX7 of the so­�
oal11d "heav,y-ferm1on supero0D4uotor8" in wb10h the meoha­ 180tOpe eUeot .., be 1nII1gD:1tlO&Dt or OClIIIPlete~  ab..nt neD� 
ni_ of superconduotiVity ma:I not be of phoJ1Ol1 tne • This .... of phonon _ohan1_ of.. - - ........ ,.iHt" t:bat non-phoDOll (eleotron or 1D the superconductivity. _ !bue•� 

• - -- - -,.. in 
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!!Bm 1 

Critical 
Jlateria1 Temperature

To (It) 

11& 4.1 
1'b 1.a· 
n 9.2 

BbJID 18.1 
20 to 211b,(AlO.750eo.a,) 20.,BbJOtl 

IIbJae 2.).2-2).9 

rear of Disoover,y
of it. 

8upe~00a4uotlYit7  

1911 
'91) 
1930 
1954 
1966 
1971 
1973 

-
TABLB a 

Subatanoe 

Boil1Dg t..,.ratun 'b 
(X, under aUo8pbR10 
preswn) 

Melt1Qg temperature '. 
(II UDder aUloeplwrio 
pre.BUre) 

.eHe 8~ a °a Ha° 

4.2 20.) 27.2 71.4 90.2 )13." 

14.0 24.' "., '4.7 273.'6 
-

TABLB J 

Material or qat. 

"t&l110 IQoclropn OJ' 
deuterium, all07. 
baaed on t~  

Org&D1o metale, 1\14z'o­
gen-eontain1 ng _tal., 
and .0 on 

BupercODCluotlvit7 Man•• pos.lble 
1DIBabsn18111 (uature
ot tbe attractlon value or 'lo,-.x 
between the oon- (rO\l&b eat1mate. 
4uotion eleotrona) in J[) 

phaDoD 100 to 200 

pboDon 50 to 100 (1) 

Material. wlth eleotro­
nio structural phue phaDaD or exotton 100 to )CO (1) 
tr&.IWltlOD11 
Three-41J1ml.10D&1 Me 
tala with uclton 
baD48. aDd 80 on 
Layer ocmpounds IID4 
dleleotrlo-aetal­
dleleotrio BaDdwich8. 
l'ilamentart (quasi-ema­
4 1_Dei 0DB1) oOlDJ)OUD4a 

Cuel and CdS with impu­
rities, obta1Ded UDder 
pre.sure aDd 88 tho re­
IIU1t ot .peo1&l pro-
o•••1Dg 

Bcm-equ111br1\D
euperoODduotor. 

a:oiton 100 to 300 (1) 

exoitClll 100 to 300 

..1t_ 100 to JOO (1) 

t 300 (1) 

There are no 
olear l1m1t8, 
but in practioe
1t 1. probable
that'0,-.x ~  1000 X. 
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