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Dear Reader, 

This is the elevencn issue of UNIDO's state-of-the-art series in the field of 
materials entitled Advances il Materials~ Monitor. This issue i~ devoted to one 
of the ''hottest" subjects, namely to Kigh Temperature Superconductive Materials. 
Prof. David Caplin from the Physics Department, Imperial College in London, wrote 
the leading article for this issue. 

In each issue of this series, a selected material or group of materials is 
featured and an expert ass~ssment made on the technological trends in tnose 
fields. In addition, other relevant information oi interest to developing 
countries is provided. In this manner, over a cycle of several issues, ma~erials 
relevant to developing countries could be covered and a state-of-tne-art assessment 
made. 

We appreciate all the returned filled-out questionnaires with your couaents 
and suggestions. Some readers suggested that it might be of interest and benefit 
for the other readers to publish readers' experiences in the development of new 
materials, especially in developing countries. Further suggestions were received 
to have an exchange of information on the experiences in technology transfer. Any 
more comments and suggestions are always welcome. 

We like to mention to our readers the possibilities of advertising in our 
Monitor. Advertising in the Monitor enables us to offer you the opportunity of 
giving your potential partners and customers in the developing countries more 
information on your products and services. This activity is non-profit oriented 
and aims at meeting additional expenses related to preparation, publishing and 
mailing of the Monitor. All the necessary information related to advertising can 
be found at the end of the Monitor. 

Department for industrial Promotion, 
Consultations and Technology 



l • Tm RV SUl'l&Q)ll>llctOIS 

O•v1d ,;•plul, Pllysics Dep•rtMllt, lapeud Collep, 
London SV7 1aZ, En&l..,d 

leceftt devclop-.tnts in superconductivic7. vtaicft 
nav~ pusne4 tftc supcrcoa.ctucc inc tr.ans it Loa temperature 
11.p abgve- th.r bo1llnc point of liquid a1cropa 
<-loto Cl, ar,. described. At first upt, tne n.,., 
.atertals. ~u~h are 1Rt.1l oJli.des. look eatrc-ly 
~ttracc1vc for applications.. Mowtvcr. fabric.atias 
cn.ce. in. us ab le fora presents -jor prob le• .. 

Che ~ppllc~t1ons of convcatioaal supcr~oaduc~ocs 
to botn rcs1st~ncc-less currntt carry1n1, as in 
superc~ductina .. anecs and cables, aad co ~evicts, 
sucn as S(1.I' 1.Ds. are User itliff. The po~• Lill il ities for 
cne rcpl.accmc;at of coaveac1oaal superconductors, or of 
~onvenc1onal coaductors, by enc new aatcrials arc 
euained... le •1 vell be tn~t supcrconduct1n& dn1ces 
aade from t~c• are easier co acnieve ta.aa. foe 
ella•ple, hisn-ceaperature 1upercooductin1 _.ca:eta .. 
tnest devices vould De a lot more pctl't~le thao tno.ae 
usin& convention.al superconductors, and could find 
applit:.ition in. for cx.aaple. -anetic 1urve7ina .. 

Al th:>u.&ft there hawe been t"eports of 
supercon4Ycti.vi.ty at yet hipcr temperatures, none of 
tne. rt.ave so f.ar been sybatantiated. 

L.. Introduce ion 

Since the early 90Cltns of lY: ~, tnc vc.rld '• 
ncvs;>.aperr have carried headl 1nes proai.a in& cneaper 
electricit:r .. tet be brou~t about bJ th• nc" ~re1ul of 
super, .... nductora.. lt i.1 mst certainly true ttlat t!\e 
sci.en.cc of superconductivity has t-'tftl a sudden, and 
totally vnuporcted, Leap forward v1tn tne ducovery of 
uter1al1 tnat retaift tneu au.percoacluctiwi.ty to aaell 
hi.pee te•per.atures th.an vere a1reviously thrniatat 
possi.Dle .. indeed, in recoanition of tnia vatersned, 
wuch nas st1tSulated tnousaRds of 1cieat11ts in 
pract\cally every country of tne vorld to work on 
sup.-r,0Rduct1v1ty, tne 1'1&7 Nobel Prize for Pny11cs 
1i1as awarded to Ceora INdnorz. aRd Karl Killer !or tneir 
Jitcovcr ies at en~ la.Ill( &.aboratori..is in Z'Uricft. 

Solid state pnysici1t1, wno nao tnoupt tnat tne 
f~nda...,ntal science of svperconduct1vity v•s pretty 
well sorted or..it, have Deen presented vltn a nt'V and 
c1K1t1n1 proble•: haw ta undcrst.and vhat is 101n1 on 
in tnese novel superconductors. aut the eacitemcnt 
nas spre•d into industry and co-rce t'>O, vnere enc 
prospect of eleccr1c•l conductor• .-itnout any 
clcccr1cal resistance nas led to clai .. of 
revolut ion•rt "rospccts for paver 1enerat ion, 
transport anJ 10 on. 

tne purpose of tn11 article ,. co dc1cribc what 
1upcrconductivlty is about, vhJ i~ 11 intrinsically a 
lov-ccaper•ture pneno .. non, to outline cne pro1re11 of 
tl\e last year, and to .... ,nc 1n • .,_ detail tnc 
prospect• for t•chno,011col applic•tion of tlle R4V 
1upcrcondv '"'It ors. 

Convent LC'nal 1up~rconductors 

Superconc1ucc1vitJ n.aa been known for nlf.arly 
ftrJ yci1rs. lt vaa di1covered dur 1n1 tn• 1y1te .. t1.c 
cicrLor.atLon of tne Driav1oi..t of .. teer at ultra-low 
te•peutuus by th• Dutch pnysicitt la-rlinp Onne•. 
His wor• was r.onnected closely vitll tnt proble• of 
liquef.ac1uon of 1a1c1, f1r1t oayaen and 1utro1en, and 
later neon, nydroaen, and hnal 1y nel u111. At tne1• 
~·JW t1•pcr1ture1, Lt :.1 •r• natural to vock vLtn tn• 
•~solute tt•p.rature ocaLe, denot•d by l to 

• 

c-moratc tile l'lca cc11.tu.ry pnpi.ciat i.r• lelYia .. 
Oil ~· abaolut• acale. abaolute zero (•1d\ ia at 
-17l' C on tne C""ti&r- or Calaiua acal,.) ia 0 It, 
so tbat tnere are ao aeaacive c...,.raturea; tile ice 
pcant (0 • C) bee-• 17l It. TIM boilin1 pointa of 
109lt C0990D auea we l 1atctl i• tallle l. 

s.-r hnp Onaa ned be"" foll-ins tne bell•• i.our 
ot the electrLc•i rn1ativ1ty of •t.•l• a1 t.11e7 •re 
cooled .a~. Al ia vcll llDGVD• tbe ruistiYity af 
pure -t•l• 11 approai .. tely linear ia c...-ratur• ~t 
am1ent t-peraturn (f11..ce l)~ tmen tae teeperatu.re 
i1 la.rered. tne taer•l wi.bratioea of tile atom. 
lllitia isb, •cl ao reduce tlle 1catter iA& of tbe 
coa.ductioa electroa.1. Ar. low eaoup te.,..ratur'!'I. 
oaly scatteria1 ira. dlt•1Cal i•puc1tiea and 

crystalline defect• rem9ia1. and tile rnistivit7 
levels off ~o a coa1taat value (trt.e re11dua.l 
rea1st1wit7).. Tilus, ordinary copper conductor en.at is 
used for elec~r1cal cmltt au a ru i1tiv1t7 tA•t drops 
froa 1 .. 7 a 10-• an•• at rooa teaper•ture to 
l x l0-9 oh• •at 77 K, and ty~ically to 
l " lu-lU oll• • u 1U It or bd-. lf e1<tr.,_ C.AC'C 

i1 taken ia pur ify1a1 Ute copper. tac ra u1ual 
re•1at1<1it.y can be red.aced by a furtner factor of ltJO 
or •o .. Other 11RtAl1, auch •• alumia:.um aacl 11lver, 
anov 11•ilar -.mniour. 

s.-rhnp Onaa' discovery in 19ll vu tae 
extraor41aary oae ta~t tile rui1tiw1.ty of .. rcur; 
dropped anarply tn rero •t 4.1 It (fipre 1). 
Supercoaductivit7. a1 it ca• co De called. vu aooa 
fo""d to be vidHpru:I •-pt tae -tallic eL.,_nts, 
alu.oup tile tr•1itioa te.,.rature Tc ••ie• from a 
... 11 fract100 of • cle&r•c abcwe abaoluce zero co 
'1.1 IC for niooi-. -.,., • .,, •- 1rou,. of el.,_nta 
"ever beco .. 1uperconductiaa~ "Mpaetic •tali l i.kt 
iroc and aickel; the alkali .. cal1 1ocli118. pota111u.., 
~tc .. ; tne noble .. tale copper. 1il••r aAcl 1014 .. 
Tnua. tbe eood roos-t~r•turc coo.,,ctor• aucn as 
copper a11d •lu•illiu• eitbec f•it to llec
svpercooductin& or nave lOll cr ... sitiot1 te.,..ruurn; 
oa tne otncr band• tne •tala vita a b&&ll Tc •• 
tn01e, auca •• lead ancl -rcur1. taat aawc nip 
raistivity at rooa .:.c.,.rature .. ~ ru•oa• for ttlu 
correlat10A beca .. app•reat .. DJ years later l••• 
section 7) .. 

llav Lav i• tile ra is cance of a superco"cluctor? 
"-•r 1 inan Onne•' exper11Rnta, Mta1cn •a•ured the 
voltap drop a1oa.1 a vi.re carr11n1 curr•t, anavc4 
chat it vaa le•• man aoouc • cea-tnCNaaacltn of th• 

rc1i•t•ncc in tne nor•l atate <-t•l• are deacr1Ded 
aa bcina either in tne nor .. l •t•te MftC'ft U.cy dasplay 
cneir uuaal reaiar.iwe benaviour. or in the 
1uperconductan1 •tat'!).. A 110rc aenslt1•• teat is r.o 
'"due• a current in • aupcrconcluctiaa r1n1. and 
90Gltor cne .. anitude o& cne current us1a1 tne 
upet1c field le &•Aerate•. la a nor•l .. cal, ~he 
electrical rea iatance caU1e• tlM 1aduce4 c.urrat to 
decay in a fracti:m o( a 1cc0Ad~ On tne ocner nand, 
an a 1upcrconcluctor, en••• currant• 1how AO decay over 
a period of a year or more. ""1cn i•p,1e1 tnat tnc 
r•11ac1·.11ty i.n_ '"• auperconducc.1n1 sr.ace -..ac be l••• 
tn•n .i>ou• lu-l> .,... •· 

ThUI, 1upercoaductiYit1 ia a r-rk•le 
pneno1Hnon·, enc currettt-carcyina •lcctron1 proc••• 
total&1 uni•pedec&: lv1ft .,.....,. ao.e 1.•pur1.t1.e1 arc 
added c.el 1.berately, th• Mtcrial uaually r ... 1.na a 
1uperconductor. altnouan the traoeitioo ceeperature _,I>• alUr•d (fi1ur• l). lo ita early y•ara, tn• 
19JUa and 19411•, aolld .cat• pftyuca t..,ded to foe .. a 
on pure -t•la, leavin1 CIH ttudy of •lloy• and 
1ntu-ca l he eo.,..und• ( 1n •n 1nter•tal he e-pound 
cna different ato.1.: 1pec1c1 ftaYc d1.1t1.Act 11.te1 
v1th1n enc cry1tallo1rapnic 1cruccurc) to enc 
.. uu .. rauu. So· 1' vH not •ppreciated until tne 



::at.4-lilO; en.at l~rc.• nulllbe-rs ol .wtall1~ .all@y$ o1nJ 

Lftt~r81ft.a~lLc C'111lpounds are supe-rcoa~ctLn&. AftJ somr 
vert en.en d1scovere-d th.at nave sullistan.tially hicn.er 
tr.aas1t .. on teaperat"res tnaa. tht element.al 
Su;>t'ri:ondu~tors (table- (l). Until 1'146._ t.11e rec-»r4 
T~ w~$ ZJ ~ f~r MoJGe· 

~1ve-n .a aaterial of zero res1staacet ~ht n.at"ral 
question co .ask of a superconciu~tor is ftOW -.ach 
curr.rnt can. :.t carry! Unfortunately. 1t tu.rns out 
c~at above a certain current. tbe critical current. 
there is a revtrsioo froa the supercooductins to tne 
nor.al state. and in tfte ele91tntal superconductors, 
tnese cr1t1~al currents are too low to be vseful. 
Further.,re, a.1n•tic fields also suppress 
s"ptrconduct1wu.y. and asa.in for tile el~tal 
sup«r~oaduccors cne critical f1el4 •c is too saall 
to nave any practical appl1catLOCl (table 11, the 
E.artn's .a1net1c field is about l0-4 tesla, that of 
a conve-a.t1onal Laooratory electroea.SftCt is about 
l tulal. 

Kovevtr, the superconduct1n1 allo11 and compounds 
tn.at vere dis~·overed around l9DO inclu4c4 aaterials. 
stJcn .as f't)-ti. •"d •JSA, Uaa.c retained t11e1r 
StJocrconduct1vity anJ substantial curraac-carr1inc 
c.ap.ac1ty to v•ry n .. &n -..pet1c i1elds. lt is tnese 
~t~rials tn.ac hav~ beta developed over tne last t~o 
Jer:.ades. ~nd n.ave: found quite wide application. 

l. Tnt new superconductors 

Since 190U or so, most solid state pn1s1ciscs bad 
convinced cheas~lves that tne funda .. ntals of 
1uperconducc1vity vere velL understood, aaa cnac no 
::.i1nihcanc i•prov...,nt ia trans1ti0ft te•perature 
above Ju K c~vld be expected. For tn1s reason, 
interest .and act 1vity in the f"nda.81tfttal aspects of 
stJperconducc1vi.cy Uclined steeply.. il!owner, a ..... 11 
11:inority vere: not satisfied cnac all had been 
explained, and coo~ cne ex.ample of enc .. call1c 0K1de 
••(~b-a1>03 to nearc. tnis coepoun4 n.ad been snOW11 
in 197; to b• superconductina at about ll I - bJ no 
.e.1n:1 a world record, but unexpectedly 1uan tor a 
:11.1tcr1.al ol th•t .:.-pos1.ti.t>t1 .an4 structure.. It v.1s by 
••?lorini thlS avenue that early in 19¥0 •ednorz and 
MUller c.aae acroas tne tcrnar1 o•~d• l~-~r)CuU~, 
wrncn appe:area. to Dec\liae: supe:rconcSvct•nc at about 
J) ~. tnc parent D1nary oxide LaCu04 LS not 
Slolpercoaductina, but partial repl.acemcftt of La tty Sr, 
1ndicated in tne CHa1cal for-la by (I.a-Sr), yLcld• 
tne superc~nduct•n& phase. llJ the end of the year, 
cn1s result v.as confir .. d indepeadencl1 b1 a nullber of 
otntr laooracorics, an~ i.-du1cely t'le race vas oa co 
fLnd even Riper transitLOA te•p«t"atures. In 
Jan•J.ary lid7, Cnu '• 1roup Ln rloustOA discovered en.at a 
•1•turc of yccr1u•, bariu• and copper oxides produced 
cu;eru,l wLtn superconduCtLn& oenaviour at i2 1', and a 
!cw vec~s later enc supcr~onduccin1 pnase was 
ide:nc 1f1cd •• enc oxide Y••2Cv ~07, wt1os• 
struct1o1rt LS snovn in h&urc l. lt is a conco•it.ant 
.)ta h11n Tc trtat enc .. teri..al. 11a1 also a nip 
cr•tica\ ~i.cld, and r.hat i1 certainly enc ca•• for 
~Hn (~-Sr) CuO;. and Yu2Cujl7 (ue tal>L• Ul. 

M.tur.al Ly, in enc year •inc• Cnu 1 1 discov.ry, 
l 1tcral ly tnousands of oxide •i•ture• nave been .. u 
a~d tested, but at tne titae of vr1t1n1, there arc no 
confir•d aatcriala cnac have an1 rupcr transitiOft 
ccapcratur••· Certainly, cncre nave been do&ena of 
reports of n1ancr tcapcracure 1upercoacluct1•it1, so .. 
of the• in ncv1papers, and occa1 ion.al Ly ia acinci fie 
Journals, but so tar none of tnc• satisfy enc te1c of 
true otable 1;,perconducuv.cy. 

6-. CzroaenLc ••P!cts 

tnc con'lent 1ona l 1upcrconduc tor•. cnosc '""°"" 
puor to 19'6. all uud liq .. id hsl1u• for coolins even 
it cn~y nad cran11c1on ce•pcraturc1 above enc bo&l1n1 
point of 11ydro1•n· Tne reuon i• that th• pcrfor•nce 

..,{ ~ sup..:rc..,d.Ju~tor. l.n ...-rtLc"l~r th« crtth:~l 
curreet 4e1uity (tn.e curre-nt per ucut ct'oss-sect101u1l 
area of conductor .at vhicn tne: .. teria.l cease• to be 
supcrc'Mlchactiac>. deccr1oraces r•p1417 4S the 
craasitioa. te.,.r•tur• Tc LS approached. so tn:t 
ti>pirr~t1nc ttmperat11rc Ls usualiy held ~t U.7 Tc or 
less. l.1qultl lacL ....... LS tit&t'htnS LYC. typi..::.al ly 1\~t llf:l;i 

than ~l per litre in Lars• qyanticie& 1n 
industrial1&ed countries, and. becauae it aas to be 
a1r-fr•1dlt•d in fr•&ile aa4 costly •tor•&• vessel&, 
lU or 20 ti•• bi&t&er in price in a•ll qUABtLt1es La 
lesa-iD4UStrial 1aed re&iaaa. fUl'tfterwore, S09e 
specialist traini.Ds is aetcle4 if it 1a to be used 
,.ffLCLet>tly. 

~ven v1tnout &DJ further advaace, a crucial 
b•rr1er for the v1der application of •upcrcau.ouct1vic1 
bas aov be:ea crossed. ttecavse the bazCuJOJ 
superconductor ~ be u.scfullJ ~ooled vitll liquid 
aitrosen. Tbe auperconcauct1we perfor .. nce is leas 
&OOd tbaa tDat at lower t.e.,eraturft 1 because J} ~ lS 
oaly .i.out U.I Tc, but Lt c>a be ellllaaced by 
re<lucia& tile liquid aitroien te-rature to about 115 i.: 

(0.7 Tel by pu.,ias oa it vita a • ..,le rotary 
....-p. Liq .. id aitroeen i• wery widely awailable, be•n& 
used in toDDa&e quantities, and tac price can be as 
lov as SU.U) per :.1tre._ eqYAllJ a.•poctant, 1t c.an be: 
transported in ailaple an.& robuat atorase COGta1r.era, 
and caa be handled v1tb little traa.a.LAC· 

i.ocb neliua and nicroacn are a.acre cryapn1c 
L1qu1ds, so cut safety precaut1oaa are .... ,1e-.. tnis 
is in coatr .. t to liquid nrtrosen and liquid o"Y&ea 
(the latter i.• ,..nic .. larly daaprGU9). 

Altho.aa,n the use of a cr~seaic liquid is usually 
the cne.apest and easiest.-•• of cooliq, v1tn cne 
new supercoacNccors it 1• poa•ible to use 1ostea4 
closed-c1cle rcfr11eratoc• tnat cao pr.r114e cool1ns 
- to 10 or 20 l. These aaciaincs require oaly 
electri,aL paver, and saall ooes, vitn a cool1a1 power 
of •everal llatu at 21) l, co•t about SlU,OUU. 

~. FabricatiOft of the: nev supercon.auctors 

Al cnoucn the 1upercon•ct iwe properties of tn,.. 
n~ materials are clos•ly ana101ou• to those of 
coovntioaal supercoaductors, the ••n• of .. kiA& ch .. 
are very different. ADOYe all, (L .. -Sr)Cu04 and 
Y••lC:UJ07 are ce:ra•1cs, acid tnc .mole r••&• of 
ceraaic• c.ecbnolo11, boca traditional aft4 eoGcrn, can 
be applied to thea. Fortunately, relared coapound• 
IUCll .. LaCuU4 aad 1.a•i.0 .. hDYC ben •t .. dLed 
catenaive:l1 over enc laac 10 years or ao; tftey nave 
Den of interest to the oxide cbea11t•, and nave found 
vide appl&cation as catalysts ia or1aa1c cne•1•try .. 
Also, .. ny of th••• oxides are osyaen fa1t-1on 
conductors, tnat is, the oay1en ions arc sutf1c1encLy 
•bile to contribute qu1c.e hiJll ionic concluctivic1cs 
at teaperature• ol JUO or i.uu• C. 

Tbua, the first of then.., aupcrconductin& 
.. ceriala vere .... vith a 11•ple cer .. ics "•1•, &r'-nd 
ar.d fire" .approach, .._icn i1 readily acce11ibl• vitft 
only rather liaited facil1tie•. Alrnou&JI a co .. pl• of 
tr1all are \lluallt enou&ft to obca1n .. ter&al tu.at it 
auperconduct ia1, ita properties are a l••t iA•ar iably 
poor. la particular, tne critical cuC'rcnc ocasity 
tend• to be ••tr...,ly l...,. To focu• oa 
Yaa2Cu307, a nu••< ol aate<Lal• proble .. nave 
nov bee- •P&M<ent: 

(i) Th• ract ioo of tne aiud oxide• of Y, H and 
Cu to lora tht teraary o•• ....... t be carried 
out belov 9)0 C, for ottaervi•• the ternary 
0•1de deco.po.a••· At Chia c. .. peracure, all 
tne coepoacnce arc aolid, end 1olid •tat• 
reactiona are nocorioualy 1low. Tnereforc, 
the a car tin& .. cer iai• nave to b• •iaad very 
tnorou"'Ly. preferably Oft an catrc-&J 11.nc 
(auo-a1cronl 1cale. 



ll&.; tncrc are • ..,eral c~ coa.t&•Lnant pn.ases, 
S"CQ. as SllLC& froa C.D• aruuhq proCe$1, 
alua1na froa crucibles, and so Oil. Tnerc 
arc also ilft•••• tllat .. , De for8Cd by 
reactioa. vith atmMJ•pll•ric moisture aad/or 
c.arDon ..&io•idt tnat are atable at tile tirLn& 
ttaper•turc.. Any or all of c.11.ue pn.ues 
ten4 t~ .ai.&ratC to &raLD bouaclAfltl., &ad 
for• electricall7-in•ulatin1 layers. 

ll ll) rne pnasc tnat form ac tne f1rin1 
tesapcrature is actually TaazCuJ06, 
(tac ·1reen pnase•), t.lllL~ft is 1e•1conductln& 
racner than metallic, and cectaialy ~ot 
supercoa.cluctinc. Fu.r~ermor~, its structure 
is tetra&Oftal iaatead of ortllorbombic.. In. 

~rdtr to obtain supercoa$£~tin1 .. teri•l. 
arm~al1n1 in 0KJ1en at co~sicler.ably lover 
temperatures 1a required, as illuacratea 1c 

enc pnase 41a1ra• ot f11ure -· There is 
very strana evidence ca.at tile occupancy of 
t,• oxy,en sites staown in f11ure l is 
crucial to the superconductivicy. aotll tne 
structural pnase craasfor .. tion and the 
1~sertioa of ozy,ea cause cne lattice 
p.ar.-ters to alter si1nificantl7, so u'ac. 
at tftt DOUftdar: ~ctveen cvo 1ra1ns ot 
ditferent crystal oritntac1on, suostantial 
strain develops, pcrnaps ..a.-sn to cause 
a1crocracks. The pb••• transfor .. cion 
itself lmrariably 1ntro4uces Larae numDera 
of tvLn bound.arie•i vbetner tnese affect 
supcrcoa.SUct1vLty LS not yet cst.OlLsnccl. 

l iv) As far as obta i.a Ln& a eood aupercoa4uctor is 
concerned. a dense .aterial, free of woids 
.an~ cracks, is :-equu·ed.. On t11c otncr n-4. 
1n .a dense .. tcru.l the insertion of oay&eA 
LI lL•Ltca. by enc bul& a.iffuion race .. 
AltllouSft tllis diffusioo rate is rehtL•elJ 
nL&ll - as me:nt ioaecl earl i•r. tbc Mter 1•11 
art faat-ioA conductors - tac race doe• 
dLainisn ••?0Dent1ally with t .. perature .. 
Thvs. in order to ensure chat enc oa11•n 
SCOLCRLMlll:try LI as close ... possiDlc co 7, 
Lt is nece11ary to anneal below about ~00 C 
for loo& psnods. 

(v) tnere uy be a .,re funcla-ntal liaitatioa 
associated v1tn 1ra1n boundar1es ADO free 
surfaces; tne actual structure, interato•1c 
dut.ances, oayaen scoicn i.~try, and so oa 7 

u a bou.~da<J or a surface vill be sli&1>tlJ 
d1tterent froa tnose of Dulk .. terial .. 
i>ependin& upon tbe cr1stallo&rapll•c 
or1cntac1on ot tne boundary or surface, enc 
str1i1cture cnanae uy be ennuced or diaunsll 
superconductiwity .. 

(vLl rnora •s tne queat•OCL of tna campat•b•l•tJ 
of the aupe:con4uctor to otller Mter LA la, as 
at tn• J1i1nct1oa to ordinary copper 
conductor, or at tnc interface •ctvecn a 
tnin fil• mnd its 1ub1crace.. Tnis question 
na1 Doth cne•ical and pny11cal dimension•~ 
Is cnere a cn .. icai reactiOll or Cftaftl* in 
sto1ch1.o..tr1? Dae• differntial r.ner .. 1 
••pan1ion ca~•• the 1uperconduct1n1 .. cerial 
to cr•c:k? le tnere pod electrical contact 
betveen Che cvo .. tcriala? Are there 
el•ctrocne•icaL ef fect1 wncn current i• 
p.a11cd froa one to the c.tnar? 

(v11) fina~ly, tncre arc ••••1.ntlJ -.ndane, but 
all·i•portant, quc1C1ona at.ouc tile 
••tcrial~ lei rc111tance ro ac11101~ner1c 
cnrro11on, ••Cll•n1.cal 1cren1tn, br1ctlcn•••, 
to•1cicy. end 10 on. 

Thia list i• certa.ialy loa.1. aa4 at firat aipc a 
depcus 1a1 ocae. llowcwcr, 1.t u 1aportaat c.o 
appreciate tau -DJ of tae prolll- ane beea 
eacOQDtere4 before b7 t•• ceraaici.ats. ia otner 
-teriala, approactt.u bave be• found. tllac a•erco.e 
tnese pC'oDle•., Ucl DOW a areat 4eal of rOUtlAC 
a,.ace .. c1c vork ia beia& d.CH1e oa Yaal.CuJO}• 
cryin1 out tnose tectHll•ue•, aa.• 1.i taeJ •o not 
luccee4. eaplorin& nev ODC9 .. 

for fua<l&..,.tal stud••• of YaazCu307 &11d 
(La-Sr)Cu&14, •i•&l• cryatala are ... dcfl, .. IA aixe 
or larpr. Over tae laac few moetlla • aneral 
lllboracor i•• nawe aucceedecl ia arawia& aucn crJSt•l•, 
and rapid L•pr~.-r.ta aave beea .. _. LD uac:u· de&rte 
of perfectioo., .. k~ured for exa .. le by tbe temperature 
•nd vidtn of the supercoe4k&ct1•• cranslt1oa. 

Wben ooc looks ia detail at poteatial 
appl1cat1oa.a, 
it becomRs apparent 1tb•t tbe aw .. terials vill be 
aae4ca in a aumber of chfferea.t for-~ 

(a) aullr. pol1cryatallioe -tori.al, vitll ..,nuu 
on clean araia boundaries aad. laillf& dttUity .. an4 
perb•ps al•o vit.11 same dear•• of teacurina 
(prefereac1a1 alipimeat of cry1call1te or1.ea.tat1oa.1J. 
Tft• pr•p.araciwe route• tn~t are bains i••csti ... tc• 
acre a1• at acna.cwill& llomo&cu•ltJ oa a ucroacopic 
scale by cb .. 1.cal or payaical -•••• C'.Jtaer taaa by 
•camncal IQ.XI.Ill aaG a,ruad1q. lbeJ LGclu.4e: 
Co-prec1p1.tatLOCL from aque~u.a or orpaic soluciaa .>f 
Y, •a .and Cu ••lt•. suca aa nirr•t•• aAd c1.tr•t•1. 
Free:z.e dryias of such solutioas.. Co-decoapoa1tioa of 
m-.ed T, aa aad Cu or&mometallics. Kise pyrol111.s, 
in ~nicn •ixad. precursor• are apr•!~4 into a not 
&aac. Tb..;.Se tecaAiquea ai• also at pco .. c1a1 tAe 
•to1chioac:tric povcler •1.ature in ver1 fine 
(sub~croa) particle•, so tbat uae a1nter1•11ca1e 
can oe accoepli•aed at lover ca.,.ratura. 

A aOYel tecncuque baa beea reporud receatly t; 
aell &.&ooratOC•H, but full detail• are not pt 
available. Tne stoichio~tric aiatura is heated and 
cooled eacr..-11 rap1.dly, an4 produce• Dulk u:cer ial 
tllat Ila• aipific&11tlJ bipu critic.ii curreot deo•itJ 
tl\all tnat of ou.er bulk -tariala Cfiaur• I). 

(b) Tapes, cables, vira aod fi.l-ts for uaa 
aa coo..,ctor, proballlJ vita a auoat.,.tHl de&rH of 
crystallite taaturill&, aod apin bnioa cluo &r&io 
bouadar•e• &11C hill' dea••tJ. Pral••U&ary atr .. pt• 
bna bH• ude to fabricate vira usia& -Ooda 
an•loaovs to c.noae mat na•c been success f11 l Wltft 
•-ti aDd lloJSll supercoocluctou: •ullr. 
YaazCuJ07 .. terl.al 1• cruaned, aad cnea racked 
into a ail•cr tu~•; tbt tuDc is svaa-d dova and 
....,aalad io OllJ .. D (to ""ica sil~•r ia peraaabla at "•&" t .. perac11raa). -c acc .. pu ltava produced vira 
cnat LI supercoaductln&, but vitb ••~r ... ly lov 
'ritical cuTrmt•i recently, bovn•r, Mitacnl nas 
reported taor1cat101L of a wire v1c1t Jc ar••t•r tnaa 
a1>out Lui -I'• .-2 • AA apprCNcll perllape aattar 
•uited to tnc aev .. ~•rials i• ~o use tbe proprietary 
procuaes that .. ..,. bcn •nel·,pecl over ... , J•ara to 
-Ir.• fil-nt• of otncr cer•ic•i certaialy tnU 
route is bein& atc .. pced, b~t liccle iafor .. t1on na1 
Dun publianad. 

(c) Thin filu for elaccronica and deuces. 
ttcre, tfte .. ny cecnn1qt1•• tnac nave ••en dCYeloped for 
sn1con4uctor1 are be1n1 tried out: Co-cvaporatiOt'I of 
the aatala and ai..,lcaneoua oa•dation. ~putcer•n& in 
all its for... llolacular Dea• apitaay. ltatal orpnic 
ch .. ical vapour dcpoeit&on. So far, ic ••• .. rftac one 
of tne 1i•ple•c technique•, l•••r Alat10ft, vork1 enc 
•••t. tlcrc, a fti&h-pov•r laser pulaa '' uaed to 
aolatc • car .. t of tn• cOC'rcct compoeic1on, and enc 



ablatLoa products are co-.dea•ff on a ••rt:ltJ 
aybatr•~•- ,._wit• all U!i• fit. pl'oc•••••• t11• 

•®•e<l""' tb•••l all4 osyae• •-•h•1 of cae tbua 
fil• are crucial. Stroati,.. titanate appears to be 
tne mast aatiaf•ctor1 aultatrate. ia taat taere ia l••• 
.caeaic•l reaction vita tne fila Ulan occurs vita 
q~rt& or aappaire a.at»stratea: aowewer. ta• ~oat of 
stroat1um titanate, t7picallf $200 per cal, ia a 
.. ior peoo lea. 

~. Af!plicatioa1 

~ .. l Nckarouacl 

Altlloup it l& i•poctaat to re•ia. opea to 
t~t•llf • .., Ld••• for areas aa WDLcn tA• aew 
s\lptrconcluctor• _., fLad • use. oae moul4 fLrat of 
.al L •&.a•in.e tnOllt eppl Lcati011• •er• cooweatLoa.al 
S\lperconductor• tl.n't been coaaiclerecl 1 aa4 in S09e' 

cases, are actYally uat4. Tlaua 1 1a relatioa to 
coDYeat iOAal a"percaaductoca. tbe nav -tu ia~• •J 
exteno ~neLr ranee of appl1catioa 1 or &LY• ennaa.cea 
perfoc.-ce 1 or tllaJ •J ..,. aYpcrcaaductivLty Lato 
totally new areas .. 

la uae apace ot tnis lllloct arc.1cle 1 it L& .wt 
poss a•l• to des er iDt potea.tial applLcat i011a Ud their 
feasi•Ll1tJ in more ta.-. •ra.ef our.11,e; DCllil'•••r. soi.a 
more detailed atudiu •• nailable (ace tlle 
Di.Dlio1rap1>y), •11d •• ta• -terial par-tera bec
Dttter defined. the ecoeoai.c •mwf1.ta caa •• c-.ted 
mtrc precisely. 

!lost of the -die publicity baa b•- directed at 
tile aillft current aide of potential applicau_.: 
•antt•, aeaeratocs and •tOI'•, traaa•1saLoo cUla 
•d so OD.. ilowewer. taue LS aaomer. electrooic. 
s icle to aupercoca•cti.vi.t7 caat au developed wi.ta 
coDYcntLoa•l •upercoaductoca ower enc last 20 1eara. 
and in Wi.cb me new •tcri•l• _, vcll llMe aa 
carlLcr cootri.l:tutioa .. 

6.2 Pav1r appli.C!tioas 

Herc 1 a.e supercoaductLVC property mat as u in& 
used i• tnac of beia1 able to carry a nip curreat 1 

often an a Di• -pc tic field. witha1t d1aaipetioa .. 
tbeae appl icatioas ca• aD01,1t oal1 vim tDe tdVmt of 
tne hlpl er·. t1cal fi.cLd coawmatiooal 9uptl"can .. ctora 
sucn as llb-Ti. a11d •1:1a nearly JO year• •So· .u-ac 
all tnc co .. rc1ally •••ilatlllt aupercoa.,cccra ar• 
.-u facc.uc.-d from th••• t"O -cer Lala. aad cne ar 
per for-nee fl•• been a.•provecl c.oa.s 1dera1tly ~••r tn• 
years. .Ut11oup there are ccnpound1 1uca aa llllJC. 
tnat nave n1per Tc•• tne •tallur11c1L daffic·JltLcs 
of prep.arana the. in w1rc or cape for• nave i.nnioLteJ; 
enc ir \ISe. 

the reader vi.U naYe noticed fr- t•l• 1l CAat 
tne very l\ip critical hel ... of th• alloy 
S\lpcrconduc .. Ol"S ~re eorc tnan would ~c ••pect•~ fr0ta 
CAe ele..,.tal 1upercanductor1 bJ ai.aplJ 1calin1 vi.th 
Tc; c11e reason ia tnat aomthLAI ratnH d1fferent 
i.a "•F,.•Un& in cnese .. r.er ul• .... a field LI 
appLLcd, ct01Sptred v1t.n an ele..ntal aupercon4'1ctor 
Llk• PD. 11\en a -petic held is applied co a 
IYperconductor (fiaur• Sa) 1 tne .. ptet&c flv• '' 
""able co penetrate tt.e .. cer&al bec•\18-, ••required 
by far.,..y'• Lav of llectr.,..111etic lnductioa, 
1creenan1 currents •r• 1ct u' Ln • •urface la)et tn~t 
uclude ic. T•lll flu• eiu:lualOll H analo.pua to the 
tfc. an • f (cct I.ft ord 1na..-y con4kiCCOl'a. tlll\.el'• al Ca'"'Mt '"I 
.. an•t•c f•elda and curr.,ta are confined to t1 • 
1\d" f•c• layel' for tae .... r•••• ~ n•ev•r, ; .a •n 
ordln•rJ cond.Jctor, Ch• fani.Cc r .. iec.nce c•u&•• Cfte 
eody current• to dec•J vatn ,, .. , ao cnac •ceadr 
c~rrenta and fieLda do av .. cually penetrate 
..n•foraLy. ln a aupercoaductOW,•CA• eddy 'urrenta, 
u•v•llJ called 1creeni.n1 curr•t• in lhl• conle•t. 
per1ut •nderi.n•UlJ. 

-. 
Dier• La -• furoer eulttle a•pect of • 

aupercoa•ctor"~ if PM -••'-LC fiel4 vec-e to be 
apphed ll'2u tile -terial vu cooled into ita 
... ,.,·coo•ctia& state His•• lib), - CA• flua 11ad 
pell"trated fully, lbe eddy curreat ar-.. t vould 
... Uttt rut ca. u,.,, -l.i be •t•ck men ..,_ ta• 
aater&.al -..c.- a11perco.•ctva1. la face. o• pi•& 
taro...&" tac •upcrcoa•cti•& tr-•iti-.a 1 tile .. pelLc 
flux ia ••t!lle.t. la ~act1cc LAL• llu& ••"8-l•Lon • 
Wilier. i• llBOllD •• tae lllie•aer effect. ia aC"ott' total. 
Mcau.ae LIWaciallolJ tDe •-Pl• cOGtaa.aa ao.a tMfecta 
O.at trap. or •pi•"• :ae fl.a liaea. l!allewcr, 
ob••r••t~oa of at leaat a pare.Lal lleiaacaer effect LS 
• i.,.cuat 4.iapoet1.c teat of true e.apercoackactLYLty. 

lt:lat el--.cal supcrcoa .. ctora eaclude .. pctLc 
flux fro. tacir LAttrior watil ta• applid fLcld 
eaceecla tac crit~cal fLeld •ct e~uall1 1 r.ne1 anow a 
.xe or lna Ct'.'aplete llRissaer effect up to tlus 
lLtld. Tn•e are kllOWD aa TJpe: 1 auperconclucr.ors .. 
11ow...,er, tile tecllaically uaeful Type 11 
1uperCG11ductou l>•ave rataer 4iffuenuy (hpre •>; 
at tile lower critical field •cl• .. ..,.tic flux 
Mauu r.o ,...trate ta• -t•rial to f.,.• • -.1.xc• 
aute; it ia -ly at a aubsu11tially bi.,.•• held, 
Ule upper critical f&el• •cJ• caat revcra100 to tne 
•oc .. 1 atar.c is c-plete. Mu-• t&elua&oa of 
-pcr.ic fl.a coeta .. p.et.o•t.ttic •••r., (tDe t:lua 
liaes caa be caouaat of•• tteia& elaatic. •• u 
fi.pre s --. n ...... 1 ... ;.. r .. uir• ta• tlu• h••• 
co lte atretiCIMtll). ta• ai.u4 atate re•c•• r.aU c•t. 
aad tberaby all_. • Type 11-tenal to retaia its 
auperc-ductiYity to -ca lli.per applied hel.... lt 
bu 11 ... wll-eaubliabd t••t botll (La-SrlCu04 •d 
l••:zCuJU7 are eatr•- Type 11 ••!M<COOllucton, 
....... t11e ratio of upper to l-• critical helda u 
aup, lOl oc •••· 

There are two iaportaat coa•etumlcea to the 
peaetratioa of -petac flua iaa1.de me teauucal ly 
useful .. terula: 

(L) till.a • curr .. c is carraad 1 tnere is r~e uaval 
Loreat& force ••tveCD it •act C.De •PttlC 
flua, •• •MM LA fi&Ul'ft 1 .. TDi• fol"C• act• 
on tac flua liaea (ia a d1rectLo• 
per_.ticular to IHI ta hel• •d c•rent), and, 

uftl .. a pi.,..ad 1 the flux liaea move .. Tnia 
proc .. 1 i.a llu:lova •• flua creep. 114wlAll flu•. 
l>J far .... y'• Lav of l.,..Ctl-, 1et1 up a 
•olup vtuca appeau uoaa cae lnacn of tne 
co1uNccor 1 •d ao J.DtrocNcea Joule he.at1•&· 
flus puan.Ln& ia 1croasest at ltN ::e ... raturcs. 
aa4 flux .,., .... en eore euLly aa enc 
ce11p1:rar.ur• appra.chca Tc• cauaiaa Jc co 
drop anar,11. It ia tale effect vhicn is 
pr°"aoly rHpoaaillle for tne poor perfor.,..ce 
of laa~Cu)07 conlluctora at 77 I 
(fi1uu I). 

A &rcat deal of .. r.erl.al• M•eLopment el tore 
h•• a.one 111to tn• cOOYenc 1onaL superconauctora 
llt-11 tAd •JSA SO IS to •a1aL&e C.Ae 

denauy of pi.aaia1 ceatru for ta• Uua, and 
1:1 ....... J uacrea1e Jc• U.eful ,...,...,, centrH 
a.a.:lutle fiA•-•c•l• Pl'•ci,Lt.Jitea of ocner 
,... .... , araL• oouaur a.ce. c1.e locatLoa caa&l••. 
etc. faa auCCU8 of tr;.•• UOl'k ln .. (>rOY llll 
enc cr1t1cal curr .. c dea•ilJ •• a fuactioa of 
.. .,..uc held •• Uldicate4 iA haure I. Tne 
a,.., .. cera.al• are ••1.•1 i•pcO¥cd rapL4Ly coo, 
ave CAere ia at•11 aa •owaou• a...,.t to De 
-· 1o.1fore ua•Le, reliable coo•ctora ••• 
aY••lallle. ln part•cular, 110 apecific flu• 
pinai•1 centru ,..,.. yet -•en •<M•t•fied. 

(h) for •st povar appl•cat•-•, AC operau- u 
sruUy to N prefeue41 co DC. Conuder • 
Type ll conduccor. i• the CH• tllat '"• -Ly 
MpeUc held U CAe 1elf-fiaLd 



ltl,YCt ii~ every n.alf-cycle, the ~&rection 
of tne cvrrent, aa4 taerefore of the 
.associ.atcd fi.e~4. reverses. Tae .. pctic 
ihnt peaetr.ate• tll• .. ter&al \bccau:e tbc 
self-field is ...,ll ..,.,,,. •ct>. but is 
partially pl.Don, and cais a1aio Leau to 
dusipaci-. these AC loe•u aave 11 .... • 
maj~r b.ar'E' icr to t!l.e use of caa•entioaal 
supeccoa.,c tOC'a for AC pu:rpoa••; some 
success bas be• obtained vita cables 
coapoaed of caous ... ds of ulcra-flLfta 
fH-ats of aicr• di•-ter. aad a siailar 
approacll vill lie ,...,..d vita tile •-
.. cerials. 

Let ... en.en look at a rna• of applicat1••· 
proarassioa from clloee tnat are tecbaicallr lease 
strl•&tnt, for e.-ple lov currnt •cl law appl 1ed 
field, to those tn.at ace most d ... n4ina: 

6.2.1 Flull tr..,sfor...-s 

All coneatioaal c.ca11s !~r .. cs VOC'k onlJ at AC; 
"°"evec, tllt::re are ciramatancea ••re DC tr•afor-ra 
ace useiul, tr•aforaiaa aipal rataec cbaa pauer, as 
••dicaced ia fiaur• 10. Mt• cvrr•t l.,,eh aad 
applurd -aaecic held• are eatr-lr l-. ailli._ps 
aad aitliTesla or less. Siasaal traaafoc-.:ca of tlli.s 
kind vouad fro. cocrv•C.ioa.a.l supeccCllUluct1111 vi.res 
have lleeo used allteaaively vita SQll;D .... son <••• 
o.}.})~ relial>l• flua tr ... for.er• .... froa 
Y1azCu1C>i should •~ be avail..,le, and c°"ld 
••ten.cl tl\c u.scfulaus of tlle SQ:lD ansora tn-•l•n .. 

lt is 1oeet1.M:1 i•llOCC.ant to coata in tne stray 
-aauic field of laria-•cale -aa•tic -Clliaery; for 
•saaple, 10 l\oapicals tile atrar f•elcls of 11111 acaaaara <••• 6.2.S) can lie a probl... Tile usual aolutioa is 
co surrOU:Ad tD• .. aaetic aource vita saceta of soft 
iroa, but the •beer veiatat of th• ir .. is a 
d•fficulcr. Toe idea of ua101 thick fil .. of ta• aav 
supercon•ctor. pcrllapa pl••• sprapd. aa a •P•ti.c 
sniel-4, is an. au:ract1•• one part1cularl1 i.f the 
-aa•cic •-rca already aaa •- cr,opaic coolioa 
associated vitl\ ic. tile a1ueldi•& i• cllaa pr-ided llr 
tile (perauceoc) acr••ioa curr••• ill tll• 
aupercoaductor described earlier. the ca...arae 
probl .. , of prCYentin& ltt'•J' fields eateri•&. ia also 
of lalloratOrJ ..ad .. di~al LDterest (see 6.J.J)~ 
nel1--coold su,..rcoaductiaa lHd allialu have quite 
often been vacd in laboratocy vork, a.ad arc eacr ... ly 
effccta.•c. For tau• 1bial4in1 •..pplicatioaa, tlle 
appl i•d fields are alvays ratllar l-; the curr ... t 
deoaitiH oltvinusly dapea4 upoa taa -aaitude of tile 
held to lie screened aad tile taickaeu of 
supercoaduct ill& fi la. Thick fi 1 .. , peraape oo cha 
order of l -. ai&ftt lie Madad. 

6.2.l Sueerc-ductilll illcercoaaecta 

ln a11n-1,.•4 di&ital dev1ce1, •• ueed in ••r1 
fast c-puuu, the propopnoo delar •l-1 th• 
coaduc:.:ra bctvcen cai,. ia be&i•ua1 co b•c
iaporuat. /ta &•ll iua ara•ide device•, ""icll are 
several ti•' faster ta• •ilicoo, c- iaico uaa 
(laraalJ for alhtnr applicatioo•, ""•<• PM 
sullataocial additiooal co•t i1 aot all iallibiicor1 
faccod, co•• dal•J llacoMa -r• aipi fi.cant. ln 
principle, some 1o1i• can ~. ac•iawed vitft 
aupercoaducti•a interc.,..nacu, aad ell• proapecc of 
coolinc tba eocire ~oerd to liquid nitro..,o 
c .. peratura1 is quit• aa accracr.&•• .. , u M8J 
aeaico11dunor •vicH per for• better et caoea 
c .. peracuraa. /ta far as tile A'Jparcoo.,ctOI' ia 
cOftcernad, tll• applied fields ar. 11a1li1illly ... 11, 
out Cha current •-•ih•• H uaed ac ,.. .. eat v'u 
copper i•tarc011nacca •r• rather •i&tt, up co 10 ._, • 
• -1. Tiie probl ... heu •r• hllelr co caoae 

aaaociated vita aicrociccuit pcoceeai•& ••• 
c•pat&bihty llatveaa Mtanal•, racaer taaa cae 
suipercoa•ctor it.ael f. lt Illa& to "e lllOC'M i• aia4 
a&.ao tllat. Lf a crJO&••c appro.ca La CD\."'Uapd, tne 
UH of ordi..ary copper COD .. CtOr at 11 l &iYas a 
aubataatial 1••• .. .,.,., (fiaur• l). 

6.2.~ Hip-pov!r calll .. 

Detailed u .. diu -r• .... ia tile l'l60a .U l'711s 
of tile •c-c• of -d•rar-• ••parc-.. ctia& 
calllas, aa4 procotrpe colaa ••r• roaatr..cted. no. 
coat adv .. tap that aaa to ..C c ... i4erad ia taat -• .. 
uadarar-d copper cabl .. , poaaiblr cooled vita l .. •i<I 
aitroa• LB riMuce taair raeiacivity Ui1ura l). Vi.ell 
coav•tioaal aupercoa•ctora, •- cost a•w-t.ap:a 
verc wiailt:.c for cat.la of ••rJ 11ip power, t•.a• .. 
of KVA, aa -'•t lie used io tile -t daaaelr 
ill.,•triali&ad rqioa•. For suparcoa.,itora to !• of 
iaterut, curr-t -iciaa of ..,_t lll ._,. .-
are ......... ••d tile •aa•tic field& •r• verr aode•t, 
baiaa juat tile 1elf-fie1d. Peraape llacause of 
uacertaiaciu about ralialli.litr, partic•l•rlr uader 
fault coaditioaa .. ao eupercoa•cti•& cable •• •••r 
been put iato aiUYice. C:a.Yn aa.ac. a.. c:Gat aftaataa• 
u li.kelr to Ila llO -r• ta• •r&H•l, tllat t•• r-p 
of applicar.i• ia liairn. aDd u..ac ce11..anll.r.7 1.s a 
prime face.or ia electrical 4iatca.butiOG •J•te .. , tac 
viduFr-4' iacorporati• of tile aev auperc••ctoca 
iaico electrical trmsaiHioa vould ••- to lie a 1 ... 1 
var off. 

o.Z.S Caaerators aad aotor• 

A larp •-•< of -tor .U aeaerator 
COGfiprar.iooa, bou AC •d DC, 1uwe be• coca•iderH 
for ••corpoc•tioo of (ca... ... c&oaal) auperc-ducti•& 
viadiap, •l-•t alvars ia a •aaar to di.aioull ta• AC 
curr .. u - fi.alda .. cae auparcoaductOI' &taalf. A 
larp (2 1111) l--•pHd DC •tor vaa .cooatructed i• tile 
l960a, •• •arioue pro..:OtJpe &••ratOl'a bne It••, -• 
are ll•i•a ll'lilt. no. eli.ai.aeti.- of r•i.ati•• loaaa 
coatributa oalJ a s-11 ec--.i.c p1A9 me uadirect 
•••taps of tile use of ti•• au,.ccoa•ctoc. auca. as 
tac aceatec coepectaae of th• .. e11;ac, aa4 coaa~ucat 
a.,,iaaa ia coastcuctiOll ••• iafraatrocc.are coat•. 
appear to ... caa ... i•portaat. .. araat deal aor• 
••- to II• 11- about tile aav Mtariala b•fore tile 
proapecta for Cbeir u:se &D tbeae .. caUae• caa Da 
•s•••••d reliably. 

o.2.1t Kap•t• 

lt 1• coa••i .. t to di.wide coa.aiHrati~ of 
.. p•ts 1ato Lav aa4 nip Pl'•CU&on, tMtC'• tb• 
preciaioa refer• ICO llov tisDtlr ti\• field auac be 
coatrollad. fOI' 1- f&alda (! l teala) tile 
coepetitioa ia vita iroa-cocad alectl'Ga11&aata; for 
lli•er field• aad lara• •ol ..... , it ia uita 
vacar-cooled •ol•oida. Tlla J09le lluh•& i• a 
aol-•d of ILftCarior •olu- V •' (iataraal 
croaa-aectioa ci .. s 1•10> v-d from copper 
COOJ~Ctor - a••ratial • field • Te.ta u of or•er 
111'11 V Vacca; •ot oalr -•t this aleccri.cal pover 
II• paid for, but it -•t lie ~..,.vad efficiaaclr from 
all p•rU of clle viadia& ao •• to pravaat rua-r 
overaaaci.aa. 

LotrpreciaiOll upeca. Rapetic aa,.ratioa is a 
videl7 di•Pft1'••d iadustual caella .. ua, used to clH• 

.. patic i.,..rihe• from other aiaerals <•·I·• rare 
••rtll c-ta•iaaau fr- cniaa clar•. p,ritH froa 
coal), ••d aora aoplliacicata4 alltao•ioa• •ave lleaa 
c-•iderad, for ellaapla co eeparatloa of red cel11 
fVlliclo are vaalllly -patic llecauae of ell• iraa Ch•>' 
coataia) froa •~. Protot7pe .. caiA•• ,.. .. , 
cOAvaaciooal aupercoo.,ccou have lleaa llu11t, aad ic 
vould H•• I ikal7 taec t•u u aa area llll•re ell• 11av 
aaurial• could -Ill••• earl7 iapecc, o•ce aoo• vir• 
or tape cooduccor II•-• avail..,le. TN advaacapa 



ot s1•pl1f1c4 cool1n1 vovld -..kc it -..en ea11cr to 
11tc ..apec1c separators close to p:odu.ctioa ai.tes .. 

rli1n-precis1on .. pets .. It is iD this area that 
the advent of Nb-Ti and llb]Sa superconductor• has 
ude 1t1 .. rk. ln research laboratories, •tct11cly 
f1clds abw:~ l tcsla are now almost alv..a7s obtained 
us 1n1 nel iua-coolcd 1upercondu:ct1n1 aoleaoids. which 
~re •vaiiablc ior fields u.p to 1) tesla, and an 
utterri.al bore of 100 - or more. At these hip 
i1elds. an iron core .-e:s almost no coatr1but100 to 
enc iicicl, and is never used.. Mete that a 15 cesl• 
:o?p•r solenoid of 100 .. ~ore vould consuae 
clectrL:al pover of orde:r l iti.:, and 10 vould require 
also a ujor invcscment in the cool1n1 circuit (p.mps, 
filters, dc1onu1r:r1 1 etc .. ) .. fur~er•c•, in .a 
solen~1d tbt vind.n& can be tailored co provide a very 
cucci.n& spe:c1ficacion on the field profile, for 
euaple: un1foraity to l part per aillioa or bcttet· 
over , .. 11 reaions, vnich is oeected f~r tne nuclear 
iupetic rcsonanc• {ltlt) .. pets used in cb.eaical aacl 
~iochcaical r•s••rcll.. Frequently, tb••• labor•tory 
superc:onductina aapets are uaccl in pcrsistnt mode 
lfipre 11) by 1ftorc-circuit1a1 tile vindia& vith a 
su,crcoaductin& switch• this aiode of operat1oa aot 
only saves on coolina (because it eli•in~t•• the Joule 
h~atina in the curra-ttt leads. ancl indeed e~ablc» these 
leads. vhicft conduct aubstantial ..,unta of beat into 
tne cryoseaic fluid, ta be pbysically vithdrawa), but 
Lt provideJ a field of &rUt Stability, far lfUtCr 
tnan 11 attainable vie~ a current supply. 

The arcatest co-.rcial iapact of these 
sup&rcoaductina aaanets bas been in tbe .. dical field, 
where solCGoids of very lara• volu111t 1 up to l •bore, 
and l to 2 tesla fi•ld are use~ in Whole-body aucl••r 
aapetic resonance scanners, aov known as Mapetic 
Resona.nee laa&Ul& (Kill) scaoners; vell over a 
tfto"'9•nd scanner a hne been built vorld~icle. ?De 
other Larae-scale application nu tteen to .. pets for 
?arc1clc acceleratOl's. unere prow~•1oa for so•e 
superconductina aasnets h•S ~-en included i~ .. chines 
tnac arc now be 1n1 built. 

lo .ost of these appl1.cat1oa1, wner .. the .. pets 
•re ~eina used in a sophisticated and coaplex 
en#ironiaent, the adYantaaes of liq~id nitroccn cool1n1 
over that with liquid neliu• are .. rainal, so that 
YbazCu)07 vLll not eauly replace Mb-Ti and 
:tb1Sn. Tne nisner critical held of the aev 
Uterials su11est that tlley could be useful above the 
lS cesLa availaole VLtll ~onvencional superconductin& 
•anecs.. Mowevcr-, at tnesc hip fie: leis tne Lorent• 
force bctveen tne field and the currant-carryin1 
conductor beco .. a very larse, so tnat tne .. chan1caL 
stren1tn of tne superconductor beco .. • the li•itin& 
factor. So far, tile •chanical bellavi.our of tne nev 
suoerconduccors is poor, and lieits 1cverely their 
poisible applicatioG. 

tn1s d1scY11ion i1 int.-ndcd to be i.llu1trative of 
tne proble .. tnac arise: with applyin1 aupe:rconductors, 
.and of the 11.kely 1apact of the nev Mterial1, ratner 
than to be eXhaustivc. Other application• tnat are 
be 1n1 aueued include' lar1e-•cale ener11 1tou1e 
•J•t••, levitation upet• for tr•in• 1 power 
tran1for .. r1, fault current liaitcr• in electrical 
distribution syace .. , and .. sn•t• for c011pact X-ray 
1yncnrotron1. tne reader ii referred to the reLavant 
papen Listed Ln the b1bl1a&rapny for furtner 
infor•tion. 

o.) Electronic and quantu• H~cts of 
1upcrconduct1v1.ty and c~•ir application 

Aa we shall di1cu11 in 1ect1on 7 1 1vper
conductLY Lty 11 aore than ai•ply the abaence of 
eleccrac•l re• ucivi:y. Ocner facet• of 
1uperconductlvity nave led co tne develo,-.nc of 
nv1ral fa•ilie1 of devices. 

6 

tt .. J .. l G1aewcr j..anctiocu 

To a liaited M1ru 1 aupercoca ... ctor• res..-Lc 
seaicoacluctors, in ttuit cn•ir clectroa. ttncrcy spectru• 
coataiaa aD ner11 aap ta,; tbe 1 iz.e of tne cap is 
related tc the 1upercoa.,ctin1 transition te.,..raturc 
Tc by enc L"C"lat1oasbip le~ ••ka re, 1i1nerc c is 
tbc electronic cnarae. la is aoltzaaa.n'• conscact, 
aa.d < 11 a a..-cr equal co about 4 for tnc c:oavenu.oaal 
aupercoa.ductora, aad pcrbaps as larse as 8 for t~C" n~ 

.. ter1al1. tb\IS, junction• bccveen a aup~rcoa.ductor 
and a aor .. l .. cal, or between tvo pieces of 
superconductor, separated by a tn1a layer (• C°'1ple of 
na) of insulator 1 show n i&h ly aoa- l 1aear 
•olcace-cucreat cnaracter1•t1cs (ficure l1a). Wien 
coa•cntioaal supercoacluc:tora, tnesc ~iacver junctions 
nave been known for near l J JU 1ea·c•.. F4c e:a ... plt. a II> 
to • junctioa, vita a Tc of 9 ~. bas a &•P of 
lxlo-J eV (elect•• Volu), vlli.ch corresponds in 
tcr .. of pbJton craer11 to frequcacics oa the order to 
SCIO Cllz. C-sequeatly, tile non-linear Characteristic 
of tbeae junctioas can be used for detactioc and aixin& 
ot aicrovavea up to si•ilar fraquea.cie•, that is, to 
vavelea&th• of l - or lns. Vb.ere low noise 1• at a 
,r~•iua, aa in radio aatroaomy, tneae juoctioas ha•a 
been mach used .. 

A ~iaewer junctioc: l>aaed an YaazCuJ07 
snould 1 because of enc -.sell lars•r neru pp, be 
usable to frequeaciea on tile order of 10 TK&, or 
vaveln&tb• of lOU, .. •or !~•. i .. e .. CD.a far-infra-re• 
rc&iOll Of the lplr:Ctrum. The appi.i~!'ioaa would be LD 

radio-aatraaomJ, &Dd, to a far l•rser eateat, !a 
•ilitary c~aicatioca, sensors, etc. Wbetber a 
useful CiaCYcr juncti:.a can be aanufactured froa tne 
ttev aateri..ala 1• atill unlr.llCJllD. 

One of the .,st r..arkable features of 
superconductivity is tnat, as Jostpb•• predicted 
in 19ci2 (von. for .. 1uch ne vas later -arlled a llal>el 
Prize), a supcrcurreat can flov uaroup cne iaaulator 
of a supercoa.,ctor-aupcrcoaductor ~iaever JU.Rction 
(f11urc lla), althau&h tile 11aan1tude of u:c cr.tical 
current i• very ••ll. cypically ,.Aapa .. Si•iiar 
behaviour is obacrvcd 1 f t.be two pieces of 
supercODductor are conc.ected tttrou&h a narrow br 1dp 1 a 
•icroa or less in vidtn, of supcrcoaductor. One 
i11pOrtaat application use• t11e poaaibility of feedin& a 
Josephson junction vitn a constant current, and 
1v1rcftin1 it froa th• &ero vo1ta1c state to the 
di••ipative state. ~I.th conventional 1upercoaductors, 
thi• svitcnin& can be Yery fast and involve low power 
disaipatioa. On tllu baai.a, durin& tile 19701 Itll 
developed a aui;>erconduct in& c-puter, al tllOU&ll it vaa 
aoandoaed a fev yeara •sa because of tne difficulty of 
en•urin& reli•bility of waat number• of junct1on1. 
Crude Jo.epllson junction• have been ude witll tne nev 
... cerial1 1 but becavae of fabric•tion d1.ff1culc1.ca and 
other .are funda .. atal r .. sona, it see .. unlikely that 
they will be yaed in loaic devices for a lon1 ,, .. to 
co-. 

'-'ten • Joeepftson Junction 1a 1.rrad1.ated vicn 
eleccroapecic r•diat1oa of fraquncy 'Y 1 tn• 
voltaaa-current cnaracceriatic develop• atr..actur• 
( fi1ure Ubl at waltap interw .. la 6 V ii.wen precin1y 
l>y tile Jo.epnaon relatlOftlftip hV• n l e~V, vllere n ia 
Planck'• consta"c and n &I an 1.ntc1er; nu .. r1cally, 
the reut&onallip corrapoada ta ltllt MK& irraditation 
11vin1 atructure at If Volt 1nterval1. Mcauae 
frequencies are easy to .. asurc vicn ni&ft prcci.11.on, 
tnia AC Jo.epluon effect ia n- uti.li.ud in .. ny 
national 1tandaro1 lallaratoriH ta proud• a walta1« 
atandard. Civea ,.,.. development of junction 
fabrication vith Y1a2CY30], ve can anticipate 
tftat '"'" voltap 1canclard1 will beco• racnar more 
v1HIJ available and '""rcablc; however, Chere ••I'• to 
be lLttle IW!ed far ;ne• ever to becDtell collllOnplace. 



Q. J.J S...?ercoc.tu.:tul& Q\Unt~ 1Dtertercnce Dcw1ce• -
S!f tDs 

Jne t~::ner featt.arc of st.apcrt:oaductLvicy tll.at 
retle..:ts 1t1 quantu• nature is that a r1n1 of 
super..:l)ftJu~tor t~r•a4cd by .. snetic flu& forces cnat 
flu• t~ be qu.art 1sed. <-aneci: flux is f1et4 tL9" 
•r~~. or _,re strictly. the 1ntecral of ttle fu·lQ over 
:ne .ar.e.a) !a units of n/~e. ""icn 1s equivalent to 
.!.vi Jl lv- ) iaeoer .. rnc Uren·· ~an•ti.c field LI 

.aoout 10-.:. tes la. s~ that the flux quantua 
..:orresponds to the eartn's field tnrou&h a loop ot area 
l .. iu-1. l ,; • or say ) , ... 10 diameter ... 
Su?tr.:.>ndu..:tina, dev:.,.;:es. St,JJ'lOs. ha.vt bcH d•veloPf'd 
\Iv.er tne l4st .lU ~ears. mostly vs1nc niobtu• •~ 1..he 
:.u;-!'C.:l)nJu..::t->r. t:l..J.t allow this qt.1.;Jnt1&atloo ttl bt: u:1eirJ 
1.n mf'.alurem.rnt (t1cure LJ). ln principle, S~ll>s could 
b~ ~•~d co mi.>nitor the alllbient .acnetic field. but in 
pra.:c1.:e cne!f are constructed Ultid.£ a , .... petic Shietdt 
.an.:! tne s icnal is fed into a sull coil tl!.ac alters cbe 
maiinec1c tluK seen Dy the supercoa.ductins ri~. SQJIDs 
~.an be used to monitor ~inute cnanses in .asnetic 
field. clectr1cal current. volt21es. etc. for lS or 
~ore ye.ars. SQUlOs nave been avail.able co~rcially. 
.an4 "'°"' ..:.;tst. complete vi.tn tne usociate4 eleccrocucs. 
S>,uuu to SIJ,OO<l. 

Areas 1n ""'icn S~ lD sensors nave fouad 
.appli.cacioa. include; Ultrasens1t1ve laborator.1 
1D1tasurements of electr~cal .and ... 1"et1c properties. 
Geomainet1c surveyina for •inerals. archeolocic~l 
searc:nes. and (by the •ilitary) subaari.ne detection. 
One ra?idly developin& field is b10 .. 1neti••. vtlere the 
upet1c: fields associated v1tn -..scular and rervous 
activity ~re ••tre.ely ... 11. but la.rec eaoucn to be 
11a-xu t...,red t.iS in& S<JJ IDs ( fi1ure lltJ. (his tecnn ique 
cocple1111tnt1 tne monitorin& of physLolo1ical electric 
fields, as i.n an electrocardL01raa (ECCJ or in an 
elec~roencephalo1ran (EEC), by pravidio& a 
aasne<ocardio1raa (MCC) or a aa&netoeiacepllalo&raa 
(~EC), a:>d iuy be particularly useful for cert•in kinda 
of neuroloiical d1sorder. sucn .as epilepsy. 

~l.JU'.10 devices utiliz1n1 the nev supercoa.ductors 
al'\d o~racina •t liquid a1tro1en ceaperaturcs ha•e 
alre•dy been de1MK1strated, and several &roups are 
atte11ptini to produce reliable SQUlD1 usin& tl\in fila 
tecnniques.. Here asain, tne outstand1n1 probleas are 
m.ateri.al ones .. llecause gf tt\e t\ianer Op!l"acin& 
temperature. 't1ta2Cu)07 S«JJIDs nave a noise lev·l 
si,n1f1can[ly sre.ater tnan cnat of SQUID• constructed 
frll• convl!fn[1onal supercORduc.tors. but tney are of 
.:ou~•• S[1.ll «•tre..ely sensitive .. Tnt main advantaa•s 
.,,f t1qt.a1d nitrc1en t«apcratvre opel"ation arc tnose of 
portability, so one can forsec tnat •rapid ••pan•Lon 
LR Che use of SQUlDs for USRetLC 1urvey1nc. ln 
sopniscicated .. die.al applications, such as 
~snetoencepnalo1rapny. 1ensitivit7 really i• at a 
premium (fi&ure I~) and the additional colt of l1qu1d 
heliu• LS a l••• iaportant factor. so that cera•LC 
SQUlDs ..ay not be u1eful hare. However, hyDrid ay1teu 
vitl\ • YllazCuJl>J flux uantfor•r (He 6.2.1) 
n•vinc o:>e end at 77 l, and the other end coupled into 
a n1obiu• SQUlD at lo I uy have ad,,antaaec tne 
relaxed coolin1 con1tuint1 at 17 l aean a aueh 1uller 
cnickneu of theraal ahieldin&, and by allow1n& a 
closer approach to the upetic source. help co locate 
its posi[LOn llOft preci1ely. ln alMSC ail 1ituation1 
wner• SQUlDs are used. the1r excr ... 1ensitiv1ty to 
&1-'net1c iield• re11uire1 that ency be carefully 
screened fro• a•icnt field fluctuatiORI (wrucn arue 
fro- power line•. electrical Mct\inery, pas1in1 
VehLClt1. etC. 1 and typically h.avc MpUtudC llJ7 
rf!1:a.). :1.acnetic scrcenin& vi.en 1uperconduccor1, ill 
deacr•bed in 6.2.2, ia often used, a11d the nw 
uter1al1 could play a role nere. 

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

1. 

Are ve about to aee room te.,.rat~r• 
1upercoa.cluctor-a! ObY1oualy, if ve vere to do so, cae 
economic 1.,1 icatLoa.a would lte nor.,... llaweYer, a 
'Ic of )00 k. vould be i.aaufficint. lttca-.se t~ obtain 
rusoa.able pcrior .. ace. tae operati•& tt11pRrature 
mould lie no -r• tl\an about 0.7 Tc (1ee 1ecti- 4); 
tnu• foe rooa teeperat..are applicatiODs. • Tc attcwe 
about •uu k. vould be requi.rff. We 4i.scuss aert vtt.a.t 1.s 
1taown about tbe eectl.m.U• of supercoa41uctora aad. vb.At 

lia1t1 cae traasitioa teaperacure tc ... 

lt took .,re taan •u ~ara fro-. Uae discovery ot 
svptrconduct1w1ty to un4ecst•d. 1t at .a aicroacop1c 
level. lt btc•mr cle~r cr•Ju.al ly that the 
avpeccORJuct1.nc state 1a • d1st1act ptt.ase in tlMI trve 
tnermdya.-ic an•• (as sol ids,, l i•uids a.net 1•••• a.re 
distinct p11aaes). aod tDat tilt coa&.ctiaa electrons 
that carry the electric.al current in a n~r .. t .etal 
condense into a more order~d at.at• ill tile 
superconductor. ?be a~ility of tbe coaductiOCL 
electroas to ..,.. throu&n a:e crystal lattice v1tnout 
dlsaipation is a reflectioa ..Jf tbeLr ordered ata.tc ... 

me effect of temper-atvre is alvap to cause 
disorder, a.ad wea the tfteraaL fluctut1oas arc larae 
eaou&ft, there 1• a pnue traaaic.1oa fro-. the more 
orclcred state. e ., ... a aol id, to a less ordered oae. 
e.a. a 11,uid. Toe 1troa1cr tnc boadLDI 1a tac ordered 
state. tbe bi&fter tbe temperature of the craasicion. 
Thus otr-&ly b-ded aolids, 1ucn as dia_,, -lt at 
aacb hiper tcaperaturcs r.nan vu.kly b-.ded aaterials. 
sucb u ice.. Ia tbc case of a coDYnt1.oaa.l 
supercoaductor 1 tbe "aluc" uaat kee,. tl'le c••ct1oa 
electrOD• tosecncr in the sufcrcoaduct1n& state is an 
interaction between those clectroos and the •ibrat1oos 
of tne ato• in tbe cryatal. Tbis Ls tbe 
electr--pooa- interaction of Ule llardecn-Cooper-
Scnr ieffer (&enerallJ allbr...,iated to aQi) tneory 
of 19S7, acul ia tl'le •- i.:1teractioa that is 
responsible foe tnc resiati•itJ of a •tal at ••int 
te•peracuru; ts.ence: the correlation (se• section 2) 
Dctvecn ni&b. r-eai•tiv1ty at room teapecatvre and a n1sn 
1uperconduccia1 traasitioa :emp1:ratv:e. One of the 
vital pieces of direct nidmce tnat pointed to the 
involv.-nt of atoaic vibracioaa in coo••tiooal 
lupercoaduCtlYitJ VAi the i&otope effect: ln &encr.al • 
different iaotope• do nave •l-•t ideatical cneaical 
And pny1Lcal properties~ noweYer, it vas discovered 
~O year• .aco cnac the 1uperconduct1n1 transition 
teaperaturas ~depend on isotopic ... , N 100• For • 
alven •lemeat, 1epaTatcd Llotopes nave Tc• tnat seal e 
al -r"ion• 

Trte electronic 1truccure of nor•l .. cal• i1 nov 
understood in srcat oetail. u i• tne ftature of tn·'! 
lattice vibration•. and also enc ~aais of tne 
elcctron-pn,onon inccract~.oa. Thu, in pr1nc1pLe, and 
to a lar1• dear•• in practice, the 1upercoaductin1 Tc 
can ttc cal'=ulatcd for aa cleaent or a ca.pound vie"' a 
faic de&r•e of acc~racy. Convcr1ely, the que1tion can 
be posed, and answered, of Vhat ia the .. ai-..a 
attainable Tc vitn the •CS clectron-p1tonon 
••chanU•i the an1ver ••- to be not 8UCll above 
lO l. Tn111 tne di1covery by aadnora and llliller of 
1uperconduccivity at .U l io (La-Sr)Clllli. raiaed the 
qucation i ... diatelJ of wncctaer the aa .... cnan11• vaa 
at vork •• in con•cntional 1uperconcluctor1; the 
[r.ana&tion c .. perature of 'fl It in Y•azCuJ07 aav• 
even 1rcatcl' 1ci. .. lu1 to c.nc 1carcn tor otncr 
••ch an i.s•. tlowcv•r, the • tructure of c.nc1c 0:1ndc1 
(f,111r• J) 1u&&c1t• that the conduction electron• •re 
cmtccntrated around c.nc Cu-U bonds. 10 that tn•r• a1ant 
be an exceptionally lars- electron-pnonon coupl1n1 
•nvolvin& the "ibration• of the 0 ato• (at any 11ven 



t'lt9pcr•t-.are. the- 1 Llflter the ar.oia tnc Lare.er th• 
-pht .. de of v1brAtion~ 1n botll ( r..-:;r>c~,. Md 
Yaaz0:11JQ}. tile u at- Ate f-• times llptcr 
tftaa the ae11.t auviest ato.a). Taus. a more ~ire<:t 
teat of tne relnaace of tae electroa-pnODOll •CD•u• 
v.aa pcowi••• by a se•rcn for tb.c isoto~ effect aa ~• 
ncv .. terL.ala. lt turaa out Ulat lllbca llSg ie 
0111utit11tc4 for U•o 1n (r..-sr>euor.. Tc u 
lowcrttel. but three or four r.iae• lass tn.an "'Gul• be 
pnd1ctcd by tha i.c:; tnaory. 111 Taa,Cu)07, tile 
affect is propxtiODAtaly avca •-llar. Tna pras•t 
s1t..aat1.oa taerefoce ia ta.at aost pb,.ici.-cs beliwe 
tn..at some M:ch•1•• otaer cnaa tne aCS intaraccioa aaa 
to naive tb• pra. .. rupoa,sd>illty for a .. perc.oa .. ctiwity 
in tbe nev .. ceriala 1 peraaps OG! iawolwia1 
electron .... lectroa i.ntcractiOAS of tile lliacl tDat LA ._,. 
.. cal oalclca are r .. poosible for produciaa .. anetic 
order11'1• Cert.ainly 1 tbe clle•utry of tile aev 
.. tera.als is i.porcaac. and a a~er of •Yc&eatioas 
n.awe beea •cl• aa to wny it is tb.at CC?P•r oxi.&ea ar _ 
r.ne cr...cia L component. 

tne sc.arch fo~ :..~~:tala va.tn ,et n1paer Tc• naa 
beeA 101.a~ oa for a year oc 10; sc.e of it totallf 
__,ir1cal 1 ancl at the lowest Leve&. cons1.stia1 of no 
lllOl"lf tnan pr•?MtAI r: • .!reds of mixtures oi •tal 
oxu&cs. Oc.ner vor• i• -.,ettcr tocuse4, lookLD& pcrllapa 
for oaules YRtr• t"• .;,,,.., ,ea ew1roa..at of the copper 
n•s 10• parti~ular c0Afi1urat.10A, or follOWLA& aome 
ocner Line of re.t:>nio1. 

ti.bat aoouc the reports of niper trauitioa 
teape:ratures? they are too auaerous and too vell 
doC\18tAted to be si•ply da.sai.ssed. iioweYer. all the 
reports sr . .artt aneral features: Tbe trans1.t1oa tnat LI 
observed refer• almost always to a sudden drop i.a 
res is taoce, Du t Decause the Masur in.a currents are 
.... 11 Cotl\atvi.oa tna pnao-. duappcarl, enc 
resistivity co11ld still Ila q11ita l•<&*· llo lat>oratory 
nas reported oba•rvatioa. of a true ltta.a .. er effect 
{sec 6 .. 2), wnicn is tne acid test of S\lpercaa .. cti•1ty, 
at any taaperature aDCW'a about 9S ~- Tne effects teAcl 
to be transient, lastina o~ly for a tev boura or cUys, 
and are d~ff1cult to reproduce ev-.a virnia a Datch of 
sa.pln. lo aeaeral, th• ... ples that anow tncse 
affects are of ratller poG• q11Ahty, parDApa duut111& 
from tne intended coe~sition or cont.ii.Dina conta.•1aant 
pnases. Tnus, there is no evidence so far of tC'ue, 
bulk. supcrcoaductivity at any nia:ner t .. peraturc th•n 
about 'S l.. Pern.apa Vllat nu be• obaerwcca 11 
.associated vitn &rai11 Doundarlea or vit.h otner pnues, 
vith a transition in en.at .. cerial from a resistive 
state to one of -...en lover resisti.wity. Out vn.1cn is 
not ne~e11ar1ly 1upcrconductio1. 

kca\l&e ve do Mt yet hwc any a1croscopi.c cneory 
~f 1upe:rconcluct1vity in enc ncv .. ccra..al1 that ia 
tot.ally convi.ncina. there are ao clear •ianpo•t• of tnc 
•v~nuea tnat should be explored.. • can be al.oat aura 
tnAt in 1~16 aadnor& and lliillar d1d indeed discover AR 
e~ple of • ncv -cnan1a• of auperct>nductivaty; 
v1tnin a .. teer of veek1 only, and v1r.nout any 
1utt1cant1al clues to the •cftani.•• involved, Tc nad 
becl\ raised to jl K. lt vouod indeed I>• unkind of 
:C.:ture. but not L•polSible, i.f tbia verc to be the 
nilh••t tran1iti.on teaperaturc that v1l 1 ever be .. 

Of co11rH, vc callnot pracl11dc the poaa•l>ility th•t 
yet another nev cla11 of auperconcklctor• vil 1 be 
d11covcrcc1 vicn eV"en nip.er le•~ but uAlcaa tn&t 
ftappena. al110st al~ tl\e scientific effort vill b• 
devoted tovard under1tand1n1 the .ateri•l• we now have, 
and to tne slow, unalaeorout, proce•• of learnin1 now 
to tlake tb•• into uae ful conductor• and deva.ccs .. 

I. Concl11uona 

Tile n"" 01ide aupcrcon.t..ctora Y•alCuJ07 and 
( r..-:>rlC..04 do represent a M jor leap forvar<I for tne 
science of a1.1,.rconclvctiv1ty. 1t i1 one cnat i• not 
vall ul\deratood •1croacop1cally, and that lacK of 

. -
..a.llerataa41•c. pcrb.ape lnAiDU• •a• ..,..,elo.,..cat ot 
aupercoa.,ctocs v1.tn tr.aaalt1oa ... ,.rat.are• 
up1hcaatly AltDYc ~u It. 

tltc scope for •ppl icat1oos ot tae ae1ly t& 1.acovcrN 
.. tcr1als a.a coaatraa.acd -1 tae 4~lticulti_. of --.aa~ 
thee i.• suitalll• for•.. Ccrta1aly, tbe car11csc. 
appllcariOA• vill be to relatively ai...,lc dcw,cca r.nar. 
de aot •ec.I to carry larp currctt.•. VD-.1tbct c.ne oa14t!' 
&tapcrcaaduct•• vill *"•r llte uae• to replace 
coaw .. c.a.ooal cOA .. ccora or 1upercoa .. ctora 1a clect.rlc~ 
•CDiaa. -pee.a •d 10 ex:.. is a qunt.1.on u.at av.aa.r.1 
tne aohatioa of .. ior pr41>l.- i.a -terials trcper•ti.oa 

a1.blio1raF'\_J 

nae backpoua• to aupercocukacti•ity ••• ele.ea.tary 
acc..ata of coawcnt1onal supercoa•ctocs ue 11.wn a.a 
tne staallll&rd 1.ntroductory tw•t-oolL• oca aol1.d &tatc 
pnysica. foe •--pl•. aay ot tne receat ed.1t1oas of; 

C. Kittel latrodYct a.on to Sol id ::#cat• Pbg ics. 
Jonn Wiley; lav Tock. 

fll:tre detail~ di•alSSLDDS are proita.ded a.a a QumDer 
..,( ~ra4l11ate-lewel teats, a.aclu•i~; 

D.I. Tilley 
io J. Tilley 

latroducti.09 to .:&Jcrcoaft~t••ity 1 
lk:Gr .. .rM1ll; lav Tock (1Y7S). 

Supcrfluid1.ty and Supercoaduct1•ity, 
Adaa Mil&cr•, •tiatol (19•r.J. 

A Di&tllJ rudaltle aa.d coacise aur•ey of 
supercoaduct1•.!'ty i11 relatioa to tA« aev .. ter1.ala is: 

P. c..,i.ell A au,.rcoadu5ti•i.ty erl8tr. ~. llc, 
~ 1-llt Cl'.117) • 

T•c •r1t1s11 Journal Nat11re and cna u:; io11rnal 
::iciaoce nne t>oca foll-~10...-u clou1y, and 
because they are publiabad vee..ly 1 tll•Y prowide 
up-t~-~J:e ~nd uafor•d news in r.neir eclitocial ~~ca. 
They publisn al•o •~ reports of r•••t~rt conferences • 
.and a nu•er of tecnnical papen of -~ 1t•etal 
intel'at. 

llore than a tnouaand acs.eatifa.c paper• have 
•lrcady Ellen puDl isoed on tnc acv aupcrcoa.,ctora. tn 
1ournal• ay~ aa Pp1s1cal le•r.av Letters, ~DrsicaL 
Alll~J. ~asa J-.nal of l'h1aica, Zc•tscnnft fiir 
FUUk, Jovr114I de ht1HY', Jovt!!fl o!_~lllf~l~.!.S.._! _ _I' • 
~tate _c=o-m1cat1ons. 

a.cent confercace proc•cd1np that c0Ata1n lar1e 
nullbers of relevant paper• include:. 

~.!.!!.&• of tha 11th lllternatL-&l CC111faranca 
~~Lav T••eerature Phya1c•. publi•h•d a1 a 
011pple-nt to Jar.neaa JovrMI of Appl ud 

.IPJUil.. 26 ( 1917 • 

Jk't•l SyMrconfycttr•, ed. S.A. lilo& f • 
lr.Z. lreain. P11111- Praao: llev Tork, 1~87. 

U far •• appla.caca.ona are concerned, a number of 
report• nave b••n vri.cten I.A recent aontn•, pr1 .. r1ly 
dir•cted at power en11neerin1 a1pect•. latura&ly, as 
tne •vailablc .. ccrial1 i•prove. or cli.fhcultie• 
... rae, their concluai.on1 va.ll need to De reconsidered. 

F. Sch•uer, 
F.I'. Jiinpt, 
P. loMta 
al\d W. llAur er 

C. Ylr~ 

Ali•••• .. nt of roc1nt1at Advant•••• of 
~c-Supercoll.t..ctora for T1cnl\1cal 
f!eol1cttion of S..Mrconducti•"ty. 
larnf"clrecn..,&a Kar lariille Cw. Cer•ny) 
lapott llo. lfl 4)08 (Scpto•er lYl7). 

~.! ... !loYYHy11 Sypucondycceyu.tl. l•ura 
1~cu JfCl!!!oloua~.J'8QllHllU 
potent~eh. O&Q) &eport llo. 
osn/sn/17.JU, taru (llcpt•••• 1Y:'71 
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typical superconductors 

!c 
IC 

o.u12 l x iu-4 

11.18 ).J x 1u-J 
1.111 l.U a. 11.1-2 

1.72 ).l " iu-2 

4.1 ~ 4.1 ' iu-2 
7 .2 11.U x 1u-1 

'1.2 2.() x 10-l 

Alloys and Lnter•t•l l ic com2ounds 

x~-r, 9 14 
'.Qi3Sn Ill 2:. 
~b3.;e 21 Jll 

lie tal oxides 

aa.(i»b-Di. )1J J tJ ~ 

(~-Sr )Cu04 JS SO? 
·tu2caJOJ 92 IOU? 

tne 111tcd critical field LI ttlc IYJU.,. field, 
for T<<t,, ac vhich 1upcrconduccivicy is suJ:t•i:ied .. 
ln type lI suncrconductors. 1t is the upper critical 
field bci. 

r1,ure l. TR• electrical fCSLltLYi.ty of copper belov 
room to•peracure (lOO l). lloce that n I iqu1d n itroaen 
te•peratures ( 11 l), the ru istivity n .. fallen by a 
fa~cor of abo...c 8.. At the lovcsc te•peraturcs, enc 
residual res is c 1vit y Jira id i1 con crol led by the 
111111 of L•puritics; in co-rcial nip-purity copper 
Lt i.s less tnan the rooa thpcratur• v•lue by a {actor 
of tnically 100. Otner pure •Ula auch H ah,.iniu•, 
zinc, silver, etc. b.tlavc si•ilarly. 

f1o11irc 2. tn1 1uperconc1uccin1 tr•n1iti.on in lead .. 
:6lc1ce that enc difference b1cv1cn a relatively pure 
••·· .plc (a) and an i.•purc one (t>) 11 i.n enc up1tudc of 

_.Pre~id~ _enc. i•puri.t1e1 do not ~oncr1bute an:· 
rc11scivicy in tt\c 1uperconduct1n1 1c1cc, althoua,h they 
.. , atfcct tne cr1n11.t1.on tc•p•raturc. 

F11ur1 l. Tne cry1tal s~rYctur1 of the oxide 
superoonductor Yu2cuJO,. The uter ia l lorn 
oxy1•n prelerentully from the arr-•d 1itu when 
nea ce4 above •bout "00 C. H•t•r ia l that has l••• 
then about 6 .. ~ ato• of oxyacn per tor111Ula un1.c n1-1cr 
tt1co-.1 lllpcrconducc ins. 

Ficur• 4. The OllJI"" atoiclli-try x of 
YaazCuJlla H • f.mctl.., of t-perature~ tne data 
prunted are for 1 atmoapllere oaypa. pr .. aur~. Notice 
tnat at typical • later in& c. .. peratures of aoo· c or 
more. tbe aater ia l i1 ie ita tttrapcaal fora, aa41 ia 
hiplly defLClOlftt in oxyaea. 

Ficure L (al A a .. percon .. ctor (slladed) eacl-• fl"x 
Wen a •cnctic fiel41 11 •ppl&ed. u voultl a perfect 
coaductor-. but also (b) a ater-ial tnat i1 cooled ia a 
u.p.eti.c fa.clc aAd th.ea be:oees 1upercoaductia1. expels 
u .. a, wbich a perfect coaductor -ld not do. TAis 
flux expulsion fro• a auper-coaductor 11 known a• tbc 
M.riaaacr effeo:t, aa.d LI a key :.eat of true 
supe:rconduct1wi.ty .. 

fipre ft.. Type 11 supercoacluctora Sb.ow a more 
coaplic•t•d aetaawiour ia a .. aneti.c fa.eld.. At lov 
fields, tlley ea.:lude fl"•· •• clo en• Type l 
supttrcocacluct«s of fiaur• S. llowewer. above tne lOW"•r
critical field •cl• flWI •tarU to penetrate; CllU. 
aiaed state per1ilts co tbe upper cr-itical field •c2• 
..,ere a .. perc..,ductiYlty ia deatroJed. ln tile 

co.r.rcialJy useful crt•catioaal auperCOGductor•. sucta 
u •1t-Tl ....a ;l>)Sa, •cl la about 1011 ti-• areater 
thaa •ci· 
Fipre 7. Curr-t J fl-••1 tnroup a Ty,.. ll 
aupercoaductor ia ~ .. petic field a.. tbere is a 
lor-ent& force Fon tbe flux linu. and if they mowc, 
eaero is dissipated. 

Fi.pare 8.. Critical cur-rmt densities Jc 1a 
Yu2CuJO, LA differeat for•. AL 4 l, Jc u 
e•tremely hip 1n ain1le crystals •nd thin fil .. , but 
.at 11 l Jc i.n bulk material i• much a.aller-. and 
drops rap~dly with .applied field. The beat •Jtcrials 
reported so far are tnoae fr- llell and Hitachi. For 
t:011parilon 1 tne ,-rfor .. nce of tne CODYentiona.l 
a .. percoaducton •-Ti and Ill JSR at 4 l u shown, and 
also that of ordinary copper coculuctor at rOGa 
teaperature. 

Fipre 9. !la&ne<ic flux i aide a Type II 
supcr-condt.actor carr-y•n& an AC curreric. Flux aotion 
apin lead• to dUaLpatton .. 

fi"'re lU.. S.-:nematic aupcrconduccln& flu• 
tranafor•r. Cnanac1 in 1Le:ld LR cne pri.ury induce a 
persistent current vtucn alter• the field Ln the 
secondary.. The prl .. ry and secondary can be well 
separated, •~ld cneir areas and nullber of turns 
opt ia1&ed to 1u1t tne apeci he appl i.cation .. 

F1cure 11. Superconduct1n1 .. 1net1 are often eq .. ipped 
vLtR super conduct in& 1vLtcnc1. to encr1ize the :upet, 
the 1hort-c ircui t is heated above t ts au per conduct in& 
cr-ansition teaperatura, 10 that curr-cnt frc. enc povcr 
1upply ;>H•H tnrouan tll• -an•t vindill&• When the 
r-auircd current hU been ruched, vbic:h •Y I»"! 
!Oil AisPll or -re, tne abort circ .. it i• allowed to cool 
and bcco• aupcrconduct i.na.. The current then 
circulates throup an entirely •upcrcond111ccin& circuit, 
and trae pover 1upply can be ciacoonectedi furt11ermore 1 

the Copper leada (""tCll Cond .. ct a lot Of heat Into tne 
cryopnl can be physically r-ved, ao •• to cut 
cryoaenic losaea. 

Fipre 12. (a) Tne current•voltap curacterinic ol a 
JURCtLon between cwo paecca of 1upcrconduccor, 
aeparatcd by• thin layer of ln•ul•tina oxide. At aero 
voltap, a eull aupercurrent ca• fl-. (b) When tne 
JURCt ion LS lrr•di.atcd vi th •Lcrovavca 1 step• appc•r ac 
reaular and very preciHly •novn volc•a• inurvala ~V; 
cni1 pt\eno.non u nov used 11 th• b••i• of national 
volt•&• standards. 

F•aure IJ. Principle ol a SC).111'. Tne niobi"• • 1n1 
v.C:h i.t• Junction rc1pond1 an a pcr1.odic f•1n1.on to en• 
upct1c flux coupled to it by ~ne upal coil. Tne 
flux par i.,d •• only 2 .u7 x tu-1 lleben, U41n& cr.c 



device eatre•ly sens1t1\ie.. Che .. petic snield 
protect a the SQU lD fc.,. eatraneoua -snetic 
d 1s turbancel .. 

Fipre 11>. The upi.tudea of pllyai.olo1•cal _,neti.c 
fi.elds. Notice that they are -en •-ll"r thaa typical 
alllb ient fluctuatioas. and cannot be •••n by even the 
most sns itive non-supercoaduct.in& device, ••ucn i.a a 
flux.-cate .. petometer. 
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2. TB DlSa>YaT Of & CUSS Of 
aic;a-nxtDAtaE suna~CIOU 

It. Alu ~11.r •• J. IOeor& Mdax&• 

Tnc eaceptioa•l iateres~ i• cae eev claaa of 
oa1tre au.pcrconductora u• t.be iaport.aace of t•cs• 
•t•r 1al1 are discvm:ae4 toptber vita tile c-c•pt• 
th.at led to tneir 4iacowery .. Tbe 4iacowery itaelf ••4 
1ta early coafir•tioa are a..-ri.&H. uaclu4LD& ta• 
vork UAtil tllo be&i .. i•& of lt•7. Tile allaorwatioa ot 
• su.F•rcOGdv;ct.iwe 1lu• stat• ia percolat.1•• •-•l•• 
is also di1cua1M .. 

llip t:-...u:itioa. t.-peratuce au.percGD. .. cti•itJ ia 
tao lla-L . .-C11 oaiR •JStCa (1) vu <liscowor.,. by 
1o<1aacz aa4 IC'ul tor at u.e lWI Zcica leaoarca 
Lal>orator1 and coofiraod ia ea~ly fall of l''" (2). 
Foe th 11 rcasoca we ver• aak..e4 to r..,iev tile pro ares• 
fo~ tbi1 special iaaue oa -SC.i .. ce ia Larope .. • Since 
tllis 1avitat&.anr cite vork and iaterut. ia me fiel• 
11.,,e bor.i eacopc i-at. Fipro l allCNs tllo prosros• ._ 
of tno 111porc..,4ucti•& tr ... itioa t .. pcraturea <Tel 
fr- tho discovery of tbe pll-oa U. -rcury by 
:I. l. Climes ia 1911 ( Jl -til February 1917. O..c 
notices • m:tre or lna liaear La.cruse ia -Ju.aal 
Tes until cae 7~tll .aa1weraar1 oi ta• discOY•CJ· 
This led to t~• eapoctati- of T,s aear 30 C ill 
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lftO • .....,..er. 1• tile year oft•• •-ivuaacy tllu 
tr- CllM;o4. ay tao ltoC1DD1"& of l'f•7. Tes IUld 
risn to•• It for tllot oric .. al c_,_, •• it• 
u-rpDa (4). &t Uo llo&i•lD& of foltr-ry 19&7, tao 
coafiraod Tc• vero owor 9'I It i• a .. -T-C. 01t1do 
foua4 •J Cllu aad coll..,oratora (SJ ••• aearly, ~•t aot 
aimalta•-lf at Mllcoro anti tllo &ca-., i• 
Mijia& (•). 1-ia& at li&ure l, oae -ticH UIO 

foll-i•&: practi~ally all of tllo Dip-Tc -••riata 
•iac .. ued -til l~ are cultic aaalti- c_,._. ... •d 

tllo aov a1:porcoa•ctora aro la)'Wr-liko coppor o&idoa 
(2. 7), ,..,ca fora• aov clua por ao. tllo 
em:epti-•l i.ater•t is ... to four factor•: 
(i) ttaae o&ido• aro ... , to (altricato, 1" c .. trut to 
tllo II ip ly refractory aiollatc•, a.,.. tll- ca• Ito 
i...,ostiptcd at a•llor lll>oratorioa _.. 
•&••raitiu; (ii) t1M-1r Tc• are vu7 lnp. -• so 
are taeir cr~:ical .. s-etic fiel ... llc2• vita 
••t1aota ia ttao aoisasa-• (I) r•p; (iii) tacy 
repr .. _t a coosi .. c-able cllall .. p to ta .. retici .. s. 
Md wari- -••la 11 ... 0 alroa<ly It- pcopMM; -.i 
(iw) tlloy are of c-•idorablo teca-101ical 
i•portance, because ill a4diti1111 to tae .... 
ai'Plic•ti-• (9) •-ri&ed ia hpro 2, tll•J _, 
all- caoap ••r11 tr ... pon. 

INia& to tll• larp •-or of papora already 
•ultai.ttctl, aur?aa 100. it ia oot poaailtle to r ... iav 
all of tllose offoru. &tao, -•1 of tb• llawo •
Dcea ... 4crtDe. outaiM Eucope.. lata•r. Lt vaa 
tit-pt appcopriatc to •-ri&e tile acaio'l-ta up 
to oarly 1917, iacludlD& tlle •i&Pal coacepc, -ica 
lod to tho discowory aad ""ica vu foll001ed DJ tbe 
early coafir-tiooa i.a Ja,_, CJae UaitM StatH, •4 
Claiaa. 

hacre hu ttcca a aubscanci.al effort to incrusc 
tne traas1r.100 c .. peratllll"• llJ allo7ia1 LDter•tall1c 
coepouacla in -111 laboratories. HOltever. for more 
tllaD a dozen 1•ar•, all effoc-ta to ••uce Tc OYer 
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cne .? } ... 1 a. r.r-.aca.r-4 1t1 Cw.aler l U>J a&.& Teac.ar4L 
et .al ... ll) 1.n th.us f,1 .. of 11.ear-1.1 stoi.Ctli.ometri.c 
!Cb)G.t fa'-tff. t".a.L• SLtu.at:.oa. u.4 a atu4y of 
rcprinc~taCL•e rr:i.evs (12) le4 v• i.a l.ti.acalLkoa to 
enc COGYi.CtlOft tftat t!\a •ffoct• i.a LatC'l' .. tallLC 
.;oepo\lft-ts •ll~ld: not !tt pura..-4 further. 

!rte fuse svpercoa4uctlft& •talli.c oai4t ••s 
$tfl.Jj. WLCft a f..; at \J.) ~ (LJ). Later StuJL«S lD 

ft L~ uaa-clope4 SrTLO) At lll&iscll L LiLOll La.creased. Ye to 
0.1 l (l:..}. For thu le• t11e carrier coaccatrattoo. 
~s oaly nc • 2 • to20 ca-l. tvo or4ers of 
a.apit1114• lower tn.aa i.a a mat.al. au&ceatL•& aa. 
eatrcaely Laree electroa.-pttoaoa caupl LAC· lltt reuoa 
a larp cou;olin& LS obtunH at tllis •-ll 
concitaccat Lur& LS ~t c:,e plasma edp l 1cs bel.., tile 
~LlftCSt opttcal phOl\oa. vni.cn i.s i.aporc.nt for 
Woper-,..i.r focuci.oa.. Tb.erefoce. tai.s anoaaa '' 
~sn.1.e-ld.rd ... Uroo Lacreasu•c a)ac. c•• plu- cdp 
eow•s aoo-e cne pn:oa.oa u4 sn i.eld.s i.t. aod ta.e 
supcrconducti•tty 4i.sappcara (lS)... llaW'ewcr. i.a l97l, 
na.cA-:~;>eracucc supercoa4uctLYi.ty i.o tbe Ll.-Ti.-0 
tyste• vtth onsets as hip as lJ.7 K vu rcporce:tl by 
;..,..,. .. _ct al. (l6). Their 1-r•y -.tysu rc .. uled 
trle pr•sernof tnrec different crptalloa.rapaic 
pnucs • .-e of tne• vitn a spuaal stnac:ture SftOlllli.a& 
tnc It L&ft •c (l 7). T- :rears luer, 
su;iier~oa..tucc!.vi.cy ict the aiud-valaam co.poua:cl 

lai"~1-a••aO). a per...,ski;e. was discowered bJ 
>lcipt !.£....!.!· (ll). Tnc taipat Tc in ta-acneous 
c..cy,co-deficient ai&efl crystals occurs at ll I., vi.ca a 
c~i>•tati.~ely low coaceu.tr•t1an oi carriers. 
"_ 2 • ic• l <a :.. " to2 l ca-) ( l9l. Tbcrcfore, 
a~cordus., co enc ••rdee~Cooper-Scbrieffcr (aQ;) 
tncory !20). a lar1,. clectron,...on- coupl i.A& was 
present. Tngs one could eapect to find still •i&l'«r 
Tes in otncr .. callic oaidcs if the electroo-paoooa 
intcr•~ttons aad the carr1e: clens:ties, n(Ef), at 
enc Fcr•i level could be furtner ~anaaccd. We vere 
not aware tftat n(~fl •• el\banced bJ aoi.A& fr.,. 
cnrcc- to qu..asi-cvo-4i191:aaioaal lattice•. ovina to enc 
presence ~f a "4nn anomaly •t Er as c•lculated DJ 
thrs1".:n .and ScalapLno lut year (21) .. 

Sen.rt.& elcctroa.-pboaoa l.ftteract1aas can occur m 
oa1ct.s. ov1.n1 to polaroa for .. cioa a~ vcll as 
•iacd-valeuce states.. This caa 10 bcyor-4 tile standard 
•CS tncory.. A pnase d1a1raa vith a aupcrcondu.ctin& co 
bipoiaronic insul•tor transition vas proposc4 ca~ly by 
C~akraverty (22) an~ h•• since been modified (2)).. A 
.. c11an1sa for polaroa fOC"Mtion is tne J.rtn-T•ller 
(.trl effect a1 studied by tiiick. ct al .. in • linear 
cnain .oJ.el (l•d .. fro• ~c. one CJLplct• ae.,,y polaroa 
••tses if enc JT :1t.ab1li.zatioa meru bee~• 
co.parable to tftc band-1idcn of tne Haencrate 
orbitals.. Isolated fc 4•, lli.l•, and Cul• i.n aa 
oct.ancdral oxyaen cn•ironacnc snov strona JT effects 
oec.ause their incoapletcly occupied •a oriti.tals, 
transfor•in1 u lz2-r2 ..,4 x2-v2 , point 
t""a;ds the ne;puvely charf•d oa11n liaand• l2 Sl 
(fi1ure ll. Altlaoup SrFe4 O! i• a danoned 
?•rovsiti.te 1nsulatol'. t.alhO) i.• a JT 111uhat0Ttcd 
-•al '" ""'"n the ~u~sfer aaer1J b., ot tlle "& 
•l•~trons of :tac Iii • i• larp en-111 to quencn ttae 
Jt dutoru..., (lol. On the otller nand, i..c..01 u a 
•t•l con ta 1.nin1 only th• nor Jr eu1•. here fore. 
u. vas dec14cd to 1.nvcatiptc and "cn11.neer" nickel 
•nd copper•concaini.na oaiclc•, vicn reduced 
bandv1.dtn _,,,,,,, p.arcially conca1.nin, ,.,1· acad cu2• 
sc.atet .. f.,rcnermore, in a·u.-:nlu1on. cncrc v.a• a 
crad1t1on of t&Ot« en.an tvo c&.caclas of rescarcn in 
insulat 1n1 OJUdcs that undcrao 1tructural and 
~crrocLectrLc trana1.tion•, vn1.ch wa• a •tron1 
..,, ,v•cLon co purtu• cne proara• .. (2 7) .. 

fl\t Jucov•r·1 ot tuperconduct1.vit:y in •a-i...-c.,, oxidc 

~ 

ln our l.abarar:ory. enc 1carcn lor 
tupcrconductiv&ty vat &nit1.aced lft •id-1.-..r ol 
1·1d). Our eftort futt conc•ntuted on 

• 

_J_ 
• J 

•iJ•-coatALft1.a1 perow.akite•, auca .. aa.se4 cr19cal• 
of L .. iO) Hd LaAlO). la tiaese uapulH ial&n 
cfforu. tile •Callie lllieDPiour of c.ae •ari.oU8 
•yatllesizctd ....,.le or triple oai.Ms vas •a•urd, au 
et lov t-per•tures lllCJ ellbib&ted localuati• ·
cooli•&· Tai.a i.a4icatc4 uac po•a;.i.lc cai.a~ce of n
polar01as. llowtYtt, viDLout a•J aip.• of 
SYperc•.,ct1•it1 <2•>. Iia late ....... r of lt•>. tlle 
effo<"ts ... re sl&ifted ,;o copr.r-eontsinia1 c...,oua•. 
suca u LaCu.OJ.. Mc.a•• C• • II.as cvo electr-. i.• 
, .... , ........ u ..... l•t~r i.a ••lf-hlle4. na .... 
its 1roua• ataca ia 11.ot •mu!ca. It vu clear 
tn,t aa oxide vita mxe4 c. •Jc. • or 
Cu • 1cu4• walnce Ila.I to •• tr ud. 

At tiais stsp, .,. bee- avare of a paper bJ 
lhcllel. E:r-lakllo. and lawuu (29) - tile aiaed 
perow•ii:e aai.a,,co:sou.1o. eaactl1 -•i•& ue 
r-aui.r-ats of aiud ••l•CJ· Tiie Frmca. autllocs aa4 
abCIW'll t11at tlaU •iud oxide. a •tal at. roam 
t-rcraturc -· •Oii'«,. C-taaae:d eu2• aa4 euJ•. 
Tnus, ve tried co repr ... cc 1.t. •t tile .... ti .. 
coecusuoualy •ar1ua& CA• cu2•/cuJ• ratio •J 
c••1io1 tlle h coaceocratioo ia 
1&a,.Las-9 Cu,O)(J-yl• and ve l-e4 for 
•"pcrcoa•cti•it7. Ac. SU.clllik•, cbe aa.pla vcrc 
prepared bJ tile coprecipitati- •t•o4 fr.,. aq..-s 
sol111ti.ons of ... -La aad Cu aitrates... Yan addc4 to an 
aqUll'oua soluti.oa of o .. lic acid aa prec&pLtant ()U) • 
an int1 .. tc •••turc of tbe corrt&pcNldlDI oaalate. v~• 
for-4. o.c-...sition oC tnt precipitate and 
solid-it•'• r-ctioa vcre .;..--.,.-1.ad aut. DJ acacias at 
9U0°C for s -u. Tile pr-ct vas sr-d and prased 
into pellets at 4 kllar, tiaea reauted to iOO'C for 
si.l\terina. We perfor•d de -uur-1\ta of tiae 
rautiwu1 p(T) bJ tfte f-r-point •tll04 v•tll c.,..r_t 
dasities ar-4 O.S A/ca2. A t1p1cal set of data 
is repr-ced &D fipare 4. In pneral. a 
1ai1a-t•pcratYrc •Callie lllenawiOUI' vu obsane4, vitn 
an i.acreaae in r .. isci•icy at LOiier ce.,.ratur ... 
then u- furtiaer cool an&, • sllarp _r., in p(t) 
occurred ca•t for "'&"•r cul'r .. ta vaa part1.all7 
•uppres•ed (fipare 4 0 upper curw .. , taft •calel. Tile 
attarp drop vu studied aa a fuact1.• of ... acal &al 
coctditioaa AAd bariu• coateat. The oa•et could Ille 
slu fteo br tnese -an• to J> It (l I. 

At lover Ce•perac1i1ra, uae rauc1..,1t7 ol 10.
sa•ple• ••c•- t11ree OC"der• of •pncu•• ... 11.r en•• 
tftc 1en•,ti.vu.y of the apperatu•. ••1dc11ce for ltula 
auperconduct1.•it7. YnerefOl'a, tne oaact of tne 4rop 
in p(T) vH 11\tcrpreted as poHi•le "•Sh-Tc 
•upercoa4uctawat1 of a percolaun ..., • .,.... Tne Sha ft 
of ,,,. onaet to lover ce.,.ratur•"' vita tt iper pl'olli llll 
c .... rnu al•o •upponed tn •• anterpHtauon, •• vel I 
.. tne coepar uon or tne ... -1.e-c..-o data vun t•os• 
kn- fot' pol1cr1na1 I aM • .,.. 1-aaaaOJ ( •l l. 
X-ray anal 1• 1• reveal•• Cl\at tfta .,., .. coaa 1.etc• o I 
tftfH p11aH•• CuO, tll• aa,.C11s-.U)(c-yl 
Miain•lly vanted, ancl • ll•ir4 P"••• cont•iain1 
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npr ..:•l l• -a) Tbc 6ni "'" <nn .ibo - • ~ ol 
<llnmt Jcn.o.T ( llcp<>nttJ fNra ( /) •.ch ,.._ ~ """' Spriotpr· 
\"c.uc I 

iJ'CriCWs1C.1te l.a7ers ( lJ.. 0..LD& to the pcneace ot tne 
~.atccr. cric po1sLtal1t7 of tvo-di.miRASLOGal 

$11&f)C"C-:\1Q"""'..;CLft& COC"C'Cl.atLOCU. v.as aL•O .nlthlll«"d .. 

tnc vay tne s..,le var• preparff vu of real 
••,>0ru"ce toe 1:1>e 11isc..,,ery. llJ.cael !!_a!· (29) 
o~ta1nH a sinalc-pauc pcrowskitc 1»7 •l•i111 tile 
3••4cl of l.aAtD.anu• Ml4 'oppcr aa4 •.COJ ia aa 
.1i~;tiropc1.atc r•t10 and subsequent eA11calia1 at UIUO•c 
u1 .11.r .. •1 applyin& tn11 an'lcaluaa ccmcht1oa. to our 
s..-~lcs. vh1ch wccc obtained •1 the iileco.poslt10t1 of 
tftc corrcspoad1111 oaaLatcs. ao "5percoaduct1•1t7 va• 
fo...,.4. Tn..s. prep&rat•OCl fc- tlle oulau1 and 
.lft•Ha. >n& hlow '1~°C for a i../C" rat LO of L vere 
:oic.:cs1•r1 to ottt•in a layer-like, pcrcwsa1tc-rclatccl 
?f\UC vitft a l1•itcd t .. pcratvrc f.;..1.IC of ltallll1t7 .. 
acc.a:.11• one of enc tbrcc pb••••, c.ao, 11 •• insulator, 
on~y trti• li~1F.e pl\uc rc-LAc.t •• • poe1i.alc 
c•Rlhd.atc f~r t1.1pcrcoaduct1•1t7, •-lJ, tac 

:.a,c..o. •-l• o .. <1e. A <let••••• ,....s.r 1-••i 
analy111 (09itt1ncd vita 1""'ccpci•11ity .. a1ur ... nt1, 
duc .. ued ltelov. 111\-4 tl\at tllC pnaae llec-i.aa 
svpercon~cc 1n1 •-1a1 i•M•4 t"• l•pr-1111.c oaitle 
LA:C""~· Ac r.tus point, 1.c •owl• :tc .... cioac• 
tn•t ft1crtic1 an4 a.•••u ,., iaw .. caaaccd t~c 1tru<tural 
.1ncl •lccicrical propertic1 of"''' pnuc •own i.n 
ti.sure S, and •~riacd cacir hn41np in cac1r ltk 
......... Clll. r~ .... Uki•& illto acc-t tac ... , ........ 
1carc11 for '"',ercOA.,.ct 1• 1c1 '" Ii.Men l ik•, "' a.1 pta••• 
Wltl\ H• L.4/Cu rat.o of 2 vovl4 • .,,.., vitllout me 
1 .. c«1 pr•1Nr•tioa COCldLtioa• •• .,,. ~ .... fo""d sooner 
or later.. Of nietor1cal iacercat 11 c•• fir1c 
Jynth•••• of i.aSrC~ '" ltJJ, • c••• i• ""'en enc 
co~pcr u folly cn,,aleat C JJ). ""•ua1 a aiud 
C11•• !c.,l• ••le•c• •t•t• 11 cr...cl•l for cite 
occurrence cf 1.,percott•cc 1wity. 

• 
To corroltorace CM ca11tcnce of 

1Yi?'frcon4"cc'""'' Cite .... cepc1.1t1l1Cy ., ··-i..a-Cu-0 
1 .. ple1 v1Cft var\OVI c .. po11~·on1 an• P"•,•r•ClOft 
t\\ttor1e1 VAi .... ,are•. le VAi e•r.·cce• , ... , ••low 
Tc. ''"''" co..pled lty Jo1•~10ft JuftCC1on1 or Cfte 
prouauy •fleet •>pt 1••ld •••.wpeuc ""••Id••& 

,. 

c111rrea;1 ••• u1ua ca .. • • cb•ae fr-
fa111l 1-para .. pctic to da..a .. pcr:1.c 1..acept1.1n11c7.. Tac 
~•awrl..eacs c~rr1cd ouc aa late 1.....-rr anti t.all ..>f 
l.,lo "'" UIM•• llear ""t tau property •• a •yac ... uc 
vay ( 2), u •"- ia fi.,.r .. • •4 1. hpr• 6 .. _, 
capcr1 ... t1 "'"' .... , •• coata1D1PI .,, l ,.,. CCllt 

bar1ua 1ull1titutc• for l•t••um.. Tnc r .. 1st1•1ty 
clllib1t• • clear cr ... 1tioa co locaLi.cat1.oa teen. 
cooled, vncreaa it• 1..acepti•1!it7 11 acarl7 
c. .. pcrat\ll"c ua4epea4mr:. -tall1.c, •• Pa11L1-Llkc, 
except for • Curic""llei•• ewb•ce••t 1tart1a1 at 
2U I.. S.ca, ~.a .. 1.o.ar ••• ••• c.cr•• a .. ,.,.., 1L•11" 
llJ ,.. .. u. (:S.), lice• ... • for -•11 corrcl.ated 
partu;l ........... , local .... c.• (can u, -•IUJ 
r•cu•l tae Fera&-Oir.c otac.ni.ca a till •01'1. ln 
ha.arc 7. r:ac ra11t1•1.CJ •• •ueccpr:11H11.ta.•• of 
•-l•• lallellcd 2 .... J are•"-· For •-I• 2, '"• 
on••C i• ra11ClYlCJ .,., OCCllll'• ••• ,. 2• "· .... for 
•t lS ll (hpr• 1, vp .. r part). For • ..,1. 2, • 
croH.,tt fro• Peuli para .. pec.c to • dia .. pauc 
1 ... c•pc•,ilitJ •t 20 l •• .... oa cooli•a, etld for tlle 
latter n l2 II C h&vre 7. lover part). 0Wi111 to enc 
allaeace of dia•p•ti•• for uaph 1 {hprc •> """ 
"° 4ro, ia ru11ci•itJ .., tM ea11c .. ce of .1.-.... u ••••• ..,1 .. 2 .... J vHll COILJO•nt 
ia,rea••• of ,,.. onaet •• '(Tl ••• a ••••p•t•c 
cr•••cw•~. •w~tjc~c.e fo~ •i&ft-Tc 1YpcrCOQ.,,ct1.•1c1 
va• ,... .... ,. Tiie ., ... .,..,,, ... ••ur•• va1 racner 
'""· of tnc order of l per ceac, relat1•• co • 
-L/4r.. full-tlil"11Hcr etfecc. M •11cua••• tn••. "'• 
1 .. 11 t11a .. aneci1• reflecc1 c•c ,.rcolac1ve cftara<cer 
of tfte early •-pl... LU ... ,~eaUOll ltJ eater11al 
.. p•t•C f••l•• alao Led to • oev •a,.cc •• 
•up•~coa.,ctOl'I~ cne ea11ceftce of a 1u,.rconducc1na 
&l•H uaco. 



F;g. l. T<"'!'"T._ 
.aq.n..kn.-c .,,( ...-.. . 
...--(•)..i-
cq...i...... l (•I vi 
--rk, ..... , ........ 
-1~'-
1.?J ..... ...-. 
·~ E.loao.. "' 
l'hno.pocl 

! 
s: 

··1- -- --- ---, 
I 

~ I 
I 

••I: I -%.-! ... . 
.. ··I 
~ .--······ . i ............. . '...,._ 

i 
•• • 
~-, __________ , 

I I I I -. - .. .. .... 
001 .---------·---------, 00015 

oooe -

COOi -
i 
v 

~ 
... 

o.ooc -

... .. 
->-z_ • 

.. 

. -
~ 

i 

i· .. 
·' c .. . 

. . 
-z...+ - 0.001 

i 
v 
c 
... 

- o.ooos 

g_..__.., • ....,,..,..~~·-~·----·~.._• ...... _._, _ _., __ ~ 

':'o .. 
e 
!! 

~ 
~ -os
;:: 
• u .. 
:I 

Cll .. .. .. 
~ 

-1.0 • 

0 

• 

. 

.. 

I I 

70 40 60 
r 110 

fig. 7. (~· rcmi""tHutt ''°""''II\ ""'I "'"CJ"thlhn· of (I~. lb)·C..u 0 
umf'ks l anJ l Am>"' "''"fKJfC rlt< nn-:.r1 nf rhc' rc.11'"''''~· Jr•>r and rlw 
pNam.1ptrrk" ro dum~'"''"' 1r.lf1\1f11W1. r<'f'C'<11,-d,- (lt<rr1mc1I (r1wn (11 
•·1rh f'tmu""'"· ,·ost\·ritthr l"J1111.n' •k Mn·' .. l'tt J 

For -r• ta• a .. ca•. tlla •i&a•t 
a111prttc••ctia& ttr-.mit.i- c .. peaatw• u• r-a..• 
coaataat. herdore, a;o oapecto• tllat c .. fi...-tioa 
•• accapt•c• of Die &;;meal iJr. .. ouc°"UJ c .. 10 tae 
•• .. a u 2 r. l i .:are.. la fact • .... ._ ... , tYmC:s 
occ«r•~ wary r&pi.4111. We .__. 90t taG11•t •f U• 
vipr- sr•,. .. 0 .... i.av•ti.pt•• t•• oai.• 
••...-c-wctw a~,.ai.1-aO:I• .. ca u ta• -• of 
Taaaa ia T•JO, a.., i• ._t .. , - ... uou at .. T~T. 
111•• sr•,. -r• r-c••& tlloir offoru .. ""'· 
T•U __ , Bae I.Mir ••rerr.ue ia ••&M 

••per~ctivity ••• ~ui,...t ~• eti.ll i.a place 
Ne ratae-r itlle. 'Dae ... oai .. cel'aaic vu u eur to 
prRpmre •• tac eAE" lier -a ..... ~ca ... 

n.. fi.rac sr•P co coahra tao •">ac..ce ol 
••ca-Tc au,.rcoa•cuw1ty •• tllo lla-La-C.-0 •:rate• 
vu at Tolt70 U.ivereity. Iatan ta• arp• .... •!'.lier 
our fiao .. p vere Cho or •urepcoaclllle, • taeJ 
Mei•• co try to repr .... ce -r r•ulu afr.er die 
appo•r-ce of our ti.rat .... r ll). n..,. .... ..,,., 
oi.-pati•• i.a taei.r •-.l• OS), propard llJ 
f'UCtia& tac O&i•s Vl.tll 8 La/C• ratUI Of 2. 'DM 
aaaeta ia 1lT> aod •i ...... tic cr .. aow.ra w.re 1a c.ae 
sama teaperature r-.ae u ia OUC' ... plea. Also. taeir 
i.••,.....,.t acrcture ... 1,.;.. asr•H vita ovr 1-r•J 
SCVOJ (l'). 

la fall of 1916, - coo•ct-4 a• 1-r•J •tv4J a• a 
f-.:tioo of llari- coot..::t at lUO I. _. f- caac tae 
i.2CuQi. .-r-c •• ortaor-ic~o-cctra_.1 
structural p1>uc tr .. ai.cioa (SPr) for •ipier llari
cooc..,trauooa. le covlO k caat tau 
ortaorMlolbi.r-~o~•tra-l srr •• relate• to t•• 
•is•-Tc •.uporc-cciwi.c1 kca,..o i.t occur• aoar tao 
ltariua coocaatratiaa mere tile llipat ooaeca arc 
c*serYM. taia Yi.av U aa,,..ted because, &a oopia& 
ovr 1.azCu04 also Vlta $cl+ aa<I eal+, - f-
tDe •- rolatioo llec-oa Tc ••• :>rr o• 
alkal iae-earca evllaticutioa (J 7). lae 
Sr2•-coataiDia& •-la yiol .. O tao elaarpeat OOHtS 
of auporcoo•cti•i.tJ •<I l•&•t oi.aaapeti.s• (ll). 
O..r r•ulu oo alkali.ao-ean• Jopi•& proort>d tao 
olectrooic «isl& of tao •Dporcoa•cci•• --c-t, 
because ca. 1oaic radius r of ~r2• ia ocarly enc 
•- as tllat of a..l•, vita. r • 1.14 A, for Vftica it 
sn-cauaattlJ aubatituces. Tbe rad1U9 of .. z• 1s 
0.22 A larser ..... tll• ... of ea2• is !).IS A •-ll•r 
"'an r:"ar: of ... J•. Thus, tftesc tvo ioas produce 
lo~•l acraaH. TA• alaal 1ne-earta dop••& cru'•• 
Cu • Lotta, vaicn is caeeat1al for eupcrcoaductivir:y 
to occur. 

Tac Japanese coafir .. tioa "faaoed tfte fire" 1a 
tile lmited State•. aGtft Clau'• aacl NtLoa& '• 1roupe, 
•• vell •• that at .. ucore, not oal1 coafir•d, but 
ftad bJ tll• nd of I.lie JHr aurpuaecl tll• IU.c11l &lion 
result• in r:vo va1•· Ac AT6T, tA•J acarr:e:d directly 
Vltll srZ+ •vll•ti.,uti ... for lantftanua (lf). Tnei.r 
••pert iae in oaulC ceraaica •ll lC111cd A!•T to Oltta 1n 
allar,.r OAHU, vi.ell full aupercoe<luceiwi.CJ ruclle<I a 
few O.srec• lldov ooHt, and uf to lO per ccat 
Mei1ancr effect at low teaperacuru, thu: prwina the 
presence of tnree-dilNll• ianal au per conductivity. 
raraecon et al .. at kllcor• acnievc.a a tranau1on 
v1dtll ol °"IJ 2 It vi'" Tc Y«rJ n•ar 40 It (4U). At 
Mouacon, firac enc a"U.cnl 1kon reeult• (41) vcre 
conhr•d, and rftcn reai1civ1r:y .. aaur-nt• under 
hydroacauc prcu .. re revealed onHU up to )2 I. (42). 

Tnerefore, Cllu !.!....!!· foraav still lli&ll•r Tc• for 
tne future (42), 1111\i.cn th•J dld 1nde ... find (), 6). 
At tile Acede., ot Sci.enca ill Cnina, a Iona craai.Cioa 
of rucarch in oaide cer••l.c1 eaiat1.. Tne acicnt1ac1 
there al10 op"'.i•it.cd the bariu.-ar.ronciu• rcplaC••llt 
of lantnanu• and llad reacfted a Tc of 41 It by the md 
of 1'86 (4). 



ta-... after o.ar firat r•••lt• i>ec ... ,...lie, 
Ul4epe•••t ru•lt• ver• oltt.aLaM at waE"S.OU t" .. &arca 
L89Clt•tel all .. K tb.e VM"l4. tlllbidl I.II &•eral acree 
wi.U1 -• aaotller •• ,.r..-ata~ ly. llM IL...,. str.Ct•r• 
of u;ze..o,. all-4 l!tat1:aei.s• l4.t) to perfor• 
eltctr21ic atrwct•r• cale11lati.oes for tts.• cetr•aoeal 
uze.,~.,laccice- A aalf-iille• C.(J4)~(Zp? llom• 
of J•.s·-,z. tvo-clL .. Aaioo.al caaracter vita aea.rl1 
11••<e l'er•i o..rfacH vas f....,.. H eapecc_. l2l). 
Dais electrm1.1c structwre is of aelp La W14ler1taa4i•& 
t~e occcrniee of superc-.•ct1vitJ ia tae •tuial .. 

Ta« early .... 1 .. vita taeir percolative aat.•re 
.... •-ll ••--•i.s• ",..liuci,.ely res-1• me 
ioeanio•r ia c•e laysr ._,..,.. .. TaS.1 aa4 •S.1-
11...-.-.. er, 1.11 tne lat.ter c•fOUDll. ue Tc and t.le 
-111•<ic fielols suppress io1 Cb• •i-p .. cis• are 
oubstaatially lover (44). Dais v~ actrallot_. co 
Josepbsoo or prou•ity juacciooo ll..-i.•1 D<'~•l- ,,,. 
ea,1teace of fruacratioa vaa poi.at•• Ollt dleoceticallJ 
for suea a oicua•i- (4S). A larp cluacer caa 
sup- c -y ••percurreat-carryia1 sc.ta of aearly 
,.., ..... 1 eacr17. lt ltu lite .. aai• ttaar •c1ae preeace oi 
a o&erarcay of 1-ps ia cnacial ia 4efiaia1 iu 
lleanio•r •• aip -pe<ic fietu• (46, p.1S42). 
leceacly. :iicrou• - coHaboracors pra•ce4 
calculati-• of di.,..petic rapoaae of c-ple4 
ouiJCrcoo4ucciD1 clusters ia me preseoce of aip 
.. paecic fields l47). la taeir .o4el, ••per.-.. ctia1 
arains, ••c:b ... 11 coap•retl ,., tn• Loallloa pmetrat&aG 
depth, are veakly couple• ••to cloa•• 1-pe- Tne 
picture tAaJ a:-rived at. ia acr•-lt vi ca earl Lcr 
calcularioa• by ••-•hes aa4 otaeu (47). 
corresponds to a spin &lass, bereafter call•• a 
supercocduct i•'I' al••• • ta ta. 

So.e essential futures of ta• 1La1a state arc 
( i) tile di fferenca in fiel•-cooled aad 
zero-field-cooled resp0A9es, (ii) cne eaLatnc• of • 
de Al11Cicta-Tnoulea1 libe aeparaciaa .. castaltle fram 
sta~l• re11on1 1 an• (111) noneaponent1al ti .. 
dependence• (41l. Fipan I OllDVS typical sequeaceo OD 

::ne early ceraaics s\lppot'tina atateeent (i). After 
zero-field cool in& the ... ,1. and th.a svitcnina on of 
.a 1J .IJJ-T i Leld 1 tfte suaccpt 1b1l 1.t.) x. u .-as\lred .at 
pou\t A. On neati.na the saaplc, P"int a on cur•• l i.1 
rc•··hcd. On coolin1 1 a aearly t•peraturc-LDcltpendent 
1Y1ccptibility is mira1ur~d. With furtner neatin1 1 

;>O 1n.t • 11 pa scd unt 1. l po int C is reached. ua 
cool in& tr• C, a teaperature-dcpea.clcnt slope ••ller 
than tnac of curve l is followed. On coac-..sued 
neatina, curve 1 ~•co .. • r..-crs1bl• pa1t poiat D. Tac 
.... ,.alu• D is reacfted by field cooli.n1 fro• 35 l. 
ln field coolin1 pHt D. curve 2 is follove4 
reversibly on a ti .. scah of 2 ftours. 

fiparc lo 1how1 that on tft is ti- scale 4 
reversible and an irreversible trajectory of the 
syste• •re present. Point D at tc•pcrature 
'i"' • 2,. • L It .,r.d upetic field II • O.Dl Turks tfte 
er1odic li•it. frOll •Hur-ntl vitft •iffer..,t 
field• H, a quasi-de Al .. i4a-Thoules• line in Ch• 11-T 
plane i1 obcained, corrP-pc>Adiaa vell to a curve 
H • L .11[ 1-l"'( rl)/t(O) jl12 • for t(O) • Zl l 
(fipare 91. tneoretically, de Al•i4a aa4 Tho.ii••• 
(49) d•ri"ed tile line Hparacin1 erp>4ic and 
nOllerp>di• r1t1io11•, frOll tne Sfterrin1coa-1ti~kpacrick 
model vi.en infinitc-r•nae spin interection, ::" b~ 
11 • Ho [ 1-1,c 11> 1t1<o> I', r • 112 ....... t 1 i• .... 
1L••• ce•peratur ... That H(fO) for en• 
superc0111luctin 1lau fits rlle uponenc"'( • L .5 so 
11dl uy be relatc4 to th• iOlllH ran .. of forces 
prcscnc in a supcrcoa4uctor •• coapared to a upetic 
•JIC••· fir;ure 9 is evidence for atace•nt (ii). 
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~ ... tile sa•pltt vaa hel4-c-ln, bu ... u.c 
~..r«• l to l°"' ~-peratur• .,.. taff avi.tctoU.& off tile 

f1el4'. a p.1•iiriwe r ... 11.•t .apetiaati- vu oOaer•M, 
..,_ •~ poU.t o in fi.&•• IA. Tlai.1 r-•t 
•sa•t~:J:atioa rau.lt• fro. t•• flu.a trappiaa ••• vu a 
pcoof o~ s1...p111·coa .. cti•it1 Ua it• ..,. ripe. Oil 

ft«"ati•s tae aeapl• at a rate of U.J l/aia, t.ll• 
u"'eti.a• ,oll- ;ur;re ). Afttt a -t•'c 
Mer••••, tb• .. pet ..,..._, alt) •i•••pe•• arOUDlll 
Y., ta.t LS, vllere tae ircewers1bLlitJ of tac 
'""cepuhhty also 4i.sappeara -' cu....,ea l ••4 2 
•rct at poi.at D. Tlal9 1llovs tD• c-•iat.,.cy of all 
ta• data LA fi&"'°• a, ai.ace •owiit T* r~ersiltilitJ 
eaistt aa4 11.0 flua trappiaa can oc'u'. 

Wbea tne supercaa.•ctor LS 1a a aane11uil i•ri
stat•, as for l. oa cur•• 1 Itel aw 1'9 01 for • oa 
curv• l (hsur• ll, it ia -taatabl•. Tlattefora, i.t 
t•4• to relaa t..,ar4 tll•. atabl• atat•- tit• apt• 
can 4o tft&t tbroup. a h iera:-cay of relaaati.oeal patas 
•i.• pnase ali.p1 ("~41. "9). tile -••ur•• •cay of~ 
at poi.na t - ll of cur~• l -4 Ill of curw• ) aa 
sa01111 1a tfte iaset. TDe loo& ti .. decay 1• a low, 
pro~c1oaal ta 101 t. an.4 arises froe tne fact ~•t 
after a c:ert.ala t~..e: larpr cluac.u·a •Ltn 
1..ap•rconchact , ... ;:lftU• c•ernce bavc fever rcla .. t 1.oa 
;tathl. 

Al\ i•portant aspect 11 teether tllis pbue 
cohcren.cc has to occur ttetvcea uac LazC .0...-,~N 
araias or vitbia tb.,. la tile lfapcri ... t•, 1raia 
1 izes r•actac4 a wol~ Y • W "'.

1
.. Ac.cortl11•1 to 

cal"lier calc"latiooa (47), U.c lov-ficl4 11ait to 
uintai.n c-pl'"t'" fi.•l• eacluaion is ll*ci:'fo/2S, 
.,...,. ... fo i.• cae flua 'lu&nt- an• s 11 tn• 
"-1•neou1 super conduct ins area. Tile p .. obi.a& fill• II 
of lllll G di.d noc (••ell tile val"'" of ... cl> aad tllus 
:S:.10/:nt • o.oJ _.. _.. tlai.s -•aa tllat tile 
•insle-pl\asl ar~7 vere •-lhr tlla tllat of a si.n&l'" 
1rai.n vitn 5 • V l • l" 1-7-. Tlae .. efon, the 
•upcrcoaducti•c &lass 1utc vaa present LD ttae 
LazCuO•-y~•a 1raia1. lloue"#cr, it sbould be noted 
tnat .. .,1 ... prepared diff,.r•tl7 ... .., no t'"n4aac1 to 
carrier localizatioca oa cocli.aa; a sharp oaact of 
superconducci.wi.cy and a -ch Iii.PH dia .. peti•~ bll"" 
Tc arc seen in fi111rc1 1 aad I. There fore, ia caoac 
1 ... pi.cs S is still lar1•r and the 1upcrcoa .. cti•e 
al.ass featuces ar'" conaiderably r'"ducld. 

Cone lus 1.on1 

tftc youna "tree" of layar-oaiM 1u.pcrconcluctor1 
already appears to nave &r°"" a •idc ttrancbo;. enc 
e~istencc of• supcrcoaducci.•c 1la11 atate .. this new 
cl••• of .. terial1 fouad at tne llllt Zuri.cn Raaearcb 
Laboratory ar'" bo•• rather than .. 11ctroa 
saperconducton. Th• find1n1 of th'" hY'"r•d copper 
oa1de 1~perc0Cl.!uctor1 can alre&dJ Dov be for .. a11n to 
proept .. ny invc1tipci.on1 in th• 1ectol'I detailed in 
enc i.ntroduccion. The author• hope co contribute to 
10 .. nf tl\c• and kaep infor-d of tfte ochers. 
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l. sutu.meucnnn 

A tbrut or .a proeis•! 

llot • day ao•• lt7 """'out .. report from ·~•r• 
i• ta• voc-111 cla1.•iA& pt -tn•r •1ar.eac •Pelo~t 
la auperCOll .. cti•1.t7". 11Aile4 .aa tac 1reate1t 
4i1cover1 since electricity, t•• traaaiator, or 
fl-lit f-tball, lli.&a-ce.,.rat•re ••percoo4uccors 
operatiaa llbove ta• t•per•t•• of 11°1.., aawa me 
poten~ial ta :i. .. ,. tbe face of in .. atry. ...,t at tbe 
-•t, 11.i&b-c..,.rature ••percoa .. ..:tor• are at1.ll 
ooly ill tneir ••rr-ic aute •• aave a 1001 -1 to 
Co before tae7 c.aa ._rse fr- tll• lllltK•tory to .... e 
a •isaificaat ~.c11i .. 1oiical i ... ct. 

Ylea hll 'a •eller - 11e•or• b- tne hrat 
l>atcb of a •• ltreff of cer-.ic ••percoamctora, -• 
fr- - -1llr.dy mix of l-ti.-, bari-. - copper 
oxides, a111cll aa itlea vu iaiciallf treat•• vita sco;a 
by tae acimtihc vorl4 - •ucll cer.-ica voullll surely 
act u maulators? llut tuir reaarttable results, 
which hne p&•d th• tills year's lloltel Prize for 
Pnysic1, nave prawided a fillip for a freoetic pace of 
sciaot&h.c acta.•&tJ. :Nca ceramic aaper~Ol'UluctOl'S arc 
relati•ely uay aad cbup to -e. lt ia also provi.D& 
co be a producti•• field of r ... urdl, aa a ·-•r of sr-•· .. _e b- .... icltly able co •irror, or better, 
tile orisioal 1111 discovery of al-c a rear ap. -
of toae clai.ma Dave lie• c-fir-d at a o-er of 
l•OC'atoriu, but taere are a •••r taat appear to be 
-ioua - reports of brief aupercoa4ucti•icy up to a 
r- ca.,.racure of 29l"k ""icta c-oc be repeated. 

Supercoa.i..ccivit1 v .. ori1iull7 4i•covered 1a 
-rcury at 4"1: ic 1911. Tile pllm_a_ eldaibica tb• 
"-iuner effect, Vbereb1 a 1upercoa4uctor exclude• any 
-snetic field tllat c-• •ear it. Vitll ocoer 
ROD-.apetic coa•ctora, a •pctic field ca.a 
peace.rate the •ter i.al, but au,.rconductoca tt.ne tne 
&D&l ity to aaru1 off 1ucti an intruaioa aa4 tne .. pet 
i• repelled l>y toe aupercoa4uctor. -..er, above tbe 
supercaa.,ctor's tranaitioa c .. perature, tne sa .. 
-cari.Dl bebava like ao1 otber ---pecic 
macluctor. 

Altlloup aa intereati111 concept, U•• 
c~rciaL uat&Oll ot supcrcoculuctora vas put oa tit• 
back bu1'1Wr until cne cle•elo,..1ac aad i•prcw..anc of 
n1obiu• alloy• &A a copper .. r.ri• an l+.l ~nd 1Y7J. 
ltvca so, tt<tc •upercoa: .. ccora l ill• CllN• used i.n ~ody 
sc.,.nn!ra, traaaaa.aaioa lines, and aaneral proces1or1, 
at;•: »ad to be cooled b1 li•uid heli.,. at 
i:e.,.raturea of "'"k to enable th- to voril. 

Unc.1 lt.l•ller'• and .. dnor&'a d&acowery early an 
19~~ ~r • ccra•ic coapound tnac ~cca .. aupetconducciwe 
at lS~. tftc enouptt Cll•t &llOthcr bipaer-te.,.ratur• 
coolant (to slaw down the ato•ic actiwitJ within a 
..teri•l aod allov auperconducti•ity to take place) 
could be used had not beea conceiwcd. Tae race vas 
on, Cl\•• co find a 1upercoa•ctor vtaieh could operate 
without uaiAa a dilficulc co ha11dle, 1tore, aad 
eapen1iv• coolant aucn .. beliu•.. Paul Cnu'• 
diacover1 at the beaianin& of 1917 ~t the Univeraity 
ot Kou1cM't, of a ce111poun4 c09pr111A1 yccriu.a, barium, 
and cop,.r o•ict.a ""ieft bec.J• 1uperconduct LY• • t 
91"1t -•nt that 1uperconductora '>peratin& at the 
l>oil ins poioc of l iqui.S n1tro1eo ( 17°K) vere at laat 
feaail>le. Tnia v-1.S Man cnat liquid nitropn, 
co1un1 about 2U pence per here could l>e uHo u11tud 
of li•uid heliu•, at ar-nd ll per litre. 



To .an.uf•ctu.rec1 of tne a.ow •cocweetLoa.•l .. 
au~crcoa4ucta.n& v1re1 iacorporated ia Ole Larae vol.,.. 
clectra.apetic aupercoa•ctia& aarketa, vaie11 11awe 
••• treeea.d.aus develo,..ta vitb:ia tile last lS years. 
tile ,..., breed of cer-ic auperCOD .. cto<• could poae a 
tnr•at. Apart froa requ1r 1a1 cneaper cool an ta, tae:r 
tn.rorctically can carry electrical cvrreets witbout 
losinc ~er cnrou:ab resistance - here everyone 
1.wdiatcly focuses oa tbe potential eaer17 •••LA&•· 
So tftt aoc• emtic \&Sea of 1uperconmctin1 virea sucll 
•S trlc coils of powerful ... -aeta u•H in nuclear 
~y11cs •nd the vircs in electricity tran1ais1ioa 
s,,.stc .. could b.rco-R .ore c~laca .. 

tn pc Ln~ i ple • ttac ttiper-ceapcrature 
1upcrcoculvctor1 could be used to .. 11.e res1staacel~1• 
canaect1oas. solenoids ccneratia& nip 9i1.petic fields 
vittaOt.&t dis1ipatia.1 larce aoouata of pGll•r. aacl to 
for• tftc basis of syste• for •petic levi:atioa. 
?•rt1cularl7 in traa.sport ayate.... further. 
supercocuiuctin& circuits contaiaia.1 veak link 
junctions could lead to their "8t ia wery amaitiwe 
.aaacco.ettrs and as fast co..,.,.tcr clements sucb as 
seai.conductors. 

The busiaua vorld appears to be valr.ins <iap to tbe 

Lapl icatLoas of tll.ue n i&ll-t•apcrature 
supercoactuctors - hardly 1urpriain1. DllfiA& to tbc 
i_ .... publicity DltlD& ai•CD co tne subject. Major 
co.~ L•s tnraupout tbc varld arc ••• i.a& the srut 
potential for 1111dl cleYclopm1:au, bencc tbe 
JUXtapcsLtiODi"I for p&CCDt ·•·u ....... tlloup ! t 
C•'11ld be 20 y.•u or so before larp-acale 
1u..-sc1tuti.Ofts could be put iato effect. Tu• of 
researchers are vorkia& to iaprovc botn current 
densi:y and supcrcoaduct1.111 transitioe t•p•rature 
lewels, develop wiable unufacturia1 and fabricatioa 
cecnniqucs, and comaercializc sysc.e .. aact d.,,iccs sucn 
.as eta i.11 films. f iDres. f leaib le tapes, and bulk 
~upcrconducti.na ccraai.cs.. Md all cbU, before the 
reason ..ny they vork can be explained. Accordia1 to 
one Plnse:y scientist "these low diaenaiooal 
structured cer•ics vil l be a 'ni&flCMare' 
.anatyc1.:.ally, even i.f the tncory of hav theJ vork vas 
'understood'"'. Due if it voulcl be 1aupd vby ~his 
phenomenon happens, then perhaps their procas iaa. and 
unufaccurins problcas could be salwcd, a11d tncir 
tJroperc ics iaprovN. 

Tnc lar1c-1calc i•plicacions of •upcrconductor 
pr~du~t,on. on~• enc initial evphgria has died down, 
.arc st\li. laracly an unknown entity, particularly as 
the pr.ace.Leal tecnnicalities and cconoaics for 
C.)nvitrcin& to these new utcruls have still to be 
resolved. A n11mbc< of fuDcla,....tal proble .. llave still 
yet to be overco .. rclatin& to aanufacture, •t•bil1ty, 
current den1it1 and now -..eta electrical c1i1rrant they 
can cope vitll. SatOe of theae probl ..... y be 
unsurl90t.1nt1ble 1 bvt the number of aeicntists vorkin~ 
in the area and the vast a.aunt• of cash injected into 
tfta•r research and comiMrcialiaat&~a vill cn•ure that 
cneac uteri.alt vi.ll cake the place of conventional 
on11 in a number of 1pplication1 .. 

•asic ir1red1cnt1 

Co.pounds of rare earths, alkal in• earths and 
copper o•idcs are the funda .. ntal 1n1radient1 for 
niah-tc•p•rature auperconduccor davelo,....c•. float 
r•scarc:ncra atart vorkina vitn Chv'• oriain•l fo1.iula, 
Yh2Cu)O, (or "LZJ" coopo11nd) vtucll bral<e tile 
"'l 1.qvi.d n itro1cn 11 barr icr, in wt\ icn he 1ub1tituted 
yttru• for the l.enthanu• in Mucll,Jr and MclnGr&'• 
recipe .. 

AL thoup tile aurun1 •urial• can be produced 
~Y enc cr.ad1.tLonal povdcr proca11in1 route, cn .. 1.cal 
prcc•pitar1.on i1 beina favoured to .. nufJcturc purer 
••tcrial1, tnua enablina areacer control of ••purity 
lc'lclt. For ••••plc 1 Sand1.a M9tional Laboratori•• hat 
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LG4i.cated tbat it co-prec~pL~ataa all of t~• catLoa• 
for tne Ul ccm....- tnroup •cal aalt aal•U-• 
precu<a<K• in a aisi•& cell r .. ccor at a pll of ll.S. 

lt llaa be.,. reporce<I tllac rr.eardleu ••• ptt~n& 
allarper t•-•ici.-• i• reauti•i.cy drop-off ud ••per 
Ye ••1- by u•ia& purer Mte<iala. Aa a pDeral 
rule. worker• ae avpercoo.,ctiwitt LD b•lk tlcwicea ara 
uai.•& aatcri.al at tl'ree-eiaff purity, Viler .. • t.ll•e 
carrJl.DI out ruaareb in alectrODic apph.catiooa tend: 
to use fi•e-nioea -ta•ial. lliper puritJ -<ariala 
are bei.111 ••·' to aid tit' pracaa of cli.aiaatiOD, ~a 
tr1ia1 to dete1L. ,. Ult a.actor• waicll cal&8• 
aupercaa .. ctiYitJ. mt, tillO know:, tbe i.apuriC.ltl 
Cll-elYea -y be lined vitll Cbt ...... --: 

Supplier• oi rare urtna. iacludi•& tbe Veaccra 
v<Kld '• c- -jar iwo•ce<• - llo1ycorp of tlM US& -d 
fraace:•a 1111anc-ro..lenc, as well aa Cai.Gae tr.-r•. 
appear to be uncipetio& iacreaaed lftel• of ......,.. 
aa resurcll cOlltiDuea. Fa< en.,le, lblloe-PoulCDc 
said tllat by JulJ' it bad lauacaed a Mjor dftela,....t 
prosr~ at ita llooaouth Junction, llRv Jersey 
operatiaas, to pt0duce •ready-~o-uac• povdars of 
•lkal1ae- aed rara-eartaa. aad copper oxides. 

AlClloup Cll•<• are claims Chat • .aufactu<UI& 
coa,....i.ca D••• be• atockiJLl~& •- of tAc 9DC'e 
capc:nai•• -tari.ala Widl could lud to di.aru~ioa aad 
snoccaau lD supply, c::oapmies suaa ae tbc UK • 
Jollu• llatClley -iataiu u baa beCD at<Cll&tllCDio& 
iu stack lftels •" exceDdia& iu <aa&• of 
supe<COllduct•D& -ce•ials 8Dd u -io& e•••J effort 
c.o -iau1.a atocll lrl'tla for i-diate Hl&.Y•C"J· 
Jollu• llat!';lleJ, vllic:ll baa be• cloaely iD•al•ed vi.ell 
aup<!<C-4uccint7 reaeardl effona ..,, .. aiaca laK uaed 
ita Mteriale for tile initial brealr.tllrou"' io 
SUi.u.erlaad, auppl&ea • eataaiwe r-1• of 
supe:rcoaducci•& .. tcri.ala from ic.a Material• 
Tecllnala&J Di•U. i.oa at ilaJ'SCOD '" lle<t fardallue. 
Fur tiler, lali-Cb-ie At; of tlla Federal lepublic of 
eer .... y, ,..icll clai .. to be tile vorld's Lars••< 
producer of atrOfttiua •ad bariua carbaaac.ca, said it 
llad expaade~ ita ltal1aa •ubaidiairy'• productioa 
faci.litie• in JaDuary to iDclude tile -Dufacture of 
nian PVl'ity bariua-carboaatc for aupcrconductora. 

Variation on a cncmr 

In atte•pt in& to push Tc level• of cne Rew 
•upcrcondu~toca towards roo. ceaperaturc level• tner• 
hawe been a number of var&acioaa oa the lll coapaund. 
iacludin& avappin& yttr1u• v&tb otnu rare earcna. 
aubatitutins stranti•~• for bariu•. and varyia& the 
proportions. Soee raacarcner• nave also been add101 
Dickel or fluorioc. 

ln Kunsar1. lac.van li.rechacr'• t•A• at enc 
Inland !ot...,o• ID inn icy iD ... c1a,..c, Ila•• beaa 
experi•Dti.n& vi.'h cll.,1i.n1 tile l2J'• rac10•. •Y 
us ina twice .... en copper u c.nc total a-'UDt of 
c,....inad yctrUIOI and bar1ue, 'll•y reported that tile 
rca iatancc bee.a .. aero at c .. peratur .. juec. over 
lOO-lOS~ •- tile hue •-Pl• and lOlDK in tlla 
second. l . •hDer said tllat Cilia caeparecl favourably 
vi th tllc 77°1 te•pcratura for aero ru i•tiwicy 
reported for coepound• ..,ere tile c,....ined yttri11• and 
bariu• proportion• were c.vice aa .. ch the lewel of 
copper, .., ... enc on•at of s11perconduct1Y1ty started 
froe 'IO"lt. lncauraai.D& ruulu - aparc fr,.. tile 
fact tlla' cne aecoDd •••pl• loac it• aupercanductina 
propercie• after tnraa veak1. 

Concernina th• rare earth COftaticuent. •any other 
rare earth• have been •ubatltuCcd for yccrium, auch •• 
Yb, IW, T•, 0,, Lu, and Sc. M lon& u tllaJ are 
er i•al..,t tllef 11ave be• fo11nd to be a• 
:•upercon-.:uctive .-1 enc ucerial wt1icn u••• 1ccru•, 
,.\th all ,,f thn hnin& a Tc vith1n a fev de1reaa of 
••<h otller. Accard•n& ca Mervyn •rod1ky, tll• 



a11ocl.ate director of tile USA.'• Ara.anae'• 911terLal• 
ScLnce Divisi011, 'be oaa-...rt 7ttriua i• tae 12] 
CO'"!"'Wld does aoc bave a di.recc effect - tile 
swparconductivity, aa caa 7ttriua ait1 apart fro. tn• 
otner aco .. in tbe material. Cbu, from 'be Uai~eraity 
of Ko-.stoa., nas also •~own tnat tbe rare eartft aoa has 
no 1nflueaca Oft tbe onset of super~oaduc~i•ity in 
tlltSll .. c,..i.als. .,., Ile f- Cllac by substi.cuci.n& 
the bariua ions tbe Tc value vu affectacl. When ae 
u'lecl strontiua ions tbe structure of tb• .. terial 
collapse.t, reclucias tbe traaaicioa t•peratue froa 
97°l co 77°¥. Tiie Tc level also dropped "".., De 
substituted calciua ioas. •ut a comibinatioa of Ootb 
su·oatLu• ancl calciua s\lb1titutioa. procbcect ni11a
teaperature supcrcoa.,ctivity. 

ta Jar-, Cllll Electro Tecbai.cal Laboratory bas a 
recipr vnicn includes the addition of strontiu• to the 
bas le coppier, ox.yaen, yttriua, aad bariu• m.x .. 
Altnou1h superconductivity only lasted a day, tne 
-:oap•ny put forv.ard the theory that becauae 1tronti&.a 
n.as a different siz.e ccap11rad vith bariu•, the copper 
atoas .are pushed further apart, coasequeatly opeaina 
up tne liatt1ce fra.evork and en.ablina s.t to hold .ore 
ox.yi.in. 

In July, Stufor-d Owshinsky's teiaa at En•r-11 
Conversion Device1 Inc .. in Hicnipn:ao tried add.in& 
Huor me (nex.t to oxysen in tne par iodic tab le) to 
their aiature. Thay said that oae c,,.,aund, 
nar;.. JFzOy• attai.aecl :tero res i.stivity at up 
to t5) K. Furtl\er, •nothc.r s..,la'• rai1taoce 
declined rapidly startin& at roa. c .. parature, 
possi.blJ iadi.cati.a& tDat tDe •aaple coatai.aed phases 
of material ttaat are suparconductio& abowe roa• 
te•perature. ltut otracr lWoratories have beea unable 
to confir• fn.er11 Conversion'• r~sults, particularly 
as tile co•pany i.tsdf ••- to be llav•ns di.ffi.culty ia 
reproducina th .... 

!"lost re1e.arcners into superconductivity are u.ain& 
.a st~nd.ard .e;hod of aanufacti.lrina tbe co•.,ound of 
91ttallic oxides into the ceraaic superconductor, tilhieft 

falls into a class k'""'" as perovslti.tes (ortllorll-i.c 
1Ca,~,fe2• ,C..l<ti.,111)0)). So- ar"''" tllat bJ 
usini the conventional .. nufacturin& tecnnolo17 or 
cquipacnt it vould .. an no areat technoloaical leap 
forward for their .. ss production. 

Ttle basic Mthod involves plac i.na the oxides or 
rare eartns, bariu• and copper in a mrur and 
ar 1ndin1 tn•• vitta a pestle.. Tne aiatu"Ce is neat•d 
fo!' around nine hours at between 900oC and 
l, loo0c. It is then removed frC111 the furnace but 
must be cooled slowly, otbcrv11e a 1rean super 
resistor phase can for•. Altuoup the .ateri.al is .a 
superconduc tot' the powder i1 procusad ap i.:\ by be in& 
press:.ed Lnto • pallet and annuled for another 
eipt nours. The prass•d pellet• and di•c• are 
ienerally produclld by hot preu in& up to )49 KPa. 
Ourin1 sintarin& flovina air or oxyaen is uaed to 
preserve the oxypa content e f the .. ter i.a l. Thll<e 
are obviously v.ariations to tr.ia •thod by alterina a 
number of the para .. car•, •ucb a1 annealina ti .. , and 
Che aeneral rule ia th.at both OXJ&an and te•pcrature 
can alter tne Da1ic 1tructur• of cne 1uperconductor. 

Anotner vay co aanufacturc tb• n1v Mterial• i1 
~y vapour de5o0sition, vhereby tn1y ar1 depoaited onco 
a suburate. Such a Mtllod i• uH.S by l•K to 
unufacture 1upcrcondu~t in& f Llu. •tie fly, it 
1nvolve1 placina th• powdered inarediet•t• into a 
vacuu• cha..,1r, Vh•r• electron bea .. h .. t and 
cviaporate tne powder• to fo•·• tnree 1eparate vapour1. 
M the oa:id1s retct th• 1upar..:onductin1 p1rov1kit• is 
for•d .tnd conden1e1 on a cnin ahcet of al.,.iniu• 
ox&de. 
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Probl- faci.na stabilltf aad fabri.cati.oa 

Wien Tc levels for aupot':"coa..,.ctor• becomin& 
-rec-place at 12~. li'lui4 altropa caa be 
ustil to cool tftem, ia1tea4 of the more eapcaaLYt 
beliua. ,,. •cie11t1sts •tr1ve to pusb thLa t..,pcratura 
atill furdaer, they arc ltnet vitll a oumer of 
difficultic1.. Once tlley taawe •rl• a aic,sa-c .. peratur• 
supercoe.,ctor, aau 4o taey s•t it to retein it• 
powers, aacl vill tbe aev faaily prowiM more tbm • 
sou.re• of i.otereatlDI raearca? 

Work on 11.eepia& tile aupercoa•ctor stab le i1 
ta&icaa place ia coajuaction v1.tn Lapr-owms t ... peratlll'e 
levels. Some: raurctt.ers C'lai• tllat by u1ia1 
ca.pouacb coacai.aia& yttra.um, bara.-., copper an4 
oqpn, vita aclditiocaal strontlue aacl bi.per 
proportions of yttriua, the stability of 'De 
supercontNctor could ~· i•pcoved if it L• kept Lil it• 
powder for•, as opposed to tfte .,re typi.cal pellet or 
diac ... tter 1c-'1lLty coulcl be accounted ior, tney 
1ay, because tbe cb•p:able aat·1re of euperconclucLors 
near rOOG t.,.peratur• -1 tlie clue: to un.• tab le 
bounclarie1 betveea s .. ll 1rains of materials. and such 
bov.ndariea bee~ l•portaat Wftea tae sr•ia• ar• 
prca•ed toaether. 

nae ulti .. te coal for all th• vork bein1 carried 
out ia to traasfer laboratory IUlowlecl&e to tne f.actor1 
floor. lasearellera are ferv-tly tryi.a& to resolve 
probl•• Ua fabricatina cbe cera•ic 1uparcoectuctors 
iato vi.able c-rci.al pr-cu. Once tfte compo1111d 
llu beea baked for a day i.n .. plati.a- pl- •a a 1t1lca 
aad tllea sl001ly cooled, tlle ae; aupercoa .. ctora -rp 
•• a brittle, cru.,ly, aad difficult to vor' vita 
black l_,. •eaides sllatteri.a& ""'""bit, •- •lao 
dis1ol•e ia witer. 

la Jun•, tbe Ma•••cbusetts lastit.ute of 
Teellaulou clu•d to lla~e produced a aovel process 
vnich could re.ult an .a .,re ductile and us.able 
.ater i• l.. lt .. nufacturea a more .al le.ab le 
superconductor by oxid1.&1n1 .an alloy of e.Jrop1~. 
bar&u•, and copper. an~ claiaed th.at ir vould be 
manufacturia& vire on .an expari.antal ~ .. 11 in lea• 
tnan a 1ear. The superCOAductor here works at around 
~l/'J.. Tile foll001i.n& ... at1', Applitecll of 
lndian.apolia Ln ladiaaa, announced cnat it had 
acnieved a .. nufacturin& process by apply101 advan~ed 
Mtallur11cal techniques, flexible enoup to work w&th 
a vade rans• oi cuato...r requirements. 

The Orcaon Cr.aduatc Ccater, in conjunction v1th 
tnc Nortnvest Tecnnical lnoustries lnc., clai•d a 
.. jar brcaAttaroup ~romi1 in& to "11ve 
•uperconductivity a aiant leap forvard" last aontn .. 
Tnis "leap" concern• tne •Chan1c.al 1tr-cn&th problca 
which bu hindered practic.al applicati.ons. Tnc tea• 
clai .. to nave .. nufactured .. chinabl•. JOinable, 
Minty .. cal lie copper ni.&h-t••ptrature 
superconcklc t Lna part•. tne pr Lvately-fundcd resaarcn 
11 led by ~vrmce l'lurr and Alan Kare, vno have 
pe tented enc tccnn i'lu••. 

1e1earcn1r1 are collaboratina to apeci.alia.c in 
nev tupercoacluctor proce11in1. one 1ucn comp.any 11 

CcraMic1 Proca11 Sy1ta .. Corp., vn1ct\ va1 set u~ b/ a 
1roup of sc1eat11ts to co ... rclaLl&e n•1•-tacnno101y 
ccra•i.c•, one of tt\c founder• beir.a a ceraaica expert, 
ti. Kent •oven, ac. the Kas1acnu1ac.t1 ln1t1tut• of 
Tecnnolog. lt i1 attcapt1n1 to oraaniac a 
1uperconduct1v1ty r .. earch con1ort1..- to pull in 
co•p•n ica u .. volved 1.n the •di.cal, 1e•1c,nductor and 
tran1portation indu1tr1c1 .. 

L.i.kC the "old" idea Of tnC C1:fa•tC enainc, i C 
could be that th••• ncv .. ccr1al1 call or new d••&&n 
concept• • pcrtaape c•r-•ic tubea in1tead of vir11 in 
1oleno•dt? Altll...,"1 tnare tae• an en.Sleu lut of 



;tr.Jl\lc:u assoc1.attd with tfte D.C.V SY,_rcoa.ductors. 
r•s•.ar~h is ~•in' c.at"riet out at an eatraocdinary 
pact. .And Lndu.stry is beina coati.nuall1 r•&Dd.cd tnat 
~•~ cne ~oavent1'"1al supcr~ondu.ctin& alloys of 
:ii.,t11~•icin/t1taniu• first ..:a ... oci tne scene. tft• idc• 
..,1: v1nd1na C:l.t::a into wires f«»r .. pets al•o 10-:>kcd 
iut:ar Ut1c. 

C..rrent des1tits - there's tftie rub 

Cucrtt11t density li.aiutions is the other fly 1.11 

tl"l• .,,1ntetnt vn1cn nas st,-ied the c~rci.aliz.acion 
of su;toercoadu.ct<i>rs o~ratin& at liquid nitro1en 
t••perat11rn. It's all •e,,y vell producina 
"~ cri-te•pier.ac11r• -·· on tilt l.t.oratory and then 
"'c«1n1 out ~ow to ... ss-product sbapes. but i! the 
el•~tri~ ~urrant that they carry is not r1eo 
.equL'll•ltrnt to Cb.at cArried by tht flea of .a do••tic 
c.eccte. then. ""1.At is tnt poi.mt in subs ti tut in& Ult• LD 

?r~=ticat .appLications! 

~tseArcn.t~s •rt faced v1tn an ar.tuous en1inetrin1 
.:n.-i!eri,e. l!.,tit recentl1. the: new .. ce:ri.als vere not 
.se-n".eo -!'ft..,.,~, co trans•it pr•..:t1cal c«rcnt levels. 
:ot..an:t ~ti! t \lRl) carry .about onie-h~.clrcdt11 .as much 
cLe-..:tr1i:•l current per utut of •re• .as enc older 
'cner..aCion luperconductors (vtllCh .att.ain v.alues ot 
L<JO,\J\10 aaps per sq. cal. 

Tne ca~se of the problea ni.nae• on atoa 
atiin111ents. cryst•l voids, •lld ja!pd bound..aries. 
Di.ir in' the for .. t ion of the superi:oaduc tor 1 oa 
cool1ni. the superconductor cryst•ls &r°" in an askew 
f ASn io>n. The re:sul tin& bound.ar ies and voicts interrupt 
cnt :1ov of enc electrms, innibitia& tile .ateri•l's 
.>Ver.alt a:tility co transaic cucrnt. Scitntists •re 
vorit1ni on vays of iaprovin& ~ritical current density 
Levels. 11~• tOYe:ina tile void level. and control&ina 
tne errant oxygen atoms. Such vork has been going on 
at Ca:aOridae Lk\iversity .. 

Jiaus Smith, at Los Ala80& Netional Labor•tory. 
tn1n«s tt\at by c11.an1in1 the vay tile aatcri.als are ucle 
m.y iaprove current density. Althou&h the oaidc 
iirains are annealed by neat and pressure~ they reui.n 
porous. Tnis covLd aean that the srain aurfaces and 
lin~s ~ecveen tnea can affect the oxide'• ability to 
..:.arry ~urrent. Kence, Los Ala80s is try inc to produce 
s11;>erconductors with s•ller • .are closely packed 
~r.a1.ns. Oaic. Ridse- ~oratory has been vorkina on 
deveLo;»LRi • proce11 to .,rccipitate the o•idcs out of 
molten urea. 

Al tnouin over the la•t few llOftths tt'lere nas been 
.a s~.ate of i•pro-1ed currmt density levels, a Rutlber 
of S?urious re1ult1 n.as led researcn tea• to depend 
more on .a1net1.c 1usccpci.b1li.ty •ea•ur.-nts instead 
of Dutil re1ist1.vity -.asurcMnts to 4ccer•1"\C 
1u;icrconductLvity. Until May 1987, r:ne bear: current 
Levels acnieved in the USA .,ere 1uperconcluctor1 wl\&Ch 
co~ld <•rry 1,200 ups per sq. COi - obviou&ly unleu 
for computer dev1.c:c1 ... an•t•, and power tran1ais1 ion 
vices wtticn need levels at around 100,00U ••pl per 
•1· cm. br.,d1Ky, at Araonne Nat&on•l liabor.;acor1e1. 
has s c .. ted tnar: superconducrors vil l require • 
(C 1.t 1c.a l currMt of L04 to 106 a•p• p.r sq. c•. 
1n.1 ~1•l 11~v~ ~~''''~•I 11~LJ ~r b~tw~~n tw~ ·•••·• 
eL&nt te1la to be co .. rciall1 v&able. 

rnir earty ,,.,.of 1nvcsri1at1on1 of the 

L2 l co•pound shoved tnat cru1c•l current den1itie1 
W'lll?te • t tne l, LOO a•p per sq. ca lcve l - equal to that 
o! copper vice at roo. teaperature.. tlowever, they 
vere tnOU&" c to n~v• • .,en 1reater potential ch.an 
cru1. In Play, reuarclleu ac 11", Yorkcovn Hei&11t•, 
~ew York State. clai .. d co have bettered the•• level• 
bf producini b"lk 1in1h cry1tal1 of tne -terial 
(11.n1le cry1.:al1, wnich &iv• 1111.1ch be teer curr•nt 
~ens 11 th•n polycr1tt1llinc variet1e1, are 
typ~.:•i lv used i.n clcr:ronic 1uperconduct1vicy 

ll -

appli.c•tioas). laitt's crystala were p~fl!Cuct4 bJ a 
tain-fLl• faDrLcati• •Chad And -uurecl l u.cr~tre 
ia taick .. 11 aod 1.S~ ca. and •ttaU1e4 • critical 
c..rreat ot LUI) ,000 _.,. per •q. ca ac 11"W. -
appar.,.tly a<kq,..t• for -st foresHable eppl icatt-$ 
(pceaq.aDly in tnt f1tld of tlcctrmuc•). froia tni• 
researcn •r• ~ .. been lcaret about tae cr11tal 
structure.. lt vas slacNa Ul.at eLcctrLcity flowe4 
lU ci•• better in oa.e clirect icta. crnaup the crJt.t.&l 
tD.• aootller. and tb. U ia itacl f .. , co.pl icace 
f.abri.catum. of tne s .. pe:rcOllductora. Alao. in. July. 
tba Uniwauit:r of llliAois •--c:ecl tllat it llacl 
developed a aev pcoce4ure to ._.,facture a -.aa dcnacr 
.. te:ria.l. 

le 11 t- urly to ••:r ""at ue11oolo1ical 
dewalopMDts vill ._rp fr- Cha use of Cll• DllV brHo 
of superconductors, altboup on tbe face of it. tilt 

poasibilitiu see• mcllns. Proctucer1 of coavRD.t1.oaal 
-t•l alloy 1upercociductora -r be cyaiul. &tut you 
can be sure tbat rncy .are keepin1 a close vatch oa 
d~e lo~t• and nen dabbl in& vl ti: the new -tcr 1als 
thttmiSelves.. t:ven the new tupcrcoa•ccors oper•t1n1 at 
above l 1quid aitro&en temperatures nave the poteat1..a1 
to transfor• tecbaolo11, 10 enc aio' bo&&le• at the 
thcu&flt of MD.at co"ld be done ""ell tney caa operate at 
roe. temperature vi.moue tbe oeecl of any coolants. 

Scieotist1 are in tvo aiads. The cautious 
pess1ais.ts say there is too -..en still to be 1earnt 
about cneae nev .. ter ula tbat can traaaait 
clec.tricity vitnout resistance - it is -All very ve:ll 
•kiD& ••&ins bruktnroups in the laboratory (aany 
of tnea by accident). but &t i1 anotner .. tter 
tranafor•in& these into practical. l.arce-sc.ate 
applications. At best 1t nor .. 111 t..,H about 
10 :rear• of lai>orator:r researcn to .,ve inco 
larae-acale co .... rcialization. bu.t 1n the case of th~ 
n.ftf' super conductor a it could be aiore like 20 yeAr•. 
Otner1 say tnat the race of co.aerciat iz.ation is on -
there is no ti .. to vait for a better understandia& 
and modification of cne ncv .. terial •• Quite an 
•m4eratandable attitude when you consider tnat tne 
sales volu .. alone for conveational supcrcoaduct1n1 
.. ,."'rials is over :1200 •illion per .:.nnu. (lllat1.onal 
aure1u of Standards, USA) • 

~.erou~ for•c•ats on Lnt iapact of new .. tcri.als 
are bcin& -·· One 1ive• a aro.1th performance to 
Sl,500 aillion by tne year 2005 froa a currant 
supercoaductor and end use products si&e of 
S'+:.0 ai 11 ion. Dut a loc could (or could not) h•PP'" 
over tile neat 20 years. Loo11&. at tne fate of tne 
ceraaic en11ne, nov considered by -.any as a vrnte 
elepnant. 

lklt there are too aany people vorkin& on the new 
superconductin1 oxide• for co ... rci•l products not to 
... rl" froa cne 1.i.~ratory. Another c11ousr.t i• cnat 
as th• new .. t•riala are different. vny anouLdn't the 
apphcacion1 be differ ... c u vell - noc juat old on .. 
at hipcr c .. pc:raturcs. Strat•&ic Analysi• Inc. in 
Pii!nnsylv.anla ••1• that the nev 1uperconductin1 •arkcts 
wi&l irow becau1e of the end use c~at benefit to tnc 
.... ,.,, .. ,, .. ,\!'t•, ..... I.hr rar•t l;mr.._~-·c.a•~ .1ypl1.:011.11m 

vill be "retl"ofhttinJ into eai1tin1 deaip for 
product• sucn •s •di.cal iuaina equ11••nt and 
•elected teat s•ct&ons of nisn-1neru accelerators". 
ln the lonpr tera, reason• for arowtn include tnc 
"•ccepl~nce and dn•lo.,.cnt of appllctt&orspecific 
alloy•, iaprovr..d fabr ic.ation ~•cnniq1H1, 1ncl"4in1 
cot1po1 it••~ increase i.n tnc nullbel' o t au p;>l u1r 1 
activel:r developina and promeina auperconduccou; 
enainacr and end product dcsiper avarcn•••·, Che 
crution of an entirely new f••i.ly of product• tuct\ aa 
aquipoenc for diapo.cica, tllin-hl• -an .. cic• for 
eleccrical ancl eleccronica, and ultra-ener17·effic1enc 
conductor• for 1elcctivc a&litary u•••"· 



On• topic vtlicn researchers, induatrLaliats, and 
consultant• appear to acret on is tbat the first 
l•portant practical applications vill happen in tne 
electronic field - Were developments are c:-.:•tins a 
flurry of ••citeaent. So• say that c~rcial 
•pplLc•tL.)ftS could be oo. the ~rket ift a year's ti~. 

bperL.,.O'ltal applications have been aak1n1 the 
neadl ines for tbe past six months. For euaple, by 
July. Tosni.ba had produced a silver-clad vi.re and t,;ipe 
that v•• fabricated into 2 ca diameter c0Ll1. 1.aM nad 
p1.·oduc;ed functional •icroele:tran thia-fil• devices .. 
and CVC Products lnc. in locnester, llev York State, 
nad produced sputtered fil•. Japan's top 
superconductivity researcher, Shoji Tan••, of the 
University of Tokyo. nas saad th•t it could be hve to 
six years before any rractical aplicatioas of 
supercoaductivity become available.. Tanaka is leadin& 
a lO-strona supercoaductivity research tea•, 10 of 
.,...ose scientists have been seconded from c1>11panie1 
like Toshiba, Kitacni, Mataushit~ and Tokyo 
Electric Co. He expects to see the first fruits of 
nis research in about four yeat'1, vi.th the advent of 
laboratory syste•s based on the aev superconductors, 
and a fully co..eccializ.ed systea sucn aa those to be 
used in meciical diaposti;s in about lO years. 

Such sentiments are aareed by enc USA'• Defense 
Advanced Research Projects qency (DAKPA). 
Craia Fields, DAJlPA '• deputy reaeardl director .. said 
the agency is 1ivin1 supercoaductina cer .. ica a ni,n 
priority and is concentratina its effort• to develop 
an indus trial technolo11 base for proceas in&. 
f~Dricatin& and aa.nufacturin& the new cera•ics. Once 
D.llPA has selected defence applications "lie expect to 
develop small-scale pilot production lines or boutique 
flctories, as ve did vi.th aalliua arsenide, and hope 
to see so• concept demonstrations aimed at defense 
applications within the next three or four years," 
fields said. Major appl ic•tion areas vil l include 
magnets, a.otors ;and thin-filas for hi&h-ape:ed 
microelectronic components. 

the tnrust of the research concerns vays to 
repla.:e traditional superconductors vim the new 
famLly of superconductina cer.a•ics.. Potential 
producers are eyeina applications Ln power and 
computer transmission. A pri• candidate for 
replace•nt concerns long-distance pover-tran1•i1s 1on 
medLum, witn the consequent replace .. nt of 10.e ot' 
the aluan.nium and copper traditionally used. 
Conventional alumLnium or copper auperconductors 
ty?ically Lou about lO per cent o; the electrical 
eneray tney are tran1mittin1, but one of the ideas put 
forward 11 to use alum1 ... Lu• or copper tub1n1 v1th a 
tn1.n layer of the S•Jperconductive phase deposited on 
the surface, w1tn liquid nitrogen runni.n& .along the 
cub'"&· 

""arket sectors ear .. rked for scrutiny as 
potential nev 1upcrconductor 1i.11es (even cooled by 
llquiJ nltroaen) are~ 

HL croelec tronic1 and computer• - the nev 
material• could lead to tne incr .. aed u11 of 
Josepnton Junctiona, zero re1i1t1v1.ty 
lnterconnect1, •nd n i1n-power1d Lnt•&rated 
dev1.e11. 

Ener&y ·· pover aeneration vi• 1uperconduct 1.n1 
uanet•' 11nerator1 and 1lectromtor1 in 
conventional and nuclear fu11on indu1tri.e1. 

Kedical - improved diaposi• thrO<l&n lover 
cote, l••• cullber1a. nucle.ar •aneti.c 
rc1or . .Jnce iuain& and ncuroloaical research. 
Hott body 1canner1 u•• tltR tecnn1que1, and tne 
only ~ay to •ak• .. pets powerful en°"'" for 
uH in hospit1ls is to uH niobiull/tin/ 
tit1niu• alloys in a copper utru as 
electroupetica. Tiiey have 1 tranuuan 

l4 

t-perature of lJOl and .. st be cooled by a 
combined liquid neliua and liqtnd nitroaen 
1yatea. lf the aev 1uperc0ctductor1 can be 
used, tb.e coolinc costs could plummet. 

- Maneral proce11 inc - ua 1n1 a.asne~;.;.. suparators 
.ade Vlth the aev .. terLal1 and rcplac1n& 
thoae tbat use "conventional• superconductors. 

Traftsportation - uaina electro.ap,etically 
levitated trains and battery-~erea cars v1th 
aiply efficient 1upercoacluctor electromotors. 

- Satellites - us1n1 i•proved reaote 1ensin& for 
agricultural and defence applications. 

t:l ect ron ics - look 1ng good 

The proaise of the new superconductors in 
electronics LS that tney could revolutionize 
electrical devices includin& ... 11er and faster 
electronic compoaent1. Tbe beauty of electronic 
circuit.• vith no resist.ance ia that the t1M constants 
depend oa the resistance and tne capacitance of those 
circuits. lf tnere is ao resistance you therefore 
eliaa.nate tbe ti .. constants., acceleratLD& the 
transfer of •iaaals vit.nia a circuit. Electronic 
reaearcnera are coat.inually lookin& at vays to i•prove 
perfor .. nce and reduce electraaic noise. 

COAvent.iooal techniques auch a1 vapour deposition 
in the aanu facture of aeaicoaductora are be in& appi iea 
to the new ceramic auperconductor1 for us.a in 
electronic circu1t1. SupercOGcluctin& elect.roaic 
circuits could tbea reduce the pover requirement• tv 
operate the circuits ud mable t.hea to ~uadle very 
fast pulses, wnich beco .. s increa1in&ly iaportant in 
tr•naaittin& data over lon& diatances. Alloys of 
niobiu• and tin have produced electronic pulses 
lasting only U.S p1coaeconds, a speed apparently only 
beLtered DJ optical syste•. Theoretically, h1per 
teaperature supcrcMaductin& .. terial• could better 
even these pulae apeeda, particularly in the foru of 
fil•. loft i.s one c-pany ""'en Ls focus1ns atron&lY 
on tfte electrOAic application• of these aateri.ala. 

lluch t1.., and effort nas sone into tn• 
development of procesaea for the ~nufacture of thin 
filu for potential electronic usea such as intearated 
cirtu1ts. IA.at June a ft«W .. chod vaa uatroduced that 
uaed rapid laaer pulaea to vaporize SMll amunts of 
auperconduct1n1 •terial1. The pl"ocesa va1 developed 
DJ reae.archera at aell Commun1cation1 Rase.arch lac. 
(oellcorel at Piscatavay, Nev Jer1ey. n.e 
s•.aperconductift& vapour• vere deposited aa a thin layer 
on a foundation 1ub1tance and then baked at nian 
te•peraturea. The fit .. exhibited ~er11 electrical 
rc1Ji1tan(:e at lll°K • ...,rth Carolina Stat~ Univcr•Lty 
also announced a laser •thocl in June. Here 
acientiat1 used a niah-ener&y laser to irradiate and 
vaporiae a •••pl• of auperconductor (yttr1u•. bari~•, 
and cvpper axioe1). The aubatratc• u1ed vere llllcon 
dioxide and 1apph1r•, a1 vell a1 atront1u• ti.tan.ate 
and usneuu• o•ide. Tney also found tnat by uun& 
tni.s Mtnod the 1uperconducun1 properties v.re 
retained fpr a Lanser period. Stanford ~ivenity 
.a 110 u1ed a .. thod wnare electron bea .. were used to 
vapori.:ze tne auperconductina .. ce1"1al1. 

lla!1u• •nd •trontiu• titanate• •re beco•1n1 
incuaa1n1ly popul1r subrtutes for thin ula spuyin11 
1nd vapor i&ation of superconductors. They are srown 
a• • in1l• ,ry• ta 11 wen en are tncn cut into va fer•, and 
vllich aid the order of the thln fil•. Such ain&le 
cry1tals play an iaporClnt role in influencing the 
curr•nt denai.ti••· Tna better-ordered cne tnln fil•, 
cne batter tne current dan•it1a1. For electronic 
u•H, a current densitJ of 1U6 ••P• per sq. c• u 
a•nerally required, and to date• wore and 110rc 
ra~earcnere are co•1n1 up vi tn Levell of at lea1c 
10 or tu" .. pl per sq. t• 



tn ~Yt ta!t ll&d perfected supercoaductia.& 
.. cerials to carry 100 ti.es tne allOUDt of C'lrrcnt it 
could carry previously. Tile coapany produced a 1insle 
crystal of yttriu.tbariua/copper oltide "'1ich could 
ci1.rry currents of over lOOtOUU _,. per sq. c•. vblht 

tn• ..:r1.tical current vas measured at 7'JOI.. nut 
crystals vere 1rown on • bariua tit.aute substrate. 

AT'T in the USA nas also been vorkina on 
co-ere l&l 1z ins ele:ctroni.c: applications. ay Play. tne 
compa.ny ni1.d ... nufactured a supercondu.ctin& tape, s .. ll 
dl)U&hnut-sna;ped mpets a and vires. The tape had a 
luuted f!e:ubility (5u-z.;a •ic:rons thick), and at tne 
time cnuld only achieve critical current densitlCS of 
200 .. ps per sq. <•. 

So mien for all the research oa thia fil .. t 
tapes, and Josephson Jun.:t ions - but vhat about the 
pract1~al applications! one of the first devices to 
natch from th~ superconduc:tin& labor•torics is a 
.. supercon4uctin& quantua interference dcwice" (squid), 
an eatremely s•nsicive M&&ftetic field detector, v~tn a 
tnii.:itn.ess one-n..:.ndredtn that of a nu.an nair. 

lDll prod .. ced its first squid in !lay, altnoup 1c 
then only vorked at 68°K, by usin1 its fabricated 
ttun fil•s needed for computer dnices. In the UK, 
the first squid was developed by a•rainSl'aa University 
in Julv, an4 worked at 4S decrees ab...,• absolute 
z.ero .. , Jusc a day afcer me lirmi.np .. announce .. nt, a 
teae froa Strathclyde IAliversicy revealed that they 
h.;ad produced a siailar device that vas effective at 
11.quid nicrocen teaperacurcs. 

~uids operatina at liquid heliu-. teaperacurcs 
have recently been introduced to the .. rket by a 
nandfal of ca.panies, the tva most isportant ones 
being Hypres of the USA and Cr10senic Consultants of 
LonJon, UK. Cryosenics started work on Josephson 
Junctions and squids six years aao in a joint venture 
project vitn C.mbridae University and be1an deli•eries 
of squids, •ade usin& the vhole wafer technolo11a over 
tvo years ago. The squid, whicn acts as an electronic 
amplifier measurin& l-211 watts, is •de yp of a layer 
of alu•iniu• oxide (40 anastro .. thick) sandviehed 
between n iob iu111 ( lOU nanometres thick top layer and a 
lU nanometre thick botto• layer). Cryosenics has 
found cnat its superconduct in& squid 1ivu the lowest 
possible noise - those cooled in liquid ni troaien are 
lo tuaies noisi.-r .. Lilr.e other coapanies researchin& 
1nco squit tecnnoloay, Cryo1enic1 is lookin& into 
squids ude froe nev superconductina aaterUl1, but 
maintains tnat they would still need to be cooled at 
11.quid nel iuEI te•pcraturu co be noise free .. 

blJt wny tne interest in squids? lecause tney 
have a wide range of potential applications. They are 
so ~ensicive cnac tney can .. aaure .. aneti•• down to 
one ten...,,.illiontn of• pus• (the Earth'• aapetic 
fL~ld). Potential uses can include Masur ins aasnetic 
uinals eaitted by electronic coaponenca, in •dical 
appticaticns in brain 1canne11 or detectin& foet•l 
nearcbcats, in inertial naviption 171t•• for 
sub .. rines, and 1ubaarine detection (hence the 
llinistry of Defence'• keen interest). 

Wires - full of vind? 

Conventional 1uperconductor1, thoae such .. 
copper wl\icn vork at roOM te•peratur .. , or tnc 
n1ob1uoo/tin/tit•niua ones vllich need co be cooled by 
liquid hel iu• arc obviou1 t•raeta for 1ub1titution by 
tnt n1&h•r-teapcrature 1upcrconductot"1. Moat 
tra<iition•l superconductors arc u1cd in virc for•, 10 
Lt 11 nardly 1urpri1in1 that research work is cenrrin& 
on enc fabrication of cera•1c 1upcrconductin1 virc1. 

4&•1n, 1c1enct1c1 are ha•pcrcd v1tn tne •1•-old 
cera1uc prot>le• of brittleneu, for.ability, and 
d1.theulti.c1 1.n ..,.,, unufActurina cccnniquc1, in 
c.>nJ1mcc1.no v\tn poor (urr~nt den11.t&e1 .. IW 

is -

Carl loaaer, Pre iMat of l•~•r-patics C.aeral 
Corp .. - a MDUfacturcr of 'o)DVetatioaal eupcrccmcuc~1111 
vir•a pointed out -nacre are •ipaaficaat li.aitatioaa 
to tbc .. terial, aad at ia not clear tllat ~ c:aa •ol•• 
en .. •tl•. aut researc:bera are trti•& bard to solve 
the proble.a u uaey tbiak uacre vill ttc a ttit pot of 
sold at tne end of cne raillll...,. 

At ~ridp Ullivttaicy in cne IS, J• t.wecca a11d 
n1s tea• are vOKkans oa the pralll.,. of fras•lity Alld 
br icclenna. llosc 111..,scr ial apphcati011s vill 
r~uire tLtner a fleaible virc tbat caa a..- "9Ulld 

around a core •uch as tbat used in -sa•t .aaufacture, 
or cbin hl• adaptable co aeaacoaductor -facture. 
111 its powdered fora tba aupercoa•ctias -cerial can 
be packed into a narraw t•• of • il•er to f_.. • 
flexible aupercoca..,ccin& vira. kcauae ••lvar does 
not oxidize, tile O"Yptl (wical for llista-ce.,.,racure 
supercon•ctiwity to vorlll.) c- ,..s taroup to tac 

-••rial inaida. Such a •Cbod ia favoured by AT•T 111 
me u:iA., .aicn iawolwes plac iaa tile supercOGductor 
into a silver tube •nd tben cold dravi•& it to fiae 
wire tnLcknus. IMlt as tne silYer is t->0 soft foe a 
number of potential applications, Ewetts bas desiscacd 
a stainl .. a •ttel tube vi.ta • aole ua tDC cntrta ad 
surrounded it by a ca.in silver ••rAlle. The 
Ca•ndp cua nas already filed for rave pat-ta, 
ransins fr- the buac pbyaica of ue -ceriala co 
•uperconcluctin& wire. 

Anotber wire .. aufacturin& approach nu beea 
taken by several laboratories ua cne US, ..,icb could 
prcwe practical for aaae risid vindinss Oil -pa•t• and 
aocora. Oalr. lidp •ctonal Laboratory, Arsonna, Alld 
A1'T ae:l Laboratories extrude a c-anati- of oxide 
and plastic or otber binder. To pr neat tne 
britt.lm«•• after beatiD&a CDC: vire as anaped beiOC'e 
at is fired. 

Plu- aprayi.111 ia anotn.er tecbDL'f,ue vaicb bu 
fired tbe i .. 1,nations of the wire 1UAUfacturLD1 
acientis ts.. tlere, the cer•ic 1upercoaductor is 
sprayed oato the eurface of a aubatrate air.er it is 
dr,avn into a wire. 1JIM pioneered the tecnniquc for 
wires wt11cn bad cne potential co be uaed to coonact 
101ic and .. .,ry chi,. in coaputera. 

Tnere nu tten a steady flow of announce•nta oa 
1upcrcon4uctin1 vi.res thU past year u scientists 
atterot to solve the probl ... of introducin1 sucn a 
•trans• and 11ev phenomenon into industry. Tne first 
one of sipificance Vftid\ bit the bead1inta vas -• 
DJ Toshiba Corp. in llarcb. lt ·ad developed an 
fttriu.tbariu.tcopper OltiJe coapounJ that funct•oncd 
at 9J.7"l. Tile coapany then processed Cbc -•erul 
into wire rodlt -••Yr1n1 O .. o - in dia•ter and tapes 
) - wide and O.L - tnick. A.a a wire rod the 
.. c.erial started ics cransition at ~J.;o& and had no 
r .. iatan~c at 87°k .. At cne •-ti•- the USA'• 
Arpnne lacional Laboratory ca- up vith an enruded 
vi.re Muurina 0.2 - in dia•t•r vith critlcal 
c:urrenc densities of 190 ..,. per sq. ca. 

Work in China in April, at the Institute of 
Clleaiatry, produced• 1uparcocacluctin1 wire workins at 
liquid nitroaan teaperatur... The wire .. a1ured 
U.) .. in di•-t•r and offered no reai1tance to 
electric c:urrmt and dia .. peti•• vhen cooled to 
IJ"l. Later cnu -th, 11111 introduced its 
spray-paint technique, involvins th• pl••• coating of 
•upcrconductin& cera•ic•. tll'licn led enainccr• to 
bel ievc that there vas a ch•ftce of .. k Lna 
auperconclucuns fle•i•l• cable• for trSft1a1u ao11 
lines. 11111 coat•d prdor•d virH, contoured a11rfacu 
and tubes, and the coa tins bee•• c011pletel y 
1uperc:oncluctive batw•en &u-•201. 

•Y ,.., , Arpnne lational Laboratory was ah...,ins 
off it• tnrud-thin wire, vt11cn it claa .. d could b• 
wound. It WH pbn1uns witn cne U..1•er1icy of Ctuc.eo 
'o 1cart up a CCMpany 'o develop Ch• var• for 



c-rcial apphcati••· llucia& tile .. _ -ta, 
:Cippoa Stcei Corp. aad d...,alo,.d a superc .... ctia& 
vire rod vl\icft bee•- c.,..lualy 1u,.r..-.. cti.ve at 
92°'-.. The roJ: vas re1isteria1 curreat •eaaities of 
J;o ... ps pee sq .. ca ia liquid aitrasn. •4 v.as Mias 
repro4uce4 -:011ai.steatl1 .. 

The fol LOVLDI moatn.. aaotb•r J•p-.••• •te•l 
&1jor. l.avasalli Stnl. clai•• c.o aawe produced a vire 
rod ""i.cft could carry curraat of 410 .. ,. per ••· ca. 
The -•arial besaa losia& it1 electrical usiltaoce at 
9)01t And bee•• superc•4'1ctive at 9J"lt. tlaa 
c-pany ui4 tllat iu siasle crystal foe-ti• aaaolri 
pr-cti.Oft of lO "&vi.ca r...U, •as11ria& l - by 
lll -•res. Other 4"elo,...ts i.a Japao occurria& at 
the •- ti- involved Suaito- Elacccic l_..acdes 
Led., ...,icb raad 4aTelopa4 ta ill fi.l• vi.ta c•raat 
4msities of l2,UOO _,_ per ••· CJlt, es.cae4in1 tn•• 
in the "'ire rods davato,.d by Tosb illa Corp. an4 
Ki each i Ltd . of S 10 and l ,000 aaps per s•. ca 
respect iwely .. 

~icn so aany developments oa supcrcoca.,ctiYity 
co•ia1 out of Japan., some of the Ul pover s11pplf aad 
electrical ec.1iaceria1 coepaaies ••pressed coaccra 
ttlat "Jap.1n -1 s tca l a leacl ia. applyina tlle nav 
,ener•t ioa of supeccoeductoc1.... At • -•tin& •el• by 
the Deparc..at of Trade aa4 1-•try ia July, 
c;.orp !tooca, th• Tacblli.cal Director of •jor c•l• 
... aufacturer llCC, said tbat cbe Japallase vare veil 
placed to exploit tbe l>raalttbroup ia hi&ll-t:-perature 
1";aercoa.cluctor1 "itb ia the power tr••ai•• i.oG 
ind\IStries. Otber electrical eaaine.r-iaa and P°"'•r 
supply C011paaies admit tbat tbe aev -tarial1 could 
offer a numar of advantases <•·&· in ecru scorasa 
system for o\C s•neratoro at levels of l,OOU KVA or 
n.i,per). but so .aach 01 the vock. is still at the 16D 
level it vould be years before all the pr .. l ... vould 
be resolvc.d. 

The transfor-r industry b.i.8"li.8"ts •-of tbasa 
probl.,... for the industry co take up tne aw 
supercoaduccon, providia& they could vorlr. at roll• 
teapcrature and the techaique for fabricatin& 
trans for-r viadia& bad ban sorted out, they vould 
need to de..asc~ate the ability to vorlr. under AC 
coaditioas (""ere aasnati.c fi.ald1 caa offset c•rmt 
densi.tics) vitft nip current dcasitica. Tna up,.r 
critical cucrent level vouLd daped oa the aurface 
effects of tfte coacluctor, t••;»crature, and cvrrent 
densities. !lllJ'e<ic field screa1t1a1 vould bave to be 
around tvo tesla. The new .. cerial1 vould aeed to 
nave &0od •cnanical handl ia& propcrti.ea ovin& co the 
snort circuit 1trm1tn1. Con•cti.v1t7 voutd al10 nave 
to occur over a brud t•peraturc raap. 

Once all th••• par-ccr1 ft••• been -t. cnen tnc 
new aatcr1al1 vould aive .,ch lower load loe1c1 in 
transfor•r•. They vould al10 •an ••llcr core 11.:.cs 
wni.ch would ulti-cely lead to cheaper transforacr1. 
•ut ~eca11Se of the bi.sh operatins volta&••, the 1y1tea 
vould need to be in1ulatcd 1 and .a11t~re extracted 
vnicn could otnervise lead to electrical Drc.akclovn. 
aut one compro•i.sc could be to vsc 1y1tc• Mhicn 
roquir• cooli.ns by liquid nitropn, vnich in itHlf 
could act as .an 1.n1 .. lacor.. Work i• already under V•Y 
at Lookin& at tne r•place-nt of conventional copper 
wire tr•n• for .. rs Mhicn operate at room r. .. peraturc1 
Dy n1ob1.u./ti.n wire vnich vould be cooled vith liquid 
neltu• .. A1c,hom, '"•French cranaforur .anufa.:tucer, 
J\a1 been dcvelop1n1 sucn 1y1te .. , and ha• said tftat 
core • iu ••vin&• and load louu vould be ••duce4 lly 
around 7G-lal par cent co•pared vicn current 
~onvent ton.al copper syst•• .. 
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Olla i.aportaat pr..,..rty of 1u,.reoe .. ctors Lil 

c~rc1al applicatioea ia their upper crlt1cal 
-patic hel•. S..perc-.. ctia& -pan ar• haeua1 
iacr••i•a anlicati• i.a auclear Mpetic r••-ca 
.. dical clia&aoetic -.•i,...t, ... ,.rt1cle 
accalaratora. S..ca -.ui-t bas •patic f,ela of 
Ill tula, b11t -•e typically tvo tula. 
lllaoretica& ly, tba La-:ii...C..-0 1uperc-•ctoc1 ,..,,. 
upper critical field lavel1 of 4S teala at u"lt. ..t 
tile eatrapolata .. fiala for tba l2l • ..,. .. eoe .. cti•& 
c-pouau are aearar lW teala at O"lt. All very 
i .. r .. aiwe, lliut bar4lJ v&.alllle at coa1'• lwoa-1 of 
practice. 

lliaeral procesaia& ia C'l"c of tile 9'aot copies" 
baia& 4ilcuue• as • ••it•l• ..rut to int..-ca caa 
aer aupercoa.•ctor• iaco. Mtvtn :12Chl aillioo to 

u~ •ill ioa vortb 0 f ..... ,...t .. 101• aTer1 year to 
tac aia1a1 ia .. strJ for t~e separatioo of aiaerals bJ 
the pcocn1 of .. petic 1eparat1•. Oii tile surlace 
t.ais t10Uld. appear a lucrat:i•e -rkct, ••• oae mat ia 
ear•rlld for substituti- lliJ t•• aw llirec4. aut oa 
cl•er i.aapecti•, tile pot•tial reward _, aot be •• 
1rut •• it 1.-. 

lypicallJ. tile • ., supercoodu:ctora are poised to 
iafiltrate ... au .-en coawcatiooal ••ruc•e111ctOC'• 
1ucll as cop,.r ao• aiobi.ua/titaaa.../tia al111ys i• a 
copper .. trix are ..se4 111 electromapietic 
appli.catioas. A tarp r-sa of aapetic 1aparators 
are oa offer to the aapatic aaparati• 111•uatry. 
Separators .,.ill& au,.rCDG•cti•& -p•ta rane bem 
uatrodace• •ica caa &••rate ••ry tup •peu.c 
fields i.a larp wol-• but oaly usia& low laTela of 
,-er. lbair fiela are -Cb llipar thaa taose 
attai.llad by ••in& alectr-pat1 aa• per-amt -pats 
- taey ulti-cely vould &iva ia,.-llYa• level• of 
mineral baaef1<1at1oa. vitll lOMer operati•& costs. 

Tbera are tva types of 1epo1rator1 .,.ia& 
suparc•cluctia& •cuts c•r-uy c ... ularad 
C~rciallJ Yi.able, t"C Ope:D &radieat aa.peti.C 
separator ... tile bip sr•4i.aat •&11Ctic ••parator 
(ll:MS) - botb typea of ""ica are •ll1lfactur" by 
lADdoa-tlased Cr:rosmic Cooaul taau Ltd. .,.t , of ta• 
40 or ao HCllSa, ""icb aell for arOUft• il-l.S aillioa 
eacn, oalJ aae to elate uae• a sr.1pe1cooduccia1 •pet 
(.,.ill& aiobi.urJticani.ua v•ra) cooled by li•uid 
beli-, - tbat ii 1uprl iad by lr1a of taa USA ia 
<he b-efi.ci.atioa of iluber's kaolin. The poteotial 
-rka< for sub1ut11Cia& l\ali- cooiad ilQIS. vitll t,.e 
new breed of sr.1pcrconductin1 ccr-.ics it aot, tnn, as 
tHI .. it ini.tial ly sae•d. 

..,, could the bi&fter-ce.,.r~ture aupcrcoaductor• 
rcaliacically ~·used fOC' .. pactic 1cparat1on. 
particularly •• curr .. c deaaitiea would •••• to be at 
tile lOO,OUO aape par sq. ca 1 .... e1? ior cni1 
•pplication JOU ll•ad tvo llaaic req11ir ... •t• - • field 
straa&tll of ac leaat cvo teal• 20,UOll ~,.., (aLtnoup 
d one could be pr-cad vitb 1tr-1t1>1 of one calla 
it vould 1enerate a sreat aeal of illtereac) to coapete 
vi.th coavcatioaal .. pet1, and a '"itabl• field 
sraaient. Accordi•& to Dr. o\dea Stadt-ll•r of 
Cryopnic r.onsulc•nto. "th•r• ii 'AO 1nd1cat1oa that 
enc nev -terials can operate at enc•• fields". A 
1tace-nt •inor•d at the llapat TecftMloa 10 Matin& 
in aoacon lly Dr. LarllalHtier of t1a• 1Miver111y of 
W:11cona1n 1 and an .. i.ncnt expert in the h.cld of 
aupcrcoaductin& -pc tec:11aolo11. lhs •-tiMfttl 
verc tnat now the euphorL. v1th new a"per~.on•ctor• 
11a1 died down, tftete i• "noth1n1" for mApCt1c u••• 1n 



ta• sa.xt tera.. Larltalutier 1ai• tbat tile aev 
-t•r i.als "'"""'" c-pleuly -•11iuble f...- -pet 
.. a1o1facture. aaialy ltecaYSe taey cow.l• aot carry 
s1o1fficieat critical curreats.. Tlle bip.eat c..-reat 
J.tnslt, .. s h.av• b~ .ac1ue•ff I.a tb• fiel4 of si.ncl .. 
~r1•t•l• :~r clectroni~ "9el. aa4 ••di cryatal• arc 
not ea.a~tly practical for larse-acate aaptet&c 
appli.ieati.oas.. ~ e:11.isti.a1 .. pe-ta ia separatoc• ariR 
-1.ucly aore popu.lar vit• etul-,1er1 .. 

A basic woh.:.e pcoblta 

'.'lost voe• oa. Aev -.terials i.a electr~anetics 
t..as LOOked at •••elopLA& tae vi.rn tbat for• ti•• 
•oleaoi.4.. 9'.lt. a -.ce a.O¥el approacll froa 
t..oa4oa-l>ase4 auic Vol- (alao illYol-4 ia a11pp:yia& 
eimtic ••tal ozitlea) has been to ... ufacture 
s11perc0ft•c t ia& tubes, ...- aoleaoi4a -facture4 in 
oae piece. Siace April, ha ic Vol.- hu been -k ia& 
lanmuid.e-trmas i.tiaa •t•l oai4e superc-. .. ccoC' tubu 
"'to JI - ia •iam:ter. diaba, C'iap, bars. an4 
s~tteras tarpta, as vell u trJiA& to iapcowa botll 
tile .aterial '• uoifoC'aity and density. 

The hut tl&be vas -fact..rd fr- • Ul 
s11percoa.,ct in& c.,......,d and .. aa11re4 90 - ia ln&ta, 
14 - outer •i-ter aad vitb aa 11 - iaaar dia•ter, 
and vas stable i• vater. Alao ia tbe pipeliae is the 
dnelo,....t of aupucon.,ctia& cuaaic aol .... i4a up to 
lSO - ia dia-ter _, ln1tba of up to t- •tra, 
•lthOll&f' thu b•S DOt been ac:lli..,d to 4ate. Tarpte4 
c--.:rcia l appl icatioa• are supercoaduct ia1 .. pets 
for medical scaaners and .. petic separators, aloaa 
vitll •petic bear Uap. hip torque DC mtora, spia 
resoa•ces, sptctroacopy. aod elcctroa iu&ia&· auc 
tne inwntor, Dr. C.P. T••ara, bas aai4 tnat alth""&h 
r.s11lt1 vere esaco..ra&i"& it is still earl1 4ay1 as far 
as possible applications are coecer ..... and more 
financial assistanct would be cweded before ae could 
refine "is cechniques.. J.--1 Wat.loo of Soucn_,coa 
tla.i.ver1icy nas ben testin& tile •teriala, aa.4 baa 
said that there are a lot eore oppor-t..-itiea usin& 
.. croscopic t1o1bes rather than vir ... ODe application 
wnicn has sustained his interest is the A• of suca 
tubes in upeti.c sep.aracioa.. Altaou&h iaadequate 
cucrnt dens i. ti.cs are prov iA& a pcab i .. fOC' such a 
... c11i.ne, he bas sai.4 that aaaic Volume's clai.• of 
<1.Jcrnt density arc si;;fficinc for certai.a types of 
:aa;1net'c separators .. 

llut i.n.dustry eK.perts are sceptical about tilt use 
of supercon.duct&n& cera•ic tubes.. le &s &CAerally 
difficult to for• cerMics iasto practical •baipas 
beca1o11e of tllcir brittle aod cru.ttly nature.. AAd 
•lthOllCll there is plenty of eapertiae ia •iain& •nd 
bLnd\n1 •cents to iaproH foraabilitJ, sueh additioas 
can. llave a decri .. n.tal efftct on the superconductor'• 
properues. 

For cera•ic supcrconductin& •oleaoids to become 
v'able in .. snetic scparatora, and compete vitn HOIS., 
th•J vould h8"• to attaia fiel4 atr .. 1cha of the 
two tula 18"d. Thia vould req11iu 20,000 -p•re 
'urns, i. .. e. one tura o! vira (1 cm Iii&") voul4 require 
2~,000 -p•r•• to be paa•ed thr01111' it. For a tfpic•l 
.. 1necic separator .. &n•C (industry 1tandard1 are 
~ c• nlp and 2 .. ere• ia dia•t•r), irrespecci.ve of 
Che d&a ... cer, there vould be a require.ant. of 
l allli.on aapere C1.1rns .. &e1i1cive elactrom11pct•, 
such .. thNe 11•ed for k•olia uparatioa, nor•llJ 
h••• arO\lnd llO t..rn1 and carr1 l ,000 .. ,. , b11t to 
•chi••• the .... capacities tne aupercoa4ucti•& 
••r••ic •ari,.t••• vould h••• co be COftaiduablJ 
larpr. That tt.'"• cu .. ic 1ol411oida co11ld h••e 
applicatioa1 Ln aapetic Hpar•tora aa1 be -•ible, 
but it i• lik•lJ that tne1 could onl1 ha•e fiel4 
streft&tlu •11itable for lov held aeparnora 11Hd in 
the Hp•rauon of iroa ores. 
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fatcatly OltYio.ae 

lhtD prNpecu of a -ltibi.lli- 4ollar •rlr.et, 
c-paeid iavol,..4 i• auper~on•cti•it1 4..,elo,...t• 
artf' k...- to make aure t•e1 4o aoc •&Ss out oa tac 
1...-c1al revarU, aa4 -• vay ot .. a.a, t.aLS a.a to 
lo4p patents. O.ce tae l8lt patenu ll..,,. baea 1u•te4 
u .. tile vave of ,.t .. t applicat&OllS _, av1M1M. •t 

..,._ ao, tllue ab011l4 still be plnty of r- for -
llrulttbr011"'' bJ ai.,ly ca-1ia1 tae baau recipe, 
••r tile pretett tllat tllat t&C. ra ia1ret1ient is w ital 
to tbe supe:rcoawctor'a ,.rfor-•ce Ot7 •o .. aas a aev •->. 

aouer ia4icaci- tllac tae aupercoa•ctor •rk111t 
i• vorta claaaia& ia tlle •aat •-ta llteia& •,.at by 
pri•ate c..,..aiea -" Ca••r-•ta of tbe priacipal 
pla1u• - tae USA aa4 Ja,_. Tb• Ja,..eae n<lft &••• 
tae al&bject top priarit1, vita tile Go••r-t ple4&i•& 
..,er lUIG ailli.-, ...., tae prlYate aector is npecte<I 
to -tell ct.at fipra •tver•l c.i-• OYeC'. Oae rac .. t. 
uti•ta u taat tlle J•..-eae Cover-t ILaa pr..,, ..... 
l,QOO aillioa yea to a11percoa•cti.•it1 reaearcll aiaca 
ital. Aa a c-ter.aaa..re, Sl:ill ailh- aaa rec-tiJ 
b- •-4 to ;'le •-u..- '• r•urcla - ...,,.1.,_.c 
purse for a.,.rcoadactora, aa4 it i• alao prow14i.n1 
.,._.._ sr•ta for reaearctaua _, ••tare-capitahat 
c.....-ie• i.a - •ttaalft to ~rcialise ""ices aa4 
-facturia& taclla'4uea. Lut 1ear I.all poured 
$3,900 aillioa into reaeardL aa4 de•alo,...t aa4 ATl.T 
apeot ... u $1,200 aill ion i.a tile ••- area - botll are 
1uio ... 11 c-&tta4 to a11per...,..•cti•it1 4e•elo,..at. 

0.c tllia& ia ol»Yious, no-oae vould apead all tt1i1 -•1 oo a vil4 s-e cllaae. lli&b-taaperature 
a11percoa4ucti•it1 -1 pose • tareat to tra4itioaal 
suppli.us •4 ....,(acturera DOii, but there u ti•. 
aa4 tae fiel4 ia broad eaou&I', to fulfil ..... of tile 
new Mterial '• pro.Lie: .. 

Claiai111 t.e!p!racurc poiata 

The cacite•nt 1neratc4 by tile AN brad of 
supcrcoaductocs "ia&a oa tbe fact that tad• 
.. cer a.al• caa operate at ce.,.ratura h iper tnan tne 
bo1lia1 point of Ch••P liquid •itro1esa (1101.). 
SupeC'cOA•ctina •J•t•• 11t uat toda1 require 
eapensiwe 1 and s-tlllC'S cu•cra~ coollft& syste-u 
vrticn iavol•• th• use of neliu• operati•& at 
t-perat..d'ea of j.,.t ..,er 401.. The apace oc 
supercoaductia1.t1iacneries vitbiA the last year or so 
ftave fired tac i-1uaacioa of ltocn ec1eat1ats anct 
i.a•acrieliata •like - aad il8"e br011pt 
"hi&b-t-perature" aupercoa4uctl•i<J (superconductors 
wllicb becoaa oper•tioo•l abowe tbe teaperatura of 
liquid aitro1enl to tlle r,.•l• of tbe practical. ..,t 
coot:ant vith rucllia1 t .. ia poi.at, ecieftt:iata are 
raciaa to rai•a aupercooducti•it7 ln•l• co •• tup. as 
r- t-perat11re l..,ela (29]0Jt), ""ich iA i.tulf 
v01114 nepte tbe 11H of e•• l iqui4 •itropa, aad 
co..ld lea4 to 4r••tic •4"-cea and c ... t a8"i.Ap ia 
tr.a•porrtat.iOll, electrc:mica, pover traas•i••io•, and 
di•po1tic •4ical appli.catioaa • 

Over tn• last f.., •nth• taue .,...,. i.an 
spectacular •4¥-c•• in au,.1'Conductiaa cera•ic•. v1tn 
trmaition t-perat11re ria iA& co ab..,• '15°1.. Tneu 
•u reports thac •- a11percoa4uctor• h8"a bHn 
prod11c•d ""iclL c- operate ac or ab..,• roo• 
uapeucure - ooe J•pan .. e laboratory has clu-d 
aupercoo4ucti•iCJ in a cu•aic oai4a ac l2PI.. lua 
tho..&ft the aciaatifi.c "orld trues, not uDftet11rally, 
a11Ch clai• vitn a 4a&rH of acepcici.a•, perucularly 
aa .. n,. cl••• c• ... ot De •erified or repeated or •r• 
ODIJ tllort-li•e4 ... - •• h•ela of 
a11percondl&cci•it1 at 120"X are • ..., v•ll 



e1tabli1hed. lut tile defiaitiwe rooa t .. perature 
su,.rcon4uctiwity still ha• oo; bHG et•lislln, -d 
vill not happen uatll •"1 laboratori.ea repr-,ce • 
rooa tMperature fiadiac. 

thP foll-ins hiplipu •- of tn• -jor 
c.e•pcr•ture bruktbrouatu reporU:d i• t.ae fraa. but 
even tlli1 lllort liu oaly touches tne tip of tn• 
icebera ::oaceraia.1 tb.• plleca011Raal number of university 
and c-peny l•oratoriH ""icll are V<Kkin& on a 
'#ariety of upe:ct• of supercoo•ctiwe ceramics. 

111 l9al: Karl ltlaeller and Jab-DH M4aon of 
[alt in Za.:rica start ruearchi.a& metal oaiMa. 

ln February 1916: Ja,...ue sci-tuts 
Teuuya Osuslli aa4 toll> ihisa 0.ono clai• 
1upercon4uctiwity at 44°K in 
niobiua/ser•ni.,./allminiuto/oxypn tbin fil-. 

ln Dtcuber 1916~ ltlaeller aad M4non obtaio 
a proais in& •iaad oaicle of lanth•ua, bar iua, 
and copper ..taoae critical aupercon4uctin1 
t .. perature reaches lS°E, i•provia& prewious 
rHul ta by ll"K. 

ln January 1917: Paul O.u of tne lllliwer1ity 
of ffoustoa. waries aae pressure of the barium, 
lant11-.... copper oa:i4e c-po-d wbicb siwa 
1upercon4uctiwity at S2.2"K. ... tnen 
substitutes yttrium for the lacatbanua atoa, 
.and coma• up v1th a supercoa.ductor wh icb is 
1upercoa4uctiwe at 9PK (-214"Fl. 

In !!arcn 1987: lllK'a Al-d- tea• unrawela 
Chu's supe:rcoacluctor 1 •nd fiad it to be a 
ai•ture of three phases of tile ••- co.pouod 1 

1ncludin1 a black variety ••d a 1rcea version, 
the "super re1istor". At U.e •••ti•. Chu 
aake1 the co~r1t tn•t be •foraeu a bal., 
120"K vitlli.o a few ......... and 4oea not rule 
out superconductor• that can operate at 
lOOOK. 

ln !!arcn 19d7: llarvin Callen'• tea• at the 
Lawrence krltdeJ ~boratorJ reporta a nev 
7ttriu.tbari.uia/capper/oay1en ca.pound vlli.cn 
became• 1uperconductive at loao&. 

ln !lay l9117: Ener11 Conwera ion Dewi.ces lnc. 
clai .. tllat i.t haa produced a auperc~n4ucti.n1 
.. r.erial vith aero re1iativity at 15,,lt, but 
keeps the compoai.ti.an coafid-tial until it 
can pub liciu ita find ins•. 

In June 1987: Five laboratoriea clai• ta bave 
tested ceraaic oxide• that lose all r .. 11tance 
to electrical current at close to rooa 
tMperature. Ener11 Convera i.on Dewicea lnc. 
in Troy, Ki.chi.can, report• superconductivity 
i.n a cera•i.c 011ide at 280.l"K (450Fl 
containin1 flu~riAe.. Scicnti•t• at the 
National Pll71i.cal Lallo~ator7 in •v Delbi., 
lndia, clai• partial aupcrconcluctivity at 
299.l°K C79"Fl. ln the Soviet Union, 
Yosllini.ko Otauki. of Waacda llliveraity i.n Tokyo 
witn1t11ea euperconductivi.ty at lUllPl 
(9S"F) i.n a ccr .. i.c oa:i.4e at tne lnatitu<• 
of Lov t .. pcraturc Pbyaica, Ko•c-. 

ln June l9a7: A reaearcn collective of 
Ki• llauns Uni.vcrai.ty euccccda i.P. producin& a 
hian-t•peraturc auperconductiv.11 utcrial, 
sinter4d from vell-mixad 011i4e• of 
yttriuia/bariuia/coppcr at hi.II' tMpcrature and 
enc uteri.al al.vu an electrical r .. i•t•nce 
wnicll drop• to aero st IO"K (-19l°C). 

2• -
la J-• 1917: llorta-tera U.iv..-a~ty 
raearclllera c•fira Cb•' a tP& 
••percaatMctivc -terial. tuac ca-ot c09fira 
En•rSJ C:-eni.• Device'• actoi-t of 
auperc..,...ctiwity at l)SOK. 

la JlllJ 1917: Japanaae 5-ic- f:lectric 
lnd.,. tr iea Led. 4ewelopa a aupercon4uc tor 
-c:arial ""ieb nu paru of i.t wicll emi.bit 
.. electric ruiataoca at JOOol. 
(27° Celaiua). One of h•e •-.ln •"-• 
a.a llRiasaer effect, aa4 r ... iaa 
•oaperc..,...c:tiac for a veelt. llle -terial is 
bun oa yttr..._, bar..._, :oppu an4 oxypa, 
plua •a cert.aia -teriat•. S..plea MU.re 
1 - i• 4i-ter by l - in tbicknaa and 111-
auperc••cciwi.tJ anr-ere fro• 71°K to 
)IJOOI.. 

ln Ausuac 1917: Co~ora4o State Uni.werai.ty 
sap 1 t aaa iaolatad a1.croacop1c 
supercocu:lucti.n& .. rticles tbat vork •= aear 
rOOlli t .. pera tuce. 

la Ausu•t 1987: Uni.weraity of Maryland 
ac1.eatut• cla1.• to bnc proctuced a •table 
c09p0uod •ll-i•& ai.pa of aupercoa•ctiwity at 
240"I.. Tile t•- aay tney nawe fabr i.cat•C a 
c09p0-d ""icb an-• c•ailtently aoaper
concluctiwity oear 24a°l for ewer five weeks, 
vi.th ar-d 2 per cent of tft• ... ple 
eXbibitia1 tne llai•aaer effect. 

In Septe•cr 1917: At tne a-ual -ucan 
Cttcmical Sociat7 '• ••tin&, ruearcnua cut 
serioua doubts Oil claim by in .. ur.iptora of 
room temperature aupercoaduc t 1v1t7. u tae 
hndi.np llawe not Ilea al>lr co II• reproduced. 

- Tiie laat vord allould probably be left vitb tn.: 
•n tbat broke Ula •1 i.t1ui4 a itropa" ~arr iar, 
Paul O.u. lie aaya cnat ne 11u identified 
local surface aupercoa:ductiYity in .,,ltipDue 
ccraai.:a vita a teepcraturc of 225"K,, and 
altboup tbio aecond pnue ae- to c- and 
p, it appear• to ane a diff•r•t ar.ruccure 
to t..noae llhicn conduct •C 911"K. 

(Source: Macari.ala Use, llovCllltcr 19117. article 
vri.tten lly JaCflui lablliaal (To ol>tai.D a frH •-pie 
coPJ of llaterula E41e. contact Ciana Little by 
Telex 2118) •tbul 1. or fn (01) Jl7'91ol.) 

(al~ 

. . . . . 
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lno&15 Alll ~ 

Superconductiv1ty bill• ifttrocluccd in Conareaa 

A llill entitled ''Tne llauonal Supercon4uctiwny 
and c-peti.tivenaa Act of 1917" nu juac been 
introduced by Coft&rUl-11 lie Curdy. lu purpoae ii to 
create a national proar•- in •upcrconductivity t"•' 
dr.,1 on tll• 1tr•1cn of the #IC ioua apnciu and 
depart-ta. Thi.a bill would utabl illh a five-year 
IU.D prosr..-, ll•1•nnin1 vi.en rt l919, to lie carried 
out throupt con1orti1 for en.&tlina 1upcrconduct1Y&tJ 
tecl\nolo11•• CCHlpo•ed of indu1tr1, un1vera1ty, •nd 
r••••rcn 1111r.icution1, and operated cnroup deaipated 
DOE la11oretori.c1. Tne au1191ted fundin1 is 
$ISO •illion • ,. ... Tnia take• into conu4eration 



tne S>O eillioa for DaD ia tllt'Presi••t'• &aitWci•e 
_. pc..., ides siailar •-U foe DOE <SU •ill•->. 
~f lSfo.0 ailli-1. and .. s lSlll ailli->. ?lie 
r-i.aLAC S2 ailli- is foe rupoas~ihun 
.ks1p.atir~ 1a the ~l.!.i to~- .a••-'- •rt•* !lat1-al 
'ru:l.:al ~1tott1al• Couac1!. Mt4 • Prui4•tial Affi•Ol"J 
c-usioa. Caacrcu•• !tcC..r•:r•a l>ill also calla for 
tae Presi,...,t to utabl i• "'• pcG&I'•~ of 
lnteraatioa.al CO""Ofe'C'&ti• l• tb.e c••ct of 
f"ft4.aalll'atai an4 basic raearcll Oii •"fercoa•ct.i•a 
.. tar1al1 ••• [.aicnl aball iacl•<le tlOe aadl .. &• of 
et.asic iafor-tioo aa4 Ut.a as well u tile •wcl.,...t 
.;,i uttcra.at.ioaal •t-4ar4b fOC' Cll.e •• •• applicatioa 
of 1 .. percoaducti.•1 .. uriAts•. 

.iaotner bill. ntitlri •llle -u-al 
iiapercoaieh&ct.or Maauf.actur1111 aad. Proceaaiaa Tcct& .. 1011 
.Act of lu1•. Ila• •••-•111>.- iat.-c•• 1>1 
c-1ru1•11 litter. lll•s !till -1• eatobli.ac. a 
-.an"faccuruaa ... pc:ocas ia& tedU\01017 iaitiatiwe t.o 
be iapl-11td .. 1al1 bJ t"• Def .. ae .W•-ce• l&aurca 
ProJ•CCS A&eacy (DU.PAI al_, vita DOE •• ,. - •s 
vitb a co-or4ln.aciaa couacil to co-or4iaac.e t•eir 
acciwitics. llle to;.al fuatlia& rec~• ia Ole 

litter I> ill ia Sfo.00 ail!•- ..., •• h•• years. vi.tll t•• 
1tulk of tile fua•iac USO ailli- .-r year> aoi.o& to 
o.\APA. vitll 1'iF •11• DUli: eacla recei•ill& Sl2.) ailli
per year. aaoi as SS ailli•. lllia l>ill also calla 
f'1r tile Htablisll•at of a Prai ..... tial C-;.u&OO. 
(S011Nrce~ !t.aterials aa4 Procaam1 lePo!t. 
:Wpt••er 19171 

Th• followi•& articlH are repri.at•• v•l:Jl 
pertRss ioo from Cfte.ical 6 Ea1iaceria1 leva, 
1 Sept•••• 19'7 .... 21 Sept ...... 1917. Copyript 
19117. Amer ic.n C•-ical Society 

Th• key aae• ia co-or•iaatri fa•eral &°"er-• 
pro1r- in•ol•illa uni•arai.ties •d bu.aiaaa, 
to1ct1t.er vitll a policy mac iatearacea 
sovcrnmant/ia .. stri.al researcb relatioas vita Ja,.a. 

S..perc-ducti•ity by •- is a tera faailiar to 
aftyoae vllo rea4s tlle qily 11evapapera or vatellea ell• 
necuna news. The d iscower1 of cuaaic coppr. oai•• 
.. ceri..als that can coadt.lct electricitJ vit-Mlt 
res istaace .at t .. peratlill't• vitbia or aowe taat of 
liquid aitr.111r1 has coucbcd off uaprece4eated 
••c ite...-nt i• cne 1:: icnti. fie and C.Cdlaolosical 
co-.nities, •Del u catraordinary amoua.t of "h7pc• a.a 
the leap.n Adainistratioa. 

ll>at l\U also be.,. toucl\.,d off is "" apparntly 
11ev focua for debat• about US t•cllaolo11 po hey. ~··• 
debate cons i.1t1 of tvo related parc1. 0... is •• 
attc•pted harusain& of ao•cr-at, indu1cr7 aad 
l.lftivitrsiti.cs into a 1ia1l• bi& effort co exploit• 
ujor brc.akthroup. the or.lier ia to ct.rcw a caallmaa 
to the countr1 '• 'op t•chnoloaical aad ecOA011ic 
co•pct icor, Japan. Supcrconducti• i.tJ i1 Che 1,mol 
around wbicll cne US •1• co pccwa ir: cu "ca.pet•" in 
clobal nip t•chnolo&J. llatural I y ... ,,. •••rJO•• s•H 
tne p1c ture LR th• .... va1. 

In lat• Jiily, toe --.ice llwae Ofhc• of Sc inc• ' 
Tecllnolo11 Policy vitll tll• 0.partaent of !ner&l' 
aponaor•4 a tvo-day ••ti•a - c-rcial apphcscioas 
in tlle field. President laap11 opok• and a•ounce4 an 
LL·pou>t f•.S•ral i.nitiauve. About I.IOU aumo4. 

4t tll• -•tin&. Ofl8ni&a4 by laa,.11'1 ••••nee 
a4v11er ~illi•• a. Crall .. , r..aray S.cr•tary 
JOl\n S. Herr •n&ton S-da4 tile tolH of ur19nc,. '°Tiie 
r•c• co co.aerc lal 1&• 1uperconducc ivic. y i• °"•" rte 
1a1.d. ''And "'• econoai.c priaa wait cne aacioa cnac 
hrot 4uc .... •ra • •ial.>L•, .. rkual>le ••dl•olo11. w. 
will face unpucedellt•d intu ... ci-al coapehti-. 
41 thou ill' we llave tile j ... p Oft our c-petitoC'I Ln bHic 

2' -

r•earci.. - _, -r•all all .. r ra-cea - t•p 
- aas-itJ to ca. f•lleat to campete effecu•ely aa 
ta• .. rketflac:e .. • 

llerrias<- vu au11•& aau. r .. eceric ... 11:11 al: ,.,_. 
A later .,..ca l>y ll:li Tr- lepr•-tat••• 

Cla1c•• t .. ccu al.ao vu tlirec1:a• ac Japm,ne 
c-titi-. Ii:- .. ti-al ka*-J af Sci-eta 
pra,4-t. Fe.- Pra•, 1m.-. iec au .... _. .. fC'••· 
vu tlr- i•te Uk• all-er-eecaiaa r._teric. 
llerria&t- ·-t•d ,. ... - HJiaa. •$oopecc--.0tlYlCJ 
•• It._ t•• test. case ef ••tiler tile U:S !t• • 
ucaaolo&ical fa tee.• 

1.,.1.•i•al ••ice• ar• c-••lli.a& a ••l-m4 
wtev.. Saya Deaaa Fia.,.:ric11.. u•i.at-t secrecar1 •f 
iattg f•r c-a..-Yatiom. -4 r-W"•l• -ercr, -S-•h [aipt be lri u klieYeJ - ane a au: 
_..,..1, Ii.a a.,.r ... •cciwityl kt l ._ •ot .,...., 
ll '• t.lle var ta• verl4 ~• ,..,._..... .... 
loi-4 Sc...._t.11: 1 Cieaeral Elect.ric:'a cer,.rat.e •i-::a 
prai.4-c fw eci..ce ....& 1:ecaaelog, •1 .... 1• .. , 
l&lle ta ... l:Jlla • .,.r ... •ctiYitJ SlC.ati
claaracterize• aa • life - ... ca ait•U-. l -1• 
••pect tllere viU l>e l•t• of ••ala •tr.ell ••- 115 
-• Ja,..ae caapaaiea. • 

lleaatmile, aowu--.c. apaciea ... effi•& Preai-.c 
a.aca• •a -••. are &•• ias •P fer ••-*• vora. 
-t llSS ailli- .. c.rr-•IJ l>ei•& apeat. -ci. of H 

ia f-•• rHcplo,... fraa eaaer pr•sr•-· llor• ia 
•apected to •• aaketl for .. c-sr•• ••at yur. Tile 
P-toa- al- .. 8latri to race•,.. SUO aill•- OYer 
t.111• •eat Utirce ,..ar•. 

llle i-dute pal of ••per ... doacU•ltJ r .. urca 
ia •i~•rmi.a1l1 atraip1:forvar4. tlba1: is i11YolwM ia 
-l:Jlir.& aora m- ..-..iopi.oc a piece of cerauc co,,..r 
oai .. vire 1a4 a strip of fil• ~ .... - •-t•ia& 
ucuce. _,ear aci•ci.ac. 1au pco•cff.. la a aase, 
it ia 11p t.o aci•ce to impc...-e - a.at.re'• pr•i.s~ .. 
Tae wire voul• •• •d for coll ia --u. tae fila 
for elect.r•ic circuiu.. DOE is takua& tac lud i• 
t..n•i•& c11e for•r. cae Depar-c of Def ... • ••• 
latter. 1lle ••i-al Sci-c• ,_._ti_ - tile 
••i-al .,.ru• of k-r• v•ll •• vorkia& - tile 
f .. .a.aeacal acieac.e ... ta• ltasic mauaecruac .. 

lllere are ... ,. •-er. es penally •• DO'>. ""o 
f••l taat tae ti• to ,..... appl•~ati-. is ri"'t avay • 
... ticipati•& tile _r...,.ca of ran .. urials a t ... ...ua. a•c•. 

"'"" of DOD"• -rk vill •• c-ce•trau• 1• tile 
Def•H MYaacri laearc• Pro ... cu q-c:r (DU.PA). 
"We • .,,. Hci .. d co coaceatrac.c our efforu to ••••lop 
as 11uie1tly aa pouil>l• - .. ._trial <•caaoloaJ l>aae 
for Cb• procca•ia1 1 fa~ric.atiOA, a•• .. aufacturia& of 
caeae aev 111percooduccia1 ceramic•,• •• ,. 
Crais I. Fielq, ••puty 4iraccor for raurca at 
DAlPA. ""We ••pact to •ewelop a .. 11-sc••• pLlOt 
prM&cc iD'I l ian, or 'llouc.i•ue' factor i.ca, •• ve •1• 
viu' &•lliu• ar••,M .. We nope co••• .... coaccpc 
._ .. ••tratioaa i• tftr•• •r four ,..r1. W. are rclti•& 
na otfter ora-iaati•• to 4o tlle VOl'k to ••C•l aH • 
soli• iatell•ctual ltasi.a for -•rata11•i•& tll• 
pro,.rtL .. of tile 11ev .. tarial•• We f•el tll .. lS a 
aitu•tiow '*•r• en1i•••riA1 .. at .. rallel or n• 
prece•• ac1. .. ~e." 

'here ar• U•N•, bw ... er, 11110 '•l i••• cne 
Ad•iaiacration aaoul• • ..,. uaatl ca. c•fernce co .ake 
• ca•• for str•ac••••a t•• co.,.try's 1cimtif1c ltaoe. 

lliLliaa O. -er. for .. r !'f••U.t of .. 11 
Lalooucori•• aa• a 1-s C•• ioaai••r LA -••-•I 
oci"ce policy heu .. , is Oii• VllO l>•liew• 10. '°Th• 
way tll• S'""n'-t 11ae a-• ••• .. c•hsll••& a 



••Pft"<_..c t i•it:r ,.li.c:r ll•• "'"" a.acaw_.. • •• oa:r•
--.. ._., •.-.4 c~ci.al ra&&l• tla&&l• .... ~ 
f~•.....,•tala are a ..,..,.,,.. lt v ..... &Ye t• •••..., 

ta.at au-.::., -14 a.t-ticall:r M ,.11.,.. •l-& -
t•ac it alru•:r eaiace•. W. ,..,.., a • .,.tt• k-INp 
CehcLeACf i.a taia c-c.ry.. Dl• lack ef aci. .. tLfi.c 
au t•Cll-l•&i.cal l&terac:r ....... , t• .... ... • ?'-.. 
eiwftsiti«• Me• .a6'ici-•l via.... "• .... to llft'e 
..re aci•tiats. n..c.•a .aat Qt -,auis ..... 1• a..,. 
i.- ... -

Hiter ala• ••h.,, .. ca. c•fueace •-t• .,.,.. 
cveallM caca1stty fer its lacll of , .. !i .. ci .. -• it• 
feel.re t• "• _.. jacu•ucipliaaq. "'no. cacautry 
tteparcmeats ane ~·- rcl.ccaac ~ .. -ca VOCk. ia 
••li• atace sci•c•. • Ile np.. •a....utry. 
•t•ll-17. ••• ,.,,..;..,. are ahll a.aclt-r4 vi.lll rcpr4 
te cellmerat i.•• rHearca. le·· a dl•ll•p M 
c:a .. ratical ca .. istry ••4 ta• -i•crai.ti.n .ace _pst 
_,vita it.• 

TIM aakcr ••-•t f•r- ta.e ... ~f U1e tecaaical 
4cb.ata.. lt is US acieace r:aat is i.a cri.ais. Ile 
atpes. ••• cac ••~r~•cti•ity c...,.ip •iwttu ttt:c 
c-tr:r fr- a-• f--t•l sci.a pelic:r 
..... - .... i.14i•1 ..... ••ti• f-ti• "' 
attractlA& :r-s P"Pl• te aci•ce ia tile ••l- Jo,... 
••• tbe fe4er•l la,....lic •f Ger-•:r 4e. Yet, ••- a 
aalter •H:r ia criti.cisia& ... iai.strati .. bJpe .,.er 
• ..,..coa .. cnwa:r t•i.ak• .r.nli.cati•• •-•• a.a 1••
atr-1 _,.. .. .__ ._ u -ttm ll>y, -ceriab 
scimti•t at Pe.asyl••i• Stat.• lllliwusic.y. 

•nae science vill lt•ppea Us aay cue.,. laJ 
c-t••a. "1-••r, ve arc tala.i.a& aa. ... t -cerub 
ll4t11<e alua•:r bu .... l -1• f- ti.a ,...,.1. vita. 
i4cas oct bri.•1in1 t~• pr .... ct to appli.cati••· TbeJ 
"'ll =~pt u ae ••••• c- .1_,.~ 

n.c Ccwec-t i.• bopia1 that -:r i4 ... vill 
c...,. out oft•• fe4eral l..,oratori.ea. -.ial:r DOE'• a.ii 
utioa•i laUHatOl"ics. sue.a as Araooae. ~w•cc 
Mrkeley, ar:d arodLllAYen.. llae ••tioaal LUocatoc its 
at prant a •. ,.. a total S".1pcrcaa4uctiwic7 k4pt of 
ar.,..n4 Sll •ill•-· aut t•e ltcp to t•eir pote•ti.al 
ar• crseir r•sources -4 ~ui,...t. _., •- P'l'"'isi-. 
of ti•• Teck1&0ID17 Tr•afer Act pa•H4 lut year. Tut 
•ct allows me lallorat«LH to colla:>orace vita 
pri•acc Lndu•try aad i••olY .. cr .. sfer of ,.ccat 
r•pts to ca.paaies pt"cwided Clatf try to commcrc1•l L&t 

t"• 4evelo,..Dts. DOE .,.. vuc nope tbat tbe 
facalitiH vall pey off for ia4uatry. 

On• K•pCic, llovn-cr. LI CE'• Sca•itt ..... 
bcl 1eves en.- aatioaal labor•corics serve ••l l 
cntrepren,c~r1al tiras better tllaa l•r,. c~rpocation1 
l Lke Q'.. 

"To vork in corpol'&tc rl1i .. s," ••1• Scaaitt, 
.. C'eq111irca tua '••aCJ1eat• i• l1.Dk•1•• and. 
c~1.cac10fts.. We tine 600 P•DI ia OUI' l•MalCOl'tU 
an4 1,200 tecnnical people •t tke b .. cJI. An4 tnCMc 
people cec 12.000 co lS,000 wuiU. , ... ,.._tile 
corporate ur1tecin1 ai4e. When t look ouui.4e C.eral 
Eleccri<, l ••• a4e.ua:e llllk•&e opport.aaitie• ••t 
v1.rn Cfta Mtional l.llbOt'aCOl'i.c• '°"'' "''" uniwcr•lttea_. 
A1."'c no.it I 4oA'c ftavc •n1cft1a1 in place viih Che 
ci.ar.1.onal lMor.acoriea. ..., 1 craiftk the lAoratM'te• 
vorkina in a .,.,., >f apannin& off teel\ .. 1017 and 
l1cens•n1 vould ~· tn• vay top." 

lut uni••uicie• Med a rnival, too. Saya 
o. aruce llerrif1eld, "-•••tent Secretary of C:O...rce 
tor Product 1.vi.cy, Tecranolou, and Innovation, "'e 're 
4o•n1 llS ~ill ion• :re•• an baaic <Haare" in 
t.H11.v•r11ti•'· lO ti .. • l90l'e tftan •n1 otftcr nacloa doc• 
or can do. I'd hke co see tl\e ••UAt doubled ... 
one else nu (s11cJ1 a bHi< uuarcJI ur11ct11rel in place 
or c•n replicate it .. An4 ve•re L•r&elf va1cin1 1.c. 

JO -

-n... c.r .. le w&Clit. tile -i.•H•1t.1n,• •• ..... •a.a 
caat a..7 ._.c. ta.., caac taere u a ...._•tplacc ... 
n..,- lafte • pl• ai.•e i.• cae r"earca ca97 411111 ... cae7 
••• -11 .. ,.-.. , t• k&tc tllc ,.,_, ... , -

hcea•ia& •u..ct•ra te take a4w-tap •f ue 
u-l"• aae:r are ~<""C· • 

am.er &(Lel4 ltu ... iai.ti.ati.we ae i.a tr71•1 t• 
pr-t•... -w.i:•rc t•ia& • ._. at: e.r -.c aapera.ace• 
i. .... tr&.el ,....1. - rac.ire..t ••a.ti••· wi.ce 
,.. ... ._,.-.a tedlai.cal .-.1er• ef wari-
cer,.rati..., - aa4 ef&ria& t•- ta cell•sc• .... 
•i•a-•itin te 1aelp t.11• 1aacit•ti ... i..,cif1 t•c 
,..t•tial •f taeir r•eardl. lll .. e are people • tae 
l.,.4i•& e4p •f t•Cll-loO ""• It- -•t tae acere 
i.a. • a ... c Sl &ill i- u ..... 1.-1e fer Cllat actant:r 
tllr-"' U.e Tacb•leo Tr ... fer Act. la caarp of 
Cllat ,...,.._ u c-..1c .. t C.. &i•ua, t-11 ef 
AHi.e4-:iipal C:...p., .... a receac .... iti•a fell- at 
OSTP. 

To ,_ SC.ace•• .. ,. ce11•ocati- La •K•••acy 
kt .. -u -tb•r ltSf &a i.ta ,...,.._ ia 
......... c. t•ra ·~ coll•••c.i..... mr ....... ,. • 
ia •till t-~ It-' DMt 4uci.phaa, -••t• ta• 
•-•.QCSce of ita -1i-i.a1 r•urca ceatra i.a llle 
•i•ecsitia. •it _, fwc• ractpi-u t.e fw• 
&Ster4iacipliaar:r ~·- viaaia llle -••uait:r auelf 
•• vi.U. ~try,• .. peiau •t .. 

•uae,• •• •• ,., •caere ••o.14 •• •• ,..I' c"iaw 
kc•,..• ,.... r.,,i_ 4ucourasa a aci•ti.st tr
....... lia& llu a. .. t work. Illa'• afrai<I it vi.ll a.e 
atoloa 111 ca. •,.....,•. • •1 aa:rs tll• lact of •ta••• 
pNr rniew 117 "'Cll llOO apaci.u u tile Office of 
..... 1 laearca -- tb .. • •1-cia •••ls of rHearca •• ,.,.re i• t•• fiel4 of -teri.al• aci•ce. 

A f•rtllcr a.eli.ef •-1 •-&or ,.1ic7 hpra ia 
11a.,.i.a1t- u tut ior-·• .>:.LP •-14 1>c &••• tA• 

power to •oap tile ••,.rcoa•cti•it:r effort. ti.at 
Cr ... •., .. •le to c-iace tao llai.ce ~. co appcwc 
of a coafcr•ce aa4 ••• "av• Pru&-.c aeap• att«a4 
apeaa for Cr-'• i.aflueace v&ta. ue PrHi.4eat '• 
,_tr circle of affUera. Inter• Cr•- ••da to 
1.•pc'O'lf•. otaiaerwua •a7, is 1.a celatioa.s v1.aa pe.-r1 anti 
.,,ta ou.ar apocie• .. 

"c;r•- •i• 't ••• clear me i4ea of tbe 
coafcreace vitll bi.a owa. lila1te llouse Scieaca Couacil, • 
••P octe cntic. ....r 4i.4 Cr•- c .. •11lt vitt1 tile 
Prui.4•t '• - Critical llatniah C:-..ci.l.• llle 
latter co-ci.l, Cbaiu4 a.j lDterior Secretar:r 
Doaald r. llo4el, .... esc•l i ... ed to ...... pohc:r 
pr•l- ar-4 nitical -teri.al ••eda for a 
1n1•-t•caao1017 cl'•· llol' vu ltiF .aircccor ~ricta •loch 
••-II'• i•to tbe pl-i•I· "Kaa:r are c-ce•-• taac 
•Loca •a role v•• too 1 .. 11 in d&1c•• i.a:1 CA• 
lc&eatific ••4 .. Qpover i•a .... " oac critic ••JS· 
"Wbat vill p Oft arc turf varl," II• •• ,... "aad OSfP 
-t fipt a&a&aat tllHe.• 

Peraape cne •Jor •l•-•C •111 ia1 from tnc 
Adaiaiatratioa.•1 var-dna• rhetoric OD 
1upcrcoa.•cti•icy appe•r• co It• recopition of uae 
1•pv. "aace of ....... • laoracia. '""' Jap.an '" the ficllll, • 
4e•elo,..·w~ that ·•.,re a sipa ot l\ope thoa of 
dc•i;a ir. 

Joint wetur .. t>etven US and Ja,.ncac coapenie• 
are increas i.a1- '" CM paac :rear .... a half, Che 
C-rce Depart8ent'• Merrifield poinU 011t, 40U JOlnt 
wcnturn were ••t up betvc• US aa4 Japan••• 
co.,..1••· Tn• n"'911t•t tl\e 7c•t bcto~• va1 ~a&f tnac. 
... , 1••f'. ne ••1•, the fl.pre coullll be 60U. ..Tnc 
onlJ v•1 the Jap-.u• can accaa our t•~•o1011," ••1• 
llerrifiel4, "i• pins co b• cnr0111f' J•••t n1ttuu• • 
•-tnina U\ac .. ...., ... tile •<--:r r•c .. ar th ... car"'"' 
it up 1.ato •-11 piece• .. " 



r---------------------------

Eh& ?~t. repocta Par ia•r. alr•••Y llu a ewer al 
JOLDt Yea.tuts vita Ja,_••• coapaaies.. lt aaa 
•ear:vru 1a fluoropol,_ars. Kevlar. ••• Captoa,, aa41 
last ye.a~ opeae4 up aa tlectroc:i.-ical 4ir1elopetnt 
l.aboc~tocy ,a ro-yo .. ""••we -..4c ao joiat •~ture 
.W-ClSL<iJG~ yet OB aupctCOD .. Ctivity,• aay• fariaer .. 
~our liat of tlli11p to coasiMr ript aow is 
eaptOC'LAI soet type: of 1p.er1is• vitb our c:ollucv•• 
u1 US .:oapan:.ea. Our 1tr•1tta. is ia -c.eri.als. las 
so ia focvar4 LDtecrate4 •pplicatioas .. • 

Du P.Jat, n.e says. establ isaetl earlJ cbis year a 
bt.aSuaess .aewelopmeat croup for supercaa•ctiwi.ty. auca 
as several otber ca-.,...ies b.awe 4oee. •Tbcy•re 
looC.ia& ac var10us .. r•et sepae:ats aad try1s1 to 
assess op?Ortunities. • bt says.. "foe euaple, ttley •re 
.asilu1.1 wt.at tn.e .. rket oppoctYllities vould be for a 
uterUl vie.ta sv!'Crcoa.duct1a1 properties at 9S ~- We 
hr1t not btien in coucn ytC witn cae Jap.aaese. but ve 
~aYt e•cft.aA~d •~iea.tific inlor .. tioa vitb tbca at 
opee -•tinss. l certainly don't vaat co sec a bi& 
v.all built bctven us .ancl Ult Japanese. or else ve•11 
bot~ 10 40Wft tt\t drain..• 

.;£. •s Scnaitt says c;E. alrucly bas a joint •mture 
1ois1 is a ... 11 area of tae 1upercooducti•ity !ield 
:nroulh .a p~rtnersnip vitD Tokaaawa !kdical $yateas 
u1vot•in1 aanufacture of a coeputcr to•srapay 
1~.aa.nC'r. "This case vas iatcrestin& i• th.at t.ae:y 
started out as our distributor an4 dccitled tlaey vantt4 
to license tht ttcncolo11." be recounts. "'We aaict oo 
41ct. •e v.anted a joint •at~r• instead. So ve ova 
St ?•r ~eat of tile c ... ,.ay. It'• a "'°d e11aaple ""•re 
Mserican and Japanese skills can -.ccb. la tbis case, 
ve prcwidt tlae tecaaolo11, Japan pcawidu tilt duip. 
One of tftt nice aspects of tea•i•& up vitb tne 
l•p.ancse is that vc pt a nice percent•&• of Cle 
Japanese aarket." 

1c..r .. ped 1owern..ac-co-1overaeea.t science and 
tccru1olo11 relat1oa1 vith Ja,..n art a top itt• at 
Crahaa·s OSTP.. The action (:r.ttr•• arouad ratt1al of 
the Presidcnt1al-lewet 1c1cnce and tccnnolo11 
aartelNftt betvcen tne US and Jap.aa.. Si.pace! ori1inal l7 
b~ Prtsidcnt C.Artcr and Pri• Min:.-.:cr' Nasayosni Clhira 
"' 19*>. c.nc •arttlMttt 11 "' f« raeval now an.I 
Cr.an.a nopes to -.akc cnu Ult official policy 
fra-.evork bttvctn enc eovntraea in seine• and 
tccnnolocy. 

~:aha• travelled to Japaa laat Febrvary LD ., 
effort to l.ay the arounJvork for Dts position. In Oftt 
s;sitech nt told a 1roup oC J1~•~••• ac~cnce an~ 
tcchnoloa lcaclcrs tnat the lfi vantcd to ••• 
"Aaacr1c.an 1raduatc students, pose-doctoral fcllovs. 
and senior rescarcll•r• vorkin1 an such centres of 
••cellcnce (in JapanJ a1 tlle Institute of Hi&h 
!ncr£!1 Pnys ics in Ts\lkuba. lnstituce of Kolecul•r 
Sciences in CJlazaki, Institute for Physical' Ches.1cal 
lcstarcn an Waao. and che Eleccrocecna.ical Laboratory 
in Tsukuba. •• 

A Cr.ah•• aide pvt it in blunter ttrM, "Ct's ti.
for the u, and Jaran to work to1u11er in 111ari"S 
r asks, costs, .and bate fits of sc iencc and technolo17. 
The US an4 ics ~rtner• nave shared responsabal icae1. 
N\4 no one nataon shou~d bear • diaproportionate 
~urdcn in .. antainina tne 1c1enca and technolo11 
enterprise ve all need. At any one ci .. ve have 
100 people LR Japan. T11ue are 14,000 Japanese 
students in the US." 

The a•d• ••Y• OSTP •• prcs1in& Japan to come up 
vun •re an tne vay of 1nar ana their llnovled&e. Tne 
science and tcchnoloay 1oal1 recently mlnounccd ~J 
Ja;w,n uwolvin& a more internataonal thruat in their 
IU.D - IUCh •• tlleir Huun rronti•fl Proara- - are 
conudorod at OSTP "a c11eap vay of buyin& future 
ace••• to centre• of excellence in Cha W111t. 

Jl 

•Ic l-e4 l ill• ltJloy vere jvn iarea4i•& to 4rop 
.,.. ir people off ., .... - t•ere. So "" ~Opolff ta 
ta .. tllat tll•J act .ap a vorl4 clua iasr.ituta for 
ttaird vcwl4: ac&itlltiata. Tbc:7 voulca•t aear of at. So 
t•ey lN~ crdilltili.ty DJ aor. Miaa •--t•i.•& totally 
aelfl .. s .. Ja,... is ., ... vi.ta capital. la4ustry 
c-14 •-• &i•• ailli...,• of 4ollara to •et •P t•u 
facility. 

....... tae c09ptaU.t tbat -r• -ric••• -14 be 
uwi.tff i ~ tbe:J 111.aev Ja.-tse ia a a.at.a acrttD. TD• 
Ja,.aae ll-• ao prabl• functi-U.a ia bota 
l•papa. TM iaa~ t~at are more i.,.,rtaat iavolwe 
•- people are reca•""· 

tile OSTP auitu.i.., •llarH by tae DRparr.eat of 
C:O-rce, i• aat popular U. Ole Stace Dopar~t, 
•....,,er. State ia importaat •ecaue it act•ally 
•rafts all sc1eat1fic aa4 tecaaolo1ic•l •1reee1ata 
l>et-ea couatri.e• aad .... to it t11ac t•• laapaap llas 
tlle ap~opriace dipl-tic auaac••· 

A State Oeparraear. official vie.a laaa es.periaace 
in Japaa criticizes Cr--'• use o( cae vad 
"reciprocity" ica dealia& vi.ell J•paa ltec•ua• be feels 
the ter• iapl i•• barr iera becvwea tll• tvo couatr iaa. 
llt aaya wlap.-auc CCWC~t l•oratOC'ltS art U opn 
as taoee ia -.rica .. "It's true t9'at. •r• Japaiane 
•LSit tilt US Ulao •• vi.sic ctaere," ae ••J•· "'11ut cae 
Japaaae Cower-•t uwat• •uwily ia teacbia& people 
EAat i111. Very fev -ic• c-paies -· Doe u
kiocl of ia•at8ellt. • 

Tiie .>fficial claima ltllat t•• debate llas been 
•poorty .-.pd" aa4 clai• ltJlat 0STP u takLDS • 
"•-teuri.ab" ap~•cll i:ovard foreip policy. "tryia& 
to 1ducac1 people - doa't ""°" tile •ituanoa u a 
paiaful proce11, •lie ••11· "tile hvi.11& 1t...Uru .. 
Japaa are aoc ltJle .. _ as U. -.rica. Very fev 
Aetr1caaa would vane to aa to Japea and li•t like tbt 
Japanese do. osrr u iaiauodtrataa4i.•a tulitit• wnea 
tllcy vaat to iaclu.i.. ill ltJle a&r••-C l:llat vi.aLtia& 
Mcricana -.aat 11.•t ia Japaa vitbout aay reduction in 
their acaaoard of 11.•U.1. Wc1tu11.-acy1c nouan •H' 
a,.rc.eau r.., up to Sl,OUll a .. atb &D Japas. 

"Another .,th i• that Japaaac are avuh v1tn 
-Y· OSTP wanted Japaa to put 110r• -y LDl'.O tile 
S..percoaduct ia& Super Coll i.i..r aad tbe apace nation. 
They dida' t kAOiil tile Japaaaae Cowernacat 111u • mocc 
serious tfcficit problca Cbaa ve nave. Taeis trMc 
surplus cloas not 10 1ato the co(fera of co•cr~ac. 
Tlleir percent•&• of total out1taadiaa debt •• a 
pcrccncap of 1roe1 aacioaal produce i• n a.per cnan 
ours. Aad t11eir fucal pohcy over tlle pan ux years 
un(cr Prim "iniscer Yasuniro '•ka1oae ha• been &cro 
1r011th.. WR in the State Deparcment doa' t vane co 10 
to for~i.pa countries and rattle the tin cup. Wt arc 
not 1oin1 to ~ave an •sr•e.enc that 1avol••• rne 
J1pane1e apeadia& aoro .. aey hero.~ 

And 10 it aoe1. Wltll 1upercoaductiVLty, DOtft tlle 
US and Japan ••- co have atri•cd at a new play1.111 
turf ia t111ir aciencc aad t1cllnolo11 policie1. 
L.•ancs of the "Merica -...c be firac" .antalir.7 
still persist ia tftl US, vlleraa •ny Japan••• •till 
ttcl icvc that Chears ia a poor ialand nacaoa. lea.Cher 
ayt11 truly au1tain• eltller aociecy. 

Superconducti•ity br inp national and 
intern.: iocaal ac ien.:c aftcl r.cchaolo17 an co one 
context. •J focuaina on oae tftin1, all thins• ... c e.e 
conudercd, fr09 underuaad .. 1 ""'GI!:'• l,lUU bomcll 
au1nti1u can no lonpr 4o tona-ranp rHearcn in 
this era of cor~ace oott08 la.a• fr•az.y, co •o&va.nc 
tllo -dut ltut cr11Cial eftlr&J' llledt of I Soutft Aa ian 
villap. Tne duaonance of tile dHloaue only 
do .. nattat•• 11- fev rallJ •••k to under1ta11d it• 
acope. 



~perc-4ucti•itr initiativu feat11re Sl50 •illion for 
DtfenH DtpartlNM 

G\ic'inc July•s federal conference on 
'"Pl'rcoaductivity, President leaaaa ou.tliaed s.-.cral 
1ovcraeeet prosra-.:a to spur d.welopmeata in 
s&&percoeductiYity and otaer tecllnolo1ic1.. Kt spclle4 
out a total of 11 initiatives to~ 

Expand aatitrv•t laws to all"" cocpocatiOD• to 
enter joint .. Dufactur Las Y•t.urcs. 

Mead patent law so tbat US -•ca of process 
patents can a.e foreisa .. aufacturera waea 
ttaer upoct to u.e US a techaolo11 u.at 
ia.friAps tnc US patent .. 

Tip.to Freedom of laf-tion Act rules co 
prewent co ... rcially val....,le technical 
infoc-tLOft seneratcd in CCWH111Nftt 
laboratories fro. bein& disclosed to 
forcipcrs .. 

Establistl ~apert S..percOD.i..cti.vi.ty Mvuorr 
Croup to advise tnc M•inistratioa on racareh 
aacl ca..crcial i&atioa policies .. 

Establistl S..percoa .. ctivitr lesearcn Centres 
at Arpaa.e, LaVt'•Cc 1Mrkelcy 1 and -.s 
national laboratories, and at r~c .. tioaal 
Bureau of Standar.U' aoulder, Colo .. , 
labocatory. Al Locate Sl50 •ill ion to the 
Depart-t of Defense for a three-year 
proar .... of supercoaducti•ity research for 
ailiurr •rat••· Expand llati.on .. 1 Science 
Foundation supercooducti•ity research and 
en1ineerin1 by transfer of f11Rds fr- ocner 
pro1r.a-•. 

k:celcrace federal, university. and indyStry 
co-operation ia research. 

Accelerate patent proccchac•• foe 
s•.apercoaductivity uses and couct 1uit1. 

Accelerate staadards vorll foe superconductocs 
and celated devices and ..ateri.a\1. 

Eapand reallocation ., f a1encr fvnda into 
supe:cocaducc iv icy research. 

Speed up sensor and ~lcccronic vor-lr. at •s and 
DOD. 

Seek eore VS involvement ica Japanese 
super conductivity res ear en. 

Ar,on.ne 1ets u1or role in national superconcluccivity 

~ 

Ar1onnc Macional Laboratory near Chicaao h•• bcm 
tabbed by tl\c Adainistrati- to take tne federal IHd 
in catalyzina the transfer of c-rcial ,.. •• of 
s11perconductivit1 tr- th• p.ablic sector to businua. 
Tne laboratory nas been doi.n1 uaearcl\ on 
superconductivity and on cera•ic .. tcri.als for 
20 years and has establi11>ed under Cre1orr •••Lo • 
•upcrconductivity applications office within its 
Tecnn0Lo11 Transfer CC11tre. ln ;..,. it held a •ecin1 
outl inina Araonne '• capaDilitie• to al••t 
200 representatives of industry. 

The centre itscl f va1 ••t up 10• years •10 co 
•••k ovt pro.i1in1 Araonnc re1carch for l1ccnsin1 to 
tfte pri•ate 11cc.or.. Propricc.ary a1pecc1 v1ll be 
nandled chro.aan a non-profit entity kn°"" u AllOI 
Devclopaent Corp. AACll is an acroora cOOlb in ina 
Arl"nnc and tl\c UD1ver11ty of Cnic•I". Which .. n•a•s 
Ar1onne under a Dep•rc.iaenc of Eneray conr:r•ct. ,.. 

.. aacer, tile uaiwcrait7 ia tile avto .. tic ova.er of 
Arcanac i11Ynt1aas aad, tllrousa A&Cll., l1c..a•• 
1aweatioaa to iatercstc• corporations. 11.alf tac 
ro1•lt1es, aC1111ncr, vill IN' c•tciltutH to Ar-&C11UW'• 
ruearcll b,...pt. 

he ccaterpiccc of tile s•,..rcoa .. cti.wity outruca 
effort at Ara-•• viii be - industrial affiliates 
proir .... ...._I..& after ... , tbat alr .. dy eaiat i.a tne 
C°'811ltry'a .. j~ ~eCIUlical .-iweca1tiea. ...10 ••1• 
tb.e proar~, coati•& compaaic• vi.ua fever t•• 
5011 -eloyees SL5.UOO a r•• -• larser .--iea 
S25.000 ..,..,.111. will or.-niEe yearly aeetia1s tbat 
viii rewi.ev prosrus ia tile fiel•. ,..i.Liab a 
aewsletter for _. .... a:..1 ,....,,iee pcepci.Dts -• 
rcpriau of r•earcb plus -rket aaalpn of aev 
c-rcial 'l'•turea. la afhlitioa, scalo aap tllc 
centre viii prwi• affiliates - *"vi.II be fr- UD. 
.... .,fact11ria1 an• financial fielda - oae conaultin1 
day per year at Ar1-e an• it will am4 -t eapercs 
to prowi• aetaiaara .at affiliate sites. 

T.J protect proprietary iafor .. tioa, affiliates 
vill a.ave to sip aaa•i.acloe.ucc aar••-t• ta eaavce 
lt=.at iaportaAt fiacliap arc kc~ vitaia MOI. la 
• 4diti.aa, Malo aaya Ja,...ae fir• W'&ll aoc De 
eli1i1>le for affiliate _ _._...,;.p. >ftletber lti 
coapaaica mat ea.p&e in joiar. ., .. tura v1.t!: Ja,.ac 
hr• viii be •II-• _ _.er..,ip au not been 
detC"r•1.aed. 

Tbroup it. ecooc.&c clewelo,_...t act1.v1t1.es, tna 
state of 111 i.ooia is also llopllAJ to ca.a. i.o - the 
mtb,..iaaa for aupercon.,ctiwi.ty. So an .,...,.111 
siJ"ificaat '"""•at Ar, ... oe is a pl .. oed llliaois 
:iuperc-.. cti.Yi.ty laatit11te t!lat w""Ld dr• upoa 
superconductivity vock at lllinoi.1 lcast&tute of 
Technolo11, llortavest•rn University, Uaivera1t1 of 
Chicaao, '-bi•ar11tJ of lllm~is, Ar1oa11•, ud 
Ferailab. llliaoia beliewa it au the bat 
concentration of supercoa•cc i•itJ res ear en and 
applications talent in tb• WuterD vorl4 -d u no1•iDJ 
to bvild a ""Supercon .. ctiwity YallerM on CDC plains of 
norther• 1 l linoia. 

Loo1tin1 cl- at lt all with cooaideral>le pride is 
Ar&0""e director Alan Scbriashela.. "la 
1upercoaductiYitJ," be ••J•, "Araoaae hu tile larae•t 
noni.o.i..atrial bui.c proir- i• tlle covntry. An4 
vith our vork in b&aic cer .. ics, too, ve can easily 
•an a basic and applied proir•-· We also aawe tbe 
facilities to eaaaiac at~ucture. If there is a &a .. 
to be played here, A•ll"""• viii certainly alMars De a 
pl•Jer." 

Science adviser Grab•• boo.ta lcyvorth '• ncv ••ture 

Aa a direct rault of enc currmt 
1upercoaduct iwity hoopla, various consul tin& arou,. 
arc for•in& to adv i•• in•u• trJ of trends and 
opportunities lA the fa•t.....,,Yin& field.. kC. durm1 
J11ly's federal conference - aupercondllctiwity, 
science adv is er Will i.aa I. Crahaa un1led out only one 
for a pl111 - that for•d by n is predecessor, 
Ceor1• A. kyvortn ll. 

!:rah- a1111ovPced befou n ia hr ply industr w l 
aud ince tt\ac lteyvor c.n, nov a Wa111 inaton COftaul cant, 
vu setti•I up a non-profit "Council -
Supercon4uctivi.ty for Mericaa C:O.pcc.1c.iv•a•" .. 
leJVOrtft vill be chair•n; loland Scn•itc., vice 
prendent for corporate aci.ence an4 teChnolo11 for 
Cencral llectric and cnair .. n of the .,.ti-•I Science 
Marci, will "• vi.ce cnair•n .. 

Me..,era of cne co11ncil boerd are yet to ~• 
announced, but, accOl'd1n1 to W.yvortn ••• 1acant 
•r.ac• Abell, tne n.., ora-niaacion viii "br1n1 coaecher 
knowl•d&•altl• peGple co snare &n•&&f'C va.cn •••'' and 



pc huc· ll..,d i.af...--cioa oa taiap taac ar• $0lA& OD 
uid ""•r• tb•y ar• b•adia&·· lle,....rtb vu ...,..ll:ia& oa 
th.• 1de.a b•fore th• coafereacc be .. n. Metl says. ••• 
tfte council vi.ll try e1pecially lt.ar4 to attract 
.e .. •r• Wfto are aot •t1r1t liae• coepaaiea ia tac 
hel4. 

The bi& di.sciapiuia& feat11re of llep...-ta's 
co\lftci.l. ••1~ Abtll, is taac it "focvaea oa a 
t•ctlmoloc:-- th.at cuta acrosa a ""ole r•1• of 
lR4~stri.es ancl C.rf'cr'DmeG.t areai .. " Jap.aaese 
;oor-porati.ons vill be eac1u4cd fro.a purcauin& 
•••rship .. ..... 
~rrcon<luct t•1t7 ~ kcf r•searcn areas tarpted 

A 5-ci-•l Aca.._y of Sciences report 
co .. issione4 b~ the federal sawerawaat call• for aa 
eipc-poinc procra- of researcb "" cbe field of 
fti.1ri-c: .. p1trature supercOGducc i•it1 plus, as a 
b•&•ftftlft&, abo..c SIUO aillioa a year in federally 
sponsocc.t research in this boo.inc fi•ld .. 

Tne report vas prepared by a 2~.......,er paael 
riea.ted ~y Joba I .. tlu.l•, director of corp:trate racarcb 
and U.D pl-aiq for Wesciapouse Corp. le vu i.ss-d 
as p.art of a cocaciau1a1 series o~ raearcll ttriefi•&• 
on ••rious fields ~1 the Co .. it~e• Of\ Scieace. 
En11nurin1 aDd Public Policy. 

Supcrcoa.dycti•ity is all the ra1• t.bese days 
btc•use of tile di acoverr of copper o•i .. cer-ic 
.. teri•ls It.hat co1dvct electricity at « move tile 
ceaperacure r..,~ of liquid nicrocen. Tbc paael is 
••cited aloes vich net"yone else in -t•riab acieace 
and cechnolo111. Althou&h acll:nowl•d&in& cbat a lot of 
tneory needs to be t.0ne co ueders caftd tac pbmo..aoa. 
it sars "mouah i.s alrud1 knOWD to ncourap 
co ... rcial develo,...nt efforts vitft the aevl1 
discovered .. cerials"~ the co ... rcial .. rkct for 
sapercoacluctia& devices currently is around 
$:0()() •ill ioa. 

The report 1ay1 tne "preco...arcial eaploratioo 
period~ vill !asc about a decade~ aut aear-cer• 
prospect• for .applicacioas of hi&b-t .. paracuu 
superconductina ... carials include .. anetic 1hieldin1, 
the voltaic standard. 1upcrconductin1 quaatua 
interference ~•vices (SQUIDS), infrared sltftsors, 
a1crovave devices, and •a•loaue sipial processina. 

Lona-tcra prospects, it aays, include lar1e-sca!e 
applic•tions such aa •icrowave cavities, pover 
transaissioa l Lacs,. aad 1upercoaductin1 .. pets in 
,enerators, eaer11 stor•&• devices, particle 
ace el .itors, rocacin& .. chincry, •di cal iu1in1 
:uchines,. levitated vehicle•. and .ap•:ic 
separators. tn eleccroaics, pro1p1cc1 include 
coaputcr appl icatioas vi ch s .. icoa<Nct ina
superconduct in& ~ybrids, Joseprasaa devices, or novel 
tr.ns is tor like 1upercon4uccin& device•. 

Hula's 1roup pic:ks out cipc .. jor- areas of 
rese.arcn cnac it believes need ••pha1is in ••plorina 
en~ .1cv .. ccr 1.also;. 

1-proved undet•tand1n1 of •uch propcrc ics •• 
c r.1n1 i uon t••pcratures, critical U1"•t1c 
t1elds, cricical currcnc1, •nd alternac1n1 
curre-nc l~•••• in supercon4'klccance. 

Undeu cand '"I of the b .. i c aolecular 
••-:nan uu rcspon1ib le for 1upcrconductanc•. 

Syntnes u of ncv composition•, str•JCture1, and 
phasu as pare of an incen1ihed eftorc to 
develop further proaisin& .. cerials. 

JJ -

rr.,.raci- of taia iil- of c-troll•l• a•d 
repro•c~l• ,. ... 1ny, •d acabli-t of 
1aoprow.C tacaaiq .... for &r""i•& fil• ••icaale 
for faltr&utia& ltlectr-ic •.,,ice1. 

- 0. ... 1.._, of bulll: coa•ccora fr- c11rrmt 
•teriela vita apecial -plllaaa.a aa --ce4 
Cllrrmt-carry1a& ca,.city. 

- A4w•cad •••rstaadi•& of •ptllesis, 
proces•ia&. atllb&l&ty, aa• larsc-•cale 
pr ... ctioa of t•• .. ceri.ala .. 

- Fabricacioa of prototype ciraa&ta aa4 
electrC111ic 4evicea ~aacd oa aupercOD*lctiac 
a&crocircu.ita or ayttrid 1upercoa.,ctor/ 
1.-iconduccoc circu&ts. 

- faltricatioo, as bulk coaductora arc ~vclope4. 
of a ... ,. of prototype ni1~-f1eld aaaaets, •c 
aad 4c power Mv ices ,. rota ti•& aacta iaa • 
craasai.a•ion ciroaits,. aa• ••r&J scocap 
dew ices .. 

Tac paael rec-u tbat uae Go•er .... ~at 
appro~iaca SWO ailli.- fOC" fiacal l•• to accelerate 
Cbe effort. _, SlCI m.ui- i• beia& s,..c • .,.. ia 
ra,,..0~1ated f•deral f-cls. lol tile penel ati-tea 
caac at least tllat -ca ia beia£ .,..c bJ &aduatry oa 
tne •cince alMI teCD11olo17 of tile acv -tuials. 

le says a •cb•ia• slllouH lie ac.l>liabed co 
-icor ta• poceatial - for -pover to prepare 
for tae ti- vllea tecbacloeically ap~opriace 
.. terial• are d.,,elope<I. 

lbe panel also calls - CDe Co .. 1tr-at to rniev 
procras lA cae held IZ -tlls aence u a pula to 
establisbiD& furtbcr leYela of support. le v.aats che 
Gover...at to u~u• tbaL iaduacry r ... ms 
ia:eraacioaally coap1ttiti .. c iD tae field by Ii.akin& up 
vita imi•eraity-bued •&iDaeri.a& ceacra s11pporced by 
cllle latioaal Sci-ca Fo ... datioa and by •-dry 
c-t-Sllaria& projects bctvean r-u-t _, ...... cry 
oa proof-of-concept projects. . . . . . 
The Praideot'• supercoa .. cti•itt i.niciaciwe aanounccd 

Oa 21 •d 29 July clot1e co 2,DUO US b ... 1aas•D, 
cn1ioecra, acieati.st•, plus au .. roua •llbers of CA• 

rr .... both us •n• foreisn. 1•tft•re4 ia 
Wa11aia1coa,. D.C .. , at tac Federal Co.afernce on 
c.,...rcial Applicatioas of Supercoaduccora co near 
about tae acac ... aod c-rcial potential of cne 
recent brull:taro..p in h ip-te..,.rature 
suparc-ducti .. it7 alld the Covern...,.t 's plans to foster 
US leaclcrlbip in r .. lia&n& it1 co ... rcial promise. 
The iapr .. si ... diaplay of s-er•-c uaity vich cne 
pr .. encc of Praaideac le•aa•. S.crecaries Kerrinatoh, 
Schul ca:, alMI lie iaberaer, pl ... -•Y •&eacy n .. .s. 
bapokc the adlliaistracion'• ca-iteent co Drifts 
1-•rn ..... c and iad ... try tol'ltaer. 

ln h ia addraa, Pra ident leapn announced ft is 
ll-point "Supcrcoe1d..,ct&Yit1 ln1c1ac1ve". It include• 
"a 'Wis• Meon's' adwi.aor1 1roup on federal polici•• and 
reaul•tlClftS tftat affect 1upcrconduct1w1ty researcn and 
co...rciali&ac1on; 'quick stare" arant• for aood 
ideas on procu1in1 1uperc0Aduccin1 -ccr1al1 into 

ua~f•I for•; tftlt utablish-nt of a n.,....cr of 
s1i1pcrconcluct1w1c1 rucarch cenr:re1; an4 a nearly 
SlSD-ailhon 160 effort by the Dtrpar-nt of DefenH 
(DoDl over three years". 

Witft Chit ucepcion o( DoD, no otber 1pecihc 
•l'lncy fu111di1111 vas •ntioaed. Kather cfte fedeul 
•aencie• are encourapd "co concinue co reallocaca 



f'f lidi7 f.-4s i11to a111pet"con4t.&ctiwi.ty baSLC r-eaearca. 
ap~l1ed. r••••rch ia eaabli111 tecaaoloci•s. --.• 
prototypR d.ewelo.-aat•.. t'bey are alao •4irect.e.t to 
place a"'"" pciorit:r foe t"i• ac•a IA F'f ,,.. f-•ias 
aa4 ia FT lti~ pl.,..ias·· ~ pr.neat tt>• total 
&'1'Yeraetot •pca.4ia& Oil the aev supercoe4uCtK 
acti.Yi.t!es is at:..a4 SSO aillioa. all of -*ida is 
uprost•-d _,. While t11is •Y -t II••• a 
tM:trU.atal effect oa existi111 proar...a• ia tbe .~ort 
run. if Dev .... , is aot allocacff. •Pi.De pro•ctiYe 
prose-• v,..ld •st c•rtaial:r sdfer. 

la tn:c •r•• of tesi•latioa.. tac Presid•t 
.. .,,_.ccd tnac be voul• aoon aea• a L•sislati•e 
ia it i• ti•• to Coner••• •••ru• in& tu Usu•• of 
antitr.ast, pat•lltS, aad tll• F~• ... a of [aforMtion 
Act. Tiie fint issue addra••• •-•i.as die •acional 
Co-operatiw• bsHrcll Act to expaad tD• coacepc of a 
paraU:s ib Le joint wmcurc i.a cw4er to reduce tlll~ 
perceiYff risk of buia .. scs Cll•t certaia joiac 
pro4uctioo weatures ..:ould eaposc taea co aaticrust 
l•&isl•tioa:. Thie sccoe4 1ssllle' ••dresses tne 
protection of iatdlectoal propert:r ripes b:r •-•iac 
tl'ut US patent lavs to iacruac the protection for 
procrss patnu. - &:be tllir• issae -1• ... tllorizO' 
f•llleral •1eacie1 to vitnbold from rel••••· uader tbe 
Freedom of IDforwatioa Ac:t. certaia comaerciallf 
valHble 1ci.ncific aad tecbDical iaformti.oa. 

Ttt.Ls la•t appear1 to be •~•t at odds: vitn uae 
licit point of tlle Praideat'• S..percoa.,cti•it:r 
lniti•ti••• wica states a desire to t*• "ad'vaatap 
of the opportuftity prcsn.ttd by tb• curl"mt. 
neptiatiou for renevi.a& tlle US-Japaa Asr••-t on 
Sciznce aftd Tecllnoloo to •••k reciprocal US 
opportunit i•• to participate ia. Japaocse &°"ttalMllt 
supported reaaarc:ll aad :lc•elopMat, iacludi•s 
'"P•l"coaduc t iwitr". Tb i1 aareCtMGt - wich Mca ... 
cfie~ti.Yc i.n J9d0. vaa eatendcd for tvo ,..ara in lYIS. 
~nd tnn for an &.dditioaal six _.ths lase. Apr-il - i.t 
cowes up for rcneval in October. 

4 key point iD the 1.n\tLatiwc tnat i• already 
beina i•pl.,...ftted is the establishaent of a .......... of 
Superconductivity b1aarc11 Centru at the llepa:t...,.t 
of Enn17 (DOE) lational ~boratl'riH to con.,ct basic 
research and serwe •• l"Cpositol"ics of iAfw-tioa to 
be disseainatcd tnrou&hout the scientific co .... nity. 
The Centre for SupercoaductiYity Applications viii be 
It Ari"""'"• Tne Centre for T11ia Fila Application• at 
t..avrcnce llcrkcley. and the Centre for hsic :Scientific 
tnfor;ation at .Ames .. To syppl ... at these accivLtiea. 
Secretary Herringtoa has 4Hiputed Loa Ala- to 
.. eaplore private sector inter .. t in t.ha ••tabl1an•nt 
of co-op•~~tive researcn pro1ra ... 1 to 4evelop 
el\&blin1 technolosiu for co-rcial apphc1tion1 of 
svper,onduccivlty". 

Tile DOE'• Cffice of Scientific aad tecnnical 
lnfor .. tion at Olk lids• is developins a 
superconductivity inforuc.ion ayst•• vlth the ult1Mtt 
10&1 of aakins it available to b..ainH• and acade•ia. 
On 6 July 1n electronic uil 1y•t•• aad b11lletin board 
for st\arin& current inforMtion vat on line, and oa 
) .\111u1t a data bue of Hll'd>able vork in prosrn• 
vith initial inl"'t frOD DOt contractor researchers 
becaae available. Sch•cluled for coapletioa bJ 
14 S.ptellDer is a full1 uarchabl• preprinta data 
ba••· To d•t•, th• 1copt.~ of •y•t•• u1er• ha• been 
liaited to DOE researchers and contractor• but vill 
1oon be expo1:14ad to include bu1inu1 u1er1, v.i.tniA tne 
l••itatioa• of tlle puunt aquipaenc (101) puavor:I 
11oldera). 

Tne Nolcional •ure•u of Standards (i.S) 1.aboratory 
•n aoulder i• de•isnaced •• a Centre for &lectronic 
4pplicationa. Since tne earl:r 19601 Wilen 
incer .. tall•< 1uperconcluctor• vitn •111ecic field• of 
LO uala vere diacovaud, Chia laboutory na• been 1t 

Ln.c forefr•i: o( aupercoa .. ctiw1t7 tecaaololf. Tlae 
•s Wbocatory i• C0.1 tt>erlllers 1111 •- 4irecte4 to 
•accelerate its effort.a to 4t•elop aad co-or4t. ... tc 
c.-oa • t"8..lariea•.. ......,..,.r. llC"r-e •Sol .. ao :t4th t ioa.al 
iuflQ lllna ltff:D auueate4 .. 

Die .. tioaal Sci.eace F-datioa (llSF) aaa alto 
beea t*'l,.Uted to suppoct additioaal s•parcon..,cti•ity 
raearc:a Pl"Olr~• U tllf'tt of i~• •t.erial• r•ureb 
l•OC'atoci••· ... co iai.tiat• tile •41.icll at.art• cr.-t. 
for procesai.as raurCll ••hoaed ab""'"· ($ource: 
lllluriab aad Proca•ia& leport, S.ptnl>er 1917) 

(b) JapH 

l• llarcll 1917. tlle A&-c:r for l...,atrial Sc1eace 
-• Tecaaolou (AlST), K&aistr:r of latttaauonal Trade 
••• l,...atr1 (Ktrl), aaaoaaced a •rolic:r for 
Dewdo,.....t of Soapcrcon•cci•ity blated l<Rca•olos:r•. 
lbe policy vill pr..,..te tb• elucidatioa of tlleoriea oa 
1 .. perc-cti•it:r •4 effort• to f1Ad aev -•uiab l>y 
<10ias tb• fou-iaa: Ol Htablua a .--<1-ta11le 
c-1ttff on tile ..,,elo,.....t of ••perc-cc.Yit:r
rdate<I •-•trial t•dl-10&1; (l) f•rtber _,. .. 1.z., 
me ra•arcn aa superc-4uc~i•itJ Mia& cM"rielfll. aut ia 
aatioaal raurCll iaaticatea; aad (J) coa.,ct 
feaail>i.lity atvdies aa4 ruearca oe '"'lUi,.....t -4 
materials relate<I to tll• applicatioa of 
supercoca .. cti•it:r to ,...,.. .. l*l'•ratioa. 

l. la ~cctioa vidt l"AUi.a.& ta• te.,.r-ature at 
Wbicb supercoa•ctiYity occur•• r&'W'oluc.iooary pt"o1ras 
llas beea -• ia raearcll by foni.p aad -atic 
laboratOl'id •iAce laat year. lt vaa •aouaced that 
1upercOllductiwit7 vac rali.zc4 at a tc.,.rature •bovt 
tll• nitrocea li•uidation t-perac .. .-.. (711t) aad t111s 
vu followed by acw N•ervatioa1 coa.c:eir•in& Dev 
•terials. It has r-ucr.ccl a point Wbel"• me 
pos•ibility of aupercoaductioa •t aor-l c.a.,.r-atura 
ia beias di.acusaed. 

2. Last autu-. upoa racaivin1 acin.tific 
i.aforMtioe frOD t11• Zurich laboratory of Ult tllat 

lli8"-t•aperatun aupercoa•cti•ity vaa poHible in 
o•ides, TokJO ~iverait:r i-•iate&y pr-n that tnis 
could lait doae. Thia. aloa& vita buic raurcn oa 
supercoaductivt aubstaac•• by tft• electracuc 
technoloo raurCll iastitute and other J ap1n .. e 
r••••reh or1anis.atioa•, are 1reac11 coatribYtl.R& co 
r .. ••r~ft oa •upercooductivity. 

furcnermorc. Kltl nu alvays been avaca of the 
srcat pocent1al of •uperconduct1vat7 by ncavilJ 
pro.tt in& the clucidati.oa of 'he bas Le scr..ctdte of 
•uperconduccivicy aacl UD oa hicn-t-perature 
eupet'con .. ctiva .. teri.al•, th• J••ph•• d••icc, 
aupercon4'..ct.i.ve wire, and 1vparcoaclucti•• electric 
paver .. uipMnt br laboratoriea under th• aponsounip 
of AlST or tllroup co~peratioa 111t11 private fir•. 

}. Altnou8" tllen are a lot of probl- vitn 
aupel'conductive •teri•l• tnat have to lte resolved. 
auch •• incru• iA1 th• electr ic•l CYrrat the 
-••r&ah can a .. pport ..,d i•prOYin& procesubihty. if 
chue can be utabliahed aa in .. •trial aateriala in 
the future. it vill 1iaplif:r headline IAd draati.c•llt 
reduce the coat of -•i• for cooli.na. T11eufou, u 
caa becOM a br0&.t-llaud 1nduatr:r ""iCll c•n be "9•d 
for low-currency prNlucU 1uc11 as device• a11d tllur 
circuitry for auperfa•t coaputera aad stroa1 currency 
product• 1ucn •• hi8"1f efficiaat electrOM1PL•t• for 
•&dical aquipaent, •naro csaer•tion, tranaport 
equipaant •nd precia ion Maaur ias .,.uipaant. lt na1 
,rest potential for contributins to n-n proar•• ind 
the potenti•I• of tn• tec11nolo11 itHlf •n .. oundlu•. 



•ased oa. thL• i•port&D.t breaktbrou&ft ia baai.c 
tecnnolo17 coacernin& •~••rcaa..,cti'f'e .. tter, ~• vill 
coiMltinue to .. ke concr~ ·ions &loball7 to tbe 
technolosic&l rewalut ~he area ~~ basic 
technolo11, vi.th & vi rd rulis.i.na 
s•Jpcrcon.ductioa at noc~ - ~ aperatue•. by ..nins 
for-var4 vir.n • broad ranat of effort• to elucidate 
tl\MrLes on. supercoaducti.vity aa:d fiad acv .. cerials. 
Alona ~Len. this. v• vill aeek to enhuce properti•• of 
supercoa.ducti.ve features and proceaaability of 
..,terLal• Ul•t already b...,c been developed i.A order to 
establish and apply them as indus-.:ri.al .. tcrUls.. To 
do enc move, Lt vill be ucessary to further 
strenachen o..r uo syste•. 

T-ard tb LS cad, !tlTl vLll take the follow U.1 
... s-ures: 

(!late: Supcrcoaductioa. is ttae pbeaoenoa. wnerei.a 
ele~trical resistance is zero vben certain substances 
are cooled to catre.ely low c .. pcraturcs .. ) 

a. CtX1t.mc of tne Policy 

i. Estabiish•nt of a "rouad.table co-ittec on. tile 
develo,.ent of supercoa.cluctivi.ty related. industrial 
cccnnolo11" (an advisory co .. ictee to tAC director
"""'"'d of AtST) 

Ca) Tne rou.."1dt.ab le co-it tee vi 11 convene its 
first :wet1n' in •id-April 1~117 anti vill co.pi.le a 
report witni.n che ye.i.r .. (lt will coapilc aa i.ntcr-i• 
report around June l9d7.l 

(bl Item co be studied' 

(1) Recent t1cbnolo1•cal b~•.lktbrouan• and 
future pr?Spccta concern in& supt:rconduct iYc 
materials .. 

(i.1> lap.act of the bre&kthroups oa future 
1nclustr i'!s. 

(iLll ScicctLon of topic• that should be taken up 
at the national level as t.opica in future 
policy oa U.dustrial tecllnolo&J'. 

(1) General .affairs for th• co-it.tee vill be 
handled by AlST. 

(ii) Specific ~oatent of tr.chnolocy .,.d areas uf 
applicatioa to be covered by the roundcabl• 
co-ittec vill be consider'!d at tile expert 
level. 

2.. Stren1tnnin1 reaearcn on aupcrc:mducti•it7 in 
national research institute• 

1aaardin1 research on .. ctar c:nat i.1 
supcrconductive at hi&h te•peraturu and enc 
dcvclopoient and application of biJb critical 
tamperature superconduccive .. cer1al1, U.D is beina 
conducted in the electronic cechnolo1ical research 
in•ti.tut• as a special researcn project enciicled 
••research conc:erni.na ~acre• ly lov te•peracure 
elcccronic1••. We will raise the priority on 
•cc:eleraci.n& this project an4 build a 1yste• for 
research c:o""'Opcracion in ct\is field whicn vill be 
r.caded by this insticutc an4 vill include 1ucn 
orpnizations as tne ct\c•ical technoloaical reaearcn 
ccntr~, the llaiOY• industrial cecbnolocical laboratory 
and enc tutLlo and hi&ft polJllCr •tcruh r .. earch 
centre. 

MdLtionally, re•earch on or&41nic 
auperconductor1, "'t\ich i1 beina carried out a.n tne 
electrOAic t•cnnoloaic•l re1e•rcn i.n•titur.e under UO 
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°" c_.,ctivc lli&h pol:r-r Mteruh H a ,.rt of UD 
oa aeat-s.merati• ia4.,.trial ke7 tacnaolo17, will be 
c-tiaued ia n•7. (AllocatLon fr- tbe budpt vill 
be U27.~•.00U.) 

J. feaaLbLlity aurvcy and rcscarcll °" 
supercoaclucti•c power a•erati.Oll equipmea.t aad 
.ater i.a l tacllaoloa 

AddLtioaally, as part of tbc "llaoalL&ftt Project• 
(prOJCct to develop cacru-aavi.A& tcellaoloul, i.A fYIS 
and 16, a bro.d-r .. 1ia1 feasibility eurvey v .. 
caaductad oo the techao1011cal u4 ecoaoaic 
pouibilitics of a bLply efficient povcr pncrator 
that applies the pll-OG of superCOhducuvitJ. 
Contiauins vitll tllis. e:aperimatal pcoductiaa aad 
••••saMnt of aupercoacluctiwe vire aad coaupcual 
dcsisa of 1:11e povcr ccacrator arc sdlcduled •~ be 
i8Pl-ntcd in FU7. (Total budpt vill be 
noo mu i-.> 
cs- a-ex l for me raulu of tae f'IllS-86 
fc.i.sibility aunrcy .. ) 

s ..... ry of fcasLbilitJ survey 011 supcrcooductivc povcr 
ccneratioa related cquipaeat and aatcrul tcchoalo11 

A. As tyrt of ue "llaonlLpt Project" (develo-ac 
of eners7-saviac tec:haolo11> 1 AlST conducted a 
tvo-year feaaibilit.y 1urwcy ia t"YllS-16 °" eq,vi,...n~ 
and MtcrLals tecllnolocy applylA& me p1>e:ao..,..., of 
supcrconductLYity. 

AlST ca..iaa ioaecl a compe.a7, "TeChllO'W'a", vim tne 
survey aad reacarcll. lt vas neaclc4 by Akira ta .. -..ra 
(Professor C8Critua of TokJO University aad a director 
of Che electric power central r .. earch inaticute) aad 
conducted with the participatioa of o•ar a hundred 
eaperca froa acadeaic •ad industrial circle• and the 
natiooal laboratories. 

a. Maia results of tll• survey 

l. A aupcrcooductivc pover pncrator vould be -r• 
efficient man a comrcntioaal , ... erator because rotors 
_._ of aupercoaducti•c -tcrul vould crate 1troa1 
-snetic fields. lt vould nave tac follovinc 
advant•&•• ov•r eaistina 1cnarators~ 

(al The size and vciant of the &cneracor vould 
be reduced (reduce axia 1.,.&UI by loU per cent and 
vcipt by SO ,.r ceatl. 

(b} Tbe stabilitJ of tbc electric povcr syste• 
vould be 1ncre•••d ( increaae crans•ltt1ble power by 
SU per cent). 

(cl Tbc &•ncrator'a cffLciency vould be raised 
O.S-0.7 per cent. 

(d) A superc0t1duct ive ,enerar.or i• 8Dre 
ec•o•ical tnan a c:onvcnta.onal aencr•t« be1a.nna.n1 
wiich 100,0UO kilowatt (IW) cl••• acnerar.ors, an4 the 
l•raer the 1merar.or, th• 1reacer the ec:ono•&C 
bcnchu. (Annual cost benefit Ln the l ••ll ion KW 
cl HI vould be ¥ 7110 •ill ion.) 

2. Tcchnolosical devclo,..nt ccpica 

(a) Anutuu (otatorl structtJr• and aatcriala: 
devclo,..nt of air &•P COLL struct"rc (c08pletcly ncv 
topic). 

(bl olotor structure •nd ••teri .. la: davel .. ,..nc 
of 1M1lt1-cyl indrical atruct"'r~ a..'lat C')uld wiener.and 
hiJb-apced rotation and that could be cooled easily 
(c08pletely nav topic). 



l<l c .... 1.n, •!•te-: , .... rall1 1peallia1, th• 
~owtr tfte teaperature of aupercoa.,ctin& .. ceri•la 1 

tRe -.,,re po••ible 1t bec:o.es to create stron1 ... snetic 
!i .. lds. 

J. r .. chnolo1u:al effecu 

•1.re \l.Sed in aenerators and pawer equipmeat must 
~• able to vitnstand tae .ast riaoroua coaditioa' 
Consequently, de¥elo_.,t in this field viii 
con tr 1~t• to the developeent of bi1n-pcrfor1UD.ct vire 
for l.ISt 1.n 1upercocul:uctiwe tr.-saiss ioo cab le 1 

:r&rLsfor-.rs and .. snets. 

Pnuc I (about eill't 1ean) viii I>• for tne 
develosme:ic of ttchaolo11 to ..... vira from 
s·.a;iierc.;)ftduccina -terials such as oaidu.. Usin., a 
i~.IJOO l• model s•ntrator. data on rtl1ab1l1ty and 
basic data for bi&&•r senerators vill be collected .. 
it will be possible to coapltlt the model a•ntrator in 
tne hfc.n year of tnis phase, and it vill take tva 
:orears for test operation. 

Phue 2 (four--si• years) vill be to introduce a 
?Oil.OUO KW pilol aeaerator i~to an electric pover 
syste• and assess its performance. 

Pnue ) v•ll be for tlle productioa of 
demons tr at ion equipme:nt. 

C. !ltlationship vitn hi1~-teaperature 
superconduct1ve -ceruls 

Research aimed at .akLRI vires fro• 
superconduct1ve materials is i•portant. The 
develol"""nt of ~sable wires vitn llill' critical 
cemperatures and vitl\ tne ability to support hi&n 
ciJrrency w1l l contribute to reductioa of \.:,st and 
increase in reliability. (Source; lSUSMSHO lOtl>, 
JO Muell l9d7l 

Superconductors in J•p!ft 

The stat« of play 

lf the business at hand were not so deadly 
serious. tl\c superconductor "bu-.:" (boo.al now sve•..,1n1 
Ja?•n would be 1loriou1 l>lack co .. dy - tne 
International Tracie and lndu1tr1 Kiniatr1 (rllT') 
slippin1 into its .oat comfortable role of encodra1in1 
Japan's pri~ate 1ector to unite and conquer, vhile 
nervously ,uard1n1 its rear fro• attacks by other 
:ainistries; university professors and rue.arch staff 
1cra111Dlin1 back to their laboratories before sun-up, 
to eaten wha: the first navspaper editions are sayin1 
tneir competitors 3Chieved overni&ht• publisners 
1Udly co-i11ionin1 books oa "superconclucc:ivic:y" to 
till already well-stocked booluhop •helves "" tne 
•ub icot; an Osaka rare eartn i•porter fendin& off 
lO l nqu~ries a day for nu "Superconductivity lit" 
with w•eklv sale• Coppin& about 100 ••• at 11p co 
SUS 4.4>0 each; While re1earchcr1 at a 1overn-.nc 
laboratory in tldlkaido ••pound ttH virtues of rice 
Rusks tor co...,rcial 1uperconduccor •:'Pl icati0t11. 

11 In Maren and Apr& 1, everybody vas cry1n1 to find 
out about the nev oxide 1uperconductor1," recalled 
Ienari lpcni., "'f\ a11ociate prof .. sor in ,..teriall 
.:icicncc at T1ukuba Univerticy C.,Jtsiclc Tokyo. '9Tl\cn in 
"8y cnere were nav discG91eri•• about hi&"•r 
t••l*r•r:ures beina r .. chcd and it was not until 
Septeillber c:nat tne fever cal•d down. •t c:nere are 
1cv•r•L t)'Wlpotiu .. planned in N1aoy• and near N1k•o in 
tn• nc•t fr.1 weeks a .. d 10 now we have to ••• wnat '• 
10 in& co happen next." 

• 
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wit 1prin1. lauc11i .... _, tb• napleu 
tt.--.clreca ia rueardl 1.11St1r:utioaa ..i pc iwate 
co.,,..aies acr•• Japan ..ao ata11trff aa.s at arCNafl 
l .. •toe a ••p• ltefOC"e r...aiaa ltack to •c .. at• 

lilectr-.ica Sect&oo i• -r•i•& ,.,.rs like tnc •1non 
la1:&ai SllillllbuD - vita a circulati• of ].) •ill~ 
ht aucb de_.atratioaa of dewotioa to tbe c•U8e 
s11-1d l>e •i-d inc-teat. 

Spiteful -tterin&• - coei111 -atl1 fr- across 
the Paufic - •-t ta• c....,u., Japaaue capnalia a111 
oa pc aaotber Weatera acieatific advMct •r• ltase4 
aoce on a Di&ftly •roused ata:te of par•o1• taan aay 
pauiae •LCV of dewelo...-te in Japan. Like ewerJOCI• 
elle .. cae Japane-se nave the&r eyes f.r•ly f1u4 oa a 
hlc,b-lrmpc.cature, stable aad larse-capacity crail of 
s11percoa.cluctOC'• - and ,.rt of a .. rut prize some ••Y 
v•ll l>e vortll SUS 7U,UOll aillioa 1>1 tile turn of the 
century. tut apart froe eJr.C1ted press sut .... ts. n~ 
~oaks aad otncr Shiny trapp1a1•, Japan'• kni&f't• arc 
larscly a di81t.cvelled lot and thcJ have aot proarc~••d 
-..ct. further in the quest th.-n their Weaccrn 
counterparts. 

•rrr is ua1 dis cover iea 

Tbe supercocaductor fewer tbat &ripped Japan last 
spria& arMe more out of atUDsaed surprise tbaa 
...,cnin1 else. Wiim the ruurcll paper• of tbe 
aednor& acul ..,eller disc...,er1 vere ,....1i111ed in 
April 1910, tbe !apaneae joined the flurr1 of 
iatematiooal racarcb CDou"1 oot vi.th tn.c aa.e &cal 
they vould sbow 12 m>atba later. for Ofte thin&, I.all's 
1cieati1U a till ... ed li11uid hdiu• vnich, •11 th«•r 
e1H, did not a-t to aach of a l>reaktnr-11>. 

Dy the tim: of the Zuricn discovery, several 
Jap.anese univeraitJ rnearCh laboratories verr. vel l 
into their tecoad decade of aupercoacluctor 
development. la fact, sneral 90Athl before tt'&.at 
first "bi&fter teaperaturc" discovery vaa made in 
Dece..,er 191S, Japan llad ulWeiled it• firat 
electr-pet1~allrpropelled train. Thia vu the 
so-called liSST of Hill' Speed Surface Transport train 
that Japan Airlinu and Su•ito .. Electric l>epn 
l>uildin1 u earl1 as 19?4 - and one tlle CIA allocated 
$SS,OO\I for l>riba •n a~ atte•pc: to 1et tlle 
blue-prints. Tnc train i• propelled by a lme.ar MDlor 
usin& ncli~•-cooled superconductor clectramap1cta and 
a.ave pleasure rid•• to wiaicora at tbe l'.HIS Ts'*-Jb• 
Expo. C:O.paniH li.ke Kitacni and Nt:C are no 1tunpr1 
to "conventional" niob1u•-titaniu• al101 
aupcrconWctors. 

Japanese leacl in applications 

Industry observer• 1uue1c tbat vn ile re1earchcr1 
in otner countries - notably cne US - are .arc l 1itcly 
to l>ut Che Japan••• at 1>un1 the tint to define 
nian-t .. pcrature superconductivity and "furtncr the 
proc••• of un4cr1tandin1", it is the Japanue vno will 
lead in apphcations. 

~till l>ack •n l91S and lon1 before Houston 
~1~er11ty'• taul Chu r.vealed nia .. aic•l 1reen
coloured oaade - "'11cn sent Ja,.ncse laborac:ori•• 
plu11in1 electrode• into al.,•t cver1 araen aub•tance 
rn•y could uunk of - Ja,.n va.s already coyin& vun 
•uperconcluctor applications. 

rne planrounda vere l..,ou;or&H l>elo11iin1 to 
lllTl '• A&ency of l11duatrial Science aft<I Tecnnoiou 
(AI~Tl. in uny unawer .. tiu acrosa Japan and at 
resttarcn centres i.n score• of private ca.,.n1•• 
includ1n1 lhtac111, Su•1to., El•ctric, M1or1ubi•n1 
t;l•cCr1c and To1n1ba. Tne 1ovcrn .. nc•1ponsored worK 
dove•ta1l•d vi th ea11c1n1 proar•-• l Lke AIST' • 



mu.lc1-·..t1llLoa yen .. ~li.&ftt ,rOJCCt .. ruearca. 
;rocr.a ... bee"" in 1976 coacaatratin& oa aUanced 
techrsolosy in ec.cr11 conservat~31l. 

On tile c;>rpocace 1icle, Toaftl.ba bacl bHD -"'I 
l.AOot•tory-scale •~pcrcoa.,ctina niobiu.-tin .. aa•t• 
..an~ ..:oLls sa.n..::e the •ld-l96Us in CGnJUftCt&oa vic.11 
boda.es ~i.~e the Ja,.n Ato•i~ Eaercr leaca:rcb l••titute 
and tn.e Electric PCNer lachaatry Ceat~al lcsearcb 
lntcit"te; Mitsubistti Electric supercoaductiaa vir• 
were \JSed ia rotary coad .. aoca. reaultiaa froa vock 
bccun ia. l'JOl; and Mitacai hu bu:a. •kin.a a.iobua•
ta.tana.u• -..ltifila-.Rnt•ry :.2bles for supe:rcaa4uctin& 
~pets for ow er a decade. 

rlowrver. Profnsar Cb.:•• •nouac....at an 
lS f1t~r..ary tbac be bacl acnie•d 111percoe ... cciwicy 
ac -140· C rocked Japan's 1cioncific vorlcl. Apart 
froca tfte obvious - tbat Cbu fta,• cocafir-4 \ltlat MtLlOl'z. 
and ~~llcr nad oaiy sua.aested ~ .. possible - tbere 
vere two other reuoas for Japaa. 1 1 excitement. 
epicoaised !:ly Shoji Tanaka's 11 1 ,·an aease a acv ase 
-;oain& ... 

.\raaably of lesser i•port vaa .:he fact tn.at Cbu 
R~d monitored a supercoaductive reaction at above 
-l~6 1 C, tne teaptrature of liquid nitropn. This 
~~s of siin1ficance because Japan c.1nnot .ake liquid 
ndi .. a locdly and had been iaporcina al-sc all of 
1. ts requ ireMGts froa the US. ln Octabc.r, tne l 1qu1d 
tteliua pc ice in Japan raa.&•d betveen J 1 000 ad 4,00U 
)'en per litre, while that of liquid nitro1ea - wnicr.. 
:an be unufaccurc4 4oMscicall;; - -• -1y 45 yen per 
litre. Suddenly. super:onductocs bee.a .. a lot 9DC'e 
co-rel.al Ly ar~ractive for Japanese co.,,anies. 

The second reu..,a vas that tne Japanese had bem 
so close. Assistant professor of enaiaecrina at Tokyo 
Uruversity, ltoichi kitaz.ava, recalb that \lhea Chu 
made nis anno\lftce..ac, nis student• jokin1l1 su11ested 
ne snould res1pa. Kitaz.ava. vorkina under Japan's 
st,1.perconductor pioneer. Sbo j I. Tan.eka, bad been 
cxperi.-.ncln1 vi;h areen-coloured ceramics throusra 
..ach of 19~~ llhen ~ita&ava told hi• •tudenta to drop 
the green stuff since he thou&ht "1uperconductLA& 
m.:~rials cannot be areen-coloured". aut as an 
e:abar.assed Kitazava obsel"ved, "If 1 had not .a.de tna.s 
,.u jud1eir.ient, our aroup •i&ht nave hit upon the 
substance 11\ead of Doctor Chu". 

Ptp~.s at cite poac but noc out of tl'llt 
coapetition, Chu 1 s discovery ignited an explosion of 
Japanese research tnat prods.aced re1ult1 al.ost 
i-uiately. In otarly !larch, A!ST's llacional lluurclt 
Instit•.Jte for )latals (Ml.IM) announcftd it had achieved 
Cnu•s critical te.perature; on l:' Karch a research 
&r~p at Ka101n1. .. Univeraicy in ltyusnu cl•a.•d it 
di.1covered a ccraaic that superconducted at "roam 
teaperature" or 14 · C. On l April, a tea• at Tohoku 
Un1.vcrsity announced superconductivity at -111~ C 
and anotner 1ovcrnacnt laboratory -111· C, a day 
after To1n1ba •nnounc1td ic had .. de cn1t vorld'• fir1c 
''h lih•r teapcrac:ure" 1upcrconduct iv1 v1rc. Kok.kaido 
Un1.ver1Lty would 100~ announce it had pu1hcd tne 
crLti.cal te•pcraturc up to -91• C, fol loved over tnc 
ne•t fev veeks by nu1Mro..11 other "record-break Lng 
duco-.terLcs" that: were all 1i.p1 that Japan's 
1.n feet io\1.1 1\1.perconduct 1r fever vas 1 pl"eadina~ 

The speed vi.th which laboratori•• •'•rtercd tne 
lenicn 1n4 bre•cltl'I of Japan, announced 1iailar 
duconriea rlurly oltovs Cite hill' level of 
superconductor research activity exiecina lon1 before 
Cnu's revelation. lut, ••Chuck Coto, a 1ecuritie1 
an1lyoc vitn S.C. Warb11r1 S.curiciee in Tokyo 
1uc111ts, quantity do•• not .. an quality. 
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"Moat of uac state-RC• beina aaf!t are c•rbap ... 
Ile cold 11£. "llabocly bu <lefUlecl exactly .., .. 
'auperieoa. .. cciwity' ia aad ao ttle criteri.a eaca u.sea 
to j\Mls• ._.ca.• .. cerial 1upcl"caa.eacta 11 diffe~eat." 

IOoto vas _, tbe ll-4reda ""o ,.cited a TOllyo 
au4ltoca.u• rcc .... cly •C. Japaa'1 fa.rst a.ac.eraata.on.al 
s,.,oai.,. oa: 1upercoca•:-:tivit7. •1.,... very 
diaappo1ated because llltYCD u.ere 1 acieotiata vere 
coatratlictin& eacb otner over ..aat m&ka a -t•rial 
111percoa4ucc,"besaicl. Ta••• ~i•era1cy'• l.pcb1 
•areft scyiaa ... c.ttere l.s still lots of coac.rcwersy 
about tne 11teb-ica of t.a1a nev oaide superconductor 
.,.4 nobody ru lly It-. •at is pir:a - • " 

.... tbere arc 1cill p!ableaa 

Ancl vbile Tolr.yo Uai•er•i<y's TaD•a and otbert 
are eu:icecl by cbe pcosi-cc Chat r- c-peracure 
1upercoecNctor1 vill inevitably botcoae a reality, 
lpcbi for oae i.s far ..-. cautious. 11 lf 1 uauaie 
they eEist - tbat pllysica anJ tbeir atotaic 1c.r~cture 
peraic Cl•- co be M<le - en• prob.bly Clley v1ll be 
dewelopecl i• a fev years. •uc before 1ayin1 chat, l 
-c M coDYmc .. mac ic is pllpically pos11ble co 
make a l"ooa-Ceaperature aupercoa .. ctor." be said. 
ad4ia.& 11 1 •• oot cooviacH ,., ... 

The 'luati- of 1cability i• ODe plapiD1 
;;upcrconductor re•e•l"chers the world over. In ,._,,:.iat, 
MlTl's ~lectl"otecbaical Llboratory, al•o at Tsukuba, 
.. de two sa.ples us1n1 a yctr1ua-bar1...-atront1u•
copptr oxide compound wllicn has a critical tc•peratur• 
of 65" C or Jlll" l. 8UC ob,erver1 1ay cne cvo 
vel"t aroG& over a tua4rff •a11ples the EfL .. dc, verc 
excre-ly d1fhculc co reprocluce - lee al- iD cne 
•illiocaa for co ... rcial applicacioas - aad theil" 
superc-cluctiwe •ca<• .iuappeared after Ill day• •t 
roo. teaperature. Sullitom> Elecc.ir ic Indt.aatr i.es 
annouaccd in late Jmae it t!ad made: a 11rooa 
teaperature" aupercOGcluctol" 1ilberc all electl"i.c 
resistance vu lost at 21· C or 100° K. 

ttc»at vork proceedin1 aav in Japan iavolva th• 
111e of tbat yccri...-l>ariua-copp1tr coapoun4 ..,ose 
characcerU.tica - that it 1upel"coaduct1 at betveea. 
90 and 95° l or abOYe l1q11icl nitro11tn - ar1t ac lea1c 
It.._.. and fairly precl1ccable if DOC coaplccely 
Uftderstood .. 

The next: b•rr ier Japan i• tr yin& co over co- is 
applyina ~he cecnnolo&y of carefull1..,..cnered 
laboratory saaples co Chit narllll vorl4 of pr-cc 
fabrication - eitntr in tne for• of superconmctive 
wires OI" tnin f1l• lcsa tnan a aicroct thick. 

ln laboratory cx.pcri•at1 1 yttriua oxidt! 1 bal"iua 
carbonate, and copper oxide are aixed with other 
in1redient1 in povclarcd fora, pressed cnen aintered at 
about 9ou• C to .. kc a auperconductina ceramic 
pellet. MlTl'• *lM nao .. .ia u•ilar pellets vnich 
DoHC critical ceaperacura of up co 12J0 It or veil 
above 1 iquid n itropn. However, vhen tfte IC; UC cried 
praaina tnc cer••ic into a thin copper-nickel alloy 
tube to Mke a 1up1rconduccin1 vire, the propert1e1 
deteriorated and the wire nad to be cooled to JOO K 
or -24l°C ( 1 i'luid nel iua ce .. peraC•Jre) before it 
auperconclucted. Hitachi, 1•" and other• h•vc alao 
bHn faced vicll Chit •a• probl•• wnen cr1•n1 to aak1t 
chin fil ... 

Mak ina enc cera•ic1 i1 not the prob l••· 1.f>ar t 
fr.,. Cite .. jor electronics .. nufaccurers like Suaico
Electric and llEC, non-f1trrou• •cal •-I cer M1 au• 
Minina and S..lc1n1, and 1ceel .. ker1 ll1ppon Steel •nd 
Kavaaalu Stec & nave announced th•J too nave aadc 
•~-Y-Cu-0 ba1cd cera•ica which auperconducc at about 
90" K. 



kt few. n.ovever. have successfully -d• stable 
superconductin1 products. Hitachi Cable, vitn a&GJ 
years' e•perience in n.i1Jb1u.-titan.iua supercoaductin& 
vireo Cit devdoiM'd cables for the .. pet• uud in 
1notner lintar train built by Japan lailvaytd. has 
on.ly u.nased 93c. l for its ox.id• vira.. Anotner 
cable aaker, Fujikara i..td., hu only unapd 119" l 
vitn Lts vi.re wile ;apan'a teleco-.nicatioas &iaa.t. 
:'lippon '!elecrapn and Telephone (!ITT) hH P"•hed this 
to G<o • l (-189" Cl vi th a thin fil• .. de at it• 
Optoelectronics Laboratory in Tokai.,ra, north of 
Tok70. 

Advances LD densities 

\il\at i• sipificant about Mn's advance, 
revealed last Auaust, is that When tne teaperature vu 
lowered to liquid nitropn's- -196" C, llTT could pass 
boost current density to 1,800,0QO .. pa per •'l· cm. 
Tnis is i•portant because ta .. ke a 1upercoaductin1 
aasnet, the density of the electric current passed 
throu,n. the wire coil -..st be at least lll'l,000 amps 
or l ,uOO ,000 a•p• per •'l • cm or the .. petic field 
created will nrt be strona enousn .. Moreover. llTT 
c l•i•d that the capacity of its fil• to carry 
larae amounts of electric only deteriorated after 
75 d&ya. "The development of tnia fila vill 
greatly enlarp the acOP"' of •uperconductivity 
applications", said Toshiaki ttur•a•i Wbo heads NTt's 
research aroup. 

Pemapa it vill, but then producing one hla 
between 0.0 and 0.7 microns thick and churnin& out 
mill Lons to the sa•e riaid specificatims for 
co..mercial applicacions i1 quite different. As 
Yoichi Kimu•a of MHl'• Elect.-oteehnical Laboratory 
observed. ''There i.1 still a vi.de &•P between 
poss ib i l 1t y and reality and finding a break through in 
the e11isti.ng t1tchnology ii our chi.ef concern". 

One thi.na is certaln, however. When that 
bre.aktnrougb i1 made - whetner inside or outside 
Japan - M!Tl'• years of work in building a 1tructure 
wt.ere adv.ance1 in fields like 1uperconductors c:.n nave 
i-diate 1aport, will 41u1ckly pay off. (a;..cerpto 
from Materials Edge, !larch 1987 article, written by 
Ruu !tcCulloch in Tokyo) (To obtain a free aa•ple copy 
of Materials Edie, contact Diana Little by Ux ZU8l 
,..,tbul g, or fu (01))}78941) 

(c) Europe 

UK e1tabli1ne1 joint co-it.tee to support deveioeent1 
in s1J.pcrconducti.v1ty 

The UK's Depart .. nt of Trade and Industry (DTll 
and the 5':: i.ence and En&inecr ini Research Council 
CSERC), for-d a joint co-ittee in October 1~87 to 
co-ordinate auppart for development• in 
1uperconduct 1vity .. 

Cha ired by Sir Hartin Wood (Oxford Instrumental, 
cne co-Lt tee vil l include repruentativea fra 
industry, academia, and aovern••nt, and vill have 
reapon1ib1licy for adviung both SERC and OTI on 
natLonal research and development priorities in an 
effort to oaoac the lit effort. 

DOtn D'tl and StRC have •upported reaearch and 
development in conventional •~pertonducting technology 
for uny year•, al thouan recent development• have led 
co a re-•xa•in•tion of need~ in thil area. Tne 
potential advantaau .,f •uperconducting uteriah at 
room cen1peraturc are, of cour1e, enor•us, and one of 
tne fLrst tasks, therefore, will be to help ••Leet th• 
lo..:ation of en• Un iveraity lleaearcn Can tr• for 
Superconductivity. The co-it tee vill also aueu 
national education and crainin1 need•. 

Jd -

ln order to further encourage induatrial/acadeaic 
collaboration and keep 10 close toucll vith 
develo.,..nta abroad, the Dtl and ~fllC nave appointed 
Dr. lan Corbett ae the Uk'a Jo1at Co-ordinator tor 
Superconductivity. lie is llead of the Applied Science 
Div is ion at the :>fllC l.uther ford Appleton t..boratory, 
and part of bis role vill be to ensure tnat industry 
and acadeai• are v~ll informed .-bout tfte policies of 
the national coaaittee for auperconductivicy. 
(Source European Sc1eoce Motes, ll October l'J117l 

Superconductors - a tecnnolog1cal revolut1oa 

Multiple applications 

Supercoaductora bave -ny different tecnnolo,ical 
appl1caticm• and if.•• current researCl'l indicates, ve 
can rueh h igber temperatures, if poH ib le close to 
tbe allbienc t-perature, tnis vil! sip.i.fy a real 
industrial revolution, especially for: 

The carryin1 of electrical povcr in hl&ft 
tens ioa l i.nea tat.ere aoae lU per cent of the 
teravatt• produced are now loct; 

Superconductor .. petic levitation trains, 
wiCI> could travel at 40\1 or 500 i'.ph witnout 
vheeb, as enr-11 powerful -cn•cic fields 
keep the train gliding above tne track. Only 
1upercon .. ctin1 aapeta can produce mpetic 
fields of sufficient strength. At pru-t the 
Japanue (HS:>T) and Ger-a (Transrapid) 
prototypes would neceH itate the cool ins of 
auperconductora to the t•perature of l iqu1d 
heliua, vhich -kea this type of transport 
e•c .. 1ively expensive; 

- Electric cars where eneru vould be stored in 
auperconducting coils; 

Hi&fl-pover motors, generator•, etc.; 

Very compact co•puters. 

/ta vc can aee, tncre are nu.er°"• applicationa 
coverin& vide 1ectora of our econoay. Tnat u ..ny the 
international acientific co...,,nity has moved very fa1t 
to take ~p this Challen&•· Tnia is particularly true 
in Europe, especially as that i1 Where new uteru.11 
vere initi•l ly discovered. 

l\lo European -etinga have be- held under the 
aegu of the Council of Europe and the European 
C:O-.nity to take stock of research and applications 
1n tl\e field of nev .. cerials~ 1uperconductora. 

The first va• held in Stra1bour1 at tne Counci; 
of Europe under tne aegis of tne European !later iala 
lleuarch Society (£HRS) Which gatnera every yoar to 
take stock of progrua in ruearcn into and the 
applications of nev uteri.ala. Aa a very 1r ... t deal 
ia at atake, discussion• tnia ye•r vere aubatantLally 
devoted to tneae questions. 

A ucond meeting at Cenoa aade 1t pouible co 
continue di1cus1ion1 and co•p•r• tne .aat recm1t 
finding•. 

The European r•earch coma&nity thereby intend• 
to play a full role in ••tin& this Challen&• in order 
to place i>uropean industry in a favourable pout1on 
and en1urc that vc u in ta in a prcacnce •• far a• 
future applications are concerned. (Excerpted lro• 
Foru• Council of Europe, 2/1987, article written by 
Jean-Vicrrc Ma11u•, Head of Cha Hil!P'•r tducac1on and 
Ke1carch Diviaion, Council of Msrope and Vaul ~iftert, 
Pre1ident, DllS, Centre de lecherchea "'cl4aires, 

::iitr11bour1.) • • • • • 



first £uroN•ll VOC'ILaAOp oa aistl '.fc avit!rcoacv.ctort 
~~~tial appli~atiooa 

Tbe first Eucopeaa llorunop Oil lli&ll Tc 
;:Wperconductors and Potential Appl1c•tiona vas bel4 10 
~o... tcaly' fro. l tnrou.ca J July l'Jdl.. lea co•l• 
vere to rr1iev European proarcsa in tbia field aa4 to 
for-late atrate1u - policy for tile chrecuoa -4 
support of future work, botb ia basic ruearm •d 
tecn.a.oloaical clcvelopment.. Tnere was aaarp avar•es• 
of Cb~ co•petitiwe nature of vorll ia ttlis field, aad 
tne need to at least keep pa.ce vim a4Yaacea i.a tile US 
aQ:d Japaft.. The outlook waa iateaded to be Europe-. 
ratner cnan national. vLtft the t:t:C foster1aa. and to 
sa.e eatent supportin& 1trOA& iatra~uropean 
~o~p~cat1on. Presentations aa. .. terlala preparat1on 
and characterizatioa occupied sli&htly .ore thaa. oae 
day of t~• vorksno~. aa.d application• tne ••~OA4 clay 
~nd evenin&.. tne last day'• activi~ies inclu4Lt:d tvo 
invited talks describin& cn1: •t.tus of "'-ericaa aad 
Japanese vork 1 aa.d panel dL&cYAsioas on European 
policy and initiatives. 

tne a,en~ral re1poa1e 1n most ~opeaa. c~tries 
tt> enc en.al lcnp presented by the nev n •Ch fc 
superconductors nas bcca tO OCC&aize LRLCrd1•ciplidary 
&<""PS to provide a l••&• r ... &• of aaaple preparat1oa 
and cnaracteri&atioa. tecbaiquea. llany .. mbers of 
tnese 1roups nave little previous expcra.eace ia 
superconductivity, tbeir eape.rtise beina io .. cal 
oxides, perovakites, and other relevant fielcla. Moat 
of the preseatatioas of researcn results at the 
workshop V'ere io tbe for• of po•tera. tn•r• bca.n& 
about lOO of these out of a total of about 
llU contributions. la uny cues virtually identical 
vork vu prueated iaclepeacleatly by several croups, 
v1tn aitually consistent results. T~ere vas no 
representation froe tne USSI, and almost none froa 
U:i tern Europe. 

ldea 1 a true tu res 

Tnere is n°"' ateneral •&ree..at on the • tructures 
of tRe cvo classes of supe:rcooductin1 c~•pounds 
exempl i fled by 11a,.1.a2_,.Cu04-y and 
YbaiCu309-y • n•vin .. tran1it1on te•per•tures Tc 
near ~O and ~2 K respectiv~Ly. The essential rale• of 
O content and Cu valency vere de90Ratrated by .. ny 
groups, vhicn described chanae• in particular 
properties as •aaples undervent co.apo1ic1onal and 
structural transitions between superconductin& and 
normal pnases. tnese tr•n•itions could be achieved 
reversi,ly by annealin1 and coolin& in 0 or inert &•• 
atmospheres.. Details of teaperature, pressure, 
cooling scne:dule, etc .. all affected tne outco•.. ln 
the case of Y-lla-Cu-0, for exa•ple, appropriate 
anneal ina in 0 yields tne black, aliptly 0-cleficient, 
orthorhombic, •ixcd Cu valency 1uperconductin1 phase. 

Several pre1entation1 dealt vith tne location of 
the 0 vacancies c11antial tc the superconJuctiv1cy. 
for r.xaaple, F .. aaudelet and co-vorkera (UJI~, 
France), ~••d ••tended X-ray ab1orpt1on fine atructurc 
(EXAIS) to dctcr•ine the avr.raac dist•ncc and number 
of nearest 0 neipbour1 for Y and Cu ~to• 1n 
Y-Da-Cu-0. Mea1ure .. nt1 at tne Y K-ed1te ahoved no 
cnanae with deoxidation by ar.ncalin1 in inert 1•s 
atmiJ•phere. ltowcvcr, tnc Cu K-.d&• re•uLcs 1nd1.c•t!d 
a decrease in enc number of surroundina o ac.o... Tn11 
dc110n1tratc1 tnat the 1uperconductivity is a11ociatcd 
with the appearance of 0 vacanciea in the basal planea 
of tnc 1tructurc, wt\1.cn contain aquarc 
planar-co-ordinated cul• ato... ln th ... plan•• •n• 
Cu and O ato .. for• cnaina •Lona tne b-axu. 
Co.pLc .. ntary rcault• concernina the location and 
ordcrina of 0 vacancica were obtained by electron 
microscopy by M. Alu io•Franco (faculty of Cn .. 1cal 
Science•, Spain) and othera. 1n aeneral, the 
atructur•• of tne ideal ni&h Tc 1uperconductora aee• 
to be reuanably well understood. 

- l'I -

Structure lllefcct.s 

A &-eral tla- ,.. .... etLq 4iaaoHi.o. of aurly 
all -aa•M properti .. ,,.. tile role of sr•i.a 
lllloue4arie1 1 aa4 tile relate• •r•l- of tw,_i•&.. P\at 
..atl:lcr va7. •• voa4er• .-.:taer -uc...-.t• are 
ia•1cative af bulll ar aurfact/lDtersrai.a effects. 
Tbat tile ~1ti-, - tllerafore tile atrvcture of 
tile a..rface aa4 1ater10r of tlae era ... •ifferM 
atr-sly, vu -~r•tM for Y-.a-C..-0 lly ac ... lD& 
Aupr elect•- apectroecon (AES) lly a.o. Toiv-eo 
et al. (llelailik1 lluveraity, faal-). Cl•- aurf.acu 
.,..re obtaiaM by i- a,..tteri.a&. scrap.i.as, or Dr-ia& 
i.a vacuo.. eo.po.iu-al .... foe tlN !

c-•titu-ta miincltN •- f.,at.r• of ue sr-..lar 
topo&rapay, •• -- srut irreplar1ty. llae 
altered. •aurtaca• ca.poaiti.oaa a.- to eat.••• a.a•rH& 
of *'&atro. Lato tne ,raiaa. 

• Olle •- to iaave obaer,,... ai.a&l• cryatala of 
Y-...-c..-o free of tviaauas. tile tvlD• appear u
c.r.anaitioa to t•• oraaoraamb1c •tructure .. 
lleaaiare-.ar:a ia ao electroa .... cr-oacop• •J' 11. Kare&10 
•D4 bis &rtNp at fr-ce's lati•al C .. tra for 
Sciaatifa.c &eseareb ia4,cated a c.va.a aiae ••4 
ra111ll.at. .Commiaa of or•r SUU-lUUU A... llcar.1.a1 a.a 
••aaua •r .-.. of cae electro• ~ ... uad foe , .. &LD& 

cauae• r .... cti- of tile •-.le ••• -..;... vall CD.•&••. uadicat1111 tae relatioa betven 0 C•t•t and 
tt1i-ia&• Tt.c ortllopaal ori-tati-• of •'luare 
irlanar C:..-0 -ita ill ae•pb-iaa -lD• c-ld De 
observed ia tbe SC.DD ia& •Leet cm •icc•con (::ttJllJ 
photos. A •"11&••tl- .... later•• lly s. -llftckx 
(SIX/a;JI, ltd&i-) tllat srovta uacler atr•• •i&lat 
y1d.t uatvi.aacci alll&le crratala. Tbi.a u ..,..u.,.t 
a i.aca vi.tll tvianM a_,lu, iavntipti- of tile a/b 
anuotropr ia U.c ... .i ··- u difhcult. 

llany otller cluaea of atructural Mfe<:t .,.,,., llua 
obscne.d i.a omerviae •aooct• cryatallJ.Ae reaioas of 
aaaplu. 5- euiaple.s by a. &avuu (Ua1ver•i•y of 
ea-, Franca) are: resiona of orcler lllO A vitll laraer 
or ... 11er O coacenc cauaiaa al:eccd structure 
incluai.oa; sections of extra plaoar uaita Vhicn cause 
•-•101 of rne aurr-•lll& plaau; aaifu of reaiatry 
of tlle La and Ila, or Y and Illa plann. TllUe allow up 
clearly i.n Sat photo•. 

f1.nall7 1 tnere were .. nJ reference• to a11a1 of 
tne .. ter1a1a .. nan at JOU I., due probaoly to Chan&•• 
in O content and ••t•l ion •iar•tioa. Tb1a ae ... d 
particularly aerioua in the cue of thin fil•. 

T., > 92 K 

Thia subject vas of aajor interut and concern, 
but the wora•hop produced o.o una.tli1paoua nidnce for 
lli&t>•• aupercoaducLin& tr ... ution te.,.ratur .. than 
tnoae alr~dy kn....... A llu.,er of part1c1panta 
deacribed observatioa• of Tc• ill the r•se 
100-12U K, all in .. ter1ala llaaed on tile Y-Da-C:..-0 
ayate•, but tbe r ... ulta vere erratic, ualMllly appear•• 
in multipbue , .. ,1 .. • and could not be ucr1bed to an 
ide~tif.a.able pha••· Mona en .. • rault1, 
Y1.2•ao.1Cu04-y vaa reported lly A. Areat1 et al. 
(Uni"cra1ty Dip, Scien&e fi1ichc 1 lcaly) to lo•• it• 
rasiatanc:e around 110 l vitn a relatively a•rraw 
crana1t1on width (for tnesc ... c•r1als) of 1 '· 
Sa•pl•• ah-•cl • lleiaaner effect, apeci fie hHt 
ano-ly, and X-ray d1 ffracuon pealla .... e11 1acleucl to 

a auperpoaition of tvo differ-t orthorh-ic phH••. 
ln a • tudy vnie11 attracted conuduallle 1ntereat, 
D. Djurek (Uni .. raity of Zasreb, Yupalavu) found 
that uae of a puhed electric held ill aa•ple 
preparation altered tna rui1cance va. te•perature 
curve, 1n1ft1n1 the on1et of re111cance 109• 'o niancr 
t••peracure, and y1eldin1 atrUCtYre in 'ne cyrvc at 
around 24U K. 'l'llis vork vaa aull in a prehu11ary 
at•&• and detuh were aketchy. Durin& heat 
treatment, lU ••c, 1-lU vatt electric field puhea 

• 
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~••• applie4 vita a io-l ... f CfClot, to plate• 
p<'Huas • a t-11a-c.,-o cllarp ia a capacitochke 
COfth&vr•ti-. n.c ficl4 atr•sta vu a4jvatc4 for 
dlaac•• La a-.pte rnistl.•itf ia ••tr to keep oae 
povcr appcoai. .. tclf coa•taat. Djurell •"SP•tot4 ta•• 
• ..., affect of tac hotU mpt k to cauH local """DC 
at ,rain coecact. or t.o -•ct ioe.ic •i.t:fus1oca. 

Oa ..... allbjcct of n ....... -. .... ti.tute4 -t•n•l 
tfttr• vere slR'Wetal pr-aseatatioas •• c.-ats. ~ut 
.,dl n.cpticil• vu eapc-naH. lb• lattH vu ltue4 
Ot1 s .... eral ua:succea1ful ette~a co repro6ace ta• 
rt1ult1 reported earlier. oa. s .. picioa of coat.act 
effects. aa4 oa tae facts c•ac t•• role oi tae F. Lt• 
loc.acioo ia cae uait cell. -• a,.ar•tly .,,_ its 
we:., presnce ia tat •terl.al after proceesia&. awe 
pt to It• estM! isb.H. ..,,ertllcln•. reports of 
iacreue4 Tc after procusias of Y-.a-C:.-0 vi.ta 
'•Fz as a scarti.n.1 .aterial, vere pram.te4. In 
""•t appeau to be tbe •st caor011&1' st114f (u,_p 
scill iac-plete), four •-ples vitll Tc i• tae raase 
ll0-120 IC vere obuiacd ( J. Ah-•i.elaotD, llaldor-T.apsoc 
les•arca Labocatoc1, Dta&a;-11.)... Tb• aaapl•• •.a4 a.arr., 
sv.percoa.ductins tr•si.ti.001 1tad vere clcarl7 
multiphase; no *l1sa.er effect v«• ba4 pt lltc.,• 
4oaot. It is still proboblf too earlf to fora cchai.t~ 
coacl..si.oas resardia& u.c effects of procu•iA& vita 
a.aFz .. Fin.ally oA tllis subject. rni...a of vork in 
the US (a.J. Ca"•· Mll Laboratories) aad Ja,.. 
(K. Taltasi, TokJO U..i.ntaity) P"°"i.dc4 ao sr-49 for 
eapcctias fcs subscaati•llf ab""• tll•• pr...,icled bf 
t~c Y-aa-Cu~ f aaily ia tn• i..adiate fuLure .. 
itw.,,er. rueour1 per• ista4.. l• Jap.aa.. ware 
appareatlf over 100 .. ,.rate sr ... ,. are eappd ia 
rcscarcn oe hi&n Tc .. ccrials,. tac latter &ril!' 

referred to as USO., or •unidentified supercoaductiD& 
objects• .. 

Theory and supercoaductiwicy •Cllaais• 

Th<!: vorksBop inclt.1ded wer7 little tneocecical 
di.sc:uss ion and ao nev rault• ia tllia aru. ltost 
tncory tnw far se•- caaccraed viu1 La•.CU04 ucl 
related -•crials. kcordia& to T.11. Ii.ca ( lWl 
Zur1.cn) cnU. uy in fact be tac earc d1.fficult 
uteri.al co deal vita, 11.nca ice 1rouad state appears 
dclic4telJ balaaced bctvcea a lars• aulllbcr of 
possibilities - for cueplc, .. tallic,. caup Uns1.ty 
"'ave, and Chara• ordered. di .. rUM, ferroelectric .and 
llllt i fcrroaapctic insulator.. ltow«YeE" tbc theory for 
:ne Y-u-Cu-0 coapounds ls 1aid to be mCKC 
coapl1cated. Tl\c rel•ti••lf hip •oaluc ••cl 
c .. perature de:ptndcncc of the ru i.1ti.vity aG4 
Ron-Dr"4k optic.al benaviour in the nor•l •t•tc of 
l.a-mu-Cy-0 material• •re not typical of mecalt, nencc 
trle conclusion ttl.at a stron1 coupliA& ioteraction is 
rcspon11blc for bo~n the supcrcondvctin& and a~r .. 1 
pr-.>pcrti.es.. Ttlc •dcl pra.,.ted vas c11cnc1a l ly that 
of An.f•r•on. but 1ncr1l other ~11i1t1l1ti.cs were 
consulcrc4; cncre 11 ao rnolucion yet .. 
Eap•ri..,..tally the ai.tll8tion ia confused by tnot 
contr1diccor1 nature o~ the re1ult1 so far, •~ 
111pl 71n1 the nud for strona pbon- COii pl ins and 
others ic1 un1•port•ncc.. For cu•plc, th• well• 
clocU11CRtecl aDsotDcot of aa iaotope effect '" Laa.CUO;, 
(1novn bf R.J. Cava) hada eitller to Cl•• concluuon 
tt\.at electron-phonon coupl in& i1 not res pons ib le for 
enc tupcrconduct iv icy, oc co 1n1cniou• ar,u..,.t• tar 
1voi.din1 th is conclusion. lhlt prel 1ainar1 work fra. 
aell nov lhCMn • 2) par cent i•otopot effect for 
Y-aa-Cu-0. Are tne .. cllani•- for au,.rcoa6uct1,,i.ty 
in tlle tvo knovn clasue of a1111 Tc -Uriah 
cli fferent? 

ln a racner curiou1 talk Laced vich references co 
tll• clu isn• of Mocher llacure, c. r. Yan 11ru1sen 
(Cron1n1en, lllotnerlancla) 1u11••t•d tnat tna clan .. of 
uccria l• ..ndcr conaidcratioa an in fact Mtattable • 
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1~4. t~• ~ ... tloa of laac-cera •t .. ility ia cr.cial 
to a,.ti.cati•• Ht llaa rtce&vt4 little att•t -- u 
pc. Pra .. t •-.ln- are 1 .. 1iti•e to -iat111re ••• 
•4fft c...-ratce : -~c •• appear to•&• cw• _,.ff 
<•ttu.:-4 c-•1tioo1 .. 

!lppl 1cati.oaa 

Alto.t -• tlli.r• of tae papen pru-ce• orallf, 
alUI a •-ller pr,..,orcioa of tac posters,. vere 
coacerae4 •itll pot .. tial applicata.-... fll:JOC .. ,.uis 
va place41 - auw1 a.•.,•trial anlicat&••· peraa,. 
reflectias oae of tac -jor •-cea of ... ,.., for tac 
..,........ &a &t t•rM41 O•t,. coaara for larp-acal• 
m:ca-ical •• elcct.r&cal a"licatioaa appcaca to It• 
••itc pr-t•r•.. la tile aaoct tera,. tac •~ a ip-Tc 
-•erials proboblf will a..,. -c impact -
clec~r-ics ..... per-a•,. ... pcu. TIM foll..,i•& 
c-.ts applf to ••potrCDD•ctora aawias Tc ar-• 
LUO 1:, t•- r.,.11iri.a& l:.i.~11i4 ai.tropa coolias. 
Clearlf cae a4v•t of .- t-pcraturot a .. pcrcaa .. ct•• 
voul4 alc.:r all of tac .-Uva •-ri.a.H aerc. 

la ais paper,. F .. Scaauer (laatit•t• for Tccnaical 
Pllfnca, fc4cral kpublic of ~fl .. ,. taa< larae
ac.ale applicati-• 4i•icle iato Cllrote paotral 
c•t•sori.u. Firat are •rat•- .-.,..i.rias 
aupercoahctiYit.7. awcb as f.ai.ola ructora. for 
tacsc, tac crJOse-Lc portioa of tac coat is a s .. 11 
fractima of tac total,. ••a svitdl to l~•i• a1.c:ro1ca 
cooli•& -1• aot offer wery aipifi.caat r-ara. 
Sccoa4 arc applicatioaa ia -aidl tac c .. t of 
cr:posmics i.a a tarp fracti.oa of tac total cost (aa, 
for euaplc,. •<i•tific i .. tr-8ta, .. peu for 
... clear -patic raoaaace (-) •c-uoa, •• 
accelerator -••U. la tbis cue tac aav .. ceri.ala 
aipt effect a •ipific•t c•t reducti•, ltut DI• 
raul.u -ld aoc •• revohati.oaarr. Tai.rd are casu 
mere supercon4uct&nl c_,.t•• vita a0Dauperc-.•ct1.•1 
t•Cllaolog, •• for electC'ical power iaala!latiooa, 
power traoaai.aaioo Li.au, tr ... fOl'-.r•, aa.d ln11tatct1 
tr .. •portatioo spte•. la ••J caaa, elimbOl'•t• 
•tu4i.es llavc alru4y beotD -• for appli.c.ati-s 
iavol•iA& liquid aotli.ua coalias. aa4 •- prototfpe• 

ftaYc Item c-•tncted.. la 1meral 1.t •••- lftat 

rcplacot .. at of liq11i.d aeli.ua 11i.t.11 ai.tr- u aoc 
r•-rkaly • .iv .... ,...... will• fr- .... of .... latter 
•istat iaclude,. ia addition to rcduca4 coo1tr111Ct1.oa •n4 
opera tin& cost•, Jt'&1Cer rel i•il&tJ •d 11•plcr 
claaip. 

C. Ma••uti. of c11.e Europe•• Or'pai:is:•tioo for 
... clear llaurca <CEt•l aad II. Duport .. , SacL•f • 
prowiMcl ia•tructiwe euaplu bJ applicacioa.1 to 
hian-cn•ray acceler•tor1.. ln it• vpar•diA& to YU ~ 
tbot CU• electr'1R-polltr• C01l 1dcr Viii U96' 

l)• 1upcrconductia1 rf caw1.ta.ea for p•rt1.cle 
aculcrat1oa.. ~a• va.ll prowidc a~out la.we t1.me• 
1rcaccr efhc1.wncy 'tt•n enc 11or .. 1 Cu c••1t1.cs .. Tbc 
•upercoa•ctu•& 1 in in& of the c••itie1 aaet nn• a 
dcfec.r.-frce •:.irface, vit11out 1raaular atructurc,. •nd 
,,. rroperties .... c lltc •table aaa1n1c. ther-l cycl1n1 
•nd radiati«" ....... Si•ilar cOD•1cerations, •ftd, in 
•ddita.oa, th• que1t1oct of critical curr•t, lc• are 
rotlotVant to ta• auparcoaductias -an•u uHcl l>J 
acc•lcratCK• ·, tne :!iSC vovld use ..,... tnaR &u4 
•snet•. 

Diacua11oa of applicac,oaa elic1tacl a list a( 
reituirff propcrt1ca u, fcrr e ... plc, tno.c c1t•cl •1 
c. CoDnar (Si•-••· federal k,,....lif of Cer-•f>· 
TlleH 1acluded: le 111 ••• raas• 10'-w', 
A/ua-2, atructural U&iditf, •-ll bead1n& ra41ua 
(for vire), enwiron-ntal st••ilitJ (cftcr•l, 
at-pbaric, racl1ati-l, pod surface•, and u•pl• 
f .. ric•tioa. Clurly, pr•otDt -ccriah do aoc 
approacn en••• r .. uLre.enca; t.nc crucial question a.a 
vllataer tner c•• do ao vit" furtner dc• .. lop:acat. 



llle re,.ta.tioa <"f 1.114atr1al iatere1t1 pcoaptff 
~a uas.;ae4ulH coatr ithatioa b7 -: .. DaaalU
(Strat•cl7'• U..iweraity, llt) ·~•ti•J a rica fielc 
of ·saall scate• electrocaic1 •Hlicati-.s.. Tb.••• 
ia~lu4e4 cLra.it iaterc\Hlatets .-,,C!l c01al4 ~• fast. 
lo.sless • .:.ct 4i.s,...raio11-frt"t. antauaa atructuts of 
!.enitn. aidl aaaller rll• u~.• wavalea1t11 foe Mii.a.en. 
resisti•t locsa u~l~~ pr...,.i11•t•. •icc ... ..-c 
c.avita.ea f">r !lLCft f'tl"•C •4 ai1a Q opcratioa • 
.. pe::ica:l1 1crcn.H spaces tr-. s•ll .,.,.,a.,..at 
eaclosu.rt~ to rooas a..ut luait4iap, C..-ewcr aa.4 
Josep."lsoa t.....,el ,: .. •ctioa 4't•icea, SCjUlDS, aa4 perDaps 
~aa~&tt:"f's. S(JJ'LD fabricati311 aad operat1oe v&& i• 
tact 4•scrt~e4 ta • .,..~r•l coatri~atioas C .. ,. -..,.,&ft. 
(U1uwersity of ltr•U.p-. Ult) - C. -ala.,., 
(Stra.ttu::lrl• Ua.i•ersity). lesu.lu oo - ""• 
t-•l lll& drorices up to 5~ IOllz vere pcaeate4 by 
T. ClaesOA (0.al...-s liDiwersity, S....te.l. lllae 11&d 
£ !)aAd v..,-e&'lide:" 1 .. 5111-- cr•s aectioa.. ia '9bicll 
a=t area io tbe broad siH vas replaced via. 
Cd-toa-Cu-0. Tais vaa c-tacte4 iateraally by a * vi.r-e or -.otb•r aiaa- tNF•ratce supercoa4iu:ctor 
1roun4 .aad. ctcnclil ia llF to a poir.t appcoai-tely 
2U •1croas ia lfa....,tcr. O,.ratioa vaa at :..l ... 
Tl.lftacl iaa aar.acteristics verc obtaiaed ht resalts 
vere prcliaiaary; upoa taer .. l CJClia& it vas toua• 
caecessary co remake cocalt.9cts .. 

A aeaeral •iev vu capca1ecl ai.t. u ta:• 
;;a.accra.als uqara.H va.tb f'U.rtber raearca. aa11y aev 
applications vould appear. 

A aumer of preseat&ti011• (for c..aple, tllosc by 
il. fluir.i&er [lnstitute for Tec1uaical Pnysica, FeMral 
a.p .... lLc of c..-.. ,.1 ..... r. O..Ou [1.aboratoi.re de 
!'lucouu is CICCE. fr•cel l 4eait vi.tb auper~ductL•& 
"vi.res", ~tn sia1le strand aad -..ltifilaaeac .. tbe 
only successful ... tbod tbu.s far entails co.pactioa of 
s11;1••~-.i..ctin& ,_-der insice A& tubn foll-d by 
clravift& out aacl aaaealLAI in 0 at-.phere .. The latter 
can be prowided 01 incl.aioa of a substance vtaicb 
rel•u•• 0 upoA ftutiaa. OC' b1 usin& a tub• Mllicta is 
both :>-pcr1mab le a:ul 0-ra istaa.t aa.cl beatia& ia aca 
••tcraal 0 atmct1phere. a.suits s••• 1catccrcd; 
nevercneleu, a vir• ""icb Jidda le ,,f about ll)l 
A/c.-2 at 77 K va1 4'tacribed. Prabl ... inclu<le 
0-los•. f..,r•tlOQ of a110rpftovs -tcrial, lowered 
4cnsi.ty of 1upcrcond.uctia1 ptlase, and ttaick 
n.xa:sup~rcoaductiaa Or.&ter !ayers Oft tftc 1rain1. Since 
the properties or tn.e materials arc strOl\&lJ 
..auotropic, a •tllod for alipin& tne 1r..i.n• to yield 
a co_,a crystalline oriaatatioa vould be useful. 

A panel dUCllSS i- follovin& tne teonnical 
presentaci~• vas coaceracd vitn su.1111riaia1 proaress 
co d.mte, aa4 coasi.dered sraor~- and lona-r•ae aoals, 
and :lie role of tlle IUC i.a aurturi.aa ue luropean 
effort. lt vaa 1enerally •are .. that ruearcls in tne 
follovinc arH• vaa aumtial; u ... ain1le crystal 
preparation and analysia. •icroatruccure aod texture 
cnaractcri&ation, role of araia bou.ndarie•, .. cbanical 
proper tie•, st.ability and aai.•a. u1utcratandin1 
1upercon4uc,ivic1 .. cl\ani••. cft•iscry, aQd ph••• 
~ia1ra• vitb a viev tovarda fin4in& otber fa•il LH of 
uteriah vitn poui.blJ .ore attucti•• properties. 
Pro1reas is nee4'td in tile 1rovtb of fil•, ..,icb so 
far He• to exlaibit iaferi.or propertiH (e ·I·. lwer 
Tc•. broacter superconductioa tranaitions, and 
instabalLty). lnterface ructi011a vill be critical, 
in vLev of tile Lnti•t• contacc betvem hi• and 
substrate, vi.re fila .. nt• and sh .. t~. and. 
111perc011llucun1 and ina11latin1 or •tallic la1ers. 
Interface• ,,_.Y be troubles.,.., in view ot tll• bi&" O 
and •cal ato• mo1t1lLtLes and reacrivLty. ln 
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particular, tlle ••ture of ••pe•~•ctor/_...1--tal 
caatacts Ila• -t ncai-..d att•tiaa; eapui-t• rely 
e111el11Siwely - ~•cti•a paiat au epoay or la eol•r 
for coa<acu, ,.ica 4uplay ••Ill raiat .. ce -• •&• 
1>a4ly. C.taiaia& 11ip ••l- for le -• tlle ""*' 
critical ficl4 llc2, aoo• 1mca .. ical pl"OpcC'tlH .-c 
atalli.lity are clurlJ eaaeati.al for ewc:ceaaful 
appli.catioae. 

t.1ar4i•& EEC policy, .... , tlle actiOAa ••&&D•t•4 
vcrc aid to i.atcr~icati.• 1 clata ilaiUill•, uefer.tered 
support for basic r•earca, iacr••ff accesalbilic.y of 
•joc test •• rncardl facilitln. __. traiai.a& 
proe•-•. (Sooarce; Eoaropea• Scieact •t••· 
2L July 11'11 ..... 
lD<lia pl .... top-level •pe•4ia1 OD •uper~4uctor 
raurdl 

Uulia'a prim- a&auter, lajiw c .. dbi. b.- set up 
a Cabiaec-lewcl ~ittcc -•r au .... cttair.-aaip 
to proaote r .. carcb. related to ceraai.c 
swperc••ctl.wit7.. 'hlia Cft'clo,...t is a acaaurc of 
i ... ,. '• coafideDca tbat ita ra-rmera a ave maca t.o 
c-tri.lt<ate to (aad tlaat ln•ha etuca to pia • .,..tDi•& 
fr-> tile iaurutioaal e.cit-•t owcr o.e all!V 
,.. __ _ 

tlae ,..., ... of Ue •ev panel i•cl- tll• 
•inutcra of ac1 .. ce. fiaaacc -4 ..... raourcc 
cle•elo,.eat, tile cua.aet au fiaaa:cc aecretaries aacl 
tlac lauu of the aciDDce epaciu ••pportia& raurCll 
ca superc• .. ctiYit7. DM: ~tee•'• -er• alao 
iacl- Profeeaor 11.c.1. "--· Caa•i'• sci-ce 
aniscr. Profaaar Yaall Pal, ctaairaaa of tac 
LIDi•craity cr .. ta C ... isaioa. aa4 fowr pra.iaeat 
iA4utrial iacs. 

Dr. Vas-t Covariler, aecr .. tary of th• Depsrt8eRt 
of Scieace ...i Tecaaolou (D:itl, a -••• of DID 
panel. says tllat tile for .. tioa of tile paael under tbe 
pc1• aiaistu 1a a aip of me 1ovcra.eac '• 
comaitaaat to raurcb io supercoculucti•ity.. Ca:ldhi 
b •• •l•o ••t up a Proar•- Maaase..ac 9041 undar 
Pr .,fe1s"'r C .... l. lao. tile director of tac lacliaa 
laat1tute of Sci ... ce •n• Teon110lo17 at aanplore and 
cnair.aa of tbc aown._t '• acince ad•i.aor1 
coma1ttee. to co-ordinate raureb at ao•crrmirnt aacl 
iaduscrial i•oraccric1. this ltocly vil l haYe ca• 
cu:cYti•c pover aad. fiaanci.al -.eclc co pursue th• 
project to iu ulti•t• coal. C-aru.er ... ,.. uat the 
e411L•almt of several •ilhoo dollars naa been 
allocated to cbe co-ordl&lated pros••-· 

Se•• luian raurcls 1roupe are eappd in 
sYpcrcoaciucti•ity rcacarcb~ trte lacl1aa laatLtut• of 
Sci ... c• (•anplorel, the Tata laetit11Ce of Fu..ia-ntal 
a.eearCll (aocay), CD• Mablaa Ato•ic laearcn Cea tr• 
(TrOllbay), tbe llaclraa 1D<li11a laatitute of TeC11110lo11, 
cbe lndira Cud!- i Ceatre for Atomic a.1eare11 (elao at 
lladru), Che .. ti-al Pllyai.cal &.boratory (llev Delhi.) 
•"' tl\e llUiODal Cneaical Laborator., (P,..e). laCll of 
t•u• laboratories clai• to .. ..,. produced cer .. ic 
•cerLal supcrconductift& up to llU It., and tftc •cLon•l 
Physical &.boratorJ clai .. d rooia-teraperature 
1upcrcooclucciwiry J&iaC • veD ap. 

Despite eacite•nt eb""t tile potentiel of tu 
field, Candhi '• panel vill llawe to talll toulfl to -e 
tile &r""ps vorll topuaer. Tlae DST, retur ill& to tile 
"var1in1 levels of accoopliall•nt" at the different 
la1>oratoriea, HJ• tbat tneae efforts '\1Lll co- to 
notbinc" unless tl\eu i1 a purpoaeful directLOfl and a 
pool ins of taint. (t.printed bf per•uaaoa fro• 
.. cure, Vol. J2 7, Co;>Jr i&Jlt (cl 1987, Macmillan 
Journals I.luted) ..... 



llil!! t-peratue supercoa•ctor• -
C.aa tlltJ affect tad.ia 1 • aerp sector? 

Tile -el Prize for pn:ra ic• for tll is rear is 
avarMd. for obaerwiaa s"percoculuctiwit7 i• oxides at 
tile caaparati•el1 Iii .. t .. perature of -2)8° C. Tftia 
bea•n. the race for aptaai.a of aew ctr-1c .. ceriala 
tllat ..,_ supercoa•cti•it1 (SC) at still lliper 
te.,.raturu reacllia1 "P to -us• C. A spate of 
a.r,\cle1 bawe appeared ia Ult •di.a canuia1n1 aearl7 
tbe , ... scanty face.a (a.,.. di1tortecl .... ). tile .... 
picturea aall tile ••• dia1r••· llle cOllbioatioo of 
cvo WIUSu.al propertiea 1 .... 17 zero electrical 
resistance Piii tbc p09aibility to auataia atrOf!l& 
•anetic fields Wicll are aeYtral tim:a larp:r c.aaa 
tnose pro.,ced by cCKWesatioaal .. cariala ia laat .mtca 
tilt supercoa .. ctora proaisiaa to open "P entirely new 
possibili.tics.. Zero electrical reaistaace baa tile 
oOwious ... &aia.1 of flow of electricity without 
l~ses.. Serons .apetic fields provide applicatLoas 
in rest.21'Ch for hip eacra pbJS ics, for- .aper.Le 
l"1r.ar.1on as also for r•ducinc •i~• of paw•r 
1•ner.ar.ors. etc.. Toce th.er, r.n•s• r.vo prow iff •cope 
tor scorase of electricity. 

llo voad•r. s iace 19 ll, tbere have been fi•• llobel 
Pri&•• avardecl i.n this aru of research - the earlier 
four invol•in& tile lov-c.nperature aupercoacluctors 
(LTSCs) at ar-d -269° C. 

Th• revival of interest in Ch• sea i• because the 
nip-te•perature 1upercoeductors (llrSCa) co.ald vork 
vitll liquid nitro1an as coolant tlbicll ia )0 tiM& 
cneape= tll.,. liquid 11eli- used aarlur, coasiRriD& 
tlle 4ifference1 iD price ... d cooliD1 efficiacies. 
Very recently. rOfm t•.,.rature •upercon6.actor• 
(ITSCs) llne also been reported to exist, but tlleJ are 
not 1•t 1ta1>le aaoulfl aod serious doubts persist about 
tlle rel 1a11ilit1 of tllue results. lllile •- of tile 
•icro-level applicar.ioas 1a •dicia.e, defence, 
c09puter chips aod •~ on .. , be relati•elJ e .. ier to 
introduce due to coaparati••l1 fever tecllaolo1ical 
11udle1 ....S tile secoodar1 iaportance of cost 
constraints, it is po••ible chat Ch .. • applicatioA• 
.,., re .. in 0011 specialized applicatioas nd .,., not 
penetrate society oa a larp scale. If, ts.owner, aOM: 
of tlle cnvisaa-4 applicatioo1 in tlle eacr11 and 
transport sector are 1uccea1ful, it could ruulc in 
rewards of •&abucks and brina revolutionary Chan&•• 
in soc iecy .. 

I 11 India, II. )5 ,000 crous are expected to l>e 
invested in tne power sector clurina the sevet&th plan 
period alone. Due to the 1001 1eatatioo periods and 
neavy investment• involved in cne power sector, 
indicative (not definitive) plan& are alrUdJ 
availal>le till ZOOS. Tnue period• are 1001 enousti to 

realize aou of tlle potential of tne RTSC 
applications. Our electricit1 production incuaae1 bJ 
8 per cent every year and Jet then are perai1tin1 
111orta1••· Tnis 1rowtn, coapounclad bJ tne 
co1t-e1calacion1 in th• power sector, con1u .. 1 
20 per cent of five-year plan ruo.arcu. Al tlloulfl the 
iapacu of tlle KTSCs .,., be only .. r1inal bJ tile rear 
2000, tney could 1ianal a .. ;or cnan19 that aay co• 
to stay. 

lt is not 1enersl11 realized that vork on tlle 
applications of tlle LTSCa dates as far back •• tlle 
aid-1iatiu. Concept1>al desians, feaaibility studies 
and details of protot1pea of .. sneu, electricity 
• coraa• devices' pouer aen•r•C.Ol'I I trana•U• ion 
cables, 110tor1, etc •• were developed in nearly 
>O laboratorie1 and indu1trie1 around th• vorltt. 
Tn111, it i• not really pr-ture to think a1>out t11• 
L•portancc ot enc•• application• for lndia, now that 
tll• KT5Ct are featible. Due to nisner teapar•tura, 
rcfri.1er1ti.on rcquir1 .. nt1 arc reduced. ln 10• 
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caau, capital coats of iaau.lati ... ate~, coultl ba 
reduced bJ )II ,-r cent _. tile operatio& cocu of 
refriseratioa •:rat•• co..14 be r.,..ced aearl1 
teafol4. lberefore, all tit• early 4..,alo,...ta ,~( Cb• 
USC. -1 require a frail 1-. kt llere, - anaLL 
restrict ouraal••• co four .. jOC' applicatioa.a LD tae 
ener17 aector for tile llTSC.. 

l'wer .. crati_, Siace supercoa•cti•& 
.. carial1 caa sat.Ilia •pe-tic f1el4a several ti-• 
larpr ttti• coawmt1oeal .. ceri.ala, a poaadl• 
applicatiaa LD fO"•r smaaracora voulcl be to i.a.creue 
tae c•,.c:!.cy of aeaeratioe. of a &i•en ai&e or to 
reduce tbe aia.e fOC' a &iYea capacity.. Anal7s1s b .. •• 
oa: LTSCs •uc&e•t tbat th• bruk-evea unit size 
required is 500 -a-tu (Ill). l• ladu, •• 
coavmciooal paver plaats, vt bave: ttle capacir.7 to 
....... e -l1 220 1111 caerati•I ua1u. Ceacrat-xa of 
soo 1111 UDlt Ii&• ...... JUat ..... •n rtlrJ iD ladia 
.-ereas ucut si.z.•• of l ,UOO llW ud more an11: been 1.11 

eraisr.ence abroad for nearly tvo .tec•Ms. The eepnuis 
of the ..... 10,...c •fforr.s for power c••rators usi.nc 
SCs unr.i.l pracat is on 1ect1a1 more power from tae 
sa .. aize 1enerator. ••7 l,2UO tnl froa a ~UCJ..., a1&e 
ratller tllao oa r.,..cin& tile s i&e of a SllU 1111 
&••rator. 'Dae anaatap iD a••rati.A& cfficieac1 du-t 

to SC. is not repocted to be a ipificaat but due te> a 
DearlJ SU per ceat red..actiaa Ua ai&e, toere are a 
number of cost affaot:ap1 aucb aa recluctioa. ill 
fouaclatioa coats, iD trmap«t costs. ill craae size 
for 11 .. dlin&, aDd in costs of facilit1 fe>r oa-site 
repair• aad aaiateaaa.ce as also ia tbe casein& aad 
fabricatioo equi,....t ia tile 1-•rator aaaufacturiD1 
plaou. 

Oil• of tile Pl-ia1 Coaaiasioa reports oa ,_.,. 
sector i• Iadia till year 2005, expects •••rlJ Ju ,.r 
cent of ca,.cit1 froa SOO 1111 uaits and 6 uaits of 
dOO HV size. If oac could pc lli11>er, HJ SOU 1111 
pover usin& all tb• eaistin& iafr .. tructure of 
-facturia12201111 units sue, our ability to expand 
pov•r ca,.citJ coulu iacrea•e substaatially. Fiaally. 
tile llTSC tecllnoloc1 v1ll I>• of eva 1reatec iaterest 
if Iadia pu for larpr unit aizu of sa1 800 to 
l,000 Ill. To reacl• ouc to tile .. xt ..,it sue u 
certsinl1 deairable coa1iRriD1 our plaoa for tlle 
expansion of acids. 

Tre1R1ai09 lieu~ Due to th• zero rautance 
propert1 of SC&, tllis application os -tLoaed -•t 
often but seeas to be tlle lease relevaot for India. 
The often-cited trans•Usion and distribution lo.1es 
of 2S per cant actually inclucla thefts, losses on 
account of rural electrification aa.d eneraisar.:1.on of 
fu-avay a1ricultuul puapa etc. Obviously, theae 
diatributioa Loa••• could not be preveat•d DJ ua1n& 
sc., for trana•iaa ioa 1 inu. The tran1•111 ion 
teCftnolo11 usins sea. eaviaa1ea uoder1r-d c•l•• 
vnicb arc rare in lnclia due to their hi&h coats. 
lndia baa onl1 S,000 k• of ""d•r1rouad vs l •ill1on 
circuit k• of ovcrbud liau.. Therefore. •• a 
pocl•l>le application oac could 0011 tlliDk of l>ulk 
tran1ai11ioo 1.c. from power planes to .. Jar consuain& 
centres. Trana•ia• ~- l•••• for euch bulk 
cran••i111 ion are • ~ound l ,.r cent to 7 per cent at 
preaen,. Ia future, one.,., 'nillk of lar1• nuclear, 
hydro or solar power plants far ..,., froa cona ... ption 
centr••· However, in cni• c•••• tne 1uperconducc1n1 
tcanaaist ic.D cabl .. vill 11ave to be at•l>le and 
raliallh enousti to cope viu d1ffer1111c turuna and 
cli•t••· ln addit1.oa co hi&h initial coaca. to 
.,.illtain refdserahon alon1 l •ne• eateadina nundred• 
of It ilomtra vill require elactr ic:it1. 1r ia 1et to 
l>e lelft a! Che net Loe• ol electracit1 is laraer or 
••Iler tllan '" conventional n ii" volt•&• trana•u• ion 
lines. Tncrcfoce. vncil Che atsCa ar• avail1bl•. i..C 
is difficult to fora•• tnu apphcatioll in lndie. 
Moreover, chi• ccchnolo11 vil l have to coapcte vitn 



tl\e cv:rrently nail•"l• ai11t. ••ltap DC tr-•Uaioa 
tect1.11olo11 .aa.cn c- •110 traa••i ... ,....u O¥er l•& 
ch1taacc1 vita overllea.4 rat.nee c.a-. -•rsrGUA4 
tr.aas•LISLOD li•e• .. 

ln a4di.t1oa. Uc 4ifficultiea of -iatal•ia& 
3lCftly seaaitive tranaaiaaioa. lLats •~l••r911ile to 
atlltate t ... perattlC'e ~•riatiOCla as• vi~ratioaa a.Ile• 
tll is apphcatioa fhcult to U•dop. 

Storoao of oloc.rici.ty; ti off-pe.olr. 
olocttlCity could bo 1toro• aa• •oli.woro• ot poalr. 
t.1.n. a saaller aneratiaa capacLty c .. 1• tte r111.•irH 
an4 t.bcr .. l cf ficieacie9 of aeoera~iOD c:1tal• &190 ~. 
ia.creasect clue to ... -.i.fw. operatia& cOCMliti.oaa. 
kclltel Cotpouti.- of tile USA .._ alr .. oy 
4e.oaatratect at.or•&• of S.000 llinl of electricity .alca 
could bo 4oli.•otod at l,000 1111 at occeptaltlo coato 
own vi.ta tllo LtsCa. lt cooalo bo .,. .. c1a .. pcr •• 
lo11 c11..,ou- vi.th tllo llT:;Ca. ...,_or, i.a h4i.o, 
oacc tao scopo of .,.;.., lly4to-oloctnc plaat• for 
peak in& LI fvl ly eaplol.te•. ve do aot. bave tllat .. a. 
••tra 1enerati.01 capac1t7 ""i.ca lea .. to aubat .. tial 
4i.ffcroacos bot.,..oa peak aa4 off-peak oloctricity tllat 
could bo storo4 aa4 off-loodod. £ym tam, tao 
ecooo.ic• of •tarap: of clectcici.tJ .. , ~.at.ill vorta 
i.avesti.aati.a& usu•""' •iffornt oporati.a& 
requir ... nts for tbe aeat tva He•••.. Yet atorap of 
clcctrLcity, aot for tile power pl•t -a1er•, lhat for 
tbo users i.s a ••ffota>t utter altopthor. ?Iii.I 
vould iaclYde ... 11 1tOC'a&e •.,,ice• foe boapi.tala. 
c-t•tl """ porllaps eYOD can aad trucks. tho 
•aluos of stored mora:r pot 1ra• of dry coll, crudo 
oil aad load battiorios ore 41, 57, Sl ki.lojoula 
ruprctLvcl1 vbcrua tile LTSC -t•rial1 cou\• 1tor• 
••ray fE"o• 200 to 1.000 kilojou!cs.. la additioa. it 
could prOYi.de ni&ll-pulse poall. povor rquirod for 
specific applicatioas sucn •• ia defeace. trmasport. 
otc. Thus, by prOYi.di.a& lli.11' d ... i.ty 4ocmttal i.sed 
ea•r&J souccea vitn relativelJ loaaer lifeti ... , a 
l•rp: n...-cr of options arise. est•••i•& title SC 
applLcatioas fro• oal7 the comrenr.ioaal power •actor 
to a viclcr ranp of po11ibilitie1; .... 1,, oil-
1ubatitutions. renewable aer11 optioaa of aolaC". 
vinct, and so on. tlow.,,er, tcct1.a1cal aaap aucll -
st.ability fro• vibratioas. c .. perattd'e f[~ctuatiOD&, 
and .. ch.an1cal atr••••• as v.ll •• coat barrier• need 
to De cwcrco•. 

D C _,tors: Tnis aaai.o i.1 oot a 1upply-uc1e 
tecnnoloay but a "de .. nd-aiH" t•chaoL011 i ..... the 
actual users vi l l ti.ave th•• rather tbaa tbe electric 
vtilLties. De90Gatratioaa bave ~lraadr '•ea .a.de of 
20,000 KP .,tots. ln lndi.a, 60 pot cent of tllo total 
power 1enerated 11 usect in iactu.atriu. of tiltlicn IO per 
cont u 11004 Dy aotou of 4i.fforoat kinu. SC aotoro 
could load to 1ub1tanti.al c-ootYatu• of oloctri.ci.ty 
and power. 

The concl"' ioa that •-ra•• i.1 tnat, under enc 
conditions in India, appli.:atiOftl for 1torap aad DC 
1m1tor1 are as rclevaat aa, if GOt .arc cnaa, power 
,eneration. Th••• vi.ll reqt.1ir• 1pread of 
tccnnoLoaical competence to .. ny lara• and .,ddLe
l.rveL • .anuf•ct1o1rcr•. n,. Least tclcv•nt •pplLC•ti.lilft 
uy be for tran1•i11ion. 

tnc u1•a1• tnat comea acro11 for reaaarch and 
4nol"pMnt puoriuo1 froa tlli.s aaolyoi.a i.a tllot for 
succouful appli.cui.001 of upotic properties of'"• 
sea •r• •• i•portant •• aero re1iataocc. ?'bi.ti 
'ran1late1 into a 1011 of .. te:iols vitll 11i&11 •Lectti.c 
current den1i.tie1 Wllicll can 1enoroto 11i&11 .. potic 
fi.eld1. Tllu1, tll•re are 1neral clluactui.1tic1 
requited tor 1ucce11ful application1. Tllo LTSC1 vent ""°""' • prolonpd d••elopeeot plla•• i.o ""icll aa iu 
vore acl\ieved in uproduc,ibility, otobility o.er u .. 
•nd ceaporatute, ducci.li.ty Ci..e. abi.lity to dtov vite 

- 4l -

fr- .. tori.all) a.O •r.. c.rrmt •-••n•• (lllO ..... 
"'•" ta• ... , i.s wailaltlo Vltll tao llt$Ca at 
p&'a-t) roaulti.aa ia lli• upotlc siou. la toe 
c .. i•& •caM. tile ll1SC -c.eri.al• • .-ica are H'c.tlc 
cer-ic• vo.14 ..... to So t•r•• a •Wlat 
oeYe10,_.t ,. ... aoot a.. Lnca -• t•r-"' •"' ·--

la ladia, vllilo - ..... •"•coO ..... tea 
lUti.t•CCI ••ca U U.. Tata luti.C•te of Fua ..... tal 
"-•ootca (TlFt), t•• •-• At.-ic laaearca Cea> tr• 
\A..\llC), tao l .. ua lutit•ta of :ic:•esce UlSc), t•• 
,..ti-•L fllyaual Lllltoratory <•PLl, etc. -•ca aro 
uppd ia ra .. rdl to 4o•dop lllSCa, c-torparto of 
luae corporat a.•• ••ca •• lall, -11 &.-•ator La. 
Mclltal, C:....ral Electric or Weaua•-• vorkia&" 
tll• dOYolo,_.t of opplicat•- free ~ciol -• 
io4oaattiol _,1 .. oro aiHi.a&- ,.._ if our aci .. tisu 
vore to 4o pat~o.olr.1.a& r•earca, i.c -1• -• -• 
lD4ia •-ara applicati.oaa lt:r aa i.adl. llllm -• """• 
will vo had c-torparto - tao opphcati- uus 
tA•t coul4 ••• t•• • .., .. cerial• -" i.Mu ..at1i•1 
fr- - c09oarc:la loboratori.oat lloey •wo -c:la to 0o 
aad foll- up if tlloy oro to bo r-•:r to talr.o 
••-••&• of Cllao oaciti.a& oeYelo,...to -i.Cll c-1•, 
bJ' c.ae t•n of tile c .. t.ar;, alter tale covr1e of 
dOYolo,...t of _, -11 tao ,_or aoccor kt -:r 
omec 1ector• ~ .. i.-ca.. (Tiu.a article. vritc. .. llr 
Jyoti l. Potllda, vu puDh-o ia ladi• upras -
27 Octol>or 1917.) 

• • • • • 

S. IOSSlllU: Aftl.lC:ATIOllS 

Suercoaductor appl icatioo• aoup t 

1. Eaorq ator•p 

Aa l"aurcacra are di.aco•criaa Dav rewoluti.oaarr 
p&"oporci.01 i• recoatly dOYolopo• 1ai11a-~aturo 
aupercoa•ctora, •1plic· .. .;i.oa. l'aurca foe taal! a.-. 
.. ceriale a.a piaiaa --.aa.. OD• auca racuca 
• ffott i1 directed at t•e 4owolo,..at of a tocaooloa:r 
to ac.oce a ... •i.•• q..aati.tJ of ••1'11 uaLA& • 
1upercoo .. ctor. ..re ia a• iatroductioa to poaailtl• 
deYelo,.oato '° tao future. 

faa11bilitr atu4iea for c .... rcial supercoaductor 
toelloolo11 for oaora:r 1tor•1• ..... c• .. cto• •:r tao 
llev EaorD' Dewolo,....t Oraaaiuti- (lliDO) ••• ta• 
t:A&lOHrlD& .w.-c-t Maoci.at•- ot Japaa fr- 1'1.• 
to 1917. Ti.. 1cudioa -•• c-tiaMd at tile 
AHoci.ati- for losoarca of liuporc•.,cti.a& 1111.p>enc 
EnorD' Storop Ccllai.t-o, Toltaalli -ooo) fo-dod i• 
lllly 1911Ut. Tllo flOOlD&• rapon taat sucn tocnaolo&y 
caa '• acaicYed at •• ccoooeic coat ~, •bout tfte 1••r 
1000. Tlll report olao proaoatl o 1coaario for 
ra•careft aad davelo,...t act~Yiti••. 

ln the .... ti ... rapid de•elopaeats 1a the 
•u,-rcontluctttc l l&ltl that h••• bcea t•.uaa ,1acc • '"c• 
late la•t year are alfectina t•• or,aiaal courae of 
uoearcn aad dOYolo,...t. le turoa out taat tao oovly 
da.•co••red 1upercoa .. ct i.aa 1u1t1taaua of fer auper ior 
coac effectiwmaaa •• well oa a bettor caMco of 
•en ....... , tll• ltot ap toellDO lOD'. 

lt i1 oot eu&111r•U•& too -en to ••y tllot tile 
•ucOYetJ of 11i11a-coaporaturo 1uporcon.,ctora u ono 
of t•• aoot •il"i.f•cont 1cioatific di1co••rio1 aaoo '" 
t11i• contury. lt i1 cortoia tll•t tll• adw•cod 
1upor.-ductor vill affact tae io .. 1try juot •• tlle 
tr10•••tor did .., .. it replocod ta• ••cuue tube. Tno 
1uporcooductor in .. 1tty 111ould &<°" ia t11e •- 11•1 •• 



tat crasLstoc a.a._trr •i•.. likM.'8.Lle. tac rec .. l 
•L•c.,tty •f tane -tui.ala ia pc--,.ta.ac, reuaa•-t 
of ce..:baol•11 f•r 1upercoa .. clL•& .. Fc:.1.c •••r17 
ac.ociap .. 

...... a cutaU. •tu'8l u cool•• •el"" a 
critical te.,.rac..re, it ........ 17 l .. ea it• electrical 
res iat•ce. Tb i.a ,.. __ i• callri 

S'lpercoa.•ctiwi.t7.. Si.ace • ••,..rcom.61ctia1 cLrc.it 
••• zero electrical ruiat•c•. • currnt •<• u ... 
1.ate LC. vill 11...,.er auffer a loe.a. aa• 11. .. a. circu.latc
per-•tl7. $11£$ tall•• a"•t•&• of tioia elecui.cal 
... ..,ieqr .. 

la iu pci .... 7 uae, SK£$ vill •• replacia& 
eaistisa ,... &••erator faciliti.ea; it ecor .. eac••• 
,..,er. awa1l•le •.ciaa tile late aipt. - pcrpct .. l 
c..rreat •• a .. ppha it Nell •wU.1 cae .. JU• peal< 
aoura. Yaile a tfpical ,.... , .. Kat.or ..__ aa 
o..-ratioa efhcieac7 of 6S to 10 pu ceac, Sll£S ia 
•..,..cte4 to Utiwer - effici .. cJ of -r• ta .. 
'fO per ceoc aiace tile acorU.1 - 1eoeraci.a1 of ,_er 
u accomplisaK by •irect. coawus10a fr- electrical 
caer11 to .. pct.ic ea.eru oc wic• wuaa. 

...._t -l• a c-cial Sft£S facilit7 t!Oat c-1• 
replace •• eaiati•& ,..., 1eaeraicor l- Li.Ile? 

la a :>MES pl•t, tile auperc...,ctU.1 -pci:a 
••••ure about 400 -tra ia 4i..ater. ••4 are 'urit4 
vi.ta tat 114u.it1 ael1- conta1.aera •t. - -Urar.,_4 
deptn of about lSQ •tres viuia ue bdroca. Tac 
aclu• cOGtaiaer vill be daipe4 ar.-.....1 ct.e pl'ULClple 
of a tbtrm»s waer• ,a wacuua .,.ce is prc..-1.N .. for aut 
iasulatioa. nae ...... ,. vill 1ea•r•t• .... , ... 
iAttGS it7 D ! 70 .ooo pus• - Cctmpl;'t ta is to Cht 
-a•- held iateosit7 of 20,UOO 1auaa •1 tae curreat 
•••t steel tlcctr ... paet. ..cause of its alllili.ty to 
vitnst.and t~ is eaormovs lJ i•t•••• .. peti.c ficl.& aatl 
tt• r~LP cost etfccti.•eaas,, a .. t&K&l btr:4rock 
for .. ti.oa vao pick•• •• tbe placa to 1aacall tae 
aapeu. 

So far, oal7 Japaa - tile U1uca• Statea •-• 
coaducted aueu-.ac oa Chu t7pe of 511£5 - 5lt£S 
dco1ped for c...,..rcial uae. ln Ja,_., Lt vaa 
con .. ctc4 ltJ the Msociar.ie111 for lase.ardt of 
Supcrcon4'act Ln' llapclic ~•ru :itOC'•&• .ai&c tac 
ta1Yeruty of lhscouia ... Mcneal b-• beea •sasa• 
Lft oucn otudiea ia oaa llaited Scataa. Accor•••& co 
these ruearch 1.utitutioaa • ...,. eitaer poeau• or c
•Chi.P'e ia ti• a sufficient ••1i•••rill1 t ... al for 
eacn tcCftaolosical attp oeces1ar1 foe eke coa•tructi.oa 
and operati.oa of sucn a facility•. 

(t i.s e1t1-tt4 that tfte cooatructioa of• 
co...rcial-alzc 5"£5 vnuld co1t 190 billioa yen, •~out 
l'fO bill1oa J9'1 •• •irect expeaa•• aa• LUii Dillioa 1•• 
ia indirect aad prcparatioa eapeo1 ... Tais 
correspond• to a un~t price per k&lCNAtt of 
290,000 yen. C-pare !Jn• to )20,000 yeo ioc auclear 
pnvcr, l 70 ,000 yea for oil povcr, a•• ZSO,OUO yen for 
a ,...., amcrator. 

The Japanese aa• -ncaa atucliu 11ave coacluded 
cnac vitn it• outatandia& aff1cieoc7 an• a1tilit7 to 
lRlt.antancO\lllJ sv1tcn betveca tfte power 1eneratua1 
an~ 1torin1 l90de•, SllES can be co•pet1ti•• in tcr .. of 
cost cffectiven .. 1, eveo al the pr .. cat tecnnoloaical 
l ... el. 

So• proble .. do eaut, novner. Tiie biS1Ht 
probl•• deals v1th hcl1.ua that La used to refriaeratc 
enc 1upcrcoacluctor1; however, Chia probL•• 1.a AOt 
rc•tr1cccd co SKIS•• all auperconduclor-r•l•C•d 
cecnnoLosi•• require helium .. 

Kel1u• i1 collected •1••• vicn ••tu.ral .... and 
only natural pa witn a hel1u• conteAt of 0.) per cenc 
or 90re can be uaed b•c•u•• of it• co•t 
eftect•v..,•••· Since vello ,touch natural pa ••••t 
uutlJ Ln Cl\• Urutcd SC•t••· and Japan••• fcv nel1U11 

.,.ll&, t•c ••li- .. _.. ,. Ja,.. •• bcea ,.,.rr.e.i 
fr- blc 1Aa1tri Sc.ta. la lM), -- a.. -•c ... 
...... 1, ·--cw4 • "'I pr'ca •ia.c - acli- fer ••rwt. me J.,,_ ... ••HLr of ••L , ............. uc.u. 
So. aeli- baa •eea • .1 Acailles 0 aetl f•r all 
••puc .... ccerrelatri hel•, Sll£S Mia& -• •f 

t"•· 
nae rece •icll atartc• lace lut year to .tiacowcc 

a ••,.cc .. -.ctOC' v1ta a •i .. 4H' crit1cal t~at.re 
"• •eea eniluaci•& i•.._•, •• •-paper au•li•es 
••• •eea lwi•l7 reporci•& cae •uc .. uan J•C 
.. ... llDw,., aultac.cea taat It~ •• ,.~co. .. cc.ive 
""at ai1cr·o1ta•• '''ui.tyiaa t....,.rat.•c are Mm& 
.... el ..... 

'Die ••• of •-" a ••,.rcoa•cit•r ia SllU vo.l• 
.,..,,., ••c me fell-ill& a.,._ta1ea. llae pcn•
SllES0 acerap efhci-cy ef YO per c-c c-l• •• 
raLSd c• YS per c..c. llaere -1• •• •o _.. for 
llelU.... & lna iaYol•d •ca- for llcat. , ... 1at.1-
c .. 1c •• a4optd. ra•ltia& ia • rc•cti- oi up r.o 
lei par ceac of cae coaacr..cci- coat. S..ca -
an-cc.& au.ptrC--CC.OC' VOllll• a- ._.. at•le 
caar~tcriat1ca di- CODY•tioaal ••percoa.•cc.ora ... 

lf c-rcial ~lea •* of aaca • • .,,_. 
••perc-61ct• .ca• .. ....-ce4. -• ... ,c.e4 m aae 
Sii.ES •••ip, tae coa.cr..cci• coec vi.ll p - •1 
lO par ceac. TM .. ic coat per kil-•tt will tft• •• 
200,0llO 7ea, caaapu ca• CM c-•ti.al ,_, 
seaeraicor. 511£$ vill ba a "Ult le caoice co replace 
•- .... 4 c.o atwe electrical pawer if MC. fw ... 
for vacer auppl7, siace it -. aoc .._ ... tlae 
• .,ir-t. 

ComparilOD of lav c.e.,.rat.ure at•te• 

Dr7 1ce 
Li4•i• a1tro1e• 
i.l'lu•• •J'dropa 
i.l'lui• neli
Al:taoltar.t &era 

-1•-~ 
-l'h 
-lSJ 
-2•9 
-21J 

"-' for tile coat, tit• •• ..,..,...,loan a•••••_.., 
atud.L .. Clt• - ...... , ... LD •ui.l.&IAI • &arac-cale 
faci 1 it7 for Sft£S aa oppoari to a c_,.ct oee a iaca 
tilt l•C.ter c.-.oc. •• .... ecoaoaically. mut, 11.r• 
tne re4uctioa in coaacruccaoa coac, .... poHillle b7 
.... of aa adY•c•• aupcrcoa•ctOC', i.c _, vclL hc
fe•aible ia t-• aot-too-'lli•taac. future to build• 
co.pact power ator•a• wait for a corporatioa, if aoc 
for • pri•att h ... , aad to 1aatall •udl 1111i.ta •round 
tlle •Uopohs. (Source: 11U£l SAllCYO SHlllaUll, 
l April 1'•7) 

2. POY'tr &•aerator 

Kltl's A&•ac7 of lllduatrial Scieaca aad 
Tecnaolo17 naa coapile• • off1c1al aa••••...,t ior 
la ... cnia& a &0•er-at project co dnelop 
1upercontN:cr.or power aeaeratora ..r.1ca -· tapecttd to 
pla7 a ke7 role in tbe future eaer17-awia1 
temaolop. All Alaua_.t C:O-ittc• (cna1r1UD, Tot11.10 
U.&wera&tJ 1 1 frofcaaor-lll«ri.CY• llobory Ya .. -..r•) vaa 
for•.a Vltft caper ta fro• LAduatC'J, acacle•1• •d 
,..,, .. _., for lbc cask. Tnc .. jor rec-11dauoao 
for tne proJ•U are: (l) to HCaltlun ao •- .aa 
pouible lhe tecnnolo17 for -kl.II& aupercoaducUn& 
t.nru, vtucl\ la to be ,.,L ... nCed on a c-rcial 
b•a11 1.- ti• in tne l''IU•, ( l) lo develop ....., te1c 
eaperi .. nlal .... 1. villl an output capac1t7 of 
7U,UUll kil-atU .... 2UU,UUO ulovatu, ancl (J) •o 
for• a .. •icata• or.-n•&•t•oa v1tn eaperca fr,,. 
relate• .... ufacturera. Tiie prOJeClad total f...,•1111 
ran.-• ftoe 20 co 2S llillioa 7ea. Kltl llclin•• cnac 
.. ca1tlun1n1a hr• foou.01• •• tb1• hclc1vould 
proapc • tt-11•ua •-er of actiYLU .. •• tit• 
dcvclo_..t of appll<ac10 ... 



l'lua ,..o~ct ia part of tile -h•t Project. 
..,ice ia tarpte4 at 4..,eleplA& •er&r"•-i.a& 
teca110lo&1ea, ••• ,. .. It- at114ie4 1t1 tile Aa•••-t 
c-nt•• s lACe l"S. Takia& iato aee-t tae 
rccc-atly iatc••if7i•& race to 4iacovec .. ,,.•cc4 
supc!'c.,._~,ora, zttTl'• •&•CJ r"'*" tile pco~ra-. 
••••••meat UtH. 11'9'• basH oa tlac c-i.ttn'e fiadiap. 

la •4•1Lti- to tile ea<l1 eat•li-t of 
pr.-.cti4CI tccllo.olo11 for 1upercoa. .. ctia1 VLrcs, tile 
usess-t calla for url1 eata11liaa-t of tae 4esip 
.a:ad selttti.oo of aateri&ls for uac rocor •4 ar-•tu.re 
(st•tor). 9e&Ar4ia& tftC StltCtLOD Of S•p«rcoa .. Cti.a& 
a.acera..als, !tltl ottacr•n tllat tb.c caisti•& osi4e 
•••taaccs are eot eooa eaou&fl .. tlMtJ ••ffcr • l•• 
1n cfficieacy vtlea tbc curceat dcasity is iacr .. ae4, 
ac14 so, aev alloys va.ta adV•cH pcopert1c1 acH to H 
1e•elope4. As for tile ..... 10-t of tile rotor. KlTl 
sees tnat a special •tnacturc aad .. terial arc ....... 
to .:.J- "P va.trl a rotoc that. ••• rua at aip 
rotatioaal spec.ts, retains its stability ia 
.:ri.ar.acttrLstic &ad staya At .a specLfia4 low 
C:c•per •Cure~ 

A.a tor a.a cost - calcu.lat ioas ace Dued oa tn• 
t.JSC of niobi'lll aa• titaaiua aLlo7 - it vu leacaad 
tftat tne laracr tac facilit1 Meo-.• Ulla lowcc ta• 
cost vill be aa4 t"•t a paerator capable of a 
1')\).~U ailOIAtt output CAD b-t A Siai.lar 
con-.eacional uclliae.. Accor4iaa to 11.lTl. tile svitcb 
co a s"percOllcluCtor &••rat.or ia ta• 1 •1.llioa 
•ulowatt claas -1• •••• altOllt 100 ailli- re• 
.acua...ally, or Mtout LU per c•t of tlM current coat, 
.and it voul4 be possible to a•ia a 4r-tically all.arp 
4C'~p in tna co1c as 91H'a aft•cc4 a•staacaa are -.,•i.D& 
4cYelopecl. (Source: llJCJtEl SAlllOYO SHUtaUll • 
• Apeil lill7l 

).. Scv Joscpnsoa Juacta.oc clCYice 

l1ppon ELeCtrlc eo._, (llli:C) ••-CH taat lt 
nas 4e•cloped tile vorlcl'a fir•t Joaepbaoa juacti- (JJ) 
.:!CV"ice en.at can operate at up to 90• lcl•ia. a -.aL..
lli&ner tll• tile aitropa li'luifyi1r.& te.,.ru.ur•. llEC 
reaurcncrs aot onl1 f-4 tll• superc-cti•1t1 of a 
f1rc4 oaide alloy aaM of yccriua. barium aad cop,.t. 
out tllCJ alao produc•d u eapari-tal j,..ctioa 4ev1ce 
':Jy joLnina the cle.aa1cd 1-arfaccs of tvo auclt fired 
~aides. iilhcn tnc1 teated the dCYLCC for the Joacpasoa 
effect, t~cy obaer•ed that Cb• effect vaa .. iataincd 
aleost "P to the st.Jbstaace 1 1 critical teapcraturc of 9• 
Kelvill). Tne coaunt1oaal JJ clev1cea vork -11 at tll• 
ncl iu• l iquif7iac tcaperaturc, wbereaa llEC' • 
eapcr.91fttal dCYicc r.aa ooeratc nn at the ai.troam 
1 iq10ifyLR& teaperaturt. Tll ... • ftC .... pa•a4 tlla V&J to 
clndol"M"t of fut11re •upercooaputera tllat LRcorporate 
Josepllsoa Junctioaa. IEC vill It• puantR& tne 
4eYeloi-ent of t•cJ1Dolo11 for procl\lc iR& ta ia-fLl• 
011i4e1 and tll• dcvelopooeRt of .. teriala to It• ua•cl for 
Lar1c-ct.Jtrent applicatiooa. •EC speculate• tnat a-acll 
effort co11lcl lead to a cir••• luper-fa•t avitclli•& 
device tnac can svitcn •• faat •• 10 t1 .. 1 enc 1pced 
of a conventional JJ device. 

tar1cc1.n1 enc 4n•lo,...c of a •••t-acaer-atu• 
'"perco•puccr, IEC baa bcn pouTina it• rucarcn 
effort into tne •Hren for JJ 4..,icH taat aerY• aa 
en• fate 1vLtch1n1 dc•icea u••• in euch a ~puter .. 
At the 001ct of t~• r••••rcb, IEC rcaearcnera ver• 
us in& -••l .. c.riala .. lie of a101ti ... aad lead to 
develop JJ ~cvices. aut since tnca• .. ceriala v,rkcd 
only b•lov tne llali.11• hquif1in& t•aperatur•. tne1 nae! 
to face enc prob le,. of CORduc t 1.n1 reacarCh into enc 
e ftecu of ll•li- ..... coat per for-nee. n .... ratller 
tnan attaca 1n1 tno1c prob le•, tne1 in it aated rcaearcn 
co develop advMced aupcrconduccor1 and produce 
1wLtcn1n1 d.v1ce1 cnac can function at imltout enc 
nitropn li~11ify1n1 U•perat11re - 70° ltel•in or -u. 

&ecmpi&ia& t••t ,.rwalr.i~• oaidea cam make 
••parc-ctora. ta• r•Hrcaen ._..elope• a te-'4•• 
to •1"ta•i&• a aia&le-.,..aae ou• of 1t~ru-. ltar ... 
•• copper.. ... .. _. .... , ef ~• e1ectr1.c.al r•l•t-ce 
reYeale4 tlllat tile eaper ..... ul oaiM ta• •1"tll•ue4 
aad aero res ... t•ce to 'JU• &el•a.a. Al••· 1.t .,,.. 
•erified taat -- ••.ieet•• to tile .... __ t f .. r 
tAe llllt1.a-•r effect. "ery '-ic. of ta• ••ac..ace 
lo•-&4 aa a ••per..-•ctor at tile li'l•ifJi•& 
t .... rat11r• for aitr....,.. 

F.artber-. t11raup ta.a coot&•_. effort EAt •••is• a 
atructwre for a J-paa• Juiacti•, IEC ruearcaKa 
a11ccee•• ia ..... 1..,ia& •• eaper-.ul JJ ••ice 
•ica ••~i~e4 tile J-•pa•• effect .,, .. at up to 
•o• l.elvia, a val• wer7 cl•• to tile ••ataace'a 
cricical t .. perature .. 

tile foll-ia& poiata repr•i•& tile J••pa•oa 
effect vere werifi•• of llt:C"a JJ 4eYiee: (l) tile DC 
J-epasoa effect; •oltap •era ... c..rr•t 
....... r.-ta. t•• °"' tile 4.ircct curr .. t at tac 
JtilllCtLOG, aaCNd a.ero raUcaace for ta• r•p of 
current froe aero to tile critical curreat lnel, &D4 
saGllltd a ccrtaia r .. i.at•ce abowc ttaia lne!.. (1) TN 
AC J••pa•- •ff•ct ia oltser•" DJ -••aria& tile 
•olta&• ~ c.-r•t tllll&le enootia& ta. jwact.1.• vica 
I to 12 &ip-ta aier--a; taa •aaar-ta 
•erihe4 taat tae fr.,......,, of tile Iii.er-- ia 
4irectlJ proporti-al to tll• woltap aup aa4 taat tae 
proporti-alit1 ia &wer-• bJ tot• nLau-, D/z.. 
Wit.ere ll rcpc-•mu. P l•ck '• coastaat aa4 e is t.ae 
electr- caarp. (J) tile t-•Li.aa eff•~t - to 
electr- peira,. •-taia .. aa tae c...,.rature vu 
varLff fr- - elltr- 1- - ll•liua h'luifacu-
t .... ratul'a - to 90° lcl•ia. 

la order to aclli.a•e faot avitclli.a& 4Hicea, lt:C 
ClOV 11- co owercome aome pcobL•• atacada.a& ua me 
va1; tae ..,.elo-t of tee11aoloa for pr-ci•& 
a.ia-fil• J.-CtLoaa - ,..ocl\leia& ••acaacu taat 
cao vitlaataa.4 a larp: curr•t. aa vell aa tac 
clev•lo,_.c of lli&"-iate&r•ti- ucaaolou. aut 
IEC' a r..,..t acai.aY-•t vitll ita eaperi.Matal JJ 
.i..,ice. •enfi•• u operaClA& at tile ll.'luifJlA& 
tempcracurc for aicropa, ausae•t• caalt tta• 
uat-seacl"ati.oa au,.rcoaputer v1ll lie acre aooner tnaa 
eapecte• before. (Source: lapku louo lieeo. 
21 April L9111l .. 
4. Pcr•nent electric current 

F..r•-• Electric laduatl'J •--cad t"at Lt Raa 
develope4 a ,.;.,,.-c .. perature aupercoadUCtlA& r""& .... 
~f AR JCtri.,., ltari.1aa &Rel copper 011i4e (Y-aa-CU-0). 
Furukawa racaccaue .,erificd me 11R1a1aer effect in 
the ri.a.& aad auccee .. d ia acti.Yat1a1 taeir 
pcrua•t-c•r•t ra.oa - tnc vorL• '• f1c1t auccaaful 
operatioa of aucla a Y-aa-Cu-0 ria&• furu1t-•"• 
•urercoadUetor aaa a cn•ical t-peratur• of 
90 ltelYia aacl acai.aYa a critical curr•c deanty of 
lSO _.,. per •'luare •tu at 11° lteLvia. tllu vu t•• 
fiut r LRrallaped .. pet tllat •ncorporatH t•e 
per .... •t-curr•t a1ac... lt u apeculate4 taat 
Fur•-•'• aelliH-nC vill pr_,c U.D effort ia 
•uper~ductor applicaci- fi•lda. 

rur-. .... •• 1upercoaductin1 riaa , ... , -••uru 
It cnti•tna ia iu iaAu <lia•tu iacorpontc• '"• 
per•R•t-curr•t a,.t••· Tll«r• are cvo •J•t«• 
••ait•l• .. duipiD& a aupercoaducta.a& -pet~ a 
s,.u• vane Cit• curr•t i• Laput iato tllc 
•upercoaducti•& coil froe aea eater•al aource, and the 
per•nent-curr•C •J•U•· T"• per••enc-current 
•tnocl -•• it pouib&• for •&Lft•er• to d•aL&ft vttll 
rclath,•lJ a l•PI• c1rc11itry a .. pee Utac aener&tea a 
R•ll'IJ at••~ hel4. S..cll -...-c• ara "" ua• 1or ftlll 
an• ... inatr .... Rt•. 



Tb• c-p.aay 1a plaaiaa .ore ruearca to raise 
clle C•rrnt 4eo.sl.ty of 1ta aupercon•ccw _. pu.sll 
c-rcialiuti- of tile -p•t. (Source: ICA&•lr.11 
.... ,,.. •• ,.,.. ll Apcil l'1•7l 

i.l\ile researctt. actiYLties are pickia& up ia tile 

hel• of •••ices tllat 11tili&e • mia-hl• 
s11pcrc-4uctor. rese•rclltt• at 'Cippoa Telepaone -'* 
Tele&rapa (irtt) Yeri.he• tile altilitl' of a 
s11pcrcoo .. ctia& Cilia hla to respoa• r.o iafurec vita 
a lluadred or .ore ti•• me •-•itiwity of a 
comreatioaal La:frarc4 ..... -ccrLal. •n'a 1110C'IL 
follovH tlH verihcar.ion at lllH."a Var.son laaearcll 
C-r.re. of tile SQlD (c11rrer.. Yolr.ap) effect. Tlr.a 
as- of •P?lic•ti.oa .. vices tllat u•• a 111parcoo.,cr.ia1 
aar.enal .... lllclaed arriY.C. tr. is 1•arall7 asraed 
tn.at ttl• applicatioo of a taia file ••,..rcoa .. ctor i• 
tarl"tri for .i..,,elo,_..t of Jo .. pasoa j-ctioa (JJ) 
I.Cs. l!Nt I. t is speculated. ta.at. ia eta• -- timR. cae 
tecnaolo11 for discrete ... icoe .. ctor coaponeat• taat 
incorporate a superconductor will reacll a c ..... rcially 
applicable level vi.cilia l or 4 ,ears aiaca 111ca 
c01apoa.ecn1 require las inolvH procaa i.a& compared 
to JJtCs. 

Eapari.-tal auparc..,.ctlD& Cilia hl• -•• of a 
l-tll-ua, bari- a•• copper oxide (La-aa~l are 
be ill& produced ua ill& tile flux or elec trorbu• ,,.,....r 
dcpositioa tectanique at ftat1"9Jlita Electric, ITT, IMC 
and ll1ppoa Electric. 

At l.a!e, researcllera far•d ~" La-.a-Cu~ tlli.D 
fil• vi.tll tile alectroa-bu• Y&pour dcpoair.ioa a4 
Yeri.fi.e• iu SQtD effect. tbua opeaills tile pasaibi.litl' 
of UllDI tile cilia fi.l• as a aeaaor dcVi.ce for 
4etecti~& volt•&• aad c~rrcnt. So far, the 
electronics field naa beea unable ta offer a 
wolto .. ter vitn • co.,.rable e•tr- accuracy. 
lad ... try exparta seot tnat ii.ace tall uae of a 
supercoaductor coul• .. ke it poeailtle to acr.i.evc • 
wer1 precise .aas\11'..-t of •oltap, .....,,f•ctsarcrs 
-ld be firat ia dcvelopia& tile •11percoa•ccia& 
sc.u.coad\lctor tccaaolo11 taat 1.11corpocate• tbis 
volta1e-1cnsitiYit1 ad•antap. 

Foll°"1n1 llfl's •~ccua, ITT resc•rch•r• &rCll aa 
L.l-lla-Cu-0 tb in fil• vath tile flux -tllool. ThcJ fa.,..d 
out tllat c-pared to aa esi.atlll& i.Dfrared aaaias 
uteri.al sucti u -rcui-y-cadaiua-telluriua1 U'ae tt\i.A 
fil• poasesua a lli.p aeaai.ti.Yity ca 10frared, ""icn 
11 •• -.act\ ••• h .. ulrtcl or •r• ti•• ar .. ttr tbm tne 
for•er .. terLal's. 

The rcfriaeracioa of a lli&tl-t .. perature 
superconductor can be doac vith liquid aaoA or liq~icl 

nitroacn, and 10 tfte co1t for it voulcl be lo... The 
&41'ent of n ip-te•pcraturc superconduccor•, tllcrcfore, 
as seen 1n tlle above euapl .. , i.a aov ,.,,.pti.aa 
cffor:a to dc1'elop 1uperconductin1 ••1uor• Vftich u•cct 
to De 1•po•1 Lblt to create. 

tn davelopi.n& JJtCa. acaicaaducr.ar ,....ufacturera 
v1ll ~ave to 1ol•t a\181roua probl ... in iatccratioa 
tccr.nalo11, tne acll1ne..nt of reliability •ad tne 
dcv icc-procc11 iaa ccc"niquc1. t')n tftc otllcr "•cl, 
since discrete ca.pooanta require Lt•• complc• 
production prace11in1, aaaufactur••• anoul• ~•able cc 
commercial~&• such campoa .. ca in a ti .... Ch snorter 
tnan tnat far JJlCa. (Source' 1CA1a1u1 lopo •iepo. 
27 April l917) , • • • • 

The arrival of nev auparc0Dductin1 -t•r•al• naa 
led ~o a aurce in intereaf in tne daveloJlll*nC of 
auoerconducti~ity-baHd •nip prapvlaioa. Suen • 
?rapul1ion IJH••, not requirina the uu of 1Hllcr an 
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eaci•• or acrcva, coul4 pro6ace aaL,. tlla•t are free of 
acne• .... vi•ratL•· lt Ls a a ... tedUlol•U "'tll a 
pot-tial to bri.D& about 111per-faot bOllr.& tr&Yelli.•& 
ow•r •1~ kmlots, at lcaat .. a .. cter of tllROCetical 
,...i,ilit1•, accor4ia1 to Yo .. iro S.jL, a profe•aoc 
at uae ltabc Ulli•craLtf of lltrc ... c.a.lc Karaae. Altae111p 
me tecaaaloa i• still fr-pt vita -1 -raolYd 
ua .. aa, Ja- is c_.•Ctt•C -tan-ca• ia tau liae 
"f raearcll. Tiie fall-ia& •eacriba tile curr ... t 
ar.atua of raearcll -• C..alopaeat lD 

1..,.rcoa.,cti.vir.1 •nip pr.,..11U... 

-Si.ace cae Mwel....-c of • .., ••percoa•cti•& 
-ter1als, ve 11awe It.ca a.a--.uc.e• va.ca L-.•1.r1.c• Mta 
fr- viu.ia .Japaa -• fr- abroa4, • aap Jape• 
Slai.pOui.l•i.a& Pr-ti- Corpocar.i-, ia caar1e of 
•nal.,_.t of a11parcoa.,ctiYit1 ... aa.C •a1p propubU.. 
apt.••• WO ia ..... , ~ftlAI .uHtL-· 

Uatil aau aupercoa•cti•& .. pet• co.14 •• 
pro.,ce• aely at l .. u•• ael1ua t .. paratures (-Zo~·c1. 
llov, t~cre is a poaai~ility tllat taey •i&at '• 
reali&e~ at 1L•ui4 caa.c.roa• r .. perac..ares l-l'h.C). 
Ciwm tllaat aitropa ia .,ca clluper aact -ca more 
rudilJ ... aa.laltle m .. aelL-, t.111.1 is a 1ipifLr.aat 
• .... 1 .. .,....t i-•· 

Tile Japea SbipbuilCia& Pr-tiaa Corporation 
(JSl'C) eat&blia".C a "Sa;i.ercoa.,ctiaa £lectr-petic 
51np Propul•i.- laearcll - Dnelopaear. C-.r.tee• 10 
191~. aarlr.i.D1 tile besi-ia& of fall-fled&e• raurca 
•Horta bl' r.ne corpocaci.- ill tllu fi.el•. 

tae cDallitcee as-'1.a calla far axper'-•r.al 
c-atr.cr.ioa of a lll•p 2) •trea loa& -• 1>41 caas i• 
tor.al •i.aplaca•at by l9'U 0 to caa.,ct open •ea 
a&Ylptloaal exptti-u. tlle 4 co ) bilh- l'• 
tor.al .... v.10,....r.al coac vill be f-dc• lly a 
&r-t-i.a-..i.• fr- tae Ja,_ Slup11u1ld101 l11• ... tr1 
Fa ... dati.on. 

lb• '"percoatLact iaa .apeta ttaat •r• ttc1.a1 
coas ulered by ta• J:iP<" for pateatial uae are au llaseC 
oa exi.ati.a& .. tallic c_,.. .... suparcoa.,ctia1 
-teriaLa, aa vould k expected. 

tne capermat.al ah1p. ""•• •iA features are to 
be dr&..n up by ta• acl of tnL• year. v1.ll be carry1a1 
1uperc:ooclucti.a1 .. .,..c.a -• of auca coa•t1at1oaal v1.rc 
-t•rLals a• DLob1um-cit.aa1ua ad 111001.ua 
tri.ataoaate. l:lollner 1 tbc Cocporatioa i• 11.cepi•& the 
d-r ape to All/ •- •d barter suparcaacluccias 
aul»ar.aacaa t"at ai.pt c- i.ato bcin& 10 '"at tile 
1upercoa•cti•1 -teri•l beia& coaaidcred aOY c• 
Haily be replace• aa ci.rc-caacea ju1ti.f1. 

Tac co0i-ittec coaaista of • Supercoa•ctLDI 
llectr-pet Propulaioa -t $ubc-i.uu 11udcd by 
S.i.&o llotoJO•lli., profesaar -ritua of Tak,.. 
~i•ernty, aad a Supercaac1ucti.n1 lleccr-pet 
Propulsioa S~atca Subcommittee chairccl by 
1.ccaaau laaichL, pcotuaor c .. c1.twa of 0.,•• 
\kivcrait7. Tbe aubc ... ittcca, r .. pectiwely, arc 
carr11.n1 out ruearcll ia the claaip of a anip moat 
appropriate ta supercoa.,cci.ac alectr-anetic 
propulai.-; - tile dnela,._c of a prapvU&OD 
•ptc•, c-.e llurt of a auperco1ulucti.w1.ty snip, b•••• 
on a •"pcrconduct1n1 .. pet. 

Tiie •ub-itcH• n.,,• cna parciupatioa of 
lbt&Chl Shipbulldi.D& - lallft•eUD&, 
llhilr.avaji.--llar1- lleavy l••atriH, ll•ppaa llolr.an, 
Miteub11h1 K•aYJ ln•u•traea, N1tacn1, Lc.d., aad a 
total o( a do&BI .. JOI' 11111pbuild1n1 1 fte••J ••Ch1n•ry, 
and •lectri.cal concerns, refl•ctin& th• de1r•• of 
interest 1nGl'lft lty tllc 1r.nd!it9tt1al sector i.n Uti• 
venture. 

Th• idea of an eleccr-anecic allip prapuluaa 
vu first put fartn bJ an -rican. II.A. l&cc, for 
""icn II• vH &ranted a patent in 19•1. 



ta L'lllo, Dr. S. 11&1 of llcltlll&"-• Corp«•tLo• 
lllSl caaatr.acte4 a l._tu laaa -4.i M4 c_ .. ctri 
a.,..i.catioeal e•pcrimRnt• La tbe coastal water• of 
C.alLfoca1.a .. llOlll'ner. tbe •apeci-ts were ia• tha• 
1apre••i•c. earai•' tile se•eral •••••• ... •t chat "aa 
lf'llf'CCtO&l"'etLC sttip LS~· 1t1a:ealUtlC soat• .. 

The problce vitn. taose eapcri. ... ta vu tile uae of 
•~ '3r•i.a.ary .. pct. vita a liaitecl .. patic field 
1nteas Lt7 aa4 aeecc &11 iaa•-.-.c.e force amer.ated to 
INSft tne se4vater backvar4a. i .. c .. , insvfficicat 
propv.lsioa .. 1lG111ner, ba•ia& oo tile pr-ea1sc tl\et cae 
affeat of supercoa4ucta•c tecaaoloa silo.al• brin& '"• 
elcctromiap•tLc Mtip to tl\e real• of real Lty, 
?roiessor S..ji at tae lo~e U.iwer11ty ot llercaatile 
!t.ar 111.e •Mr too& researcll vock S09C lU years •&0· la. 
l9llO, tais aroup coastruc:e•. l.6--tre l-1-el 
•"iP -St-sou•. lt •ttaU..4 a spee4 of 0.7 -ere per 
seco114 (Z.S? llil-tres per llour) anti a O.l per ce11t 
~ropu,l11oa efficieacy, certainly ..,, .. l 
accoaplisb .. ats rclati•e to tbc perfor .. aca l...,.el that 
v11Nld "* ac-.tded ia a pl'•ctical sbip. Mt still serwl.I\& 
co confir• that dcsip Yalue. cao be put iato a 
;iinysical reality. mus sugc•tia& ultiMtc fcasitnlit7 
,f cbc cechaolo11. Tbis attracted vorl.,ide 11ctticc. 
prO<lucina a rot11..,etl iaterest in electr.,..111eticall1 
propel led ships, ...i pcoepciaa tile JapM Sllipl>uil•iaa 
Pr-tioa Corporatioo to st•rt a researca effort based 
oo Professor S.Ji's results. 

As the a.ame iaplics. tl\C clcctr...apaac1callJ 
t)ropellcd sraip rmas aa clcctro...pcti••, usLA& the 
\llldcriyin1 pr1a.ci.plc of .. Fleams•• left b.-d rule" 
vnich •tat•• tbat wncn • curr•t is discta,.arp• 
pcrpeadicular to tile directioa of a •pa.ecic field, a 
Dew force is pncratcd ia a tllir4 dircc.c.iaa, 
perpe11dic11lar to bota tl\e .. .,..cic fiet.a - tl\e 
clcccrical current. 

tn. it.• basic a:ru:ctucc, an elcctrCMUpetic boat 
nu a tUpct aad etcctrodes attached to tbc body of 
the snip SYCR tllat the upetic field naa a Ycrtical 
4ircctioa. and <nc currttat runs prer,.adicular to tac 
4ircctioa of the ship atad uato tnc scavatcr. 

.ahca cucrc~t is applied, tnc scavatcr i• pushed 
ba.ck v i1orC\ls ly, accordi.na to Flca1a1'• left Dud 
rule. The rea<"tLOft froa tins force driwa enc ship 
forvard. 

The 80tt •1p1fi.canc upect of taU •1•t•• i1 tnc 
coaplcte a~sence of an •oaine, screw•. aad otner 
•cnanical mov1n1 parts, Uki.a& tne snip free of aoiae 
a.nd •i.bracion .. 

.laotlHr advaatap i• tll• poa11.bihty of nah&•ll& 
a •uper-fast snip. tile coav ... tional scr...-propelle.i 
snip has an 1nftcrcnr. speed liaitat10Q in tAat .at«l'I tl\e 
roc•tinnal speed of a acrev eacc•4• • ccrtaia poLnt, 
cne screw bcaia• to "slip", beyond ve.1cn no additioaal 
iain LR tllc forval"d •tion of the snip can be obtained 
however fair. tnc 1crcv aay rotate. The 
eLectr.,..,..etic pcop..l••on abip llllovs no li•itat1011 of 
cnu ll inti. "We •Llflt •H aaall-scale cr11ise 11\ ipa 
desipcd fc.r plcaaur• tl"ipe in abour. tea year•", 
prcdicu Professor Sl\oJi Tan•• of Tok:ro Univerait7, 
,an capcrc on 1upcrcoacluct1•1ty, conccraina r.hc 
ti•fr- for practical utiliiation of tni1 technolo11. 

A •n•p free of noise anti vibrauoos V011ld b• 
•dcally •u•ted to plcas11re r•dcs. th••• advanta&•• 
aL10 aakc superconductivicy an attractive cancti.Mta 
for subur i11c conacruct ion, 1 ince Ch• abaence of noiac 
vould rnable tne sllb .. rine to el11dc detection by 1onar. 

Svpcr-fast 1n1p1 runnin& at over 100 knot•. 
coap.arcd to 1:.,ru of knot• for cor.'1entional ship•, 
v°"ld confer sipificant uhtary advant•&H• 
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At a •rapo•U. oe avper~•ccivicy llel• by tile 
US Materials :Ki•ce "9ooci•h- ia LM Allaaln i• 
April, • ,.ruci,.•t froe cae u:> .. .,y oai.i: "'- ll-• 
It..- ,_.••ia& a1111pcrc-~ti.'lti.tJ raearca prcci.aelJ 
becauac o( • Maire to •••ct.,•• clectr-p•ta.cally 
propcllc4 ••up•. Altll ... .,.. •a•ptc '" ..allcrlyaas 
pri.aciplca. llOllt'l'U. electr-petic pr.,..taioa VCMl• 
llaYC t:o "ere- ... , tccllaa.cal iaaw•• nfoce it caa 
pr""e practicatole. 

Tt&e arut.e•t 14uar.i• , ...... to r.-ce tile aiz.c 
-• -i&"t o! a --t .... 1. ,.._ciaa a 1u(hc1-tl1 
llil" aa111eti.c field. tu ,...... of propul•* of •• 
clcctro..l"«tic .alp ia propo~t~••l co ta• •trea&ta 
o( cac .. &D~tic ficl• aa4 tac •lcc:rical curr .. c. Tac 
electrical current, ..,icll u all- to paaa tar°"p 
ttac aeavater, c-oc Ille .... wary •t:r•a, aiace coo 
atr-1 a c•reat -l• u ... e al•ctrolpis of tlle 
•-•ter, reaulti•& i• 4epoaici- of llpr- -• 
clllor111e - ta• alectraoHs. ...t .iu1i,.ci- ..._ to 
electrical raiataace vou!• a:.ao pr ... ce larp loean, 
vitb a aub•t-c1al lllrop ia tbe pc:opulai-.. power. 

for caia ruaaa. i• tac •i.av of •Jl.:fl:rU •a atr•a 
aa...-cic hel4 in cae or ... r of 10 t• 20 teolu (tecl• 
beiaa a -it for .,..res•iaa tile iacaaait1 of a 
-patic fieL•> ia ...... i.a order to-·•• 
electr.,..aaeciully propelletl ••ip practi~le. 
Witaout ,.."''a auperc-tiac aapat, it -1.i be 
difficult to pr.,..ce a aaaaetic fielC vita tllat 
iac .... icy. tile lli&"est -aaecic iateuit1 caat au 
b- attlliaetl 1t1 elliati .. 1 -talhc c..,._ 
aupcrcOll4-cta.a1 .. teriala ~aa .... approa.i.at•lJ 
19 taolu, of ""icll 12 to ll tealu ca11 be tllOU&" of 
aa beia& -••l•l• for practical .... (Scieace -
Teca110lo17 .Acne, latioaal 1aa .. rc1a luntota for 
llltala). 'i111111, • auperc-cuvity alectr.,..pset 
propubioa •llip io - - ell• verp of practiul 
realit1. 

Accortli111 to prel i.si11ar1 calc:ul•ti-• by tile JSPC 
rncarca ccnmi.tt.et', it voul41 cake lSO tona o( a 
1upercoa .. ctia1 ..... et to tlri•e a 50-t- i.-t at • 
•peec of I llaocs~ vita auda a vciatat, ta• allip would 
aillll. llovever, •••-.-t 111percoa•cti•ity 
tecnaoloay researca llaa re .. cri tile -i&"t 
roq11ir-•t1 of a aa111et to ""clcr 100 caaa. Taio 
•.-.eto,...c ..--ced cae Jsrc co ua4ercae tile 
con•cruct ioa of aa caper imsntal ••••l .. 

lf a aw ccraai.c-bucd •upercooduct1.111 -cer1al 
proves feaaible, ue req11ired coolia& apt- caa be 
reduced 1.11 • u•, ud a powecful .. pc tic field caa rte 
•n•rated. TIMse pra.,.cta •n• -• tac "rc.aL1&atioo 
of a a11pcrcaacluctill& electroaapact•C IAip •u•t• 
proaia in&," acC11trdia1 to Profcaaor Saji • 

2. Optical ovitcl\i111 4evica 

MitacJai. 1.t•., a .. 1uc:ceeded i• ta• eaperimat.al 
fabricati- of an opticd oviteftill& device llS Ul& • 
I\ •&"-t•.,.rat11re •upercoo•ct i•1 -cer ia l. 1111• • 
ccra•ic-llaacd auoataace, tnc (ocl.ll of macD reccat 
interest •• a llian-ce.,.ratore a11percoa.,ct••& 
•t•rial, u •• into a cnia fil•, tna •uttatancc 
coculucta clc:tricir.y without aAJ r•i•tancc, a&lw1n1 
the c..rreat to u- •irtllAllJ for-er. he llitaelli 
raearCll aroup for•• a ca•i11• 111lfidc opcic•l 
coa.i..ctor Haicoacluctor Oil tile Chill fila. •y 
direct in&• li&bt b ... o• the •-icoa .. ctor t11e1 veu 
able to t11rn tl\e electrical curr ... c flovina in • 
011pcccoo.i..ccill1 atat• on .... off. lloia& cni1 
principle, tlle ll•tacni aroup crutetl U•• vorl•'• first 
4ence capable of e11u11itin1 opucallJ actuate• 
svitctun• act ion• under 1 aquid a itropn conchtion1. 

he I\ i1"-t••perat11re auperc011 .. cti111 •ev ice ,. .. 
.. de bJ cr .. tin& a trencn in• p•tt of• ccr••1c tn1n 



hie, .. de of yttri- ltl, llari- (N), -d copper 
lCu) oa14c to inh1ll1t tae fl.,., of oupcrcooductlJll 
cYrrent, an4 by prcwi•i•& eltctroclea at ~ ae41s of 
tile tlLia file. Taio tlLia file vas produc1td lly 
aip-f•lt'l-ILCY ,,..ttlt<lAI of a 'C-aa-C..O a-•P"-• tlLlA 
file to fore a fila 2 aicroo• ll aicroo • 
l/1000 aill1 .. tre) taick, aad 1Leat~reacia1 tile result 
""du an oayaea at-511Lere. Tai• ,,.auace c-plctely 
loses electrical rn istaace at IS• .tai1olute 
ceepcrat..re l-1aa·c1. 

lh.tacru pcraonne! 1rrad.Utri Che 
c1.1~rent-reculatin1 part of tb~ 1uperc:oaducti•& tbia 
fi.l• vich a l1&ftt b••• 0.1 co tJ.t •icron la 
v.avelensth. This c•uaecl. • ... i ... current 4.ensity 
cfl.aa1e of J ,uou .. pert• per 1q1.1&r• .atre at 
77• aib1olute temperature, dem111•tratin1 tbt 
feasibility of 1"·1tdlin& actiaas. libn. tac p.art of 
tftt fil• to be i.E:M1atcfl vitb lipc vu cowcre4 vi.era 
ca4•1ua sulfide, svitchina vu induced vi.tit 10 tim:s 
less a.aunt of irrachatcd l ipt .. 

Tne rccnt tJt,.rieental fabricatioo of • tiisn
teaperacure 1upcrcoaduct1n1 optical •vitcbia& device 
is dcavin.1 aacn. attention u tile ficat sucn clevicc 
u-.a1tr•tin1 specific C'ta\llta. 

llotc' Svitc1Lia1 dCYicc: A dCYice •-d via. 
enc fuactioo of turaiAa all elcctrca-flawin& circuit oa 
and off .. The differncc bccvcca rupoasc vawc for•. 
oac rc;Jresencin& t8'e state of electron flow aod the 
.)Cher cn.e absence of clcctcoa flaw, is used for 
infoc-tioa trAns•i•• ioa purposes. 

1. Ccraaic coil 

Tosniba Corporacioa bu acco•plished eaptri.mlatal 
fabrication of a coil fro• a vLre .. c1c of a acv 
cer .. ic svpcrconductLRI .atcrial. Tosbit>a rncarchcrs 
nave confu-.N that coil loses electrical re• iatance 
coepletcly at liquid saitropa tcaperatura and ia 
capable of clolllductin& current at a dRAsity of 
j tu aapercs per sq.iare 'enti•trc.. tlakia& a coil out 
of tbc hard and brittle ccraai.cs ~rucats •insular 
te.:"Aical difficulties, but is oecessary for tnc 
rcaLization of a .. aactLcally flo.tin& traiA OC' aa 
electroupet for use in nuclear fuaioll. kcauoe of 
tnc lov &80URt of curreat that can be supported, enc 
C\ev coil .. y be little -r• tllan a l•oratory 
.:ur i.os Lty, but the iapor tant po int i.1 tnat tae 
accomplish .. nt has c1tabli1hcd a baaic proccsl for 
coLl fabr icatioa, accordina to Tosh l.ba persODDel ... 

The upcriMlltal coil i• udc bJ v1ndin1 a 
60-70 centimetre Lona vi.re; Che coil bas a 
2 centi•tre diameter and is 2.S centi•trea lon1. lt 
l'las lO turns. It loses electrical res inancc 
'-""Pl1tt1tly at BS" absolute ceapcrature (-l88°Cl. 

Tl'le oupercoaductin1 uccrial eaploy~d is a 
coapound of yttriu•, bariua, copper, and oay1aa. The 
r.., uterials yctriua oaide, baciu• oaicle, and copper 
oxide povcler1 vcre aiud aad hut-truced at a 
tnpcraturc aot axcaadia& 900• C vicaou: caua iA& 
solidifcacion of cne powder ••xture. Tllell the 
uterial vao packed iato a ailwcr pi;;• ud ltloapced, 
pro~ci.na a vire less than an ordin•ry .. tell in 
tftLCkne11. 

After be in& wound into a coil, me •tar i.al va1 
neat-treated apin under an oxy1an at1101pl\erc to 
trans for• i: into a ceraaic .. 

The rcaaon tt\ac the •t•ri.al vae covered tricn 
1 llvar v11 Ula' osyacn, naccs11ry for c~a• cr .. tion ot 
1 quality 1upercon4ucti.na •t•rial, would ba tRcn up 

u -

lty c•c .. tcrial t•r-sa tile coweria1 lluria1 tile ILut 
treatment -4 ceraaic trMaf .... t1oa. A cow•r MU of 
coppe:r or oua•r •••taacaa, Oil tac otller ••d, vaul41 
vi.t.aclr• O&J&• froa tbe ceram.c, tll ... pcC:YcatLBI tae 
producti.oa of a pd aupe.:t:'1Ml .. cti•& .. terial. 

Tac teclLaioauc of cow1tria1 a aupercoe.,ctia1 
-terial vita ailver 4uriaa tac vir•--*Ull procus 
ILu lleltll .__ced lly -ricaa Tclcpll-• aad Tclc1rap1L 
Corporati.oa (ATT)~ ... ., .... r, Toaada ce111t_ .. m.t Lt 

4cv1tloped a aiailar tltCILlllft- independently, aad 
dLacloaed taat patent appl1canon toe tae t•C1LA•tt-
1Lu already llltltlL c-lct1td. 

4. Coit vLtll straapat aapetic field 

0.. l5 llay, llitaCILi C•l1t, Led. (President: 
tla.rODaru llaaai•to) •aouacH me auccasful joLBt 
dcvelopaeat VLtll KLtaCILi, Led. (President: 
latauSILip Kita) of a •u:>CrcooductlA& COLI llAVlAI tile 
world's atr•ae•t .. p:eta.c fielcl, 17.Z tealu, at 
4 .. z• I. (ab1olute t .. pcratue).. l.at1l aOt1, au11n
tri.staan•t• co.pouada taave bcn used for taa 
fallricat•- of nisa-.apetic field a11percoo•ctia1 
-tcra.ala offeriA1 d c.ealu or aiper •petic 
iaceaai.ty. i:aiaa a cable coaaisti•& of eatr-ly tain 
va.rn of aiotllium :rut-Date, tile llitacai. croup .... 
succacded ia tile p:aeratioa of a •patic field 
atr-sth a..rpaHin1 tile 11.l tcalu aclLieved lly ltyualLu 
lbiveraicy. OIL CILe acr-stlL of tlLL• aclLiCY-t, 
llitaclLi C•lc vill lie producias v1res as -ll as 
... 11-ai.&1t aupcrcoo4uctia1 .. pcu for apphcatuma 
rm1ia1 fr- a•alytical aapetic raoaaa.ce i•rr1 
(ICU co rcaearca ia tile 511Lyai.:al properties o 
aubatancea. 

Al tJL-&tl tllcrc ILu lie- a fever i.ab ,.. ... for tile 
dnclopmeat of aupercaa.ductin& cera•ica tllli.Cll ane tne 
characc.eri.atic of loaLD& clcctr1.ca.l rautancc 
co.pletcl1 at f009 teapcratuce, practical utLli&atLOR 
of aueh aubstaacea i• ati.11 coaa&clcred a loaa shot. 
lliucai Calllc ILH already produced ~ ,uuu kil-crca 
vortll of vira of 111.obi..-citaa.ua alloys aad 0100a.u..
triat.-nate ca.pounds. Taeac va.rea are DOV bcm& used 
ill larp-acalc .. pets for nuclear fuaioo and 
.. pcconydrodyaaaica (KllD) P""•r lltll1tratioa. 

Tl'le recently d1tvitlopod aupcrcoaductin1 coil ia 
inr:encled. for uae in s .. 11-.cale .. pets. It tau an 
effective LQQer diaaeccr of lt2 ailli .. tres, an outer 
dia .. cer of lllt ailli .. crca, ud is lSu ailli•tru 
ILLlft. •iolliu..-titaaiua-tritin vaa for .. d lly viadin& 
tile rw .. cuial iato a coil fora ud by aulljcctlAI 
tilt ruult to heat treatment to coafer oa i.t a 
auperconductin& property. The tcc.hniquc is intended 
to c.,.,...•atc for tile lov .. ch•n1cal acr ... 1ca of 
ordinary ceraai.c aubaunce1 .. 

llitacni also aChicY1td a coil euc r-cci- DJ 
reducia1 CILe proporcioo of copper pracat lA tnc 
aupercoaductia1 viu to 10 per cent of enc total 
utcrial content. Thia ha produced a ba.p ... ,. 
curr..,t dcaaiLJ for tile coil of S4 aapcra per •ttuarc 
ailli .. cre at 17.2 tealaa (ltyuaau lbivcraity reported 
acninin1 a cun .. t denaitJ of 21.l aapcres per •ttuare 
ailli•tre at 17.l tealaa). Tnc accoepl•aa....,t acua 
that 11.i.cadli C•l• aov Ila eapcrtiu in llotn larp
acale aad ... 11-acalc atroaa .. ,...cic field 
auperconducuns coil t1tch110lo11. TILC c-pany vi ll De 
va1ill1 a product offcu ive lA tile crJ01caic 
1vperconcluctivity arma vhile at tfte •- ti• 
acceleratin& the dnelopment of room-c-perature vi.re 
..teriala. (Source: Kikkei Sanpo Sni•""• llaJ l987l 

••••• 



6. CUUDIT MIAUlllSS 

Trt.t ruearcn aroup htaclc'1 by Aa• i1taat Profe11or 
~z.uo Fu.n..a1i of tfte Super-:oaductive ttap.et bsaarcb 
Centre of 1.y.Jsbu Uai.ver1ity'a En1inecria1 Department 
MU,fNftCed on ll April that it bad 1ucceedcd ia. 
developin& a super conductive tr au. ror•r bu ins aa 
,,...,... of 12 kilovolc-..pcreo. This is the hipeoc 
l.,,el in tnc vor-ld, exceedu:1 the capmcity of 
71.J k i l\Wol t-a•perca of tn.e 1upet'c0Dc"uct1ve tr•• for .. r 
developed by Che Fr-Ch coapany Ahtn--Jeu-oc. This 
tr•n• forcer has the advut&&•• mat the volt•&• 
fluctuation rate is lower and the tr&1Uaissicm 
efficiency is h iper than those of ordinary conduct ion 
crafts for•ers of the same: capacity, anJ the overall 
saf•ty of the syste• is auperior to that of 
SU?erconduccive equipment of the past .. With Lhe 
success in devclcpin& this supercoaductiwe 
tr•nsforaer. the 10.al of puttinc AC supercoaduct1ve 
povcr pncration equis-ent into pr•ct1cal use has been 
re.al iz.ed .. 

Tn.e: superconductive tranafor•r developed by tne 
~yusnu f.hLversity 1roup uses ~ ~ltratnin multi.core 
superconductive virc of a niobiu.-titaniu• i11lloy i11s a 
coi.l, .and the coil i11nd 1roa core vere coo!cd vith 
liquid neli ... :o absolute 4.2 de&rees (-268.8 C). 
Tne volu• and vei&flt of the appautus is l/lQ Chat ot 
pnot<""conductive transformers of the••• ci11p.acity. 
(Source: Nihon leizai Shillbun, 14 April 1'87) 

~tor using superconducting .. terial 

Sanyo Electric Co., Ltd. h•• come out vith a 
motor u.sin& a superconductin& aaterial Which is 
revolved by ucil izin& tne pl\enoaeoon of a 
SYperconductina a.aterial and a .aanet repulaina eacn 
ott\er. 

Tnis new aotor has a shape resnblin& that of a 
water Wheel. A plastic ring vitn a dia•ter of 6 c• 
is fitted with 16 disc blades .. de of a cera•ic 
superconductin1 material. One half of thil wneel is 
i._.rsed i.n liquified nitro1en to render it 
superconductive. and i•p~cs1in1 the .. anccic force• 
witn tne permanent .aanets causes the runner to 
revolve. 

A superconduccin1 ... terial has the property of 
repulsin& a u.pctic force. The llOtor utilizes this 
property; enc di1c1 .. de of supe1"conduct1n1 .. cerial 
~ct to repulse the u,snecic Linea of force of tne 

c ... amoc superconduCl•Ytl 
m~cenal 

Perm•nenf~~ 
m•9ne1 loom 1emperaiur• 

! T • i 
~,. I 
,- . _!,.~. Lquel1ed nitrogen 
'------") f-196'CJ 
M;KJneltc lines 
ol lorce 

Oirec11on of lore• 

5.Jnyo £lcct11c's Superconducring .\lotor 

:.J -

iaatalle4 .. peca. Tile upper part of tlle -•or'• 
runner lie• abowe tile La.flui.iied air.roaea -d ia DOt 
aupercoacluctiYe. SO DO flaiaaaer effect ia 19a•r•t•d .. 
As a re•ult. 110 couater-l"evolutioe force a.a eaerte4 
froa the runaec•a upper acctioa. aad the m1tor tenu 
to revolve per..aent17 .. 

Tae -tor pr•-tly llaa a _,.i_ •Pffd of oolJ 
20-JU rpa ....S c•oo< be uaed u a aource of -uve 
power, but the company plaaa to coa .. ct ruearcb. to 

develop a a11perior a11percocul11ctia1 Mteri.al u.at c.
be used even at rocm teapcrature .. 

(Sanyv Electric Co., Ltd., Public lelat1QQs 
Dept .. , 1-lu. Um.o l-cao.e. 'taito-..11. Tokyo) 

(Source: ~. December 1'117) ...... 
The fruits of supercoocluct iv ity 

llae vorld'~ firat electrical 110tor baaed oa the 
properties of ne"' aupercoaductin& .. ceriats vas Oft 

•'>- (February l'lh) in lloatoo at • -•io& of tne 
Alaerican Aaaoc1at.1oa for tile Advanc...a.t of Science .. 
Superconductors transfer electricity vitbou.t loea of 
mel"Q. 

The motor ia a ai.aple de90nstratioa model t.nat 
operates at about 5U rtv·>lutiooa per alDUte.. lbe 
cera.ic material that i.t uaa - yttriu.-bariwrcopper 
u•idc - becomes a aupel"cODductor at Y4 K or -179• C. 

Dae motor is too ... 11 for practical uae and 
produces ne1li1ible pouel", but it .S.aoaatratu for the 
first ti .. that these .otora are poaaible. 

The mtor 1.1 baaed on the He iasncr effect - tne 
property of auper.:oacluctol"a that cauaes tb .. to reject 
110H of aapetic force. It c..,•ists of 24 1aall 
electr-snets -unted al..,& the botto• of a circular 
alu•ini"" plate Miiich rotateo above •- diau, alaaped 
like hockey pucks aod .. u of yttriu.-bariua-copper 
oucle. The diaks bee- superCQQductin& at about 94 It. 

lta ooe of the electr-petl approaehes the 
auperconductor, the electE'omap.at is •vitebea on to 
create an electric field. The superCQQtluctor rapoou 
by producins its - upetic held to repel the 
aasnet. The aluainiua plat• continue• to apin aa enc 
electro.apct• in turn route past CA« 
aupercoaductol"a, are avitcned on, and tnen &•t pqahed 
away. Aa an electro.apet 1a pushed avay. enc circuit 
U broken, but another oae co•• in to keep the cycle 
aoina and Che plate apinoias. 

The Areonne laboratory in I l linoi1, USA, were 
tne motor vas devel.:.ped, naa 110re tnan lOU people 
vorkin1 vith the nev aupcrconductora. lt LI operated 
by tt\e ~uvcrcity of Cnic•&O· (Tlu• tirat appe4red in 
Nev Scicntiat, London. the vcekly rcviev of acience 
and tecnnoloay, 14 January 19"8) 

Electronic• and co•euter related develoeenta 

Superconduct in& t ran•i• tor operated aucceaa fu l l..I 

Ki tacn i, Ltd .. , naa succeeded irt developing and 
operat1n1 a tran111tor-cyp• 1uperconduct1n1 three
ter•inal •l••nt .. 

A auperconductina cl••nt that 11cili&e1 tt\c 
tunnel effect 1n the 1upcrconductivc atata 
theoretically ha• a avi.tchin1 apeccl that La about a 
hundred ti. .. a faater and • power con1uapt1on rate that 
u about a thouaand ti-• lover than 1ihcon 
ae•iconductora, 10 rcaearcn on the clc .. nr. na1 been 
.onou.:tcd i.ntcnaively.. tlovcver, conventional 
1upcrcond11ctin1 elcunta, or "JoacplHon device•" are 
two-teralnal ele•ntl tnat do not perait tne uaa of 
exi1c.in1 co.puter--.ountin& tcchnoloai•• '"'at vork v1tn 
exi1tir.i tr1n1i.1cor1. 



the aev -..perc-.4Ncti.a& tr-•i•tCK" arrm.1•• tae 
1o'iC'ce m.d d.rain electrodu. titl.id& are -•• of 
1upercoaduct in& ••teriala, ia cloee proaiaitJ on a 
P""• sihcoa. 1c.icon.,ctor. and pr01Fid.a: • taird p.tc 
ii' lil'ctrN• that 11u been in•vlated vita a tll lD os14M 
coat1n' on its rear aide. 

The elcMDt • • operation pc:iaci.pl• ia esptainecl b1 
th• q\l&ftt\a taeory.. Tbat u, cOldi•erlA& me 
'"per coo.duct in& • tectraa• •• a vave aou. .. -ce, uaea 
placin& tvo supercoackactia& -tttiala close to&ttacr 
vill perait tile s11perco11.,cti111 electrm vnes -ittecl 
fro• both tr.ese dectroclee to be ... ec1. Thi.a 
s11perco11duct ivitJ r .. ae vill be fur tiler aapa-cl by 
iapreuina a volta&• an tll• iu11latacl pte electrode 
oa the silicon seaicoa.,ctor'a back ai ... 

lobltft 110 potential is baina a.apl'nHcl an tll• pt• 
electrode, tile aupercoecNctin& electraa vaYu from tne 
source ancl cl.r4ia. electrodes do aot owulap, M mere 
is 110 flov of s .. parcan.:luctin& dactrm t..,11al Cllf<-t 
betveea the tvo clectroct.a. and a poteatial ia 
z.mcrated to cause a flov of nor .. l CODcluct•c• 
c11rreat. llben a potential i• ilopreseacl 011 tile pt• 
electrocla, tll• vnu of e11percancluct1111 alectrane fr
botll alactrocla• aapa11cl to overlap, eo 110 potential ia 
aeaeratecl batve- tile t- electrocla mcl a flov of 
t11D4al c11rro11t vill be pnaratacl bJ tile 
supcrcanduct in& electroaa. Tb.es• two conditians arc 
cuatacl b1 svitclliD& tile cl.c. c11rrmt flovilla tllrOllp 
the source and drain electrodes bJ actioa of me d .c. 
potential i•prased oD tbc tbird, or pte electrode. 
tllereby enabl in& tll• s11parcanclllctill1 tr-i.etoc to 
fl.&n.ction throup tne d .. c. currmt aourm. 

The sw1tcllin1 speecl of tile 11-11 clavalopacl 
s11percc.11ductin1 tr .. sistor is 20 pieosac (cale11latacl 
val11e) and its povar cona-ptian mly S W, so tile 
eie•nt is believacl to cli1play perfor•nce1 co•parmbla 
co those of Josephson devices .. 

(tli.cacfti Lt0 .. 1 Electro.apetic ln•:tuaent Duip 
Dept., 882, lct111e, lats11ta City, lbralti Pref.) 

Insulating nwnb<aN 
(Si(),. lhic:kMSS 150 rvnJ 

Supen:onctucling .i.ctrode 
(Pb llioy, ~ 200 rvnl 

ldtainl 

i 
I 

Gate electrode 
(Al; thicltneu: 

700 nml 

Gate oaide membr
(SiO,; ~: I 40nml 

P·IYIM Si·single Cl'fStal 
lc:hanMI p11t; 1hick.-: 300 nml 

Structure of superconducting three· 
termin~I element 

(Source: JETllO, Jllfte 1987) . . . . . 

Pruate• CLrcuit boar4 

Tbe F-.r••• Electric Co ... Lc4. aallOUllc.4 tbat it 
aaa cevelopc4 a pc uatell cucuLt boar• tit.at uan a n.cv 
cer-1c ••i'Crcoa4uct ive .. cer ial (or ita vir ia&· Tai1 
La lit.• t 1r•t ta.- CDat a •• -terial ••• ..,.., uaed ia 
• KlDte4 circuit board ia waicb tile elec.trical 
ruut•ce a.a rc .. cn to aern, uaia& tile Laexpenaive 
.... aa•J to .... lU1u•• ••tro&• <.at -1'16• C). the 
c-11J .,....eta to ••• tile prilltacl ciroait boarcl i11 
elactr-ic eq111_.-t ta•t tllr-• off a lot of nut 
llacall8• of powr loss. 

nae acw cic-cuit board ia a S-6 ceau ... trc aquare 
cer&c au1tatrate vita circuit VU'JA& for ... from tD• 
ner aupercoe .. cciwe -terial. Tbe virin& ia ia tile 
foe• of a talll fil• nnilla a ta1ckaeca of 
U .. 01 mi.lli•tra, aad uae aiaiml• vir• vidta ia aboaat 
l ailliaetn. 

~~c•.,ct1Yity occur• at -113• C taat ia 
abowe tile teaperablre of liquid aitropa. a11d at tbc 
temperature of liquid DLtroaea, a cvriraat of 
IOC aillia-r• v• obHrvacl to flov. 

Siace lut year, tDere It.ave bema rapid 
adY•ce.aau LD tbe field of ceramc aemccmduct.or 
•tariab. tleratofora, attaapu llna b•- aacla to 
create electr•ic dcwicn froa viru ...a dt.io fil• 
crpt.ala, but aw tit.at priated circuit boarU It.awe 
llaaa proclllcH, tile -• t-arcl practical appli.eati
of tlli.e teellnolo11 all011lcl rucll a 11cv atap. 
(Source' •ill- laiui 51li•..,, 22 Apr1l 1987) . . . . . 

General Electric ll• pataatacl a s11pereo11clucti111 
aapeuc clavica foe •IJ!!!tic raanmc• i-&lllf· 'ID• 
1111it all-• uaainatLOD of apec1hc parta of tile llocly 
,..il• •1&P1""•• ill& bae1tar-c1 aipals. 
Patent 4,701,708 vaa ar .. tacl to tvo GE aaployaas for 
the deYice.. (Source! kv York Tl._., 
24 October 1'1117, p. lll ..... 

A auperconcluctiwe l-terainal clevicit tbat could be 
dnaloped iato a •icroehip naa bem dwelopad at 
Yo•on- •tional Univeratty. Japaa.. Tu nw phue 
qllAAt- t111111el dance ia 1iailar to a fi.eld-wffact 
trmsistor in •tructure. It caa be actiwated by •• 
little as 1 elactroa'1 vortll of alectr•cal c:llar111. An 
eaper 1menta l J o:1epnaon Junction .S-,; ice need• over 
lUU electrooa.. (~urea~ Japmuc k0ct.0•1c J., 
l October 1987, p.2ll• • • • 

CoepanJ formed to co ... rciali&a aupcrcoftductin& 
electronic• 

A n- coapa11y bu bean for•cl to explore ancl 
.. nufactvre auperccxuluctin& clectranica. Called 
Concluctu• lnc .. , tn• co.,.ny'• adviaorJ t.>oerd inclucM• 
aia 1c1ent1ata froa Stanford ~a.veraitJ and Ute 
lmiver1it:r of California at llerkalay. 

Th• coapan:r plan• to aapl«• a11pc:conclllctin& 
electronics 11•i.n& tlliD hl• tac1tnolo11. TllU• 
electronics applieatian• illcl11cl• •ar:r hLiJ' epaacl 
d•&ital elev ice•, .. pntic fidcl clatrctoca, OChar type• 
of clatectoc• aod leD•«• ancl lliF 1paad Llltercannacta 
in lCa ancl circuit boaccla. 

Coaduct"9 doc• ftOt ea,.ct i-diate 
co-rcialiaation of tnae application•. kaowina that 
it vill prOllably talta sllVaral yaaca of raearcn ancl 
clavelopaent to effactiv•IJ eaplo•L cacllnoloaieal 
break tllr°""'• i.n tlla .. nat place. lt clou plan to 
under Uk• joint 8'D project• vi Ch .. tab hailed co•p1&tar 
anti dectron1ca cooapanH• and vill auo p11<111• 
available aover•nt contract• to ttelp advance thi1 new 
tacnno1011. (l!.atrectacl fro• S.aicond11ctor Int., 
O.celllber 1987> ..... 



~111ets .aa4 .. cn•tic 4...,ice• 

SupucOCl4uccUlg S!)IID wons at 11 I. 

Tile first supercOD•ccias eleccrODi.c de.rice u.ac 
operates .abOllfe tr•• r.eaparature of li.qui.cl aitropa 
( 17 It) t.u beea •d• ac ""• ~S labonttKiH i• 
aoulder. Colorado, USA. Tile ... s devi.ce ia a lli&t>
tempcrat"re •e:rs ion of tile aup.1r·con•ctia& 'lUaatu• 
Later ference cit• ice. or SQU lD .. vb tcb caa •••ure 
upe:tic fi•lds tiiitb exquisite a.uir.i•ir.y. lt 
.>puHH ac Ill It. tile S!)IID, ""icll ..... yttri...-
bar i1.1•-copper oaide aupercoa•cc. i.ve .. ter i.al. vu 
funiOCl•d ~1 physicist J•-• E. Zi.-- and 
covorlters loa.alcl OiDo aacl J-• a.all. Prftiously. 
aucb dev1cea vere .... froe .. tallic .. teriala taat 
t>e.;a- supcC"coaducti•• - aacl baace uaeful - ooly at 
teaperatures near abaolute sero. Tbe a.ev bi&D
ceap.erature SQUID .aka appl icatioaa. 1uda u the 
aeaaurement of electrical sip.ala iA tbe b'Cain 1 19GC'e 
convenient and cbeaper. (So:.arce: Cbeaical and 
En4LReerin1 ~cvs, l. 1.ua.• .it.47) 

Kitacni h.as developed a prototype cera•ic-bued 
supercoaductin1 quantu• interfer .. ce device ($QUID) 
for uae i.n •di.cal '"'l"i..,....t. Th• S!)llD woru Ul a 
liquid-cooltd eawiranmeat aad caa detect .. anetic fl~a 
as sD&ll as 1/10 •illiOCltll of cureatrial -sa•ti.a•. 
Sipific.ancly, tile SQUID was fabricated witll tlli.n-fil• 
process ted'u1olo11. u.1in1 litboar~pllic teebaiquea 
s1a1lar to those used in 1 .. iconductor .. nufacturia1. 
Tne prototype S!)llD llas a currmt d-•i.ty of DOU tllaa 
6,0QO A/sq-c•, lli&h enou&ft for practical appli.cacioas. 
Tue SQUlD is as ... ually a auperconclucci.ns ri.ns 
incorporatin1 oae or cvo Ja.epftaon junctions and a 
pair of electrodes connected Co tile ri.n&. Tile c-pany 
hopes to use the SQUID •• a •sn•tic raOClaace iD&p 
(llilll sensor for .... i.n nuclear -saecic resonance 
(it!Rl equi-nt. laH dndoped a SQUID i.n Apri.l 1987, 
.and Sharp has developed a -saeci.c sensor conta1ni.n& a 
c:eraaic superconductor 1 dubbed tne Super tlapeco-
les istor. (Source~ Electrical Enainetring T. 1 

17 Ausu•t l9117, p. 1_51 ••• 

Superconducting ship propulsion 1y1t .. 

Su•Ltomo Heavy Industries, 1.td. 1 has devel'>ped a 
s-.ll-siz.ed liptvei&ht supcrconduct1n1 •llip 
prapuls ion syste• that can develop 6SO horsepower. 
The new syste•, vhich is ~ein& jointly deweloped vitb 
the Japan Marine Machinery DevelopiMQC ii.aociac1on 
(JAHaA), i.a th• second st•&• of a project expected to 
lead co the developaea>c of a 20,000 horaepower 
•~perconduccin& 1hip 1pul•Lon •Y•t•• in four co five 
years, the spokesaaa •• id. 

Tne new system, vhich is based on superconductLRI 
uteri.ah tllat loH their resiacance co Che fl- of 
electrons when cooled clo1c to ab1olutc aero, uses a 
direct current .,tor aod liq•ai.d heli.ua refriseracor 
for coolins ica niobiua- cicaniua auperconduccin& 
coih • ...,ea installed i.n a ship, Che syate• will 
consist of .... turbine, 1uperconductin& seneracor 
and power supply for 1upplyi.n& electrical power, 
liquid heliu• coolin& and recovery device•. and tne 
•~percond~ction .,tor and ~•liu• refriaerator. The 
a•n•racor of th• propoa•d 20,000 horaepover •Y•t•• 
wLll b• fro• on•-fifth co onrwi.pLCll convantiOftal 
•Lu, vii ii• 'h• llOtor will be fr- one-third co 
on•-fou<Ch conventi.Oftsl • i&e. Sllipa quipped with the 
n..., propuhio'I ayate• will not requiu a -chanical 
power t••·•••i.a• ion peth, and will have Fod 
•anoeuvubilicy. (bcupca from Tokyo ICYODO, 

l8 July 19117> • • • • • 

£lectro-ltinULc Syst•• (Trai.ner, PA) and KlT 
will jointly develop cu•to• •uperconcluctor co•po•it•• 
for eleccroD&f'Uic 1lliddi.ng. The prosu- i.1 
planned to buns deveLoptHnt of new produces with aor• 

Slli.eldi.•& capacitiH vuaua pr•-C pr-cu. Kit naa 
••-ced tb&C i.t llad accai.Dad a brHkCllroull' i.• 
....,•lopi.as .. tal precuratKa to aupercoe<hcti.as 
ceraaica. EltS recaatly ... aitted a proposal for 
p-t t..di.D& of -• ruearc:ll .on aupercOD•cti.ve 
compoa itea 1 buecl oa. aev dewelo,.eau ia 
au .. rcoaductiv1cy &Ad liltS' proprietary te.:llnoloSJ' i.n 
c-ai.tH aad coati.ap. (Source: Metal-• ..... 
1 S.pcelOber lll1, p. !>. 

lli.caubi.&lli El.eerie will uoveil ti\• IMI-lSOS 
aupercoaductive-rnoe•ce diapostic dnice v1lb 
-sa•ti.c field atr-stll of l.S tula. Kitaubiabi w1ll 
sell f1ve ... ica tile fi.rac year. Th• apeciall7 
deaipacl atruc:ture of tile aupercon•cti•• -pet 
aiaiau.ea uae of litauid beliua viuaout refr11eratioa. 
(Source: o.,.... Dia, 2l S.pcemller 1917, p. 9) . . . . . 

Dak lidp .. tioaal Laboratories (Oak lidp, Tiil 
r.aa paaaed eiJt lar1e auperc•ductm& -pet• ill &ta 
f1rat tea ta 1 tbree coai.aa fro. tb• US aad oae ucn 
fr- tile Federal lapublic of Gu-y, Japaa and 
Swi.turland. Tile raulu for tile -sa•U -rked tile 
ad of tt.e t _.st pco&r•- 1awol•ua1 tne lateroatioaal 
Eo&r&:f A&eacy'a orseni&ed four-naCLOD, Sl80 Di.llLOD 
Lars• Co1l Tuk. All ux D-Sllaped COL la. ••ell lU' 
tall aod w•i.&hi.o& 'O coaa, produced •n-sta -sa•tU• 
to uphold aciaatific belie:-a tDat .. pee.is• could keep 

hJdropa fvel pl-• tllAt rucll 100 ailli.oa de&••a 
AVE.!- from fuaioa reactor valla. W.Cll -pet rucned 
peak -sa•cic fi.dda of 9 ualu, llO,OUO ti•• tile 
l!Artll'• natural -saecic field. altlloup tile oa1p 
soal was a ualu. Tile force of ••ell coil in tll• luc 
tHt waa S ,000+ tODa. Tne US -sa•t• ca• fr
W.ati.n&b0"8• Electric, Ceaeral Dyaaai.ca' Coavai.r 
division, and Gmleral Electric. (Source~ llataivee ... 
lleva, 211 October 1917, p. 31) 
~~ . . . . . 

Devdopeenc of sueerconducri.ng DApeti.c •corage 

Tne us Defence "'clear Aseocy in the lleporc-nc 
of Ddanu baa oa-d Mentel llatiooal loc., San 
fr.mftciaco, Califoraia 1 and IEbasco SerYicea lnc. 1 llav 
York, u pri• contractors in a pcoject to drtelop a 
auperconducti.n& -petic anug atorase (SllES) tHt 
DOdel. 

lbe pair of two-year coatracta 1 aolicited last 
June an for Sll.8 DLllLOCl and Sll.9 •ilhOCl, 
r•pectiwely. Tbe:y will demaar.rate tne feaai ... a Lt)" 

of develop1.11& a full-scale 51115 ayac .. co power 
sround-baa•d luua aod ·ner '"'IUipMat aa pare of en• 
Strate11c Def-ca lni.Ciauve, ~ut ICll• pocacial 
application in Che ci.v iii.an utllity sector is 
consider ab le. 

tile m&inHr i.n& tu c aodd of Ch• Sllf': vi 11 
featun a cyli.ndri.cal coil -••ur1.111 IOU •tna Lil 
dia•Cer, placed in a 9-.-d••p trench. Tne SllE:i wall 
be abla co deli.vu both acudy power ac 
10-25 •sawatC• for cwo hours for paace-ti• usaa or, 
for Luu VHpOll• appli.catiOCl•, 400-1 ,00" lie for Ollly 
100 Hconda. 

Workin& with lechcal are such -jor 
•ubcOClcractor• •• C...eral Dyna••c•, CA Tecnnolo&i•• 
and General tleccric, pl.,. Pi~t-Dea lloin••, CVI, 
Cryosmic Cooaultant• and Anaaldo, C...eral Oynaa1ca, 
w11oae cOfttr ibutioo will be avperconduct in& aapau, 
will be ua i.ated by cne Texa• M:cderator Cm ere and 

Incar•'1'•tic1 General. 

a.aaco has broupc coserhu a cua of th• 
~uveraity of Wuconai.n, Cll• 119di.aon c;aa and tlectnc 
Co. subsidiary C...tral Wi.ac:onain Development Corp., 
Waatin8'1ouae &lectri.c Corp., Cb•C•IP' arid&• and lron 
Co. and 1uperconductin& .. cerial• supplier T•ledyne 
Wah Chana. (!xcracted from Incernati.ooal lolar ~•rsy 
lntall ip1.ca laporc, l Dllcamller l91fl 



Cer1a1c-b1ssd supersonduccing Mmft 

Tne FurUM.wa Electric Co •• L.td. 1 TOil yo ~lectric 
Power Co •• Inc •• an.d cvo other coapan.iea ha"e .ioin.t.ly 
succeeded i.n produc in& a ceramic-baaed auperconduc tins 
Mteri•l in vire fora, vind1n1 tfte wire into a coil 
•nd ftbricatin.a a aupercoa:ductin& aapet. Tne 
.. .,.ot'• c..rront density 1• abOllt l,000 A/ca2 at a 
t-poracuro of 11 It {-l96• C). 

Metal-based auperconductia.1 .ateriala aade of 
niotnua-titaniu. 1 for euaple, are alre•dy be:LD& 
proc!uced into coil• and .. an•t•, and beina uaed in 
sophisticated equipment. aucn as Mll1. Kowever, ILDCe 
tnese .. teriala require aa. extr-ly low critical 
temperature i•'l or-der to render the• auperconduct1ve, 
tnere is an incon~enience that expensive liquef1ed 
neliua nta to be ..iaed as • coolant. Cerallic-ba1ed 
superconductia.1 .. ceriala, hCMever, can be cooled vitn 
1a1ch cheaper liquefied n1troaen, •nd are tnu1 
attract.in' attention. 

Vroduced into coil for-• this tiae vere oxide 
superconcluctin& .. cerials sucn aa yttriua, bariua and 
copper. Pressure va1 applied by extrusion to the 
substance (activated supercoadu~ti.na powder), 
producin& a vire of about l .. in dia .. ter, vbich was 
tnen wound on a bobbin and neaced/cooled {wind-and
react process)t and transformed into coil fora. 

Tne coil nas an inner diameter of 21.4 .. . 
20 turns, and a vire len&Cb of abouc l,500 ... llben 
Lt was cooled with liquefied nitroseo (70 It) .and a 
current p111cd tnrou&h at a rate of 2 A/aint it va1 
confirmed to 1eneraco a .. .,.etic field of 20 G. Tiie 
critical current density at zero .,anetic field 
intensity vaa equivalent to l ,llO A/cal, and a 
stable superconducti.nR state va1 confirmed even after 
tne coil had been stored for a month. 

(The Furukawa Eleccric Co., ~d., l:'ublicLty and 
Advertising Div.t 6-1, Marwiouch 2-chomet Chiyoda-ku, 
Tokyo) (Source: Jt:TRO, January 198111 

* * * * * 
Production of wire, filas and powder 

!r~ctic•l vire comina 

The US Oepartaont of Ener&y has &iven Arsonne 
llat•onal Laboratory the job of developin& a practical 
conductinA wire from cne nev auperconduct1n1 
cerami,s. Tne aoal is to produce within five years a 
pr~ctical vire tntt lo•e• all electrical resistance at 
17 K. 

A wire to meet the &oals •i&l't be about 
one-seventh of an incn thick and able to carry about 
LUO ampere• of current wnen cooled by liquid 
nitro•en. lt 11ust also be reasonably floxible. A 
wire witn those properties would make tran1m1s1ion 
lines economical. 

Today's vorkLnA 1upcrconductor1 •ult De cooled to 
Liquid-neliu• temperature• of~ K. Dut pra,tical 
applications arc Liaited, Dccauac liquiG neL1um coat• 
about Sil 9er aallon and i• dLff1cult to nandLe. 
Liquid nitroacn, on enc otncr hand, cost• only •bout 
22 cones por &allon and is far ea1ier to nandlo. 

llork1n• closely vitn Araonne on tt•• pro1ect will 
be b·. oo•n.-en National Laboratory and AaH Laboratory. 
(Source~ Hacnine DHign, 25 June l'l87) 

•••• * 

M.l\one-Poulcnc pl•n1 to •uPf!.1_ . .!.upcrcondut:tor. r.av 
~teriah 

llnone-Poulenc lnc. na1 launcned a asJor 
development effort to pro~"c• ready-to-uH rare 
c•rtn/copper/alK•Line cartn oxide powder• •• raw 
.. terial1 for th• production of auperconductor•. 

)2 

C.I. Teveb~uan, lbOGe-Pouleac'a vice president 
"'d 1encral .anaaer foe- fia.e a.11or&an1c cneaicala. 
•a~d, "we have combuled all of our inarpaa.c cnea1cal 
ex.pertiae and nave taken tne first atep to c-..av1nc 
the ";orry of niah-quality raw -teriala froa the 
coepauies vor1tLn& i.o tne .-er1in1 superconductor 
field, allowina tll .. to cODCe!ttrate their resouc-ces on 
1peediu1 tn.e1r aev devclo,..ata ~o co-rci•l 
roalicy. "{Sourco~ Coraaic aulleein,Vol. 01>, !lo. 7, l'l111l 

ltavaaak1 Steel naa announced cne capability of 
eroducin~ co~rc1al aua.ntitiea ot ceraaic ogide wires 
that beco• auperconcluctia& vna cooled v.a.t.n liqu1d 
nitcosen .:o '}J It {-u10• C; -no• FJ. ibc aateri.al, 
vhLCb 11 an oxide of yttriua, barium, and CO?per, 
begin• to ~Ulow a c&rop in ra1at1v1t.y at 'S I. l-11a• c· 
-3)2.4 • F), t>ecoain& coapletely supercon4uccivo at 
'll It. the .:-pany is nov pro4ucin& virea tnat an 
clai..ed co lie of uoifora quali.cy, aeuuri.ns l -
(O .Ult in.) in dia•ter ~nd lU a { l.J fc) in lenat~, Ln 
lGt • izes of lU IL& (21 lb) or aore. ltavasaL Stoel 
uses a propri•·tary ceramic proceasina tecnnolo~y to 
draw these •-11 diameter viru u.to JO • lengtns. 

ln recentl1 co~ducted tea ta, a er a.tical current 
4onsi.cy of 4lU •\/c.f vu recorded. Tnu current 
flow is c:onsi4o<ed co be indic:acive of Che ab1enco of 
iapuritin. X-ray anal11ia na1 confirmed me 
.aterial 1• ba.)&eneous •icrmtructure. (Source: 
Hateri.als and Processing leporc, .August l987) . . . . ; 

American 5upercon4uccor (boscon, KA) vi.ll produce 
KU devdopod -••I alloy supercon4uccing vuc cnat 
ruearcnera think ba1 mare co-rcial potential ver1us 
otner supercon4uctin& .. cerLal prodUced asde .. inly of 
ceraaic. American Superconductor, an Merican liD 
(boatoa) aub1id1ary, said coe wire aade from europ1ua, 
bar1ua, copper and sold .. Y possi.bly be co .... rc1ally 
offered by l9811. American 5upercon4uccor expoct• to 
be~in ahipp1111 wire saaplea to cuato.era in l~8tJ. Tne 
wire'• uae of aetal would .,ke it eaaier to turn into 
vire for aeneratora or tran1aitting Linea. Wnile 
cera•ic material• 1now a full Losa of electrical 
reautance at teaperaturea closer to roo. teaperature, 
they are brittle, it 11 nard t? produce vire fro• 
tnea, and they are auperconductive in a ... 11 part of 
cne materiAl. However, cbe KlT alloy loses all 
re1i1tance to electricity in 70 per cent• of tne metal 
and it occurs at te•peraturu of 'JO+ It. (Sot~rce: ~ 
Ktl tkt, 10 .Au&ust 19117, pp. l. 8) --- ••'"·· 

A filwnt aade of aueerconductive cer•ic 
aateriAls bu been developed by researcnua at Na11oya 
lnstituce of Tecbnolo&Y (Japan). Tne hl-nc, vnicn 
naa a diameter of all> a1crona and a uJl&m• lenKth of 
L m, become• 1uperconduct1ve at te•pcrature• below 
-lH"C. Coapooed of yttriu11-banua-coppu onde, cne 
filaSDent ia produced uaina • tecnnique 11silar [o wet 
ap1nn1n1 for 1ynthet1c f1br• produc.tioa. Tne process 
involvu injecting an alkali 1olution froa a •yr 1nge, 
a procedure that better 1uit1 aaaa production ver1u1 
th« conventional way of inaertin& ceraaic material• 
Lnto a copper or a; lver pLpo. (~ource ~ J_~ 
Econ'>•ILC Journal, l2 Septelllllar 1987, p. 21) ... : . 

•s _joLnCly prepared and cbaracterued l!.!tl!! 
.t~r1e t ":!£!!.!!.!! ior a ncv l•••r-ablc.t ion tecnn 1que 
wLtb the JObns llopllins Uni.versity Appl ud Pny11c1 
Laboratory (USA). Tnc laacr ablation tccnnique vaa 
developed at tne Applied Physics l.aDoratory (APL) co 
deposit superconductin~ oude tnin hl .. on 
aubatr•tc•. Tl•• euperconductina trans it ion 
c .. peratur•• for ablated CbLn f1las of ~arLua, 
vttriua, c:oppor and oxy&•n - the bYC0-1,2,l, 
coapound - at 94.> 11.elvLns and for hlu of lant11anuis, 
•tronti.u•, copper and 0•11•n •t 41.~ Kelvin• arc to• 
aa .. •• tho&• .. aaurcd for th• bulk .. tcr1al1 used for 
alllaci.on, Tnin hi .. vere produced on unnuted 
•Ubstratu and no furtner proc:euin& vH required. 
Tne hybri.d supercon4uctin1/a .. icon4ucti.n1 ay•t• .. 
offer potentL•l for 1aaller and falter ICs, (Source: 
!!!j, 21 Septelllller 19117, pp. l-2) 



Start;.aps .ake bulk form and electranic devices 

A nev coap.any u.1e1 es.plosive coepacti.oa to fora 
superconductors into bulk for .. up to 24 ca dia .. ter. 
The ceraaic powder i1 laid into a ch•nel betvcen tvo 
plates of .alu.inLu• or copper. Tb.e sandvicn ia then 
shock wave-bonded into a .anol i th by a precise 
••plo•ion of a-aniu• nitr•te. nae met.al claddin& 
overcous proble• vi.th ceraaic brittlea.eas ud 
o1.t.,spheric dearaUtion.. The co•pany, for•d by tvo 
Oreaon Cradu.ete Centre profesaora .. i.1 interested in 
pushing throucn co..e~cial ap~lic.atioc.s, 1uch as 
enersy storaae r in&• for m>tora and 1eaerator1.. They 
can produce kilo1r .. aaount1 of superconcluctin& 
powders daily, and are lookina, for venture capital, 
co-operative research .. aad want to p:t into the .. rket 
quickly. (Extracted fr- lli&ft-Tecll 11.ateriah Alert, 
Movellber 1907) •• • • • 

!letal Manufacture<• (Australia) baa developed 
a power tran1•1s1ion cable that ia supe:rconductive 
at 98 K. Tbe cable, sheathed in copper and cooled 
vi.th liquid nitroaen, is far from beina ready for 
co .. ercial use but could ultiaately be used by 
power stat1on switchyards ..tlere power losaea fro• 
customary cable ar~ extensive. Metal Manufacturers .. 
wnich recently lent $200,000 to the lhiverait1 of 
Sew South U..les for superCOAduccor research, said 
tne cab le could have ujo< iaplicatiooa for 
firms vi.th interests in vario..s electronics 
businesses. (Source' la Mtl lttt, 9 llovelli:Jer 19117, 
? • )) ........ 

I'\ tas t way co aak.e superconductia& thin fil• 

Researchers at the r.eneral Hatori lleaearch 
L.aborator ies say they have co• up vitb a quick .. 
inexpensive process to uke and al tar the compos i ti.on 
of supercooductin& thin filaa - a developunt that 
could accelerate the already rapid pace of developoent 
10 toe field. 

Unlike 1110st researchers, wno nave been vorkin& 
with vacuu.-based techniques such a1 laser or electron
beaaa evaporatiun and sputterina, QI researcher• at the 
Warren, Mien •• laboratories nave turned to •tallo
organic deposition. because the approach is nearly 
identical co standard liquid spin-coacin& photores ist 
techniques, and because it is done entirely at 
i1t1110sp11er1c pressures, the -chod can be acc01apl i.shed 
witn a miniaa;,m capital invUtMnt - in the SS,000 
ranae, CH workers 1ay. Thia could open up the field 
for researchers at more universities and other places 
with limited bud&eta. 

'.bat is more, the technique allov1 compo1itiona 
of 1uperconductin1 macariala to be altered and .. d• 
into tnin fil• -..en aore quickly than vitb otner 
•thods. "lf ao•one ca• out to.orrow vith a 
m.a.terial that i1 a room-t••perature 1upcrconductor, we 
could have a thin fil• of tnat aaterial within a 
week," contend• Jo••ph V. Mante••, • Cit reaearch 
engineer. •y contraat, he 1ay1, vacuua-tta1cd 
1purteri~s techniques can take a aonth juat to chans• 
tn• co•po• i tion of a coapound wll i.le a nev a putter ins 
tariet is obtained. 

Researcher• at AT'T acll Laboratoric• and Purdue 
U'niveraity have u1ed the••• •thod for .. kin& 
aupercooductin1 thin fi.lu, but CH aaya it was first 
to pub l i1h ruul ts and hea filed fo< • patent on the 
cechnoloay. The QI tea• reported hot -nth oo the 
cecllni.que'a use in fabricati.ns thin hl• of yttdu• 
b•r iu--copper oxide on 11n1le-cry1tal 1trontiu• 
titanate and polycrystalline badu• titanate. The 
filiu 1upe<eonduct at 90 K. 

llllxt i1 the preparation of oi .. la< 
•~perconduct1n1 fil .. on a silicon 1ubatrate. The key 
i• the development of a suitable diffuoion barrier 
that will prevent 1ilicon ai1ration into th• thin 

SJ 

fila, vhicll can deatroy ita a11percoaductia1 
propertiea. (So":":' •• '-l:ctrooic., 1 Jaauar1 l9U) 

auakthroup io tbio-fila a11percoa.,ctou 

A Japan••• coepe.ny ia claimi•& a breallthrousta in 
the -.nu fact~• of bi&h-C. .. perat.ura auperconduct••. 
"ippon ltokan (llat) baa ~een vo<kie.1 vitb profeaaor 
Kyoji Taellik- at Toll.AL lhiwerai.ty oa -in& 
aupercoatNctia& fit- by aprayiaa oxide• of ytt.riu• .. 
bariua and copper io tb• few• of • Cllarpd plaau oo 
to a substrate. Tbe fil- are aupercoaductina (an ow 
no re• i1tance) at 91 It. 

llUt hu developed a va1 of plu- aprayie.1 t11e 
oJudea at low praauraa - betvem oae-foctietb and oac
quarter of all atmoapnere - ill a cn.-er coatainiaa 
ambient aaa. lbia 1 it cla1• 1 bu proved aaCD .ace 
aucceaaful th- pr.,.i.oua approacllu inwol•io& plaa• 
ap<ayios •t at-pbaric pruaurea. Ofte of tbe 
adYantapa of llat' a technique ia that tbe fila adheru 
-re effecti•ely to the aubatrate. 

lhe teellnique baa produced film that au llJO 
ai.cro•trea thick, abov no ruiataa.ce at 'IL I. and nave 
a critical currmt denaity of 700 -,era per aquare 
ceati-tre at 11 K. lhe fleiuner effect - ..,ere 
aupercon .. ctou exclude upetic fielda, occur• at 
11 K. 

llUt also claias tbat ita technique ia 1,000 ti-• 
faater tnao aoa-aprayiA& tecbDiquu, ..caicb lay tbe 
fila d- at a •peed of leu than U.OS aicr-tra per 
•inute. (Thia first appeared in llev Scientist, 
London, the weekly review of Sci•nce and T•cllnolo11, 
14 January 191111.) • • • • • 

Tape-for• h ip-teaperature SUp!rCOaclucting Vire 
of b1p current density 

Kitadli, Ltd. aad ill.tachi Cable, Lr.d. have 
jointly come out with a tape-foca nian-teaper.ature 
superconductin& vire havin& a hip current density of 
l ,8!1<1 A/cal at a liquified nitropn t••pe<atu<• of 
11 K. 

This wire ia aade of auperconcluctill& yttriua 
uxide and has • tnic1tnu1 of 0.1 - and v1dth of ) -· 
lt ia ude into tape fora by packin& its raw uterul 
powder into a • ilver pipe and elonsat Lh& tne pipe, 
then heat treatin&.it in an ox:y1en environ•nt at a 
t-pe<ature of 900 C. 

The taped wire'• core part ia very fine vitn a 
thickn~•• of 6U •icron• aad the vire ia further 
c:oapacud by roll ins, by which ita current denaity ia 
rai•ed conapicuoualy. The vire beco•• aupe<conductin1 
at a teaperatu<e of 93 ~. its super critical 
teaperature ia 90 K, and it ha• ~een confir .. d to pa•• 
a current aa lara• u S,700 A/c~ io a liqui.had 
heliu• env iron-nt (4. 2 Kl. 

lle .. rdin& tha application of hilh-t•aperature 
auperconduc:tio& uter1a1a to the field of eo•<ll', the 
fabrication of a11parconducti.n1 aap1eta will be 
fundaaental, and in order to fabricate th••• usneta, 
the fabr icati.oo of h i.&11-t••peratura auperconductina 
virea vill, in turn, beconae ind11pen1able. 

Therefore, in future, tne coapany plans to UP&rade 
the wire's current density by furtner c-paction and 
by dccru1in1 the particle 1urfacc boundarie1, '"'" 
the aia of develop•n& -re aopnuticatad vireo for 
var ioua kinda of auperconduct ins •a&n•ta. 

(HLt•chi, Ltd. 
Pub l i.c: Ile lat ion a Secreter y 'a Office 
6, Kanda-Suru .. dai 4-choae 
Cniyodaku, Tokyo) 

(Source: JITRO, January 1Y8d) 



Oaid.e a.irercoaductia& vire vita critical curreat 
d..,sitr of 11,000 A/c;l 

F .. ji1<11ra Ltd. baa C- O..t witll U Ollide-i>Ueil 
s .. pcrc-dvctia& vire capable of pusia& a ccr..,t u 
Ina• l l ,ooo AJcaZ. 

\il\ile s-apercoaductin& VLr .. -•• of yttri.-.-, 
bariv.- and copper-based ceraaica bawe •J far attained 
a critical c..rrenc d..,.itJ of l,000 A/ca at beat, 
the coiapallf a .. cceeded ill avcpaasiaa its tarpt of over 
10 ,000 A./oaZ. It aca ieved ta is bJ raia in& cae 
,_der d-•itr d..riaa tlle wire fabricaciOG procaa, 
alld by illtroducina a "'"" tecllnolo11 for •-in& tae 
wire 1

1 me1thin1 •terial aa.d aubje:ctin& ltb• vire to 
s interina true.eat .. 

!lore apcci ficallJ, in tile proc•• of packiac rav 
aateri..al povdcr into Mtal pipes for sia.teriD1 1 the 
proDerties of the raw •terial• are kaowa: to be 
dearacled by t.he ruction occurrina betveen tile oaidc 
uterial '• oxya•n and tile ahutllin& -cerial. To cope 
with this problea, a noa-0:1:idi&in1 .. tat (ailver) is 
used as tne sneatftin& •terial, but nen vi th this 
silver shea.tbi111 1 the critical current density ia, at 
but, onlr abo..t Z,000 A/al-. 

In ocder to ra iae the current dma ity, Fuj ikura 
first increased the powder sinter in& dens icy in tae 
process of pack in& tne rav -teriala iato th• sbutna .. 
TheJ also increased tlle powder densitJ by a spacial 
treat-c, vitll Che result tllat the ,_dared bodJ, 
previouslr full of voids, vu •de ber•ticall:t tipt. 
In addition, the alleatllia& .. terial vu r-ed to 
enable tne oxide •terial co be beat-created ia an 
e1tposed state, therebJ prevent in& Cbe cracks llllicn cm 
be aenerated "'1en beat tceac..nt is perforMd topCllU 
vi th the sheath .. 

by introduc in& these nev tecbaola1ie1 in tbe vire. 
f.abricatioo process, liquified nitroan test data have 
corroborated the pu••&• of a critical cvrcnt of 81 A 
with a wire havin& a dia-ter of 0.'17 -. vhich is 
equivalent to a current density of ll,UOO A/ca2 • 

(Fujikura Led. 
11-20, Nisbi-COcanda 2-cna.e 
Snina,ava-ku, Tokyo) 

(Source; JETlO, January 19118) 

Flexi~l• tape fabricated by nev -tn~ 

A. superconductin& c.,.posite tape of 
YbazCu307..,. that has a certain a.,unt of 
fluibil ity has ben developed by ll. Topno and 
c;~-vorkers at tne National a..carcn lnatitute for 
:-tot a ls in Japan. lt is •de bf the solid stat• 
•~rf•~• reaction of~ bariu• carbonate (baC03) and 
yttria (YzOJl coatin& on copper tape or copper 
electroplated silver tape. The ZOO ua tllick Cu tape 
vaa epray coated vitn an ethanolic 1utpen1ion of a 
mixture of DaC03 and Yz03 powders, followed by 
neat treataent ac 900• C for 10 ainutc• to three houri 
in air and then slow cool in& in the furnace. 

To suppreu the for•tion of a copper oxide 
( C"'20) layor, the powder mixture vas reacted with a 
JO um tllick Cu layor electroplated on a Zoo/'"' tnick 
A& tape. After react in& at 900° C for 10 ••nutes, 
microarapba of tlle fracture surface slloved that the 
era ins (a fev to 10 )'• in dia•terl of tba 
auperco~ductin' oxide sre 100re densely packed than in 
bulk aaaplu prepared by conventional sinterilla. Thia 
tape could ba bent to ••ll di•-ters (<SO -> without 
Che reacted Layer either brcakin1 or 1cpar•tin1 fro• 
tne cape. Tne cera•ic oxide hyer also bad better 
aupercond11ctin' propercies tllan on the Cu tape. The 
Tc at 0 r .. iatance vas about 8) It and the b i&hest 
J, wss about 42 A/c•2 at 77 It and O Tesla. Tne 

r•eardler• are • .., ope iai& ia& tlaei.r pr:oceaa to 

i~owe tile ••parcamducti•& properti••. Tiiey believe 
taia w- a-tratu Cllle pot•tial feu1IHhtJ of 
proceaa in& 1'a;i,C•J07..,. iato l-1 l•&CA• of 
.i .. ctile ••parcamducc:ive cape. (ll. To-... ti-al 
leaeardl. l .. tit.•t• foe lltt• l•. Ta••• &..•water i.ea. 
1-2-l, S-an, S&ca-..ra, •iillari--. lbar•• JUS 
Japaa) (Source: llateriab -d ProceHin& leport, 
Jmuary 1911) 

Y euatile proceH for preper in& •uprcamducc ill& 
Cilia fil-

A aiaple -d ecae-c -callo-orpllic •pi•-
procaa for proparU.1 aupcrc-•ccin1 tain fil- llU 
b- de•elopad br llicaal CroH ud co-lter•, also at 
AT~T lell !aoratoriu. lt u tile fiut tbin hl• 
proceaa in wb.icll aoluti•• of tile comti.aff precur&«I 
are •piir-coated alld fired to pr-ce auperconductio1 
filM. Tbe fil- f- c- be fr- a fev tll--d 
anp trtma to a ewer al •icr•• tll Lcll., and tile t•cb•i•ue 
allow preciae atoiehiomtric coatrol of ti'&• -t•l 
atoa ratio .. 

$pecifically, tlae Mtlaod inwolwa apitl-CHti•& a 
substrate aucll u &irconia (ZrOz) or Mp•i- oxide 
(!ISO) at 2,0llO ,,. vim a •nl11u- of cae -callo
orpaic prec .. r•or• (:Z-.tllflllexa-te compl .. oa of cne 
rare urth, buiua. and copper iaaa), or dippiaa tlae 
substrate iD uae •oluti-. 1lao coeted •-ples are 
prel>aked et lUU° C to r-e rai. ... l aol••t, tll
fired U. • •teady ecreaa of Oz (ac ID0°-9U0° C) 
foll-d by maealUl& at 400° C. Tile OGHt of tile 
1uperco1ukacti•1 tr ... itioa occur• at 19 l, r.ae 
critical t-pcracure (Tel at 0 raaiatance is 11 It, 
aad the critical surre.r: density (Jc>. _ ........ at 
6S l, is abo..c 10 A/cm'-. Craclt-free fil• 
prepared bJ two ~tiap of O.S,.a eaca folloved by 
firina ac 990° C •- an imprOYed Jc of 
lo4 A/al- vita ao cbanae in Tc. The ioaprow-at 
in Jc LS attributed to Ole ••coad co.mt fill LA& voids 
in the base coat. 

n.e reaearcbera believe that their •pLn-coatiaa 
procua offer& anual aclYaataae• over othu reported 
solution techniques for preparin& fil• ill its abilitJ 
to applJ aou uaifor• fil- of VUJi"& tllickneuu. 
Even tbo..p the Tc• and Jc• ar• not particularlJ 
hi&h, becauae the .. tftOCS is ao "low-tech" it offer• a 
relatiwely eaaJ and irutape:aaive vay to prepare 
.,ltiple samples for •pplications development vork. 
(Source< lteterials and ProcuaiD& llaport, 
January 1988) . . . . . 

Novel eovder preparation technique 

A freez.e-dryin1 technique tnat can produce nip 
quality powder• of auperconductina oaide1 h•• been 
developed at the Oreaon Graduate Centre. Sintered 
... plea prepared fr ... tnue free&e-dried povder• are 
verr pure (require no addi.tional •inter in& a ids) and 
have ni&11•r densities than • incered s .. ph• prepared 
by convntional solid atate powder reaction. [n 
addition, as shown oa Fipare A, the r .. 1atance of •n 
rttriu• l :2:l •uperco11ductin1 oxide prepared fro• 
free&•-dr iad powders dropa very anarply to 0 witn 111 a 
ranae of l to 4 K, vith the transition t .. per•turc in 
th• 9l to 97 ll ranp. And its di.a•anetic effect (as 
•aaured by tne levitation heiant of a •an•tl i• 
srronaer than an annealed ... ple prepared by a sohd 
1tate aiaina ruction. 

The free&e-dryina proc••• consists of a1xinc 
stoicbi.o-tric aqueo,.. aolutions of pure salts of Cll• 
stanina .. ceriah, freuin& tne aixture by sprayin& 
vith an •Co•iaer into• •••Pi• h~lder filled v•rn 
1 i.quid n itropn, subli .. tion of cne oolvat, and 
dec.,.position to for• tlle ,_dared prod11ct. After 
pr .. si.nc into pellets (SO,OUO psi) and ainterinc 
(9S° C for ei.pt to 72 ho""' in oxyaen), X-ray 



spectroacopi.c ltv4i.es U.•i.cat• .... ca.meal 
ll.-&mei.ty Vltl'l al-St ao TUiata.• ia C-.pcM&.ti.• 
fr .. oac 1raia to aaotber acr•• t&• 1..,1 •• 
!hcro&rapba aftov larpl1 tile i::via Ktll..-ic 
nazC11J07..,. paaae r-ia& all acr•s tile •-le 
W"i.ttt. wer1 fev otaer pll••• M:tecle4. TIM •••loper• 
bel 1.eve uui::o; tbie cr70c:beai.cal tecaai•- c- •• .... 
to pcepare c-ci.al 'l,...titi .. of bi.p 'luali.t1 
precuraOC' povcler for 1upcrc:oa .. ctor1. 
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(Nicholas C~ Eror, r:ofusor, DtpartMDt of ltater~•la 
Science and En1iaeerin1, Oreaon Craduate Centre, 
19600 11.W. Voa lleu-n Dr., lleaverton, Oil 97006-1999) 
(So~rce~ Materials and Proc~sina laport, 
January 1988) . . . . . 

In situ pE'oduction of 1upcrconductin1 tbia fil• 

A hi&ft•pressure reactive cvaporatioa proc .. 1 that 
for .. hi.p.ly oriented fil .. of tne aupercoaductin& 
phase of yttriua-bari"8-c:opper~aide in situ is under 
development at Cornell Universir.7, us~ proc••• 
i.s based on the electron be .. co-.vaporatioo of Y, aa, 
and Cu vi.res onto heat•d (600°-7S0° C) substrat•s in 
oayaen (at 0.6S •torr>. by beckhlliA& r.ne deposition 
c11allber vith ca. 100 torr of Ollt)'&•n ""ile the fil• 
cool, "IC• of 81 to 8J It vere acllieved vi.thout any 
post annealin&, on both atr..,tiu• titanate (SrTi.03) 
and yttria scabilizcd zirconia 1ub1trate1. Critical 
cur rent dent i. ties (-'c) above 106 A/ c•2 at 4. 2 I. 
were obtained vith filM on both substratca. Thia 
demonstrate• that at least on• 1\lb1trate other tl\an 
SrTil>] can yield 11 ip Jc value•. 

Th• rcsc .. rchers bel i•v• that aa their proce11 
beco•• opti.•i.ud the pro.,.rti .. of tll .. • fil .. vill 
i•prove. Tney a1111est that thi• approach to &rlJOllR& 
tu.,.rconduct in& th in fi lu is par Ci.cular 11 pr omit in& 
for tlle rapid development of a auccess ful hi.an Tc 
thin hl• technoloa. (Robert A. •llllrun, Profeuor, 
Scnool of Applied and Enainearin& Pnyaica, Clark Kall, 
Cornell l.ftiver.Lty, lthaca, "y l48Sc>-no11 <source-. 
"•ter1alt and Processin& Report, January 1~88) . . . . . 

Introduction of 1upercondu1!tive pavd•r• 

W.R. Crace'• Davison Cll••ical Divi.aion, USA iA 
co-operation vith Grace'• corporate r .. aarcn division, 
nat dev.io.,.d hiah-t••pcratur• 1-2-l tuperconducuna 
powdart and a fllll line of hiah purity rare carr.n 
oxid••, wt\icn it nov offcr1 for •lectro .. anccic 
application• in the co•putcr and electronic1 
indu1 tr ic1. 

Crace .. ,. its bazCUJOJ-z ,_.r ia 
9'1.9 per cast pure, aD4 •• ...,. -r• ta• '2 per ce•t 
s•percoa•ctiwity '*• pelleti&M at 1~•i1 aitropa 
t-perat....... wace alaa affen a S~Cr- prec .... aK 
l'r ... ., wlli~ req,•ira calciaatiM. bJ Ule .: .. toeer. 

T•• • .., ewbataace• are lt•iac ... at Craca'a 
11a ... U.1t• -••rcD C..tre i.• Col-ia, llaryl .... 
(Source: Cllatical llar .. uia& Rcperter, 11 J•uary 1911) . .... 

Pllilipe of t•e •caerl- llu for-d a t•ae of 
2S top aci•tiata to affll a bre•tllroa-" ua ta• 
dewelo,_.t of aupercoa.,ctora for ~rcial 
applicatioaa. tile t-, ..-u., ua t:ia•OY• ia ta• 
•caerl•a, Aacll• ia tae Fa•r•l lapublic of c.r-n1 
- llCi.arcliff -oc iA L· Yark State ua me ."$ is 
tne first priwately-fllftded iai.tiatiwe iA Europe ai-ca 
to praeuct a aupercoatbccua1 •tuial tbat baa •o 
alcctr ical ra iatance at roam te., rature. 

Spe.elli.n& ua ~in4howr.i lut 11eu. tne team'• 
leacler, fiet aoaprs, aaicl tb.at Pbili.pm would work 
closely vita reaearclln-s at several ~tc:b 
u=aiweraitica. Tbe r•urDlf:C& 11.re to rely oa a 
tecn1ai'lue called alectr- aicroacopy to had tile b .. t 
comiaation cf .. uri.als :0 •Clliawe tlleir object1we. 
Tile c_,_, ·•ill alao call .., apphed p11yaiciata ,... .. ., 
vork oa Joaepbs• juact: ioas aad a i.aple a vi tell in& 
deYicea c-ld lead to nev -tllods oC rroducina oa a 
larp scale aupeccoa.,ctina cbi.pa. ('1>u first 
appeAred ill llev Scim.tiat, Locadoo, Ute veekl7 rniev 
of acience and teellnoloa, 11 J ... ., 1911.) ..... 

Supercooducti•ity update 

WR are 1 tar tin& to ••• a ab ift in focn1 in 
supcrconductivit7 fro. tile theocetical to Che 
~racti~al. ?be coofer.ace on applicatioa.1, apaoaoreo 
by tile O.parr.aent of En•ra, belca on 21-29 Jul1 in 
Wa•b i.natoa, D .. ~. • i• oae exa•ple.. For once tr.e 
apotli&ht ia aot oa increMatal iaeru•u in 
t-perature at ..... en auperc•ducti.Y1ty has be• 
observed. We are also at.artiaa to ••• so.a .. rket 
forecasts and atudi. ... Strst•a•c Analpia, Inc., for 
instance, is under vay vith a aiAe......oadl multiclient 
study tllat should be out early -at year. Coat •• 
$2S,OOO if you aian up after 1 Aupat, $S,OUO leas 
before. . . . . . 

S..perconductivitr .. rket: l986-2UOS• 

End-uae industry 

Electronic• 
lnatruaentatioa and 

-di.cal 
Aaroapac.• and deienc• 
lnduatrial 
Power pneration 
Tranaporuuon 

Total 

$ a ill ion 

.ill! ~ 
40 400 

200 780 
2S HO 
20 200 

< s )0 

..!..1 2U 

~ $1,BUO 

• Source: Strata1ic Analyaia, lnc. 
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Earlieat apphcatlon• of nev auperconductin1 
.. uriah vill be in retrofit of eaiatin& duipa for 
product& auch •• .. di.cal 1 .. 11n1 equi,....t and 
aalectad teat aection1 of nip-ener11 accalaratora. 

Another practical applicauot1 pttin1 attention -
and fundina fr- r.n• 11$ llavy - ia development of 
aupercontluctor-beaad e Leetr ic powered aubur in .. and 
ahipt. 



Donald Wbaer, ""o r11Da tna llaval leaaarcb 
l.llboratory 1 1 .1uperc0ftcluctw pcoar•-, predict• the 

!la•y vill be •kins motor• vitn IClle aav 
a11poercoe .. cton by th• ai-t-t990a. 

Joi.au•& tne effoct to oraanuc 1upcrcaa.ductor 
racarcll into focuaecl vorkia.1 aroupe ia KIT.. lta 
plans uwolve for•iaa a larp-acale reaioaal rnearca 
orpniution, perllape ia IClla fora of a latiooat 
Science Foua.Utioa-1pon1oced acieccc aad techaolo17 
ceatre. (Extracted fr- taaide KD, 29 J11l7 19S7) . . . . . 

S..•ito•o c.-t 11aa developed lli&b p11nty 
alk.oaitles of trmsiti.Oll elements for uae in bip
teapcrat..re 111perc-clllctCX"1. Tbe 99. 9-9'J .!199 par cent 
pure alkoaicle1 include titanium., taatalU11 1 niobium, 
1.ircaaia, iron, alu•iAiua, 1ilica, t1111111ten, aalliua, 
tin, yttriua, barium and c"'pper.. llip. purity cllloE'ilie 
.1.nnydr•des are u.ae.t .is rav Mtcrials, aacl are r-e•cted 
vi.th alcohol and &111110aia to for• the alkoai.de1 1 vhicb 
are available as liquiu or ,-Cars. Hydroly&in& in 
alconoi. produces a 1e l-l U.c -terial that caD be 
s i.ntered into cerwics.. (So1iacce: Japan Cn:ea. 
9 J11l7 1987, p. 5) ..... 

Electro TeCllnica: Laboratory lJapan) llas 
developed a -tallic aupercoacluctor that operates at 
rooa teaparat..r• vilCll no naad fo.- cool•ta. Stroeti
is added to standard "vara" seaicooclllctora -
comprisina Daris.-, yttrium, OXJlml ad copper - Cllat 
operate at -180' C. ta tll• I.It, Cambridp 
Ur. iven it:r, Cmaral Electric (ur;) •• otnar fir• are 
co~paratina vnll eaCll olCller •• Vltll Electro 
Technical Laboratory c.o develop auperc.oeductora.. In 
praliainary tests, ETL's •tend r-inad 
superconductive for oa• clay, loo.pr ma ia aiailar 
reported insuncea but not lona enoup to llaYa 
co-.rcia l application•.. (Source: Financial Ti••, 
London, 28 Au&ll8t 1917) 

c •••• 

Inter .. gnetica General introduced a 
superconductor tester 

The nev unit deteraiaea the potential and 
characteristics of .. cerial •••pl&• of 
nian-t••perature auperconductora. Cal led 
Superconductor Cnaractari.zatioo Cryoatat (SCC), tna 
unit vu dHiped to provide a •tnod of prod11cin1 tna 
low-ce•perature environ•nt needed to te1t HISC 
superconductors. lt U deaiped for buic -cerial 
•asur-nts, 1uperconductin1 electronic 1tudia1 and 
power applicatioraa studies. It require• no cryoaeaic 
liquids. lt uus industry stanclard funcla•ntal 
aeasureaents at closely controlled teaparaturaa from 
12-350• IC replaced ac p/-0.5 l acability. Tiie sec 
can also be used to detect very 1ull fractions of 
hip. teaperature 1uperconcluctor1 in otherwise non
superconductin& .. terial1. (Source-;. Electric News, 
211 S.ptuber 1987, p. ))) ..... 

Superconductivity probably doe• not exist above 
l SO It, accord in& to taK resurcnars. My find i.np of 
;;;«conductivity above this te•p&rature .. , be 
ascribed to •••ur .. nt error. lc1e•rcher1 have 
beco• incruain&ly a.~aptical of raporu of 
superconductivity at teaperatur .. over 2SO k, becauae 
the cr.an11.ent obee:-vat1ona are not reproducible. Tne 
•pparent auperconcluctive a ipala can ~• attributed to 
c".an1•• in the re• is t•ncc of the con tac ti be tween th• 
electrical le.ads and the •••plc, and the heteroasneity 
of the •••pl•• can produca ai1laadin1 electrical 
• i1n1l1. A.II. Sl•il"t of DuPont aarHa vitll tile l•K 
researcher•, 1ay1.n1 that 80ntt\1 of work have not 
""'covered any evidence for euparconductivity over 
200 IC. ~S IC reu1n1 tna nisnest t••p•rature at wniell 
:1uperc:onducc1.v1.ty h•• been conhr.-d. Still, l•K'• 
J.•. Torrance 1.ay1 that n' iner taaparatura 
superconductor• •i&ht sti•I be found aoaaday. 
(Source C i E Navo, 7 SeptHD•r 1987, pp. o, 7) 

~ .. -

Japan am to 4e•alop 1 in1lrcryat.al •• 
tnin-fila supercoeclllctCX"a. Tba Science - Tec1>aolo17 
Ac-cy 1a Kati-al leaaa•Cll tnatituta for llotah 
(l•Ut; TollJO) bopea to lallDCA a ~140-ilh-, 
fiwe-ycar pr-oar- in fiacal 19•• taat woul4 pro4ilce 
ain&l• crystal& fo.- 1ai11t-apecd U>atr-tau-. -• 
tllua fi.1- for -r•-poverful -p•U. •Ill plans to 
d&Yelop cryatala by l-•ri.a1 tile aolution t-;;>erat..ra 
to 1eaerate cryatal fo~tioa, uai.a1 t•• •lti.a' 
(neatin& a -terial to r..-.e iapur1t1.ca), aad '8.SLDI 
Czocbralaki tac.'lni.q-• (crystal 1r-i.n1 by 1aad1a1 a 
molten batn) • 

Tb.e lnatitut•'• file effort i• 1111.ely to focu• 
-~ sputt•r"'I fo.- auDatrate proci.acuoe; precu•lJ 
c.ontrollia& tb.• am»uata ~f yttriua, copper cul bar1"9 
pceaeat~ and lowera.aa tile. aiatera.as temperature: froa 
its current lffal of about 700° C. (Source: Cllemical 
liA&Lnaariq, 2D Octabar 19117) ----

• .. 
Japaaeaa proaras 

;•paaue raearc:bera llne been piliaa up pateata 
for aupercoa«kacto~ -terial• and dnice:s. l'Dey iane 
filed -r• tllan l.500 application• vitb tne Japaaese 
Patent Office. S..aito- aloe• iaa• 1UO of aa-. 
Cr-ud, Japan -arcla paUata to IClla firot coapany to 
file• so tbc:y aava reu• to pt c:bc:ir applicatioa• 1.11 

tba -il. ltut the amount of actiwity i1 
e:xtraorclioary. Here ara •~ of Ula raulta: 

:ivperconclllctin1 fil- can be -- by dippin& a 
z.ircaaia-bue.d vafer l.Dto a .altm aolutioa of Jttr1ua 
ataarace, aapbtllmic acid bariua. and aapbtn•ic ac.icl 
copper. Tbe reaul tins fil• ia 21" tnicl<, and 
s11perconclllctive at 90° l. 

I.be laduatriea ia alao iate:rated ia thia fil•, 
but plan.a to atic.k to 80C'e coDVe11.t1oaal aeai.caacluctor 
tcehnique.9. It hopes to optiaiz.e a cer-ic 
aupercooductor that caa be apetterad onto a 
a11l>1trate. Critical teaperature allould be 90° l. 

llo1t U>terestina brealttllroup i.a an optical 
1vitcnin1 device tnat uau aa a.orpnoua fil• of nip
t-perature: auparcoacluctm& cera•ic. lil\ile it ia 
atill ill tile baaic raaeardl atap, early reaulta aia
pro•ue. leae:arcrae:ra are YKJ close vitn tnair data, 
but auperconductore could be uaad to rapidly trana•it 
optical 1ipal1 into d11ital electrical pulaes. 
(Sourca: Ki&l!-Tecll llaterial1 Alert, October 1917) . . . . . 

1 ion year, accordiaa to P. Winson of Oxford 
lnatr-nta (llC). Sa lea of e11perconcluctor proclucU 
ara c..rrently about 5750 •ill ion/year. 
Superconductor• are suitable for any applicatiOfta 
requirina trAAaai.91ion of electr1.c1.ty ower lar,e ~r 
.... l diatancca. Superconcluctins coil upeta can 
prOdllC& Itron& UlftCtic fialda vitllOUt r&qulrLRI lat&• 
•-unte of enar17, and 10 could be uaad for •1lav 
v9biclea, particle accelerator• or IN& scanners. 
tlapetic fields can be uaed to avitcn tne 
1uperconductivit7 on and off, ao allowina 
auparconductoc• to be u.ed for trana~tor-l1ke deva.ce• 
and Joaapllson junction1. li>1"-t••perat11re 
1up•rconductor1 could eaaa.ly diaplace lov-t .. pcr•turc 
1uperconcluctor1 in tbeir current applicatiooe, •• 
liquid neli.,. coolant could b• raplacad by tile ..,en 
Cllaaper liquid aitropn coolant. tni.1 vould reduce 
tile coat of oparatin& an 1111 •canner Ulll7,Ullll/yaar. 
Planner• also eati•t• tnat nian-teaperature 
1upercond11ctors vill ..... it cnaaper to build and 
operate particle accaleratora. 

lt is not J•C clear, however, vhat properta.e• 
hian·te•peratur• 1upercoaductor• v1ll have wnen tftey 
baco• c.,....rci.ally 1vailabla or llov they can be 
procaa1ad into 11&eable products. l•K 1ay1 c..rrent 



4otnSLtf of 111".llOU -P•'•• ca are -·•-le. ••fhc•-t 
ftK most applicat1oaa.. Cla1 .. of supcrcoa .. ct1vit1 at 
tit•perat"ra of over 0 C a.we yet to •• werifie4 .. 
~pcrcon4uct1n1 •l•~tr1c traaa•i.•aioo liaee c°"'l4 •av• 
enou&'l ia. tran••i•• ioe. loe••• t.o c ... 1 d&e ,....r 
.Jut put of SO US pc-rer plaata. accOC'41a1 to reaearu.ft"a 
.at llrooic.11pitft .. ti.oa;al La1torator1.. S...pcrcoa•ct1•& 
c:.a&lc ~.>uld also eti•i.:ute t~• ace• foe •ooster 
st~ttoa.s aloa& commuaicat1ona cables. 

1'1asaa •1>C•1••1 has alua41 be- ,..e4 bf I.Ml to 
deposit tnin coats of superc011. .. ctoc• aa a aultstrate. 
s-&cft ..:o.tLap ai&"t &ct as -peti.c allielU ua ,.,er 
acnerators or coaputer ca ips.. kt ue tecbDOlo11 
c.anot be c~rciallJ Lmtro•cecl •til it U 
tftoc0t:&fll: tested.. Producia.1 uaifor• •teriala vi.tit 
the proper dlaracteuatic:a •I' be 4iffi.cult. tile mua 
fil• aipt also be a4veuel1 affecte4 _, •-ll 
-sn•ti.c fiela. Eccbia, aupercoa•cti.as fil- for 
ca.P"ter chi.,. is also a 4i.ff1c:ult task. Tbe 
brittleness of c:craaics ai.pt l&•it tbe ir use ia 
cable. almou&ft a pol:r-r bi.n4i•s ai.l"t sol•• tlli.a 
prool-. Supercoa4uctou ai.pt aot -e c-rci.all1 
profita~l• for at least lo ,.ars. acc:or4ias to O.for4 
ln.strumcats.. And dewelop1a1 tbe latest aesaeratioa. of 
supcrcoaductor-• •i&l't be -ct. oltsolete if 
r-ooa-teeperatu:t'e •upercoa•ctoc• .;aa be llCYelopiN. 
:!leaA"ftile. Japen.ue fir• ai-e pusbia1 a•u4 to •••lop 
a s11percoo.t..ctor C-P"tet llJ 1991. (tlli.a first 
.appeared in Nev Scientist. Loadoa. tile vaekly rewi.ftr 
~f scieace aa4 tecllnolo11 0 22 Octol>er 1917) . . . . . 

Cera•ic supercoacluctOf" cCMll9e'rciali~•tiaa ~LAI 
SVL ft Ly 

The fa.rat comserc ial pro .. c ti coaina • uace ta• 
.a.ftftounc••nts of superconductiwity abowe 90 I. are 
nittlRI tl\e aaoet .... i.4e fr- tbe ........ of fir• 
offerias aarl<et aaalpia for 4ollara, an4 tae fev 
public•tioru concainia1 co.preneaai•• reports of the 
science and an&ifteerin& iavolvecl, eome fir- aC'c 
pcoduc i.fta co_.-rc ial products buc4 on cccaaic 
111perconductors.. lavualti Steel Corporation indicates 
'' nas c1tabl1sncd a basic tccnaolou f« 
u.nufaccurina co-rcial quaatitics of ccr .. ic 
su.;tcrconductor vice vitD 9) I tr••itioa t-.pH"atures. 
Current carryina capacity howeYer ia reported at ooly 
·lO Afc•2. Ki.tau1>1ahi llotal Corp. has atarte4 
s:-aippin& ccra•ic supercooductoc 1putterin& tarpt• to 

hru Lnu:ra:ed in creacin& cnin fil• for SQUID 
devLces fro.a tnc .. ccrial. Alaeri.can Supcrcoaductor 
Cor~. nas bun fo...,4ed v1th tne sole pur;ooae of 
caploltina tr•e nev tecnnolou developed Df Klt • tne 
o•i4ation of .ct.al vira b•••d OQ tne Y-•a-Cu 
cocposition 1111\i.cn viii for• tne supercoa .. ctor after 
as~dac Lon.. CuerRsey C:O.ti.n& Laboratories is scar in1 
up to bc1in coat1n1 uterials vi.th cera•1.c 
S~iiJCrconductor• for reaearca purpoaea. Siailarly, 
Su~crconductive Coaponnt• hu indicated it vill be 
produi:ins cer.a•ic aupcrcoaduccor1 for raearch 
sci.entiats to furtner atudy. These firu hope to 
capitaliic on the need t~ have reliable •uperconcluctor 
properties toe farther analysis rame• tbaa coaataatl1 
tnrovina the efforts of pbpiciau into uaufacturins 
tecnnol~11e• alre&4J kaOWD llJ ceraaic -sine ... a. 
Other fir .. beins foun4ed on venture c:apical 0 aucb as 
Cond11ctor Technolosi••· lnc •• plan to vait ... til tne 
cechnoloay be1in1 to .. cure before aettina up 
lAbcratory and unufacturin& faci.litie1, believin& UL• 
d11cover1e1 of h1aner and hian•r Tc 1up•rconductOC' 
aateriala are yet tG c-. (Source~ ~ 
!!!.!.!.!.!.i!!• Vol. 66, Mo • LO, (l 917)) . .. . . 

Su,ecrconduct1n1 tran1•1••1on l LR•• could be built 
to earry l\10 tiaea '"°re disi.tal data tbillL optical 
f1br11 because enc ahOC'teC' tne pul•••, tne .ore 
~nfor .. cion can be acne. Tnc ncv 90 K auperconductor1 
can carry electrical puhe1 at enorc •• 10-lS picosec 
vLthout 1b1orpc1on or distortion, 1•po1111»l1 vitn 
co .. y'• cran1ai111on l~n••· One 1uperconduct1n' ct.ta 

tr••a.i••i.oa h.ae c .. l• ca::r7 •P to l tr1lli .. 
-ita/aec•4 of &af-ti ...... acc:or•i.a1 to .;. -ou of 
t•• U.1•erait7 of locaBter. *""°" er. al WOC'aH .. a 
taia file of 7ttrl--Oara.~-COfl"H' oaiii'""':-ttat ... •eea 
sr- - - yttrw.-4o,.4 si.rc:oai.. •xi• ••strau _, 
,..,.i.c:i.at •• _..._ •• sr-• at c:.r-u ......... &l~J ... 
patc.er...il i•to a •i•-•pee• circ.it at eoc.11 •• 
-t&-•l ..... fakic:ati.- fae&hty. 1"" tbi.a hla vas 
er.-. •ia ••pour .. ,_i.c.i-. at lUO c. l_,K maa 
tile ••ual tc.,.raC.r• r ... •ir .. to make tile cer..ic. 
Tbi.a _ ... tllat doe •torial c:- k ~ce4 as pan 
of •• i•tesratri c:irasic vi.tll leas 1i.kohlloo4 of 
-• to otaer cni.p campaa-u. (S-c:e~ C • t'. 
...... 12 Oct ..... 1917, •· 1') ---- ..... 

& t11t.•r1 U•at tile proeertz .... ia1 a racntlY 
4&aco:1un cera•ic:a faailr ••erc:oa4ucti.!J -14 
rcft'•t .,. .. fr- carrtia1 ~ e;.eccrical c.rr•u 
•aa ,_ ...,,elopd at 11rt\ niiP, iii) ••• 
Pri.ace.- lllliwerai.ty (Pr&ace.-. II.I), accor4ia1 to t•e 
-to• C:l-. U .,......,.. t11e taeory coul4 atop tile 
.._.t_ to make practical ... of tac aev 
aupercoa.•ctora. npeciallt ttMir •ilitJ ~ carrr 
elec:tri.c:ity vi.lb no loss of ••eco at wuy ILi.8" 
r.-peratucn. ~-ac:wy ac&•C.uta ltAY• aot l:teea 
able to r• lacp electrical curr•u carOll• cac aew 
ceraai.c - ...... -. - f- -erf•l upetic: hdu, 
vicaout losi.as tlLo -teriala • allti.li.ty to attai.a 
auperc-•ct&wi.ty at 100 l. tile reaearcnera •-e 
fo.-.•, VD• a larp currmr. ia paaaH r.ar•p me 
ceraaic -tnial, aae clecc.r .. ..-Pia& ktv ... 
crpula -4 ap 111...,i.•1 iato eadl otaar - losiaa 
•clL of tllei.r -...-11. t11a -tuial ..,,elopi.ns 
electrical rai.ataacc aa.t l .. ia& it.a MiliC.J te 
aaperc-•ct. lllT aai.4 a r-4J -14 k to 4nelop 
car-c crptala ori.eate4 so all pl-ea are parallel 
to eacll otaar, but •r.1aere _,lie fua.._.t.al li.mi.ta to 
w.ac caa be cwercoae•. (Source;. llltalvecll. *vs, 
l• .......... er 1917 0 p. 1'1) . . . . . 

llec:trical applicati.-• of taa • .., bil"
tempcratve aupcrcaaductwa arc MU.a ac.,.icd l:ty tac 
llip-c-tact rai•t .ace tltat occura '*•r• aoc-1 
-tallic va.rc i• att.aCIM:• ~ tac ••pc:rcOIMkctor. llow, 
a raearca teaa aaa deweloped a vay to ..ate auca 
coaaectioa.a ao ca.at CA• coa.tact rauti•iC.J ia about 
urS ..,a aq. ca. ac 76 l - taree to f,.ur or4eu of 
.. pitude l..,.r Ulm iA coo•-tioaal c .. tacta. 
lloceo¥CI", tlae CGIUICCtlOD ia aca&ewed DClOV zuu• ~' 
vllica aas iaportaat aclY•tapa cnu laip•r-ce.,.rature 
proceaaea. Tiie -Cl'.o4 .... cnk4 lly Jaca W. ULA of 
11115' • l81tOC"atory ia IOul•r, Colorado, aad 
Acaaacl J. "-•• - kCCJ A. •la•-SA•P of 
Weatiasnouse 1160 Centre ia PLttallutl" coaaiata of 
tbrce parts~ •iAiai..&inl tbe aupcrcoodrJctor eurface's 
eapaaure to air before tfte cocatact ia .... , •putter 
etehin& tile •upercaa4"ctOI' aurfaca to r...,.,• the 
4e&ca4e4 surface la,.r, aa4 th- i ... 4iatelJ 
4epoaitlAI a tni.11 laJer of nlwec or 1014 to protect 
tne aur face ~:\• aerwe •• a coauct ,.d. Of t"• 
lit contact• ... uain1 tne aev •taod, tll• raearcaer• 
aaJ, all ••-e4 c-•i•ceacly 1- reauciwity 4uri.as a 
fouc._tb es-ure to 4ry • i.r ..,.. CJcl ias ktvaea 
roa. te.,.rature aad 1• l. (Sourca: Clleaical an4 
fA11neer•n1. 2) llowe~ ... 19&7) ... 

Munt aou oa for •uecrconducti•itr patent• 

All owcr the vorld, rauTca acint1•t• ar• 
itch1n1 co pt their haaa oa tne pateat appl•cauoa• 
•"uch lMI nu hle4 on its • .., uteri.ala for •i&D
t.,.puatwa •upecc-4uc:uwitJ. Tit•)' v-t to an- ""at 
uteri.ala and electr ... ic •••ices 11111 vLll lie •Dle to 
-pol LH. 11111, h-ner. •• pl•JlAI • aaarp ia- to 
tr1 and conceal whaC oc11er• va1u co anov. 

Tftc 1up1rconcluct ive .. cer ial1 ""°"" ltclorc ,.,.. a 
diacovcry Loac the•: •l•ctr1cal rc11acance onlt at 



!)• C •oor• MSOl•t• &uo. C:..C& M•occ ... 
Alea i.aell•r. at tall, •i.acroen• a •cv claas of 
.. terUl• ._i.ca VOC"• ia Clle ·- va1 at llii&taec 
t-pttac .... a. la Oct•u Cllc:r recoi.'"4 a.. -•l 
Prise far Pllp i.ca, 10 aay ,.c.nc.e .. at •- k4aoc&, 
!keller o~ laM.. So far ta•&"· ••••ell ,., .. ,, ••• 
Dtta filed. 

n. •i.ac .... uiu ..... tall. ••1-. ..... protect 
tile brulr:.ti.r""pa, t•• c...,.a:r -• file patotot 
applicati.... Fi.hap i• a>• U$ ue Hee• kca•• 
tae:r •~• aot ,..i.li.aaed uatil &r•ta•. la (ur.,., 
aow..,er, all p&t-t appli.cati._. ue ... li-• after 
11 mDOtl'ls, so aar secrets are reveald .. 

ne i-,•• tall dela:re• - hli.a&, tile 1-1u tile 
sttrec. coul4 be kept.. Dala7i•&· ll.....,K • i• a r UkJ 
&••· S..--e else _, llit - t'le .- idea _. file 
q•i.cklf, e.cl-4ia1 lllft. 

M•orc - i.&eller •de doeir first •iacoorui.u 
ia J•-r:r 1916 - llne i.- letti.•& iafer-•i.
filter -• .., ... ai.a::e. lf lall aa4 fi.1•• i-•i.atd:r, 
pa.teat appli.cati.ocu W011114 '-1 • ., lt.ne •ll..,. ••· .. , 
la!! vi.ll aot lln• dared to -it -•il tile ... li.c 
.-.-~a;.a llltre .... '1K••• ltllae voul• i&Yali .. ta 
-:r ,. .... ••s.,.u•tl:r filff. tau.fore, ,..licati-
o f tile ,. ..... i.a li.llet:r u t._ place i.a tllc first 
11alf of 1911. 

S.uellers -•ell ill& -• foe ...., i..•occ -4 
!l••ller pateau s•-1• ... - tbeir eur• api.aat a 
cl..,er plo:r uoe4 b:r lalt .,.,,_ ,.us ap. tall ..... 
au:cceeM4 ia b;•i•a ita pat.ctat - ta• ••iter-. a 
poss i.bl• replac-t foe o;i.• tr.a is toe, ll:r filia& it 
as a Europtaa applicati.OG VTittea ia Cer•• raaacr 
ti>" i.11 Elll&li•. lt oat ..uu4 - librar:r allelwu for 
tvo J«aca .. 

Aa cae vocll. aa Supec"c••cti•ity vu 4Gll• at 
la!l•s les~Al"Ch Ccau·e i• Wridl. '"• c..,.., .. , vell 
cr:r to pull tll• •- ••-t api.a. llewi,...ile, JapaDa• 
c-.-••• arc fi.li.a& •-u• .. of pat-ta rc1aua1 to 
vork °" s•perc:oa•ctora. (tlai.a first appaard i• ..., 
Sci. .. ti.at, 1-._, tile ve•t:r rewi- of aciac• -
tee11aolo11, 2' -....... 1'&7. > . . . . . 

Japa~: c orpaic -Uri.al mat is 
S•perc-ductiwe at 10.4 l kaa ban '"•lope• bf 
ruurclleu at tll• lutituto for Soli.4 State r1a,.ica 
and Tokyo laiwusit:r. tlae -tuial i.a called 
•EDT-t!F, aa• is bud oe bia(etll:rl .. ffitlli.o)· 
tetratlliaf•l•al- cat&-• •• bia(U.i.oc:r.atol cupci.c 
acid a11ioas. t1ac 11- orpaic supercoe•ctor is eui.l:r 
Hparate4. (So..rce< Japaa a.-., 10 Dice ... ..- 1917, 
p .. 5) ••••• 

A Sl ••lh- superc.,....cti••t:r .arbet rnearca 
prosr- .... b•- Jauacl\e• bf tile Dspar-•t of 
Ener11 ....a tne llectric ,...,., ... earcll laati.tute, Palo 
Alto, Califoui.a. Fua•i.•1 vill be spli.t •••lJ bf DOI 
ancl £fll, Vltll all lout SJ),000 Of tne fe4ttal f-a 
•-i111 fr- '"• Emeru C:O.a•natioo aa• Utiliaati.oa 
tecanolo&iea (lQITJ Office. 

taro-9" tile nci of J,.., DOl, t:i'll, seYer•l 
11aciooal e11er11 laboratories, led llf Oak li.•p 
*Hoaal Lol>orator:r, ..... ttell• lle.orial 
institute vill at-41 power •lectr-ica, aap1et1call:r 
levitated cr•iA•, ... 11 electric •tora, 
electr-petic ,...,i•&, ••• aap1etic -teri.ala 
proceu i.Ac ....a faDricati.oa. O..• apphcatioa v•tll 
dlrecc ~••rina o• renew.a.le e••~l1 i• •u,.rcooductina 
upetic ••ra:r atot"ap, "'lic11 co.l• llelp the 
eco•-ics of r-telJ sit• •loau. (Source: 
lnteruuonal Sohr llA•rv Intel li1•ca •ron, 
22 1111...... ifl7) ..... 

Chino Corponuoa ••• •""elope• _. put oa tll• 
•rkec a pr•cl1 iH "auperCOft.,ct i•lC1 c.eac. 111ta•" 

tllat is Maiped to ••C-hcall:r •aaur• tll "r•Ucal 
•-puatc .. et s..,eral a•pcrc-CU•& speu-u 
..... 1·--1,. 

tile s,.t_ vu ..,,.1.,.. l>J •r-i.a& - cr:r--ic 
..... _c. tecaael•IJ relacaas bl t_,ct'atce 
caliara•i- .... ;.,...,. nae ...... , .,.._ is 
••-Uallf a CtJOpaic t-puatce -UC-t a,.te• 
v1tll a r•p of lS N .sw• l. lt c-ai.au of a 

t-r•t•r• -----· seaaoc. a cat fer .... ••••l•:r 
•• a ••li- cue.lac.- "JO&••c nfn1uatoc a.at 
u Uff fer coolia&• TM apt- •• ca .... le of 
•aacia& critical t-.erat..r• f•llf --c.caU:r •:r 
.. ... of tile electric r•iat.ace -aa .. ... 
elcctr-petic U.....cta.- -~-

*• -u•ia& ._, cae eleccric r•i.at.aace •taM. 
for ._,1., it is ,... illl• to •elect ei.tau cae a .c. 
f....-pr•• .. ao_. or aoe a.c. lori.4p _ .. .,.. Ot•er 
• ...., .. •• also na1t•I• ••ca u tile .. ,. • ..-.. ia 
.... •-•t aM c7clic -aa•-c .. ell ... , car•• 
,...ica tile pr.,.r<l .. ef apeci--• c- II• ••-ti•et:r 
.... me.. U, co ea.a .,.c;.-c.a caa ._ --•• 
•~lr.aa .... 11 '1iJ t .. i.a eleccric r•i.a~ce _tll ... aac 
.,,•l•C.- tau c- M c-ct•d wer:r effecti.•et:r • 

.laetller •iatiact • .,_ .... of tlli.a tut •ptea ia 
tllat ta• •-or .... a plat~-c:oloalt (Pt-CO) allo:r 
.. .. i.ataace , .. _ .... _ tlai.a r .. i.ac.ar f ......... 
eac:elt•t at•ili.t:r -• •pllCit:r of -~u. ll:r 
,...im preciaiaa _ .. ,..._u ar• poaaial• c.a -
accuracy of ! l .S • l. 

S.-ci fica1tiema 

lllllaaur-•t _.tllo4: &lrc'!'ra.c r•i.at.aaca .. , ... : 
•.c. 4-pr- --• -~ 4'¥1.re e.c. ki.4p _.,_ 

U.ectr-peti.c i .... cli• -tllo4: ._.uaoca _ .... 
Te.,.rature -•--•• r-p; lSN lOll• It or 
2>""JUU. It 

-..- of-urff s_,lu; 
ltlectric rui.at•ce -tllM: 6 
£lectr-petic io•ccaaco -tllod: 

C:O.trol sulli.lit:r: ! 0.01• l 

Ti.- r.,.uud fOC" •-.. fall' •-t tvo lloura 
ooo· .-.1s· r.1. 

(Clliao Col'poratioa, la'9r .. tioa•l Da.Y., l-1, 
lli&aalli-ll•el>ull..ro l-, To ... i--llu, Tokyo) 

(Sour ca: ~. Ds~:":r 
0 

1?17) 

Irractiatioa of cer-ic oai .. 1 wit11 faac. ••tr•• 
J&•l .. suereo1t.,cc.or• vita aero electrical l'Miscaace 
•ur r ... tef'iracure, accort1i.•1 to a. toaaia of "'• 
&mi•era&CJ o ll,oco. Tiie cuaaic oai .. a .. u.c.aia taclr 
su,.rCOll•ctiwitJ for at lust 4S u:rs. lrradiat•
raud tll• s11,.rcoo.,cua1 t•,.ratur• of :rttn...
bari.um-c:opper oaide fr- 90 l to 200 l ... tnat of 
erb•...-.ari. ... -copptt oai. .. fro• tor. to 271r290 It. A 
s•ic-•ctor _ .. of laatn•--hri.um- cop,.r oa•de 
b•ca- superc011.,CU•& at 171 l after aeutroa .. -... -.t. 

Ki•tura of tt•• ••riou• r~ .. carUla were 
calci•e• at &00• C for 10 -· •· er-• ••• • .. tern 
ar 900• C for 2S -r• - •rr ... iace• ia a S lllt 
..clur l'uctor. TM cer-ic oai,.• were cool•• et 
-250' C to S4" C ia ll•li- Co pr,.,,_t 11,.r•h-. 
foalliu ••• aot :rat 11- va:r i.rr .. i.ati."" -•ce• 
su,.rcoa ... ch•i.tJ. (Source< a.-&cal la&i.a•ttia1, 
: Daca•er 1H7, p. l&l 



Copper o&iCe-l>aa•• .. cariola for 
'"perc-._cti.a& •n• vater•a ~oilia& poaat • ..,. , ... 
oluer...C •1 A. Erl>il, a Ceorai.o Teca. pa,..ici.at. lie 
••i4 dle -tuial1 ••• .... cral ci ... ia da• 
lal>oracor1 H- to •• atol>lo aa4 repr-ci.lole. 
S-.a..-rc:oa•c.ti¥ity vu s..-. i.a •..,•r•l •iffer•t COPfCr 
••'* co.,o..a• .... 1 .. ltllat aC.•JW• ••,.rcoa•cciwe at 
"' to S'.>11 It, tile lli. 9"H t level :re t reporte4. 0... to 
ta• .aaa,er tllat t-peratur• flo1ct ... ti•• c-14 ,..... 
tao u ter i.o ls ... ,...c tile to.,.roturo at ""ica tll•1 
l.;,ac tile ir 1pec Lal fuc..cea. awperc••ctor• voul4 •• 
operate• un6tr t-• tr .. sitioa. r.e.,.racure attai•_. at 
Georsio Teca. Witll a SOii It u-iti- c..perature, 
cae ••pcrcoa~'tor coul4 1afel7 •• operate• at ~oam 
t-porat .. r• or )00 It. (S..Cca: llaCal-alt llavs, 
1 Dec•••c 1'87. pp. I, 10) . . . . . 

tvo ruoorca aro..ps • .,,. 4avdope4 0.4a,...a-cl1 
1upcrcoa•1c:tift& aat.eriala t.llat vork at lliaa 
teapcratures but coatai.a far clluper c ... ticu-ta ta.• 
e:ai1ti.a1 rue ••rttaa.. Gae sroup i• •t me lllliYersicy 
of ._too ia Te&aa - tile oe,aor oc e,aa laatit:,uto of 
!Mtdli.c ll&teriol lasoarca ia .Japaa. 

Tllair .. carials 4iffar sli.,cl7 ia caapoaicioa 
aa4 ... parc .... cti- t-par•t••· •tll c-ct 
electricity vitlaout r .. iataaca a...-,ac .at .... tae 
90 itolvia <-11>

0 .:> a .. porc-cciaa t-parocuo ftf tllo 
but-iu.- ai.a•-c-paracuro ucoriol, 7tcri,....ari.-
""'PPC'I' o•.idc. 

INtD &C'a.pe clai• Cb.at meir -teriala KC 
stobl11 an4 caat tlloi• radu are ropeoulolo - l<oJ 
pr•l•• vita .. terials Cboc .,.,,. ••• Cbo suDjoct 
of ataor r•c-c clai• of s11porcoo .. cci.•it7 llloor• 
9U It. lase.arcaors •opo taoc bJ awoi.di.aa cao aoe4 
for expca.si•e rare eutb1, dae coau of ai111-
t11.,.rat .. r• a .. percoedoactors coul4 foll dr .... ticoll7. 

ra .. 1 c.w. °'" .• sro..p ot llouacae ...... ca •porlto• 
u1c curr•t frmzy of acti.Yity o• aupeC"coa•cr.iwity 
-- it ducovars4 tile 1tcri--i.ari--coppar oJ<i.4o 
su.percoa.,ccor a par •ao, II•• fouad ell.at acoai.c • U.e 
aad valnc11 strooalJ iafluace a .. porcooC..cciwic7. 

St -

OfflCUS FlllAllClllC 

llao 1r001p trioe ca•&iaa u10 .,..,.._e's 
c--iti- -• at.-.ctco •1 s.Oati.e,,.ciaa ol-ca 
viU. aiailar wal-c. ••• ateaic • i&e te rare urtlla. 
'hi• r .. 11orcaora f- IClaac a c..,.._. of i.a.-ca, 
al-.a&.-, atr•ti-, calci-, co,,.r -.4 •KJ-
ataru co Meo.a s .. perc-ctiaa ac 114 It (-1.)7° C). 

aismata •• al..&•'- r.,tace t.lle rare -rell 
yttrL-. Wai.le •tr-ti.a _., calc&..e nplec• ~-i.- ,. 
tile oriaiool c......-c. Lillo Uo urlior ~.Ciao 
aev •tH1al is P'••lu, alta•• ita euct 
c...,.sici- i; aoc JOt clear. 

.Ja~ Ec-amic - roponad - 22 .J• ... r1 tllat 
II. llaou~ &r°"P at Tso41. .. a aaa 4avolepa4 a •• .. lar 
-t.eri.al coauiai.a& •ia-tta, at.rcat.i.-, calci-, 
copper aa4 ">&JJOD, kt •o •l-iai-. lu hrac larp: 
Crop ;• coa .. cei.wi.CJ voo at 120 It, ea.ti•& vita f>oll 
s-r-coaC..ccivitJ at 1117 It. ~ -u -•tiler 
al .. lD•- pl•J• • 1.apocC•t role ia tao -toa 
.. coriol, aa• so,.. taat aia fiuia .. •a,,.ar .. 
•sr•-c• vitll tllo .Jopaaao ru•lcs. (tbia hrac 
oppoare4 i.a .., Sciootiat, i--. Cllo -11 ravJLOV 
of sci-co - cocaaololJ, .\ Folor.ar7 19 .. ) 

• * * * .. 

'hi• follao.iaa 4iroccor1 l iau Uo 411 ~i•s 
acti~ ia auparc••ctor r•earca •• aalea arOUIMI ta• 
vorlc. Alplllllohcol liotiap vicaia cocoprios -
•ice4 Sue ... lcopo•, .Japaaae, or acart-..p 
c...,..ioa - repraooc cat f>oll spoecr- of 
auperc••ct.OC' actiwitr, froe •-11 -t.r•pl"•••• to 
larp corporatioas 4oiaa ... 11-scalo raurca co -Jo< 
pleJWra alr .. 47 profiti•& fr- caio 1r-ia1 
uC'Ulolog. tile luc iac111 .... oll c-paaia our 
raurcaera ei:oul.• fia4, •o -t.tcr "°" aipificaat or 
iaaip•fic-t e,aoir c•r-t proar.- .. ,. appoor. 
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lOll 

LO to 20 

llarkell•& SQllh -
relate• O'l•i.,..at, 
iftcl .. i•& ita -..r.
•pot-tu f• -uwu.c 
arai.a t.actioea. S.011.i.aa 
partau.ai.p vita ••ical
.... i,...t C ..... J to •ell 

-· ••ppoct ~'·· 

Atto-,ti•& co appl1 iu 
eapucuo i.a caoai.cal 
procoHi.a& co tao lorp
ecalo ~cci• of 
• .,.rcoa.,ccore. Vaau co 
•11ppl1 aiaa-c-puacwe 
••percaa6actor •rlr.cta 
u ca.1 -rp. 

$tu•7ia1 cer.-ic alMI aU......
l>uo• ••perc-ct••· 
llaYelope• a procoH for 
miaia& fluwi• v&ta cua.&c 
for ai&l'or-t-ratoare 
••percoa4ucci•icy, auc 
procoH DOt i.-pea-tly 
wuifio.e. Pl_. to lie ... • 
floaori.aati.oo ucaaolog if a 
... ..._, ..,,alops. 

Daipod ••• iucau .. tile 
brae ecapercoo•cn•& -pee 
for i.a.,.cri.al "•· a 
acparat• ta.st r...,.,c• 
1-riciu fr- cla1. Plea• 
to coape ,. vi. £9' 

coaY•tioaal aeparacora ttaat 
r-• parci.clea fr-
vute vatK 

ilocki.a& vi.ca Datroic '• llayaa 
Scace ..,i•erntJ oa •i&tl
c-puacuro •uperc•duccora. 
Look i.a& for alectroo ic 
appli.caU•• aaac voula M 
puraued bJ 1.ta Aer-.utrmaa.c 
Diwi.1100 iA Devpoct -..ca. 
Cahf. 

DoaiplD& ... ~ ... , ... , 
• pac1a li.acd .. pee• • Q' a 
.......... .,. Afplie• 
Supercoacti.ca, aclla .. f;ll•C• 
for uc ·ui ampeti.c-

r•-•co i•&i•&· Stroa1 
c•••dace to euppLJ •pcu 
for tile Super Coll idor. 

g..,alopi.na • flD•-a<•lDAd 
avpercoacluctor cer-ic 
,....sor for oloctr-ic• ••• 
iaduacrial uac. 
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prai4nt, CEO 

!Oeral4 ft. llaiae•, 

"·•·· ao Eric ..._.,,.., w .. p., 
prodgct 4aYalop11eat 

PrauYeeD Olau49aui, 
w.p., pll)'Sical
ac 1mcc reaearcll 

Alex llalas-ff, 
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aupercoa .. ctivity 
pcoar•-• 

Carl loaner, chair ... a, 
pcc•icl•t 

r.. licllard •ll-, 
sr. w .. p., operation• 

ar11ee A. Zeitlin, Y.p. 
.. t•ri•l• cecllnoloay 

Craa.t A. Dove, cna r.r.un, 
CIO 

aarry i.t.al.,., w.p. 
Karry ltropr, teClln•cal 

director, peck•&ln& 
and interconnect• 

f lllAllCDIC: 

Tr-• - .., Torll. 
StoclL u<Jl-&e. 
l'fl6 rn-ua. *'·' llill•-; l•• 
of Ul ooillioa ... 
to S42Cl-.il ho• 
...-iu-off of 
~ell .. • ,rice of 
ea .... Ai.rcraft 

Tr-• .. llev Torll. 
StoclL bcll•P· 
19*- earai.ap of 
S2.S ••Ui.oa oa 
aalu cf 
SJS.2 bi.lli.oa 

Traa4 - .... T•IL 
Stock laca•p; 
1916 earai.ap of 
:U.9 •ini .... 
earauau of 
i102 .. 1 llu~i:i-

rr i•• it•l r ll•l• : 
Y•tare fua4lal Of 
$2.2 aill i.oa i.a 
...... t l'Jll _, 
$6.4 ai.lli .. ua 
O.cetlber l91S 

Trade• oa .... Torll. 
Stock E:ac"•P. 
1.,16 carai.ap of 
:14.1 l>illi.oa .. r...,_ .. of 
U1.2 lli.llioa; 
1916 "~ ... 
aoai.necriaa ""'aat, 
ss.2 bi.lli.oa 

Tra4a4 oa llASDAQ. 
Loat Sl.! •illioa 
oa • ...,.,,...of 
su .. J ailli.oa in 
1917; 1916 profit 
of Sl.6 aillioa on 
rn•"a of 
Ul .2 aill ioa 

Owned lly 
cOAaorciua; 
S7S ••lli-
op .. auna t...Sp' 

sun sUPUCJ>111Ucroa 
(SU PDCJ>lllUCUllC:J &er lYITT 

Ml at ,.a; 
·- -11. f
prepariaa 
pcopoaala 

20 at U.D 
C..tu; i:ae 
lle4ical S,atem c;r_, -10,. 
a .... eral •-UM 

s 

7S 

...ut taraa -••t• for 
Dtp&r~t of &aer11 
r•earda pro1r..aa; .. , 
- •1tpe.-tuc to .. ,.1, 
•p•t• for UI• Soaper 
Colh••r-

:i•pplyi.•& -petic-
r .. _ce-imaala& .... ,...t. 
1"e UD C:..ter ..,,el.,_4 
•• ,.rcaa .. cti.aa aea.-racoca 
••4 ia ........ iaa -
•ia•-c-perac•• ceraaic 
au,.rcomi6actora .. 

QI ..... .-c ....... is 
4ewelopi.•& ••JS to llepoa u 
tllia fi.l• of cerallic 
a.,.rcoo•ccora oa • il icoe 
-fera. llaa --.uat•• 
.a •Ullo-orpaic ••po•11tioa 
teCIUli.4• taat la,. -
f1l• vica•it me use of 
••oaua. 

Producea a commercial 
Josepaa--juact•- aicroc&lp 
Daat it •a &a elecc.roaic 
1.aatr~ata. Pl-. c.o 
aacroduce llOC'• auca cewa.cet; 
•-• par taer to 4ewelop aad 
aull.et a coa,..tar • 

..,t •••lalll• :ic..41ia1 "•&•""1:-puatur• 
-tar i.ala to acll i.eve 
aupcrcoaducti•ity at roo• 
te.,.rat.urc. 

llore en- JOO, 
i.aclu4lal 
prodgctioa 
VOC'tl.Ua 

y,.. lu4i•& US .. 11.er of vi.re 
- ca~l•, aa4 .. peu for 
c~rc1al aad r .. earCll 
saruto. s., 1987 lo•• 
after ic.a larpat cuato•r, 
JCllluoo 6 Joaaaoa, 
4i.ocoa,ioue4 prodgcc li••· 
Pouuoae4 co lie l.u4lal 
auppl Hr of .. pc ta for UH 
Soaper l:ol li4er. 

Co-ord&Aa t•• raearca 
efforu of •l•ctr .. i.ca 
cowpeR ie• caa r. owa 'r. • 
O.walopHI 11 •.,.·t•-r•t.,re 
aupercoaclucton for 
•l•ctroaic• packaaina and 
uacarcoa .. cu. S.&11.iA1 •
paniciponta. 



ti. Qo-.c- Daaip 
11571 S«r-co 

YaU•1 II.ti. 
Sall Di•ao, CA 92t2t 
(611) Ut-4400 

t9. S.perc
llO aoatoa 

Turnpike lol. 
Snrevaburf, 
:!tol 0 tS4S 
(611) Ut-"4!0 

142 011i. 

20. Tele4pa 
Wall Cllaa& Al:.aa1 

DivUioo 
...... 460 
Albaa,, oa 91l2l 
(;Q)) 921.-4211 

21. Tiii 
l Spac• Park 
ladondo llucb, 
CA '12011 
(2 Ill SJS-4J21 

ll. V..tia9"-• 
ll.ccric 
les••rcl\ ud 

O.velopmaat Ccntr• 
lllQ ••ut.,. Id. 
Pituburp, 
PA ISllS 
(4l2) 2Sl.-US2 

21. -ricaa 
Supercoa•ctor 
21 Erie St. 
Ca,...rid&• 
!IA 021)9 
("17) 499-2600 

OfFlC!IS 

Vittiaa a. Lia4ar .. , 
pruidmt. 
, ..... ai - ..... 

lliclla•t a. Si-iau, 

"·P· 

J.-a VaA&. preai4 .. t 
Eric Crepry, v.p., 

, ...... t -.01er 

Al lie1ea, prai .. at 
Chet Leroy .. v .. p ... 

tecllaolou 

Williaa Si-, 
director. aroup 
rcs•arcb 

Arnold Silver, bead, 
su pcrcoa4uc t iD & 
electraaics 

Jobo Nul•, director, 
racarell 

Ricbar4 D. •laup•r, 
UDA&C r , CI" 'JO &•D ic 
t•cllnolo&J •4 
elect ran ica 

Al•• •raaiaaki, .aaaa•r, 
au,.rc-cklctia& 
•t•rial• 

Caoraa 11c~iaa•1. 
pr .. id-t 

Terry Lo11cka, Y.p., 
t•dlDolo&J 

Fr•ci1 Hupaa, 
craaaurar 

24. Appliliecb of •· Quick, found•r 
lndiaaa 
lllSU Zionavilla Id. 
lndianapol u, 

111 ""UO 
I llJJ 112-11109 

PriYaCdf ll•t4; 
rec-ct, copped 
St aiUi- ia 
-.aual aalu 

Privately llel4; 
amuaal aalu of 
St aillioa to 
SS aillioa 

Tr .... 4 oa llev Tork 
Stoclt bcll-p. 
Earne4 St29 aillioa 
OD aalu of 
Sl .6 bill•- for 
tae firat aalf of 
1917 

Traded oa •v Tork 
Stock bch•p. 
19116 Hrniap of 
Ul7 aiUi- -
aal .. of 
h.4 billioa 

Tra,..4"" .. ., Yori< 
Stock bcn•p. 
1916 earaiap of 
S67l •ilh- -
reveauu of 
SI0.7 bill i-

Privately lldd; 
Sit.JS aillioa fr
-ricaa leaurcn 
6 Davdo,...t, 
lotblCbild 
Yau.urea, and 
v .. rocl< 

Privatal J bald ; 
hnancia I data 
unava i 1 ab le 

sun suruQ)ll)llcro& 
(SUPE&CJ>lllUCflllC) ACflYITT 

22 

)D 

10 ia IH; 
aaoy .... ia 
prodllctioa 

About 20 

4 

It 

llalti.a& iaatr-au tlaat 
...... -petic fC'Operta.ea, 
uaiaa SQUID• fr-
ai .... ...-cica liecllllolo&•••· 
A ••ai4iary, Qllaat>m 
11a.,...cic•, will ..Uc 
a4'iCi•at SQllD1UM 
U..trumeata. iacludi.a& 
a ruet Mtect.or. 

....._faccuriaa aiooiua-atloy 
vir• aad cable. S..ppliea 
raearcn Laba, c;&, ,.... CA 
liecll-loai••· 11ma-veria1 
to allpplf ta• Super 
Collitler. 

Laa4ia& auppli.er of aiobU-
alloy vir• for _..,.u •de 

by co.paaiu i.Dcldiaa 
O.ford, lat.raa.,...t1ca, aa4 
S..percoa. Pl-a co b• 
-jor aappliar of viu for 
•P•U i.D Clla Soper 
Collider. 

laaaarcllia& Joae..,aoa
juactioa circuic.e for tbe 
Def ... • Daparic-t. V1ll 
•••lop prodllcta for 
ailitary aad aaroa,.ca 
-rll.ata. 

laaearcn101 lli&•-c-peratur• 
ccr-.ic aupercoo•ctor1; 
4avdopia1 Joa•..,aoa-
juact i- t•cllaolou for tb• 
Air Fore•. Well poa1tiaa.• 
co b• a -jor -p•C 
suppllu for tile S..par 
Coll icier. S..perconcklcti•& 
amuator t•cb•oloay •1 
1atareat tn• lavy. 

ilolda a licaaH oa aa MlT 
procua for -ia& c•raaic 
virc and tape: plane to 
or- pilot pleat ia 191111 
to produce vi.ru and 
ribbon•, viacliap for 
-P'•t•, aa4 poaaibly tbia 
vir•• for electronics. 
Sipihcaat profita aot 
aa,.cta4 for 1 to 10 1eara. 

O...doplft& a procua for 
ukina v•r1 nip-qualitf 
ceraaic ~ t•• t ina a laa•r 
proc••• for •liainatina 
flaw. Pi lot plant •apec tad 
in tvo 1aar1. 



The Start-..p• (cootin11ed): 

l). Arda Dlt•elo-at 
111>-!S £. S6u. :it. 
en i••&O. tL 6U6H 
()12) 1112-1:.11 

20. CU aaica Proccaa 
S71teN 
ai.o He.,r ial Dr. 
Cuibrl<lp. 
ltA ll2 ll9 
t G 111 n:.-202u 

27. c ........... 
Tecbaolopea 
100 l CCK111acticut 

Ave. 11.W. 
washi.n&ton, 
DC 200)6 
( 202) 4 52-0900 

za. Coacluctaa 
22 7 S E. l&ysnorc Id. 
Palo Al to, 
CA 9:.JOl 
( 41)) 49'o- 78)6 

29. Electro-ki.lletic 
Sy•te• 
701 Cheatnut St. 
Tranier. P4 1901) 
(215) lt97-4660 

!O. Cucrnaey Coatin& 
Laba 
.:.t.1> .. Jtc:Cr•tn St., 
Un it 106 
Ventur•, C4 9100) 
( dll)) b42-l)08 

ll. -olitlaic 
SuperC09ductou 
... 16)4 
Lake 0.vcao, 
oa ~1015 
( )0)) 684-2~74 

orncus 

Steven La&ariaa, 
prni.Sent. a.o 

•r Laa I. T .. Frost, 
director. Tecnnolosy 
trm.sfer Cuter, 
Ar &Dllne Ila t iooal 
l.al>oratory 

J_.et t Trubatcn., 
assoc i• tc • .p. for 
a.search, Umiwersit1 
of Chicaso 

ti. lent aovta., cbair.an 
Claytoo H. Cllriltmsm. 

president, director 
Ceorse A. lie 11 Jr •• 

exec. v.p .. , 
opera r. im• 

Stephen J. Lawrenc•, 
praiclc11t 

Laurence StoE"ch, •·P· 

John Sboch, praidant, 
CEO 

Tony Sun, ao 

Jack lailly 1 chairaan, 
CEO 

•urton Ladcr .. n, 
director, IUiO 

Peter Guernacy, 
praiclent 

Saa Pellicori, 
conaultina prly1ici1t 

Lavrencc E. Murr. 
owner, founder 

Alan H•r•, 
ovner. founder 

FUIAllCUIC 

-- profit; funded 
by Ar&onn• 
.. tiooal Laboratory 
and lhiwereity of 
Qucap 

c-n stock 
traded oo llASDAQ. 
1986 rewenue. 
i2.6 aillioo~ net 
lou. $4. l •ill ioo 

Priwatel7 nelcl; 
undisclosed amount 
fr- pri.nte 
aourcc• 

S6 ai ll ioo in 
firat-rouucl 
financin1 

Luted oo !IASDAQ. 
Sales of 
SZ aillioo, 
carnin11 of 
S6S ,ooo 

Pr in tel y beld; 
•alH of ~SOD .ooo 
in optical 
coatinp; a eek in& 
$5011,000 in 
••turc capital 

Privately neld; 
financ ia 1 data 
unavailable 

StAFF 
(SllPUa>lllllCf DIC) 

SO &CLUtiata 
aa4 temaic ian.a 
at Arpnn e 

s lll'UO>llDllcrot. 
ACflYlT'l 

Settin& up a c-...ny to 
dewelop a way to IODke 
ceram.i.c vira. Plaaa to 
licmaa pat•t•, fora 
co-operati•e 1160 
,.rtnerabip&, aD4 create 
a., coepaaiea .. 

Aa aany as 12 De•elopin& aetal-ceraaic 
layered pacusu for 
intasrated circuiu. Va11u 
to l illk market.in& vita other 
comp.an iea .. Focua ill & oa 
deYelopia.& pro-.Sct• mat can 
be aacle uaiD& aicro-..,..tl> 
-.et fOC'•iq, -tal-ceraaic 
laaillatea, ... d .,ldiD&. 

llooe full-Ci• Supports tile vork of H1T 
r•earcher1 vbo are 
dewelopiD& electr-•c 
d&Yice• -de h"- cer.-ic 
aupercmacluctora t ••e1t in1 
priority in licenaiD1 
ruultiD& pat•ta· 
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De•elopin& fal>rication 
•tl>oda ua 1111 tain-hla 
tccbai.quca a iailar ta :n•a 
used to produce 
•-icoocluctor a. uplor ill& 
Yery ni&n-•peed di&ital 
dewicu, aapeuc held 
detectors (S(Jl10a) .,.d otaer 
..... on, and •i&D-•peed 
electronic intcrcanuctioaa. 

O...elopiD& ceraaic-llued 
.ateri.ala that can be 
applied aa coatin&• and 
vb ic:h auperconduct at 
liqu id-ri i trosen tcapera ture • 
Vorkin& vita HlT. 

An establ uned opucal
coatina lab, clivcr1ifyin1 
into cuatom coat1n1 vitn 
car .. ic •up&rconductora. 

O...elopin& a vay to produce 
bulk cer-ic -•er i.&I lly 
ua "'' lllOClt vaYH to •oad 
perticle•. S.ekiD& veature 
cap1tal and co-operat&•• 
ra .. rcn to belp 
co ... rc ial aac the r.eehn a.qua. 
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12. r..jitau lasearcaiA& lliaa-c-pcratue 
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aiobiua-baaed vire. 

lasearclli.D& JoHpason-junction 
teellnolo17 for coeputen aad 
other elcctroaic applicati••· 

Develop ins ceraaic-b•Hd, 
1upercoaduct1a1 vi.re .. 

Pur1uin1 Japan's lar1e1t 
dewelopment effort i• 
Jo1apn10G- junct ioa tcchnolo11; 
al10 a1tpcri.eatiA1 vitll 
tecllaiques for producina 
ceraaic crystals aGd filu. 
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superconcluctora for use in 
niah-pov•r•d •SD•<• &Ad 
&•••rator•. 

44. Cr70a•ic Desi.pain& a.id aanufacturin& 
C••11ltaata 1uparconcluctor &A4 
!letrootore 11u:.tdin& •uperconductor-coolin& equipmeat, 
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0 1-143-6049 

4S. C.Hral llectric 
l Stanhope Cate 
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En&lalld 
01-49)-11484 
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froa Oafor4 In•cr .... nt•. 
laHarcnina nian-teaperacure 
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Tokyo WO, Japaa 
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1-1-1, Sllibaura 
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Ila alt-t SO per cent urket 
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r .. ODaace i-1iD1~ al.o make• 
1uobiua-alloy vi.re &lld cable. 
l!apecced. to beco .. •jcr 
eupplLer of vire &Ad cable for 
Mpaeta uae4 ia th• Super 
Colhder. 

DevelopiD& ceraaic 
suparcoo4vctora; atudyi•& 
applicatioaa ill electric-paver 
cable•, Joaep11eon-junct1on 
c1rcuit•, SQU1Do, aD4 thUl filM. 
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( htrected froa lli&ll Tecllllologx aue inue, January 1'118) ..... 
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I. MLlCATlOllS O• SUPUCl>lllUCl'OIS 

The-•< recent io1ue of r101 (Vol. S, Iii>. ll, a 
publication of Araoaae .. tiona Laboratory, ia devoted 
to tnall-t-perature •upercoacluctivl<y (llnC). Tbis 
clear and concise di•cuaaioa. of pro1rel'a in 
underoundU.1 and workin1 witll aiaa-i: .. perat..r• 
1upercocaductors, wittea b!f ••ers of tbe 
laboratory'• ilTSC teaa, is av•i'...ablc OCl reqaat wile 
tile supply lll.iU. C-tact: o\,leen o\llernatlly, Edl<or, 
Office of Public A.f~Arr-"'"" •ti.oaal Laboratory., 
HOil s. c .. • An., Araoan•, 11. l•.> 39. 

The proceedUl&S of Superc·.>11ductora in 
Electr-oni.cs - Cowrciali&at1oa Worll:staop, he1d 
Septuber 141\f, nave been publulled bJ tile won.-p'1 
sponsor. Adv•taae Queot. Tile topics include new llTSC 
.. cer i.ah, electroni.c applications, special ia:ecl 
iute['ials technolo1i•• for eleccronica applicatloas, 
r.v .. cerials, cool1n1 techaolo11, and patent lav and 
v«nt~rc c•pital perspectives. Aa vould be eape,ted, 
tne t-•pl\•sis is on thin fil• r.echnol":l&J. A 
presentation t»y laM des :ribes its plas- apray 
depos iced filu.. There ia also an eu.aiaatioo of tbe 
possible applicatioas of tbeoe .. terial1 •• lov 
distortion and moderately lCN' acceauatioa truaaiasioa 
lines for sys tea interc ... 4ctioa• by ATiT Hl l 
~t>orator ica.. And Ed Z.chau of armtvood Aasociatea 
offers a soberin1 1- at the pr ... pecu for inveotin1 
opportunities.. To order: Advaa.ta&e Qu:e•t. 
1110 Sunnyvale Rd., Suite Cl, Su11Gyvale, CA 9'017-251S. . . . . . 
'iuperconduc tors: Exploit in& Electroaica ud C-pu ur 
Xppl1cac1ons 

toy Richard l. Killer, is a c°'"pihtioa of 
infor .. cion about superconductivity techaolo11. 
proara.ae•, and research arou,. Chat vaa nailabl• at 
tne ti .. the auth~r asa~led it.. Ttae overview• of 
supcrcoaductor, Josephson junction, and S(JIID 
technolo11 coul~ be useful introduction• to these 
subject• for non1pecialiata. To order~ SU.I 
tecnnical Publication•. P .. O. ~Madison, 
CA 30650.. • • • • • 

Superconductivity: A Guide to tile Corporate Players 

llini-report (II" x 9", 92 pp.) includeo a fold-out 
tab le 1nowi.n1 each of the 42 superconductivity leader a 
in a detailed activity and applicatioa. 
llatnx-Tedlnical lnsipts, lnc., P.O. llOx 1304, Fort 
Lu, NJ 0702.r., USA. . . . . . 
c~rrent research on ceraaic auperconductora 

Froe Tne Meri can Ceraaic $lciety, Inc., 
757 llrooksed&e Plaza Dr., Westerville, 
(}>io 4J08l-oll6. A tpecial, supple-tary io1ue of 
"Advanced Cera•ic Kater.Lala" - a quarterly periodical .. . . . . . 
Data base on 1uperconductin1 uteriala 

Tiie US O.partaent of !neray nae laundled • 
computerized data base to help Ancrican 1cicntiat1 
i..eep up vi.th reaearch reaulta in a1o1perconduct1n1 
materials. The data baae i• acceaible tbrou&h DOl'• 
Office of Sc ienti fie •nd Tecllnic-1 lnfo<Mtion (OST[) 
at Oak Rid&• Nation•l laboratory, Tm-.. 

The first pha11, on 1 in• today, ia an electronic 
bulletin board where researcher• leave their na .. 1 and 
telephone n ... tllber• and areaa of re1earcn. The aecond 
pn•••, d1o1e in Auput. vill allow re1earctaer1 to 
su-.ar 1.ze the 1r work a in pro1re11.. The third ph•••, 

Slated to So Oil line in early S.~e ... er, vill offer 
-re detailed uaf.xaa<i• .., te•t ruulta •ud of 
n.or .. l technical jo.anal publicatina 1cll...,.l••· 

For •r• infor-tioa. Oeparc.tnt of Ea.er11. 
Office of ScHntific - Taauaical lnfor-tioa, 
Tec:tllical lnfor-tina c ... ter, P.<.'. llOll 62, Oelr. lidp, 
?II J1c1Jl, USA. . .... 

orocaure l iou -re <nan lS 1pec.ali&ed pr-cu 
1uit..i for aupercoaductor raearcta. Featured 
... ceriala iaclucle bariua. atraniua. laaaa-..-.. 
acandi-, yttri-, copper -••la - c"'"pooma iD 
varioua puritiea tbat repret•lt tllle moat fr .. uently 
requuted it•• for aupercGDductor r .. earca. la 
addition. tbe brocbur• eaplaU.a enc fi.ra•a fabricatiOG 
•ecwice ior coafidential dewclo,....c ud m.1ia.nrLD1 
of cuato-.iz.H raurca -uriala... Jonuoa 
llattlley/Ae1.r, S.abr-, .. v daaplllire • . . . . . 
Superconduct i.v 1t.y reprint• 

The ~rican Pbpical Society tau put t.cW1ther • 
.. oo-paa• wol- of lll refereed papera or. 
nip-teaperature aupercoaductiwity publi.lbri in .... 
firat aalf of 1987. Price' $JS. (.._rican Pa11ical 
Society, Publicatioa• Liai.a• Office, SOO SumaJ'lide 
olvd., -•ury. •r ll7i7. > . . . 
Hig!!-Te-eerature Supercoacluctora 

Hillb-Teaperature Sulll!rcoaductora i• tile latest io 
tae lay o\llatracta •11<1eo pubh-a by IllSPEC, tile 
1nfor .. tina diwioion of tile lnotitu~ina of ~lectrical 
£n1ineer1. 

Tile coverap of lhp-Teaperature Supercoaductoro 
vill include: theory; prep.ratioa; pDJ'lical 
pr-opertiaa {structure aad cbaracterizacioa, cri.tical 
teaperature, critical curr.,.ta and fielda, Jooepluoa 
effect); apphutioaa and devicea. 

Hip-Teapeuture Superconductor• vill be 
publ i ... ed -tllly atartllll January l9aa. at a 
subacription price of £S6 per --· For _.,. 
detaih, includin& a •-ple iuu• and order fora 
coo tact: lNSPEC Karketin&, lnstitution of Electrical 
Mlaineera, St•tioa Houae, 70 li&1>tin..,.le load, 
Hi tell in, Herta. scs llJ, Lbited lin&d.,.. . . . . . 

A 200-pap report titled "Sueerconcluct ivity: o\ 
Practical Cuicla for Dacui ... Maker•" report• .., tile 
aipificanu of bi&l'-teaperature 1uperconcluctivity 
(lllS) develo,....t1 to or1-uation1 aocl tran1l•teo 
tbat underatandina into effective .onitoriAa, rueareh 
and product developaent plu1. Tile report idantifie1 
five auperconductor appl1c.tioaa~ electrical 
conductivity, dia .. petiaa, tunnelina, ther•l 
conductivity ud hybrid effecu. A uaero' application 
arid vill nelp ruden andyH a 1pecific •;>plication 
in reaard to ltl preoent 1tate of devalopaent. 
projection• for future proareoa, 1pecid probl- tnat 
aay be encountered, and related application1. 
Teehnoloay Puturce, Aua!':• .1:•:•· 
Pub l icar.iona:. •i1cell aneou• 

Auto•tive .. terial• 

''Tile Kater ial lletvork: A Dr 1v in& For ca in 
Auto.,tive lnnovation" i• • l2-paae overview of 
coapany'1 product• and cap.bilicie1. Tneraopla1t1c1, 
fabricated foa•, epoxy and vinyl eater ruine, 
polyurethane, a4heaivc fil•, rando• fibre co•po•itea, 
and .. jnee11o1• arc di1cua1ed. arocnure 1nov1 hov tnc•e 



u ter ials can be used in. a..atomat ive ex.ter iors .. 
str1.1ct..ares, drive trains, and interiors.. Chart lists 
&v&ilable liter&tu.re and specific .. .:erial 
Ftoperties. Dov C\eai~a~ ~;-.MidlaAd, Ml 41040. 

gual ity control, tool in& book 

Quality control prod1.1ct•, -chi.De tools 
access or ie1, special i&ed adbes ives, and safety 
equLpaent are the focus of this detailed 26S-pece 
catalocue. Over SUO different products are featured, 
in.cludin& 11.1rface finisn c•p•rators and aau.&••· 
inspection li&bts and .. cnifiua, replica and proofinc 
c09pgu;ads and alloys., electronic aauaes, data 
collectors. aactli.ne tool safety auards, and sauce 
stands. C.tatocu• 681 provides tedlnical, 
application, selection., and orcleria& data. Flexbar 
llachine Corp., 250 Cib~•.~·• ~entrat lstip, llY 11122. 

Advancing Materials Research, p•-blislled by the 
?lac ional Academy Prus!" is based on the d1acua• ioaa 
and format presentations at a 198S syaposiua heln at 
the llational Acade•y of Sciences to celebrate the 25th 
mniversary of the Materials Research Laboratories. 
The book, a coaprehensive overview of .ateriab 
s.;ience fro• its early bistory tbroup current 
developments and future arua for further ruearcn, 
reflect• the syaposiua's uplorauon of the atatus ;ond 
prospects in uteriala rueardl. Of particular 
inLerest are the disc\ISliODI .. by leadin& es.iperts., of 
recent develop91nts and future trends in the froatier 
of ucerials •cience and eacineerina in aucb areas •• 
metalluro, condensed aatter physics, quasi-periodic 
cry1tals .. artificially structured electronic aad 
a.apetic aaterU.l•, advanced ceramics .. orpnic 
polymers, surface •cience. 1 and .. teriala 1yntbesis and 
procusinc. To orct..r: llational Acade•y Prus, 
2101 Constitution Ave. llW, Washincton DC 20418. 
~none: (202) 334-3318. 

Corrosion Resistance Tables, Second Edicion., 
Ptulip A .. Schveiu~r, ASK International, ltltala l'ark, 
<J>io 1,4073, 21&-llll-SlSl, 1966, 1,231 pp. O..e source 
fr011 wtticn every co•ponent o~ a 1ystea .ay Oe 
selecced 1 includina u.teriala for conatructin& 
vessels, 1 toraae tank1 .. val vu, ?ipin& 1y1te•, and 
other ite• thar come in close contact vith 
cheaical1.. There are tvo pas•• for C«'rodenta - one 
containin& the resistance of aetala, 1la11, and 
carbon, and the ocner coatainin& the reaiatanca of 
plastics and rubbers. 

Material• inforution, • joint 1arvice of A!M 
[nternational and [nstitute of Metal• (London), has 
announeed the puDlication of the Tllesauru• of 
Enginured Materials. This 132-paae, fint adition ia 
tne bas is for the t1rainolo1y u.aed in the recently 
introduced Enaineered Material• Ab"tracta.. The 
Thesaurus of Engineered l'llt1rial1 contain• tna 
vocabulary for clasaification 1 processing, and 
propertiet of poly.er1, ccraaica, and compo1it11 .. .. ~ .. 

Toiaorrov 1 1 Kat1riah, K .. E .. U1terlit.1 .. nae 
[natitute of Huals, Publica;ions Saha Dept., 
l Carl ton Houu Terrace, London SWlY SOD. Tel: 
01-839-4071; telex: 88llt813; fu: 01-839-2289. 
Order Mo. ~14, 234 x 1S6ma, 100 pp., 
ISbN O 91146240 3, paperback. Ai .. d at a ceneral 
reader1nip includin& 1chool leaver•. 1rudenc1 and 
under1radu1te1 of all 1cicntific and en1in&«riA1 
diacipl i.nu, •• well aa individual• requi.~inl updates 
on advanced aateriah, cnis innovative text be1in1 
witll an introduction to tlle fundalMlltal• of uterials 
science and invuticat•• a wide ranp of new Mteriala 
wnich nave for .. d the bH ia of Mny recent 
tecllnoloaical advances, co•pletely tranafor•in& our 
unu fac tur14 •nv ircn•er . 

Advanced uterials 1earchu available 

A new aeries of published aearchu on advanced 
..teriala tlas been la1111ched. tllirty topics have Deen 
cb09n .. rHearcaed. and pac:k•&•d to pruea.c aa 
attractive product for about one tnird of the coat of 
a C\l8tOai.&tcl liteE'at .. re aeardl. ritles raap froa tbe 
&JOthUis of ceraaica to tne corrosion of j10lyaen. 
Eadl surd\ containa "P to 2SO allatracu of tile 
literature fro• 1911S to Jlu&uat 1987. Each title coats 
l4S. A full deacripciwe liat ia available frClll 
Sara Fcmaeca, llateriala lafor-uon, tile Iuti.tuu of 
llecala, l Carlton llouae Terrace, Loadon SWlY 5119. . . . . . 

Coapanies and r•urcb inatitutioa• aeediaa a 
detailed picture of advanced -t•riala development in 
Japan can obtain the Japanese llev llaterials Yurb
l 9~6/ 19117. tile Yearb- ia a coaplete aurwey of tile 
ujor develo-nts that llave taken place in Japan in 
tile field of n..., uteri.ala ewer tile last year. lt 
co1ts ll4S and ia published by Elaevier International 
llulletLDs, Hayfield ll-•. 2~6 aaal>ury load, Oaford 
OX2 70H. 

P. A. Paaras and II. D. Lansford (eds): 
.. Advaacin& •teriala research"; 1917, Was1un1toa., DC, 
llational Acade•y Prua, xwi. • 391 pp., caaeb-d. 
lSS x 235-, lSllN ii 309 03697 4i. tllia autlloritati.ve 
b- prepared under the auapicea of tile llational 
Acadeay of En&LD•erin1 and me Natioaal Acadeay of 
ScieDces .. provides a lively aad coaprmensive accou;at 
of achieve.enta ia •ter1ala acieace ruearcn •:I 
develo-nt over the r!~d.1?60-1985. 

".Advanced Structural Ceraaica" publislled by 
..... in us eo-ciation• Co. (11cc). project& that the 
total value of advanced atructural ceraaic product 
ahipcenta will incruse frC111 $171 aillicm ~ 19117 to 
$430 million in 1990, $1.6 billion ia 199S, and $2.6 
bill 1C11> in the year 2UOO (all projection• are in 
current dollars). The aver•&• annual 1rawth ratea are 
expected to be 36 per cent frClll 1'187 to 1'19U, 22 per 
cent f10• 1990 to l99S, and 18 per cent fro• l~~S to 
tbe y~ar 2000. Ov•r•'' th• ace projectioaa are .ore 
conservative, aa.d t."> e probablJ more realiacic. 

the .. rk.eta covered ia th.e report are fo-r 
automotiv./beat ea1inea, cuttLn& tool• 1 vear parr:a and 
'>Cher induatrial applicatioo•. but exc:nanpra, 
aeroapace and defence-related apflications, and 
Diocer .. ic1.. The larp &rowrb rate projected over tne 
next ~hree yeara u attributed larcdy tr LDCreaaed 
sbipaent• of c..attioa tool•, vear reaistaat parca, and 
defencf!.-rf'lated applications aucn as c•-r-ic armour. 

Al th°'1&ft the atudy was conducted for tn• Ulli only, 
Japanese and European ccapaniea, aad tne competition 
they pose to US co•paniea, have been included for eacn 
.. rket sea.enc:. To order~ aua inaas Co-.micat ion• 
Co. lnr.., 25 Van Z.nt St., llorwalk, er U685S, UliA. . . . . . 

llip-Technolo17 C.r .. ica Past, Pruent. and 
Future, aubtitled The •cure of lanovat1on and Change 
IftCHa•ic Techno~ofi, w .. D .. Kin,,.ry editor, tt\e 
proceedinp of a 19 6 -ri.can Ceraaic :lociety 
syapoaiu• on ceraaic i'liatory and arcneolo11, "brinp 
topther apecihc caae historiea, analyse& of tne 
driwin1 forces for innovation, cultural and corporate 
influences, policiu of national aelf-intereat, and a 
historical vievpoint that allow• tne radar to anape a 
nev underat4Ddin1 of cne procua of innovation and nov 
it aay affect the future of hllll technolo11 
cera•ic•" .. Tne b·>Ok, Wich ia divided i.Pco tbree 
••ctiona, opena vith • provocative .... , oa recant 
trend& U\ me history ,•f tecnnoloo. the Hcond 
1ecti.on contains nummr0t..• apecific eu•pl•• of 
hi&h•tccnnoloay cera•ic "·ncwac.ona fr- lcypt1an 



faLcnce, the firat nip tech. ceraaic, to .ore recent 
i.tutovative devalopacat• •u.cb u • iahm•, 
ferroelectric•, and aultilayer ceraaica .. nae final 
section, on the a.ature of ia.ncwatiOCl and ..nap.eat, 
iacludes di1cu.1a ioaa OD tbe sou.recs of ieaovatioa, t.be 
-.anapent of in.nO'fa t ioa., bow to nu.rtu.r• tecllnolog, 
and a look into the future of ceraaic tec:b.nolo11. 
Th is interest in& and iafor•tive book sboul4 pr0ire 
valuable botll co clloae alrudy ••orki.n& in <llu field 
and co ttaose considui.na enuri.n& ic. To «du' •
Service Dept., Al:itrican Ceraaic Society, 
151 arooksedae Plan Dr., Wes cuville, Oil 4301 l-2421. 
P~•one; (614) 890-4700. 

S111posiua held lS-19 April, Palo Alco, 
California. Edited by C. Jeffrey •rinker, 
Da~id E. Clark and Donald &. Ulrich. Pittaburai>, PA: 
llaterials bsurc:b Society, 1916. 8l: pp. (llacerials 
lesurch Society SJ11pos ia Proceed in&•; Vol. 1l) 
at.-11969. ISlll 0-9llll1-l9-l. Contents: Solucio" 
cneaiscry and syntllui• h aeb. Solution c:beautry 
alld syntllesis II: povder1. Cbaracteriucion of 
cneaically derived ceraaics. Dryi.n& and 
~onsolidation. lloa-oxidea. Coapariaon1 of cllemically 
coovencioaally derived cerallica. Applications of 
l!Or.ID calculacion1. Poacer suaioa. l!.uerula for 
electrical packa&i.n&· llev i.nitiacivea/aovel 
uter U ls. lndicea. • • • • • 

lleUlfOrced Plasticl for Co-rcial CoapoaitH, Source 
lt.)r~, edite .. by Gerald Shook, ASK lnternata.aaal, 
i:tals Park, lllio 44013, 2 Ur-ll&-5151, 1981», 4UO pp. 
Introduction to u.sin& rei.Aforced plaatic1 in &Yeryda7 
applicacioas.. Fir1t part cO'IUS ruins, fillers, and 
reinforce•nts.. Then COMS cur in& ayst•• and 
reicases.. the actual fabricatioa of reinforced 
plastics is the subject of lhe next tvo section• .. 
Articles on open and cloaed~ulcled process•• discuss 
fabrication techniques such a1 coepruaioa .ouldut&, 
resin-cransfer .:1uldin1 1 1queeze .ouldin1 1 

fo.m-reservoir mouldin&, aad ru i.a. injectioo1 .. 
follOM"in& that, aut:11 .. t1d proceaau such. u fila-nt 
"in.din&. pultrudin1 1 atad pulfora;.n.1 are c.wered.. A 
section on fabrication proca1e1 for 
reinforced-plastic assemblies avrveys articlu on 
bond in a and fa• cenioa •tllodl, i.ncludi.n& drill io& of 
reiraforced pla1tic1.. • • ... • • 

Plastics Technology t!andbOC.:... Kanai Chanda, 
Sahl It. loy. 1x • SS3 paaH. Marcel Dekker lac., 
270 Kadisoo Ave., llev York, llY 10016. 1987. ..... 
Polymer Sci.en:e. V. R. C....ariker, I. v. Vuvaaatnan, 
Jayadev Sreedbar. XV • 50S papa. Jona Wile7 6 Son• 
lac., 605 Third Av., llev York, llY 10016. 1986. 

Kultic.,.panenc eol:y!!r .. tariala. Edited by 
D. R. Paul and L. H. Sperl io&. Waanioacoa, Dt;: 
MerLCall Cheaical Society, 1946. ]Sit pp. (Advaaca 
i" Cnni1cry SeriH; 211) 85-20475. 
lSlll 0-11412-0899-9. Contents: levi-. 
Cnaracceriaatioa of polyaer blends. Cb•racteri.aation 
of block copolyaeu. lotarpenetratio& polya« 
necvorka. llecllanical behaviour. lllleolo&J and 
application. Indexes .. • • • • • 

Plastics ceellnoloar nanclbook. Chanda, Ka\aa and Sal il 
K. lloy. llev York' Marcel Dekker, 198". SH pp. 
(Plattico En1ineerin1•1 12) 86-l97lO. 
lSIN 0-82i.7-1S64-l. Cllaracceri.atict of polyaera. 
fabricacioo procuu1. Plattic• propertiH and 
tutin1. lndultrial polyaeu. Addition polr-•· 
Condensatioo polyaer1. Special polyaer1. lndea. 

61 

Pri.nciplea of Poler c-eo•itu. A. A. Mrli.n, 
S. A. Volfaoa,, II. S. fai.kolopiaa and S. S. •i-acov. 
Mrli.n: Spriapr-Verla' 1'116. Pp. " • 120, 
151111 l S40 150S l L Tb u b-, us in& ideaa developed 
at tile Institute of Cla~cal PDyai.ca of tile 11551 
Acadeay of Sciences, diacuaaa tA<I 1K1.11ciplu of tne 
detip of adYanced pol:r-r coapoaitu for use in 
furniture, buildia&, electrical appliaa.ce1, veb1clea 
and other equipmeat. • • • • • 

Sil icon Proceu in& for Pllocovoltaics 11. Edited by 
Cla•clra P. lbattak and It. V. bvi. 1986. Ill&• 474 
papa. ts•• 0-444-17024-S. llortll-llollaad Paya ice 
Publillli.n&, P.O. ao& 10], lUOO AC -ter..._, Tile 
letllerlanda. . . . . . 
Cur~IPDC to pica i.n pl!ocovoltaica. Edited by 
T. J. Caltta and J. D. llealr.Ul. 

Vol- 2. S.pteaber 1917, 244 pp., 
IS.I O-l2-Ul412 L Preface. Payaica, lleaaur-t 
and Sya:eaatic Deaip Theory for Silicon Solar Cella. 
lli&h Efficiency KllP and PESC Silicon Solar Cella. 
Space Solar Cella. Index. 

Vol- l. Juoe 1915, 279 pp., 
IS.II 0-12-193860-3. llaterojuactioa Solar CeU1. 
Cu-Ternary Cbalconn.te Solar Calla. 
Amorpboua-Silicoa Solar Cella. AdYaaced Concentrator 
Solar Cella. Ca<lai- Sulphide-COpper Sulphide Solar 
Cella. Eacn cllapcar is.eludes refareacH. Indal<. . . . . . 
fuoda•o~la of solar ce~h. Pllocowoltaic Solar 
fAaru C:-ara &on. A. L. Faareanrucn and R. IL -·. 
1983, 576 pp., 1511 0-12-247~80-8. 1 Vincent Square, 
Loadoa Siii.i' 21'11. 

Two publications on tne procndina• nf tile 
failure aaalyai.a !KO&ra- and related papers 
prue:atecl at tb• Iaurn.aciOGal Coaference aad 
Eapoaitioa on Fatipaa, Corrosion Cr•ckin& 1 fraccure 
llec:banica aad Failure Allaly1il, 2-f, Dece•ar 1915, 
Sal c Lake Cit7, 'Jtall. 

1. Aadf!i.nl failura: tile prablw and tne aoluti.on1 

Edited b7 V. S. Cod. lletala Park, Ohio: 
-.ican ::iociety for 11au••, 1916. l61 pp. 
86-071195. 1511 0-17110-270-l. 

2.. f•tigu• life~ analysis aAd precla.ctioo 

Kdited bf V. S. Cod. Salt Lake City, ..,_ricaa 
Sociec7 for llltala, 1916. 415 pp. 16-071194. 
a.Sii 0-87170-271-1. • •••• 

llondettruct ive tea cina llanclb-

Second edition, Vol. 4: £leccrwpetic ceetin1 
eddy curreac, flux leak•&• aod •icrouave 
aoadeocruct&ve teat&n1. Edited by loberc C. ltcllaater, 
Paul llclntire and Michael L. Kester. Col..-us, Obio: 
-rican ::ioci.aty for loadutructiva rucio1, 19llO. 
617 pp., 1511 0-9ll40l-Ol-4. 86-7Ll47 • . . . . . 
w~nk, s .... al A. aod lolert C. llcllaater. Cbooaio1 
llDT' aeplicacioaa, coau aad benefita of 
nondeetructive testiftl I.A rour quality &Slurance 
pro1raa. Col-ua, Ohio: ..,_rricaft Society for 
londeatructive Teatill&, 1987, 96 pp. Paper. 87-1788. 
15111 0-9] 1403-09-l. • •••• 

Failure analr•i• and preventioo, 9tll ed. Vol. u. 
Cordoo W. Powell and Salall E. Kaft&IOUd, co-ord&natora. 
llatala Park, Ohio: Aourican Society for lletala, 



1~116 ..... 3 pp. 78-14934. lSltlt IHl7l70-007-7. Tbi1 
updated aad e1tpaaded volu- u1eotially -intai.n• tile 
for-t used in tile ltll edition (Vol. 10) involvi.n& a 
review of tlle eo1i.neerin1 upecu of failure, atudiea 
of various failure -cb•LI•, aad relare' 
environ-ntal factor•, and anal19aa of ll1mdrecla of 
actual service failures of •tallic -t•riala. So
firat-ti.,. anal71i1 of ceraaic pol,...ra, and 
cont inuo\d fibre-re in forced ca.poa i tea are alao 
included plus increased coverase coaceraed vitb 
failure analysis of intearated circuits. Ali t.aaual, 
tile work i.1 spectacularly illuat<ated. . . . . . 
lli&ll Perfor .. nce Fibre Compo!!itH. ay J. C. ltorlay, 
Wolfson lnstitute of lntarfacial Tecbnol<>17, 
University of llottinp-, deah botll v1tb rainforcin1 
fibres and vitll tne pll19ical principles of 
re inforce-..-nt- It1 seven chapter a cower a vide rut&• 
of both continuou.1 and discontinuous reinforci~& 
fibres, the ela•tic pt'operties of fibre c•,-ites, 
tne development of aatrix crack.a in brittle aatria 
c-iaposites, the fracture of unidirectionally 
reinforced 171te .. under tensile loadina, fracture 
under .arc c•plex of f-aais and co.pres• ive load inc 
sys cea, and aspects of tbe loa1-t•r• • trenath of 
fibrous compotitea. To order: Acadeaic Pr .. •, 
•65 S. Lincoln Dr., Troy, KO 63)79. . . . . . 
Advaaccd C-po!!itu lU: Eapadi.n1 tile Tecbnolo17 i1 
a coapilation of all but U of tba pruentatl-• ac 
tl\a 19117 Advaacad C-po1ite1 Coafereoce apoaaorad by 
.\S!I lntarnatiooal and tile En1inaeri.n1 Society of 
Dottroit. 'The paper• cover deaip, ..,ufacturift&, 
u.ceriala science, aad aecoculary proca•in& in polpel' 
.. crix coapositea for aerospace, aut.om>ti•e, and 
defence applications. to order: ASK ltaaller/Cuato-r 
Service Center, lktal1 Park, OH 44073. . . . . . 
!_r~• of tile American Society for C-poaita 

Second 'technical COGference, co-apooaorad by 
the IJnivarsity of Oalavare c ... ter for Coapo1ite 
~tcr ials, coo ta in• papers cover in& procu• in& 
science, •atarials science, characterization, 
•cnuic•, duip and aaalyaia, durilbility, aad 
nondestruccive evaluation. Most of cne pr .. entations 
concern polymer -trix co.poaite•, but tnere is alao a 
session on fibre reinforced ceraaic• and one on .. cal 
utrix c-posit... To order: Tecllnoaic Publiallin& 
Co. lnc., 8~1 !law Holland Ava., aox 35)5, Lancaater, 
PA :;~04. • • • • • 

Enaineers • Cuide co to.mice Materials• edLted by 
Jolln W. Waatoo, ASK lnterutional, llltah Park, 
()lio t.4073, 21&-lli-5151, 1916, 400 pp. Dita &ad 
infor .. ticn needed to understand and evaluate 
co.po1Ltes technolo11. Property section on 
reinforce•nta hipli&hta fibre, whisker, textile, 
paper, felt, and fill era. The section on 
pol,.-r-.. trix coapoait .. co•paru tlle propertiea of 
fibre-reinforced, filled-ruin •trix c011poeitea, and 
various epoxy aatrix coapoait ... Property dau on 
.. tal._trix c-poaitu include fibre-reinforced 
alu•i.nium, titaniu•-alloy, nickel, nickel-baae, 
cobalc, iron-baaa, and auperalloy coapoaic••· Tn• 
lut property data 1ection daala vitll fibre-reinforced 
ceraaic C091'01it••, nonfibre-rei.aforcad cuaaic 
co•po1ite1, cer .. ta, and other .. c.al-cer .. ic 
co.apo1ice1, and carbon£c:r~O: !•po•itea. 

Carluon, Leif and a. aryon Pi.pea. Elrperi-..tel 
characteriaation of advanced coapo1ite -t•rial1. 
Enslavood CHfh, I.CJ: Pnadce-Hall, 1986. 197 pp. 
86-18695. lSDM O- ll-294950-4. Con tan•-: Tnaontica l 
back1rc•nd. Laainace procu1in1. Deteraination of 
fibre vol..- fraction. Laaina tenaile and allur 
reapon••. t.a•ina compre11 ive reapon••· W•ina 
c.ner.,elascLc re1pon1e. W•ina off•axia rupon••· 
U.ainace tensile re1pon1e. Ul•in•t• tneTmelaacic 

rnponae. i...inate notcbad atr•&tll. 
Cbaracteri.&ation of uatarla•i.nar fractuce. lndall. . . . . . 
-•tallic .. tariala and C!!!pO•itea ac lov 
ta-rracuru ). Proceediasa of tbe Tbird lOlC 
Sppo1ium on --ullic llatariala and Co.poaitaa at 
i.- T-pcratucaa, beld 23-24 Au-t 1914, llmidelbar1, 
Federal lapublic of Cer-ny. Edited by 
Cun tiler llartvi& &ad lkvid £vaa1. •v Tork: Pl
Preu, 1916. 220 pp. IS-24337. 1511.t 0-306-42117-1. . . . . . 
;.1107 Heal opti-• 

En1inear'a suicle contain• 24 ,., .. of infor-~ion 
about Hip Screo1tb Lov Alley CllSIA) ataal1 aad b i.p 
1trcn1tll carbon flat rolled ateela. Dasi"' featuca1, 
pe:rfor•nce beaefita, cbeaical comp:1aitiooa, tensile 
properti•a, aceoepberic c•roaioll rautaac.e 
qualitiea 1 and otber upect.a are clatailed. Diacua• i.oa 
atrua .. aclvaatasa •uell .. ruutanca to brittle 
fracture, for .. bility for r ... cad fabrication coau, 
veldability cllaractarutica, lipt veipt, and 
reaiatanca to abrasion and bip-temperat.ur•. W!f 
Sta tu Steel, llarketina Senicea Amaociatta, 
Ua.1verait7 Circle laaurcb Cent.er 1, llUOO Cedar Ave .. , 
Cl evalaad, Oil 441114>. . . . . . 

llaun, Pater. Pllrical -Ulbrp. Sacr..nd 
cditioo. Traaalated froa tile <Oer- by 
Jaaat llordike. llev Tork; C....ridp 11Divu1ity Pru•, 
1916. l'l2 pp. lcr-6059. lSllM 0-521-llOJ7-l. 

\!> •• ti- ;: 

Al.-iniua-litllW. allor IU 

Procaedinp of tbe 'Third lntarnatioaal 
Alu•i.niur-Litlliu• Conference apoaaorad aad 0•1aai.&ed 
by The Inatituta of lletala; llDiveraity of Oxford, 
8-11 July 1915. £ditd by C. aaltar !!....!!..· 1-doo: 
lnatitute of ltatala, 1916. 640 pp. 
lSaM 0-904357-11>-S. Tbu 1985 confer-ca report i1 
in tvO parta: (I) cover• areaa auch aa production, 
pr~cta and join ins, fatipe behaviour, and powder 
and -Cbaai.cally alloyed -tariala; (ll) include• 
pb19ical aatallur17 and 1tructura property 
rclatioaahipa. Particular interut, for ex.aaplc, va• 
&ivcn aircraft 1tructural applicationa • . . ,, . ;: 
Povder •tallurp 

Oyte•p Specialty Steel Div., Oyclo119 Corp., 1111 a 
broeb.,re on ita povder .. ullur17 proca1: 
Conaolicla•ion by Atao•pharic Pru1ura (CAP). "CAP: 
P/" !lade c,ystal C~ear" outl tAea tile fi .. 'a 
capabilities for producin& povder 11atallur17 alloya, 
1ivu a •di-tic rapracntac:"" of tile procua, &ad 
liata •arioua alloy• and product for .. available. 
Coapared with conventional vroup• •tall, CAP P/K 
•aterials r•P1'rtcdl7 exhibit incruaed toupnu•, 
i•proved aacll1nabilit7, and excallant srindabi.hty. 
Oytc•p Specialty Stael Div., P.O. •o~ 517, Tituaville, 
PA 16lS4, USA. . . . 
Profraa in Mec.alluraical leaearcb - Funda•ntal and 
App Led Aa pecta 

Procaedinsa of tile lntarnatiooal Conference, 
ll-15 February 1985, lndian lnatitute of Temnolo17, 
Kanpur, India. Ida. 5. P. llcnrotra and 
T. 1. 11a .. maadran, pub• i•lled by Y.ta llclirav-Ki.11 Co. 
Ltd., .. ., Oa 111 i, 15•M 0-07-451640-1. 

Thia ia quite an eatenaive conferenu report, 
r ... n1n1 to 720 pe& .. and 76 papera. -r ... topics 
enco•paH -n1 upacta of -talluro, froa ainaral 
an1ineerin1 to •tal phyaica. 

••• * • 



10. PAST lVlll1S All> IV?lal! ICl&TDIC:S 

~etin11 oa 1upercoeductivit1 

l9ll7 

18 11.arcil l9d7. 
l'ev York City 

~rcn 1917, 
wasnill1to11, ::i.e. 

27-JO ~rel\, 
NAaoya I11at. of 
Tectu1 .. , Japan 

28-ll !larch, Waseda 
lb i'-"CCS ity t Japan 

April 1987 

April 1917 

April 1987, 
Denver, Colorado 

21-24 April, 
Anaheia, California 

June 19117 

2-S June, 
Stra1bour1, frmce 

July 1987 

2&-29 July, 
Wast. inaton, D. c. 

Au&ult 19117 

Au1u1t l9d7 
It yo to, Japan 

Nioual lltetill& of die Marie• 
Physical Society. Thia ••tin& 
vu touted u die "lobotla tock of 
physic•" beca"'e of uae 
ezc:it••·'!llt ic. amerated a.oa.1 Ch• 
acimltllts .. 

l\lo-4ay uaU.ar at tne .. ti...,al 
Acatl•ay of Scinca1. nae 
lutl-,,ff apealr.er va 
It. Ale& liiller, bud of the 
Ull-Zuricll aroup; foll-ti by 
Paul C. II. Chu, lleatl of a aroup 
of -teriala acientiats of cne 
Un.iver1ity of Bouatoa, Teua. 
The acatleay i11te11tla to boat about 
four of tbue a .. iaara per ,.ar. 
atartill& 1911. 

Syapoaia Oil nian-t•"P"rature 
aupcrcm .. cti.Ye oaides .. 
(Spo111or: Japall Plays ical 
Society) anti 
(Spollaor: App lied Phys ical 
Society) 

'Ille firat ujor •etU.1 of 
lritisll 1cienti1t1 vorlr.in& 011 
bi&ll-taper1ture supercoatluctill& 
ceraai.ca, held at the lutherfortl 
Appletoll Laboratory. llHtill& vaa 
arranptl by the Scie11ce anti 
fn&ineerin& Reaearell Cou11cil 
(SEaC). 

Merica11 Cbeaical Society'• Sprana 
llHtill& 

1987 Sprana tlHtill& of the 
!later iala ll111earch Society 

1987 llHtin& of the luropem 
llaterial1 auurcll Society. (A 
apecial day vaa devoted to 
hi&b-t:aper1tura 
1uperc011cucti•ity) 

C011farellca °" ~ ... Hi1n-Teapar1ture 
Supercontluctin• llateriala. 
(SpoD1ou: Tb• us ... it• llouae 
Office of Scieoca a11tl Tachnolo&J 
Policy, Dlpt. of fnera, 119pt. 
of C:-rca, Dope. of O.fanu, 
•tiOllal Science f-tlltion, 
•tional Acatlaay of SciaRcaa) 

18tn International C011fera11c• on 
Lov Teaperatura PbJI ice. 
($poD1ou: lntornational 
ID ion of Pure - Appl iatl 
Phys ica, Sc ianca CouRci.l of 
Japan, Pby1ical Sor' .cy of Japan 
and the J-'!19" Society of Appl iatl 
Pby1ic1) 

"' 
SeptHbar 1917 

s.,. •••• 1917, 
llav Drle-•, USA 

14-1) Saptaabar, 
San Fr•cieco. 
Califonia 

-

18-19 Septallbar, 
U..iweraity of 
llor Cb Carol iaa, 
Chapel llill 

25 Septaaber, 
Coventry, Ult 

Oc toll er 1987 

9 October, 
l.o• Anplu, 
Califonia 

18-21 October, 
Dimer, Colorado 

llktll •ti-al -tiD& - SyapoaL- OD 

llav llian-Temperatuce Superc-.,ctore. 
(Spoaaor; -ricall Cneaical Society) 

A. cowrcialiaatioa vork•op oa 
•uperCOBductor• in electrcmica. 
Tba vodl.abop ccwaretl JaaepllaOll 
jtm.ctioa. clevicea~ appl1catica of 
auperCOll•ctora for iatarCOGAecta 
ad om.er •••• iapact of 
aupercoe.,ccora Oil Ca.Al •tariala 
aarllata and alao OD •tale mtl 
rare eartll •rlteu; and tile type 
of producta aatl coapaniaa tllat 
vill be die vinnera anti laaera of 
tile nev tacllnolo&J. 
Tb• ora•ia•r, - ..... ,. Qo&ut, 
Suanywale, California, aolicitetl 
apealr.ara fr- •tar1ala 
tleveloi-ent, electr011ic tlnica 
illtlua try , a .. ppl iera of liquid 
aitropa, refrip:ration •J8ta•, 
pat•t 1.,, 1wer~t and fl.Dance. 

Tbe Speoaium oca Hip Tt91!rature 
SUparc:on.,cCLlll llateuals. Tba 
••mt, aponaored by tba llortn 
Carolina SectiOll of tile Mericaa 
Clleaical Society, featured 
11ctur11 - ,...tar pc .. mtatiOlla 
oa. ayathaia, propertiea, and 
pcoc .. aU.1 of a .. perc0114uctin& 
-tariala. (Uniwaraity of llortD 
Caroluaa, Dept. of Cbeaiatry, 
Vmabla llall 045 A, Caa"°'l Hill, 
IC 27Sl4) 

A • pecial aua ioa on !!!J!! 
Taap!!•ture SuP"rcontluctuaa 
llateriala vu bald at tba 
a..iYeraitJ of W'arvick, C~ .. CCJ,. 
llt. It vu orpniaatl by 
Dr. Dawitl De-ilu•u, Dlparc-c 
of Ea1inuriA1 Scinca1, Parka 
load, O..fortl IDiweraity, 0..fortl 
OXl lPJ, Enalaad, fr- vh
furtller tlataila cu be obtaiaatl. 
llaia •••ion vu part of di• 
cOllfermc:a titled "llev llateriala 
anti tllair Application•" llaiaa 
ora-ia•tl by tile llt laeti.tut• of 
Pll19 ica, vh icb vu llald froa 22 
tllrouall 2 S S.ptaabar 1987. 
llawnu, ia order co acco-.clate 
tile rapid atlYaa,;u tall 1.111 placa ill 
lli&ll ta"P"rature auperc:on•ccor 
raaarell, the detail• aatl forut 
of aaaion vill 1>1 detarai.natl 
later tnAll for ta• raat of tn• 
-tins. 

Suparc:oa.,ctor Application• 
llanna: Soutllern Cahfornia 
Syapoai- on Che Pro&I'•• of 
s..,.rcOlld.actor ApplicatiOlla. 
(Superc:on.,ctor Application• 
"8aoc., 24781 ll C1ai.ao Yi.111 
Awe., 11 Toro, CA ~26l0) 

lpeci.al Caraaic Svparcon4uctor 
S-aiaa. (SpoDaoretl by tna 
llactronic• Dhiaion of the 
Mericaa Cer1 .. c Soc1ery and 
llectronica Di•iaioll of the 
Caraaic Society of Japan) 



0 .,., ••• r-. 
AD.ahei•. 
California 

9-ll llovembet, 
llOltOEl. KA 

January l'lll 

2S-2f> January, 
oostoo, KA 

21..-27, January, 
bostoa, KA 

February 1988 

16-18 February, 
Los An&•h•, 
Cahfo.-Ria 

22-24 February, 
Moua con, Teu1 

Tbia Fi.la Proca•in& and 
Clluacter i.&atioa of llip
Teapenture Superc-.. ctoca -
l4ta llatioaal SJapoa i.- (-r ican 
Yacu- Society, llS East 
4Stl\ Screet, llev Yorlt, l.Y. l0017l 

Per1pective1 in tn.e llev 
Superconductiwity - All 
later-national ..,,iev Coefereace. 
(Sponsor: llATlllE. - Tae 
lnteraati-~eltly Journal of 
Science) 

C-rcial Apelicati.-s of 
Supercoo .. cti.•i.ty: Focus oa ubicl\ 
iaduatdu vill be fint to apply 
D• tecru1olo11 1 aa4 bDll mica it 
vill cost to iapl...ot. 
(Sponsor: World Tec:b. Press , 
l lmclall Square, Camt>riclp, 
11A Ol ll9) 

llil!! t•perature auperc-ductiwi.ty: 
iaplicati-• for industry. A 
s,.poai- at ltlle lluHc:buaetU 
lnatitute of Tecboolog. Tbe 
purpose of tbia tvo-cl.ay ••ti.a& 
vp to put tile breaktbroupa i" 
penpecti.Ye for cleci.aion-ua i.a 
iadu.stry. 1o•cr-ot 1 aa• 
acadeai.a. E&perta fr°" KlT aod 
i"duatry rCYievecl tbe latut 
adYaocu, au~iaecl the current 
tbeori.es n! tbe pllyaical 
prictci.pl•• iowolwecl, cli.1cua1ecl 
••r1io1 l in .. of ruea1:cb, 
e11plorecl tbe pot.,.tial for the 
clevelopeent of device• ancl •J•t•
bued oa the nev • ter ;.ala, &&Ml 
iclenti. fiecl the en&ictHc in& 
cnalL ... pa uh i.cn he • llucl ia 
e11paodin1 the we of 
superconductin& t•oJ1a•·lo17. 
(MaHaclluaetts lnatitute of 
Tecllaolo&J, Ca..-.rid&•• llA 02ll9, 
USA) 

latuaatioaal Superconduccor 
Apelicatioa1 Convention. Tb• 
k•JllOt• •pealt•r i.a 
K. Alex lllleller, of lall l•••arcn 
Labo i11 S..iuerlaocl, ..,o 1tured 
th• llobel Prize for hil 
aupercoacluctOC' r .. carcn affo~t•. 

Topic1 include applicatioo1 of 
•upcrcoaductor1 ia electronica, 
computer•, and co-..niutioae; 
i.111 truMA tat Loa , •••in& , aad 
cliapoetic1; aeroepece end 
defeA••; utilitiu·, 
trmaporution; and cona..-r 
producu. Aho 1clleduled i• a 
auperconcluctor tracle 111ov. 
(Supercoaductor Application• 
A .. n., 247U Caai.no Villa Ave., 
ltl Toro, CA 92630) 

World Conarua on Superconduct i
.!l!I· T.1e World Con1ra1 on 
SupercORductivity na1 been 

29 February -
4 Karel\, 
111ter l alten , 
Svit&erl&Rcl 

20-24 February, 
Kouaton, Texaa 

utaltliaaH ia •ouac.oe, Teua, •• 
a not-for-pl'.;,fLt uaoci.tim. of 
aci•ti fie. aca41eai.c. 
prof••• ioaal. corporate, aa4 
1oorer-tal or1-i.&au-1. lta 
objecti•• ia to co-operatiwely 
adwau.ce r-eae•r-dt m41 applicac.1oa 
4evelo,..rat iatera.atioeally ia 
tbi.a ficH. lai.tial apoaaocs 
bu idea tile -jor Teua 
wai•craitiea aa.• Mouatoe 
K&m.i&atioaa iaclude me 
loetituu of Electric ancl 
aectrmuc IEA1ia•er• t tile MltrLcaa 
Cb.eaical Soc"ety, th• .a.tri.caa 
laatitute of Qaeaical EA1uaeer1, 
the -ricen :ioci.ety of llecb-•cal 
fa&t•eer•, c.ae Aa•ociatioa of 
l'Aer17 l'A&U.eera, me .. tl-al 
Society of Prnteaaiaaal Ea1i.• .. ra, 
..a ta• n.ctri.<: rover -·arcia 
ta.ti.tote. Dr. Paul Cau, di.rector 
of tae Taus C..tu for 
Supercoo•ctiwitJ at: ta• 
IDiweraitt of Ta11aa i.a tb• 
cbair•n of tile h-oruy aclvi.aory 
lloard, tlhic:b iaclude1 a-1 otaers 
Dir. Villi.ea Grab-. the 
Prai ... t's Scidca MYiaor, 
Dir. rr ... •e• C...u•ari, •ice 
pr•i ... t o: lall'a T.J. Vau-
-•arcb Ceoter, Dir. Paul neury, 
clirector of tbe Pbya ical leaurc:b 
Llo!J..catory at AT6T aell 
i.llocatariae, Villiaa F. Kaye1, 
••i« raearc:a officer of tbe 
•tioaal leaurc:b c-cil of 
c:..ada, s. ... el Kr-r, deputy 
clirector of tile as •ti-al 
EiD&;.,.••r"'I Wboretory, 
Dir. Alaa Scbriesbein, d~rector of 
Ar&ORD• ...... tory ' 
Dr. ~llea Feiaber1, e4itor of 
lli&h Tc Ufclete, -· Wburatory, 
aad 1tr.11 editor. 

lbe firat Vorld Cortaraa C7m.t ia 
pl.,oecl .. aa lAteraati-al 
ptaeri.a& of l .. dera rr- th• 
vorld'• raearcla, buiaaa, aad. 
aoweramaDtal co .... aitie• 
intereated ia ad'lnciA1 the 
scientific aacl practical 
a"'licatiooa. the pcoar- will 
CIJYer • uatuaati.oaal upclete oa 

aci.ntific advucaa aad 
•f-plicatioo•, a rCYi.ev of 
application area•, iaterAAtional 
co-operation, aad bua iAe•• 
opportuaitie•. ("or ld Con1res1 on 
Superc..,.ducu•i.ty, c./o llouat
Li&Dti•& • Pov•r, P.O. llo1t l 7UO, 
ET IDoa llOS, llouatoa, Tl 711101) 

lnteraatiooal c-fermoo oa Kip 
Te!p!rature Supercoa•ctora, And 
Materi.h and llecnaoi•• of 
Supercoa•ct1wity. lCooference 
Secretariat, 'lli&h Teaperatur• 
Superconductors", Pny1ic1 Dope., 
ltTll, IUSn&19r~•r1, 109) Zuricn, 
5" H& er l aocl ) 

Superconductor Applic.ati.001 
lleetuaa. (Spoaeorecl lly ue 
Kateriah luurcll Soc.iety, 
440 Li•• o.i. Loop, i.lbuq ... rque, 
MK 17122) 



S Karell l9U •Sci•ti he .:uri•ity to 
Ox ford U. i.'lfU • ity e11.1iae•r ia& rul 1t.1

8 
1t1 

April L9'4 

'.>-9 April, 
leao, llcvaU, USA 

11-ll April 

Ll-22 April, 
Trieste, It•ly 

l&-2 0 April, 
buffalo, llY, USA 

!lay 1988 

9-ll !lay, 
lut&•r• Lk\1vcr1i.ty, 
USA 

18 l'lay, 
.. 1Ci90r•, HD, USA 

Dr. O..i4 Dev-••••. lect.«H ia 
••ii•••r ill& science ia tile 
~i,•erai~y of Oafori. 

The lee<uc• '"er iltecl Cll• 
pbmom-aOft pf aupcrcoa.•ctiwity 
•• i.ta early lliatory, •• alao 
ovtliaecl vllat i.a r .. uirH of a 
avperc-•ctor ia or•er taat i.t 
C.AD lte uaH ia aa eaaiaeer ia& 
•nice. th• apellter 111 ... trat ... 
•n•l..,....ota of practical 
-teri•l• to -•t aa ... 
r ... uir-•t•, vitll e.a.pl ... 
Fiaal ly, •• a peculated • ctae 
• pect.aaala:: diaCD¥er ie• of ae1 
ccraaic auperc•6actsa, a.I 
tile ir pr.,..Ml le iapacc oa 
-sia•eri.o&. <s.-.ord by tne 
c ... tral El•ctricity Cenerctio& 
aoar•, llX.l 

llilterials ... earcb Society 1914 
Spria& 11Hci.01, aauy. Stao..,,.t 
s•aiODa ia 4i.a .... fil•, 
lli&ll-t .. puacuce coapoeitc• 
(iaclwiins inccr-callica), 
bio .. sra•abilicy, •vperc-•ccora, 
and r.rfractori.es. (Materials 
lcaearcb Society, 
MW llclAipc loi., Suite l27, 
Pict ........... PA 1S2J7) 

Conference to lewiev 
Supercooducci"•ity Cai.oa. the 
I11tcroaci.ooal C-fer ... ce - Cllc 
Fine Tvo Year• of llip-Tc 
Supcrcm..,ctiwity vaa belcl •t u.c 
•ryanc-Dcnoy C-fcrmcc Center, 
lbiwusity of Al.tta•, Tuacaloosa .. 
For inforMtioa, contact 
laberc 11. Ill<&&••· IDi.vcraicy of 
Ale-, Dept. of CIL .. iacry, 
T11acalooaa, A.I. 35487-9671 
( 20S/l41-S9S2) 

Eaperi-cal W«ksbop 011 111..,. 
Teaperat11re Superconductor• 
(Inccrnati011al c ... crc for 
Theoretical Pftyaica, Trieace, 
Italy.) 

C011ferencc oo S..pcrc011dllccivicy 
and Applicatiooa. (Orpniu• by 
tile Inacicuce of Supcrc011duccincy 
boadqverceu• ac SUllY-S11ffalo, 
luffalo, llY 14260, USA). 
(Sponaorc• by Stace Uni.verai.cy of 
llev York ac lu ffelo) 

Fourtll Annual llortlluac la&i011al 
lliletui& llL&b-Tc S..perc011ductora -
proceu in& aa• applica ciona. 
(Spooaored by Cb• lllcall11r1ical 
Society, the Ka cu ia la laaearch 
Society, ASH Incer11ac•ooall 

Plannin& llilecinp on lliF 
Te•perac11r• Superconwcc in& 
Ceraaica (llacional a11reau of 
Standards flater iala lld&., 
looe aJO~, Caicberab11r1, HD lU899, 
USA.) 

.-c ltA 

1-l J•e, 
Wuc Yuai.•ia 
U..i.werai1t7. 
11Dtp•tov11. V. Ya 

z-• '-·· Topct•--
lliyaai.. Japao 

2Gc. c ... cr.al lasi-al -ti.•&· 
lSpoaaor: -ri.caa Cermc 
Sociac7) 

Sca Iaccr-ci..-1 llorlL•op oa he.re 
Eleccr- Devi.cu: Y.pual -u•a 
ea lli .. -T..,.r.acurc Supcr ..... cti•& 
llccc::- Dewie-. 
<ace 1Arca ad Dewelo,...c 
•uo:iaci.• for he.re Dcctr
lln'i.:a•. hki• .. i.l•iaa, 
•· 2 4-1-21, Tw-. lluaatall•, ....,.> 

7 ... , J•c, llip-T-. llatcriala c:-t.r•oe. 
o>a& 1.1.•p, 111, USA (ASll lac., llacala P-IL, Cll 4407l, 

llSA) 

26 J-e ... I July, 
Tuac-y, Italy 

July 1988 

U-27 J11ly, 
Waallin&too, OC 

Aupaac 19811 

21-2s Aupac, 
Sao Frucuco, 
Calif. 

28 ......... -
l Decc•cr, 
aoatoo, KA, USA 

27 Fcbruery -
l !larch 

Ml'O M••cc• St••Y Iuci.cutc -
Superc-•cc.LY• El•CU•iu. 
Coofcr•cc C•tcr, 1\aacaay, Italy. 
C..ucc: Dr. llarol• lloiaacocll, Air 
force OCficc of Sci.cacifi.c 
lcacarca/llE, aol l i.a& Ah, 
DC 20ll2-64U. 
"'-: (202)76 H9ll. 

Fi.rat .. ia-Paci.fi.c C..t.r•oe -
C..-• llil:ccr fllpica - Iii• 
,.._,.racurc Supcr ... .,cciwicy. 
•uooal •ivcrai.cy of Sapporo. 
C..tcct: Dr. 1..1.. hua, 
C.0-0..ir-, Fi: 1c. Alia-Pac1h.c 
Coofcr•cc - c ........ llacccr 
flapic.a, c/;, Dept. of flap ice, 
.. ci.ooal Uoi.•crai.CJ' of Si.11pporc, 
leDt bdp, Siapporc 0)11, 
•publi.c of Siopporc. Pa.ooe: 
(6S)2716188/77s.666. Tclca: 
IS21S61 WSPC. fax: 2n1n•. 

Ioceroaciooal Coofermcc ... llip 
Tcapcracurc S..pcrc ... duccivy 
<ias •as>. w .... ioac02. oc. 
C-ucc: llTS 'II, Society for 
Optical ... Queocu. ltlectrOll ica, 
r.o. Mil 24S, llcLcUI, YA 222Ul. 
l'llooc: l70l)1142-SllS. 
Fax: ( 70l)fll>2-S8JI. 

Appl••• Supercoca.,cci•icy C-f. 
( Lavrmcc l.1vcr-re lloUOllal 
Laboratory, Li.•cr.,rc, CA 91t500) 

Tac Kaceriala laaurcll Soci.ccy fall 
lllCCUI& (MIS, 9100 llcla1 .. C loed, 
S11itc 127, Piccaburl", PA 1S2l7, 
USA) 

Su5rcoca.,ccou au Topic of Cordon 
c°" er•cc. he eor...., c ... icr•cc 
Oii Supercocaduccivicy vill be nel• 
21 feDruar1 - l Karell 1919. DI• 
locacioo of <II• coofcr•cc vill lie 
•aouacecl. 
For iafor•tioa, coac•ct 
Arta11r llaipc, &:&pen-cal 
Scatioo lS6/301, &.l. du POiie de 
.. .our•• Co., lnc., W1.l•i.n1toa, 
Iii 191'" ( l02/ 69S-lS3'). 



11-lG J-..uy, 
Cocoa ... ca. 
Florid.a 

1- S For..uy. 
Ciaci..aati, Ollio 

17-11 Forvary, 
ar .. sels, .. Lai.,. 

21-1.t February, 
aapd.ll<l, trio\ 

!la• ca 19N 

11-2'- itarca. 
ltir•iaP,.., US. 

2 l-24 !!area, 
Los ""&clH 

22-l• X.C'dl I 

Sc .. Louis, Ka, USA 

2 r2S 11arc11, 
Uaiwersit7 of 
1iraia11>aa 

2}-2S llarca, 
IDiwenity of 
Liwecpool, Ul 

0-1 April, 
Luu•oua 

11-12 April, 
London 

l2ta --l C-far•ce • 
C-,Oai.tea aa• M••ca• Cttaai••· 
(-i.ca• cu.-c• Society. 
7S 7 •r-•-'sc P la• 0::- ••e. 
V..tKYi.lle, ~ie 43Ull ... UW 

4lr• ... _.l C.far•m 
(Society of Pl .. ti.ca l.._atry) 

.W..•ca• Cu..&ca - All Cer.-i.c 
Eaci.••· (Lar.,.aa C~cal - , 
Qooa«-t ..... , S.tt•, Serey, 
all2 SAS, UK) 

?lair• &ralo lataraati.•al Solar 
E.aarlJ C.fer•ca. (Solar E.aerlJ 
llesaarca C.tre, P.O .... ll02•, 
J-ri.yaa, .. .,.._,, lr .. > 

9ta llllteri.als Teati•& Sb-. 
(Mi.tiaa luti.bat• of 
.....-0.atructi.we Tasti•&> 

llESTEC 'II. tlaa Wstua llatal a. 
Tool &.posi.ti.oo C•f•r•ca· 
(Speaor: &:ill launati-al, 
Society of llaaufactvri.aa Eaaiaura, 
-icaa 1111caiaa T .. l DiatrilMlt«• • 
.. soci.atioal 

1911 llmtarial• Parfoc-ca -
C«roaioa Sa-. <•ci.ooal 
.. aoci.at.iao of Corroei• Eaaiaeua, 
P.O. Ma 211340, ..... !COG, 
TeaH 772 1 11) 

llETALS I. MTDLlLS 'II. 
Out. of llmtals, Lotadlla, l Carl!COG 
~. Tarr ace, 1-- SVl'f SOii) 

Tlai.r• loterutioaal c-f•raoca .. 
fillre-rei.aformd C.poeit••· 
(Pluti.ca ao• lubber luti.tute, 
11 Kollart Place, 1-doo SV\W OllL, 
Ult) 

MaDLUX 'II - laactiwa Poly.er• 
aod PoL,.ars of lour face. 
(llacrolua S.cr•t•riat, 5&,pl8 
for.-, SAAL loa• lo ... nrielh, 
1117 S..h, 1.Mu•o11r1) 

Mschmicat tutia1 of er.1i.aaerin1 
c•r•1.c1 at 111.p 1te.,.r.at11ra. A 
••tia& vas laeld oo ta• •ca-icaL 
teat in& of •&in•« in& •tar Lala 
at 11i"' tnpanturH. 
Thia •etia& v .. ors-i.aecl lly e11a 
Ult Iii"' Te.,.rature llsc:l\ao ica l 
Teatia& Co-ittea ia colllDoruioo 
vitn ti\• lDacicuu of C.raaica 
(Ul). Siace Che .... ur .... t 
• ta11darda in tlle field of 
en1iaeui.A1 caraai.ce are ooly oov 
be ia& dawelop .. , tll• purpoa• of 
chi• ••tins vaa co rawi.av t .. t 
...... ,..., ..... •C:10d• ... co 
.. tab l hh intar .. ci0ttal nandarda, 
and i.t ia t11erefor• of aipnficant 
intcrc•t co all thoee coacernad 

n 

11-lS April. 
art_.., n .... 

11-14 April, 
ea...-••sc. UK 

U-Zl April, ........... 

14-lS &pri.l 

LS-11 &pri.l 

19-20 April, 
Carc11ff, Ult 

20-27 April, 
._ ....... nc: 

21 April, 
C....aatry, Ult 

21w-27 April , 
araail 

lS-2' April, 
ICDo, ~ad.a, USA 

lS-27 i\pr il, 
Aocverp, Ml&i-

"'dl •&i•eer ... , c•r..&ca. 
hrcaar •ca•l• ~- •• 
elotal&M fr- Dr. a.F. llfa-. 
C.fer•ce c .. i~. Di.YU:i. •f 
1111.c.cr1.al1 Anli.car:1.••. •ca.-•l 
ii'lll79ical i.1ooratery, T-'di.aat-. 
K&Mlaaaa NU OUI, UK. 

Tel•,.••: II 1-~l-'5 !t; Tel ea: 
2Wl44. 

S.ri.a& C.fer•ca- (tlaa 
-•caa lioca.acy fee 
.__tr.cci•• Taati.11& - &Siil -
P.O ... ,. 21111, C.l-•, 
Olio 4l2l..USlll 

C-fer•ca .. Dafermati- - tiel• 
.... Fractlll'a of Pel,..:ra. 
(Plaatica - -er lutit•te, 
ll .. art Pl .. ca, ..__, SVlW ClllL) 

lacer-t&.-.1 llmcaiaa Tool -
-fact.ria& - Tacuol•&J 
&.ailoiti.-. (tlaa 11acaiae T-1 
Tra ...... cia1t1.•, 62 •pvatu 

-· ..__ 112 lP1ll 

Fi.ka --1 C-f•r•ca -
lllltariala Ta-l•IJ, 1111c ... ula 
Totca-1.., C.ter, S..tllar• 
llliaoia ·~·-•i.t7, c:.n .... 1 •• 
lL. (Soeltllara 1 lli.aoia 
•i.•er•ii:7, Rateri.als Taca-1011 
C.ter, Cadt .... l•, lL tt901-4l0l) 

lateraati..-.1 s,.poai.aa a•• 
bailoi.t&oo oa Fi.Ion leiaforca• 
Plui:ica/c_,..au:e llateri.ala • 
.. J ..... Quoa. (tlae caiaaa• 
S1licate Societ7, ... - lauao& 
•l•&·• Mijia&, P•ple'a kP'*hc 
of caw> 

Coater-ca oa Ii.• ta-ratoare 
Pol,...-a (Plaacics ... .,.lier 
l .. ti.i:au, 11 lollart P lac•, ..__ SVlW ClllL) 

..., llateri.ala HU. (O...ucae 

..... - ,... Auaatell,.&S t;es.a.lo.11. 

....... 1_ ... D--)IJQQ ._ ...... 12, 
ftC) 

O...elo-ota i.a llateri.ala 
Tecaaolo&J for toe lut-i.le 
la<llaatry. (luti.tuta of ,..tab, 
1 Carlto• "-• Terrace, 
.... .... Silt SOii) 

12 .. arailiao Caraeic Coatraa. 
(Aaaoci.atioo Ku•Leua u 
Car~ca. lua i..oaar• -••, 12, 
°'019 Slo Pa11lo) 

9to 5Japoaiua OD llmtal llatria 
CoapoaitH: teaua1, ""•lyau aod 
failure lloH•. Kelci •• 
C-JUACtl- vitll A:O';Jt ~ttee 
D-lO on Iii• llodulua Filo•\"• aacl 
tfta •r Coapoe&t••· (Alilll, 
1916 a.ca SC., hilaulp11 &a, 

PA 19101) 

lacer-tiooal Confer-cc oo Kot 
laoaucic Praa .. & of llateriah~ 
..,,Licatioa• aod Dawelo_.te. 
(l.YlY Tacaoolo&i•c• loetic..uc, 
llstalluraical S.ctioo, JM ,,_. 
l&J•vijcklaao ~•. a-2Ull 
Antverpea, aalciua) 



l-S !'lay. 
Cr.rciaa.at1., CJaio, 
USA 

!-• lt&y. 
t..uu•wrc 

1-1 "-1· 
aru:a1ell, ael1i•• 

t-lt lt&y. 
tui•"•11Dh• 

t-ll :tsy. 
Floc•c.e, ltalJ 

t-1• llaJ. 
Ill l.,. Italy 

16- ll llaJ. 

""""°" 

t 1-1• ,.., • 
Co?Cnnaa•n. 
Dcnan-k 

17-19 ltay. 
aoloan•, Italy 

lt-19 ltay. 
:.On don 

2<>- 21 Kay 

21-2• !lay, 
•ireinlf'••· UIC 

90tl• --1 !IRctU.1 ef tM 
,....ric .. Coc.,..c 5ociety. 
(-icaa Coe.ale 5ociety. 
iS Cer.,..c DI" i•e. Col.-•. 
om 0214) 

._ &pphati-• f• Steel ia Y1,ev 

ef t•• Culleaae fr- Sdatit•te 
11.cuiala. (1111-&CI: C-iaai- fer 
'-".,.. Palaia •• leti••· 
Cll-1211 c:--a 10. S..iuocl-l 

BltOIEQl. lf'e •re lateruu ... le. 
Pare 4es 1a,..iti .... Place M 
.,,.l1i4 ... a-1010 ar .. aela) 

spr..,_ llletUi&- (Society of cae 
Pleatica 1-atry) 

MTDIALS 'ti - llltuiela -
EaaiaeerU.a DHip. (laatitiote of 
lletala, ._.._, lki•uaic1 of 
Slaeffid•. llateriala n.,.ial 
....,oratKJ; laatiic.ta of lletala. 
1 Carlcoa •-• Tarraa, 

--- Slllt SU.> 

lu Lsra,.a• l'batwaltaic 5oler 
Eaocg C..far•ca. 
(Pref. J. 5ol-Ja. 14•«, Ecole 
Pol7tec1Mai.4 ... .._oratoire M 
Pa,. .... • le llature c--•, 
f 91121, Pal•'--· fr .. ce) 

•pusT •.r - Kil•• Pleati.cs -
._oc Sb..,. (EllflPLAST, 
P.O ..... n. 20090 Aauao/lli.1-. 
ltal7) 

arnua S..·ciety of •eolog. 
c-f•r•ce - Fl°" Proceaaea °" 
c...,_ite llatu•ala. (Plaatica 
.. , ...,er .... r.itatc, 11 8°'1arr. 
Place • ._,,_ SWlV OllL) 

Society of Plaatic• faaiaeuo, 
Scaa4iaawU accr.ioa, joiatlJ vir.a 
otllcr ora .. wuoaa repr .... uaa 
tile European plaatica 
-f•cturiaa - proc .. 1 i.as 
ia•sr.ri••, c:.afermca Oil plaar.ics 
recyclia~, a.11• CCDter, 
Copeallaa•. .,. .. k. 

Iatuutioaal llltallur11 Coaara•. 
la...,..ati.oa for Quality 
(Aaoociatioa luliaaa llltalluraia, 
20121 llilaao I, Piar.ule .....,lfo 
lloraa<ti 1, ltaly) 

Sec•• latu ... tioaal C..fer• .. 
- Sftort Fiare-lciaforca<t 
Thu•plaeti.co. (Plaatica ....i 
a-er lani,ute. 11 ••ar' "laca. 
Loadoa SVIV OHL) 

26ta Spedal Sueh c-ferMce, 
t.bi•u•i'I Paul S..atier fraace. 
(Cercle <t'&cu•• •• llftaua, ltcole 
*tioaale Sup4rieure <ta KiaH, 
!SS Couu favriel, f-42023 Suat 
&ti. ..... , Ce••> 

*'•ri.ala T,-tiaa &111\i.aitioa• KT II 
<ad,iah lafo. S.nicea, '4S Tnir<t 
Ave., :fev Tork, 1.1'. 10022) 

24-1• Illy. 
-1 ... lrel .. 4 

JI ... , - 2 J-· 
~cr.-o.ra, 

f'raca 

ll ... , - ) J ... 
Porta <te 
YerNilla, fr-Cll: 

1->J .... 
Nli, la-aia 

S-10 J-e. 
Orlado, nonu 

7-9 J-•. 
o.. auae 
llliwer•itJ, D 

12-14 J-e. 
Pitt••rll', 
PA, USA 

1>-1• J•e, 
fn"-riclr.aloura, 
Ill, USA 

ll-17 Juae, 
Clnel....i, 0.io 

14 Juae, 
Ara• .... lL, USA 

b.11.AST "A - lrelae4"• later
uuaal. PlNtico - -•r 
laailliti-•. (5-•ord •y 
Pl .. tica l.._atria• Allaeciati ... 
C:..tact: lat-tiaal Fair• -
Eaailliiiti-• Lt• •• aelsr-•• •-•· 
U MlF-• ... , l&raaia .. , 
......... •> 
Plutia lutitate of ,...rice, 
•crclUI& Ploa Ill, .,....,... 
JOU.Cly vitll tile Dapar-t of 
laocg, -•at-, DC. 

lllS l•ter-ti ... l -tiaa ---a:• .. teriala. l•llUr.• 
So179 9a i.r._e LU., 1-10 la4aa 
ltita, l--. c:.;.,. ....... 
T•yo l1J1) 

S,.,Oaia - llateriala. <r.r.,.aa 
*tuiala laearca Societ1; Ceatre 
4le lecaerclla .. dlaira, i.... 
Pll-, f'-670>1. Su-~. Ce<tea, 
f'raca) 

lEOMAT II bailliti- -
C..fer .. ce: Aillw .. cei& ~tcrL~••· 
(UOMAT/$UF1, I r.e ... la 
llicao•ik•, 15002 Par ie > 

SLUSl llM Cafarace 1911. 
(S..ta-i>aat ... ia lroa - Steel 
laatitate, P.O. aoa 71St, Air-ii 
Diauilloatioa C..tre, -ila 
lacerutioaal Air,..rt, Pua1 C&ey. 
Pllihpp .. ea) 

l,.I latar-tioaal P-r 
llatalluru C...fu-ce -• 
l!allilliuoa. Oletal P-r 
la-.triu Fc4erati•, .._.icaa 
P-•: lletallur11 lanit•te. 
IOS Coll•ae loe<t £eat, Priacetoa. 
l.J. 06'.>40) 

later-ti•al Caafar•ce oa 
~i.,.u - F&•re-Tou.,. ... • 
c.r_.co (ASll lacaruti.01ul, 
llotah Peril, Clll 44117l, ll:;A) 

lataraau•al s,.,... •u• oa Alloy 
1W. 11auuuru - Apphcac.oaa. 
('Illa llecolluraical Society, 
410 C:O-eoltll Dri••, 
*tra4ale, PA ISOl6, USA) 

IOU. ai-ial c-fer-ce oa 
*uoaal llatuiala Policy: Ta• 
aole of llatariale TecbaololJ 
U'ili.satioa ia US C:O.pe'i'i"_,... 
(fderatioa of llatariah 
Society, 111>7 L Sc., 1.v., 
kite »>, waaaiaatoa, 
D.C. 200J6) 

lacerutioaal Coafere.1ce oa 
c:-,..ite l•t•rfacH. (ASll 
l•c.er .. ti•al, lie ta la Pack, 
Ohio 4401l) 

MYaace<t llatarial• ia Pl• 
-ufac,ur•~a laYoluti.oa (Ara••• 
•atioaal wllloracory, 
9700 I. Cua A••·· Ar.,.....e, 
IL M>4J9) 



L:.-t• J-. 
Sattle, llA, 115.\ 

14-16 ,_, 
llil•, ltaly 

u.-u '-•. 
Daycoa, OH, USA 

2C>-2l ,_, 
31ice. Fr•ce 

2(>-24 .J ..... 
Cnicap 

Zl-22 .J-., 
Los Aaphs 

22-24 .J-.. 
aovldu, <X> 

2l-21t J ..... 
!tilvaukee, Ill 

2 7-29 .J-• 

Au1ust 1981 

l-4 Au&ust, 
Scai•nmoo la1or t, 
llaSll., USA 

lad li:lectr•i.ca 1'1tec1ala -' 
Preceu•• C:-f..-•ce· (SMtPl, 
P.O. llas 2"5', Ceoriaa, 
C.lif. 9l7Z1J 

•iat• latecaati.•al SMlft loorepc• 
O..pur C•f•r•ce/bloilti.ti•: 
.. v C.ecati• *teciala _. 
Proca1a. C.tre tlei C:-sra•• -
!ti.l•ohori, Kil•, ltaly. 
C•tact (Italy): 
Dr. Fr•ce Sapori.ti, scatVa, Yi.a 
Aoarelio Safh 6, 20Ul llil•, 
ltaly. ,....., (19)02-~tl>Oll. 

Teles: l2USS. AJ.ao <•tact 
l c.r-y) : Claaa K. •-en, 
Secretary, SMfE Earopcu Cupcer, 
c/o -•eracbaitt .... llt_l_ 
c.1111, r..tfacll I01160, D-IOOO 
lfiiacllea ID, RC:. fta-: 
(49) -ica 6C>-00-2'-l7. 

S.caa4 letecaati••l SJlllP£ lllull 4 
!tetall Proceuia1 C:-far•ce l-ia•• Dir., r.o. •• 2"St, 
<X>YDIA, C.lif. ~122) 

Tlaird Arab lroa .... sc .. 1 C:-1ra1. 
(AlSU, llP "'· O.crap, Alpri.a) 

Coap1111it .. •u (laatitate for 
l..,atri.al l'acllaical Tr•afer, 
ltO pc_. ... liars Dono}', F-91460 
Gouruy-aur-tlarae, fr•ce) 

KP£ 'U - •tioaal Plaatica 
bpo1itioa aad Coafer•ce. 
(Sociu1 of tile Plaatic1 latlultry) 

•Effecci.we Mmufacc:vi.111 
"Fflicatioaa of S..perplaatica 
fo.-aia& for tile fa&ia•• ia& 
Special iat~ ( Coapoa ite• cr-p, 
Society of -facturUI& 
Ea1i11eeria1, IMts 910, Dearltor11, 
Kl U12ll 

1911 Elactr011ic •tariala 
Coafar•ce • Ulliwaraity of 
Colo.-ado, llOUldar, <X>. Coatact: 
Ila. •· '-rar-. llleti.111• 
llnapr, Tlae lllcallurpcal 
Society, "20 C.0-Hlta Dr., 
llarr•dal PA lS06'. 
Pia-: (• .l) 776-90SO. 
Talas: 9 lC>-llC>-91'1. 

Ccc-a•ic llatria C:O.poei.c .. Se:ainar 
( Collep of fapcaear ill& 4 Applied 
Sci•ca, lhiwar1i.ty of lliac011air 
Kilvaukaa, Milvaukaa, Ill SllOJ) 

Pourtll JaparU..it•d Statu 
Confar•ca on c-po•ita 
llatariab. llalhill&toa, DC. 
Coatact: Dr. J-a IL lllaitney, 
-icu Soc:iaty for C-p1111ic .. , 
llSO •· Fairfield Id., Dayto11, CH 
0412-201. Pll-: CS 1l)ltl6-204S. 

l11taruti011al C011ftt•c:• oa 
S..perplutic:ity allCI S..perplutic: 
Por•ill&. (Joi.lie i..iwareity/1111ST 
... tallur11 blda., Croawanor 
Ur.et, llaftcllea ter Ml 7HS, Ul) 

W-12 """'at, 
lkiYU•i.tf of 
ll liaoia, 

--· tL, 115& 

22-26 ....... at. 
s,-y, -tt•lia 

21-Jl ....... t. 
-tteal, c-a ... 

Sapu•er 1, .. 

6-' Sepca•er, 
aost.09. Ila 

7-'t Sept ....... , 
-r Ulliwuaicy, 
•caum, fmi: 

12-lS Sepu.,..ar, 
Pllila.selpnia, PA 

ll-lS Sepcealtar, 
Deacb«n, Nl, USA 

19-11 S.pc•••r, 
lidllutl, WA, USA 

19-22 Sepca•ar, 
Ware..,, Polutl 

..... atrwctlwe Tea ti.a& aad 
l!:Yal-h• fo.- -facc- .. s -• 
C.atr.rti.•. (U.i.wecaity of 
111-.. , 111 TnaapOl"tauoe 
Uq., l~ S. 11ai:a- AYll., 
Urllea, IL 611111) 

aJSTClU.Alt N •eer..;.c 
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(llluallursical Society of CUI -
tile C_...iu Ceramic Soci.ety, 
lllc:Cill llai.Yeraity, JltSO ......... itf 
St., -troel, PQ, c-au •lol JA1) 

l•taraational Syapoa;... aad 
IKlai.biCiOR • Filltce Opcica, 
Opcoalec:troeica _. Laser 
Applicati.•a Uacerutioeal 
liocwty of Opuc:al m1111eu 1111 
(SPlE), los 10, 1&llill11'-, 
WA •221, USA) 

leceruci-•l eou-.uuaa -
CCJ9tal Str.rtare, Klcroatr11Ct11re 
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aatl Ccraaic llateri.ala Uuti.tut r• lliaualo&i.a, auar Uiaiw •• 
llOCD-, Pf 101141, 114"30-IOCD-, 
RIO) 

faltricati•& Coapoaitel ... c ... f. 
aad blliltitioa (Sacwty of 
*°•faC:turill& fap•Hn, OllE: SllE 
Dr., P.O ... ,. 910, Dearbor11, 
Kl 41121) 

lttll .laaual ASll/ESD .Ww•cad 
C-p1111itea Coafao•Ca -d 
bpo1iti-. (ASIC 111uraational, 
llltall Parlr., Oii "073) 

Specialty r .. 1,.. ...... , n.ird 
lataruci-al Coafar•c• °" -
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fa• ir••11tal, a11d ll:lactroac:t i•• 
Pol,..ar1. Qu•••' Collap. 
Caaltridp Ulliwecaity, c:a.bridae, 
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Wielba••. FIC 

U-2 l Stpte•er. 
~ar-.i..sca-
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!lubur1. FIC 
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22-2S Sep<••n. 
birai11&1' ... Ult 

22-26 Sept••n, 
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24-10 Sept••··. 
C11icap, USA 

26-21 S.pt..,Der, 
Moorclwijllerllout, 
tn• .. tllulanda 

Verlll-•u1t '15: laterMti•al 
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Firat leteraati-al Coafer•c• ca 
Plaa• S..rface r.1iaeeri.a1. 
«.;arai.ac..,.Partallkirc:ll•, Wee:t 
Gu-y. Coat.act: Coafer•ca 
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f"oic llttalllt_ .. EY, 
old••-ralh 21, D-6310 ~u..-ael, 
BC. Pll-: (4')06171-4011. 

-i.c- Society for llaa-triocci•e 
Tuti•& l!N Fall c-ter-ce a•• 
Qvality Tati.as 9'-. Aa .... ia, 
CA. Coatact: "-Slit Coafer-ca 
Dept., 41Sl Arliapt• Plaza, 
Callu •o. 11511, C.1-... , OH 
4l21HSll. ,._, 
l-llJ0-212-A:iirr or (614)274-llllUl. 
Telex: 24Sl47. 

The latuaati•al Coasra• • 
Ope ica l Sc i•ce aa• iraaiaaer ia1. 
11a•ur1 Coasreu Coater, 
ll...,ura, Vest C.tr••J· C..uce 
(US)~ SPIE, lll•tiap Dept., 
P.O. llox 10, .. llia&I'-, 
114'1227-0010. ,.._, 
(206)676-32'0. Telex: 46-JUSl. 
C•tact (Europe): ESlC-Europtica 
SerYice• lateraat.ioeal 
eo--icatiODa. 16, ..... llup.tud, 
7Sl16 Paris, Fr•ce. 
Pll-: (ll)l-O-Sl-26-67. 
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( 44)0 l-ZlS-6111. 
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UK. Pllone: (44)01-14S-9SSS. 
Telu: 9LS719 PllUlt C 
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oa C-aite •uriala. 
Settle, V&. Coatact: 
Dr. J-• IL VDitaey, Preai ... t, 
-icaa 5oclltJ of c:-,oaicn, 
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New materials give 
wing to the creativity 
of designers. 

Technical designs, in all fields, demand 
increased performance but manufacture 
requires reduced costs, energy saving and 

· environmental consciousness. 
Designers are not at a loss for creative 

ideas but it is often the knowledge of a new 
material that provides the innovation. 

That is why BASF is investing in plastics 
technology to meet future requirements. 

We are among the top international group 
of manufacturers of new materials and are 
involved in research and development in 
Europe, the United States and Japan. 

One outstanding example of our work is 
the revolutionary construction of the Beech
craft Starship 1. 

The whole body of the plane is made of 
carbQii fibre composites- a material which, 
weight for weight, is much more riQid and 
stronger than steel. Further features in 
its favor: it is absolutely C:imenslonally stable 
and resistant to corrosion and high t~mper-

atures. Experience has shown that such 
developments in the aircraft and aero space 
industries provide important stimuli for other 
markets. 

There are already fascinating prospects 
f0;· this material in automobile manufacture, 
mechanical engineering, and modem prod
ucts for the domestic market. 

The basis of our commitment and experi
ence with composites is leading to a natural 
systematic development of a wide variety of 
potential.applications. This approach coupled 
with the cooperation of our customers is 
resulting in benefits, through versatility and 
efficiency, to industry and lndividu lfs. 

BASF Aktiengesell~ft · D-6700 Ludwiglhafen 
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of up to 2.5-m diameter and 80-m depth ~md for concrete-injected piles of up to 2-m 
diameter and 45-m depth. Claude Bourg, Drill-France, B.P. 15, Le Haillan 33160, France. 

Know-how available to manufacture synthetic ceramic from mineral wastes, sand and a 
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insulation, shoe soling, coating and sealants. Synthesia Inter AG, Tigerbergstr. 2, CH-9000 
St. Gallen, Switzerland. 



Fully L~ectronic plastic injection molding machines ''ACT" 
provide versatile, high-precision molding. 

All "ACr-moclels CClfl!9 equ1PJl"d 
w1lh ldv•nc:ed CNC contron.rs 
as well u AC - mutoro. FNt. 
eny Hfting 01 per8melers using 
• werulff 1 , ·colour greph1c CAT. 
W1lllout need for set11119 hm1t 
s . tches. v81Ye1 encl other mecflen· 
JCel llClju-l All molding par.,,,. 
erers ere recened within aeconds 
from Ille built in memory. With 
llCldition&I elllernel memory, cepo c· 
1ty cen be ••pended up to 241) 
molds. CNC conlrollert end 
AC servo motora provide high 
prec111on mold1119. 

The "ACr clemping unit features 
• double-toggle design. It ensure1 
hie., IP8ed .oo •-lellility. 
An AC servo motor ii 81so used 
'" th• erector mecllanism Pro· 
gr•mming from CRT. number of 
lllrolle1. length. IPffd llncl "•rting 
po9ili0n prOYlda nw11mum llexibd· 
ily. E•ch AC Mrvo motor operates 
with a precilion of O.OI mm for each 
movement and •lso during move· 
ment. An AC servo motor1 are 
m•intenance free and certion bru-• are not required 

••-. ·__, ',t:,11 .... . 

~~·· · .. - .. "-• ...... 
The ACra combined use of power· 
fl.I AC servo motors a~ precillOn 
bell 1crews hU enebled ••act 
control of injec!IOn 1crew pollliOna 
and inrecliOn -ed• The ACT's 
extra heevy-duty AC servo motor 
1 .. 1ures lldv•nc:ed phese control 
tec:hno1o9Y whfcll ma1ntein1 power· 
lul torque even 1n Ille higher -•d 
r•nge In addibon • preuure sensor 
11 mounted •I the ll8se of the acrrw 
10 provide preuure control 
ecc:ur.cy 

-·--"° ~~=r:r f.~ =... Aullrle 
Tel (0 22 21 17 7111-il 
r .... t~1s1ac .... 1 
Tei.to• (0 22 21 17 22 72 

The AC aervo motors Ullllleo 111 Ille 
ACT .,. extremely etlic18nl 11nce 
they run onl) -" needed and 
lll'Jy IO the e•lenl needed They 
thereby result'" • ""'"~~,..-.; .... ,.19 
1n -•gy Power consumption "' 
reduced lly up IO 75" O•Uen 
bulh11191 ••• used 1n the tOjlglec 
•ncl pl•ten guodu. M • <Hull. 
molded producll arl! kepi frH or 
OJI end lh• work envoronmenl 11 
lcepci •~tra :~an Au ~Acr- models. 
from 150 kN "P to 3000 kN. "'''h 
direct drive t:y AC nrvo motor 
Meke for ••tremely qu1e1 oper•lion 
•nd a clean. ple ... nl work envor01>· 
ment. Ideal for clean room •PPh· 
C81-I 
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Becal.e: 
You will be Ible to control w .. 
lhiekneu toleranc:ea not only 
over the lull pipe .an;lh but 
over pipe circ:umference as ..... 
This f,.ture yields wall lhick· 
ness toterarn.es of below ''•of 
those admitted t-y DIN IWld
ards, and you save expensive 
raw matetial! 
CIMIMAT" is meant to increase 
the efficiency of your openi· 
11on and helps you 10 reduce 
raw malefial costa while at the 
aame time producing !>titer 
quality pipe products. 

a.cw: 
You wlU be fully independent ot 
lluctualionl in different raw 
~terial compounds: 
The MW weiglling system 
SAYEOMAT controls the pre
ciM material c:onaumptiOn of 
Ille extruder. When employed 
in 1111\dUd pipe planta. the 
SAVEOMAT aystem makea for 
conllolling haul-off 'S)eed so 
ai tr. reach contant rrw1ter 
weighla. \nd when em:>1oyad 
in e CIMIMAT' pipe line. the 
dala acquired are used for 
automatie gauging in ultrasonic 
wal thiclrnasa measuring. 
In thi' way yov are independ· 
ent of 1emper11ure 1tuc1ua11ons 
and the wall lhtcl'ness meter 
wiU control haul-off and cent11· 
ing unitS lo mirlirl'IUm wall 
lhicknaH 

Flnclng better wa~ 
to more profit. 

~ .,;_ :.~ . . . 

Became: 
The autorNtiZed j!ipe extru· 
lion line CIMIMAY- ia equippecS 
with the thermal pipe centering 
sy~ CIMICENT'8. 
This ii rapl.cing a complicate<' 
and mec:haniCally Mlf\lltiYe die
head conatructiOn. 
The lhermal pipe centering 
systaflt CIMICENT9 work1 18ult· 
f,ee and II Ible to cenlraliM 
thin Of lhiClt ., ... by equells· 
ing opoling lldel. 
With C•MIMA,. you11 have an 
advanlage in Iha very compa· 
litNe pipe market. 

CIMl-11--AG 
.... 11,.bu,._ Str ... '" 
Pt11Tf&CP'! 111, A 1232 W.et'. AU91M 
'• co 21:I)677t tt-0 
T• e• '1•~11 Z"'""' • t•·•'•• ;o :u 21 •1 22 12 

The automatic: pipe plant 
CIMIMAT• means reliabtltty 10 
yriu. 
Mictoproc:aMOf control 
CIMICRON 9116 guatanlees 
pipe production wrlhin Closest 
t61eranc:es and ii warrants 
moreover that once optimized 
proc:eu ,_.,,,.ten are 
reliably ra;iroducible. 
Only the automatic pipe pi3nl 
CIMIMAT" from CINCINNATI 
Mil.ACRON AUSTRIA offers 
you the combined 8Clvantages 
of the thermal ptpe centering 
system CIMICENT• and of 
automalle gauging of the wall 
lhicknest measuring 

-·11'-U.ll. 
Cat .. V81e l,.,a:nel EaCule 
'-'.,ottw• Ao.cl, ,..,,..nutoi 
5"'tlaf'I C°',O•dhlld 
WHI Modi-I. I 76 Al 
re• !OJI) 351 t1 If 
'•·•• J. ... 3 (!fl'w.'I' 
, ... , •• 1021136'" 807 
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UNITED HATlOliS lNDUSTlllAL DEVEl.OPtlEHT OlCANlZATlOH 
Vienna International Centre, P.O. Bo~ 300, 

A-1400 Vienna, Austria 

Advances 1n Materials Technology: Monitor 
Reader Survey 

lbe Advances in Materials Technology: Monitor has now been published since 1983. 
Although its mailing list is continuously updated as new requests for inciusion are 
received and changes of addres$ are made as soon as nctifications of such changes 
are received, 1 would be grateful if readers could reconfirm their interest in 
receiving this newsletter. Kindly, th~refore, answer the questions below and mail 
this form to: lbe Editor, Advances in Materials Technology: Monitor, UNIDO 
Technology Prograaae at the above address. 

Computer access number of mailing list {see address label): 

Name: 

Position/title: 

Address: 

Do you wish to continue receiving issues of t~e Advances in Materials Technology: 
Monitor? 

Is the present address as indicated on ~he address label correct? 

How many issues of this newsletter have you read? 

.Qftional 

Which section in the Monitor is of particular interest to you? 

Which addition~l subjects would you suggest be included? 

Would you like to see any sections deleted? 

\lave you access to some/~ost of the journals from which the information contained 
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We •hould appreciate ll lf reader• could take the ti.a to tell ua In thla 
•pace vhat th•J tbl.Dk of the 11th lasue of Advance• ln Katerlala Tcchnoloky: 
Honltor. C09111tDta oa the u•efuln••• of the lnfo.-.atlon and the vay It ha• been 
o•·sanluc! vlll help u• 1A preoarln& future h1uc1 of the "onltor. We thank you 
for "fOur co-operation 1nd look forward to t1ear1n1 froa you. 
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