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A decade after their discovery, compounds that superconduct electricity at high temperatures (HTS) are 
making it into real-world devices-but still, no one can prove how they work 

HOUSTON-Alexander Miiller and Georg 
Bednon knew they'd meet resistance of the 
intellectual kind when they reported a mate- 
rial with little resistance of the electrical 
kind 10 years ago. The pair of IBM-Zurich 
physicists had found a copper-oxide com- 
pound showing this "superconductivityn at 
35 kelvin, 12 degrees above the previous 
record. Such high-temperature supercon- 
ductivity was bound to raise eyebrows among 
physicists used to superwnductom that had 
to be cooled practically to absolute zero. So 
in September of 1986, the pair published a 
cautiously worded paper on uPossible High 
Tc Superconductivity" in an obscure Ger- 
man physics journal and continued their 
studies, hoping to confirm their results be- 
fore others caught wind of their news. 

They di& the results were soon repli- 
cated, and today any resistance to the exist- 

transmission cable, made not as a lab experi- 
ment, but with a standard industrial process. 
The need to cool these materials with liquid 
nitrogen still hobbles their commercial pm- 
pects, but John Rowell, an industry consult- 
ant and former chief technical officer of 
Conductus, an HTS company based in 
Sunnyvale, California, predicts the d g  
years will be 'We decade of markets." 

Yet researchers did acknowledge that 
HTS has been impeded in one important 
area. 'There's still no c m u s  about the 
mechanism" of superconductivity in these 
materials, says Chu. Although a cluster of 
recent experiments has supported the idea 
that HTS is h e  on magnetically paired 
electrons, concurrent theoretical develop- 
ments, discussed at the meeting, have 
thrown some cold water on that idea. Re- 
searchers have also been stymied on pushing 

ing up past 3 a.m. to discuss HTS possibilities 
in what was immediately dubbed the 
"Woodstock of physics." 

But many of these HTS hopes, like hopes 
from the W'oodstock of 1969, haven't been 
realized yet. Yet there have been advances. 
"The impravement in the materials has been 
steady and veay sigtdicant," says.RoweIl. And 
the strongest improvemaw may have come in 
the manufacture of long length of HTS wire 
that can carry h& densities of current. 

The wires are made fnnn grains of super- 
conducting ceramics, and if the boundaries 
of those grains are not smoothly aligned, they 
act as current barriers, preventing electrons 
from hopping from one grain to the next. At 

ence of high-temperature superconductivity operating temperatures closer to mom tem- consisting of bismuth, strontium, calcium, 
(HIS) has been swept aside. "It's amazing perature-a long-sought goakdthough copper, and oxygen, which has flat, regular- 
what has been accomplished in the last 10 schemes abound to get it there. shaped grains that can be more easily aliied 
years," says C. Wa Upad" Chu, a physicist at (Scienca, 15 January 1993, p. 306). By me- 
the University of Houston. Two weeks ago, Marching to market chanidly rolling, pressing, and heating a 
here at the 10th Anniversary HTS Work- The early pace of HTS discovery was dizzymg BXCO powder in a tube, &em have 
shop on Physics, Materials, and Appiica- indeed. By December 1986, 3 months after improved the alignment to the point where 
tions, those accornplislynentsand some Bednm and Miiller's paper was published, the wires carry up to 100 times more current 
frustrations-took center stage. new compounds had been found that pushed than cmventional copper wires (see chart). 

Scientists noted they've pushed the maxi- the critical tempmture (Tc) for superum- Wiradchg cmnpani&luding Sumitomo 
mum temperature of superconductors up to ductivity up to 38 K. In early 1987, the record Elecaic Idustries in Osaka, Japan, 
134 K and discovered over 100 HTS com- rose again, to 93 K, when Chu and some col- Intermagnetics General CMporation in 
pounds. And while early visions of trains leagues discover4 another material, yttrium- Lantham, New York, and American Super- 
levitating on HTS magnets have not come to barium-cojpr-oxide (YBCO). At b t  tern- conductor Carp. (ASC) in Westbow.@, 
pass, other developments hive become real- perature, the superanductor could be cooled Massachusetts-all say they can now $pin 
ity. Thin HTS films are already used to boost with cheap and plentifd lqgid nitrogen. out over a kilometer ofsuch wite every week. 
the sensitivity of scientific instruments, and The flurry of events, and the prospect of And 6 kilometers of BSCCO ribbon, re- 
those films are now bmg tested for use in saving millions of dollars wasted by ordinary searchers announced in Houston, has just 
filtering signals from noise in cellular phone conductors like copper when they lose elec- been wound into a 50-meter underground 
base stations, potentially a huge market. Im- tricity as heat, prompted a special session transmission cable. Workers from analliance 

pEavements in HTS that March at the meeting of the American between the European power cable giant 
wires recently have Physical Society in New York City. An esti- Pirelli Cable, A S ,  and the Electric Power 
IpA ta the first HTS mated 3000 physicists jaamed into the Research Institute ( E N )  in San Francisco 
underground power Hilton Hotel's largest ballroom, many stay- wrapped the wire around a hollow tube of 

liquid nitrogen, which keeps it at a supercon- 
Supereonductom Heat Up ducting temperature. While short lengths of 

lanthanum-barium- 
Bismuth-mum- 

fust, researchers tried to make wires from 
conmounds such as YBO. but its odd-dxmd 
gra& are difficult to ori& unifbrmly. T&~, 
however, the compound of choice i s  WCO, 

Lanthanum- I 
strontium-copper- 
oxide HTS 
Tc=38K 

I Thallium-barium- 
calciumcopper- 

Meeting oxide HTS 
Tc= 125 K Tc = critical temperature 
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such cable have previously been made by low temperatma, always mvel in pairs, a dxaies predict e h  paha have an equal 
hand, "this was done on a production ma- p n n m i p  that is key to their ability: to probbil'idtmvelmg in any dbtaiian, giving 
chine," says EPRI's Paul Grant Tthe transi- avoid ulrrent ks (electrons in normal con- them mmetthg called 's-waven qmmetry. 
tion &an the lab b c h  to the -rg floor ductmtrervel h e ) .  Electrons should resist Spin fluauation theories, on the other hand, 
m e m  "we can PAR any length you want dais pairing, becwx their negative h e s  suggest that elemon pab move primarily m 
out of thls p e s s , "  says Grant. Testing of shmkl push them *art. &t while there is a twoperpendi&hW, prdwmgaffaur- 
extended lengths shouM reveal how useful theory to explain wing in low-temperature leaf d o v e r ~  I'd-waven symmary. 
these cables will really be. 5xlpmlductom, pairing in HTS materials h ~ ~ ~ r n o s t ~ t s ~  

HI'S thin f h w  are already beyond the remains a mystery. to measure this syrmetry have detecteel d- 
testing stage, for it's easier M. align gmhs in At low temperatures, waves of energy, wave symmetry, and those d t s  seead to 
films by  wing them atop c ryd lbe  tem- knowr). as a phono~s, pmpagaw through the favor spin flucttlatkm as the paking me&+ 
plates- Filas are weU+suited for applications superconductor's crysrallh lattice, p d h g  pulliatf in HTS in. h t  h e  theoretical , 
such as filters for cellular phone base stations, electrons together into pairs in the wake. sands beneath the spin Aucwn-d-wave 
which must screen out incatning microwave But high temperatures shwM add a lot of mnnection have shifted, says Sdqina. "If 
signal* fiom baclrgnwnd environmental energy to the lattice, cawing it to shake a d  you would hw told me a few yeas ago that 
n o k  and relay them via cxmmitional Bmodc the electrons off. While scxme &en- & ~~ would be coming up d- 
phone lines to their destination. SigRals m tists think phmons could be mspm5b1 fbr wave, I wouM have dm&t we won," says 
through conventional copper Item lose FITS* many others doubt it. . Scalapino. "But we haven'tn 
strength, m&ng them harder to distinguish ?he main alternative themy, advancad Why? New @ring th&irts have croppgd 
from background nohe. But HTSfiltered by d e r s  such as Douglas Scalaylino at up that can aIso aecmt  for d-wave b&v- 
signals retain rheir original strength, making - ior, Scabpino explains, Thus while d- - ,  1 wave behavior is 'a feather in the cag" 

of spin fluctuation theories, "it isn"t 
$ unique to that mechanism; acjds ~a , , 

t h y  hggeu* a theomid &** 
!i! at the University of IIlinois, U b -  .. 8 Champaign. C h  new theory, fin in- 

stance, is a fluctuation mechanism me- 
diated not by b y e  spins but by a 
redMbtion of elatsic charge and . 
current in the c r y d b i  lattice. Thjs 
mechanism, published lam summer by 
Chhndra V- 6f bt 

it possible t o d e t e c t b ~ l s h ~ a w a y .  
Conductus and several other mnpanies are 
expected to in+ commercial FITS fil- 
tern la~er this ymr, opcndng a market that 
Conductus Vice Ptesident &a& S i n  ex- 
pet@ to d h w ~ o f m i f h  ofdoUarsUars 
Otkr thin-fib Be- i a c e  ula,  
sensitive magnetic ck-wctwe braswa a$ wpw- 
conducting quantum inmd- devices* 
are ,dready on the market. 

TbRstumblingbkkindaeway ofany 
widape4 f~mme&iz&on i s & e d  6 r  
coolingsystem9,saysIkrnGu~,who~ ~ ~ o i ~ c a r r i e d ~ & m w k e  Teehrmws Bell Laboratories in 
m;ater ia l s sc ipncerrnd&l~~at  ( ~ o f a c m p o t m d c a W e d B S C C O ) ~ ~ .  M m r a ~ H i l l , ~ w J e r s e y , ~ r e & c t s  
the Naval Fbsemh Labmmrp (NRL) ' in the ckeaion: of electran travel in a 
W- D.C. Cttbiw fi1teq ajd wises the Univezsity of California, Sanm hbara, manner Ehat produces d-wave m e t r y  
still need liquid-nimgen cooling system, and David Pines at the University of ib i s ,  (Physical R w i w  Z.aam, 3 1 July 1995). 
which must be m a W m a n e h  and &ere- UrbanaCham@gn, suggests ehat Q Even the phmon theories haven't been 
fore invisible to tEHe d lssrsr to succeed in the prompted by an odd patch of the magnetic dtogether eii&mtted. 7lkmimi incl- 
marketplace, says Gm~t, The gad nuw is fields in the lattice. N d l y  &Ids Roland Zeyher of the Max-Plan& Instiaft 
getring systems esgiosm cadbetable with paint in random directions, but saraezlmes - fiir Feahqd&ung in Stu- Cia- A 

ngcgdc cbaleni," ~ g y s  GdwrI Right now, the fields around atoms in a patch W y  m y ,  have produced dmts af phonon 
headrni t s , thq'renoc .MWsno~-  
t e e t h i s w i u h a p p e n , s a r y s ~ ~ ~  
i n c m s e r v a t i v e ~ s u c h w ~ ~  

thatanewtechnoiogyh hefarethey 
are willing to adopt it. 

mat Bv-f 
what's l e * h & i n q  
ph~atian~, m y  $ay% k k t  it)$ 
hpppeaedwiteip- k t  inow HTS 
really works, Observations have shown ehrtt 
suwnducting electram, at both high and 

HTS motor Mercury-barium- 
reaches useful calciumcopper- 
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tossed aside, say Chang Tsuei and John 
Kirtley, physicists at IBM's T. J .  Watson Re- 
search Center in Yorktown Heights, New 
York. The two lead a team that's produced 
some of the most convincing evidence that 
d-wave symmetry is present in YBCO and a 
thallium-based compound (Science, 19 Janu- 
ary, p. 288). Although symmetry experi- 
ments can't rule out pairing mechanisms, 
they may be ahle to do the opposite and rule 
in some possible mechanisms. Tsuei and 
Kirtley say they are currently extending their 
experiment to other HTS materials to see if 
they also show a d-wave. If not, it would 
suggest that different HTS materials use dif- 
ferent mechanisms to hold electrons to- 
gether as they travel, says Kirtley. 

Turning up the heat 
The pairing issue isn't entirely an academic 
question. Researchers hope that insights into 

the superconducting mechanism may help 
experimentalists devise new recipes that 
could break the 134 K barrier. Of course, 
experimentalists have p ~ ~ s h e d  up tempera- 
tures in the past without theoretical g ~ ~ i d -  
ance. And many experimentalists at the 
meeting were optimistic that they will do so 
again. "There's n o  fundamental reason why 
we shouldn't be able to get the Tc  even 
higher," says Chu. 

In fact, there are good reasons to expect 
that they should. For one, when crunched in 
a diamond anvil, a copper-oxide cotnpo~lnd 
made with mercury superconducts at 164 K,  
30 degrees higher than it does at ambient 
pressure. So researchers are trying to alter the 
chemical composition of the materials to 
simulate the effect of pressure on the crystal 
lattice-but without the anvil. For instance, 
by replacing mercury atoms with smaller gold 
and silver atoms, researchers might shrink 

A Piece of the Dinosaur Killer Found? 
'In their search for the cause of the mass He guessed that it had fallen out of the sky as 
extinction at the end of the dinosaur age, ameteorite-a suspicion that grew when the 
geologists already had a smoking gun: a 180- nugget turned out to be rich In elements like 
kilometer impact crater on the Yucatan Pen- i r i d i ~ ~ m  that are abundant in meteorites but 
insula. Now they may have a piece of the 
bullet. A t  last week's Lunar and Planetary 
Science meeting in Houston, geochemist 
Frank Kyte of the University of California, 
Los Angeles (UCLA),  flashed slides of a chip 
of rock that he  thinks may be a tiny fragment 
of the 10-kilometer object that blasted Earth 
65 million years ago. 

From the age and makeup of the 3-milli- 

rare in Earth's crust. Equally telling, the rock 
held micrometer-size metallic grains that are 
up to 87% nickel. 

"It probably is meteoritic," says Alan 
Rubin of UCLA, a meteoriticist who has been 

meter chip, found in the ooze at the bottom 
of the North Pacific, Kyte is "personally 
convinced that it is a piece of the bolide," 
a conclusion other researchers say is at 
least plausible. "What all the impli- 
cations are, I'm still trying to figure 
out," he  adds. "The unfortunate thing 
is that it's mainly mud and rust" after 
sitting in Pacific sea-floor sediments for 
65 million years. But it is already offering f 
some clues to the nature of the catastrophe. 
A first look at the rock chip's makeup implies 

consulting with Kyte but was not a co-author 
on his paper. "The nickel-rich metal is what 
persuades me. You wouldn't expect [free] 
metal of any kind in Earth's crust except in 

. . 

the fatal object was an asteroid, not a comet, 
as some researchers have speculated, and its 
survival supports an earlier suggestion that 
the parent body struck Earth at a shallow 
angle-which may have been the cruelest 
possible blow. 

Kyte hadn't been looking specifically for 
bits of the bolide. He was methodicallv sam- 
pling a sediment core clrilled years age; from 
the floor of the northwest North Pacific in 
search of the far-flung debris of the impact. 
As he sampled he noticed a bit of rock em- 
bedded in the mud, an odd find indeed con- 
sidering nothing bigger than a microscopic 
piece of clay could wash that far out to sea. 

Long shot. Asteroid that struck the Yucatan 
may have flung a piece into the Pacific. 

bizarre places." But is it really a chip off the 
dinosaur killer? Chemical and mineralogical 
signs in the sediments surrounding it, says 
Kyte, put the rock fragment at the base of a 
10-centimeter-thick layer rich in debris par- 
ticles thrown from the impact crater. This 
would he only the second time a recognizable 
meteorite had been found in ocean sedi- 
ment, so the odds against its being an unre- 
lated small meteorite that happened to fall 
into the debris at exactly the right moment 
are just too great, Kyte feels. "Where else do 

the spacing between atoms, simulating the 
pressure effect and driving up the supercoI1- 
ducting temperature. 

Not evervone is optimistic. at least as far as 
the copper-oxide-based superconductors are 
concerned. Oregon State University physicist 
Arthur Sleight says that "people have been 
trying these strategies for years" with these 
compounds, to little avail. That sentiment has 
convinced other researchers, such as physicist 
Robert Cava of Bell Laboratories, to continue 
their search in noncopper-oxiile m;lterials, 
such as boron-carbides. 

The next breakthrough co~lld come from 
just about anywhere, says Grant. If this field 
has demonstrated anything, he says, it's that 
"there are no signposts" for superconductiv- 
ity: "If you find a new metal, you bertcr cool 
it down and find out what happens. You may 
he surprised." 

-Robert F. Service 

you expect it to be from except the projec- 
tile!" he asks. 

If so, ~t had to have escaped obliteration 
in the fireball at the crater and fallen back to 
Earth thousands of kilometers away, some- 
thing cratering specialist Peter Schultz of 
Brown University says is "physically reason- 
able." esneciallv if the impacter "comes in at 
a modes& low angle-bobably around 30 
degrees or so." Schultz had already con- 
cluded from his study of asymmetries in the 
shape of the buried crater that the impacter 
did indeed come in at an angle of about 30 
degrees from the southeast. Given that tra- 
jectory, "I wouldn't he surpriseci to  see [pro- 
jectile debris] in the Pacific, especially the 
North Pacific." sa\.s Schult;. a 

Kyte is stt;dying the rock chip in : 
\ search of ev~dence that would clinch 2 

m 
its identity as a meteorite a n d 2  
strengthen the case that it is a piece 2 2 
of the impacter. If it is, "my guess is 6 
[the original body] wouldn't bc a 2 

comet." savs Rubin. because comets , , ' are not thought to be sources of free $ 
metal. That  could noint to a milder catastro- S 

phe. Because asteroids arc richer in iridium 
than comets are, a killer asteroid c o ~ ~ l d  have 
had a smaller mass and still account for the 
total mass of iridium deposited worldwide at 
the time of the impact. Asteroids also have 
slower impact velocities than those of com- 
ets, on average. 

But if Schultz is right about the angle of 
impact, things get ~ ~ g l y  again. By splashing 
material thousands of kilometers downrange, 
a shallow annroach would have created a far 

A & 

larger fireball than a more vertical one would, 
visiting particularly severe devastation on  the 
interior of North America. In that case, 
Kyte's rock may not bc mitigating e\,idcncc. 

-Richard A. Kerr 
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