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Discoveries Spur Showdown , Of Techno~ogical Titans 
Will Japan Reach the Marketplace First? CHEMICAL & ENGINEERING NEWS 
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By Michael Specter prd monk. devoted to the Jim• Superconducting SQUID works at 81 K 
itlesa potential of high-temper• The first su.-.. conducting elec:tro~ic device that op-
ature superconductors. His clut• r-

For months, Bertram Bat- tered lab is strewn wjth dis• erates above the temperature of liquid nitrogen (77 

w....._..., l'nsl sc.11wn1 .... 

logg's life has been one part carded wafer boxes-t,lastic K) has been made at the NBS laboratories in Boulder, 
-adrenalin and two parts obses- coffins for materials that don't Colo. The NBS device is a high-temperature version 
sion. A physicist at AT&T Bell work. He bas tried hundreds of of the superconducting quantum interference de-
Laboratories, he has struggled ways to unlock the secrets of vice, or SQUID, which can -measure magnetic fields 
frantically to comprehend the these new substances. And he is with exquisite sensitivity. It operates at 81 K. The 
smallest subatomic workings of not alone. SQUID, which uses yttrium-barium-copper oxide su-
a material that may one day Since last year, when two perconductive material, was fashioned by physicist 
transform modem life. James E. Zimmerman and coworkers Ronald Ono 

Batlogg bas become a hag• CHALLENGE ••• Pg. 2 
SQUID .•. Pg. 2 

BY DAVID J . LYNCH 

A series of stunning scientific: 
breakthroughs over the past five 
months has landed researchers on 
the threshold of widespread use or 
superconducting materials in eve­
ryday life and opened the door to 
futuristic: weapons with incredible 
capabilities. 

The latest advance was an­
nounced May 11 by a team or IBM 
researchers in New York. IBM's 
scientists said they had demonstrat­
ed a ceramic superconductor able to 
carry 100 times more electric current 
than had previously been thought 
possible. 

IBM's discovery was a giant step 
toward eliminating one of the major 
hurdles preventing practical appli-

cations of superconductors-limits 
on the level of current carried. 
Despite the progress, key questions 
remain, including at what tempera­
ture the materials will perform and 
whether they are durable enough to 
be used in manufacturing. 

Superconductors are so named 
because electricity travels through 
them without meeting any resis­
tance. As a consequence, the new 
materials are much more efficient 
than con"entional means of carry­
ing current. Scientists expect super­
conductors to lead to entirely new 
ways of generating and storing 
power, smaller and faster operating 
advanced computers and a host of 

DEFENSE .•. Pg. 2 

Of Defense 

THE EMERGING • 
FRONTIER : 

Herben J. Coleman. Chief , Current News Analysis & Research Service 
(SAF/AA) 695-2884 
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DEFENSE ••• CONTINUED 

other developments which can now 
only be guessed at. 

"If we can translate the labora­
tory findings into industrial pro­
ducts. it will revolutionize every­
thing." said Kosta Tsipis. of the 
Massachusetts Institute of Tech­
nology. 

To no one's surprise, the military 
is also keenly interested in the new 
technology. Officials at the Defense 
Advanced Research Projects A­
gency (DARPA) plan to set aside 
SI O million over the next three years 
to investigate ways to process and 
fabricate the new ceramic super­
conductors for use in weapons of 
the future. 

The Office of Naval Research 
will carry out the DARPA-funded 
research. ONR •s Robert Pohanka 
said he expects to receive research 
proposals from scientists this 
month. The final ONR program 
blueprint could be ready by July. he 
said. 

Pohanka said mM's most recent 
breakthrough has given new impe­
tus to the Pentagon's r:esearch. "It's 
a tremendous advance ... lt makes 
applications much more feasible.'• 
he told Defense Week. Pohanka said 
he was enthusiastic about potential 
military uses of the new devices. 
Many of the specific applications 
are highly classified. he said, but 
possible uses include more sensitive 
space sensors. high speed compact 
computers, and electromagnetic 
guns. 

As research breakthroughs have 
mounted in recent months, Air 
Forc:e officials pumped an ex­
tra S l million into a separate 
superconductor research program 
run by the Air Force Office of 
Scientific Research. That program, 
headed by Harold Weinstock, now 
has an annual budget of roughly $3 
million. 

Superconductors are also being 
eyed eagerly by backers of the 
Strategic Defense Initiative. "There's 
a very good possibility they 
will make the Star Wars initiative 
much more practical,,. said Milton 
Copulas of the Heritage Founda­
tion. Superconductors could pro­
vide the cheap, efficient surge power 
needed for rapid fire ground-based 
battle lasers, Copulas said. 

The SDI Organization's inno­
vative science and technology· 
office. together with the Rome Air 
Development Center at Hanscom 
air base in New York, has allocated 
SJ .S million to see if superconductors 
can be used to develop better 
infrared detectors for space-based 
defense, Weinstock said. SDIO is 

expected to increase spending on its CHALLENGE ... CONTINUED 
superconductor research any day• IBM physicists discovered ce-
he added. . . ramies that could carry electric 

According to some sc1en~1~ts, current without energy-wasting 
space may be the most promising resistance at higher tempera-
area of near term superconductor 
applications. The reason is temper- tures than thought possible, 
ature, the key variable with the new thousands of scientists-in the 
materials. Until recently, super- United States and elsewhere-
c:onductors have required extreme have virtually lived in their labs. · 
cooling with expensive liquid Advances have been so rapid 
helium. That charactertistic alone that s,:holarly journals, the nore 
ruled out widespread use. But in mal route of scientific commu-
recent months, proceeding at nication, have been left in the 
virtu~lly breakneck speed, scientists dust. Iowa State University has 
improved the materials so that they established an on-line computer 
required the muc:h less expensive newsletter to keep scientists in 
liquid nitrogen. At that level, the the field up to the minute. 
materials could operate easily in the Breathless phone calls carry 
chilly reaches of space. rumors across the country, and 

Looking ahead, there also hav, meetings of obscure physics 
been reports of materials requiring societies have attained the sta-
only as much cooling as that tus of rock concerts. 
provided by average household The excitement is so widely 
freezer. Some scientists said that, by shared because a practical, 
the end of the century, super- high-temperature supercon-
conductors will operate at room doctor could revolutionize al~ 
temperature. most all uses of electricity. if 

While defense officials are l d 1 
confident that su.,..rconductors practica • supercon uctors a so 

,... will become the basis for a gar-
have the potential to revolutionize gantuan struggle, first between 
warfare, a number of tough the United States and Japan, 
technical hurdles remain. "People over ways to exploit the new 
don't yet fully understand the 
physics of the materials that have invention. Nobel Prizes seem 
been shown to operate at very high certain for some researchers. Huge 
temperatures," said Robert Cooper, profits are likely for more. And a 
the former head of DARPA. significant advantage in global eco-
Cooper said, for example, it is nomic competitiveness awaits the 
unclear how the ceramic super- country that masters the field first. 
conductors can be used in manu- Almost every use of electricity 
facturing. suffers from resistance-an un-

Eric Leiber, of the American avoidable phenomenon inside con-
Chemical Society, agreed. "We need ventional wires and other conduce 
a better understanding of the tors that turns part of any flow of 
theory ... this is blac:k magic days. electrical energy into useless heat. 
It's a total mystery." Superconductors eliminate all 

One of the more highly touted waste, making old uses of electric-
uses for superconductors has been ity more efficient and offering new 
in electromagnetic guns. Bui the uses that were impractical or im• 
ceramic material may not be up to possible with ordinary conductors. 
the job, according to John Pike, of The pace of discovery has been 
the Federation of American Scien- exhilarating. But for American sci-
tists. Pike said the ceramic sub- entists involved. success hns been 
stance would undergo considerable 
stress from the magnetic field tempered by deep frustration. llnv-
crcated within the railgun. "It's far ing led the way in the dramatic r11ce 
from clear this stuff will ever to understand the new materials, 
work," he said. most of them wonder whether the 

Others arc more sanguine. "Once CONTINUED NEXT PAGE 
you know it's possible, it's a very r-""l'l'lffl-:---==-==;:::--------­
small step to doing it . The 
fundamental breakthrough has 
occurred," said Copulos. Added 
IBM spokesman Gerald Present: 
"Nature's not standing in our way. 
It's just our cleverness in fabricating 
the material." 

ONR's Pohanka said the brit­
tleness of ceramics probably can be 
overcome. 

2 

and James Beall. Several weeks ago, IBM announced 
a SQUID made of similar materials that. operates at 
68 I< (C&EN, May 11, page 7). Previously, such de­
vices were made from metallic materials that became 
superconductive-and hence useful-only at tem· 
peratures near absolute zero. The new high-tem­
perature SQUID makes applications, such as the mea­
surement of electrical signals in the brain, more 
convenient and cheaper. 



SPECIAL EDITION: 

CHALLENGE ... CONTINUED 

United States will be the first to 
bring its inventions to market. 

"For American science there has 
never been a better time," said Bat­
logg, sifting through stacks of 
phone messages from colleagues 
reporting advances. "It's thrilling. 
But I suspect the first products will 
be from Japan. When~ver individual 
efforts count, we have been leaders. 
Yet, when it comes time to turn 
ideas into products, we are lost." 

To illustrate his concern, Batlo1ut 
waved a recent special issue of the 
Japanese Journal of Applied Phys­
ics, a glossy book packed with new 
research. American physicists were 
astonished last month when their 
Japanese counterparts handed out 
1,000 of the volumes free at a con­
ference in California. 

"They managed to put this to­
gether almost before we published 
a word," he said, smiling wanly. "We 
all wonder, will the Japanese do it 
again?" 

The fears are not without foun­
dation. After inventing many of the 
marvels of modern technology, in­
cluding the videocassette player, 
the color television and the comput• 
er chip, American companies 
watched helplessly as industry from 
other countries shoved them out of 
the markets they created. 

After years of seeing foreign 
competitors capitalize on Yankee 
ingenuity, many U.S. scientists re­
gard the effort to develop high-tem­
perature superconductors as a final 
chance for the United States to re­
claim technological supremacy. 

"Scientists see this as the last 
industrial moment," said Frank Y. 
Fradin, a physicist at the Argonne 
National Laboratory near Chicago. 
•we need to grab it and hold on 
tight If we don't pursue this one, 
we have to wonder what America 
wants to pursue. I mean, how many 
times do we have to get kicked in 
the teeth?" 

He would not be asking the ques­
tion if the stakes were not so high. 
The new ceramic superconductors 
that many feel will one day carry 
electrical current at room temper­
ature could open a world of tiny, 
super-fast computers, high-speed 
trains that cruise on a cushion of 
magnetism, efficient electric auto­
mobiles and long-distance power 
lines that waste no electricity. 

The new materials hold the 
CONTINUED NEXT PAGE 

SUPERCONDUCTORS 

THE WARMING TREND 
ACHIEVING SUPERCONDUCTIVITY AT EVER-INCREASING TEMPERATURES 

3Z 
WATER 
FREEZES 

o• 

ABSOlj 
ZE:RO·•· 

TNE GOAL 
Room temperature. "All bets are off," 
researche·s say; virtually every electrical use 
or product might be transformed. 

240 K Wayne State University and many other labs 
report hints of superconductivity at 
temperatures that require cooling only with 
ordinary commercial freezers. Stability 
uncertain. 

.. 
April-May 1987 
Numerous labs report achieving 
superconductivity between 105 K (•271 F) 
and 170 K ( • 154 F), but uncertainty about 
stab1hty remains. On May 10. IBM announces 
that the amount of current camed by 
superconductors above 77 K was shown to be 
at least 100,000 amperes, enough for most 
commercial applications. 

Feb. 16. 1987: ResearchPrs 1n sevrr;il 1,1 h,­
report superconduct1v1ty at much h1gh~r 
temperatures. 

Early 1987: Superconduct1v1ty achieved at 77 
K-a milestone. From-this point on. far 
cheaper and eas1er•to•handle refrigeration 
using hquid nitrogen can be used. 

•• 

December 1986: Superconductivity reported 
at markedly higher temperatures. sending 
waves of eicitement through labs around the 
world. • 
April 1986: First ceramic superconductors. .. 
1973: Niobium compounds found to be 
superconductors. 

1911: First superconductors demonstrated 
use liquid helium-type cooling medium. 
Expensive and difficult to handle .. 

MWl·W@,w 
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promise of transforming everything 
that runa on electric motors, from 
hair dryers to power plants. The 
day when any of that will be possi­
ble is still far off, but until last year 
it was only science fiction. Now, in 
the fierce drive to fashion the new 
ce~mic. compounds into wires, 
tapes and thin films that can carry 
electricity, the reality edges closer 
each day. 

Government officials and compa• 
ny leaders are excited, but many 
hedge their optimism. With eyes 
transfixed by the bottom line, cor­
porate America has resisted the 
urge to join the battle with all its 
might. 

All parties, however, are aware 
that U.S. companies will be forced 
to compete not only among them­
selves but with an unfettered con­
sortium from Japan that has marked 
superconductor production as a na­
tional goal. 

The call has gone out for the cre­
ation of a "Copper Oxide Valley" 
based on key elements of the new 
materials, to rival California's Sil­
icon Valley. 

"We are all beginning to realize 
that as much fun as it is to invent 
iOmething, it does no good if Japan 
makes it," said John J.M. Rowell, 
head of solid st:ite science for Bell• 
core, the research arm of the seven 
regional Bell operating companies. 

•u AT&T -which invented the 
laser-has to go to Hitachi to buy 
them," he continued, "there is clear• 
ly something wrong." 

For many in the bedraggled army 
of physicists, chemists, ceramists 
and materials experts at university, 
government and industrial labs 
across the country, the feverish 
work rate has left little time for fear 
or failure. 

The obsession has turned physics 
labs into volunteer fire stations, 
with punch-drunk scientists spelling 
each other when overcome with 
fatigue. Families have been for• 
saken, other projects forgotten. 

"We are probably eating more 
fast food right now than any other 
work force in America,• said Lowell 
Wenger, professor of physics at 
Wayne State University. 

At IBM's expansive research fa. 
cility in Yorktown Heights, N. Y ., 
showers once reserved for scien­
tists cdmpleting leisurely jogs are 
now used mostly to revive the wea• 
ry. 

Clothed in ripped cardigans and 
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tattered jeans, even senior re­
searchers look like perpetual grad• 
uate students. The endless hours 
have given many the appearance of 
raccoons, with deep rings surround· 
ing their eyes. 

The race began in a much more 
leisurely fashion last year. 

The first to notice that a new 
compound of barium, lanthanum, 
copper and oxygen was supercon­
ducting at 30 Kelvin-or 30 de• 
grees Celsius above absolute zero 
(minus-459 degrees Fahrenheit)­
were J. Georg Bednorz and K. Alex· 
Mueller of the IBM Research Lab in 
Zurich in April 1986. 

Although incredibly cold, that 
temperature was much higher than 
any previously recorded for mate­
rials that act as superconductors, 
suggesting the phenomenon could 
have common applications. 

The international physics com­
munity took almost a year to pick 
up and improve on the brittle new 
compound, in part because people 
could not believe what was happen• 
ing. 

"It was such a·radical change that 
I couldn't accept it at first," said 
Paul C. W. C~u. a superconductivity 
expert at the University of Hous­
ton, whose lab produced a com• 
pound in February that became su• 
perconducting at 98 Kelvin (ininus-
253 Fahrenheit). ■That's when the 
insanity began." 

By March 18, when more than 
1,000 people packed into a ballroom 
of a New York hotel for a hastily 
scheduled all-night session on the 
new materials, the mania had taken 
root. 

"It was a bizarre cult scene: said 
one participant. "It reminded me of 
the • ultimate 'Star Trek' conven• 
tion." 

Scientists are pushing the limit 
on every level. Theorists are trying 
to determine how the new materials 
let electrons race through them 
undisturbed by normal resistance. 
Chemists and materials experts, 
have turned back to their bible­
the Periodic Table of Elements­
trying in thousands of ways to con• 
coct superconductors that work at 
ever higher temperatures. 

And with a mind toward practical . 
applications, dozens of labs are 
working on wires and films thin 
enough to deposit on computer 
chips. 

Despite the frantic excitement of 
the scientists, the labs where much 
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of the work occurs are immaculate 
and shrouded in silence. 

At IBM, raw materials are stored • 
and protected against the air in a 
white antiseptic "clean room." 
Nearby, 18 huge vacuum sys­
tems-sporting spit-shined gaskets 
and flashing computer monitors­
stand ready to help convert bulk 
materials to films so thin that a 
stack of thousands could hardly be 

• noticed by the human eye. 
Until last week the two biggest 

questions about the new materials 
were: Could they work within the 
economica1 and practical reaches of 
room temperature, and can they 
carry enough electrical power to be 
useful? 

The second problem seemed the 
toughest until IBM stunned scien­
tists by announcing last Sunday that 
it had increased carrying capac-• 
ity-the ability of the materials to 
carry electrical current-100 
times, to 100,000 amperes per 
square centimeter. That is the dif­
ference between enough power to 
excite scientists and enough to help 
run computers and trains. 

The elements in the new super­
conducting compounds-mostly 
yttrium, barium, copper and oxy• 
gen-are easy to find and cheap 
enough for most labs to purchase. 
Tht> liquid nitrogen used to cool the 
substances is cheaper by far than 
beer. and has replaced coffee as the 
most common fluid in many Amer­
ican labs. By comparison, the liquid 
helium used until now to cool con• 
ventional superconductors is rare, 
expensive and difficult to handle. 

The elements-powders stored 
in special "dry boxes" -come in 
plastic buckets. To make the bulk 
materials, chemists working with 
mortar and pestle simply grind the 
powders by hand into pellets and 
bake them for hours at extremely 
high temperatures. The ovens are 
called arc furnaces, and the process 
is so simple it can be duplicated in 
most labs. . 

From there, however, the pro­
cess becomes more difficult. It is 
essential to pull useful wires, usu­
ally by drawing a slender copper 
tube and pouring the material in­
side. Chemists take minute 
amounts of the newly baked ceram­
ic crystal and cram it-often using 
microscopes as if they were doctors 
in delicate surgery-into the 
sheaths. 

CONTINUED NEXT PAGE 
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A Current of Change for Motors, Computers 

By Boyce Rensberger 
Wllllintll•• l'not lllllff Writw-

half the size, half the weight, half 
• -the coat and using half the current 
of today's versions. 

Imagine a device that can read 
signals shuttling amoni individual 

5UPERCHALLENGE 

Not since the days of Thomas 
Edison a century ago have the pos• 
sible uses of electricity held such 
promise as is offered today by the 
scientists of superconductivity .. 

Imagine a train ftoating on a THE RACE-TO EXPLOIT SUP!RCONOUCTORS 

cushion of magnetic force as it hur• 
ties almost frictionlessly across the brain cells, or more powerful -atom 
country as fast as a plane. smashers, or fusion reactors that 

Imagine supercomputers several generate power from virtually in• 
times faster and more powerful exhaustible fuels, or pnctical elec• 
than today's biggest, but much tric cars, or many other highly ape-, 
smaller and cheaper. cialized machines and instruments 

Imagine everything that runs on . valuable to scientists, engineers and 
1 electric motors, from ships and sub- . manufacturers. 
ways to refrigerators and wheel• Imagining auch things has be-

I chairs, being powered by motors come an almost daily preoccupation 

CHALLENGE ... CONTINUED 
"At this point the whole process 

is an awful lot like making a cake," 
said Roger Koch, one of the IBM 
physicists who worked on develop­
ing the powerful new films. "You 
play around with the recipe until 
you find something you like. If it 
fails, you try something else." 

Serendipity. genius and intuition 
have combined to produce a string 
of remarkable achievements, in­
cluding discovery of the bulk ma­
terials, fabrication of wires and 
most recently, the growth of pure 
crystals. 
• ,.I never thought I would live to 
shout 'Eureka,' " said William J. 
Gallagher, an IBM physicist whose 
team made the first pure crystal of 
the new materials by accident. 

,.It was April Fools' Day and we 
were heating the stuff up, trying to 
make a film,• he said. "When we got 
it out and looked at it, we were 
shocked." 

"We pulled the stuff out of the 
furnace and put it under the micro­
scope," said Bob Sandstrom, a 
member of the team. ,.What we saw 
had no flaws; it was perfect: he 
said. 

Most scientists say that perfectly 
pure crystals are essential for fur­
ther progress. When superconduct­
ing elements fuse with tiny grains 
of other material, their power is 
greatly diminished. 

The crystal they made was 
smaller than the period at the end 
of this sentence. But the team was 
successful in making other samples, 
which will• aid their colleagues in 
trying to determine exactly how 
these oxides become supercon­
ductors when cooled by liquid nitro­
gen. 

Following the pattern that baa 
emerged since the materials were 
first discovered, physicists jumped 
to the phones, and within hours the 
field was aware of the latest break­
through. 

Different laboratories are trying 
to break the new materials down to 
the smallest possible levels to un­
derstand them. Scientists feel that a 
better knowledge of the most fun­
damental properties of the new 
compounds will help improve them. 

At Bell Labs, scientists are taking 
the smallest grains of the mixture 
and attempting to bond them to oth­
er materials. Then, using electronic 
probes smaller th,m a he~'s stinger, 
they attempt to see what material~ 
work well together. 

Every time they make a new 
sample, the Bell researchers wire it 
to a voltage meter and plunk it in a 
cup of liquid nitrogen. If the resis-_ 
tance drops to zero on the digital 
ineter. they proceed to slice it into 
little bits to explore its inner work­
ings. 

,.We are working seven days a 
week, trying every way to make it 

5 

of many participating in or witness­
ing the current explosion of ad­
vances in the development of new 
superconductors-materials that 
conduct electricity without resis­
tance, without waste-in the form 
of beat-aad the deleterious side 
effects inherent in all ordinary con­
ductors. 

Freed of the resistance inherent 
in all ordinary conductors, electric­
ity becomes what might be called 
auperelectricjty, a form of energy 
that can do many old jobs better and 
cheaper and many new jobs that are 
impossible with ordinary electricity. 

The key to superelectridty is the 
kind of wire it is sent through. Hook 
an ordinary copper wire to an or• 

CONTINUED NEXT PAGE 

better, different and stronger," said 
M. Brian Maple, professor of phys• 
ics at the University of California at 
San Diego. Tediously plodding 
through the periodic table of ele­
ments, substituting neighbors of the 
elements that now work, Maple and 
others are trying to find a way to 
push the temperatures higher. 

Higher temperatures are the key 
to widespread economical use. Al• 
though liquid nitrogen, which boils 
at 77 Kelvin (minus-320 Fahren­
heit) will immediately be useful for 
several applications, including med­
ical diagnostic machines and cooling 
some huge supercomputers, the 
true prize will go to those who can 
develop superconductors that work 
at room temperature. 

Because the research is relative­
ly simple and the potential payoff so 
great, hundreds of scientists will 
likely remain tethered to their labs 
for some time to come. 

•How can you walk away from a 
brilliant little baby?" asked Robert 
A. Laudise, director of physical and 
inorganic chemistry research at 
Bell Labs. "We need to make it 
grow. Will the U.S. be the first to 
exploit the new superconductors? I 
think we have learned some les­
sons, I really do. I can tell you one 
thing. If we even stop to catch our 
breath, the Japanese will make us 
regret it. And we have had plenty of 
regrets in the past." 

NEXT,· Superelectricity 
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dinary battery or generator and you get ordinary elec­
tricity with aU its disadvantages. Hook one of the new 
superconducting materials up to the same source of 
ordinary electricity and what flows through the mate­
rial'is superelectricity. 

The difference is that the atoms of the superconduct• 
ing material are linked into an array that organizes the 
electricity-a flow of individual subatomic particles· 
called electrons-into a coherent form of paired. or 
yoked, electrons that can travel inside the material· 
without the usual resistance that steals energy and! 
turns it into heat. 

Superconduction has been known since 1911, but 
until recently it only occurred if the conducting material 
was chilled almost to "absolute zero," 460 degrees be­
low zero Fahrenheit. At or near that temperature, any 
metal becomes a superconductor. In recent months, 
however, scientists have found a new class of materials, 
special kinds of ceramics, that become superconductors 
at much higher temperatures, such as a mere 280 be­
low zero. 

While still chilly, this temperature is far easier and 
cheaper to achieve and makes it reasonable to think of 
uses that would have been impractical with the old su­
perconductors. So successful have researchers been in 
finding materials that become superconductors at 
warmer and warmer temperatures that some even dare 
to imagine they may find a room-temperature super­
conductor. needing no refrigeration to achieve its won­
ders. . 

If that should happen, most researchers agree, the 
range of applications would be almost unlimited and the 
world might witness a revolution comparable to that 
wrought by ordinary electricity in the 19th century. 

One prominent exception would be Edison's electric 
light. Without the resistance that produces the heat to 
make the bulb's filament glow white hot-the very 
thing superconductors eliminate--light bulbs wouldn't 
work. 

"This has been the most exciting time. I've never 
seen anything like it," said Philip W. Anderson, Prince­
ton Nobel laureate and leading authority on supercon­
ductivity phenomena and theory. "Three months ago, I 
would have said aU this talk about applications waa 
overblown. Not any more. It isn't going to happen right 
away, but I can see some new things coming." 

Anderson said he foresees the development of a new 
kind of brain analyzer, far superior to the electroen­
cephalogram (EEG), which could follow the paths of 
nerve signals inside the human brain harmlessly and 
possibly help study and diagnose a variety of mental 
disorders. 

It could work because nerve impulses are tiny elec­
trical currents that, like all currents, produce a mag• 
netic field in the space around them. One of the devices 
that scientists already have made from old supercon­
ductors is an extremely sensitive magnetism de£ector. 
Such devices can be made microscopic in size and ar­
rayed in large numbers over a person's head to pick up 
evidence of nerve conduction that a computer could 
construct into a detailed picture of mental activity. 

Similar detectors, made of the old metallic supercon­
ductors, already are used in today's nuclear magnetic 
resonance imaging machines, but cheaper supercon-
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ductors should reduce the currently high cost of these 
devices. 

Perhaps the simplest application of superconductivity 
to envision is energy storage: 

Imagine a ring of superconducting wire. Feed an 
electrical current into the ring. Disconnect the power 
source. Superelectricity will continue to flow around 
and around the ring indefmitely. Experiments with me­
tallic superconductors showed the current would per• 
sist, chasing its tail around the ring at the speed. of 
light, for at least 100,000 years. In an ordinary wire, 
the current would die away, consumed by resistance, in 

:less than asecond. Connect wires to the superconduct· 
ing ring and the stored electricity will flow out again, 
ready for use. 

A giant version of such a device, using the older, 
colder and costlier superconductors, already is in use in 
. Tacoma, Wash., where it levels out fluctuations in a 
conventional electrical power line by t.1king in up to five 
• megawatts during peaks of supply and releasing the 
energy when the supply dips. , 

Because the Tacoma device uses the older supercon­
ductors, it must rely on expensive liquid helium to chill 
the coils .to 452 (4.2 Kelvin) degrees below zero Fah~ 
renheit. Because ceramic superconductors work when 
chilled with relatively cheap liquid nitrogen, the use of 
such energy storage systems may spread, cutting the 
need to build new power plants as long as existing ones 
can charge up superconducting coils at night to help 
meet the daytime power demand. . 

A more glamorous use, already developed in proto• 
type, is the magnetically levitated train, or maglev. Ex• 
perimental maglevs, some running at more than 300 
mph, have been tested in Japan, Britain, France and 
West Germany. They use electromagnetism two 
ways-farst to lift the train off the ground, and then to 
push it forward. Superconductivity is not essential to 
the concept, but its increased efficiency-making more 
magnetism for a given amount of electricity than con• 
ventional electromagnetism-makes the idea more 
practical. 

Magnetic levitation is a phenomenon any child can 
demonstrate with toy bar magnets lined up to repel one 
another. Orient the magnets vertically in a channel to 
keep the top one from sliding off and you have a maglev 
device. 

To lift an entire train, all you need is more powerful 
magnets. Wind an electric wire around an iron bar, put 
a current through the wire and the flow of electricity 
induces electromagnetism in the iron. Superconducting 
wire would make the magnet even more powerful for 
the same amount of electricity. 

To lift a train, mount big enough electromagnets in 
the floor ·of each car and lay a slab of superconducting 
material in the roadbed. One of the properties of super­
conductors is that they automatically repel magnetism. 
The magnetism coming out of the train floor is re• 
fleeted back up as a repelling force. 

To propel the train, you need a series of electromag­
nets in..the roadbed or at the sides of the channel in 
which the train runs and a similar series built into each 
car. The magnets are switched on and off and their 
poles reversed in just the right time to exert simulta• 
neous pushes and pulls, both in the same direction, on 

CONTINUED NEXT PAGE 
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·How Does Superconductivity Work? 
,Theories Don't F\illy Explain Why Electrons Pair Off · 

By Boyce Rensberger 
WIIIIMl!IIOa l'lllt ::ilaff Wrilllt 

T 
o put it briefly, nobody knows for sure how 
superconductivity works. A theory put forth 
30 years ago when the phenomenon was 

hardly more than a laboratory curiosity may explain 
the old metallic superconducton but. experts now 
say, it does not explain the new ceramic 
superconductors. Still, the phenomenon is not 
entirely a mystery. 

To understand superconductivity, one must first 
understand old-fashioned ordinary conductivity. In 
simple terms, electricity is the flow of electrons, 

CHANGE ... CONTINUED 
the train. As a wave of magnetism moves down the 
roadbed, switched on and off like the lights on a movie 
marquee, the train becomes a magnetic surfer. 

Superconducting electromagnets also are being eyed 
for use in nuclear fusion reactors. The problem is to 
confine a controlled fusion reaction without physically 
touching the su~tomic particles ~ing fused. ~e 
"magnetic bottle," a powerful magnetic field of a certain 
shape, is one answer, and superconducting electromag­
nets promise the most efficient way of achieving this. 

Many scientists say such large-scale applications 
probably are far off, but they suggest that smaller-scale 
uses-as in generators and electric motors for a variety 
of uses-probably will come sooner. Both devices con­
tain electromagnets and the strength of the magnet 
affects the output of the device. Some electrical engi­
neers estimate that for any given use, a superconduct­
ing electric motor probably would be half the size of 
today's versions. 

Coming even sooner could be superconducting super­
computers. John M. Rowell, a solid-state physicist with 
Bellcore the research arm of the seven regional Bell 
operating companies, sees this as the first major appli­
cation of ceramic superconductors outside the labora­
tory. 
, Superelectricity offers a solution to the chief pro~ 

tems of today's biggest computers. Thousands of mi­
croscopic transistors and other componen~s are now so 
tightly packed on chips that, even at the light currents 
that Oow in them, heat buildup from electrical resis­
tance is a serious problem, threatening to damage the 
chip material. • 

Computer engineers would like to pack com~nts 
everi tighter because the speed of computers 1s now 
limited by the inability of electricity to travel faster 
than the speed of light. There is a measurable delay in a 
computer doing millions of operations per second as the 
machine must idle while an electrical impulse travels 
even a fraction of an inch. Tighter packing, however, 
would make the heat problem intolerable. 
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the ·subatomiF particles that carry electrical charge, 
; through the spaces between atoms of a conductor. 

In ordinary conductors, the electrons move as 
individuals; in superconductors they move as linked 
pairs. The pairing, all theories agree, is what allows 
the electrons to travel without encountering the 
resistance that traps lone electrons and converts 
their energy into wasteful heat. 

Some experts explain the pair advantage by 
analogy with people walking. Somebody walking 
alone may stumble and fall, but if that person is 
holding hands with a second person, the link makes 
each more stable and able to keep walking. 

In real conductors, resistance comes from 

CONTINUED NEXT PAGE 

Heatless superconductivity is the answer. 
According to Rowell. that answer is likely to come in 

three steps . . The first will be superc;onducting wires 
simply to COMect one chip to the next. Eliminating this 
source of heat will let designers put chips closer togeth­
er. The second will be supercomputing wires within a 
ichip, allowing still closer packing. 
• • The third step could be a revolution in computer 
• technology comparable to the introduction of semicon­
ductors-the elimination of semiconductors and the 
·advent of the Josephson computer. 
• .,.his would be a completely different kind of com­
puter," Rowell said, "something people could only 
dream about for a long time." • 

The Josephson effect, predicted in 1962 by Brian D. 
Josephson and confirmed experimentally by Rowell and 
Anderson, is a phenomenon that occurs where two su­
perconductors are separated by a very thin insulator. 

When the currents are right, the electron pairs of 
superelectricity will "tunnel" through the insul,t~r, 
forming a weak supercurrent across the gap. By manip­
ulating the currents on either side of this "Josephson 
junction," such a device can be made to do everything 
semiconducting transistors do-much faster and with­
out making heat. Josephson junctions are the fastest 
switch known and switching is another thing that slows 
down computers. 

Japanese computer scientists already have con­
structed all the necessary components for a Josephson 
computer using the old metallic superconductors, but 
they have not yet tested large-scale i.ntegration of the 
components onto a single chip. 

"Not IJ!.any of us thought the future was going to 
come this fast," said Brian Schw~rtz, a superconductiv­
ity specialist at the National Magnet Laboratory. "Some 
of us would have said, not too long ago, that supercon­
ductivity wasn't much more than a laboratory curiosity. 
·vou won't find many saying that now." 

NEXT: From lab to market 
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A Cautious -Eye- on the Bottom Line 
. By Philip J. Hilts 

Waohintcl1111 1'11111 Sllllf Writer 

John Hulm is caught between the bottom line and the 
future. The director of corporate research and planning 
at Westinghouse, he knows a great deal about super­
conductors and the possibilities they offer. But he is 
also a prudent corporate manager who isn't yet sure 
that anything profitable can soon be made with this still· 
emerging technology. 

"I have never seen the country so hysterical about a 
new technology.» Hulm said in an interview. "It's puz­
zling and a little dangerous. We are creating expecta­
tions that may not be realized." 

Those expectations are huge. Superconductors-ma• 
terials that allow a resistance-free flow of electricity­
could change the way we live. Ultimately they may al-· 
ter every product that now uses electricity, and create 
many that ~on't exist. Already, scientists talk of using 

SUPERCONDUCTIVITY ... CONTINUED 
impurities in the material that trap wayward 
electrons and the natural vibrating motion of atoms 
that may bring them into the path of an electron 
zipping through. 

Electrons are fundamental particles that orbit 
the nuclei of atoms. Because electrons have 
negative charges, most remain tightly bound to the 
positively charged nucleus. . 

If the nucleua has enough positive charges to 
hold all its electrons, the material is an insulator. If 
some electrons are so weakly held that they easily 
come loose and can travel through the material, it 
is a conductor. 

This much is agreed. The controversy is about 
the mechanism that creates electron pairs. Having 
like charKes that repel one another, electrons form 
pairs not by sticking together but by remaining at a 
distance while linked by what physicists concede 
are the strange phenomena of quantum mechanics. 
An "exchange force" binds the electrons so that 
each "knows" what the other is doing and the pair 
behave as if physically bound. , 

AJso agreed is the idea that electrons form pairs 
as a result of the arrangement of atoms in the 
superconductor. Both old and new m.'lterials are 
crystals, meaning their atoms are locked in a 
regular, three-dimensional lattice-something like 
stacks of egg cartons with each egg an atom. AJl 
atoms vibrate in place, moving more violently with 
increasing temperature but constrained by their 

them to make table-top computers more powerful than 
today's biggest machines, magnets and wires that 
would allow for the loss-free storage and transmission 
of electric current. and new types of compact, high­
powered electric motors. Obviously, if any of these 
dreams are plausible, there are huge profits to be made. 

"I am in the position of being one of the few voices 

SUPERCHALLENGE 
THE RACE TO EXPLOIT SUPERCONDUCTORS 

speaking caution when others are rushing ahead," said 
Hulm, 64. "I have been accused of being too old, set in 
my ways, unable to see this for what it is." 

In fact, he is one of the country's leading researchers 
in the field. He marvels at the enthusiasm of American 
scientists who are pushing this new technology for• 

CONTINUED NEXT PAGE 
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attraction to adjacent atoms. (If the temperature 
gett high enough, the atoms break free and the 
crystaJ melts.). 

Under the old theory, electron pairs form like 
this: When the first electron passes between two 
atoms in the crystal lattice, the positively charged 
atoms are pulled slightly toward the negative 
electron. In the brief moment after the electron 
moves on but before the atoms spring back to their 
normal positions, they create a region with more 
than the usual amount of positive charge and a 
second electron is drawn into the space. 

Thus linlced, the electrons continue as a pair, the 
wake of the first smoothing the way of the second. 
• If the atoms are properly spaced in the material and 
their natural vitiration is slowed enough by low 
temperature, masses of electrons may move in 
cadence with the atomic vibrations, eliminating all 
resistance. 

Experiments with ceramic conductors show 
lattice vibration alone does not cause the electrons 
to pair and a new theory is being discussed. 

There is evidence that the peculiar layered 
structure of the ceramic crystals automatically 
causes pairs of free electrons to form when atomic 
vibration is reduced by relatively little cooling. The 
search for a room-temperature superconductor, 
then, may depend simply on making a crystal lattice 
that does not need to be cooled to achieve 
spontaneous electron pairing. • 
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BOTTOM LINE ... CONTINUED 
ward, offering the prospect of a revolution in the uses 
of electricity. 

But he is not prepared yet to tell the senior manage­
ment at Westinghouse to invest tens of millions of the 
company's dollars in efforts to exploit a still-uncertain 
technology. 

The ~tuation reminds hini of the tale of the broker 
standing in line to get into heaven. . After a long wait, 
the broker stood on a soapbox and announced that gold 
had been discovered in hell The stampede began, open­
ing the line ahead of him to get to the pearly gates. But 
after a moment, the broker jumped down and joined the 
parade toward hell. When asked why, be said, "Well, 
there just may be something to it.• 

Will American industry be able to exploit the head 
start U.S. scientists have achieved in the race to this 
new llcientific frontier? Many are convinced that the 
answer is no. Most of the 20 officiala of American com• 
panies interviewed for this article expressed doubt that 
American firms will win a commercial contest with Ja• 
pan to exploit superconductors. 

There are some optimist&. Lewia Branscomb of Har­
vard University, foaneriy a vice president for research 
._t mM, said be believes.American firms can rise to the 
challenge. "If U.S. companies fail now, the con,orate 
managers will have proved they are as obtuse as people 
say they are. That is the experiment we are doing. Can 
they take advantage of a big technology push7' 

Dr. Kent Bowen, engineer and industrial expert at 
MIT. said it ia time for vision to overtake wisdom, and 
to move ahead rapidly. "The downside of this is so bad 
that we have got to risk l!Olllething subatantial: Bow· 
den said. "We have got to run ahead now, as if we knew 
all the answers already.• 

But Hulm at Westinghouse isn't prepared to run so 
fast. As a corporate manager, he feels he must try to 
gauge his speed and time his leap of faith into the su• 
perconducting future. And it is the industrial managers,. 
not the academic experts, who will determine how the 
United States doea in the forthcoming superconductor 
sweepstakes. - • . 
~e sticky part for us comes when we don't get a lot 

of products out quickly,• Hulm said. "They say, 'Hey, 
you are spending so many dollars, over so long, where 
are the products?' You know, we are not the worst at 
Westinghouse. We have invested money in R and D [re­
search and development). I don't think it's enough, but 
we have done it .... 

"You have to understand these things relative to 
quarterly earnings. Following quarterly earnings in­
duces extreme caution at the top levels of companies 
.... There is such a pressure for earnings in the short 
range. I hate to lay the whole blame on Wall Street, but 
they've got a hand in it. My counterparts in Japan seem 
to have a much longer time to account for themselves.• 

That kind of caution contributes to doubts about 
America's prospects in this contest. • 

"I am skeptical. I am concerned. I do not yet see any 
effort on the scale l judge to be merited if the scientific 
claims are valid," said Bobby Ray Inman, former intel­
ligence official and now a leader of experiments in in­
dustrial cooperation. "Superconductors are a prett}i 
interesting technology to look at. If even part of the 
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• R&D: An essential ingredient in the development of 

superconductor technology will be the long-term commit­
ment by the federal government to foster private research 
and development, panelists told the House Science, Space, 
~nd Technology Committee. Despite successes in the emerg­
ing field of superconductor technology, it will be 10-15 years 
~fore _to produce the. first limited benefits of energy effi­
ciency 1n the commercial marketplace, the witnesses said at 
a briefing held May 27 for legislators and their staffs. 
Superconductors are ceramic and/or metallic devices that 
are void of virtually all resistance to electrical currents. 
Funding for such programs will be central to the future 
successes of superconductor research, according to Nelson 
Milder. who is on the staff of the House Science Committee. 

. Milder said there already is a tug-of-war for funds between 
so-called large science projects and smaller research ef­
forts, such as superconductors. As a result, he suggested also 
that the federal government work with Congress to develop 
some method of centralizing federal and private sector 
efforts in such high-technology projects. 

Creati~n of some sort of centralized government planning 
and monitoring organization will be essential to ensuring 
that the United States is successful in both developing this 
new t~hnology and, equally important. marketing its uses, 
according to -self-described futurist Joseph Coates. Narain 
Hingorani, of the Electric Power Research Institute. echoed 
Coates' statements and said that when his group has worked 
on specific goal-oriented projects with federal agencies and 
private industry, there have been numerous successes in 
relatively short periods of time He said thai if such federal 
and private sector cohesion exists on superconductor r£-­
search, "we could have a profound effect'· on the American 
energy marketplace. Paul Brown and Ken Klein or the 
~ergy Department agreed that superconductor technology 
will unlock tremendous potential, but these benefits will not 
emerge for another 15 years at best. 
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hype is true, there will be an enormous impact," he said.-
Theodore Geballe, director of the materials research 

center at Stanford U Diversity, said, "There is some 
chance we will do what is necessary to compete. But if 
you wanted me to bet, I'd say the chances are less than 
50-50 that we would dominate in the competition." 

Kumar Patel, director of research, materials sciences 
and engineering for the Bell Labs at AT&T, said: "I 
have a fear about this. I am sensitive to the fact that we 
as a nation have done a lot about encouraging research 
and that we haven't done very much about engineering 
applications," which are responsible for pressing scien­
tific finds into commercial products. • 

A !ew hundred researchers, mostly in industry, are 
working on the new superconductors full time. Perhaps. 
several hundred more are working part time. • 

After hurried efforts to push more money into the' 
effort, the government this year may invest $29 million· 
in superconductor and materials research. Industry, 
scrambling as well, may add several times that amount. 

IBM, for example, has an estimated 75 to 100 re­
searchert looking at superconductors; AT&T has more 
than 40; Du Pont and General Electric have 20. Some­
what smaller companies-but still directly affected by 
the new technology-have reported mostly "explora­
tory efforts" involving one or a few researchers who 

CONTINUED NEXT PAGE 
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keep track of advances made by others. Celanese Re­
search of Hoechst Celanese, Owens-Corning and 
Sprague Electric;: are examples. ,, 

Overall, the United States appears to be making a suf• 
fJCient investment to do the laboratory work that will 
work out what the new materials may do. But it is inad­
equate for the next step, taking the new-found rules of 
nature and manipulating them to make products. Hun­
dreds of millions of dollars and well-coordinated programs 
are needed to compete for the engineering-to-market• 
place prize, according to industrial research directors. 

AT&T's Patel is amonl( those who believe that only a 
·coo"'i-dinateci industry effort led by the federal govern• 
ment can make America competitive in this race to 
commercialize superconductors. "I've been telling any-­
one who will listen. There are a number of us making. 
noise. So we will be heard, at least," he said. 

Art Sleight, one of the premier researchers in super• 
conductors and Du Pont's research manager for ad­
vanced materials, said, "I doubt that this country can 
effectively compete with Japan if we don't cooperate 
with each other in ways that we haven't done in the 
past .. • ~ --.... 

"'1° have not seen ~g to give me optimism," said 
Inman, head of Westmark Systems in Austin, Tex., a 
firm devoted to buying small electronics companies and 
making them competitive. "I have spent the last fwe 
years learning how much impact accounting rules have 
on development and competition. They create an un­
willingness to jump quickly. U you do jump, invest mon­
ey, and the work doesn't go right, you take a hit on 
earnings right down to the bottom line. This causes a 
tendency to go slow. The whole system cliac:ourages 
major surge efforts. 

ICfu Japan, there are totally different standards. They 
don't do quarterly reports. The banks sit on the boards 
of directors. They expect to recover their costs over 
much longer times .... The kind of rules and protec• 
tions we have built into our system to protect against 
crashes, manipulation of the market, monopolies, and so 
on-when we're in the international market rather 
than domestic-become difficulties. 

"The typicaJ strategy we have evolved here is to try 
to grab a secret, go to market with it cautiously and get 
the most of it. The approach is not how to place your• 
self to grab a market share over the long haul," he said. 

iiiiiiiiiiii 

Huhn of Westinghouse has worked on supercon­
ductors most of his orofessional life, and has won 
awards for achieving high-temperature -supercon• 
ductors more than a decade ago. 

His company, like many others, is well-positioned to 
make something of the new discoveries. Westinghouse 
has built a generator using older superco~ucti_ng. tech­
nology, and has done considerable _work m mtcroel~­
tronics and in making high-tech wire-each of which 
could be crucial in superconductor development. 

Also Hulm's researchers have the fever. •It is very 
unusuai, but all the scientists here are unanimous in 
wanting to push this technology ,faster no":. Often ~e­
aearchers will say, 'Well, I don t know, Im worried 
about this difficulty or that one.' Not this time," Hulm 
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~id. '"The researchers will do anything. They'll work 
nights and weekends, they'll leave their wives for you. 
They don't care about the money. They just want a 
chance to work." .-

Hulm has reassigned as many researchers as he can 
under his current budget. He has asked other divisions 
in the company for help. His research team includes 20 
scientists working full or part time. 

But moving fro~ basic research, in which the United 
States has a clear lead, to engineering and development 
is "a different kettle of fish," Hulm said. 

It is the engineering· that takes both :vision and mon-_ 
ey.So far, Hulm-iinofiudy~ to the top.brass 
that t.his is a breakthrough t~·· •. • . , ; .. :· ~ .. • · 

• "You've got ~ make money, • .., How can I jus-
tify making a new generator?" he • • ·. ! }"he!l there is 
no profit in making generatbrs old o 'ftt!tr because the 
demand for el(ctricity .is:,,O !~•-Air mdchf as·,we may 
·like to puaue!our- o,rg·)ci!ilJltille:~~~;r.,e to do 
so1114thing useful for the company." ii&.;.,,.; · · , . . 

Hulm also sees an array of tough··· •• '""cal problems. 
The.materiaJs are extremely brittleina',., fir can carry 
enough electrical current oiµy .~.id-'.'dj~t.al form. Each 
difficulty, wn.:~ tooveicome, is aerious and can 
• soak up years of thne'-arld money. •• ' '.i. ~ -- - _ 

"Our companJ cktesn't hav~ a -1usb/W¥1 fOJ' ~rl!h. 
Everything ia planned, including 'the prolits· they intend 
to declare .... Slowly, we're trying to mobilize all the 
resources we can. _ > 

"But our guys want to know how much bottom line 
they are going to get: he said. : . 

Hulm lived through an earlier scientific revolution 
that changed the world, the advent of miniaturized elec­
tric circuits based on transistors. Westinghouse was 
involved then, but the company failed to develop and 
market microcircuits as aggressively as other makers, 
including the Japanese. 

Hulm recalled that Westinghouse had good research 
and a good product, but was not able to catch the 
rhythm of the hot new market in the 1970s. Texas In­
struments and the Japanese makers of the tiny new cir­
cuits put out new, more compact and powerful versions 
frequently, dropping their per--unit price at an alarm­
ingly fast rate. . • • 

"That was the Japanese-style strategy, to put out 
more and more circuits for less and less money-going 
from something like a buck a transistor to five bucks for 
,a million transistors-and not worry about immediate 
profits, but instead to open the market," Hulm said. "As 
a result, they built the demand up_ rapidly at the same 
time their costs were coming down~" 

Eventually Westinghouse dropped out of that race, 
and converted its Baltimore microelectronics plant to 
Defense Department work. l .-

The lesson Hulm draws from that experience is not 
that it is now time to rush into applications of supercon­
ductors, but rather that some inventions caMot be ex­
ploited as soon as they are made. U,m1Jney had been 
thrown into electronic devices just after . the transistor 
was inveated in the late 1940s, he said, that would have 
been a disastrous mistake. It took more than: 20 years 
from the moment of creation to the itime commercial 
products began to take_~~• h~ not~ f .. • " 

CONTINUED NEXT PAGE 
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Two Different Cadences 
In the Superconductor Race 

U.S. Marshalling 
Free-Market Forces 

can't we get products out of it?" 
Aa the competition unfolds 

this time, many of the Americans 
on the front lines doubt that free 
enterprise alone ia up to tbe job. 
"'Looking at it from Cambridge.­
said Kent Bowen, professor of 
engineerina at the Massachu­
setts Institute of Technology, 1t 
seems so obvious what has to be 
done. It's surprising that it 
hasn't been done already.• 

Bowen advocates a $100 mil­
lion federal effort coordinated by 
one government agency, rather 

The nation that pioneered the 
videocassette recorder, the mi­
crowave oven, the color televi­
sion and the memory chip-and 
then lost them to foreign com­
petition-is once agajn staking 
ita faith in free enterprise on the 
next great competitive struggle, 
the race to take bigb-tempera­
ture superconductors to the 
• marketplace. 

"Superconductivity bas be­
come the test case of whether 
the United States bas a tec:hno­
iop:al future: aid Frank Press, 
president of the National Acad­
,emy of Sciences. •[That) future 
depends on our ability to com­
mercialize our scientific diacov· 
eries. If we lose this battle, it 
will wound our national morale. 
Everyone will be asking: Here 
ft support acience so well, why 

... tbe present s,stem in which 

....a departments pursue sepa­
rate caanes. Others have called for 
-.dlinl like tbe Manhattan Pro­
ject tllat praduced the fint atomic 
llamb. 

Caaallll ha lllbcl the National 
·Aademy of-Sciencel. the moat em­
iaeat badJ of American acientista, 
•-tbe adeqqlcy of the effort. 
A report ii expected by mid­
w. MeaawbiJe, I bipartisan 
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Once again, Hulm said, he fears Ulat a big investment 

in commercial exploitation of a new technology may be 
premature. "If I thought we'd get [superconductors to 
work at) room temperature, I'd say amen. The poten­
tial would be uncovered. It would change everything. 
That's what I'm hoping for. 

"As long as we have to dump that stuff in liquid ni­
trogen (a chemical that brings temperatures down to 
the levels at which superconductors now will work], 
we'll keep it limited to uses people think are so impor­
tant it's worth the trouble." To Hulm, the possible lim­
.itationa and snags along the way mean dents in the bot­
tom line. 

"That's really it. What can I say to people wqo say, 
'Hey, drop everything and go into this technology?' I 

• can't," he said. 
After a pause, he added, "I guess that puts me in the 

conservative group.• 
Hulm recalled that as a young man, he too had been a 

technological enthusiast. Within weeks of the discovery 
of the transistor, he said, he was ready to plunge into a 
new world. "I remember saying, 'By golly, that is going 
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Japanese Seeking 
A United Front 

By John Burgees 
........ ,., .... Senice 

TOKYO-Within weeks after 
researchers announced develop­
ment of new superconducting 
materials that may revolutionize 
the use of electricity, two Jap­
anese government agencies set 
about guiding and harnessing 
another form of energy-the 
Japanese competitive spirit. 

Special committees on super• 
conductors were formed, bring• 
ing together top minds from Ja• 
pan's universities, government 
and private companies to trade 
ideas and discuss commercial­
ization and government aid. 

Officiala in charge of govern­
ment research funds began re­
assessing spending plans. Others 
conferred with laboratories and 
company executives to keep 
abreast of the burgeoning re­
aearch under way in Japan; 

"We are working to assure 
that all this will not be just a 
fad,• said Mitsugi Chiba of the 
Japanese government's science 
and technology agency which 
oversees one of tbe two super­
conductor committees. "We 
want it to be a solid, feet~-tbe­
ground campaign.• 

While the United States gov-

CONT I NU ED NEXT PAGE 

to ctiange the world!' • 
"With superconducting," Hulm continued, "I don't 

know, maybe I'm too close to it." 
Speaking of faith in technology, he said: "We used to 

have it. We do believe in it in some things, like health 
care technology, and it affects everybody." 

The Japanese industrial managers, Hulm said, "have 
more faith in advanced technology than we do. They 
feel that no matter how far out it seems, if they invest 
in it, IOMeday they'll get something out of it. Supercon­
ducting technology, I suppose, is like that. It is kind of 
far out." . • 

But be added, "I don't think technology is the only 
factor here. There is a great sea change of world eco­
nomic power going on. Maybe there's something to the 
idea that a country's time comes and goes. I hate to say 
that I'm discouraged about the future of the U.S." 

He paused. "Maybe there is some kind of renewal 
process . . . . Maybe there is a way to get a second 
chance," he said. 

NEXT: Gowmmenl aid 
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cadtm in tbe Holllle and Senate 
-11111 lldloduced leplatioa to create 
a JlplHtJle conunielitla of leaden 
,,_ penuneat, induatr)' and ac-
"ademia. I 

Tbe pn,pwd c:ommiaion would 
ateraee the American effort and 
ltadf 1UCb dnltic optioal II break• 
N don atmllllt Ian-ID idea 
tbat a1arm1 a wide nnse ol legal 
apem--« .,.. apanding fed-
eral funding ia tbe name of winning 
tbe aaperconductor ~es. 

Tbe White Houae stands firmly 
apiaat I more centralized federal 
rale in guiding l'fllelfCh toward 
cammen:ial producta. 

-We bne a aecret weapon that 
will o,erwhelm [the Japanese) pro­
.... said Wtlliam Graham, bead of 
tbe White Houae Office of Science 
11111 Teclmoloa Policy. -We call it 
tbe free market, It's far better to 
let indultrJ make the inftltment 
dec:iuolll tor profit and to let &09-
emmmt devote its relCIUffl!S to the 
basic reeeardl and underpinnings. 
We let eadl sector operate where 
it'•~· 

W-dliam O. Baker. retired chair• 
an ol AT&T Bell Laboratories, 
walkeptiral:"OarguYel'IIIDelltbaa 
tbe attitude tbe loae inventor in an 
attic ii aoinl to be able to carry Oil 
ii fiae old colaaial tradition in inter­
aatiaaal competition. That's exactly 
backwardL· 

Tbe American system is charac­
teriled bf heavy federal aid for ba­
lic reaearcb. but little or DO direct 
inol¥emeat as work moves out of 
tbe laboratory into production. ex• 
cept ill the case of weapoaa IYl­
tema. The system's contribution to 
IJllic: ldence, in which the United 
States lads the world. is unquea­
tiaaed. For example, a National Sci­
ence Foundation grant funded the 
Feb. 16 breakthrough by scientists 
ill Hauaton and Hwttmlle, Ala., 
.that broqbt superconductors into 
tbe realm of the plausible-devel• 
opint materials that conduct elec­
'tricity without resistance at tem­
peratures much wanner than pre­
muslf believed possible. 

Similarly, in the month., since the 
Feb. 16 announcement, the Energy 
Department. Defenae Department, 
Bureau of Standards, National Sci­
ence Foundation and National Aero­
aautic:a IDCl Space Administration 
lane abifted $29 million of federal 
raeardl money into studies of new 
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superconducting materials-signif­
icantly more than Japan apparently 
bas spent. 

So many departments and sub­
departments have joined the field 
since the Feb. 16 breakthrough that 
DO one in the administration had a 
preciae count Jaat week of bow 
much money WU being committed 
by whom. 

The Energy Department, whole 
national laboratories are conducting 
$10 million ol reaearcb on the new 
materials. bas taken responsibility 
for distributing information. and 
last week hosted I two-day confer• 
ence for ac:ientists from govern­
ment. corporate and university labs. 
It is coboating a major White Houae 
conference on superconductivity in 
July. 

Energy Secretary John S. Her­
rington also bas put up money for a 
newsletter reporting latest devel­
opments in public and private labs 
111d cataloguing scientific publica· 
tions from around the world. So far. 
it ia available only to American sub­
scribers. "We're not going to play 
Uncle Sap: a DOE official said. 

While the United States leads the 
world in basic research, laboratory 
victories no longer carry the day, 
and U.S. policy bas only begun to 
respond. "There's a twilight zone 
between basic research and its ap­
plication in the marketplace, and 
it's in that zone that we need to 
learn to operate." said John H. Gib­
bons, director of the congressional 
Office of Technology Assessment. 

Concern.escalated here following 
reports from Japan of government• 
organized councils coordinating ef. 
forts by companies, universities and 
government agencies to find com­
mercial m for the new supercon­
ductors. 

This approach, which fostered 
Japanese dominance of other mar• 
kets, got under way last December 
and wu in place 11 days after the 
Feb. 16 announcement that Amer· 
ican acientists bad broken the su­
perconductivity barrier. 

"I would suggest to those who 
put their ultimate faith in the ability 
of our private businesses to develop 
and market this technology that our 
nation cannot afford to risk losing a 
leadership role" in superconductiv• 
ity, said Sen. David F. Durenberger 
CR-Minn.). "We have to make a ae-
CONT I NU ED NEXT PAGE 
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emment debates the extent of 
its participation in the supercon­
ductor revolution. the Japanese 
government has already begun 

_ to function as facilitator agd Co-

ordinator, ID ICtmlt role it bas played re­
peatedly over the years in Japan's drive for 
preeminence in mah technology. . 

Tbe japloese government DO longer 
lleepe tbe iron band oo economic decisions 
tbat it had through much of the postwar 
economic advance. and it spends far less in 
direct avvemment funds on research than 
does the United States. But it does some-­
tbing that tbe United States bas tnditione 
ally shied from as anticompetitive: it coor• 
diaates. cajoles and guides its country's in­
dustrial development. atriving to avoid du• 
plication IDd increaae effic:ienc:y. 

Tbe Ministry of International Trade and 
ladustry (Mffl) controlled the postwar re­
co,ery witb an authority that was rein• 
farced by control of foreign exchange flows, 
wbicb c:ouJd mean life or death for oompa~ 
lies. Today, much of that statutory author­
ity is aone, but tf!e ~~ and· its ~rps of 
tecbnocrata retain IDIJOI' influence m the 

• ecaaomy. The, aee it as their duty to de­
cide what the future bolds and move people 
tawud it. 

Liceming-aad researdi grants are prime 
tao1L lmpart:mt too is "administrative guide 
aa,• the formal expression of the minis-, 
trf'• will. Often it has DO legal underpin• 
•,~ but business leaders are loath to defy 
it. MIily aaree with Mm's approach, but 
MITI can find ways to make trouble for 
tboee who don't go along. 

MITI officiala don"t like to talk about po­
tential projects. but history provides many 
enmple& From 1962 to 1980, for instance, 
MITi orpaized four major thrusts involving 
computer tecbnology. By far the most fa. 
moaa IDCl controversial was one meant to 
put Japan GG a par with the United States in 
VLSI-Very Large Scale Jntegration-pro­
cluctian of advanced microchips. 

la 1976, with MITf s blessings, the coun­
try's major ejectronics companies estab­
liabed the VLSI Technology Research A&­
IOCiation. MITI provided some loans; the 
companies supplied the rest. The goal was 
to ltGp dupticative research and share find0 

iap among participants. After spending 
about $300 million and filing many patents, 
tbe project disbanded in 1980 and partic­
ipant.a have gone their own ways. 

Some studies credit MITI as key to the 
postwar "miracle." . In some cases MITI 

• lfownlup waa c:learlJ • ,crucial-its strong­
arming of foreign companies to license com­
puter technology in the 1960s is commonly 
cited-but it has had notable failures too. 
The Japanese aerospace industry bas never 
taken off despite years of MITI nurturing. 

CONTINUED NEXT PAGE 
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rious commitment to reexamining 
the benefits that flow from coordi­
nating" the private sector and the 
government. 

Many advocates of more coordi• 
nation in the United States, includ­
ing some prominent corporate ex­
ecutives, believe the federal gov­
ernment should organize the dozens 
of companies seeking commercial 
uses of superconductors so that cer• 
tam firms pursue certain potential 
products, thus avoiding duplication 
and sharing the high cost and risks 
of product development. 

A nnge of corporate research 
directors and government scien­
tists, favoring this approach, have 
complained in public hearings that 
federal antitrust laws impede coop­
eration that could help American 
firms compete with Japan. 

However, corporate culture­
not the govemment--appears to be 
a roadblock to more cooperation. 
Amendments to the antitrust laws 
in 1984 encouraged American com­
panies to conduct joint research and 
development, all the way to crafting 
prototypes. The Commerce Depart­
ment has taken a lead in organizing 
aeveral consortia; a total of 66 are 
now operating in the United States. 

Some experts believe the law 
even permits joint production, if 
necessary for American firms • to 
compete internationally, although it 
forbids firms from dividing the mar­
ket, as is occasionally done, with 
government blessings, in Japan. 

"The case just cannot be made 
that there are significant antitl'Ullt 
impediments,• said deputy assistant 
U.S. attorney General Roger B. 
Andewelt. 

"If American industry thinks it's 
getting beaten because they're not 
coordinated, let them coordinate 
themselves,• said National Science 
Foundation Director Erich Bloch, a 
former vice president at IBM Corp. 
"On one hand they want to be en­
trepreneurs and they want to be 
independent. On the other hand, 
they want to be coordinated. I think 
they're a little schizophrenic.• 

Another barrier is the reluctance 
of competitors to pool information. 

"If companies cooperate: said 
Bruce Hannay, former Bell Labs 
vice president for research, '\hey'll 
spend all their time working out 
rules to make sure nobody gets any-
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thing the others don't have. If they 
agree that . when anyone breaks 
through, everyone breaks through, 
there's no incentive to push ahead. 
Competition is the basis of our sys-
tem.• . • 

Offlcials and experts interviewed 
for thia article agreed on the need 
for several changes in public policy; 
some already under way: 
■ The yawning budget deficit, 
which has driven up interest rates, 
greatly discourages risk and invest­
ment, according to a range of econ­
omists, by raising the cost of bor­
rowing and undermining confi­
dence. The fuical crunch also rules 
out a crash federal program, and 
breeds in-fighting over which tech­
nologies to support-supercon­
ductors versus &e'1ticonductors or 
atom-smashers, among others. 
■ The White House and Congress 
are moving to revise a number of­
laws that binder U.S. companies 
competing in high-technology areas. 
They seek to close a loophole allow­
ing foreign manufacturers to pirate 
processes patented in the United 

States and to ease the antitrust 
threat to companies that license 
competiton to use certain patented 
discoveries. An amendment also is 
pending to encourage joint mama• 
facturing efforts in the cause of "in­
novation. • 
■ In the last few years, the Nation­
al Science Foundation and the Com­
merce Department have fostered 
cooperative research linking dozens 
of companies, universities and gov­
ernment .' scientists. An executive 
order by President Reagan last 
month further opened national labs, 
and their ctilcoveries, to the private 
sector. 

The theory behind these changes 
is that the way to move technology 
from labs to the marketplace is 
through people-another approach 
common in Japan. 

"It's about time we changed our 
attitude: Bloch said. "The country 
is not going to survive if everyone 
does his own work and nobody talks 
to each other.~ 

Confusion persists-in govern­
ment, business, and academia­
over the nature of American free 
enterprise. Many business and gov­
ernment leaders say a Japanese­
style system would backfll'e here, 

CONTINUED NEXT PAGE 
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MITI opposed the Sony Corp.'s initial li­
censing of the transistor and Honda Motor 
Co.'s expansion from motorcycles into cars 
~ science and technology agency'; 

comnuttee baa more than 100 member or­
ganizations. It is holding public symposiums 
and closed-door meetings between special­
ists. It is. the first time the agency has tried 
to organize private companies this way, a 
measure of tbe awesome potential it be­
lieves superconductors hold. 

Chiba says the purpose is to put research 
leaders together and decide what to do. The 
group might eventually agree to carve up 
research, perhaps with the government fo­
cusing on basic research and companies on 
commercial development, be suggested. 

A second committee, run by MITI, is 
~er and less visible. More than 20 sen­
ior researchers from companies and gov­
ernment labs belong. So far, it has met in 
formal session just once, in April. The chief 
of Tokyo University's program, Shoji 
Tanaka, briefed the group on a conference 
in the United States, MITI officials saia. 
Industry researchers expressed views on 
various materials, the potential for devel­
opm~nt and possible commercial uses. A 
working group has convened four times 
and bureaucrats and researchers frequently 
talk informally. 

The group keeps MITI informed and ex­
poeea top reaearcbera in Japan to a few of 
their competitors' aecrets. "We try to get 
the researchers to· put a little bit of distance 
between .th~lves and their companies 
and to. bnng m the results of their studies " 
~ Hirokazu Nakaima, an MITI deputy 
director general. "If they stick too much to 
the interests of their companies, they will 
just sit and listen and say nothing." 

Direct government money has played a 
relatively small role in research. The Sci­
ence and Technology agency put the equiv­
alent of about $22 million at current ex­
change rates in superconductor studies be­
tween 1982 .and the present. MITI claims 
not to know how much it has spent but call~ 
it small. ' 

Like the rest of the world's, Japanese 
s~perconductor research plodded along un­
til late last year, after scientists at an Inter­
natio~al B1;1siness Machines Corp. labora­
tory_ m Switzerland published a paper con­
cluding that ~uperconductors could be made 
from ceramics and function at less-cold 
temperatures than metallic ones. Suddenly, 
even roo~-~emperature superconductors 
seemed within range. 

. To~o. University Associate Professor 
Koichi Kitazawa, a specialist in supercon­
ductors, recal!s that he initially tossed the 
l~M paper aside, feeling its ideas were ba­
sically wrong-headed. But he passed it to a 
graduate student in physics, who one day 
CONTINUED NEXT PAGE 
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because it conflicts with America's 
culture of independence. 

But a cursory look at federal tax 
laws or government procurement 
patterns reveals that the U.S. gov­
ernment is not above nurturing an 
array of private activities. Said 
Press: -People like to say we don't 
have an industrial policy, but we do. 
We have 12," one for each Cabinet 
department. 

Given the ·American culture of 
competition, former Bell Labs 
chairman Baker· called government 
efforts to promote cooperation woe­
fully inadequate. "Hopeful and well­
intentioned and about 20 years too 
late: was the way be put it. 

The race with Japan also is short• 
sighted in Baker's Jong view-"an­
other narrow idea of mutual exclu­
sion.• If superconductivity has as 
much potential as most believe, he 
said, why not develop agreements 
combining American science and 
Japanae engineering so that both 
countries share the vast new wealth 
and make new technologies avail­
able to the world more quickly? 

"The human race hasn't really 
caught up with the idea of what co­
operation in science and engineer• 
ing can do for the general strength· 
of the planet." he said. "That's what 
war is-the irrationality of the hu­
man race. 

~- Research Program: · 
Where theMoney Comes From 

The United States' strong suit in technological competition is its 
eupport for basic research-that early stage of scientific discovery 
that explores the basic niles of nature, long before the exploitation 
for profit begins. . • 

"Agony will be the main thing 
that changes it," he said. "li we 
keep burning the forests and tear• 
ing the ecology apart, contaminat• 
ing air and oceans, the agony will 
build up enough so we'll have to 
cooperate. The trickle of rationality 
is what we all work for-to help the 
human condition." 

JAPAN.ooCONTINUED 
approached him and asked for permission to 
try it out in the lab "and make a joke of it." 

The student, 26-year-old Hidenori 
Takagi, found it was no joke at all. On Nov. 
13, he and another student found signs of 
reduced magnetism in the material they 
were making, a cruciaJ sign that the paper's 
findings were valid. 

"I was astonished, deeply moved," Takagi 
recalled. "I doubt I'll ever have such a feel0 

ing again." Takagi reported his fmdings to a 
professor, who told him to buy a bottle for a 
celebratory toast. A half-dozen researchers 
raised glasses together. 

Since then, the Jab bas been racing full­
throttle, with Chiba and other researchers 
often passing the night there. "At the very 
busiest times, I'm not really sure where my 
home is,• he said. • 

The university's announcement that it 
CONTINUED NEXT PAGE • The search for the mysteries of high-temperature supercon• 

ducton is no exception. Since the breakthrough in superconductiv­
ity research Feb. 16, 10 departments and sub-departments have 
committed $29 million of their budgets to exploring the properties 
and potential of the newly discovered materials. These commit­
ments have evolved witl) little coordination among departments. A 
reporter bad to call scientists at six agencies and the White House 
to get a full accounting, 

DEPARTMENT OF ENERGY . ·•, ~- .-,-,.'!-,_':"~i-

President Reagan has radically changed the priorities for govern­
ment-financed research and development, In 1980, 47 percent of 
$29.8 billion of R&D obligations went to defense, and the rest to 
civilian projects. This year, tbe estimate is 70 percent for defense, 
out of $59.2 billion. 

Basic research-the kind of exploration under way in the new 
superconductors-is still concentrated in nondefense projects (89 
percent), The United States will spend about $1 billion on basic re­
search this year, compared with $540 million in 1980. Here is the 
breakdown for the new superconductors: , 

DEPARTMENT Of DEFENSE ... • ,:, .... ··•··· .•. , • ,, •. ,ir,,,.,.,., .... ,.x 

over $11.5 mllllon Air Force Office of Scientific: Research: Studies of 
thin•film superconductors and potential uses in 
sensors, electronics and other areas. ($3.5 million) 

Defense Advanced Research Projects Agency: 
Contract for research aimed at applying 

• superconductors to computers, sensors and other 
devices. ($10 million over three yea~ $3 million 
in 1987) 

Office of Naval Research (up to $3 million) 
Naval Research Laboratories ($1.5 million) 
Strategic Defense Initiative Organization: Research 
on infrared sensors. ($500,000) 
National Security Agency: Classified research. •You'll 
never find out what that is,• said a department 
official. 
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$10 mllllon 

@ 
Research at national laboratories and DOE-funded 
universities to eJllmine why new materials become 
superconductors at relatively high temperatures, and 
how to increase their limited capacity for carrying 
electrical current. (DOE also is spending $15 million 
on tow-temperature superconducting magnets 
and fus10n devices.) 

NATIONAL SCIENCE FOUNDATION • • · • ·,. • ... . •' ·,,. ·-,-, ____ ,;-; 

$6.6 mllllon 

e 
Grants to universities for research on high 
temperature superconductors ($5 milhon), 
interdisciplinary research efforts at the agency's 
materials research labs ($1 million) and small 
grants for researchers with ideas for processing 
the new materials into rods, wires and tubes 
($600,000). : . ' 

NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION . ·· : ,.., , 

$750,000 

N/\51\ 
Nal,onai 
AelolaullCS and 

~alOI 

Research grants to universities, with a goal of using 
superconductors in space, where low temperatures 
are easily attained. 

COMMERCE DEPARTMENT I • • . , ...•. ·- -- .• . 

. Bureau of Standards: Measurement science to insure 
the precision of numbers, properties of materials and 
measurements being used in research. 
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bad confirmed the mM study had touched 
off a frantic wave of research. The giants of 
the Japanese electrical industry jumped in 
with more personnel and money. 

"We didn't ~veto apply the whip,• said 
Minami Ichikawa, an MITI superconductor 
specialist -the companies were off and 
running on their own.• 

Records were set, only to have compet­
itors report they bad been broken a few 
days later. On April 2, for instance, Toshiba 
announced it had fashioned a superconduct• 
ing wire that works at 93.7 degrees Kelvin, 
or minus 294 degrees Fahrenheit. The Kel­
vin scale is based on absolute zero at which 
all molecular motion stops, or minus 459 
degrees F. On April 7, Mitsubishi Electric 
Corp. said it had found a material that 
worked at 95 Kelvin and would carry larger 
currents than previous materials. 

"If you come to this lab at midnight, or 3 
a.m.,• said Kitazawa of Tokyo University, 
"you'll see atudents working.• Estimates of 
100 Ja~eae labs in the race are beard in 
the iDduatry here, although DO one knows. 
Many, bowe~, are doing primitive work 
tbat simply tries to duplicate accomplish­
ments ol. others. 

Aptil's edition ol the English-language 
Japanese Journal of Applied Physics carried 
84 articles on superconductivity. Several 
public conferences in large halls in Tokyo 
have become the same hectic sellouts seen 
at similar events in the United States, 

In the long run, Japan'■ approach to su­
perconductor development could be heavily 
influenced by attitudes common in IIOciety 
bete that while competition ia good, harmo­
ny, stability and predictability can be JUI. t u 
desirable. 

Aa ol. Int year, the government was 
oveneeing 427 cartels, ranging from major 
industries in decline, such aa aluminum, to 
barber shops (the ,ovemment establishes a 
minimum price for a haircut). Japan has 
antitrust laws much like those of the United 
States, mostly put in place during the U.S. 
occupation after World War IL But they are 
enforced less vigorously and with no sense 
of moral crusading. Laws for promotion of 
specific industries often give antitrust ex­
emptions. 

Japanese offer their superconductor 
achievements in recent months u proof 
that their companies excel without govern­
ment guidance. Japan bu historically bor­
rowed foreign technology, they say, but this 
time may be different. •In the United 
States, it is Bell Laba and mM, the premier 
labs, that are working oo superconductors,• 
said Dr. Michihiko Nagumo, a Nippon Steel 
~- ~~ director handling the ma­
terials. It II an honor to be competing with 
them.· 

Many Japanese believe that even if they 
Jose in the basic research, they can come 
from behind in a more important race-to 
commercialize the discoveries. Japan's list 
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of achievements here is daunting-the 
VCR, the transistor, the color TV. So, too, 
in capital items like power generators, ma­
chine toola and broadcast equipment. 

"By concentrating on the development of 
consumer technology and not wasting mon­
ey and the country's best brains on military 
technology, Japan has been able to accom­
plish more than other industrialized nations 
in many areas," think-tank researcher 
Kishida Junnosuke bas written. 

Bred in an educational system that 
~ ~g and unshakable loyalty 
to teachers, Japanese researchers often fal. 
ter in the creative leaps needed for break­
throughs in basic science. But they excel at 
the personal touch, and the trial-and-error 
drudgery, required to convert abstract 
processes into products. The Japanese also 
accord a greater status to engineers who 
c:hooee manufacturing over research than 
does the United States. 

Much of the Japanese corporate culture 
breeda success in commercialization. Com­
panies here usually operate at low profit 
margim, with the paramount goal of long­
term market share. They are quicker than 
American companies to modernize factory 
equipment, aided by low interest rates. 
Workers in bi1 companies know they have 
lifetime job aecurity and thus don't fight 
productivity-increasing automation as 
Americans often do. Universities graduate 
more engineers than the United States and 
companies are packed with them. Many Jap­
anese chief executive officers are engi• 
neers. 

Tbe Japanese still believe they must fight 
their way to the top of the world order. 
They are taught that theirs is •a poor island 
nation with no resources." Despite burgeon• 
ing affluence, the country retains the feisty 
spirit of an upstart 

Now more than ever, Japan is on the 
lookout for new technology. The 70 percent 
rise of the Jen mnce September 1985 has 
destroyed the world competitivity of many 
mainstay apart industries. "The Japanese 
company is saying, 'Gosh, the iceberg we're 
standing on is melting,' • said James C. 
Abegglen, a consultant and author on the 
Japanese business world. 

Still, the Japanese say that world dom­
ination in superconductors is not their goal; 
one country could not possibly control a 
field as vast aa this one may be. "A type of 
nationalism is being injected since ceramics 
became the focus,• said Dr. Hiroyasu Ogi­
wara of Toshiba Research and Development 
Center. "I don't understand it." 

MITI said Japanese labs have been quick 
to share their findings in the new field. It 
called for a chain of conferences here and in 
the United States to stay in touch. And if a 
big foreign company can produce a Japa­
nese-speaking researcher who can hold his 
or her own with those on the MITI commit­
tee, Nakaima said, there could be a seat 
waiting. But so far, he said, none has in• 
quired. 
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Superconductors offer avenues· for finding submarines 
By Frank Elliott 

Recent breakthroughs in superconductivity are lea-ting 
the Navy to reappraise a submarine detection technology 
that it once dismissed as not worth the effort. 

Superconductivity is lhe ttansfer of ele.clricity wilhou& 
rcsisr.ance. and corresponding loss or power, from lhe 
material through which lhe cwrent plWCS. 

In theory, a submarine detection system made wirh 
superconductive marcrials could be rhousands of times 
more sensitive than today's sensors. Any signal. however 
slight, would reach lhe system's operarors. And it could 
take less power to run rhe sysrem. If successfully inregraccd 
into a new generation or sensors, superconductivity could 
revolutionize anti-submarine warfare. 

But wirh super-sensitive superconductors come orher 
significant problems that complicate submarine detection, 
as lhe Navy has discovered. 

Dewars and water 
Several years ago, a specially equipped P-3 Orion anti­

submarine patrOI plane flew out over the Atlantic Ocean off 
the Southeastern United Stares. The airplane canied an 
experimental magnetic detection device inside a Dewar 
flask, a giant lhermos bottle used for storing super-cooled 
liquid gases. In lhis case, the Dewar flask contained liquid 
helium at 452 degrees below zero FahrcnheiL 

At a pre-designated spot over lhe ocean, rhe Dewar 
flask was lowered on a cable below the airplane wnil it was 
skiing atop the warer. Engineers and scientists inside the P~ 
3 then began to read instrwnents that told rhem if rhe new 
detector could find the magnetic: signawre of a submarine 
lurking underwarer. What they rOWld was that the detector 
only worked when it was extremely cold, hence, it was 
surrounded by liquid helium in the Dewar flask. 

According to scientists familiar with the experiment. 
the detector found the submarine. But it was so sensitive 
that it also found lots of merai objects that had nothing to 
do wirh submarines. 1ne Navy filed away the results and 
pursued the matter no funher. It simply was not practical 
to outfit every submarine paaol plane wilh frigid magnetic 
detectors in Dewar flasks. Thus ended one of the Navy's 
first eff'orts 10 enlist superconductivity in the cat-and-mouse 
world of submarine hunting. • 

Until 1973, the only way to achieve superconductivity 
in elecaonic devices was to frceu them in liquid helium 10 
ICmperalW'CS approaching absolute zero: 459 degrees below 
zero Fahrenheit. the temperature at which all molecular 
motion ceases. 

Then researchers found that niobium compoW1ds 
became superconductors at 418 degrees below zero 
Fahrenheit; still so cold as to require liquid helium. But 
early this year, researchers announced lhat a special ceramic 
marerial became superconductive at only 321 degrees below 
zero. A small difference perhaps, but at this remperature 
liquid niaogen - much cheaper and mush easier to handle 
- could be used to chill rhe superconductor. 

Since then, announcements have come rapid-fire of 
new breakthroughs in marerials that become 
superconductors at even warmer temperatures. 111c warmest 
thus far is 9 degrees FahrenheiL Many scientisis predict 

superconducrors at room temperature, a technology that will 
revolutionize society. • 

Sailors and SQUIDS 
The Navy will be among rhe first to experience this 

revolution because one of the easiest applications of 
superconductors is a device scientists call a SQUID, said Tom 
Srefanick, an anti-submarine warfare expert for the American 
Federation of Scientists. 

SQUID stands for superconducting quantum interference 
device. In layman's tenns, a SQUID senses the minutest 
changes in lhe eanh's magnetic field - such as the change 
caused by a submerged submarine gliding unseen below the 
waves. 

The Navy's main way of finding enemy submarines is 
by picking up their noise. But Soviet submarines have been 
~cuing_ progressively m~rc quieL Navy officials know the day 
IS coming when submannes will be too quiet to be heard over 
the static noise of the open ocean. 

Bu~ SQUIDs offer lhe Navy an alremative: finding 
submannes by detecting their magnetic signature. The 
experimental device in the Dewar (wk was an early SQUID. 

For years the Navy has used magnetic detection for 
ASW. ~ magnetic derec:tors-mounled on P-3 and S-3 
anti-submarine planes - pinpoint a submarine after it has 
been found with other sensors. But today's magnetic detectors 
can only find submarines within about 330 yards. 

The SQUIDs, Stefanick said, wiU.let rhe Navy made 
magnetic sensors "that are likely 10 be rhrec orders of 
magnitude more sensitive than today's sensors. An order of 
magnitude is logarithmic, so when we say three orders of 
magnitude it means 3,000 times more sensitive." 

But such sensitivity gains do not transfer directly. 
"Magnetic signal strength falls off as the cube of the 
distance." Stefanick said. So in practical terms whereas 
~y's devices can detect magnetic changes~ 1,000 feet, he 
swd. a SQUID might increase this to 10,000 feeL 

Roger Coch. a scientist at IBM Corporation's Watson 
Research Cenrer in Yodctown, N.Y., described a SQUID as "a 
i<>?P of s~ucting ~ 100 microns by 100 
macrons. A~ ~o places on this loop, the superconductivity 
of rhe mareriaJ. IS su~ This lets the loop conven 
magnetic sensitivity into voltage lhat can be measured, Coch 
said. 

~M rested a SQUID in April. Coch said. "It wasn't a 
very high performer, but it demonsaared the porential" for 
them, he said. 

. IBM is not alone. Recently, two physicists with the 
Nauonal Bureau of Standards reported making a SQUID that 
~ with liquid niaogen at the bureau's Boulder, Colo., 
JGUUratory. 

Referring to the Navy's SQUID experiment with the 
De~ flask, Coch said, "It so much easier to use these new 
~ that the Navy may have to ~ its opinion" of 
rheu usefuln~ for anti-submarine warfare. 

Problems and prospects 
~ut first, said Donald Polvani, a physicist with 

Westanghouse Eleclric Co., "You have 10 have some way of 
CONTINUED NEXT PAGE 
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lJoD Consolidates Efforts 
1n_ Suj,erconductor Work 

oratory also hopes to attract external re­
aean:h funding. 

UK superconductivity 
London 
Mons to organize • coordinated strategy 
between Britain's Industry and universi­
ties for resarch Into high-temperature 
supercoacluctors have been initiated by the 
eovernment's chief scientific adviser, Mr 
John Fairclough. Representatives of the 
Cabinet ofllc:e, the Department of Trade 
and Industry (DTI) and the Science and 
Engiaeering Research Coundl (SERC) 
met on 12 May and were due to meet again 
lut week. DTI is expected to meet indus­
trial raean:h directors soon. 

~. · . •• ,.. . BY GEORGE LEOPOLD · . . •. ; . . _ . • 
;, . . • . ' ~. :0..- NN1$11ff W.. ' • .. :· . .• • 

,, WASHINGTON -With advances bl auperconductor reaean:h 
bemg reported nmty ever, week, the Defeme Depa,11Mnt la 
planning to CONOl1date tm own reeearch efforta u Ii aeelm to 
develop new materials and pw,eesing t.echniques tbat eould 
,-Id appiicaUorlS ruglng from campact ship propuWon sya,-

Along with the quickening pace of su• 
perconductor research and the huge po­
tential scientiftc payoff, Gubser thinks re­
search dollars can also be attracted 
became, for the ftrst time, technological 
breakthroughs came aft.er the implicaaons 
of aapen:ondudivity were already known. 
"AD the applications are waiting there," 
he..-e.es. 

-to tmproved--,n. . . . . . • • 
Gubaer adds he has made three trips to 

the Pentagon thus far to brief Navy offi. 
dais on re9eU'Ch effons. • Prof'essor Laurie Challis, chairman or 

tbe SERC physics committee. says "This is 
• very hopeful sip which implies that the 
penunent II recognizing that this is a 
special area neediq special rmancial treat­
ment." S.L.H. 

- P«agoa olllciall, who decline to provide detaila .. the 
~ effon,-, tl ls smt of-.. larzer government plan to 
~an integnlt.ed reaearc:bprogrun touploitsuperconduc-
lDI' technology that pemdta electridC1 to pal throu8h mat.erla1s 
llll1iJnpeded by resiacallce. . ' • 
r. .,We'?e been working together for WIOll&ha,'' to coordlnue 
DoD auperconductor reemdl, acknowledges Ted Berlincowt, 
director of Pemagon reaearc:h and ·laboratory management. 
fllrough a Pentagon ·spokeswoman, Berlincomt added last 
l'bundl,y that ''detaila on aspercanductor coordinaUcn are .ill 
beillg worked out." 
\ ' Donald Gubeer, head of a NCelldr formed aq,ereonductM re­
aean:h c:ommitlee at the Naval Research Labon&m7 he!e, aay9 

~-~~ ~ ~ .~ repn!W..!_atatiws al the military 
aervices, the Defense Advanced Raearch ------------
Projects Agency and the Slnlegic Defenae 
Initiative Organmtion. A llOUl'Ce al the De-

Asuperconductlng 
fense Advanced Re9ean:h Projects Agency madt Oum ,azium banum copper 
conftrmed last Thursday that the agency is OJdde ia -----'-' above. thffl! 
participating in the coordination effort. . ~-

Gubller, who also heads the mecal phya- ma,ptet.s a• r.emperature ol 77 
ics branch of Naval Re9ean:h Lab's con- .,_ v.-...:.. .,.,1 .,_ 
,denaed matter and radiation sciences divi- _...... -=-~-- -~ • 
:aion, says the Pentagon superconductor ~ The dfflce, dewloped 

ram probably will focus on high- by the NI.NI~~ 
electronics ra&her than elecaical de- 17, deman9aatA, the Meisme,-

rs~e storage magnets and electric . d'ect, or apuaion of• fflll8'leCic 
In April, Berlincourt's boss - Ronald ..,..lleld._, _________ ~ 

Kerber, deputy Wldersecrewy of defense er temperatures. Paul Chu, a University of 
for research and advanced technology - Houston physics profemor and a leading 
identified high-temperature superconduct-
ing materials as one of several "special superconductor researcher, reported ftnd-
technology opportunities" to be J)lnUed iftg a material that lollt all resistance to 
in the Pent• .. on's Conventional Defense electridty at. minus 54 degrees Fahren-

-e heit, or 225 dearees Kelvin. 
Initiative. Kerber said a small, but w,spec- Last week, Ene....., Conversion Devices 
ified amount of money would be devo&ed Inc r ......... •or 
to superconductor research. • o uu1, Mich., said it had found evi-

'lbe Naval Re9ean:h Lab, which fonned dence of superconductivity at nine de-
• superconductivity committee on May 14 grees Fahrenheit, or 260 degrees Kelvin. 
that could serve as a model for the Penta- In order to exploit superconductivity' 

. however, expens say methods must now 
~!:~~rials~ be found to tum processed materials into 
to produce high-temperamre ceramic SU• wires for electrical transmission or thin 
perconducton for both electronic and ::;oLabr coandmp~~~- The Naval Re­
electrical devices. These efforts Include UIUll:Mnllll researchers re­
development of thin ftJms ror microacopic ~ently report-=d ~~e de".elopment or a 
eledionic devices and thicker coatings to ~rmal spraymg technique to produce 
make hi..a.~---ty transmiasi ,, __ and thic~er current-canying superconducting 

•-~ on 111'""' coatings for practical electrical devices. 
It.Onge magnets. . Gubser of tbe Naval Reaearch Lab says 

Superconducrivity occurs when materi- S 1.3 million in internal funds have bee 
als are cooled to very low t.empentures redirected n 
slowing molecular motion. • . to Its ~perconductivity com-

In the Jut two ks • . mmee, which conmsts of representatives 
~ wee , university and in- or its materials science, condensed matter 

dustry . _have repo~ evidence and radiation sciences, chemistry and 
or superconductivity at increasingly lu,it, electronics technology divisions. Toe ~ 
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SUBMARINES ... CONTINUED 
cancelling out the noise. C6 increased sensitivity won't do 
you any good. .. 

S&cfanick c:Jtplaincd: -rbc problem with any deteetion 
device is not just sensitivity, but finding a signal . that' s 
embedded in noise." The mere sensitive the deLCCtor, the 
more clutter it picks up. ••A lump of ore might look like a 
sub," he said. 

-rbc inc:rcased sensitivity will help, but it will only 
help if' you solve the signal-co-noise problem," Siefanick 
said, "because that•s the fwidamenial limiiation." 

There are two kinds oC noise, Sicfanick said. Spacial 
noise refers IO magnetic signals picked up by variations in 
the emh's magnetic field, such as the lump of submarine­
imiwing coal. Temporal noise refers 10 temporary changes 
in the magnetic field, such as magnetic stonns in the out 
aanosphere caused by solar flares. 

"So one of the things you have to do is pick out a 
signal from lhe spacial and iemporaJ noise," Sicfanick said. 
A swionary sensor could be calibrated to ignore spacial 
noise, he said, but it would be aoubled by iemporal noise 
Wlless it was paired with other. nearby sensors. 

And an airborne sensor would be vulnerable to spacial 
and acmporaJ noise, he said. 

But the news isn't all bad. Polvani said. "One of the nice 
things about superconductors is you get this sensitivity in a 
very small package." Siefanick said. "A SQUID device is one 
of the easiest devices to build." 

"What you have now is a new understanding of the 
material and the science," he said. "But there's a long way to 
go ... to engineering something that would worx and is 
affordable. Superconductivity may give you the ability to 
build some of these devices within cost constraints. 

"Putting a more sensitive magnetic anomaly det.eetor on 
airplane:s is probably well ~ithin sight," Siefanick said. "B..it 
it is hard IO tell how that will change the whole ASW 
pictw-c." 

But naval analyst Nonnan Polmar, thinking of abilities 
yet Wllcnown that superconductivity will make !X)Ssible, S.'.l)'S 

flat-out, "Superconductivity could change the face of anti-
; submarine warfare." 
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An Oxygen l(ey to the 
N e-w Superconductors 

Fint it 11•AS tht pl,ysidsts. thn, the chemists, 1Jnd most recnit(v the materials scimtists 
11nli cemn,ists a•/10 b1Jvt htUtiJ_v i11dlllkd in thtir 1J11nru,J meetings symposiR 011 the 11n• 
hig/1-tnnpmuun, cmami. supn-cm11'uaon. Below 11n briefings from the 1987 Spri,tlf 
Mtttin__q of tht A1atnws Rtst11rch Society (MRS) th11t a,,u htld i,i Antahtim, o,/iftm1ila, 
from 21 to 24 April. l a•ttlt before tl1t Americlln Ceramics Society's amdaitt in Pitts• 
bur._qb. 

Witb tht initilll a•an of tuphorua noa• ptUt, tht 1#11WSphtrt in Antaheim 11•as decided~,· 
morr p,oftssim,aJ than that of tht nOll' fabled "W oodstoclt of Physics" tblJI 11•AS p11rt of tlu 
Americll11 Physi&ai Society's M1Jrr/1 Mttti,tlf in Nl"IP Tm Cily onJ.v 5 111eeks before. 1'.'011r­

thtlas, ptrhtaps J 500 matnws mearchm listmed to 69 scheduled p11pm """ stvtrai IRtt 
J11aik-ons th11t were t:rRmmeti imo R 2-dA_v symposium. With II manual strianns, cochairs 
Micl1Ml Sd1liittr of AT.:.."i>'f Bell Wtwatorits Rnd Donald Gubst1' oftht Na1"'1 RtstRrch 
Lab<matur:, lttpr tl1t talks to tht aiwtted JO mi11uus e11th. 

b«pt for a11 impassimicd prcsmt1J1im1 by Juti-Tmg C/1m of WR.mt StRtr Unirmity. 
ll'ho squgln to conrin« listmm th/JI a group thtrt had stm dt11r signs of suprrcond11ctil'• 
ily Rt 240 K. a>hich is Rmbie11t tnnpmiturt during II a,lsl nigbt on the northm, plains. 
no signiftauit i11diaatio1,s of l'OOlll•tnnptrRturt supn-cm,duai1>ity 11'tre rtportcd. Tbt most 
slttptical vifll' a•RS thRt of Theodl,re Gcbailt of StRnford Univmi~·. a•ho SU[ltrtstcd tbat 
son,r of tht unrtprodutiblt signs srn1 in st'l'trlll labtn-atorits could bt dut to somrthiitlf orb­
tr tha,i supn-cmlductivity, as similRr tffetts disRpptRrtd i11 StRnford SRniplts 11>it/J rtptartd 
cydin.,q btt11•tm room md l~uid-nitrogm temprrtUurt. 

If t/Jrn 11'"1 ont thm,r Rt t/Jt symposium, it 11'"1 th/JI oxy._11m is tht key to thr fanii(r of 
rart-tarth-b111td cmamic m11tnws 111oa• ;,, hRnd that rmuiin suprrro11d'.'tti1t11 11p to 
about 100 K. 

Where the Oxygen 
Vacancies Are 

It was already apparent at the American 
Physical Society's March .Meeting in New 
York that the new superconductors arc 
members of a family of compounds ha\'ing 
the generic composition RBa:Cu~Q7_., , R 
stands for ~itrium or one of the lanthan1dc 
rare earths, and x is a number less than l 
whosc \'alue depends on the method used to 
prepare the material. Researchers also 
agreed that the structure of the compounds 
is something called a triple-layer pero\'skite 
with some oxygen sites \'acant, but th~• 
disagreed on which sires. 

Now, with thc aid of neutron and x-r.iy 
diifraaion and high-resolution electron mi­
croscopy, im·cstigators arc converging on a 
common interpretation that indicates the 
simultaneous presence of two- and one• 
dimensional characters in the electrical prop• 
crtics. The figures ( page l 065) show the 
triple-layer structure derived fro~ neutron 
diifraaion studies at Argonnc Nauonal Lab­
oraton· b\' researchers from Argonne. the 
Illinoi; Institute of Technology, and West· 
cm Michigan Uni,·ersit'\'. At least fivc other 
groups in Canada, France, Japan, the Unit­
ed Kingdom. and thc United States have 
reached the same conclusions from indepcn· 
dent neutron experiments. Neutrons arc 

more sc:nsiti,·c to oxygen than x-rays and 
rhc:rc:forc pro,·idc: a comparati\'ely unambig­
uous pi,"tl.lrc: of where the oxygen atoms arc. 

To undc:rstmd the: structure, first consider 
.i pcronkitc: ,ube with a ,opper atom at each 
cornc:r .ind m.·ygc:n .itoms on each of the 
1..1Jbc c:dgc:s. Lca\'e the center unoccupied for 
the: moment. Then join thrc:c cubes togeth· 
er. pl.i,ing a barium atom at the center of 
the: top md bottom ,ubes and a rare earth 
.itom .1t the ,enter of the middle cube. The 
unit ,ell of su,h a structure is tetragonal 
with three orthogonal a."<cs and one lattice 
.:onstmt .:onsidcrably larger than the other 
two, whi.:h .1re equal. The ideal compound 
has nine oxygen atoms per unit cell, bur the 
missing o~·ygcn atoms lower the number. 
The: \'acancies .ilso distort the structure 
slightly so that it just barely becomes ortho­
rhombic with the two once equal lattice 
constants now slightly ditfcrcnt. 

Locations that researchers now fa\'or for 
missing OX\'gcn atoms include the: sites in 
the central ~arc-earth plane and half chi: sites 
in the: top and bottom copper planes ( left 
figure). These ,·acancics shift the composi• 
tion to RBa~Cu307. Donald Capone, who 
presented Argonne's structure at the: MRS 
meeting, noted that a so-called Ric:t\'cld 
refinement of the neutron diifraaion data 
for an yttrium-containing compound whose 
composition was optimized tor supercon-
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ducti\'itv \'.ielded a value of 6.81 oxygen 
atoms per. unit cell of the triple-laye~ suuc· 
cure; that is, 81 of c:\'cry 100 unit cells 
contained 7 oxygen atoms, whereas 19 con· 
taincd onl~• 6. Capone said the: extra 0.19 
\'acancv per unit cell was also on the top and 
bottom copper planes. Moreover, the two 
copper planes adjacent to the rare-earth 
plane arc .. dimpled" because the oxygen 
,uoms relax toward the: now mostly empty 
rare-earth plane. 

The: oxygen \'acancics in the rarc:-~arth 
plane gi\'e the strueture an ele~tromcally 
two-dimensional character. Theorists calcu­
late that electrons flow mainly in copper and 
oxygen orbitals, and these orbitals arc only 
continuous horizontally as a result of the 

missing oxygen atoms in the: rare-earth 
plane. If the oxygen \'acancic:s in the: top and 
bottom copper planes arc ordered, so that 
they lie on opposite: sides of the unit cell, an 
additional one-dimensional aspect to the: 
electronic structure emerges because the: 
copper•o~·gen orbitals can form continuous 
chains in these planes in onl~· one direction. 
Howe,·c:r, in the dimpled copper planes. the 
orbitals remain continuous in two dimen­
sions (right figure). 

Although neutron ditfraction directly 
shows the ordering of the ox~·gc:n \'acancic:s. 
supporting c,·idcnce also comes from elc:c­
rron microscopy. Abbas Ourmazd of Bell 
Labs showed high-resolution electron mi• 
crographs at the: symposium taken by him 
and colleagues at Bell Labs and at Arizona 
State University. As compared to the hc:a\'icr 
metal atoms, the: light m~·gcn atoms do not 
scatter electrons strongly enough to be: di· 
rcaly visible, but ordered o~~·gcn ,·acancics 
could be interred from a series of micro• 
graphs on samples of different thickness . 

Vacancy Ordering and 
Superconductivity 

There is strong c,·idcncc that the: cru,i.u 
eifect of oxygen vac.incic:s on both the 
superconductivity and the: structure: of 
RBa~Cu3O1-., is their ordering, which gi\'es 
rise to linear chains of copper and m~·gcn 
atoms (sec prC\·ious bricting) . As Jc:an-M.iric 
Tarascon of Bc:11 Communications Rc:sc:arch 
(Bellcore) summarized it .it the MRS sym• 
posium, what is important for superconduc­
ri"ity is not only how much oxygen there: is 
bur where it is. 

X-ra~• and neutron diffraction expcrimcnts 
in conjunction with other studies at Bclkorc 
and elsewhere indicate that the number of 
oxygen atoms per unit cell can be easily 
varied O\'Cr a wide: range: from about 6.1 to 
6.9, according to the oxygen pressure in the 

CONTINUED NEXT PAGE 
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~igh•tcmpcrarurc furnace during prcpara· 
non of the compound. Moreover, the con· 
ccntrarion can be rcversiblv lowered and 
raised simply by, for example, first remm·ing 
!"mm and then reinserting oxygen atoms 
into the linear chains by means of high• 
temperature hc:ar treatments (annealing) in 
\'acuum and in ~r. The number of oxygen 
atoms strongly influences the critical tem­
perature for supcrconducri\'ity of these com­
pounds, as well as their cr,·sral srrueture. 

Begin the srorv with the b,· now well· 
!mown inscnsiri\·i~· of the critical rempera· 
rure to the specific rare earth. Researchers 
ha\'e succeeded in making superconductors 
with e\'~' lanthanide rare earth except ceri• 
um and praseodymium and uniforrnl,· ha\·e 
obtained critical temperatures around· 90 K. 
The Bcllcore group reported lattice consranr 
~asu~menrs on a series of compounds 
\\1th dtlferenr r3!'C•carth atoms and found in 
C\"~' case thar the structure was orthorhom­
bic. Tomoaki Yamada of the Nippon Tele· 
~ph and Telephone 1~'1T) Corporation 
m Tokyo presented \'cry similar findings. 

When the Bdlcore in\'esrigators then \'aC· 
uum-~caled their series of compounds, 
they tound thar all had become tetragonal. 
The tetragonal srrueture was associated with 
a decrease in the number of oxygen aroms 
and a decrease in the critical temperature. In 
·the case of a compound containing yttrium, 
the cnrtcal temperature for superconducti\'• 
ity dropped from 91 K when the number of 
oxygen aroms per unit cell was 6.8 to 55 K 
when the \'acuum annealing reduced the 
number to 6.6. Intercsringl~·. the N1i re­
searchers could onlv make their lanthanum• 
based compound \,~th a tetragonal srrueture 
and found a similarl,· reduced critical rem• 
pcrarure near 50 K. • 

The question of the role of srrueture has 
~en on C\'~•onc's mind from the begin· 
mng. Donald Capone of Argonne National 
Laboratory. speaking for an Argonne. Cath• 
olic Uni\'crsi~· oflcu\'en (Belgium), lllinois 
Insrirute of Technology group, and Robert 
Beyers, representing the I BM Almaden and 
Y ~rkrown Heights Laboratories. reported 
high-temperature x-rav ditfraaion studies 
that showed a transition ro a rcrragonal 
s~crure at about 750 K. T crragonal mate­
nal that was then cooled slowly regained the 
orr~orhombic srrueture and retained a high 
cnrtcal rcmperarurc for supcrconduah·it\' of 
better than 90 K. HowC\·er, material that 
was rapidly cooled (quenched) did nor have 
rime to complete the strucrural transforrna• 
tion. Apparcnd~• because of the presence of 
the tetragonal phase, the transition tempera• 
rurc dropped to 50 K or so. 
. S~larly, Y. Kubo of the NEC Corpora• 

tton in Kanagawa, Japan, reported thar 
NEC researchers had found a correlation 

H~1h•tempera~ •~perconductor: (Left) Tht rriplt•Ulvtr pm,PSltitt unit ,& 
(nght) txpamud lVII' of lmttir ,~ins of a,pper and oxygm atoms iand tiimpltd copptr-~ en 
""'::· Tht lft'.Y.!Jm atoms mufUdUJtt(v flhwt and btlow tht chains fomt a "picket ft,iu" /fat r _v mks tht tUmpltd plana s~rated by barium atoms, but thtrt is no annmunicatum 

mi,en, pltina stptU'tUtd by .vtrnum at11ms. 

~tween the structure, the supcrconducriv-
1~ '. and the number of oxygen atoms per 
unit cell from x-rav ditfraction measure­
ments ~n material quenched from se\'cral 
temperatures abo\'e and below the ortho­
rhombic-to-tetragonal transition. 

From these results and others, researchers 
ha,·e reached the conclusion thar there ma\' 
be two mechanisms for superconducriYir,:. 
Critical rcmpcrarurcs of 90 to I 00 K a~c 
associa~ed with electrons flowing in rhe lin• 
car chains that onh· exist in the orthorhom• 
bic srrucrure, whc~eas critical tempcrarures 
of 50 K or so arc due: ro planar electron flow 
that is possible in both orthorhombic and 
tcrra~nal strucrurcs. A particularly direct 
piece of c\'idence supporting this id~a comes 
from the Argonne group. 

From measurements of the lattice con­
stants just above and below the orthorhom• 
bic-~o-rcrragonal transition. the ArgoMe in­
vesrtgators concluded that the number of 
oxygen atoms per unit cc:11 did not change 
dunng the transition from one: strucrurc to 
the other. One possibility is thar rhc ox\'gen 
aro~s simply mo,·e. In the tetragonal phase 
ar high temperarure, the ox-.·gen atoms in 
th~ top and borrom copper. planes of the 
unit cell randomly occupy the: a\·ailablc sites. 
There'arc twice as man\' sites as atoms On 
cooling. the atoms o~dc:r in the: m~er 
prC\·iously described, con\'erting a disor­
dered, two-dimensional planar siruarion to 
an ordered, one-dimensional linear one in 
these copper planes . 
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Oxygen Isotopes Spell 
Trouble for Phonons 

The case of mo"ing oxygen atoms into 
and our of RBa~Cu)O1-, prO\·idcs a com·e­
nicnr way of resting the: Bardeen-Cooper• 
Schrieffer ( BCS) theory of supc:rconducti\'· 
ity. At the MRS symposium, Robert Ca"a, 
representing a group from AT&T Bdl Lab­
oratories, and Donald Morris. speaking for a 
Lawrence Bcrkdc,· Laboratorv team re­
ported similar findings in ind~pendcn~ ex­
periments thar make it unlikc:I\' that the BCS 
theory in irs entirety applic:; to the 90 K 
superconducti\'i~· in these compounds, 
which seems ro be associated with linear 
chains of copper and ol.·ygen atoms ( sec 
pm'ious briefing) . 

In rhe BCS theory, supercondu""ti\'in· re­
sults from a second-order phase transition 
that occurs when certain c:lccrrohs in a metal 
find ir energetically ad\·antageous to form 
pairs, known as Cooper pairs. No one: dis­
putes rhat pairing is essential for supc:rcon­
ducti\'ity. The specific mechanism b\' which 
c:lcarons can lower their energy by p~iring is 
what is at issue. The: BCS theory posits an 
interaction between rhe electrons and lattice 
\'ibrations as being responsible. A negati\'cly 
charged electron mo\'ing through the lattice 

slightly drags the positi\'e ions in the pro• 
cess, making it easier for the second electron 
to follow and thereby generating an attrac­
ti\'e force between the rwo. 

In appl\'ing this general picture to the 
high-rempc:racure surcrconductors, theo-

CO NT I NUE D NEXT PAGE 
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DoE hopes for 
superconductor 
cooperation 
Germantown, Maryland 
RESEARCH by US industry Into the new 
superconductors Is gaining momentum, 
Judgina by attendance at a meeting at 
Department or Enef'IY (DoE) head• 
quarters last week. The two-day event was 
organized to review the efforts or DoE 
laboratories on the new materials, and lo 
pve industrial researchers a chance lo 
show off their own work. Although there is 
no si1n yet of a coordinated national re­
search proanmme, the DoE Is trying to 
offset worries about Japanese progress by 
lncreuina its visibility as a broker for col· 
laboration between universities, national 
laboratories and Industry. 

Yorktown Heights laboratory, provided 
the major scientific interest. Because the 
ceramics have strongly anisotropic electri• 
cal properties, David Clark and his col­
leagues grew single grains, about a micro­
metre thick and up to a centimetre long, so 
that the crystal plane In which electron 
pain travel was parallel to the mm. The 
current density achieved across the planes 
was as much as seventy times smaller. 

for remedies. As panellists emphasized, 
many fairly obvious and straightfon;•ard 
experiments are waiting to be done, as soon 
as researchers can find the time. 

DoE seems to see Its purpose as coordi• 
nation, not direction. Participant5 general• 
ly aa,eed that Industry will find any re• 

• 1Urch applications under its own steam, 
and that the role the universities and 
laboratories could best fulfil is to come up 
with new materials and theoretical under• 
pinnina for their properties. Angela Stacy, 
or Lawrence Berkeley Laboratory, 
lamented the lack or strength in solid0 state 
chemistry in the United States; gas phase 
chemistry and reaction dynamics are per• 
caved as being more intellectually exclt• 
Ing. But the idea that DoE might try specl• 
flcall)' to encourage research in certain 
areas was not enthusiastically received by 
DoE officials at the meeting. 

High current densities, recently 
achieved in thin rums grown :at IBM's 

Panels or Industry and university scien• 
tists cave their views on research progress 
and on prospects for superconductor 
applications. There was a general not, or 
optimism, despite the acknowledged dlffi• 
cultles In making use of the fragile cera• 
mies. Many participants expressed worries 
about the chemical as well as the mechani• 
cal durability of the materials; the oxides 
absorb water and carbon dioxide readily, 
chanlina the oxidation state of the copper 
at'!:'ms and destroying superconduction. 
But any difficulty was no sooner mentioned 
than countered instantly with sugestlons 

David Lindley 

OXYGEN ... CONTINUED 

rists ha\'c focused on lattice ,·ibrations in• 
vol\'ing oxygen atoms because they arc 
thought to intcraa particularly strongly 
with the electrons that flow through copper 
and oxygen orbitals. The strong interaction 
makes the Cooper pairs more tightly bound 
and therefore translates to a high critical 
temperature, the temperature at which ther• 
ma! dfccts break up the pairs. Werner We· 
bcr of Bell Labs and the Karlsruhe N uclcar 
Research Center in West German,· has 
worked out the details for the ceramic· oxide 
superconductors La~-aA.,CuO4, whose dis• 
cov~• last year launched the current super• 
conductor frenzy. In these compounds, 
which ha\'e critical temperatures up to 40 K, 
A is an alkaline earth. 

Oxygen isotopes arc an important consid• 
cration because, according to the BCS the­
ory, the critical temperature increases with 
the frequency of the rclC\·ant lattice "ibra• 
tion. The frequency decreases with the 
masses of the \'ibrating atoms. howC\·er. 
Hence, replacing the oxygen• 16 that is nor• 
mally present with hca,·ier oxygen-18 
should ha\'e an obsen·able effecr on both the 
frequency and the critical temperanire. 

Accordin~ to Ca\'a, the Bell Libs group 
"'as able to incorporate about 75% oxygen-

18 in an yttrium-conraining compound by 
means of a cycle of repeated heat treatments 
at 500°C in \'acuum. which rcmo\'es some of 
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the oxygen from the lattice, and in m.·ygen-
18. which inserts it. The researchers \'Crified 
the incorporation of the o,.·ygen• 18 by ob­
scn·ing the expected 4% decrease in the 
frequency of the o,.·ygen \'ibration b\' means 
of Raman spectroscopy. Howe\'er. they 
found no effect on the critical temperarure. 
as measured b,· the Meissner etfect. In a less 
detailed rcpon. Morris estimated thJt the 
Berkeley group had managed to incorporate: 
an c,·en higher o,.~·gc:n-18 content of 90% 
by means of a somewhat ditfcn:nr technique:. 
but still saw no effect on the critic.ii tempera• 
rure. 

As it happens. the idea of one-dimension­
al supcrconducri\'ity in linear chains dares 
back o,·er two decades. At that rime. \\"il­
liam Little of Stanford Uni,·crsin· proposed 
a specific \'ersion of it in organic polymers as 
a possible route ro a room-rcmpcrarure su• 
perconducror. Little's theory is built around 
an amacti\'e pairing force of an electronic 
narure, so that no isotope etfecr on the 
critical tempcrarure would be expected. Al· 
though there is no e,·idc:nce as ,·ct linking 
electrons flowing through linear chains in 
the triple-layer pero\'sk.itc: compounds with 
Little's mechanism or an,· of the others that 
theorists ha\'e proposed: the absence: of an 
isotope effect means that altemati\'e modds 
must be seriously considered. ■ 

AltTHUll L. ROBINSON 
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• Kaman official says ceramics reality ~!P-.. }9.lears off 
By ROBERT WA~ auperconducton Offer. . "Everytbing that bas been done so 

Cnrat Staff Wntcr "It will be supported by the gov• .far,'' be said, "resem~!es a potato 
emment in the name of defense or by cbio more than a wire. 

The development of ceramic su• tbe industry itself in the name of ,t And you can't build a magnet out 
perconducton, the dramatic discov· competition." of a potato empt.he quipped. 
ery that has been hailed as an energy Kolm said the Defense Depart• . With intensive research, however, 
breakthrough for everything from ment bu acknowledged a de!lnlte Kolm said be believes the t~hnolo~ 
bigh·speed trains to military weap- interest in the new technology. He of. ceramics·may be combmed with 
om systems, may be some 10 yean aaid be attended a meeting on super· ame other technology, such as com-
away from practical applications, conductor technology two weeks ago ~tes, to produce the magnets that 
an energy upert said Thursday. in Washington. convened by a Penta• ~ lead to materia~ th~t can pro-

Henry H. Kolm. president of a goo agency kDoWn as DARPA- the vtde Jarge-scale applications of su-
Kaman Corp. subsidiary which ls Defense Advanced ResearchPro- ~uctors. 
developing a revolutionary anti-tank jects Agency. • ''There is no que5ti:on that ~e a~e 
weapon known u a coilgun for the DARPA ls a low-profile Pentagon entering the ~cs age, said 
Army, said be believes the ceramic office that •~ research into Kolm. 
superconductor will eventually have new technologies. Jt is sponsoring . Kolm, 61, is president of Kaman 
a heavy impact on his coil gun the revolutionary X-wing ~aft Corp.'s Electromagnetic. Launch R~ 
project u well as similar work be is under development at the Sikonky ieareb Inc., a small firm that is 
doing on electromagnetic-powered Aircraft Division of United Teclmol· t,ased in Cambridge, ~- . 
space vehicle launchings. 0 ·es Corp. in Stratford. -· Kolm's coilgun proJect ~ '!'orking 

''But it may take years before a 11KolmsaidtheDARPAsessionwas under a 33-month, $8.5 million con-
practical material is available that called to u.,ess the effect of ceramic tract, which was jointly funded by 
can actually be used," said Kolm. 111~n but he did not dis- the Army and DARPA last Septe~• 
Asked bow long this might be, Kolm cusa details of the session. I ber. 
replied: 'It might take 10 years.'' However, Kolm said there is ~y , The weapon, which is based on the 

One of tb• major atumbling one federally spomored group that 15 science of electromagnetic propul-
blocks, said Kolm, is "the very sad active in the technology. .. aion will be the fne world's first 
state" of the American ceramics in- "A committee of the Defense Set- coilpn weapons system, said Kolm. 
dustry. • ence Board is the only body that is Kolm has called the coilgun the 

Kolm, who is regarded u one of taking a long, serious, enlightened •"greatest discovery since gunpow-
tbe nation's leading uperts in elec- look at where we stand." " cler." He said the weapon is designed 
tromagnetic propulsion, said the Kolm said no federal money 1w to fire anti-tank projecµles at speeds 
U.S. ceramics industry has suffered been made available yet. He said up to 2.5 miles per second - more 
while Japanese ceramics developers there have been preliminary discils- than twice the speed of the Army's 
have seized world leadership iD the siom of funding fc;!£fgrams in the conventional anti-tank guns. 
technology. • $3 million to $ 10 on range. Kolm is also working on a similar 

"We need to find a way that the "But the figures being kicked project for electromagnetically pro-
whole [U.S.) industry can colla~ around . . . are not ~ficient to pelled space launchings. 
rate to make something happen," launch a serious effort.'' Both systems will require massive 
said Kolm. Kolm praised the major research amounts of · electrical power which 

A unified industry approach was progress on ceramic superconduc- would be rapidly dissipated in firing, 
adopted in Japan, be said. tors that was announced May 10 by a development that will require 

"But in the United States,'' he said, mM Research Laboratory of York- charging the systems at a rapid rate, 
"it would constitute a violation of town Heights, N.Y. He noted, bowev- said Kolm. 
antitrust laws.'' er, the ceramic superconductors de- But electrical storage in ceramic 

Kolm said be believes there are veloped by mM and others so far superconductors, which can handle 
only two ways that the United States lack the size that would be required some 100 times more electrical cur-
can accelerate the technology base for large-scale applications such as rent than the best superconducting 
research that will be necessary to his coilgun project. • . • materials previously developed, 
seize the opportunities that ceramic Current ceramic saperconduc- would lose power more slowly. 

CHEMICAL & ENGINEERING NEWS 

Superconductivity at dry ice temperatures 
The Texas physicist who was the first to usher super• 
conductivity into the practical and relatively tem­
perate clime of 100 K is on the verge •of announcing 
yet another advance. Ching-Wu (Paul) Chu of the 
University of Houston and colleagues at Lockheed 
Corp. and the National Magnet Laboratory in Cam­
bridge, Mass., have been studying a class of ceramic 
compounds that lose resistance to electricity at 225 K 
(-48 °C), which is warmer than dry ice. The most 
reliable sign of superconductivity, though, is a mate-

1 JUNE 1987 Pg. 18 

rial's ability to exclude magnetic fields. This effect 
has so far been measured at 225 K in only a tiny 
portion of Chu's new material, which is composed of 
several phases. A similar drawback besets research• 
ers at Energy Conversion Devices Inc:., who report 
seeing evidence of superconductivity at 260 K in 
multicomponent ceramic materials. The composition 
of these new materials hasn't been revealed. Chu 
notes that his materials are not completely stable, 
and the readings are difficult to reproduce. Other 
researchers also have seen flickers of superconduc­
tive behavior at these remarkably high temperatures. 

21 



SPECIAL EDITION: SUPERCONDUCTORS : 

ATLANTA CONSTITUTION 26 MAY 1987 Pg. 18 

Superconductors trigger scientific gold rush 
Thousands scrambling to develop Superconductor research heats up 
commercial use of new materials,...... __________ ..., 

By Robert Lee Hotz 
Scwntt/Medldn~ Wriler 

A gray disc the size of a Roosevelt 
dime, wreathed in a halo of superchilled 
liquid nitrogen, is the token of an upheaval 
in modem physics. It is a superconductor· 
- a brittle ceramic of rare earths and cop­
per oxide that transmits electricity with no 
waste, at a cost 1,000 times cheaper than 
ever thought possible. 

Ground with mortar and pestle, then 
fired in an electric furnace, the new super• 
conductors are the product of an alchemy 
that may transform industry. Their com• 
mercial potential already has triggered an 
unprecedented scientific stampede. 

While physicists scramble to explain 
how the new superconductors work, thou­
sands of researchers in the United States, 
Europe and Asia have joined the race to 
push the fragile new materials out of the 
laboratory and into the marketplace. 

Scientists say mastery of the new mate­
rials promises to revolutionize the applica­
tions of electricity and magnetism, from 
storage batteries to nuclear fusion. They 
could lead to hi&h-speed levitating trains, 
ships powered by supercooled magnetic mo­
tors, laptop supercomputers and Portable 
medical imaging machines. 

Military analysts believe superconduc­
tors may even change the rules of nuclear 
warfare. Space-based superconducting sen­
sors could easily detect the magnetic trails 
of submerged submarines and the faint 
infrared glow of aircraft engines or rocket 
exhaust. Superconductors could lead to 
compact particle accelerators suitable for 
use as orbiting beam weapons. 

Innovation feeds global rumor mill 

The speed of recent innovation has out­
stripped tlie publication schedules of tradi• 
tional scientific journals. 

To stay abreast of research, scientists 
are turning to. computerized newsletters, te­
leconf erences and a global rumor mill. 
Within 24 hours of the formal announce­
ment in March that researchers had 
achieved superconductivity at the unprece­
dented high temperature of 284 degrees be­
low zero, chemical supply houses sold out 
of the rare earths needed to duplicate the 
experiment in other laboratories. 

Researchers who six months ago could 

Flow of Electrons 
Indications of 
superconductivity 

(-2a 0 F) 

(·283°F) 
February 1987 

Electrons that make up th• flow of electricity cotnde 
with atoms in ordinary metal wire, which causes 
energy loss anci heats up the wire. 

In a superconductor, passl119 electrons bind toge­
ther in so-called • Cooper pairs· that condense into 

. a single quantum state causing infinite electrical 
conductivity. The temperature at which this quan• 
tum state occurs varies with the material. 

1960 

For 75 years niobium compounds were used and temperature advancements were 
small. But in April 1986 use of new copper oxide compounds began to accelerate 
the temperature climb. 

barely attract research funding for super­
conductor work now are invited lecturers at 
gatherings of stockbrokers, investment man­
agers and venture capitalists. 

"The new superconductors open vistas 
of tremendous opportunities for the future 
but tliere is tremendous work to be done," 
says Dr. Frank Fradin, director of materi­
als science at Argonne National Laboratory 
in Illinois. 

Superconducting ceramics, for instance, 
are so brittle they crumble at a touch. No 
one knows if superconducting wires can 
carry enough electricity to be useful. Nor is 
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JONATHAN MASSIE/Slaff 

anyone certain the ceramics are strong 
enough to withstand the magnetic fields 
they may generate. 

Whittling away tecltnical obstacles 

The pace of discovery, however, shows 
no sign of slackening. In recent weeks, sev­
eral centers have reported progress in over­
coming some of the technical obstacles: 

■ Researchers at IBM's Thomas J. Wat­
son Research Center in Yorktown Heights, 

CONTINUED NEXT PAGE 
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Superconductor 
Brea Ii through 
Reported Near 

By Michael Specter 
and Boyce Rensberger 

Waohiooatna Post Slllfl Writen 

A team of American scientists 
told the National Science Board 
yesterday that it has developed a 
new class of materials that shows 
signs of becoming a superconductor 
of electricity at temperatures far 
higher than any previously re­
corded. 

If a practical material could be 
developed to carry electricity in the 
bigtier range, it would broaden the 
potential applications of a technol­
ogy seen as a major new arena of 
global economic competition. 

GOLD RUSH ... 
CONTINUED 

N.Y., have demonstrated that a thin super­
conducting crystal can carry enormous 
electric currents, up to 100,000 amps per 
square centimeter - enough for useful ap­
plications. Superconducting wire still can 
carry only a fraction of thaL . 

■ Scientists at Argonne, mM and AT&T 
Bell Laboratories in New Jersey have 
formed the first hair-thin superconducting 
~res, tar>«:5 and thin films. But they are 
still too ·bntUe to be coiled or formed into 
the kinds of shapes needed to make cables, 
magnets or electric motors. 

■ Physicists at Georgia Tech have per­
!ected _a technique to plate almost any ob­
Ject with a superconducting film, using a 
process called chemical vapor deposition. 
Wi~ a different process. known as plasma 
coating, IBM researchers have "spray-paint­
ed" layers of superconducting materials 
onto computer chips. Both techniques may 
be useful for industrial applications. But 
neither has yet been demonstrated on a 
large scale. 

"An awful lot of work still stands be­
tween us and the marketplace," says Dr. 
Roger Poeppel, manager of Argonne's ce­
ramics research group. "We may never de­
velop a wire that can carry significant 
amounts_ of currenL We may have great 
success ma matter of months." 

Dr. Robert Dynes, director of chemical 
physics research at Bell Laboratories is 
equally cautious. "A lot of people are trying 
to run before they can walk and we can't 
even crawl yet. The materials issues are 
still very serious." 

23 MAY 1987 
University of Houston physics 

Prof. Paul C. W. Chu, one of the 
leaders in creating high-tempera­
ture superconductors, reported that 
his group found a material that lost 
all resistance to electricity at 54 
degrees below zero Fahrenheit, or 
225 Kelvin. 

This is easily within the range of 
such ordinary cooling mechanisms 
as dry ice, inexpensive mechanical 
refrigeration or even simpler meth­
ods. 

"That is staggering," Neil Ash­
croft, a Cornt!II University physics 
professor and a leader in the field, 
said upon hearing of Chu's report. 
"Chu is the one who has really been 
calling the shots. That would be a 
breakthrough that is truly revolu­
tionary .... " 

The previous !mown bests were 
in the range of 225 degrees below 
zero Fahrenheit, or 130 Kelvin. 

Chu said the new material has 
not passed all tests required to 

A n~ battleground in world t~de 
Hut in April, mM, wliose Zurich, Swit• 

zerland, research center first reported the 
new class of superconductors, announced 
that its resear~hers had developed the first 
practical electronic device using the mate­
rials - a sensitive magnetic detector called 
a SQUID. · 

Scientists at Argonne and Bell Labs say 
the crude prototypes of new superconduct• 
ing magnets and microchips may be ready 
within the year. 

But others say such predictions are 
built only on hope and enthusiasm. 

"I don't believe we can build these new 
magnets in under a decade," says Dr. John 
Hulm, vice president of research at Wes­
tinghouse Electric Corp., a pioneer in the 
early development of superconductivity. 
"There are some fearsome problems from a 
materials processing standpoint. 

''There is a lot of hype. It is fooling the 
public to say these things are around the 
comer," he says. "It is going to be a hard 
slog .. " • 

The discoveries have triggered profes­
sional rivalries and potential patent dis­
putes, and already promise to become the 
newest battleground in the competition for 
international trade. 

The National Academy of Sciences re­
cently convened a research team to assess 
the commercial potential and the National 
Science Foundation more than doubled its 
research funding to $6.6 million. 

Japan is matching American efforts. 
Within weeks of the initial research break­
through, Japan's Ministry of International 
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Pg. Al 
prove superconductivity but that 
further work should establish this. 

Although the phenomenon of su­
perconductivity has long been 
known, only in recent months have 
physicists proved that it is not con­
fmed • to metals cooled almost to 
absolute zero, 459 degrees below 
zero Fahrenheit. 

E:trlier this year, physicists de­
veloped new materials that would 
become superconducting when 
:ooled to 321 below zero, the tem­
perature of liquid nitrogen, which is 
relatively cheap. 

Practical superconductors prom­
ise to revolutionize nearly all uses 
of electricity by eliminating the 
waste of power inherent in ordinary 
conductors and by making new ap­
plications practical. 

Among the most widely dis­
cussed are high-speed trains riding 
a cushion of electromagnetism, 
more powerful supercomputers and 
CONTINUED NEXT PAGE 

Trade and Industry began reviewing the 
commercial potential of superconductors. 

Scientists in the United States, Japan 
and China so far have found a dozen differ­
ent recipes for the superconducting 
ceramics. 

All are made from powdered copper ox­
ide, barium and yttrium. The chemicals are 
inexpensive and plentiful. At 22 cents a gal­
lon, the liquid nitrogen necessary to cool 
them to the temperature at which their re­
sistance to electricity disappears is cheaper 
than milk or beer. 

While some researchers race to patent 
practical products, other scientists are seek­
ing materials that can become superconduc­
tors at ever warmer temp~ratures. 

"The field is exploding. Every week we 
have a new announcement," says Dr. Alex 
Malozemoff, who coordinates IBM's high 
temperature superconductivity materials re-
search program. "It is almost too early to 
focus on specific applications." 
. Rese~rchen at Wayne State University 
in Detroit, the Universitv of California at 
~e!keley and a number of Japanese univer­
sities have reported hints of superconductiv­
ity at a relatively balmy 28 degrees below 
zero. 

The ultimate goal is a material that can 
conduct electricity with no resistance at 
room temperature. 

"We don't know how soon we may find 
a room-temperature superconductor," says 
Dr. Mau-Kuen Wu, the physicist at the Uni­
versity of Alabama in Huntsville who 
helped push the new superconductors across 
the crucial liquid-ni~rogen temperature bar­
rier. "In the meantime, we shouldn't wait." 
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SUPERCONDUCl'IVI'l'Y: 
Current-carrying capacity soars 

Researchers at IBM's Thom­
as J. Watson Research Cen­
ter in Yorktown Heights, 
N.Y., have increased 100-
fold the current-carrying 
capacity measured in the 
new relatively-high-tem­
perature superconducting 
ceramics. In a specially pre­
pared single-crystal thin 
film, the researchers mea­
sured a critical current den­
sitv of more than 100,000 
amp per sq cm at the boil­
ing point of liquid nitro­
gen, 77 K. Such a value is 
"in the ballpark for most 
practical applications," says 
IBM spokesman Gerald 
Present. 

The measurement marks 
yet another milestone in 
the faet-paced research ef-
fort that has surrounded these ma­
terials for the past six months. Last 
November, researchers at the Uni­
versity of Tokyo and at the Univer­
sity of Houston confirmed an earli­
er report by IBM researchers in 
Zurich, Switzerland, that certain 
copper oxide ceramics could con­
duct electricity with virtually no re­
sistance at temperatures well above 
absolute zero. Since then, materials 
scientists in laboratories all over the 
world have been joining the race to 
understand these materials and to 
see if they will really prove practi­
cal for hundreds of electrical appli­
cations (C&EN, May 11, page 7). 

Much of the work so far has fo­
cused on raising the temperature at 
which the materials lose most of 
their electrical resistance and become 
superconducting-the so-called crit­
ical temperature, or Tc. Many labo­
ratories now have materials with Tes 
in the range of 90 to 100 K. temper­
atures that can be reached fairlv eco­
nomically using liquid nitrogen as 
a coolant. But practical applications 
also require materials that can carry 
a large amount of current and can 

. do so in the presence of a strong 

magnetic field. Recent work at 
AT&T Bell Laboratories has shown 
that the new superconducting ma­
terials retain their superconductivi­
ty in magnetic fields much stronger 
than those that destroy this proper­
ty in present-day commercial super­
conductors, which work only at 
lower, liquid helium temperatures. 

Now IBM's Praveen Chaudhari, 
Robert Laibowitz, Roger Koch, 

Thomas McGuire, and Richard Gam­
bino find that the inherent abilitv 
of the new materials to carry high 
currents is also good enough for 
commercial use. Not unexpectedly, 
they find the amount of current the 
material can carry increases as the 
temperature declines, so that at 4 K, 
liquid helium's boiling point, the 
critical current densitv for their sam- . 

CONTINUED NEXT PAGE 

BREAKTHROUGH ... CONTINUED 

I range of new medical ·dia1noatiC 
devices. . 

To be considered a true super• 
conductor, a material must show 
two effects: loss of all resistance to 
electrical Oow and display of the 
Meissner effect, the ability to repel 
a ma,net,ic field, 

Chu uid the new materiaJ dia­
played the Meissner effect only in 
small regions. Earlier claims of au• 
perconductivity at comparably high 
temperatures lacked evidence of 
the effect. 

Chu said he anticipates that mod­
ifications of the material or ita man• 
ufacturing method could extend the 
region of Meissner effect to the 
entire material. 

The new material is being devel­
oped through a collaboration of 
Chu's group with others at Lock­
heed Corp. and the National Mag­
net Laboratory in Cambridge, 
Mass. 

Chu would not divulge the ma­
terial's exact composition but said it 
differs from the general group of 
formulas that have led others to 
advances in superconductivity. 

Chu said the new materials are 
not completely stable, sometimes 
loain1 auperconductin1 properties if 
wanned "1d recooled. 

He and other physicists ex­
pressed confidence that research• 
era can overcome this problem. 

"Nobody before baa been able to 
get both Meissner effect and zero 
resiatance at the same time," said 
Brian B. Schwartz, professor of 
physics at Brooklyn College and a 
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visiting scholar at the National 
~agnet Lab6ratory, "We are geto 
µrtR"closer Ito practical uses} every 
day." . 

Since last year, when scientists 
diacovered a class of ceramics thac 
became superconductors at higher 
temperatures than thought possi­
ble, developments in a once-mor­
ibund field of physics have occurred 
almost daily. 

Physicists worldwide have raced 
to make new materials that act as 
superconductors at increasingly 
high temperatures. 

Until recently, scientists said the 
two biggest obstacles to developing 
room-temperature superconductors 
were attaining the higher temper· 
atures and getting the materials to 
carry large amounts of current. • 

Two weeks ago, IBM scientists 
announced that they had managed 
to get the ceramics to carry 1 O 
times more current than before, 
making many applications more 
likely. 

Much work remains to be done, 
however, for the materials to fulfill 
their promise. They are brittle and 
difficult to manipulate. For them to 
be useful, engineers must find a 
way to make Oexible wires and mi­
croscopic films that can be depos-­
ited on computer chips. 

Physicists working on the prob­
lems said they believe that the ob• 
atacles can be surmounted. 

"The tantalizing thing is that hav­
ing got it 80 high, there is no reason 

• it.couldn't.go higher," Ashcroft said. 
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British semiconductor company 
enters Japan's back door 
London a new company, Inmos Japan KK, has 

been formed to exploit what it considers to 
be an expanding market because of inter­
est shown in the Inmos transputer, a 
revolutionary microchip design concen­
trating memory, computational power 
and communication links on one device. 

The international arm of Japan's tele­
communications network, KDD (Kokusai 
Denshin Denwa), has launched the first of 

_..,,...,,.,.,,="',,.,,........,,,.-==~=-=--=--:~T=I:-::MT:E=s~----1 the country's designs based on the Inmos 
LONDON FINANCIAL device, an image-processing system, de-

WHILE most of the major US and Euro­
pean semicon~uctor manufacture~ ~re 
doing battle with the Japanese, claiming 
trade malpractice through dumping and 
demanding greater access to the J apancse 
market. lnmos, the small British chip 
company. is selling its products in abun­
dance to Japan. 

Such is the group's success in Japan that 

15 MAY 1987 Pg· 6 veloped in conjunction with the image-p I essey pr~inJ equipment manufacturer 
Kashiwagi Laboratories. 

Japanese interest in the tra~puter has announces given hope to Inmos, formed in the late 
1970s with government funds to spear-research head Britia!l'S entry into a new semicon-

success 
By Tarry Dodawortll 

PLESSEY. the UK electronics 
group, a11nounced yesterday that it 
had made a successful entry into 
superconducting materials, re­
garded by many scientists as the 
most si,nificant area of current re­
search in the electrical and elec­
tronic industries. 

Scientists at the group's Caswell 
laboratory in the Midlands last 
week demonstrated superconduc­
tivity, a process which allows elec­
trical currents to travel down cables 
with no power loss, at temperatures 
that would be suitable for commer­
cial applications. 

The group expected to step up its 
investment in the programme. from 
a "generous six figure sum• this 
year to seven figures in 1988. Ples­
sey wu also seeking to step up the 
scale of its programme by collabor· 
ative ventures, including work with 
Warwick and Oxford univemties. 
and a major overseas industrial 
partner. 

The attraction of superconduct· 
ing materials is that they set up no 
resistance to electrical currents, a 
property that could yield enormous 
gains in areas such as the t:rans­
mission of electrical power, or m de­
veloping much faster switching sys• 
tems. Superconducting materials. 
however, only work at very low 
temperatures, and the current re­
search effort is aimed at finding 
ceramic material formulas that 
would allow them to operate at clos• 
er to room temperature. 

Several large multi-national 
groups have recently announced 
big breakthroughs, claiming to 
have demonstrated super conduc­
tivity at temperatures as high as 
+ 17 degrees C. 

CAPACITY ... CONTINUED 

pie is greater than 5 million amp 
per sq cm. 

The IBM measurements 
were made in a single­
crystal thin film of yttri­
um-barium-copper oxide 
measuring about an inch 
in diameter and 1 µm in 
thickness. The film was 
made using electron beam 
vapor deposition, and the 
crystal itself was epitaxially 
grown on a strontium­
titanate substrate. As the 
individual atoms of the 
film are deposited on the 
substrate, they align them­
selves so as to match the 
crystal structure of the sub­
strate as closely as possi­
ble, thereby producing a 
single-crystal film. 

That the IBM sample is 
a single crystal accounts for 
the great jump in its cur­

rent-carrying capacity, the research­
ers believe. "The reason that peo­
ple in the past have not been able 
to get such high values is that the 

• measurements were being done in 
polycrystalline materials," P:cesent 
says. "Essentially what was happen­
ing was that you had this collection 
of crvstals that each independently 
could sustain very high currents, 
but they couldn't pass these high 
currents from one crystal to the next. 
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ductor age, that it could break even in this 
coming year. The group, which has an arm 
in Colorado Springs in the United States 
and two in Newport in Wales, has been 
dogged with controversy, and financial 
problems. The project consumed more 
than £65 million in government funds and 
loans since it began and it was sold, in the 
autumn of 1984, to the British electronics 
group Thorn-EMI for £9S million. 

The group then had to attempt to sur­
vive one of the worst recessions in the 
global semiconductor market. The group 
has been rationalized, retaining a devel­
opment and design presence in the United 
States and about 400 people, and design 
and management expertise in Bristol and 
manufacturing in Newport. 

Bill Johnstone 

Material scientists feel confident 
they can overcome that problem 
now knowing that the material is 
indeed capable of sustaining such 
currents." 

That a single-crystal film conducts 
a current better than a polycrystal­
line one is just one more difference 
between the new superconductors 
and the ones currently in use, such 
as niobium-titanium and niobium­
tin alloys, points out Gilbert Y. 
Chin, director of the materials re­
search laboratory at Bell Labs. In 
conventional superconductors, he 
explains, "the idea usually is that 
the more grain boundaries you 
have-the more defects you put into 
the material-the higher is the 
current-carrying capacity." 

Although for some applications, 
such as microcircuit?)', single-crystal 
films mav be a suitable form for 
superconducting materials, many 
potential applications will require 
polycl)•stalline materials. "You can't 
make a single crystal hundreds of 
miles long for use in a cable," 
Present says. "The next challenge is 
to see how you can make polycrys­
talline materials exhibit that kind 
of current densitv." The new mate­
rials also have problems with in­
herent strength and brittleness that 
will need to be overcome before they 
will be practical for many uses. □ 
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Details have been agreed for an unprecedented c;o-operative effort, Louise Kehoe repons from Dallas 

Bid to make US world leader in semiconductor technology 
THE US umlconductor Indus­
try bu asreed an unprece­
dented co-opentive eil'ort to 
re-establish tbe US u the world 
leader tn semiconductor chip 
tecbnoloa. 

By poolln1 re10urces and 
talents, with ,overnment back• 
inf, the US chip makers aim 
to accelerate development of 
chip production technoloey and 
overtake Japanese competlton. 

The project, called Sematech, 
bas received the industry•, offl• 
clal approval with the unani• 
mous vote of the Board of 
Directors ol the Semiconductor 
Industry Association, a trade 
rroup representing tbe "'-ii.\• 
dustry. 

After months of debate over 
the size and scope of the pro­
ject. Sematecb wm now ·move 
ahead in top 1ear. 

" We will begin efforts Imme­
diately to ralae funds, to Ind 
executives to run Sematecb and 
to ,elect a manufacturtn1 lite," 
uld Mr Charles Sporck, presi• 
dent of National Semiconductor, 
who bas spearheaded the pro­
ject. 

"We aim to have 1.t up and 
runnin1 by this fall . Sematech 
plans to pn>duce its ftrst chips 
by the second half of 1988 and 
to achieve parity with Japanese 
manufacturinf tecbnoloo by 
1990." 

The project Is an ambitious 
one, Mr Sporck 1cknowled1es. 
It Is, however, "absolutely 
essential that It Is launched 
without delay to stop the ero­
sion of America"s semiconduc• 

tor industry by subsidised 
forelp competitors. 

"As an industry and a na• 
tion, we must make leadership 
in micro-electronics a national 
priority.'' 

The cost of Sematech, 81.5bn 
(£937m) over li:a: years, is too 
much for any one company or 
even the entire industry to bear, 
Mr Sporck went on. The chip 
makers are seektn1 half the 
funds for their project from the 
US Government. Member-com­
panies will, however, be 
required to contribute 1 per 
cent of their semiconductor 
revenues to the etrort. 

Oriflually, Sematech was to 
have Involved the 11r1e-scale 
manufacture of memory chips, 
a market sector in which US 
manufacturers have lost out to 
.Japanese competitors. 

The prospect of a co-operative 
manufacturtn1 or11nisation 
111pported by 1overnment funds 
WH, however, too radical for 
some of the industry"• WashiDI· 
ton supponers. 

It WU also prOPoHd by key 
Industry panlctpants, tncludlnl 
IBM and Texas Instruments, 
both of which have major 
memory manutacturin& opera• 
tions. • 

The Anal plan "represents the 
collective tbinktnc of the Indus­
try. As competitors. we battle 
for markets and sales, but ID 
our desire to see this Industry 
succeed, we stand united," Kr 
Sporck declared. 

With this bold decision, the 
US nmiconductor industry .Is 

• Sematech plans to 
produce its lint ehips 
by the ~ond ~ of 
198~, and to ac:hieve 
parity with Japanese 
maJiuf ac:turiDg 
technology by 1990,' 
Mr Charles Sporck, 
(right) who 
speuheaded the 
project says 

temn1 the world we are united 
lo our determination to lead tbe 
Industry we invented." 

As described by Mr Sporck 
and a ,roup of Industry execu• 
tives in Dallas, Sematech -will 
let out to develop next rener­
ation semiconductor production 
processes, materials, tools and 
test equipment. 

Member-countries wUl con• 
tribute funds and lend en&i• 
neen-"the best in their Belds" 
-to the project. 

Sematech wUl Nt up Its own 
pilot production line on which 
new technoloay will be proved, 
but will not manufacture com­
mercial products. The product 

''vehicle" for 
noloay will, 
memory-cblp1, 
tives said. 

Sematech tech­
however, be 

industry exec:u-

Once developed, Sematech 
technolo&Y will be made avail­
able to member-countries. The 
success of the projects will 
depend heavily on the effective 
transfer of technology to its 
members. 

This transfer has proved to 
be a pitfall for other co-opera­
tive research efforts, but Sema• 
tech which will undertake 
development of commercially 
applicable processes and equip. 
ment. should face less problems, 
Mr Sporc:k believes. 

---------------------------------CONTINUED 
Sematech may licence noD• 

members to use its technoloey, 
but the US industry sroup alma 
to provide American companies 
with aa ldv1nta1e over foreip 
competiton. Only US com• 
p1nie1 will be ellfible to join 
Sematech. 

Funher restrictions OD the 
the transfer of Sematecb tech• 
nology miaht be Imposed by 
the US Government, if It pro­
vides funds for the project. 

Whtie Sematech 1upporten 
are conJldent they will win 
,overnment backin&, probably 
throuch the Department of 
Defence which 11 lncreuinaly 
concerned about the health of 
ID Industry which M&l)plie1 
critical components for weapon 
l)'ltems, It remains to be 1een 
what " 1tring1 " may be 
attached to ,overnment funds. 

Already, aemlconductor in• 
dustry e:secutives acknowledge 
that foreign nationala workln1 
In the US semiconductor ln• 
dustry may be precluded from 
worktn1 at Sematech. This 
represents a real llmitatlon, 
since half ol all electronic 
e111ineering doctorate aradu• 
atea in the US ~,re foreignen. 

Government ove..~lew of 

Sematec:h should be at arm'• Sematech. some of the bi&1Ht 
length, industry e:ii:ecuttves 11y. buyers of US equipment are 
But th"ey may be forced to Japanese. and the produDtlon 
accept mueh cloter Defence equipment maken have been re­
Department Involvement In the luctant to take sides In tbe US-
direction of the project. Jai,anese chip battle. 

Until the Industry present• Sematech does, however, have 
its Sematec:b plans in Wasblnr- aome powerful 111pporters, In• 
ton, lt ii lmPoulble to pNdlct cludin& IBM which hu strongly 
what the "price " ol aovern- allied itself 'wtth the project. 
ment fundln1 will be. A• both I major buyer of 

'l'11e issue of government re- chips and a major producer. 
aulation of Sematedl may be IBM hH a strong Interest in 
critical. Key panictpants In the the future of both the semi• 
proJed, including US semicon• conductor production equipment 
duC!tor production equipmelllt and the semiconductor Indus­
makers, are reluctant to accept tries in the US. 
cl01e 1ovemment involvemem. IBM's endornment of Sema• 

CritJcs of Sematech also uy tech, alone with that of other 
that the value of the project major US computer and elec• 
would be slgniftcantly reduced tronic1 companies, has helped 
if it is directed towards miUtary per1111de Washinaton law mak• 
rather than commercial appli- ers that what II at stake in the 
cation. declinin& c:o'mpetitiveneu of the 

Another hurdle still to be US chip market, ii much more 
overcome by Sematec:h is to win than the future of the rel•· 
the wholehearted suppon of the tively 1mall aemiconductor in• 
US semiconductor production dustry. 
equipment and materials indus• " There is tncreasln1 recoc• 
tries. nition in W11hin1ton of the 

Althou&h It seems unlikely dependency of broad industry 
11hat these suppliers to the chip. sectors on ■emiconductors;• Mr 
makers would decline the busi• Alan Wolff, the semiconductor 
ness op"ortunities raised by Industry's Washington Counsel. 
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BELOW 
Aid. 

Already Sematech has won 
broad suppon in Washington 
and appropriations for the pro­
ject have been included in de­
fence and trade bills. 

With its approval of an oper­
ating plan, the industry will 
now be1in an Intense lobbying 
campaign to obtain full funding . 
Legislative actions may also be 
needed to clear anti-trust bar­
riers. 

To maintain the momentum 
behind Sematec:h, 13 of the lead­
Ina US chip makers, who are 
represented on the board of 
the Semiconductor Industry 
Association, have agreed to pro­
vide start-up funds of a few 
million dollars. 

Most if not all of the 13 com­
panies are expected to become 
members of Sematech. 

They include Intel. National 
Semiconductor, Advanced Micro 
Devices, Monolithic Memories, 
LSI Logic, Texas Instruments. 
and Motorola. 

Also Involved are Harris and 
Rockwell. IBM, Digital Equip­
ment, Hewlett Packard and AT 
& T. Eventually, Sematech may 
have as many as 30 member. 
companies. 
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Superconductors 

Scientists at the Air Force's Rome 
Air Development Center are working 
to mate new electronic devices with 
new superconducting materials for 
SDI applications. 

If successful, these superconducting devices 
would allow targets to been seen more easily 
and in greater detail. In certain applications 
such as space-based radars, this greater image 
resolution could discriminate the masses of 
missile warheads and decoys. 

''The purpose of our program is to employ 
supcrconductive electronics in Defense DepL 
systems operating in excess of 100 gigahertz," 
said Dallas Hayes of RADC's SDI Science 
and Technology Office. The Air Force's most 
advanced technology - monolithic 
microwave integrated circuits (MMIC) -
operates in the range below 100 GHz. 

Superconductors provide efficient speed-of­
light electronic transmission without the 
accompanying heat loss found in conventional 
electronics. 

Since superconductivity is such a new 
field, no systems have been built 10 prove the 
high frequency theory. But Hayes remains a 
believer. "We have the theoretical basis 10 
make the claim that high frequencies would 
increase discrimination and make it easier to 
tell real warheads from dummies," he said. 

Hayes and others at RADC currently are 
working on six SDI superconducting projects 
as part of its terahertz technology program. 
RADC is developing an electronic receiver, 
analog signal processor, and analog-to-digital 
convener out of superconducting materials. 

Hayes' basic research uses a superconductor 
made of niobiwn niaide that operat.es at 
10°Kelvin. Once the basic research is 
completed, the process will be transferred and 
different devices made from the recently 

_ discovered, higher temperature materials. 

*** 
Interest in superconductors is not 

confined the Air Force. The Army 
Strategic Defense Command is exploring the 
new materials for use in highly efficient 
electrical power storage systems for ground­
based free electron lasers. Meanwhile, top 
Navy officials have hinted at their 
interest in basing superconductor 
sensors in deep space to detect and 
track Soviet submarines. 
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Japanese poised to dominate 
in superconductors as well? 

Tokyo 
WHAT is happening in high-temperature 
superconductor research in Japan? Is 
Japan Incorporated ready to conquer the 
world? Not yet. Research is under way on 
a broad front but is largely uncoordinated, 
as government agencies and ministries 
manoeuvre to stake out territory and pre­
scrv~ their in~rests. 

Since a grQup of researchers at Tokyo 
University coh/irmed superconductivity 
at about 30 K in a copper-oxide ceramic at 
the end of last year~,research on the new 
materials in J apail has exploded. The 
April and May special issues of the Japa• 
nese Journal of Applied Physics contain 
nearly 200 papers on the new supercon­
ductors by se',-eral hundred scientists in 
about 80 laboratories throughout Japan. 
And barely a day goes by without the 
announe(:ment of another "breakthrough·. 

Much of the effort, however. involves 
unnecessary duplication. On 4 March, 
the • Science and Technology Agency's 
National Research Institute for Metals in 
Tsukuba announced that it had succeeded 
in making a high T ceramic. only to find 
that the same announcement had been 
made the day before by its Tokyo research 
institute . Researchers at the two labora­
tories were apparently unaware that they 
were making the same ceramics even 
though both had representatives on the 
agency's research committee on high­
temperature superconductors. The com­
mittee. with representatives drawn from 
the unive~sities. industry and the agency's 
laboratories. was formally set up in Feb­
ruary but began informal meetings at the 
end of last year. The committee"s princi­
pal job is to organize workshops and sym­
posia: the first symposium was held on I 
May with I. Bednorz of IBM Zurich as 
guest speaker. 

~cco~ding to Koichi Kitazawa of Tokyo 
Umverstty. one of the committee mem­
bers. the Science and Technology Agency 
has been very quick off the mark and has 
played an important role in disseminating 
news. The right ·atmosphere· to win finan­
cial support from the Ministry of Finance 
is being created. The new supercon­
ductors also provide a golden opportunity 
to boost the agency's National Research 
Institute for Metals whose fonunes have 
been declining along with those of the 
iron. steel and aluminium industries. 
On 28 May. the agency announced 
the establishment of a 50-man research 
centre at the Tsukuba site next spring to 
carry out basic and applied research on the 
new ceramics. 
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When it comes to funding research . 
though. the agency has been beaten off 
the mark by. surprisingly. the Ministry of 
Education. Casting aside its conservative 
image, the ministry has taken the extra­
ordinary step of extending a major fixed­
term grant. something that has only 
previously been done in the case of a 
natural disaster. A special research pro­
ject to investigate new superconducting 
materials headed by Professor Nakajima 
of Tokai University (formerly of Tokyo 
University) is to be extended at a cost of 
Yl80 million ($1.3 million). In addition , 
Professor Kazuo Fueki of the Tokyo 
University group has been awarded Y36 
million by the ministry for this fiscal year 
(April 1987-March 1988) . And Professor 
Shoji Tanaka. leader of the Tokyo Uni­
versity group. is a strong candidate for one 
of the ministry's special distinguished 
grants which are announced at the end of 
this month. Running from three to five 
years. the grants are usually worth Y 100-
200 million (about SI million) . 

But the biggest government backer of 
technology development . the Ministrv of 
International Trade and Industry (MITI) . 
has yet to show its cards. MITI has long 
been a strong supporter of supercon­
ductor research. Companies such as Tosh• 
iba and Hitachi. nurtured in MITl's 
magnetohydrodynamic project . and aided 
by Japan National Rail\\·ay·s hid to build a 
high-speed train levitated on supercon­
ducting magnets. have gone on 10 supply 
many of the magnets for US particle 
accelerators . Josephson junction research 
has also been supported within the 
national supercomputer project . Al­
though US companies. including IBM. 
abandoned similar work . researchers at 
NEC . Hitachi and Fujitsu remain confi• 
dent that a Josephson junction computer 
can be built by the twenty-first century . 

MITI monev is also being funnelle·d to 
private companies through the Electric 
Power Central Laboratory in Tokvo 
thereby allowing eight companies all· t~ 
continue production of conventional 
superconducting wire. despite the com­
paratively small size of the Japanese 
market . It was from them that the first 
reports of the manufacture of high-tem­
perature superconducting wires emanated. 
First off the mark was Fujikura Densen 
with La•Sr-Cu oxide encasedin drawn-out 
tubes of copper and steel. Then on 2 
April. Toshiba released pictures of wire 

CONTINUED NEXT PAGE 
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fashioned from Y-Ba-Cu oxide. Although 
the current-carrying capacity of the wire 
was initially very low (a few amps per 
square centimetre). within a month 
Toshiba had reached 520 A cm·' and now 
Hitachi claims the record at 4.000 A cm•: 
for ceramic wire (0.8 mm diameter) 
encased in silver. 

Despite these projects, however. MITI 
has yet to formulate a policy on the new 
superconductors. Some of the problems 
are internal. There are fears that a new 
project may siphon off funds from pro­
Jects already established- to the Ministry 
of Finance. superconductors are all the 
same be they ceramic or otherwise. 

After a hearing of the science and tech­
nology committee in the lower house of 
the Diet on 28 May. Professor Shoji 
Tanaka called for a national project to 
develop applications, such as a magnetic­
ally levitated train. Also present at the 
hearing was Yoshihiro Kyotani, head of 
!apan·s linear motorcar (MAG LEV) pro­
Ject. But ruling pany politicians suggested 
that the project should be international 
and might even be proposed at the Venice 
summit next week. 

Tanaka denies that he is suggesting that 
Japan set up a research association similar 
to the well-known VLSI (very large-scale 
integrated circuit) project of the late 1970s 
which drew together Japan's electronics 
gianb with MlTI suppon and helped 
power the conquest of world semicon­
ductor memory markets. But it is no secret 
that Tanaka has close connections with 
Japanese industry. in panicular Toshiba 
,ind Hitachi where several of his present 
and former students carry out research . 

Other scientists who are on the govern­
mentfindustry university committee 
established by MITI to study the new 
~uperconductors doubt that the ministry 
\\Ill form a research association. Rather. 
they think that a medium-scale project 
under the category .. basic research for 
iuture industries" may be possible . These 
rr,1jects which cover new materials. bio-
11:.:hnology and new molecular devices 
t including biochips) typically receive fund­
ing of_a ~ew thousand million yen (around 
SI O m1lhon) per vear. But the earliest such 
"project could be set up would be 1988. 
and consensus would have to be reached 
in MITI within the next few months . 

Mean~hile . res~arc~ in industry is 
largelr !rec-style With no particular 
coord1~at1on, government or otherwise, 
according to Dr Janshen Tsai, supervisor 
of the advanced device research labora­
tory at NEC. NEC has fewer than JO 
researchers working fL.il:-1ime on the new 
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superconductors but there are about 30 or 
40 part-timers and many more are inter­
ested in joining the research, which covers 
primitive Josephson junction devices and 
thin films. 

Researchers at Toshiba's Research and 
Development Centre in Kawasaki, on the 
other hand, seem to be interested primar­
ily in wires and thin films. and they have 
no intention of pursuing Josephson junc­
tion research. Osamu Horigami, Tosh­
iba's chief research scientist at the centre's 
energy science and technology laboratory, 
has 28 researchers working on supercon­
ductors and cryogenics and they are col­
laborating with scientists in the metals and 
ceramics laboratory of the same centre . 
Horigami says his laboratory began inves­
tigating superconducting ceramics about 
six years ago in collaboration with Profes­
sor Tanaka of Tokyo University- but they 
gave up when they reached a critical tem­
perature of only 18 K. 

How much money are these companies 
putting into the research effort? Company 
officials will quote only the percentage of 
total sales devoted to all research and 
development (8-7 per cent for Toshiba 
and JO per cent for NEC). But Dr Ushio 
Kawabe of Hitachi says that in general 
they budget about YIO million ($70.(KX)) 
per researcher per year . 

Patents are being sought apace. Sumi­
tomo Electric Industries. a large wire and 
cable manufacturer. is reported to have 
~pplied for 800 patents on superconduct­
ing technology covering materials. pro­
cessing and application. Many of the 
leading researchers in Japan have also 
taken out patents. although nobodv 
knows who was first. • 

Tanaka fears that Japan may once again 
be criticized for failing to contribute 10 

basic research. He and his colleagues have 
been publishing heavily to make the world 
aware of their efforts as students grind out 
cera_mics in the laboratory (now up to pro­
cessing 48 samples a day) . And to drive 
home the point. 1.000 copies of the April 
special issue of the Japanese Journal of 
Applied Pl,_,·sics. weighing 0. 7 tonnes. 
were airfreighted to the United State~ and 
distributed free of charge at the Material 
ReKarch Society meeting in San Fran­
cisco. Mitsui Co Ltd agreed to cover the 
Y3 million (SW.000) air freight costs as a 
"contribution to basic science" . 

Other Japanese researchers are less 
concerned about such matters. ··Our 
interest is how to get wire and devices 
using this material". says Horigami of 
Toshiba. David Swinbanks 



INSIGHT 

SPECIAL EDITION: 

25 MAY 1987 Pg. 14 

SUPERCONDUCTORS 

Breakthroughs Tum Up Heat 
in Superconductor R~S~ill"£h~onduc· 

ting temperature to 30 K. 
SUMMARY: The low-temperature pecullarttl• of certain material• w.,. Word got out late last fall, sending sci-
dlacoveNd In 1911, but untll laat yNr they Nmalnecl moatly curlosltlN entists scrambling. Chu dropped his other 
for theorlata uplorln• the aurreal realm of atomic behavior In the research projects immediately to devote full 
abMnce of IINt. Now, major ,....rcll development. aN leap-fl'oatn• time 10 superconductivity. 
other major developments, and all the theorlzln• ... ma to be about to By pressurizing a superconducting ox-
,tve way to prac:tlc■I appllcatlon• for auperconductlvlty. ide . he raised the critical temperature 10 70 

magine that you could accelerate whiskey. that's much 100 expensive to use K. This suggested that compressing the 
to 55 mph on Interstate 80 out of on power lines.- says Paul C. w. Chu of the layers together was raising the critical tern-
New York City. then shift into University of Houston. a leading supercon- perature. But this strategy was not going to 
neulral, lcill the engine and coast ductivity researcher. commercialize superconductivity because 
all the way to the rising spires _ Scientists had theorized that supercon- pressurizing wires is impractical on an in• 
of the Rockies without slowing ductivity would be impossible at tempera- dustrial scale. 
down. This may seem fantastic, tures that -would make it economically Instead. Chu b~ught the _layers _closer 

but it would be even more fantastic to imag- feasible . So when Chu announced Jan. 29 together by replacing the banum wnh the 
-------------me an electric charge traveling the same that he had raised the maximum supercon- similar element ~trontium: which ~~ a 

distance in much the same way. Yet that is ducting temperature (the "critical-~----- smaller atom. This step raised the cnucal 
what superconductivity is. a phenomenon--- ture") by 55 degrees. to 95 K (minus 288 lei'npel'alUte li'onr3&~ 
that exists in electric current at extremely degrees F). the shock waves hit the scienti- ~sure. Th~n he replaced lanthanum w1~h 
low temperatures. tic communitv as deeply as when Chuck yttnum. which brought the layers sull 

Under normal conditions. when current Yeager broke the sound banier. closer but also dra~t!cally rearra_nged their 
flows through a wire, resistance slows it The industrial community was excited order and composition. The cnucal te_m-
and heats the wire. in much the same way as well. N(?W liquid nitrogen - only 19 perature shot up to 95 K. and a revolution 
that friction in the bearings and in the tires cents per liter - could replace liquid he- was b:<>n:1· . 
a~ainst the road slows a car and heats those lium as the coolant. This could revolu- Within three months. IBM had unveiled 
surfaces. tionize the way we handle electricity. Elcc- a _supercond~cting device that me~sures 

In the real world. nothing ever gets from tric motors and computers can shrink in f~nt ~gnet1c fields . Other electronic ap-
here to there without paying for fuel. or as size and grow in power. Levitating trains phcat1ons may soon follow. Nonetheless. 
scientists and economists are so fond of will go 300 mph. New kinds of baneries two serious technical obstacles remain be-
saying. there is no such thing as a free will store a lot more energy. in the form of fore superconductivity can achieve wide 
lunch. But close to absolute zero. the cold- superconducting current. use. The first problem is that the brittle. 
est temperature that scientists can imagine. Chu thinks. but has not yet proved. that glasslike oxides can neither be molded into 
resistance disappem. As a result. super- he has materials that will be superconduc- coils for electric motors nor laid out as 
conductivity is "about as close to perpetual ting at temperatures near zero degrees power lines with any confidence that they 
motion as one is likely to get." in the words Fahrenheit (255 K). where household ap- will hotel up. But researchers at AT&T Bell 
of physicist J. Robert Schrieffer of the Uni- plications of superconductivity become Laboratories arc developing coils by filling 
versity of California at Santa Barbara. possible. thin-walled copper tubing with powdered 

In the theoretical world of absolute zero, High-temperature superconductivity is superconducting materials. 
molecular motion would be so greatly re- made ~sible by new material~. half-l!lctal Second. the new materials cannot sup-
duced that thermal energy would vanish. ceramics called superconducung oxides. pon enough current to se . , i'· . 
Temperatures here are measured on the These materials arc like sandwiches piled -1. C . rve as ~)\\;Cr mes 
K I · I h. h h · 1 h. h f th I h . . A• or co1 s. onvenuonal electnc wires trans-

e vm sea e. w 1c as its zero at abso ute 1~ on top o one _ano er. _n t e ongm-u pon 100 times more current than supercon-
zero (minus 459.67 degrees Fahrenheit) oxide, each sandwich contained layers of ducting oxides. 
and degrees the same size as the Celsius copper and oxygen separated by \ayers of This problem is fundamental . A current 
degree. Thus 32 F. the freezing point of such elements as lanthanum. banum and is composed of elect . th - . . - 1 . 

• 273 15 K h 00·1· • f F" d" d • • • th • • rons. e Un\ panic es water, 1s . ; t e I mg pomt o oxygen. m mg s~percon _u~t1~1ty m ese that normally orbit within their parent 
water is 373 . 15 K (212 F). matenals was quite surpnsmg, the)'. nor- atoms. Strono condu 1 . . h . 1 . d. d 

Scientists have run currents in circular mally arc poor conductors of elecmctty - .,. c ors sue a~ ea an 
wires at temperarures approaching 4 K ( mi• "almost insulators:• says physicist Bna., copper have very l~sely bound outer elec-
nus 452 F). and yem have not diminished Schwartz, education officer for the Amer, trons that can break f"7e to fl?w as electnc 

· Ph · al Soci·erv current. Convcrselv. msulatme materials 
their flow. "These currents." says Schrief• 1can ys1c •r have no loose!\· bo • d I ~ s · • 
fer. "could flow for longer than the age of • Intrigued by this apparent contradiction. • un e ectrons. emicon-
the Unl·verse." • . . all th Id had been work ductors have verv few loose electrons and scientists over e wor • h • r · • · - -• 

Until la.,;t year. superconductivity was ing with these sorts of materials since the t 15 imits CUf!Cnt-carrymg capac11y m the 
strictly a laboratory phenomenon because accidental discovery of superconducting normally se_mi~ooductmg_ oxides. 
the required temperarures were impractical properties in closely related oxides in Some scit:n11st5 ~e trymg 10 mold better 

973 B al de U
, nti·I ~c~d:.ictors ,nto h1gh-tempera1ure supt:r• 

for everyday use. The only way to cool the I ut no re progress was ma d O h • d -
• nd • January· 1986, when J. Georg Bednorz and con uctors. t ers are trymg to e!.1gn wJrcs to superco ucung temperarures was 

to immerse them in liquid helium. "At S3 K. Alex Muller of the International Busi- CONTINUED NEXT PAGE 
to S7 per liter. about the cost of cheap ness Mac~irn:s Corp. research laboratory in 
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BREAKTHROUGHS ... CONTINUED 
more powerfully conducting oxides. Re­
searchers at IBM believe they may have 
solved the problem with the creation of a 
new ceramic that can handle as much cur-
rent as standard copper wire, although their 
discovery has yet to be substantiated. 

Extreme cold makes metals become su­
perconductive. Heike Kamerlingh Onnes 
discovered superconductivity in 191 I . in 
the course of experiments in which he had 
liquefied helium. Helium gave him a 
unique experimental tool with which to 
cool the wires; it liquefies at nearly absolute 
zero. 

To understand what this means. imagine 
an explorer who could shrink to a fraction 
of the size of an atom. At this size. the 
adventurer could climb into different mate­
rials to find out how their atoms are held 
together. Climbing into a wire. which is a 
crystalline saucture. he would feel as if he 
were climbing into a vast jungle gym. the 
6ars holding tfie-atum&- in _place at their 
junctions. 

But these bars are unlike the bars of any 
ordinary jungle gym. They are force fields 
that bounce like springs. the atoms at either 
end always vibrating back and forth. Al­
ways. that is. except at absolute zero. The 
vibration is heat energy. As the temperature 
drops. the vibration diminishes. until at 
absolute zero. it ceases altogether. (Con­
versely. at the temperature at which a sub­
stance melts. the vibration becomes so in­
tense that it weakens the bonds betwe~n 
atoms - the bars of the jungle gym 
stretch.) 

Kamerlingh Onnes had theorized that as 
he obtained purer metals and colder tem­
peratures. electricity would flow ever more 
freelv. until at absolute zero there would be 
nothing to stop it. Observing the flow of a 
current. the subatomic explorer would see 
why this might be so: 

Electrons fl~· suspended in the outer 
reaches of the force fields that hold atoms 
together. They would flow unimpeded if 
every atom in the crystal Janice remained 
in place and out of their way. But impurities 
- foreign atoms - create one set of ob­
stacles by distorting the Janice and by 
sticking out themselves like cones on a 
highway. The vibration of atoms in and out 

, of their proper positions creates another set 
of obstacles. Electrons collide with these 
misplaced atoms. making the Janice vibrate 
harder, heating the wires and slowing the 
flow of the current. 

But resistance did not diminish grad­
ually as temperatures approached absolute 
zero and as purity increased. Instead, 
Kamerlingh Onnes found - using wires of 
mercury - that resistance disappeared al­
together quite suddenly at 4 Kelvin degrees 
above absolute zero. Nor did impurities 
change the temperature at which the mate­
rial became superconducting. "He fell out 
of his lab chair when he saw that," says 
Schwartz. 

Nearly 50 years would pass before John 
Bardeen. Leon N. Cooper and Schrieffer 
would develop their Nobel Prize-winning 
theory on the resolution of this puzzle. 
They would find that the Janice vibrations 
make superconductivity happen. 

In the 1930s, physicist Fritz London 
painted the fust broad picture of how su­
perconductivity might work. He theorized 
that electrons move as a unit, like the coup­
led cars of a ttain, rather than indepen­
dently like cars on a highway. Bardeen, the 
senior scientist of the Nobel team, found 
this idea compelling because it seemed that 
it could prevent obstacles from deflecting 
individual atoms. "Imagine kicking a ball 
that rolls your way;• says Schwartz. "lt goes 
flying. Now imagine kicking a ball that is 
part of a line of balls all connected by 
springs. Your kick won't deflect it." 

This idea presented several theoretical 
problems. Ftrst. electrons have negative 
charges, and the atoms of an electric con­
ductor have positive charges. This means 
that they attract each other like the north 
and south poles of magnets. but the elec­
trons all repel one another. lt was difficult 
to imagine a force that could overcome that 
repulsion to make the electrons act as a 
unit. 

But in the early 1950s. Herben Frohlich 
and David Bohm figured out a way in 
which electrons might attract one another 
indirectly, a theory Bardeen subsequently 
refined. Vibrations in the lattice are the key 
to this attraction. As the ncJ,?atively charged 
electron flows through the wire, it attracts 
the positively charged atoms of the lattice. 
pulling them together as it passes. This 
pinches the lattice. 1be pinch follows the 
path of the electron, traveling down the 
lattice in a wave like the wave that can be 
set up in a rope with a flick of the wrist. 

The concentrated positive charge in the 
pinch attracts negatively charged electrons 
in the path of the first electron. much as the 
draft of a large truck can pull other vehicles 
along the highway. This reaction was 
thought somehow to unify the current. 

Exactly how was the second problem. 
In the world of subatomic particles. the 
forces of nature operate very differently 
from the way they do in the world we 
experience. ln fact. some of the laws of this 
subatomic world make no sense at all to our 
intuitions. One such law is that no two 
electrons in a current can have the same 
velocity. This is like saying that no two cars 
on a highway can travel at the same speed. 
Under this condition, it was hard to imag­
ine how electrons could flow in a coordi­
nated manner. (One theoretical result of 
this principle. says Schwartz, is that when 
the number of neutrons inside a neutron star 
becomes so great that they cannot retain 
different velocities, the star blows up.) 

Cooocr and Schrieffer provided a solu-
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tion to this problem. It was a tw<rstep 
~- rU"St, Cooper figured out that the 
VJ~ of . the lattice docs not directly 
un~ the enbrc cwrcnt. Instead, it creates 
p;urs of e~ (christened Cooper paiis) 
that act as if they wen: single panicles. 

Then Schrieffer discovered a corollary 
to the laws that govern the subatomic 
world, a corollary that allowed the pairs to 
ll'ln'el in lockstep. As the laws require, each 
member of a pair has a different velocity 
from its partner, as well as from all the other 
elcctrons in the CUJTCnt. But every pair has 
the same collective velocity as every other 
pair. (To stick together, members of a pair 
constantly change their velocities, as if they 
were an.ached to one another by a spring.) 

It is th.is militarylike formation that can 
keep a superconducting current flowing 
forever. Obstacles that send single electrons 
careening are powerless against the force 
these electrons attain when they condense 
into a superconducting CWTCnt. "Imagine 
soldiers crossing a field;' says Schwartz. 
"If they link arms in formation, one can 
step in a rat, the other.; will hold him up 
and everyone will keep going." 

How high-temperature superconductiv­
ity works remains an enigma because above 
33 K or so, the lattice cannot vibrate 
quickly enough to create Cooper pairs. 
"lberc are as many theories as you can 
make phone calls," says physicist Douglas 
Scalapino of the University of California at 
Santa Barbara. Most of these are deriva­
tives of the Bardeen-Cooper-Schrieffer the­
ory. Electrons still form Cooper pairs, 
which condense into a superconducting 
current. But something has to be vibrating 
much faster than a lattice in order to pull 
everything together. 

One typical theory suggests that this 
vibration is electronic. Copper oxides, 
present in the new superconducting materi­
als, have positively and negatively charged 
ends, the way magnets have poles. The 
passing electron is thought to shift this 
polarity~ ~ing an area of strong positive 
ch~e m its wake. This charge, like the 
~•tive charge generated in supcrconduc­
nng metals by the pinching of the Janice. 
could set up Cooper pairs that could con­
dense into a superconducting current. The 
theory, however, fails to explain several 
other observations about high-temperature 
superconductivity. 

As scientists wrestle with inadequate 
current and brittle materials - the techno­
l~~ical problems of bringing superconduc­
nv1ty to commercial fruition - they expect 
a better understanding of how high-temper­
ature su?:rconductivity works to help them 
find solutions. "We thought we were going 
to have to break physical Jaws 10 get from 
41 IK]t? 171 d~~s,"saysSchwartz. "By 
companson, bnngmg this new technology 
out of the lab and into everyday use should 
be relatively sttaightforward." 

- David Holzman 
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Superconductivity at 
room temperature 
Nn1IHlhi 
Sc1£NTISTS at the National Physical Labor­
atory (NPL) in New Deihl are proudly 
claiming to have found the hottest ever 
superconducting oxide phase. It shows 
superconductivity all the way up to + 26 °C 
(299 K), or room temperature. 

The development was offlcially made 
publk before publkation in a scientiffc 
Journal in an attempt to ensure its legit• 
!mate place in the race in superconduct­
ivity both in India and elsewhere. Indian 
mentists frequendy complain that although 
they are keeping pac:e with the latest 
developments in Japan and the United 
States, their work is often dated by the time 
It is printed in international scientinc jour­
nals. 

The NPL discovery was made in multi• 
phase samples or Y(Ba,Sr)1Cu,01 prepared 
by the direct oxid~mixing technique. 
The typit'ld resistanc:e-versus-termperature 
curves show a sharp drop In resistanc:e 
above 230 K followed by a gradual metal• 
like decrease of resistance with tempera• 
ture. A study or the inverse a.c. Josephson 
efTect revealed the presence or a phase 
superconducting up to + 26 °C, .. It is the 
hottest superconducting phase observed so 
rar", said Dr A.V. Narlikar, the leader or 
the NPL team. 

Because the sample had many phases, 
th~ studies were repeated in several differ• 
enl samples. In each or them, supercon• 
ducth'ity was found to persist up to tem­
peratures or IS to 26 °C, said Narlikar. 
Studies also showed that the 26 °C phase 
fonstituted the bulk ol the sample. 
1\arlikar said his team Is now working on 
isolating this phase . .. When we do that, we 
will really have a room-temperature super­
(onductor", he said. K.S.Jayaraman 
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Just five years from 
superconductor cable 
Washington 
TH£ US Department or Energy (DoE) is 
showin1 unusual alacrity in pushing for 
research on the new superconductors. 
Motivated by constant but uncertain 
rumours or furious Japanese activity, DoE 
officials have taken some considerable 
steps towards an organized national effort 
in this new technology~ • 

A series ol conrerences to promote colla­
boration between the national laborator• 
les, universities and industry is already 
under way, but DoE has now gone beyond 
this cheerleadlng role and has given 
Argonne National Laboratory a specific 
brief to produce a practical superconduct­
ing wire, operating In liquid nitroaen, in 
Ove years. (Argonne researchers have 
already made 'wires' by embedding super­
conducting grains in a plastic base.) The 
aim or the programme, in which Brook­
haven and Ames (Iowa) Laboratories will 
also participate, Is to make a cable suitable 
for electric transmission lines. 

DoE also announced last week that it is 
setting up a computerized database to help 
US scientists to cope with the huge Dow or 
results. Secretary or Energy John S. 
Herrington said that the normal channels 
or scientinc communkation are being over­
whelmed, and that the DoE, by expanding 
its existing systems, could expedite the now 
or information. The database will be acces­
sible through electronic mail, and will be 
open to anyone who pays an entry fee. 

The Impetus for these initiath·es is 
apparently coming from the top. At DoE 
headquarters. 'research applications' and 
•Japan' are whispered in the same breath, 
and the current political climate is ideal for 
any venture which seeks to encourage US 
industry. David Lindlev 





SUPPLEMENTAL CLIPS DISTRIBUTION LIST 

~IR FORCE AF/CC* 
4E-925 (1) 

AIR FORCE AF/CVAZ 
50-544 (1) 

AIR FORCE AF/CVAE 
SGT HAYNES 
4E-949 (3) 

AIR FORCE AF/DP 
4E-211 (1) 

AIR FORCE AF/OW-CC 
BOLLING AFB (1) 

AIR FORCE AF/IG 
4E-1076 (1) 

AIR FORCE AF/IN 
4A-932 (1) 

AIR FORCE AF/LE 
4E-260 (l} 

AIR FORCE AF/PR 
4E-1020 (1) 

AIR FORCE AF/RD 
4E-334 ( 1) 

AIR FORCE AF/RE 
SE-916 (1) 

AIR FORCE AF/SA 
lE-388 (1) 

AIR FORCE AF/SC 
5B-482 (1) 

AIR FORCE AF/XO 
4E-1032 (1) 

AIR FORCE SAF/AA* 
4D-881 (3) 

AIR FORCE SAF/ALR 
40-977 (1) 

AIR FORCE SAF/FM 
4E-990 (1) 

AIR FORCE SAF/GC 
4E-998 (1) 

AIR FORCE SAF/LL 
40-923 (1) 

AIR FORCE SAF/LLR 
50-934 (1) 

AIR FORCE SAF/MI 
4E-856 (1) 

AIR FORCE SAF/OS 
4E-874 (2) 

AIR FORCE SAF/OSX* 
5C-858 (1) 

AIR FORCE SAF/PA* 
40-922 (4) 

AIR FORCE SAF/RD&L 
4E-964 (l) 

AIR FORCE SAF/US* 
4E-81;l6 (1) 

ARMY SA/PA* 
2E-636 (10+15) 

ARMY SA/US-D 
3E-721 (l) 

CIA"' 
( l) 

DIA 
DIC-RDIAC, C3757 (1) 

DIA DIRECTOR 
3E-258 (1) 

OMA M/G R ROSENBERG 
US NAVAL OBSERVATORY 
BLDG 56 (58-1) 

JCS AS5T/CJCS* 
2E-864 (4) 

JCS SHAPE/LNO* 
lA-711 (1) 

MC/CMC* 
2004 (.1) 

MC/PA* 
1136 (1) 

NAVY CHINFO* 
2E-340 (7+25) 

NGB-PA 
2E-258 (2) 

NSA/NCRDEF* 
2A-256 (1) 

OSD ASD/C (A) 
3E,-843 (1) 

OSD ASD/C 
3E-822 (1) 

NEW LIST 

JUNE 1, 1937 
OSD ASD/C31 
:rn-172 ( l) 

OSD ASD/F'M&P 
3E-759 (1) 

050 ASD/HA 
3E-346 ( l) 

OSD ASD/LA* 
3E-966 (1) 

OSD ASD/PA* 
2E-800 (3+12) 

050 ASD/PA-NISI* 
2E-800 (20) 

OSD ASD/P&L 
3E-808 (3) 

OSD ASD/RA 
3E-326 (l) 

OSD DF'OISR 
2C-757 (l) 

OSD HISTORIAN 
5C-~28 (2) 

OSD OATSD/AE 
3E-1069 (1) 

OSD OO/PA&E 
2E-313 ( l) 

OSD OD/PA&E 

' 

TAC AIR DIV (1)2C-281 

OSD OIG/DOD* 
lE-482 (1) 

OSD SEC DEF* 
3E-880 (17) 

OSD USD/P 
40-825 (18) 

OSD USO/A 
3E-1006 (3) 

OSD USO/RE/P&A 
3D-373 (3) 

RAND CORP* 
( 7) 

SDIO* 
( l) 

VICE PRES* 
WHITE HOUSE (1) 



i • 

!-

SUPPLEMENTAI,g TUESDAY, 17 FEBRUARY 1987.--~ - :_-

J . c-'" ir (\ .. 3,., )'c,t er 1cc k 
George F. Will c. ' • c ~ 1'.1- _ -

) ( WASHING'l'~- - -
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After hearing scientific arguments 
for, and budgetary complaints about, the 
proposed $4.4 billion atom smasher, 
President · Reagan swerved the discus­
sdlt' into an anecdot.e. He recalled Jack 
London's personal credo: 

_]SIIOfl/dmJMrlJ,aslialJiaNdust,, 

er-rotating bearmd protons, each beam 
ttavelm~~ ig,dy: thei speed of light, 
will _~ . st~ by magnets into colli-, 
sions., Only a -few of-these protons will 
collide, produci{lg a shower of other 
subatoriiiciiutides, The characteristics 
ot the _i.ewtan( particles will be mea­
sm-ed. ~ ffi inteimb cl, billionthll of 

The <;!>_!!isions in the SSC should repli• 
cate en~ _ _ami temperature conditions 

l W091/d mJJw -,sp,,tll sitoelld lllem 
_ fNlneaWiantbla.w, aemm. . 

in the first fraction of a second at the 
creation of the Wliverse. This should 
yiJld knowledge about the four known 
~ forces of nature: gravity, electro­
magnetism. the weak nucleu. force rec . 
sponsible . for certain· radiation . decays...,.­
ancl:the-strong nuclear-force that binds 
atomic-iwclei. And perhaps the· SSC will 
yield evidence-about the Grand· Unified 
Theory, the-theory that the lour. forces 
fonn a single Wlified force. . 

~ • - • - -Tlum ii sltouJd butijW it, dr, tOI. 
_ I 111111dd mllt#IJ,a SM/Jffb...,. 

In 0!:00!' to probe mo nature's smalJ.. 
est simplicita. ~ more gi­
gantic aJild axnplex devices must em­
ploy ~ higher energy. The 
higher too eoorgy, the finer the scale of 
investigation. In this century, ft have 
progres,ed downward in scale, from 
atoms to nuclei to protons and neutrons 

... 

Wu/a er,ny atq,,. of•;,. ~ 
glou,, 

• 11taff a sl«J1j ""'1 j1mJfaMnt plaaet. 
Then Reagan said that London's ere-, 

do was once read to Ken Stabler, the 
pro quarterback, who was asked what It 
meant. Stabler said: "Throw deep." Sta,, 
bier was right. So was Reagan in enc 
dorsing the Supen:onducting Super Col-, 
lider (SSC), Now the future of 
dementary particle physics is in the 
bands d. Congres.,, 

• and electrons, then to quarks and lep­
tons, which seem-so far--to be the 
elemental constituents of matter. 

Fundamental - science--- such as 
high-energy physics inevitably has large­
economic and, more important, cultural 
effects. induding effects on mankin<t:s 
moral sensibility. And the SSC, the 
largest and costliest experimental de--

. vice ever, will have a profound effect on 

_ Congress willing. the SSC will be a 
- tunnel in a cin:le ~2-mile circum-, 

fereace. Atom are, in effect. 
gigantic ~ for peering into 
the ~ _<Ji matter. In the SSC, count• 

The more energy is conwned in the 
space where particles collide. the better 
the chance the energy will be ~ 
formed into new forms of matter. Fer• 
milab, a particle accelerator--iA-&ltavia, 
Illinois, can create collisions yield.in 2 
trilli9_g electron voits. The SSC will ~ Id 
40 trillion. -- yre 

science. - -
Whens Congress comes to consider 

approval of the ·SSC, it should rear in 
mind that,nany of. America's foremost 
scientists were born elsewhere and 
came here to be on the moving frontiers 
d. science. Toe-sociology of scientific 
enterprise is complex. but this is clear: - . . 

____________________ ...;.c...;,o..;..N...;.T...;,I;.;.N...;U;..;·E~_D~.6;,;$~L;;;.;..-Q_W, ______ _ 

·ttie momentum generated by synergism 
among scientists, spanning generations, 
can be quickly dis&pated. It can be 
fodeited by government negligence and 
philistine parsimony in scientific invest O 

ment. 
The first cyclotron was at Berkeley in 

1930. It was five inches in diameter. 
Until recently, America clearly led the 
world in high-energy physics research. 
In this decade, Europe has secured the 
lead, with the Soviet Union rising rapid0 

ly. The SSC will make America's parti­
cle physicists preeminent in the <Xlmpeo 

tition to Wlderstand the ultimate 
amtituents of matter and the forces 
that bind those constituents to fonn the 
wuverse. 

Roy Schwitters, Harvard physicist. 
says: "High-energy physics is the ulti­
mate extension of man's curiosity about 
what things are made of and how they 
work." Such physics is increasingly in­
terwoven with cosmology because of the 
"big bang" theory of the origin·of the 
Wliverse. . 

Approxima~ .. billion years ago, 
when the uruverse.-WaS-a nanosecond 
old. tuttierto unapproachably high tern--. 
peratures decompo.,ed matter into its' 
most primitive constituents. As the uni­
verse cooled, matter resulted. Under4 • 

~tanding the nature of these consti~, 

----· ---- - ·- , __ 

J 

• ents and processes is essential to: 
understanding the history of the um.: • 
'VeX'Se since aeation. 

Given the grandeur of this intellectual • 
undertaking. it is demeaning to justify• 
the SSC in tenns of ecmomic benefits.'. , 
Suffice it to say there .will be benefits 
and we canoot now know what they will .. 
be. 

• • Who in the 1860s thought the synthe­
sill o{""'"~ty_ an{.{ magnetism. and 
discoyery of the laws of electromagnetic 
waves. vioolcfproduce today's communi-­
catioo~-Who in the 1920s 
c:ould .imagine that quantum mechanics 
would produce_ the semiconductor m,, 
dustry? Applications of the two intellec•· .• 
, tual revolutions of the 20th century-,. 
• quantum theory and relativity-accowi~ 
for a significant portion of today's gross~ 

I national product. '.' 
When Reagan ended the meeting by" 

saying. "Throw deep,'! thereby signal­
ing bis support for the SSC, James 
Miller, head of the Office of Manage­
ment and Budget, said: "You're going to 
make a lot of physicists ecstatic." 
Reagan replied. "That's probably fair. 
because I made two physics teachers in• 
~gh school very miserable." Reagan 
likes to say, "You ain't seen nothing • 
yet." The hwnan race ha5 never seen a·. 

• project of any sort as ambitious as the 
SSC. But, then, the human race is : 
designed to "throw deep." 
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PHILADELPHIA INQUIRER 

For Japan, 
a new era 

' 

in defense 
By Tom Mhbrook 
~a,- . 

• TOKYO - Under cover of Ameri­
can jet fighter support, Japanese 
tank fire boomed over a windswept 
valley on Hokkaido in November, in 
mock battle with tanks simulating a 
Soviet invasion of Japan's northern­
mo.,t island. 

The late aautumn maneuvers 
marked the first integration of US 
or and naval forces into joint U.S.­
Japanese military exercises. In Japa­
nese mess halls, American troops 
grappled with chopsticks and lotus 
root at lunch. At sea, Japanese de­
stroyers dogged American ships in 
mock combat. • 

On Dec. 30, Prime Minister Yasu­
hiro Nakasone's cabinet scrapped the 
10-year-old defense-spending ceiling, 
l percent of the gross national prod­
uct, which had come to symbolize 
Japan's resolve to maintain a strictly 
limited military capability. 

Japan's defense minister dismissed 
the old ceiling - once considered 
politically inviolable - as "very un­
natural." Nakasone coolly remarked 
that he was sure Japan's Asian neigh• 
bors would understand his country's 
change in policy. • 

Four decades after defeat in World 
War II left Japan in ruins and mil­
lions of Japanese bitterly disillu­
sioned with an era of unbridled mili• 
tarism, Asia's economic superpower 
is stepping cautiously back toward 
signifiCM1ce in the world military 
equation. 

Loosening constrain-ts 
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A combination of pressure from 
Washington, growing Soviet military 
pc;,wer in Asi~ and a streak of Japa• 
nese nationallsm, say Western diplo­
mats, has gradually loosened postwar 
constraints on military development 
in a country where, only a decade 
ago, public discussion of bombs 
buildups and combat strategies w~ 
all but taboo. 
. Although the strength. of discus­

nons on defense issues remains 
. sharply limited, the change in tenor 
. under Nakasone has encouraged mil­
itary planners in Japan to envision 
the nation as less of a dependent 
ward and more of a contributing 
partner of the United States in the 
defense of the northern Pacific. 
• Japanese strategists are talking 

more openly than ever about partici­
pation in an array of defense strate­
gies and technologies, from the "Star 
Wars" missile defense program -
which JaJ>:lln. !!greed last year to join 
-.to sophlsttcated intelligence gath• 
enng, laser defense systems and do­
mestic jet fighter production. 

'~A growing number of people 
think . now that Japan will have a 
larger military role to play than they 
thought five or 10 years ago" says 
Masasl:li Nishihara, professor' of in• 
ternation.i relations at Japan's Na­
tional Defense Academy. "We should 
first say what we have to do to de­
fend ourselves - and then see how 
much this will co.,t." 

Japan is not now a major military" 
power, and at its present steady but 
slow rate of defense buildup say 
analysts, tt is not on course t~ be­
come one. The country's low-profile 
armed forces are geared exclusively 
toward limited self-defense and 
14:ould be highly dependent on the 
aid of the 50,000 US. troops stationed 
in Japan plus reinforcements from 
t~e US mainland in any actual 
fighting. . 
• Japan's ' postwar "peace constitu• 

tion" renounces war and the right of 
~lligerency, its laws forbid arms 
axports, and its self-imposed "non­
nuc~ear principles" forbid the pos­

,.sess1on, manufacturing and entry 

I 

into Japan of nuclear arms. 
• .. But even before the defense-spend­
ing ceiling was broken in December, 
:U.S. Ambassador Mike Mansfield told 
reporters at a year-end briefing that 
;Japan ranked sixth among the na­
tions of the world in defense spend• 
.ing, putting S22 billion a year into • 
defense. 

According to analysts at the Insti­
tute for Strategic Studies in London . 
Japan's naval force is now the 
world's fourth largest by tonnage, its 
fleet of 14 submarines is the world's 
fifth largest, and its air force is 
ranked eighth. 

''The 1 percent ceiling has hidden 
the fact that Japan has the second• 
largest GNP in the world," said the 

1institute's Reinhard Drifte. "You 
;cannot compare percentages in Ger­
i many or France with percentages in 
1Japan." 

: Pressure from U.S. 
i US defense officials have pushed 
!Japan to develop its capacity to con-

!
rol key straits that the Soviet Pacific 

fleet must sail through to reach the 
acific Ocean from its base at Vladi­
ostok, on the Sea of Japan. They also 

have called on Tokyo to develop a 
i more credible defense for strategi-
' cally vulnerable Hokkaido and to ful-
fill a 1981 promise by former Prime 

. Minister Zenko Suzuki to extend Jap­
anese patrols over its sea lanes for 
1,000 miles. 

·At present, Japan can fulfill none 
of those goals. Mansfield said re­
cently that he hoped the 1,000-mile 
sea lane defense commitment would 
be met "before the end of the 
century." 

Nakasone's willingness to bite the 
political bullet at home and break 
the 1 percent spending limit, say U.S. 
military officials, has raised hopes 
for further funding in future years. 
It also has eased Pentagon fears that 
a ~ngress on the warpath over un­
e~ding trade deficits with Japan 
rtught cut U.S. military spending on 
operations in that country to force 
,Japan to .shoulder more of its defense 
~den. 


