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Superconductivity may be a beautiful phenomenon, but materials that can conduct with zero resistance

have not quite transformed the world in the way that many might have imagined, Presented here are the

top five applications, ranked in terms of their impact on society today

Perhaps no other potential application of
superconductivity has captured the pub-
lic's imagination more than magnetically
levitated (maglev) trains; you can even buy
toy models of them. There have also been
science-fiction-like maglev concepts that
in principle would work, featuring cuwed
tunnels through the E,arth's mantle,
whereby the train first falls on a levitated
track, generating electricity as it does so
for the trip back up. Indeed, the first pa-
tents on the basic conceDt date back to
I 907 - four years before superconductiv-
ity was even discovered.

However, every maglev system ever
built, apart from the Yamanashi test line in
Japan, has used conventional technology
involving ordinary (albeit powerful) iron-

core electromagnets. Moreover, the top
speed of the Yamanashi superconducting
prototype is 581 kmh r. which. despite
being a world record for mass surface
transportation. is only 6 km h I faster than
the ordinary wheel-on-rail French TGV
trains. The message is clear: faster surface
transportation may be important, but
superconductivity has not - and is unlikely
to - play much of a role in that quest.

So if not maglev, then what have been
the most significant applications of super-
conductivity in terms of their impact on
society? This article lists a top five selected
by Paul Michael Grant from WZAGZ
Technologies in San Jose, California. Su-
perconductingwires top the list, followed
by magnets for medical imaging and for

particle colliders in second and third, re-
spectively, with superconducting motors
in fourth and a unique dark-matter experi-
ment in fifth. One other application of
superconductors that has not quite made
the cut involves using them in electro-
magnets or fll,lvheels to store energy. Such
superconducting magnetic-energy storage
devices store energy in the magnetic field
created by an electric current flowing in a
superconducting coil. As almost all the
energy can be recovered instantly, these
devices are incredibly efficient and would
be ideal for storing electricity in the home
should we be forced to rely much more on
renewable sources of power that are not
always on tap.

But let's start with those wires. . .
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0ne thing is for su re: there wou ld be no applications of supercond uctivity if
physicists and materials scientists had not managed to develop - as they

did in the 1970s - superconductingwires and films made from niobium-

titanium and niobium-tin. These materials can carry high cunents, even in

the presence of strong magnetic fields, when cooled with liquid helium to a

temperature below 4.2 K. They are generally packaged as bundles of wires

in a matrix, allowing them to be sold both as wire filaments and as solid

cores encased in copper. They can carry currents of up t0 50 A while

withstanding magnetic fields 0f 10 T.

Firms such as American Superconductor, SuperPower and

Zenergy Power now also make high-temperature superconductingtape

from yttrium-barium-copper-oxide (YBCO). lt is just as robust as

low-temperature niobium alloys and can be used fortransmission power

cables but using liquid nitrogen - not helium - as the cryogen. What is

remarkable is thatYBC0 is a hard and brittle ceramic (like a teacup), yet it

can be made in batches thousands of metres long. This is done by

depositing a continuous film 0f it 0nto a specially prepared "textured

substrate" base - typically a stainless-steel-like alloy coated with another

layerof magnesium oxide oryttrium zirconia.

The resulting technology is tru ly a tour de force. Indeed, the "upper

critical field" - the maximum field thatYBCO tape can be subjected to and

still superconduct - is so high at 4.2 K that it has never been, and proba bly

cannot be, measured. These materials are idealfor use as

superconducting power cables, which could carry electricity without any of

the power losses that afflict c0nventional copper cables. (Note that

superconductivity ls only "perfect" for direct-currenttransmission; for

alternating current there are always losses.)

The US in pafticular has ploughed much money into this field, Iargely

thr0ugh a 20-year research and development effortfunded bythe

Department of Energy that ended in 2010. lts fruits are now 0n the shelf,
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Slice of magic Cross-section through a niobium-tin cable.

waitingto be haryested bythe utility industry and its suppliers. However, it

is likely that upgrading and replacing conventional cables will not happen

as fast as was once envisaged. Instead, it is likely t0 occu r gradually

thr0ugh mega-projects, such as the "SuperGrid" c0ncept, which envisages

electricity from nuclear power stations carried along superconducting

cables cooled by hydrogen that is produced by the power plant and that

could also be used as a fuel (Physics World October 2009 pp37-39).
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