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Photo 2. Laboratory superconducting solenoids at I. V. Kurchatov Institute of 
Atomic Energy, Moscow. 

The method of fabricating superconducting magnets was not an 
easy one. Initially, the main obstruction was the low critical fields 
of type I superconductors. As soon as type I1 superconductors were 
discovered, practical attempts were made to create superconducting 
magnets. Engineers ran into various instabilities of superconducting 
magnetic systems. Here is the story of one of them. 

A superconducting magnet was placed in a vessel filled with liquid 
helium. A special channel was made in the vessel for wires through 
which the magnetic coil is fed. The same channel served for the out- 
flow of helium vapour and supply of liquid helium to compensate for 
evaporation under steady conditions. This turned out to  be insuffi- 
cient for maintaining the operation of a magnet. There were accidents 
in the 1960s where a sharp increase in the heat release caused a rapid 
evaporation of liquid helium, carrying away pieces of coil winding and 
insulation. After such an accident, the magnet was unserviceable - 
its winding (which was in liquid helium) had become molten. 
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70 SUPERCONDUCTIVITY 

The current density in a magnet is close to critical. In a very 
small region of the winding, a superconductor may accidentally pass 
into a normal state. This piece of wire will already have resistance 
(which is appreciable as compared with, say, copper). The resistance 
induces heat release, and the normal piece of wire becomes an intense 
heater which affects the neighboring portions of the wire and provokes 
their transition to the normal state. The resistance and the loss go 
on increasing .and the process may become like an avalanche. The 
energy stored in the magnet is converted into heat, which not only 
evaporates all the liquid helium but destroys the winding. 

To stabilize superconducting magnets, conditions have to be cre- 
ated to avoid “accidentally arising” normal zones. To this end, the 
superconductor is covered with a layer of good normal metal, typically 
copper, whose heat conductivity is much higher and resistivity much 
lower than those of the superconducting material in the normal phase. 
Copper shunts the regions where the transition to normal state oc- 
curred, and it also facilitates rapid heat efflux from the normal-phase 
nucleus. 

In superconducting devices wires are made differently from normal 
ones, and this is worthy of a more detailed discussion. 

Superconducting Wires  

Superconducting wires differ radically from those found in the elec- 
trical appliances we use. 

It is only the type I1 superconductors that can withstand high mag- 
netic fields. They let the magnetic field enter in the form of vortices. 
But the motion of these vortices is responsible for the appearance of 
electric resistance, and the high critical field is “compensated” by the 
low critical current density. 

Much effort has been put into creating materials whose structure 
would obstruct the vortex motion. For this purpose, special and in- 
volved production processes have been developed that include multi- 
stage repeated melting and drawing, annealing and swaging, chemical 
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APPLICATIONS OF SUPERCONDUCTIVITY 71 

treatment, etc. A specialised field of metallurgy and metal science 
has, in fact, evolved. 

The most frequently used modern material for making supercon- 
ducting wires is the niobium-titanium (Nb-Ti) alloy. Such wires are 
already manufactured on a large scale in some countries. Better char- 
acteristics are shown by the compound NbsSn. It can withstand a 
field strength of up to 100 000 Oe simultaneously with a transport 
current density up to lo3 A/mm2. Recall that to avoid melting, a 
household wire with a cross-sectional area of 1 mm2 cannot carry 
currents exceeding 1-2 A. 

Nb3Sn is also used for making wires although the manufacture of 
such wires is much more complicated than those of niobium-titanium. 
In the previous chapter we have already mentioned that “good” super- 
conducting properties are customarily shown by metals with “bad” 
normal properties. For example, superconductors in the normal phase 
conduct heat and current much more poorly than, say, pure copper. 
Moreover, the majority of superconductors, including NbSSn, are 
fragile, and we have got used to carelessly bending ordinary wires 
and even weaving them into knots. When dealing with a supercon- 
ducting material one should be much more careful; the only pleasant 
exception at present is perhaps the niobium-titanium alloy which is 
“plastic” enough for manufacturing wires. It is this alloy that is most 
frequently used in practice. 

We cannot even enumerate all the problems that arise in designing 
superconducting wires. To solve these problems, the designer has to 
take into account contradictory requirements. For example, to provide 
stability it is desirable to add more copper in the wire. But this will 
increase its weight and decrease the mean current density. The low 
resistivity of copper promotes suppression of instabilities but at the 
same time increases loss in a variable magnetic field. In any device 
the magnetic field will vary at least at the moment when it is turned 
on and off. 

Superconducting veins of the wire, which must be less than 0.1 mm 
in diameter, are positioned in the copper matrix. The veins should 
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72 SUPERCONDUCTIVITY 

necessarily be twisted relative to the longitudinal axis of the wire. 
Manufacturing a superconducting wire requires, in fact, a procedure 
of “assembly”. A bunch of thin superconducting veins is covered with 
copper and twisted, and then the thicker veins thus obtained un- 
dergo the same operation, etc. The total number of superconducting 
threads in the cross section of the wire reaches tens or even hundreds 
of thousands! 

In large devices, the stabilizing effect of copper is insufficient, and 
the whole wire is additionally cooled down by liquid helium, for which 
purpose special channels are left in the copper matrix. 

This shows that a superconducting wire is a fairly complicated and 
expensive construction. The validity of such statements is, however, 
always comparative. One kilogram of a superconducting material for 
wires is almost one thousand times more expensive than one kilogram 
of copper. But if we compare the costs of wires intended for currents 
of equal strength, the superconducting wire will be cheaper than the 
copper one. 

Appl ica t ions  of Superconduct ing M a g n e t s  

Strong magnetic fields are necessary, first of all, for physics research. 
Superconducting magnets are used intensely here. Some devices can- 
not, in principle, be created without them. Photo 3 shows the assem- 
bly of one of them - Tokamak-15. It is intended for obtaining and 
studying dense high-temperature plasma. Naturally, for physicists, 
such devices and studies are of interest in themselves, but customar- 
ily their construction serves as a stage for the way to thermonuclear 
fusion. Works on the construction of thermonuclear reactors began in 
the early fifties of the 20th century. In this way, a lot of scientific and 
engineering results were obtained, which are perhaps more valuable 
than a hypothetic realization of the declared goal. 

A Tokamak-type device is a torus (or simply a ring) inside which 
a dense high-temperature plasma is confined. The magnetic field 
of a fairly involved configuration is generated by a superconducting 
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74 SUPERCONDUCTIVITY 

magnetic system consisting of a large number of different windings. 
One of the elements of the system is shown in Photo 4. We shall 
mention several parameters characterizing the size and complexity of 
the system: the radius of the torus is nearly two and a half meters. 
All this space will be covered with a shell and cooled down with liquid 
helium. 

Currents in the winding reach 3700 A, and the radial force acting 
on one operating coil can amount to 98 000 N. 

Such plasma devices are already unthinkable without supercon- 
ducting magnets of which the magnetic systems of new elementary 
particle accelerators are made. In different countries, giant pilot-scale 

Photo 4. Preparation of an element of the superconducting magnetic system 
Tokamak-15 for testing at I. V. Kurchatov Institute of Atomic Energy, Moscow. 
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plants with superconducting magnets are constructed and put into op- 
eration. In addition to the Soviet Tokamak-15 (Photos 3 and 4), there 
are the Tokamak Fusion Test (TFT) in Princeton, Joint European 
Torus (JET) in Oxford, TRIAM-1M in Japan, International Ther- 
monuclear Experimental Reactor (ITER) in USA, and others. The de- 
signs of giant elementary particle accelerators, such as the Supercon- 
ducting Supercollider (SSC) and the Large Hadron Collider (LHC) , 
are now being worked out. Finally, a giant Superconducting Magnetic 
Energy Storage (SMES) is now being designed, the basic element of 
which will be a superconducting magnet whose magnetic field just 
serves for energy storage. 

Superconducting magnets are used in NMR tomography (NMR 
stands for Nuclear Magnetic Resonance). This is a medical tech- 
nique exploiting the property of some nuclei (e.g. hydrogen) to show a 
resonance response to weak electromagnetic radiation, the resonance 
frequency being directly proportional to the magnetic field strength. 
The nuclear response analysis (using computers) for different parts of 
the human body allows one to obtain a contrasting laminar picture 
of any tissues, even soft ones, which is very difficult to attain in any 
other way. We hope that in future NMR tomography will also allow 
biochemical analysis. 

A superconducting magnet generates a magnetic field in the inte- 
rior of the cylindrical cavity of the NMR scanner. In modern instal- 
lations, the field strength goes up to 15 000-20 000 Oe. To obtain 
a good picture, the field inhomogeneity in the cavity should not be 
worse than 0.1%. Compared to X-ray examination, NMR tomogra- 
phy is not only a more powerful but also a harmless diagnostic means: 
many years of studies have not yet revealed any complications after a 
brief irradiation by a strong magnetic field. 

The idea of using NMR tomography (another name for the method 
is magnetic resonance imaging, MRI) in medicine was suggested in 
1971. Manufacturing the devices on an industrial scale started in 1982. 
In late 1985, there were 300, in 1986,600, and at the end of 1988, over 
2000. By the end of 1992, there were nearly 4000 NMR scanners in 
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76 SUPERCONDUCTIVITY 

the world. All hospitals in developed countries have NMR scanners at 
their disposal. Nobel Prizes in physiology or medicine was awarded to 
P. Lauterbur and P. Mansfield for their discoveries concerning MRI. 
This is, not only a breakthrough in medical diagnostic, but also a 
great technological achievement: such an involved installation is made 
independently and is also automatically controlled. The maintenance 
only consists of daily control over the level of liquid helium. 

There also exist other possibilities of applying superconducting 
magnets, the majority of which may happen in the future. We shall 
return to this topic in the following chapter. Now we shall briefly out- 
line a quite different class of superconducting devices which is widely 
used - SQUIDS. For this purpose, we have to return to the physics 
of superconductivity. 

Josephson Eflects 

These effects were predicted in 1962 by an English physicist B. 
Josephson. They occur when two superconductors come into contact. 

What is a contact? When we push a switch and close the contact, 
current starts running in the circuit. For this purpose, a good con- 
tact is needed, a touching of two conductors. Even a thin dielectric 
film creates a large resistance and obstructs the current flow. The ab- 
sence of a contact causes exactly the same obstruction for a supercon- 
ducting current, and the obstruction in this case is not only a dielec- 
tric, but also a nonsuperconducting metal. 

However, the physics of a superconducting contact is more com- 
plicated. Let us consider a simple speculative experiment. Take two 
different pieces of a superconductor. The motion of electrons in either 
of them is independent of the other even if these are pieces of the same 
material. Now let us draw them nearer. The two disconnected parts 
will ultimately become a single whole piece! And in this integral piece 
the motion of all electron pairs is interrelated. The state of contact 
involves all the electrons, not only the nearest ones. When and how 
does the transition from the absence of contact to integration of the 
pieces occur? 
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Superconducting electrons are characterized in our book by a cer- 
tain length scale (. The number of superconducting electrons cannot 
increase or decrease “too sharply” from one region of a superconduc- 
tor to another. This means that the boundary of a superconductor 
cannot strongly limit the influence of superconductivity. Indeed, this 
influence turns out to extend to a distance ( from the superconductor 
boundary (if there is no obstacle in the way). Such an obstacle may 
be, e.g., a magnetic field (see Figs. 13 and 28). 

If a superconductor is covered with a thin normal metal film of 
thickness less than [, this film will also acquire superconducting prop- 
erties. This phenomenon is called the proximity eflect. 

Josephson effects occur when two pieces of a superconductor are 
separated by a thin normal metal film or a dielectric film - thin 
enough for these pieces to feel each other’s superconductivity but thick 
enough to separate them. This is what we mean when we speak of a 
contact between two superconductors, and the effect of superconduc- 
tors upon each other, when it occurs, is called weak superconductivity. 

The contact itself is alternatively called a weak link of a supercon- 
ducting circuit. A weak link can be made not only of a film separating 
two superconductors. Some types of weak links applied in practice are 
shown in Fig. 30. 

In each of the superconductors which are in contact, the electron 
motion is ordered and Cooper pairs move in phases. For two such 
superconductors these phases are generally different - their difference 
determines the motion of electron pairs through the contact. When 
describing Josephson effects it is instructive to recall the interference 
phenomenon in optics. These are similar phenomena, with the only 
difference that it is not the light waves that interfere with the contact 
between superconductors, but the electron waves. It is just their phase 
difference that we mean here. (Recall that according to the laws of 
quantum mechanics, it is not only the wave that should be thought 
of as a particle, but also the particle, in this case the electron, that 
should be thought of as a wave.) 
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Fig. 30. Schematic diagram showing the creation of superconducting weak links. 
These are only examples. The versions utilized in engineering are much more 
diverse. (a) On substrate 1, a superconducting strip 2 is sputtered, then a dielectric 
layer 3, and finally again a superconducting strip 4. The layers shown in the figure 
make a Josephson contact. In practice, it can only be part of a more complicated 
device sputtered on the same substrate. (b) Cross-sectional views of a point 
contact between two superconductors. This contact also forms a weak link. (c) A 
groove can be made in a superconducting a m .  The figure shows the cross section 
of such a 6hn with a groove. It is important that the transverse dimension of the 
groove be of the order of 6. 

The stationary Josephson effect consists of the fact that a su- 
perconducting current may spontaneously run through the contact 
without any applied voltage. This current is determined by the phase 
difference of the superconductors. The current is rather weak, but 
quite noticeable, and can be several milliamperes for conventional su- 
perconductors. 

A nonstationary Josephson effect occurs if a constant voltage U 
is applied to the contact or if a current stronger than the critical is 
conducted through it. (Note that the critical current of a weak link 
is much weaker than that of the superconductor. These are different 
quantities. For this reason, in circuits designed for strong currents 
there must be no weak links and the contacts should be fabricated 
with great care.) Then the contact acquires an active resistance and 
inductance, and through it flows an alternating current. As distinct 

78

 EBSCOhost - printed on 7/9/2020 7:23 AM via BEN GURION UNIV. All use subject to https://www.ebsco.com/terms-of-use



APPLICATIONS OF SUPERCONDUCTIVITY 79 

from the usual Ohm’s law, the voltage U does not determine the size 
of the current, but its frequency. For voltages of the order of milli- 
volts, the frequencies can rise to hundreds and thousands of gigahertz 
(1 GHz = lo9 Hz). This frequency range is called the SHF (superhigh 
frequency) range. The Josephson contact of two superconductors not 
only converts a direct voltage into an alternating current, but also 
works as an oscillatory circuit , i.e. it radiates electromagnetic waves 
in the SHF range. 

It is not surprising that such peculiar phenomena found applica- 
tions so soon after their discovery. 

An Applicat ion of Weak  Superconductivity - SQ UIDs 

A SQUID is a device whose name is an abbreviation for Supercon- 
ducting Quantum Interference Device. The “heart” of the SQUID 
is a superconducting ring with four “outlets” which provide current 
supply and voltage removal. Such a ring, having one or two weak 
links, may represent two types of SQUID which differ in construction 
and operation. However, we try to avoid too many details and are 
therefore concerned only with the properties common to all SQUIDS. 

For SQUID operation, two phenomena are of importance: the 
stationary Josephson effect and the phenomenon of conservation and 
quantization of a magnetic flux in a superconducting ring. The point 
is that a magnetic field, either external or specially created in the 
device, is applied to the SQUID. If a ring has no weak links, it would 
strictly preserve the magnetic flux 4 through it, the value of the flux 
being an integer multiple of the flux quantum 40, i.e. 4 = 1240, where 
n is an integer. 

A superconducting ring with a weak link behaves in the field as 
follows. If we increase the external flux, the magnetic flux cp through 
the ring also increases slightly (see Fig. 31) ~ the superconduct- 
ing current of the ring cannot completely screen the external field. 
Then at a certain instant this superconducting current exceeds the 
critical current of the weak link. The latter passes over to a normal 
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Fig. 31. Increase in the magnetic flux through a superconducting ring (with a weak 
link) with increase in external magnetic field. The external flux here represents 
the magnitude of the flux which would pass through the ring if there were no 
superconductivity. 

state and one flux-quantum penetrates inside the ring (the jump in the 
figure). The screening current falls sharply, the weak link again re- 
turns to the superconducting state, and the ring again starts resisting 
further increase of the external magnetic field. 

Another possible mode of SQUID operation is as follows. A direct 
current is applied to the contacts, and from the SQUID we can remove 
a nonzero voltage which depends also on the magnetic field in which 
the SQUID is immersed. This dependence allows the creation, on the 
basis of SQUIDS, of very precise magnetic field strength meters. The 
SQUID does not measure the absolute value of a field; it measures its 
difference from a standard one, or the difference in the values of the 
field at two close points, or the field variation with time. A strong field 
will, of course, destroy the SQUID, and therefore a SQUID is most 
frequently placed in a screened superconducting “corpus.” (This must 
be associated with the shape of the screen only, but not with the real 
size of the device, which rather resembles a thin stick. The size of 
the SQUID itself is of the order of tens or hundreds of microns.) The 
magnetic field variations come to the SQUID through special acceptor 
coils. 
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Magnetic field sensors based on SQUIDs are widely used in geo- 
physics for measuring the magnetic field oscillations of the earth and in 
some other fields. Along with electric studies (electrocardiograms and 
electroencephalograms), attempts have been made for nearly 20 years 
to apply SQUIDs in medicine for recording magnetic signals from the 
organs of a human body. To read magnetic signals, direct contact 
with the body is not needed. Moreover, much weaker signals or those 
coming from small regions of the body can be registered in this way. 
From years of experiments, magnetograms have been obtained prac- 
tically from all organs of the human body, recording even signals of 
5 x lop7 Oe, and this is not a limit! Recall that the magnetic field 
of the earth is one million times stronger so that for such studies the 
room should be thoroughly screened. 

A magnetogram of the embryo of a pregnant woman can be ob- 
tained using this method. This is important since an early diagnosis 
of any cardiac arrhythmia followed by appropriate treatment can di- 
minish the damage to a fetus’ brain and thus avoid mental disability. 
An electrocardiogram of the embryo can hardly, if at all, be obtained 
against the electric activity of the mother’s organs. From the physics 
point of view, this method has already been elaborated, but it has 
not yet become a widespread diagnostic technique because, first of 
all, magnetogram decoding is not always reliable. 

Some other measuring instruments have been created on the 
basis of SQUIDs and Josephson contacts. These are sensitive volt- 
meters, low-temperature thermometers (for the temperature range 
10p6-10 K), detectors of electromagnetic radiation, and many others. 
In the 1970s, a new improved volt standard was established using the 
Josephson effect, and the values of some fundamental physical con- 
stants were made about ten times more precise. There are not many 
methods that have been so efficient. 
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Chapter 5 

The Superconducting Boom 

Disturbers of Tranquility 

We have hitherto discussed how important and interesting the phe- 
nomenon of superconductivity is. We hope that the reader has al- 
ready realized the importance of this phenomenon and is now eagerly 
awaiting the answer to the question of why has superconductivity 
aroused so much interest of late? Before 1986, the situation was 
quite different. The discussion of superconductivity did not attain 
the level of practical usage outside the realms of physics research. 
It was mentioned in popular scientific and fantasy books rather as 
something exotic and not frequently encountered in our everyday life. 
Most people had not even heard of this phenomenon. Other more 
effective technical applications of physical discoveries, for example, 
atomic bomb, lasers, and semiconductor electronics, overshadowed 
superconductivity. But now it has reached a turning point. 

The new era began in October 1986, when G. Bednorz and K. 
Muller published their paper concerning a possible observation of 
superconductivity at a temperature above 30 K. The authors were 
very cautious: reports of an increase in the critical temperature had 
appeared but had never been confirmed. This time the result was 
not only confirmed but very soon “improved”. In early 1987, it was 
established in several laboratories that in some compounds contain- 
ing the four chemical elements lanthanum, strontium, copper, and 
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oxygen (La-Sr-Cu-0), a sufficiently sharp superconducting transi- 
tion was observed at T, = 36 K. This fact alone was enough to excite 
the world of physics. In March 1987, a report on superconductivity 
in compounds of yttrium, barium, copper, and oxygen (Y-Ba-Cu-0) 
at a temperature exceeding the boiling point of liquid nitrogen, TB = 
77 K, appeared. “Nitrogen” superconductivity was discovered which, 
not long before, had seemed to be an unattainable dream! 

Avalanche 

Here is how one of the American newspapers described the Amer- 
ican Physical Society Meeting held on March 18-19, 1987, in New 
York: “Physicists from three continents attacked one of the New York 
hotels to participate in the hurriedly organized conference devoted to 
the chain of discoveries which are likely to entail a whole cascade of 
commercial applications in electrical engineering and electronics. 

“On Wednesday afternoon, the doors of the conference hall were 
opened before the roaring and glittering crowd which suddenly lost 
all its professional dignity. Within three minutes it occupied all the 
1200 seats, after which nearly one thousand physicists were squeezed 
between the rows and by the walls. Hundreds of others fought at the 
doors for the right to penetrate inside.” 

Then the newspaper compared the unprecedented agitation among 
the participants at the conference to the behavior of the spectators 
at famous rock music festivals. A similar atmosphere also reigned at 
that time in other physics centres. In Moscow, to hold back people 
who tried to get into the session of the Division of General Physics 
and Astronomy and the Division of Nuclear Physics of the USSR 
Academy of Sciences, combat police were employed for the first time 
in the whole history of the sessions. 

But the most surprising thing is that the boom has not ceased for 
several years although the first wave of excitement has passed. Clearly, 
it was not a spontaneous flash of interest in superconductivity, but the 
beginning of a transition to a new plane of superconductivity studies, 
a transition to a new technological revolution. 
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The discoveries made in this field were not isolated or accidental. 
It is not simply new compounds but a whole series of new classes of 
high-temperature superconductors that have been discovered. Good 
superconducting samples with a sharp transition at a temperature ex- 
ceeding 90 K had already been obtained by the summer of 1987. By 
November 1, the record of a critical temperature of 125 K had been 
firmly established. We mean here the temperature of total super- 
conductivity (the “end” of superconducting transition denoted by T,, 
in Fig. 4). Reports on materials with high T, are constantly under 
verification. Now, at the beginning of 2004, the maximum reliably 
established critical temperature T, is 135 K (under atmospheric pres- 
sure), while under high pressure 164 K is achieved. 

All the substances mentioned undergo thorough testing. There 
is an intensive exchange of opinions and results. Every two or three 
months, sometimes even more frequently, conferences, symposia, and 
seminars on superconductivity as a whole or on some specific branches 
of it are held somewhere in the world. Dozens of scientific periodi- 
cals devoted solely to superconductivity and even superconductivity 
weeklies appeared worldwide providing new information. The speed 
of the work is no less surprising than the results. Hardly a month or 
so passes between the first report on the discovery of a substance and 
an extensive description of its properties. The scale of activity can 
also be characterized by the following numbers: Within three years, 
1989-1991, nearly 15,000 papers and notes on high-temperature su- 
perconductivity were published, which means that about 15 papers 
appeared each day. 

This, of course, shows the enthusiasm of the people, their temp- 
tation to stake their claim in the new field of discoveries. How far 
it has gone can be judged by the following story. The head of a 
large American laboratory brought his paper on the discovery of 
a new high-temperature superconductor to the editorial office of a 
physics journal and demanded that the referee should guarantee non- 
divulgence of any information until the paper was published. More- 
over, he gave an erroneous formula for the substance and then 
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corrected it at the last moment before publication. But the most 
surprising thing is that the substance with the erroneous formula also 
proved to be a high-temperature superconductor. Everybody wants 
to be first: the stakes are high. 

It is also important that the governments of most countries and 
large private corporations have adopted extensive programs and allot- 
ted very large sums of money to investigations of superconductivity. 
Almost everyone who has the opportunity has been engaged in these 
studies. This problem is intensely elaborated in the centers of physics 
in many countries. 

But this is not all. Reports on superconducting discoveries 
appeared constantly in daily newspapers. Journalists attended con- 
ferences on superconductivity to get information. Even those who were 
only remotely connected with superconductivity were now discussing 
this problem. 

What Feeds the Superconducting Boom? 

Why are millions of dollars spent on superconductivity research? 
It would, of course, be very easy for us to say that an outstanding 

discovery has been made and that everyone is pleased with it. But 
it is not quite so. The success was really major. Since T, = 23.3 K 
of the compound NbsGe was obtained in 1973, T, had not been in- 
creased by a single degree till 1986. Within the next two years the 
maximal temperature was improved several times. Though in the sec- 
ond half of the 20th century much more fundamental discoveries have 
been made in physics, they have not aroused anything resembling the 
superconducting boom. For example, there are the discoveries of new 
elementary particles and pulsars. A mere increase of the critical tem- 
perature is not essentially new. (Note that wonderful scientific results 
have been obtained in the past years, but the most widely discussed 
is the information on T, increase.) 

The main cause of the boom is different: the possibility of cooling 
superconductors by liquid nitrogen, instead of liquid helium, promises 
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huge economic benefits. One liter of liquid nitrogen is over 100 times 
cheaper than one liter of liquid helium. Furthermore, approximately 
ten times less nitrogen is needed to cool some metal sample than he- 
lium (the specific heat of vaporization of nitrogen is much higher than 
that of helium). In addition, the cryogen equipment is appreciably 
simpler and cheaper. 

As you can see, there is something to fight for: what seems to be an 
exotic property will soon become a routine technological process. The 
main thing is that the studies are under way and nobody has proved 
that the temperature cannot be raised. This is so tempting that in 
the literature, including newspapers, dozens of reports on observation 
of superconducting effects at very different temperatures (up to room 
temperature) appeared during the superconducting boom. Note, by 
the way, that from a theoretical point of view no essential obstructions 
are evident for creating room-temperature superconductors. If before 
1986-1987 the dream had been to obtain high-temperature supercon- 
ductors, today’s dream is room-temperature superconductivity. 

“The Level of Noise ’’ 
There is one more surprising fact which also promoted the super- 
conducting boom. It turned out that the new superconductors are 
not some exotic substances at all and that they can be manufac- 
tured readily in any physical or chemical laboratory. The parameters 
of superconductivity, of course, depend strongly on the conditions 
under which the substances are made, and it is not so easy to reach 
record values. But it is now possible, even in school experiments, to 
demonstrate superconductivity at liquid nitrogen temperature. 

After the start of the superconducting boom, previous publica- 
tions were looked up and it was discovered that the substances which 
proved to be high-temperature superconductors had already been 
under study. In particular, a compound of the composition La-Sr- 
Cu-0 was obtained in 1978 at the Institute of General and Inorganic 
Chemistry of the USSR Academy of Sciences. But at that time it did 
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not occur to the authors to test this compound for superconductivity, 
and it was only nine years later that the specimens were “taken from 
the shelf” and proved to be superconducting. 

Nearly 30 years ago an American, R. F. Jones, wrote a story called 
The Level of Noise. A large 
group of scientists, physicists, and mathematicians gathered at a se- 
cret meeting. There they were told that a certain man had invented 
an antigravitational apparatus. During the tests the inventor died 
and the apparatus was destroyed. The participants in the meeting 
were given shapeless fragments of the apparatus, sound records (with 
a high level of noise), and some other data which they must use to 
reproduce the results. 

Before the meeting all the participants were convinced that anti- 
gravitation is in principle impossible, but then they reversed their 
beliefs. Their attitude changed and the work began. As a result, a 
new apparatus was created. After this it became clear that the meet- 
ing and all the data presented were a well-planned deception. Neither 
the inventor nor the apparatus existed. It was only a ploy to get be- 
yond the prejudice or, as the author of the story wrote, to increase 
“the level of noise”. 

It seems to us that something of this kind has happened in 
superconductivity. For a long time, all attempts had led to the same 
temperature range. The consensus was that the critical temperature 
of superconductivity could not, in principle, be raised above 30 K. 
Although it was shown in the 1970s that there was no essential re- 
striction upon T,, the majority of physicists refused to believe in the 
existence of high-temperature superconductors. The search for them 
was “out of fashion”. 

The paper by G. Bednorz and K. Muller was a catalyst that raised 
“the level of noise”. The disbelief has become a belief which, being 
strengthened by evidence, now produces brilliant results. 

The plot of the story is as follows. 

Prospects for Superconductivity 

The authors of this book would prefer the reader to be interested in 
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superconductivity for its own sake, but we do not cherish great hopes 
for that. We have already written that those who are interested in 
the new discovery are attracted by the prospects of the applications 
of superconductivity. In this sense an event which is more commercial 
than physical occurred. It is not surprising that one of the first results 
of the superconducting boom was an increase in the sale of ordinary 
superconducting equipment. 

It will be some time before wires and devices using the new materi- 
als are made. It is not even clear what materials will be most suitable 
for this purpose. And now it is the “helium” superconductors that 
are being exploited. 

An experimental railway prototype with superconducting mag- 
netic suspension was constructed in Japan in 1988. The section length 
is now 7 km. Although the idea was suggested long ago, no attempt 
had been made to realize it until then. A train (or carriage) is sup- 
posed to move without wheels. Such a mode of motion may perhaps 
provide a higher speed than we have now. The carriage is held over 
the track and is moved forward by the magnetic field created by su- 
perconducting magnets mounted at the bottom of the carriage. The 
railway track is made of metal rods which are laid perpendicularly 
to the direction of motion and in which a computer-controlled wave 
of current is induced to run under and in front of the carriage. The 
interaction between the current and the magnetic field hauls the car- 
riage forward and simultaneously creates a gap between the bottom 
of the carriage and the track. 

Obviously, sections of super-high-speed railways will inevitably be 
constructed in future. We believe that the use of magnetic suspension 
based on superconducting magnets is more promising than the jet en- 
gine or the air cushion pattern. It is desirable that the newly-created 
constructions produce minimum noise and thermal and chemical air 
pollution. 

The realization of this idea is, of course, only the beginning. Many 
problems have yet to be solved: protection of passengers in the train 
from the powerful magnetic field, protection of the track itself from 
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alien objects, maintaining steady motion of the carriage over the 
track, etc. 
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