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To examine and report on;
(i)

Australia's core capacity within CS1RO, universities and other
research organisations to develop new uses for
superconductivity and related new materials which have
potential for commercial development, and our areas of
comparative advantage (such as access to raw materials).

(ii)

The range of potential applications in industry, transport,
medicine, electricity generation and transmission, and
research generally, both in Australia and abroad.

(i£i) The problems and opportunities in developing this research,
especially the roles of government, industry, finance and
marketing.
(iv)

identifying the obstacles to achieving the fulfilment of
(ii) and (iii).
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About the report

The House of Representatives Standing Committee on Industry, Science and
Technology is one of eight general purpose standing committees which were
established by resolution of the House on 24 September 1987. The resolution
of appointment empowers each committee to inquire into and report on any
matter referred to it, by either the House or a Minister, including any
pre-iegislation proposal, bill, motion, petition, vote or expenditure, other
financial matter, report or paper.
Each of the general purpose standing committees corresponds in its areas of
interest with a Federal Government department or group of departments; in
the case of the Industry, Science and Technology Committee those departments
are: Industrial Relations; industry, Technology and Commerce; and Primary
industries and Energy.
The Committee received its first reference, to inquire into investment in
Australian manufacturing industry, in December 1987 and presented its report
to the House of Representatives on 25 August 1988. In addition to the inquiry
which is the subject of this report, the Committee has embarked upon inquiries
into: the problems faced by small business; and the promotion of elaborately
transformed manufactures and traded services.
A list of members of the Committee appears at page (v).

The recent breakthroughs in superconductors were referred to in both Houses
of Parliament on several occasions during 1987* particularly in questions
without notice asked of the Minister for Science, Customs and Small Business,
the Hon. Barry Jones, MP. At the outset of the Committee's existence, then>
there was a perception within Parliament that this was a potential area for
inquiry.
At the request of the Committee, the Minister and his advisers briefed the
Committee on the potential of superconductivity, in particular its relevance to
the power industry, and following further expressions of interest by the
Committee the Minister wrote to the Chairman on 27 April 1988 setting the
terms of reference which appear at page (Hi).
IX

The Committee appointed a Sub-Committee to undertake the inquiry and the
Chairman of the Sub-Committee wrote to over 130 individuals and
organisations involved in science, technology and high technology industries in
Australia inviting them to lodge submissions. Fifty-one submissions were
received and they are listed at Appendix 1.
The Sub-Committee then held a series of public hearings in August and
September at which witnesses were invited to provide evidence in addition to
that which had been provided in the submissions. Over thirty-five witnesses
appeared before the Sub-Committee. Details of the public hearings and a list of
the witnesses appear at Appendix 2.
The Sub-Committee presented its report to the full Committee in November
where it was subsequently adopted for presentation to the House.
A list of members of the Sub-Committee appears at page (v).

This report is of course bound by the terms of reference handed to the
Committee by the Minister for Science, Customs and Small Business. At a first
reading those terms of reference may seem quite narrow, focusing as they do
upon the potential applications of superconductors and certain new materials
and upon Australia's ability to exploit them. However, in examining the
obstacles to making the most of that potential, the focus shifts successively
through widening fields of view: many of the obstacles are not specific to
superconductors but relate in general to science and technology in Australia
In making this report, the Committee has had to use its own judgment in
drawing bounds to the field of inquiry; the issues which have been raised throw
up fundamental questions about the position and direction of Australian
science and technology. Those questions cannot be dealt with fully in this
report for, apart from the principal demands of the terms of reference, it
would take several inquiries to do so. The report does, however, attempt to
identify those fundamental problems even if it does not proffer solutions.

The core questions with which this report deals, and in certain cases makes
consequent recommendations, are:
. How important is superconductivity to Australia?
. What are its potential benefits?
. What stands in the way of gaining those benefits?
. What are the costs of doing nothing?
. What steps can Australia take?
A summary of conclusions and recommendations appears immediately after this
Preface. A glossary of terms relevant to the technical aspects of
superconductivity and new materials and a reference guide follow. Chapter 1
outlines what the Committee regards to be the subject of its inquiry. Chapter 2
explores existing and potential applications and assesses the fundamental
importance of superconductivity to Australia. Chapter 3 describes the nature of
research and development in superconductivity and new materials and identifies
the key problem areas. Chapter 4 analyses Australia's current position, its
strengths and weaknesses and Chapter 5 discusses Australia's options and
makes recommendations in the light of the conclusions drawn in the preceding

The Committee commends the efforts of the Sub-Committee which it
appointed to undertake this inquiry, the first by the Committee into a
specifically scientific and technological area. It has been something of a
trailblazing exercise, during which the Committee has established its first
contact with the scientific community. The Committee hopes that this contact
will be augmented and that the Committee will come to be seen as a means of
greater communication between Parliament and the many players in Australian
industry, science and technology.
The Committee thanks all those individuals and organisations who lodged
submissions and particularly those who appeared as witnesses at the three
public hearings; the substance of this report is based upon the evidence they
presented.
Finally, the Committee is grateful for the assistance given the Sub-Committee
at various times during the conduct of the inquiry, especially by Dr Colin
Adam and Ms Judy Randall of the Commonwealth Scientific and Industrial
Research Organisation, Dr Alan Jones and Mr Alan McCulloch of the
Department of Industry, Technology and Commerce, and Mr Ian Shortt of the
Australian Science and Technology Council.
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The Committee would not wish to be seen as having a blinkered perception of
where science and technology fit into Australian society, a view that science
and technology exist purely for economic ends. The Committee agrees with the
Australian Science and Technology Council that their 'benefits can be
encompassed in three main headings: cultural enrichment, economic well-being,
and the quality of life'. However, science and technology have a vital role to
play if the nation is to recover lost ground as an industrially advanced
democracy and it is upon the benefit to the nation's economic well-being that
this report is predicated.
The Committee notes the number of reviews undertaken over the last decade and indeed being undertaken now - into various aspects of national science and
technology policy. An integrated, strategic approach has frequently been
advocated and indeed the current Government launched a concerted effort to
develop a National Technology Strategy in 1984. However, that effort has since
languished. In the absence of a comprehensive, clearly articulated national
policy on science and technology, this Committee has had to draw its own
inferences with regard to national goals and the means of achieving desirable
ends. The Committee strongly believes that such as policy is a priority.
The Committee has attempted to stress the challenges that confront Australia
and therefore some may see the report as being unduly pessimistic in that
certain weaknesses in Australia's position have been highlighted. The
Committee, in doing so, casts no reflection either upon the Australian scientific
community or upon Australia's primary producers. Having spoken to some of
Australia's leading scientists in the course of the inquiry, the Committee is well
enough aware of the diminished morale among scientists; the Committee would
prefer to praise them, not to bury them. And neither should the advocacy of a
greater research and development effort in manufacturing industry be seen as a
call for a smaller effort in Australia's area of traditional strength, primary
production. Our primary producers are far too easily taken for granted.
The sudden advent of high temperature superconductors offers Australia not
deliverance but a test. Too many structural adjustments need to be made before
Australia can fully exploit the opportunities. But recognising the adjustments
which must be made and acting upon that recognition is the test, and how the
nation responds may well provide an example for confronting the larger
challenges which face the nation.
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development and in the fragmentation of its science and technology
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investment in manufacturing that:
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Investment in Manufacturing, page 53.
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technology, have been recognised but corrective action is still being
proposed and has yet to be resolved.
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Absolute zero - Theoretically, the lowest possible temperature; zero degrees on
the Kelvin scale and equivalent to -273.16 degrees Centigrade or -459.69
degrees Fahrenheit.
AC - Abbreviation for alternating current.
Alternating current - Electric current which, as distinct from direct current,
flows alternately in opposite directions through a conductor; the number of
alternations in a unit of time is a measure of the current's frequency.
Anisotropy - The non-uniformity of physical properties of a material in
relation to direction within that material; for example the variation of
resistance to an electric current according to the orientation of crystals within a
model - A theory of superconductivity which posits the interaction of
pairs of electrons (Cooper pairs) with atomic vibrations (phonons) within a
crystal lattice enabling one electron of a pair to pull the other though the
lattice without energy loss; the model works for LTS but has been found to be
inadequate for HTS.
Ceramics - Solid materials combining metallic elements with nonmetals, usually
oxygen.
Critical - Marking the transition from one state to another.
Critical current density - {In relation to superconductivity) the current
density above which a superconductor *goes normal*.
Critical magnetic field strength - (In relation to superconductivity) the
magnetic field strength beyond which a superconductor 'goes normal'.
Critical temperature - (In relation to superconductivity) the temperature,
usually measured on the Kelvin scale, below which a material becomes
superconductive; also referred to as transition temperature.
Cryogenic - Concerning the attainment and maintenance of temperatures close
Cryogenics - The study of materials and phenomena at temperatures close to
absolute zero.
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Current density - The ratio between the quantity of current flowing at a point
of a conductor and the area of cross section of the conductor at that point; the
symbol for current density is J and it is typically measured in amperes per
square centimetre (A/cm2),
DC - Abbreviation for direct current.
Diamagnetic - Exhibiting a negative magnetic susceptibility and tending to
align transversely to an applied magnetic field.
Direct current - Electric current flowing through a conductor in one direction.
H - The symbol for magnetic field strength.
Hcl, Hc2 - The symbols, respectively, for lower and upper critical magnetic
• High Temperature Superconductivity; superconductivity occurring at
relatively high temperatures (that is, higher than those for LTS).
Inter metal He compounds - Compounds of nominally fixed composition, one or
more of the constituents being metals.
J - The symbol for current density.
Jo - The symbol for critical current density.
Josephson effects - A number of phenomena associated with the operation of a
Josephson junction; they include the generation of very high frequencies
proportional to the voltage of an applied direct current and the variation of
current flow in proportion to an applied magnetic field.
Josephson junction - An electronic device consisting of two superconducting
plates separated by a very thin insulating film; the device is useful because of
the associated Josephson effects; a superconducting quantum interference
device (SQUID) consists of two Josephson junctions.
Kelvin scale - Also known as the absolute temperature scale, an extrapolation
of the Centigrade scale, starting at absolute zero; temperatures are expressed in
degrees Kelvin (K).
LTS - Low Temperature Superconductivity; superconductivity occurring at
temperatures close to absolute zero.
Maglev - Magnetic levitation by exploiting the Meissner effect; a method of
propulsion for trains, for example.

- A field of force existing in the presence of a magnet or a
material conducting an electric current.
Magnetic field strength - A measure of the force exerted by a magnetic field at
a given point in space; the symbol for magnetic field strength is H and it is
typically measured in teslas or kilogauss (1 tesla = 10 kilogauss).
iility - A measure of the degree to which a material is
magnetised by a magnetic field in relation to the magnetic field strength.
Meehatranics - Synonymous with 'robotics'; in the same way as information
technology' is a more accurate description of what was formerly called 'data
processing', 'mechatronics' signifies the conjunction of mechanical and
electronic technologies.
Meissner effect - A phenomenon synonymous with perfect diamagnetism.
Normal - (In relation to superconductivity) non-superconductive; a
superconductor 'goes normal' when one or more of its critical properties - nil
resistance to a direct current, or perfect diamagnetism - is lost and
superconductivity is 'quenched'.
1-2-3 ceramic - A class of materials which can be made to exhibit HTS; the
description is derived from their generic formula: R(,,Ba2Cu307-*s where R is a
rare earth element; sometimes referred to as perovskites.
Operating temperature - An arbitrary temperature chosen to enable the
optimal operation of a superconductor for a given function in a given set of
circumstances; a temperature between absolute sero and critical temperature
which makes allowance for constraints imposed by other factors, such as
critical current density and critical magnetic field strength.
Perfect diamagnetism - The total expulsion of an external magnetic field from
within a material and the setting up externally of an equal and opposite
magnetic field; known as the Meissner effect, the phenomenon indicates that a
material is superconducting; it produces magnetic levitaiion (maglev).
Perovskite - A mineral: a variety of calcium Utanate formed at high
temperatures.
Perovskites - A crystal log rap hie family of ceramics that have a similar atomic
arrangement to Perovskite; 1-2-3 ceramics are structurally flawed members of
this family.
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A distinct state of a substance reflecting its molecular energy; for
example, steam, water and ice represent the gaseous, liquid and solid phases,
respectively, of hydrogen oxide; the superconducting and normal states are
different phases of a material.
Rare earths - (Strictly speaking the oxides of) A family of elements comprising
scandium (Sc), yttrium (Y) and the range of elements known as lanthanides,
namely: lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd),
promethium (Pm), samarium (Sm), europium (Eu), gadolinium (Gd), terbium
(Tb), dyprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium
(Yb) and lutetium (Lu).
Resistance - Opposition to the flow of electric current through a conductor;
resistance causes losses, usually in the form of heat or light, in the energy
carried by the current.
Resistivity - A measure of a material's resistance for a given area of cross
section for a given unit of length.
early 1-2-3 ceramics; reflects the freedom of approach facilitated by the
absence of a theoretical base (synonym: hit or miss).
SMES - Abbreviation for superconducting magnetic energy storage,
SQUID - Abbreviation for superconducting quantum interference device.
Stoichiometry - An aspect of chemistry relating to the composition of
materials, in particular the determination of their chemical formulae;
identifying the superconducting phases of 1-2-3 ceramics involves oxygen
RBa 2 Cu 3 O7. K ).

Substrate - A backing material to provide rigidity; necessary to compensate for
the fragility of superconducting thin films.
Superconducting magnetic energy storage - A system using superconducting
magnetic coils to store energy in the form of a continuously circulating electric
current.
Superconducting quantum interference device - An electronic device consisting
of two joined Josephson junctions; it is extremely sensitive to magnetic fields
and has a wide range of potential appiications including b io magneto met ry,
mineral detection, corrosion detection, and high speed switching devices.
Superconductivity - The phenomenon of an electric current flowing against no
resistance; perfect diamagnetism is concomitant.

Transition temperature - Synonymous with critical temperature.
Type I superconductors - The earliest, metallic, superconductors; distinguished
from Type II superconductors by their sharp transition from superconducting
phase to normal as external magnetic field strength is increased.
Type II superconductors - Materials which enter a mixed state - in which a
magnetic field begins to penetrate - between two levels, the lower critical and
upper critical, of magnetic field strength, as external magnetic field strength is
increased; at upper critical magnetic field strength, superconductivity ceases.
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Information has been derived from a number of sources, in addition to the oral
and written evidence provided at public hearings and in submissions. The
following guide sets out in fuller detail the sources referred to throughout the
report, and the form in which those sources are cited.

All oral evidence presented to the Sub-Committee at its public hearings is
recorded in the Transcript of Evidence; references to transcript evidence take
the form: Evidence, (page number).
Written evidence
Written evidence can take the form of a submission, a supplementary
submission or an exhibit. The submissions of witnesses who appeared before
the Sub-Committee at its public hearings have been incorporated in the
Transcript of Evidence; references take the same form as for oral evidence.
Other submissions have been consolidated in a separate volume of evidence
and references take the form: Evidence, S (page number).
A list of all submissions lodged appears at Appendix I.
Other sources

ASTEC Occasional Paper No. 2: Australian Science and Technology Council,
Superconductivity - Occasional paper No. 2, Canberra, July 1988.
Commercializing HTS: Congress of the United States, Office of Technology
Assessment,
Commercializing High-Temperature Superconductivity,
Washington, DC: US Government Printing Office, June 1988.
High-Technology Policies: Nelson, Richard R,
High-Technology Policies • A five-nation comparison, Washington, DC;
American Enterprise Institute, 1984.
Immigration (FitzGerald).-Immigration - A commitment to Australia, Report of
the Committee to Advise on Australia's Immigration Policies, Canberra:
Industry Research and Development Board: Industry Research and Development
Board, Annual Report - 1986-87, Canberra: AGPS, 1987.
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Investment in Manufacturing: House of Representatives Standing Committee on
Industry, Science and Technology, investment in Australian Manufacturing,
Canberra: AGPS, July 1988.
Measures of Science and Innovation: Department of Industry, Technology and
Commerce, Measures of Science and innovation - Australian science and
technology indicators report 1987, Canberra: November 1987.
National Technology Strategy: Department of Science and Technology, National
Technology Strategy - Discussion draft, Canberra, April 1984.
OECD, Reviews: Organisation for Economic Co-operation and Development,
Reviews of National Science and Technology Policy - Australia, Paris:

Public Investment in R&D: Australian Science and Technology Council, Public
Investment in Research and Development in Australia, Canberra: AGPS,
November 1985.
Science and Technology Agreements: Australian Science and Technology
Council, Australia's Broad-spectrum Bilateral Science and Technology
Agreements, Canberra: AGPS, June
Science and Technology in Australia: National Science and Technology Analysis
Group, Science and Technology in Australia • A review of Government
support, Canberra, March 1986.
Science and Technology Statement: Department of industry, Technology and
Commerce, Science and Technology Statement 1987-88, Canberra: AGPS,

Wollongong Workshop: Department of Industry, Technology and Commerce,
Report of Workshop on High-Temperature Superconductors - Directions for
Australian research, Wollongong, 16-18 July 1987, Canberra: AGPS, January

Cooper and Hollick: Cooper, Richard N, and Holiick, Ann L, 'International
relations in a technologically advanced future', in Economic Impact, 1986/2,
pages 69-77.
Eckersley: Eckersley, Richard, 'What do Australians think of science and
technology and does it really matter?', Text of an address to a symposium
on 'Public Perceptions of Science1 at the ANZAAS Centenary Congress,
Sydney, 16 May 1988.
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Economist: 'Not-so-superconduclors', Economist, 13 June 1987, pages 103-9.
Foner and Orlando: Foner, Simon and Orlando, Terry P., 'Superconductors:
The long road ahead' in Technology Review, February/March 1988, pages

Forester: Forester, Tom, 'New materials technology: another Australian lost
?' t in
Fox: Fox, Barry, 'Chaos marks scramble for superconducting patents', in New
Scientist, 29 October 1988, page 29.
il, 'Backers fight to keep supercollider on
Congressional Quarterly, 26 March 1988, pages 786-7.

track', in

j

'Applications of high temperature superconductivity', reproduced in
Department of Industry, Technology and Commerce, Materials Technology
and Profit - Overview addresses and abstracts of papers, Melbourne,
I1
Pool: Pool, Robert, 'A testable theory of superconductivity', in Science, 7
October 1988, page 31.
c
1.1 December 1913 - '1

Scientific American, 27 December 1913, page 494.
29 August 1914 - 'A permanent electric current without electromotive force
- The latest discovery of Prof. Kamerlingh Onnes', Scientific American,
Starks: Starks, Laura, 'Superconductors could affect demand for oil and gas
worldwide by end of the century', in 0(7 and Gas Journal, !4 December
1987, pages 48-50.
L- Townshend, Don, 'Taking ceramics into the space age', in
Australian Business, 2 November 1988, pages 88-9.
Verie: Verie, Christian, 'The technological and economic impacts of the new
superconductors', in OECD Science, Technology and Industry Review, April
i, pages 99-134.
Voss: Voss, David F, 'Superconductivity: The FAX factor', in Science, 15 April
1988, pages 280-1.
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1.1 This chapter describes the subject area of this
. The objective is a
working definition, for the purposes of the inquiry, of superconductivity and
related new materials.
1.2
Superconductivity is shown to be not so novel as the reports in the
popular press may suggest: the phenomenon was first noted over 75 years ago
and there is an existing technology and an existing and increasing market.
However, recent advances have led to a widespread belief that a milestone has
been reached and that the successful exploitation of high temperature
superconductivity, in combination with a number of newly developed materials,
will have an enormous impact in a relatively short time, both economically and
technologically.
1.3 Because their economies are now so interactive, the industrially advanced
nations have reached a stage where each nation must make conscious decisions
about its long term economic behaviour, taking into account the decisions
being made by the others. A modern economy needs constant innovation to
survive in this environment. Innovation can be either fostered or left to the
determination of market forces. Many nations find the latter course to be
inadequate for long term planning and thus develop science and technology
strategies which comport with their economic and social goals.
1.4 The generic technology is a key analytical concept at the strategic level. A
generic technology straddles the area between science and proven technology.
A number of generic technologies have been identified as being fundamental to
innovation over the next decade and beyond: they include microelectronics,
biotechnology, information technology, mechatronics and new materials.

1.5 New materials comprise a generic technology of the same importance as
information technology or biotechnology. The new superconducting materials
are only one of a number of promising families of new materials but a family
whose significance is amply demonstrated by the recognition being accorded
them by the governments of the industrially advanced nations.
1.6 The future of some of the other new materials is inextricably linked with
that of the new superconductors. This report is about both.

1.7
There is a conventional model of innovation which sets pure or basic
science at the beginning and then paves a one-way path through applied
science, into technology and then onto commercial development, it is a simple
model which does not comprehend some of the more complex
interrelationships between science and technology, between research, development and demand.
1.8 More often than not an innovation is the outcome of its being seen to be
needed and the developmental stage of its realisation may proceed simultaneously with, or in anticipation of, whatever theoretical and basic research is
necessary. Almost any item of consumer electronics is an example on a small
scale of this principle; a large scale example is the US Strategic Defense
Initiative.
1.9 The one-way path exists only in a logical sense: basic science logically
precedes applied science; research logically precedes development. Between
applied science and a proven technology lies the ground covered by 'enabling'
or generic technologies. Pushing the generic technology is the weight of
discovery, pulling it is the demand for new or improved products and services.
1.10 The word technology is used here in a very general way. Technology can
be described as 'a perishable resource comprising knowledge, skills and the
means of using and controlling factors of production for the purpose of
producing, delivering to users, and maintaining goods and services for which
there is an economic and/or social demand'1 or it can be put more crudely as
'the way we make things'. A specific technology might be the set of processes
and procedures we employ to make a certain type of product.
1.11
Distinguishing a generic technology from a specific technology is a
matter of judgment. Several technologies may arise from a generic technology.
A specific technology in spawning new technologies may itself be regarded as a
generic technology. The essence of a generic technology is that it enables the
genesis of others, that it is the progenitor of a set of new technologies.

US National Academy of Science quoted in National Technology Strategy, page vi.

1.12
New materials, or advanced materials, can be distinguished from old
materials, such as glass, iron, steel, concrete, bricks, wood and paper. New
materials have superior characteristics to old: they may be cheaper, lighter,
stronger or more easily processed. They come from "the mind of the scientist in
the laboratory rather than in the ground'; they result from design rather than
adaptation.2
1.13 New materials can themselves be classified generically; plastics, ceramics,
composites, alloys, semiconductors, optical fibres and biomaterials are examples. More specific instances are such materials as carbon fibres, superglues,
conducting polymers and metallic glasses.
1.14 Considered en bloc, new materials and advanced processes comprise a
quintessential generic technology. A whole range of proven technologies will
ultimately arise; some already have. Many discoveries of new materials and
processes have been made in advance of any economic application: technology
push; others have been developed to meet an existing requirement: demand
pull.
1.15 Such materials are intrinsically high value added: their manufacture and
marketing will increase the economic and technological advantages which
accrue to the adders of value, and which is forgone by the mere producers and
suppliers of raw materials.

1.16 Superconductivity is not new. The phenomenon of immeasurably minute,
if not zero, resistance to the flow of an electric current was first recorded by
the Dutch physicist Heike Kamerlingh-Onnes at his laboratory in Leyden in
1911. Onnes had been the first to liquefy helium - in 1908 - and over the next
few years became a trailblazer in low temperature physics; he was awarded the
Nobel Prize for Physics in 1913 in recognition of his work in cryogenics.
1.17
The discovery of superconductivity came as a surprise to physicists.
Indeed, some had expected that as the temperature of a conductor approached
absolute zero, resistance would tend towards infinity, with current ceasing to
flow altogether at absolute zero. Figure 1.1 shows the relationship between
degrees absolute and degrees Centigrade.

Forester.
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cooled to 4.15 degrees above absolute zero - just under the
' liquid helium - was the first material in which the phenomenon
It was later noted in other metals such as tin and lead. The
temperature - the critical or transition temperature - at which a metal
superconductive was found to be 9.25 degrees above absolute zero, in
metals became the first generation of superconductors.
generation were intermetallic compounds, such as niobium-tin,
and niobium-titanium, which were developed from the 1930s

pound was 23.2 degrees absolute, for niobium-germanium, and this remained
the record until the discovery of the third generation of superconducting
materials.
1.20
Another significant point was reached in the 1930s. In 1933 Meissner
and Oschenfeld observed in superconductors the phenomenon of perfect
diamagnetism, the exclusion of all externally applied magnetic flux, subsequently referred to as the Meissner effect.
I.2S The intermetallic compounds differed from the metals in their transition
from the superconducting to normal phase: in metals, the transition occurred at
a fixed magnetic field strength; in intermetallic compounds there was an
intermediate or mixed state of diamagnetism between two levels of magnetic
field strength. Accordingly, the metals were classified as Type i
superconductors and the intermetallic compounds as Type I!. One characteristic
they had in common was the need to be cooled in liquid helium.
1.22 An adequate theoretical explanation for the superconducting phenomena
was not developed until 1957. John Bardeen, Leon Cooper and J. Robert
Schrieffer proposed a model based upon the interactions between electrons and
phonons, or atomic vibrations. Their theory, for brevity called the BCS model,
earned them the Nobel Prize for Physics in 1972. The following year the
Physics prize was awarded to Leo Esaki, Ivar Giaevar and Brian Josephson for
further work in both microelectronics and superconductivity.
1.23 The first commercial applications of superconductors did not arrive until
the late 1960s. There is now a well developed market in such areas of
application as electronics, instrumentation and medical, aerospace, defence and
industrial, employing magnets, rods, wires and cables fabricated from the
metallic and intermetallic superconductors. The topic of existing applications
for superconductors is discussed at greater length in Chapter 2.
1.24
In early 1986 two researchers at the IBM Research Laboratories in
Zurich, Johannes Bednorz and Karl MuIIer, observed superconductivity and the
Meissner effect in the first of the third generation of materials, rare earth
ceramics. These materials had been developed in the early 1980s by French
scientists engaged in new materials research; while the French were interested
in their structure and properties, they were not looking for superconductivity
and did not find it. However, superconductivity had been observed in
perovskites - the crystallographic family to which these rare earth ceramics
belong - as far back as 1975, though at very low critical temperatures.
1.25 Having some familiarity with perovskites, Bednorz and Muller acted on a
hunch that these materials had potential as superconductors and in 1983 began
searching for the phenomena in variations of the perovskite family. Their
discovery was published in iate 1986 and they were subsequently awarded the
1987 Nobe! Prize for Physics for their work.

1.26
The critical temperatures attained with the third generation of
superconductors were so significantly higher than those of previous generations
(35 degrees absolute to begin with and successively upwards to 100 degrees and
beyond) that they became known genericaily as 'warm superconductors' or,
more commonly, 'high temperature superconductors' (HTS), despite the frigidity of liquid nitrogen temperatures (below 77 degrees absolute; the coldest
recorded climatic temperature is about 185 degrees absolute, that is about
minus 88 degrees Centigrade). Inevitably, the older materials became known as
'low temperature superconductors' (LTS). 'Room temperature superconductors'
(RTS) are as yet a matter of conjecture but their ultimate discovery cannot be
1.27 To achieve optimal performance and to allow a margin for variations in
operating conditions, a working superconductor must operate at a temperature
somewhat lower than its critical temperature. While the raising of the critical
temperature above the liquid nitrogen threshold has been the subject of most
attention, it is the relativity of the operating temperature to the boiling point of
liquid nitrogen which makes HTS economically significant. Nitrogen is much
more abundant than helium and liquid nitrogen is not only consequently less
expensive than liquid helium but also much easier to handle. So while refrigeration would still be essential for an operational HTS device, it would be
significantly cheaper.
1.28
!n the two years or so since Bednorz and MuMer's discovery, further
advances have been made. Compounds other than rare earth ceramics have
been identified, including other copper-oxide ceramics containing bismuth and
thallium. The frontiers of current research and development and the challenges
thereof are discussed in greater detail in Chapter 3. The important point to be
made at this stage is that a range of materials exhibit superconductivity and
that doubtless more will be discovered.
1.29 While there is the prospect of further progress, the fact that the BCS
(Bardeen-Cooper-Schrieffer) explanation for superconductivity does not hold
for HTS has made research into superconductivity not just the province of
materials scientists but also of theoreticians.

1.30 The development of more useful superconducting materials has traversed
at least three kinds of advanced materials: metals, alloys and ceramics. Some
researchers are investigating a fourth, organic superconductors. It can be seen
from this that superconductors permeate the realm of new materials.
1.31 It will also become apparent from the discussions of the appiications for
new superconductors - in Chapter 2 - and the various research and development challenges which

