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[1] OB A FEAT, HINTEZ L. 7238, BEOTOITCED R EEOBIRDHA L CTh 5.

A) Superconductivity was discovered by Kamerlingh Onnes in 1911, who found that the

electrical resistivity of metals vanished at low temperatures. The temperature below which this

effect occurs, is called the temperature of the transition into the superconducting state (T¢) or the

critical or transition temperature. In addition to this, any external magnetic field is completely

unable to penetrate into the inside of the superconductor, and if the transition into the

superconducting state takes place in a magnetic field, then the field is expelled from the

superconductor.

Twenty-seven metals are superconductors; superconductivity also exists in more than a
thousand compounds and alloys, where temperatures of transition into the superconducting state
range from 0.01 to 21 K. The number of superconducting metals, alloys, and compounds is
increasing continuously as research advances.

B Immediately after the discovery of superconductivity, its possible use in creating very

strong magnetic fields was investigated. The first research into the properties of superconductors

was encouraging (because of the comparatively high critical currents); however it was
subsequently found that a magnetic field of a few hundred oersteds destroyed the
superconductivity of mercury, tin, and lead. Although it was later (1930) found that a
lead-bismuth alloy remained superconducting in moderate fields, and the possibility of making
superconducting magnets with a strength of 20 kOe was proposed, this idea was eventually
rejected. Thus, further research into superconducting materials was delayed until 1961, when it
was found that the compound NbsSn had high critical currents in magnetic fields up to 70 kOe.
This discovery stimulated research into the development of new, hard superconducting materials
and the technology of making and processing these. It was in this period that the new branch of
science known as "the metal science of superconductors" started developing. All this taken
together evoked the vigorous development of cryogenic technology and other branches of science
associated with the use of superconductivity.

The microscopic theory of superconductivity appeared early in the 1950s. ¢) The effect of

the isotopic composition of a metal on its critical temperature was discovered in 1950. On the

basis of this discovery, a theory of the special attractive forces acting between electrons was

constructed. In 1956 Cooper showed that the electrons in certain metals existed not as individual

particles but as coupled pairs. Bardeen, Cooper, and Schrieffer in the United States and

Bogolyubov in the Soviet Union in turn, using the earlier work as a basis, constructed a

microscopic theory of superconductivity providing a reasonable explanation for this phenomenon.
(“Superconducting Materials”, By E. M. Savitskii et al., Plenum Press 1973 L ¥ $k# (—#kZ). )
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[2] ROFTLEFAT, FRICEZ L. 23, BEDTZDICLEOREICHIBEOEWRNHA L TH 2.

A Temperature affects processes and material properties more than any other variable,

such as pressure, magnetic field, electric field, etc. The ability to harness and apply these

temperature effects is a unique feature of mankind, and it has contributed to great advances in

our civilization. Mankind has discovered abundant uses for high temperatures, beginning in

prehistoric times with the use of fire for warmth, light, and cooking. Later, but still more than 20

centuries ago, mankind learned to forge tools and make crude pottery using heat from fires. As

civilization advanced and higher temperatures could be achieved, stronger metals, such as iron,
could be forged into tools, and much stronger pottery and china could be produced by the higher
temperature firing (sintering) of clay. The industrial revolution ushered in the steam engine and
the ability to generate tremendous power for efficient manufacturing and transportation. The
enhancement of chemical reactions at higher temperatures has been exploited for the production
of vast amounts of new and improved materials in the last century or so.

High-temperature applications began rather early in the history of civilization owing to
the ease of producing increasingly hotter fires. In contrast, mankind's use of low temperatures
has greatly lagged that of high temperatures because of the greater difficulty in producing low
temperatures. Low-temperature applications were limited for many centuries to the use of
naturally occurring ice. The practice of using natural ice to treat injuries and inflammation was
carried out by Egyptians as early as 2500 BC, and the Chinese began to use crushed ice in food
around 2000 BC. Although ice was first created artificially in the laboratory in 1755, it was not
until near the mid 1800s with the development of the steam engine and practical compressors in
the industrial revolution that artificial ice could be produced in sufficient quantities to replace
natural ice cut from lakes. Until then the sole use of low temperatures was with natural ice for
food preservation and a few medical procedures.

B The science of thermodynamics was just beginning to develop around 1850, which

related heat, work, and temperature. Though the concept of absolute zero at —273 °C was put

forward in the mid 1700s, the means of reaching temperatures much below 0 ‘C were not known

or possible until the development of thermodynamics and high-pressure reciprocating

compressors around 1850. Thus, nearly all understanding and uses of low temperatures have

occurred in the last 150 years. Prior to that time, laboratory techniques for reducing temperatures
relied on the liquefaction of a small quantity of gas at high pressure in a thick-walled glass tube
surrounded by ice, followed by a rapid expansion of the vapor phase to atmospheric pressure
through a valve. The temperature of the remaining liquid phase then dropped to its normal

boiling point. Faraday used c) this one-shot process on several gases, beginning in 1823 with




chlorine (normal boiling point of 239 K). Over the next several decades nearly all of the gases were
liquefied at the ice point under sufficient pressure. Ethylene, with a critical temperature of 282 K
and a normal boiling point temperature of 169 K, yielded the lowest achievable temperature with
this technique. Those known gases such as methane, carbon monoxide, oxygen, nitrogen, and
hydrogen that could not be liquefied by this technique, even with pressures up to 40 MPa, were

called p) "permanent" gases.

(“Cryogenic Engineering: Fifty years of Progress”, By K. D. Timmerhaus and R. P. Reed (Eds), Springer 2006
K OHRE )
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