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A Bose-Einstein condensate (BEC) is a state of matter of bosons confined in an
external potential and cooled to temperatures very near to absolute zero (0 K,
—273.15 °C). Under such conditions, a large fraction of the atoms collapse into the
lowest quantum state of the external potential, at which point quantum effects become
apparent on a macroscopic scale.

This state of matter was first predicted by Satyendra Nath Bose and Albert Einstein in
1924-25. Bose first sent a paper to Einstein on the quantum statistics of light quanta
(now called photons). Einstein was impressed, translated the paper himself from English
to German and submitted it for Bose to the Zeitschrift fiir Physik which published it.
Einstein then extended Bose's ideas to material particles (or matter) in two other papers.

Seventy years later, the first gaseous condensate was produced by Eric Cornell and
Carl Wieman in 1995 at the University of Colorado at Boulder NIST-JILA lab, using a
gas of rubidium atoms cooled to 170 nanokelvin (nK) (1.7x10—7 K). Cornell, Wieman,
and Wolfgang Ketterle at MIT were awarded the 2001 Nobel Prize in Physics in
Stockholm, Sweden for their achievements.

A) "Condensates" are extremely low-temperature fluids which contain properties and

exhibit behaviors that are currently not completely understood, such as spontaneously

flowing out of their containers. The effect is the consequence of guantum mechanics,

which states that since continuous spectral regions can typically be neglected, systems

can almost always acquire energy only in discrete steps. If a system is at such a low

temperature that it is in the lowest energy state, it is no longer possible for it to reduce

its energy, not even by friction. Without friction, the fluid will easily overcome gravity

because of adhesion between the fluid and the container wall, and it will take up the

most favorable position (all around the container).
(Wikipedia: Bose—Einstein condensate J ¥ 5| )
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From 1882 to 1923 Kamerlingh Onnes served as professor of experimental physics at
the University of Leiden. In 1904 he founded a very large cryogenics laboratory and

invited other researchers to the location, which made him highly regarded in the

scientific community. ) In 1908, he was the first physicist to liquify helium, using the

Hampson-Linde cycle and cryostats. Using the Joule-Thomson effect, he lowered the

temperature to less than one degree above absolute zero, reaching 0.9 K. At the time this

was the coldest temperature achieved on earth. The original equipment is at the

Boerhaave Museum in Leiden.

) Kamerlingh Onnes conducted (in 1911) electrical analysis of pure metals (mercury,

tin and lead) at very low temperatures. Some, such as William Thomson (Lord Kelvin),

believed that electrons flowing through a conductor would come to a complete halt or,

in other words, metal resistivity will become infinity at absolute zero. Others, including

Kamerlingh Onnes, felt that a conductor's electrical resistance would steadily decrease

and drop to nil. Augustus Matthiessen pointed out when the temperature decreases, the

metal conductivity usually improves or in other words, the electrical resistivity usually

decreases with temperature. At 4.2 kelvin the resistance was zero according to the

observation of Kamerlingh Onnes and his co-workers. The drop to zero was

experimentally observed to be abrupt. Kamerlingh Onnes stated that the "Mercury has

passed into a new state, which on account of its extraordinary electrical properties may

be called the superconductive state". He published more articles about the phenomenon,

initially referring to it as "supraconductivity" and, only later adopting the term

"superconductivity".

Kamerlingh Onnes received widespread recognition for his work, including the 1913
Nobel Prize in Physics for (in the words of the committee) "his investigations on the
properties of matter at low temperatures which led, inter alia, to the production of liquid
helium".

Kamerlingh Onnes died in Leiden. Some of the instruments he devised for his

experiments can still be seen at the Boerhaave Museum in Leiden. ) The apparatus he




used to first liquefy helium is on display in the lobby of the physics department at

Leiden University, where the low temperature lab is also named in his honor. His

student and successor as director of the lab Willem Hendrik Keesom was the first person

who was able to solidify helium, in 1926.
(Wikipedia: Heike Kamerlingh Onnes & ¥ 51 H )
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