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Modern low-temperature physics began with the lig- o
uefaction of helium by Kamerlingh Onnes (1908) and -
the discovery of superconductivity (Kametlingh Onnes,
1911) at the University of Leiden in the early part of the
20th century. There were really two surprises that came
out of this early work. One was that essentially all of the
.electrical resistance of metals like mercury, lead, and tin
abruptly vanished at definite’ transition temperatures.
This was the first evidence for superconductivity. The
other surprise was that, in contrast to other known lig-
uids, liquid helium never solidified under its own.vapor
pressure. Helium is an inert gas, so that the interactions
_ between the helium atoms are very weak; thus the liquid
phase itself is very weakly bound and the normal boiling
point (4.2 K) is very low, The small dtomic masses and
the weak interaction lead to large-amplitude quantum
mechanical zero-point vibrations which do not permit
the liquid to freeze into the crystalline state, Only if a
pressure of at least 25 atmospheres is applied will liquid ‘
1He solidify (Simon, 1934): It is thus possible, in prin- .
ciple, to study liquid “He all the way down to the neigh- : :
borhood of absolute zero. )
Quantum mechanics is of great importance in deter-
mining the macroscopic properties of liquid. 1He. In-
deed, liquid helium belongs to a class of fluids known as
~ quantum fluids, as distinct from classical fluids. In a
quantum fluid the thermal de Broglie wavelength Ay
= f(2wmkT) 2 is comparable to, or greater than, the
mean interparticle distance. There is then a strong over-
- lap between the wave functions of adjacent atoms, so
(juantum statistics- will have important consequences.
He atoms contain even numbers of elementary par-
ticles and thus obey Bose-Einstein statistics, which
meatis -that any- number of atoms can aggregate in a.
" single quantum state in the non-interacting particle ap-
proximation. In fact .macroscopic numbers of atoms in a
quantum fluid can fall into the lowest-energy state even
at finite temperatures. This phenomenon is called Bose-
Einstein condensation, On the other hand.*He atoms,
each of which contains an odd number of elementary
particles, .must obey Fermi-Dirac statistics: only one
‘atom can occupy a given quantum state. Therefore one
should expect a very large difference between the be-
havior of liquid *He and that of liquid *He for low tem-

peratures where the thermal de Broglie wavelength be-
comes greater than the mean interparticle distance.
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Carbon nanotubes’ have extraordinary physical proper-
ties [1] leading to many potential applications [2]. They
pogsess extremely -stiff structures of a diamond strehgth
[3], given by the graphene layers, rolled in various di-
rections and diameters. In metallic or semiconducting
nanotubes [4-6] electric current can be generated by an
applied dc bias [7] or optically [8]. .

Recent studies show that the skeletal construction of
hanotubes, highly accessible to external agents, could be
efficiently used to vary their electronic structure in uncon-
ventional ways. In an excellent example [9], applied dc
bins to a nanotube, immersed in a NaCl solution, attracts
jons to its walls, depolarizes them, and thus changes the
nanotube length. Carbon nanotubes immersed in polymers
or liquids also have shifted spectra of their internal vibra-
tions [10]. -Thercfore, one ‘might ask il nanotubes could
be sensitive and efficient converters of signals from the
surrounding liquid or gaseous media. Such nanoscale de-
tectors are largely demanding in microchemicul and bio-
logical methods [11], where local dynamical effects are

intensively studied. ~ (from Dhys. Row, ngt,’97).
* Cz‘fbm manotubes ;;-_ BEHI 2T 4 w}

. 'F“ﬁB'g%f%%ﬁ%’Cﬁ@bf&%i,% -
 OERATAIRUE o okl (AR
TN, X Wé.;i;‘f,z%x %ﬂﬁ.,mi/\)\ 7

(40%.)




