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Fractional Charge in Quantum Transport through a Quantum Wire

Naoto Nagaosa
Department of Applied Physics, University of Tokyo
Mott insulator is essentially different from the band insulatour because the former is due
to the combined effect of the Umklapp process and the Coulomb interaction while the latter
is solely due to the Umklapp one. Therefore it is expected that the Mott insulator is more
fragile and is more sensitive to the external perturbations than the band insulator. To
illustrate this idea, we study theoretically the quantum transport in a one - dimensional
Mott insulator.
1D interacting electron systems can be generally described by the Tomonaga - Luttinger
liquid (TLL), which is a typical non - Fermi liquid. Therefore it is expected that many exotic
phenomena occur like the fractional charge and power-law singularities. However one
must take into account the leads connected to the finite size 1D electron system. Then we
formulate the inhomogeneous TLL with Umklapp scattering to describe the realistic
experimental setups, and study the quantum transport phenomena including the
temperature dependence of the linear conductance, I- Vcharacteristics, and the shot noise.

The effect of the disorder will be also discussed.

Sheets of ions trapped below the surface of superfluid helium:

a model system for the study of two - dimensional matter

W. F. Vinen
School of Physics and Astronomy, University of Birmingham, UK

A charged particle can be trapped just below the free surface of liquid helium by a

combination of the electric field due to its image and an external holding field. The charged

particle can be a “positive helium ion”, which is created in the helium by field ionization at

a sharp tungsten tip carrying a high positive electrostatic potential; the “ion” consists of a

He™ ion surrounded by a small sphere of solid helium formed as a result of an

electrostrictive increase in the pressure, and its effective mass is about 30 times the mass of
a bare helium atom.

This type of surface trap can be used to create an essentially two - dimensional sheet of
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ions. If the liquid helium is in the superfluid phase, and especially if the temperature is
below about 200mXK, the ions can move horizontally with very little friction; a small residual
friction is due to the scattering of thermally excited capillary waves (ripplons) on the liquid
surface. The sheet can therefore be used to study a very simple form of two - dimensional
matter, existing in a virtual vacuum, the small magnitude of the friction allowing us to

include the study of dynamical properties.

In some respects the system is similar to the two- dimensional electron system that can
be trapped above the liquid surface, and which is described at this meeting by Kono. But
important differences exist, connected, for example, with the fact that the surface ripplons

interact much less strongly with the ions than with the electrons.

Experimental study of the ion system has included much two-dimensional plasma
physics, and it has contributed to the discovery of new types of edge magneto - plasma mode.
As with the electrons, the system forms a classical Wigner crystal at low temperatures
(typically less than 200mK). At higher temperatures the system can probably exist either
as a fluid or as a hexatic, and studies of these high temperature phases are in progress.
Much experimental work has concentrated on the crystal phase. Two examples of such
work will be described in more detail: the development and application of capillary wave
crystallography, which has included a demonstration of the lack of long-range
crystallographic order in two dimensions; and a study of damage and annealing in a

two - dimensional crystal.
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Figure 1: Gray-scale plots of the zero-bias resistance or conductance for

(a) Ni/Co/Ni-, (b) Co/Ni/Co- and (c) Al/Co/Al- SETs.
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Surface smoothness of liquid 3He at ultra- low temperatures.

ISSP, University of Tokyo 0. Kirichek

M. Saitoh

K. Kono

The transverse optical plasma resonance (TO) of Wigner Solid is used for thestudy of the
superfluid and normal ®He surface properties. The [requency of the TO resonance gives the
information about Wigner Solid coupling with helium surface. The collision time of surface
electrons obtained from line - width of TO resonance is determined by interaction with
surface roughness of liquid *He. It is shown that the collision time follows
single - electron - ripplon scattering (SERS) theory in temperature range from 300 mK down
to 70 mK. The deviation of the collision time from SERS theory below 70 mK could be
explained by vanishing of propagating ripplons due to dramatically increasing liquid *He

viscosity. The collision time becomes independent on temperature below 10 mK because
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ripplons are completelydamped and another kind of scattering process determines the
dissipationin the system. Below superfluid *He transition at 0.93 mK collision timestarts to
rise, that could be evidence for the reduce of surface roughness ofliquid *He in superfluid

state.

Vortex state in microfabricated superconducting disk probed by tunneling spectroscopy

CREST, JST Maxim Zalalutdinov

ISSP, University of Tokyo Hiroyuki Fujioka

Yoshiaki Hashimoto

ISSP, Univ. of Tokyo, CREST Shingo Katsumoto

Y asuhiro Iye

Anomalous vortex structures: giant multi- quanta vortex and peculiar multivortex
configurations are anticipated when perpendicular magnetic field penetrates inside
mesoscopic superconducting disks, whose radii and thickness are comparable or less than
the penetration depth A and the coherence length £ . In the present work STM - STS technique
was used to obtain local tunneling spectra in order to identify configuration of the order
parameter and hence - the vortex state in superconducting Indium disks with 500nm radius
and 32nm height, fabricated by the electron - beam lithography. Magnetic field dependence
of the tunneling gap at the center of the disk reveals hysteresis and reentrant behavior,
which could be attributed to the switch between different vortex configurations. Spatial
distribution of the gap along the disk radii was tested in particular magnetic field H=115G,
for which gapless state at the disk center supposed giant vortex state. Detected increase of
the tunneling gap in Y direction toward the disk boundary was in accordance with the
behavior expected for a giant vortex state. However, in X direction the periphery of the disk
was gapless, while full superconducting gap was observed in narrow region about the
middle of the radius. Though this suggests that the giant vortex is distorted by some sort of
disorder present inside the indium disk, it would also be possible that some unexpected

vortex state was observed.
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Charge density wave: an example for driven periodic systems

with quenched disorder

Pierre Monceau
Centre de Recherches sur les Trés Basses Températures, CNRS, France

First a very short review of the general properties of the collective transport induced by
the charge (CDW)/spin (SDW) density wave motion in quasi-one dimensional

conductors is presented. Then, I focus the attention on recent developments in this field.

Electronic instabilities which result in charge density wave (CDW) concomitant with a
periodic lattice distortion, or in spin density wave (SDW) arise from the same basic
driving force, namely a divergence in the generalized static electronic susceptibility

¥ (q). x (q) is derived from the bare magnetic or electronic susceptibility of the
conduction band:

Xo(q) = Znk (1-nx)/(Ex—Ek+q) (1)
where nk the occupation of the state k and Ex its energy. The most significant
contributions come from pairs of state which differ by q=2kr (kr: the Fermivector) and
have the same energy giving a divergent contribution to Xo(q). This nesting condition is
the best realized in one - dimensional compounds for which the Fermi surface is formed
of two parallel planes separated by 2kr. Depending of the relative strength of
electron - electron and electron - phonon interactions, the spatially modulated ground
state can be either a CDW or a SDW.

In the case of a CDW instability' below the Peierls transition temperature Tp, the system

is driven in a modulated state of the conduction electron density: o (x)= po [1+cos(Qx+



¢ ], accompanied by a periodic lattice distortion of the same wavelength, 2 7 /Q, where
Q=2kr is the modulation wave vector (generally incommensurate). The new periodicity
opens a Fermi surface gap in the electron density of states and leads to the appearance
of new satellite Bragg reflections.

The opening of a gap below the Peierls transition temperature is reminiscent of
semiconductors, but the essential feature of a CDW is that its wavelength, A cow=27 /2kr,
is controlled by the Fermi surface dimensions and is generally unrelated to the
undistorted lattice periodicities, i.e., the CDW is incommensurate with the lattice.
Consequently the crystal no longer has a translation group and in contrast to
semiconductors, the phase ¢ of the lattice distortion is not fixed relative to the lattice but
is able to slide along q. This CDW motion gives rise to a collective current given by
J=nev, where n is of the order of the electronnumber density condensed in the band below
the CDW gap. This Frohlich mode is a direct consequence of translation invariance. In
practice, as shown by Lee, Rice and Anderson®, this translation invariance is broken
because the phase, ¢ , can in fact be pinned to the lattice, for example, by impurities or
by a long - period commensurability between the CDW wave - length and the lattice or by
Coulomb interaction between adjacent chains. An applied dc electric field, however, can
supply the CDW with an energy sufficient to overcome the pinning, so that above a
threshold field, the CDW can slide and carry a current. Unfortunately, damping prevents
superconductivity. This extra conductivity associated with the collective CDW motion,
called Frohlich conductivity, has been observed® for the first time in 1976 and since that
time, an intense experimental and theoretical activity has been devoted to the

understanding of the properties of this collective transport model*®.

Non - linear transport properties have been observed in transition metal trichalcogenides
as NbSes, TaSs, halogened transition metal tetrachalcogenides as (TaSes)21, (NbSes)ols,
in molybdenum oxide Ko.3MoQOs, etc. A similar behavior has also been fourld6 in SDW
organic Bechgaard salts (TMTST)2X.

The properties of the new current-carrying state can be summarized as follows:

- The dc electrical conductivity increases above a threshold field Er=RIt(R:Ohmic
resistance).

- The conductivity is strongly frequency - dependent in the range of 100 MHz to a few
GHz.



- Above the threshold field, noise is generated in the crystal which can be analyzed as
the combination of a periodic time dependent voltage and a broad noise following a 1/f
variation.

- Interference effects occur between the ac voltage generated in the crystal in the
non - linear state and an external rf field (Shapiro steps)

- Hysteresis and memory effects are observed, principally at low temperature. Inside
a domain, where the phase ¢ is only time dependent, a simple equation of motion has
been derived®:

¢” +T¢ + ) sing = QeE/M" (2)
where E is the applied field, @wp the pinning frequency and M" the Froéhlich mass. For a
dc field E higher than Er, the sin ¢ force term gives rise to a velocity modulation at a
fundamental frequency, v , and its harmonics which can be considered as the origin of
the ac voltage generated in these systems. It has to be noted that the A,y assumed
periodicity for the force means that the fundamental frequency is linked to the mean
CDW velocity Vopw= Acpw ¥ . Therefore, according to Eq.1, the extra-current carried by
the CDW is given by:
Jeopw=noe Vepy = Noe Acpy ¥ (3)
According to Eq.3, the slope of Jupy/v is a measurement of the number of electrons
condensed below the CDW gap. The extra-current J.py is measured from the non - linear
V(1) characteristics. The number of electrons deduced from the J.p,/v slope is of the
order of the electron concentration in the bands affected by the CDW condensation, as it
can be calculated from band structures or from chemical bonds. This result can be
considered as proof of the Fréhlich conductivity’ . When the field overcomes the threshold
one, the electrons, which were trapped below the CDW gap, coherently participate in the
electrical conductivity.
The general properties of the sliding CDW state are now relatively well established. New
lines of research are being developed at the present time. [ will describe some of them in

the following.
1-Dynamical transition in sliding CDW

Non - equilibrium steady states of driven periodic systems with quenched disorder have

recently arisen a large interest. Examples include quasi- 1D charge - density wave (CDW)



(Ref.4,5), vortex lattices in type - II superconductors®, two - dimensional Wigner crystals®.
All these systems are characterized by the pinning, so that a macroscopic motion is only

set up when the applied force is larger, than a threshold value.

In the simple case of quasi-1D CDW, where the CDW motion is only along the chain axis,

10,11 and

many interesting effects were predicted such as a dynamical phase transition
instability due to the proliferation of phase slips. These results were obtained by solving
the equation of motion of the periodic structure including non - equilibrium effects such
as convective terms'®'"*%, Very recently Radzihovsky and Toner'® predicted the dramatic
effect of the transverse current on the CDW motion along the conducting chains. This
effect results in a novel “current - effect transistor” in which the CDW channel is turned
on by a transverse quasiparticle current. An experimental verification of this effect was
recently reported'. However in contrast to Ref.13 we found® that contributions from
transverse flows of electron - like and hole - like quasiparticles to the force exhibited by the
CDW along the chains act in the opposite directions, so that in case of perfect
electron - hole symmetry these contributions cancel each other like in the Hall effect.
Considering also the recent experimental verification of the effect, we show! that the
influence of the transverse field on the longitudinal current was very likely provided by

the action of a longitudinal current induced by the applied transverse voltage due to the

large anisotropy of the CDW compounds.

2-Phase slippage at the interface normal metal/sliding cbw

Phase slippage is required at the current electrodes of quasi-one dimensional conductors
with a charge density wave (CDW) ground state for the conversion from free to condensed
carriers. We have performed'® at the ESRF high resolution X -ray measurements of the
spatially - varying shift q(x) of the CDW satellite wavevector between current contacts on
a thin NbSe3 whisker in the sliding state. Applying direct currents, we observe at 90K
a steep exponential decrease of the shift within a few hundred microns from the contact.
The CDW deformation profile q(x) reflects the carrier conversion process via nucleation
and growth of phase - dislocation®®",

Pulsed current measurements of the shift q show important differences between pulsed

and de current data. While in the middle part of the sample there is no observed



difference between direct (dc) and pulsed (pc) currents, on the contrary the pe shift is
nearly zero at the electrode position and reaches a maximum at a distance of about 100
um away from the contact boundary. These differences suggest a spatially dependent
relaxational behavior for the CDW deformations, the fastest relaxation occurring at the
contact position. Keeping the pulse duration T=90K for a current I= 4.6mA (2.3 Ir) as
a function of the pause, 7 , between pulses. Figure 1 shows the variation of q with
frequency f=1/t . For the highest frequency (5kHz) the shift reaches 70-80% of the
(maximal) dc shift. At low frequencies(0.1Hz) q still has a finite value ( ~ 20% of the

maximal de shift), which reveals frozen deformations in the CDW condensate.

3-CDW transport in mesoscopic structures of submicron and nanometer scale

We have studied CDW transport in the sliding state of NbSes in different mesoscopic
structures with size from micro to nanometer scale.

First, we show'® that the presence of columnar defects induce oscillations in the
non - linear CDW conductivity as a function of magnetic field with flux period hc/2e. We
consider this result as the collective response of the moving CDW to Aharonov - Bohm flux
inside the columnar defects. Second, we demonstrate'® size effects on CDW transport in
a periodic network of mesoscopic units between submicron holes (antidots). Size of the
elementary unit can be as small as 0.5 #m along the chain axis and 0.2 zm times 0.3 #m

in cross - section.

4 -Slow dynamics of energy relaxation at very - low temperature in CDW/SDW

compounds

CDW/SDW systems in their ground state exhibit typical “glassy behavior” for numerous
electrical properties, the deep origin of the disorder being the pinning of the DW phase
by randomly distributed impurities, lattice defects, or approach of the
commensurability. This random ground state is characterized by many metastable
states with very broad relaxation times spectrum.

These metastable states are best revealed by low-temperature thermodynamical

20,21

measurements® . By means of specific heat and energy relaxation techniques in the T
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range between 70 mK and 10K, we have established several characteristic “glassy”
properties:

- Additional excitations to regular phonons contribute to the specific heat for T<1K
according to a T” law, v <1.

-In the same T range, the specific heat becomes strongly time-dependent: the heat
relaxation after a short heat perturbation of order of 1s becomes non-exponential. We
have also shown that the relaxation kinetics depend strongly on the duration of the heat
perturbation (“aging effect”). The time necessary to achieve thermodynamic equilibrium
at T<1K exceeds hours. The heat relaxation is thermally activated with an activation
energy depending on the duration of the perturbation. It is of the order of ~1-2K if the
system has reached its thermodynamical equilibrium.

The heat capacity in conditions of thermal equilibrium, Cpeq (when aging is saturated)
determined® from the integration of the total energy release is étrongly different from the
short time Cp. That is demonstrated in Fig.3 for (TMTSF)z:AsFs. Below T= 0.5K, Cpeq
increases with decreasing T and reaches a maximum between 0.08K and 0.150K. This
temperature dependence of Cpeq has all the characteristics of a Schottky anomaly with
a great similarity to that obtained in (TMTSF):PFs as shown in the inset of for
comparison.

A theoretical model®, which ascribes the origin of the long - lived metastable states to
strong pinning centers located close to commensurability regions could interpret the

experimental features.

5-Low frequency permittivity of COW/SDW

The low frequency response of a pinned density wave (DW) [for instance, TaSs and the
Bechgaard salt (TMTSF):PFs in the temperature range between Tp/2<T<Tp is
characterized by an overdamped and broad mode. The frequency dependences of the real
part &' and imaginary part &€” of the dielectric susceptibility can be well described by
a generalization of the Debye formulation taking into account a wide distribution of
relaxation times. It is found that the mean relaxation time is thermally activated with
activation energy roughly equal to that for free carrier conductivity, in agreement with
linear response theory of weakly pinned elastic DW including screening effects of free

electrons.
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However, at lower temperatures, new features appear. We show that the temperature
dependence of & measured at low frequencies, f, below 100 kHz exhibits a large peak.
Similarly to many other disordered materials such as orientational glasses, spin
glasses,...., the divergence of &' may indicate a transition of the DW into a new

M3  Such a glass-like state has also been revealed at very low

glassy - like state
temperature (T<1K) where the energy relaxation time of DW excitations becomes
anormally large and dependent on the time duration of the application of the thermal
perturbation®*.

In the sulfur analogues of the Bechgaard salts, (TMTTF)2X with X= and PFs, charge
localization of Mott- Hubbard type occur in the range of T=100- 200K, leaving unaffected
the spin degrees of freedom. It is shown that in the localized state the huge real part &’
of the dielectric permittivity (with a growth up to a magnitude of 10°-10°) results from

the collective response of a charge ordered state of a Wigner crystal due to long range

intersite Coulomb interaction®.
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Fig2. a:schematic picture of a structure with a triangle lattice of holes (antidots). The
chain axis is along b. Elementary CDW conducting unit is shown as the shaded rectangle.
b:scanning electron micrograph of the patterned part of NbSes: Sp=S¢=0.6 #m, Dp=Dc
=0.4 ym (from Ref. 19).
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Fig.3. Specific heat of (TMTSF)2AsFs in thermodynamical equilibrium obtained by total
integration (black dots) compared to the short-time C,. The anomaly which remains
after substraction of the short time Cp (empty losange) can be fitted to the Schottky
anomaly (full line) with the corresponding parameters given in the figure. Inset shows

similar anomaly for (TMTSF)2:PFs; from Ref. 22.
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Fig. 1. Temperature dependence of resistivity of the
ring - shaped crystal along the circumference of NbSes.

Fig. 2. Satellites of CDW of ring - NbSes by electron diffraction
at T=138K, which is cooled down below CDW transition
temperature. Qi(0 2.40 0) is wave vector of the CDW, b’ the

reciprocal lattice vector,
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HiREEOE(LZ T ANV F—HuEOE(bE b 598, ThIFROEEORUE LTHNS, 2&
A, \ATREAMIORE D TR VF—FHEAVNS Wiz, RBICAZOLETIDHEESS
ENTE S,

ZE 3R

[1] H.S.J. van der Zant, F.C. Fritschy, T.P. Orlando, and J.E. Mooij: Europhys. Lett.
18, 343 (1992).

[2] U. Geigenmuller, C.J. Lobb, and C.B. Whan: Phys. Rev. B 47, 348 (1993).

[3] A.V. Ustinov, B.A. Malomed, S. Sakai: Phys. Rev. B 57, 11691 (1998).

[4] M. Terao and H. Akera, unpublished.

BRZBRE FEDdislocationDEE) &spectral flow

FAERFERFPEHREIEHER 4K IE E

BAHER (CDW) oductikaEXMEIz, COWO TE O IEEFR ) KB LW TEEZRE
EH->TW5, WOEENMEE ZBICE, BRESR» SERFOETEAINICETH, CDWEE
MARNEICNESN S T o2 ANEMRIHITE X 240806 0, Zh) dislocation loopD %A
Ml EVWHETRIZDTH S, ZOMERESN, B EEOREREICE->TVWEES, REX
ZDHOHKAEREICHAIT S LI2E B, LIch > TdislocationD &' + I 7 ADHEfRIL,
CDWOiak R Z MY T 5 5 AAAIRE WA B, [1-3]

e, CORIEIZCDW O EE 1A% Ginzburg - Landaul#i# Tadik L, dislocation DfEAERHE
EAVRI M ERRESTHET LW T o —FTHEmSI N, FIEDEEDL- VA
MLTREBE BRLV—BNEohTVWE, LnLAENS, fo& X iddislocationDEEIZH T 5
HOE ORI EITOVTRE I 7 oRBEAH S OFERPBBELIE->TL 5

Fx 3, ZOfIC>WTdislocation® ity (T 7) IZE S Sspectral flowdE WHHRICEHRL,
% Ddislocation® ¥ 1 + 1 7 RIIXf 9 B 728 A N1, spectral flowlTH W TREIL Z &1F,
ZhhdislocationDFULEN L TZRIVF—F+ v TOEMST, FLEFMho EANDTZ RV
F—LAXNVDOHETEZITH HICdH 5, dislocation?CDW DchainZ 1] 5 & & DchainNIiTEB ) 3
IRIF—-URLOEERIRT, (filiZchaind Sdislocation® TOREEETH 5,) spectral



flowDFFE BN FED—>Id, Ginzburg- Landau His
O URNVTEMOFFOBENESIESEILTLES S
EThHB. Fxldspectral flowDENREH HHITHD
ANBZEick->T, ERORFEGTT LD EEUE
FAEH L, BERTOEE)EHEAD Z IR T 5
BUVERICE O TIIAEROFERE—Ed 5 T LEMEL
1. [4]

ZE R ¢

[1] S. Ramakurishuna et al., Phys. Rev. Lett. 68,

UNA—FAULT

-0.5 -0.25 0 0.25 05
2066 (1992). chain £ TOIERE

[2] Ji- Min Duan, Phys. Rev. B48, 4860 (1993).
[3] H. Matsukawa, in Quantum Coherence and
Decoherence, ed. K. Fujikawa and
Y. A. Ono (Elsevier Science, 1996)
[4] M. Hayashi, cond - mat/9801094.

BREBERDE VLD &R

BoKBeEE & A IE #t

EREERE R, 1 KOEEENMERICE VT, TV REBERES LIRICEHN 5 KETH 5,
bEDTREO Fic, N2 ke (7 = VM) ORBEROAPHEENEN, £OERICEF
DR L THIR A bONEREE R TH S, 8T, BUEEROKES, bEORTFRHROLNE
BRI 250, BOEWHEER LIFY, EWEEKIE, bLOFICLD, Evikbahnd, L
ML, CORICESENIT, BENHIREHIET S L, EVEONRTOT, IHREERD
mns.

COHFIE, ROERILEMEIBTELZSLIENTES, REICHUBEAZ b-BEOL
I, FTOXRMICEUEEBZ b oltkEZ 05, AOEYEBORYOIFIE KT o, £
DRI TOEOBEEEICT 720 L 3E DiAA, EOBEEFRICKEHEIHDEHEMAT
LEIZHAIL, Chid, BEEBICX-> TEHMEWEMRENE—fIThS, LML, MAEH%E
K& LTV &, HBEAZEONT, LoREALITIEHT, CONDOKEI%E, FARILE#E
FI &ML,

CMAELERIEEROBAICYTIIN S &, TOENDL &R TG, EOBMARAERNE
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i<, € ko, HESIRARIEEENC, Thehdiid s, JORGERE
EHOMERD, RO LS BROENICE > TED LS ICELT Z2O0IE, HHKEVRETH
5,

AHHETIR, VRTCBABMEERIC | HRMIDA - 558%%A, #IU-Lee-Rice® 7V
EHWT, #dBEETIOREMGRMNCER L, BAEEROET X VF i3 BRERRO
WFEROMET L LBINEOT, OMBEHMABOEKE LT, MEERISVTOES
ZEZBETIVOMELL - Lee- RiceET IV TH B,

9, THNEVES I, BERETHHENERNICE—THD, 20EbDOFELEHH—
ThHod, S EH, Eil-Lee-Rice® 5 75 » o7 vOE_EHHER (ChZEFEAERT
H3%) THZONBN, AFNEOEESE, EEEGFELNMELETV, 2L T, BHEMAT
WX, CoHEEEEHORERGEN YOIt E, EVIESOERTNE S, JhiTkD
MEBIERINS, COHA, EViEDHDETHIE, 2% —FITEE 5,

—7, TGRS B854, BERETHENFHYIOMETAH AT bo, AME—LEE
EiB. FLTIOREREOE O OIS FOEHEAEXEZELS L, HEEHOTT, BH
AR RIRIEDRE O T EDbh -t COFRMRER, THYORE D ICRELIFESE
2Hobl, LHrbiEbkELD /NS VEGEE DD, Lid-T, CORIOREDICKEL
IS EICL D, TS MBSO TR~ E  EDDRIINREI Z2EHLD/NSUE
BT, RO E 0 TRITICE Y IEDOFThIEI 258065 2 &b -1, JOHR%E
RATIRS A T4 7 EMERZ EiC Lz, b LEEENVNS NI, SO TRFNRS AT 4
VT BREDRSAT 4 v IEGEREIL, 2ROREBHLIET TSI EICH 5,

kD ki, BN ET vy itk ->TE RSB INTWARMAIS, | HoRmE
SENEANIAZF TS, MES GRARILEEN) NETT RSS2 2 EHHSHIC -
tz. MRS, BATEKICELTR, AMMIE  EHERITREE VS fMEANEHS N TE A,
BABMEEROBE IR, A MESE T 20EELH S & &ML 1.

Ak, {BEHETH S, BLUFHEE RIEREEOREREICESVWTITOOhE L1,
eI B W LE T,

ZE 3R
M. Yumoto, H. Fukuyama and H. Matsukawa : J. Phys. Soc. Jpn. 68 No.1 (1999)170.
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SUFLCEVIEDEIN-EERICET BdropletDFIREEEMTAFI v I X

WAMIEN  F O T

5 v & LA L AR & - T E v Ik A2 1 B R O (AR P 5 ITE B A D
BTFOIESENERT v LET vy v uhicehh - litERE LTIRA SN B, £ I TIRBET
FNFE—ES VT LRT Y v IDREMICEE L, SROELTEREMNFET S, COTLhH
BREETRAE VST ANGBEMST A F 3 v 7 AWNFEET 5 2 EiFFa N5, [1]

FOHGE S X (3H 4 WEFR r — ik AHMEBIRICL 5 LEZ 5N 5, FHIREICEY 5
CNE TOHET I FHIMEOERN S OREIC L > T, CNOORIEIRIRD K 5 MERK R r—1Y
VA O L EZ OGN TV, H5H00EH D DE/MR Y —VLOKE S O (droplet) (&
JWL ~ ao(L/Lo)* REE(¢ RFSHER)OEMEODEEICFA B, EIBiEF v » 7T AFIEH
TN 1E v (L/Lo)° F2EE( 0 MIER) THBH, 5 VI LUBERTHLILERBRLTEN
L EREDRO LW A2 2. &SIl IhoDREREINICIAFEICL->TEI TV
LEZLN, 20 (AH)IXNVF—[EEAURHMEF v v TAFERILL YRR — ) v 7§tk
EH->TWAEEZEZONTWVWS,

F# lddropletFiEIcBId 2 Ch o DRRICES X, BMNFA+I v 7 AT IR =) V7
HRARR L, ROV -FEMPHNEEZRICET 2 27— v 7RlEH 0z, a5l
SHEURTES VI LETF Y v IV EOWEHROE Y TFANOY I 2 V—Y a Y TEMICKEL L 72[2].
CHETIEY ) — 7 PdepinninglzfF B &, FHFHIGEIC K 2 EFHIRENEICHRI N TR,
BIRIEEOREICIZ S » & LEEARO BT RV F —HE ORI R L - BIREOHEAHN
3,

SEAHRAEIC 51 B BME S X IR EMIREED S OERIRIC K 5, BEICL 30, LELOEF ¥ v
TOHFIBVWTIEEAEF Y v TURAF<EBTO bONEARICE B XL A r—IVLTH, %
NICENEEOERcRT/ v (L/Lo)? THEELTVWAILTH S, THITL > TEARITEWLIE
ETHEEE S XH & ORI NO IS B I5E (IS E )RR E LR r— VT biFah, HIGO
JEFICEVER Ay —LEMNF TR %,

—7, IEEHHREED & OEMIE, BZEMRY — VTR HEVW IR VF —FEEEE A 18435 An]#
BT LTVWA EEZ O, BERORIBRMHERLTLE> TLA IR AF—[FEENENIC/
DWEEDHETHET S 2 EItL > TI I THEVNOABFHT ZIEENGFENE I LTH S,
OB ERFEEETRAE V75 REMU LD ICHEBHRMIKER (1 2 » 7R 285, &
x> 12 R =Y Y ZTRNCHED S Eibh - Tz,

[1] H. Yoshino, Phys. Rev. Lett. 81, 1493 (1998).

[2] H. Yoshino, preprint.
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BF 750 vESHEHFESER

WLAE )l E R
BN (Boah) %% 2:E80 & FimcB L TEENLL T 7 o— 7, F&7Caldeira-
LeggettDmX[1]D & 512, BBEEBEOFFRSFTRIEAL, o thTFEavichzg
FHENR S HETH 5, @R, EFERKOTVEBOHHEEEICES LTHEE (KT
A) LTLEH>TENZ L, LHL, OhmicheDFEicid, Binxt DIkt 1I+HRITTE
FINLBEREFHSHMA Y VIEOERICERT LD 5 (FIZIE[2]). CIT, RV VHOBHRE
HHLFOEAEICTIG L, WRUAD A Y VGG BREERT . HTFOEHY 3 ZEROKTE,
R NMEORS O LD, TORAICINE, hFOESHREICET 2 < O SAHHDOEERI,
BiA Y VGO IEARLE TR T %,

RFD—RTO B AT > v ¢ VR EE T 21546, BlOESICL > TRIEM EIRRTEHEDE
FETECEEMAIEDMONTVLEY, ChodzhZh—RAOEBERY VIHOHEHO
Dirichlet$ & U'NeumannHiR&H ST 3. —7, HTHA KT EORBAF ¥ 2 + L
ZET B4, REESIERDEDOPENBHENEES 5, Chid, ZRADOBEHRAEY V50O
DB S ICH7E{Ed 5 Dirichlet T H NeumannT b 7 Wk TIFEIPBIBREEICHIET 5, DL
3 IR ORISR T b RBROE L WIEETSH D, —MRINICIZAER bEZL T
12U,

LAL, d2EO=FiEF EORTT SV VHEBNCSOWT, YidKanelZEikREO ISR
ZIGH L ThitE o L 72[3]. 4 i3, CORBEE=REPottsERID R FZH[4]1IC BB
MBI EERL, FicSlERET L L bIT, A RHOBEERSMLI[5].

[1] A.O. Caldeira and Leggett, Ann. Phys. (N.Y.) 149, 374 (1983).

[2] C.G. Callan, et. al. Nucl. Phys. B 442, 444 (1995).

[3] H. Yi and C. Kane, Phys. Rev. B 57, R5579 (1998).

[4] I. Affleck, M. Oshikawa and H. Saleur, J. Phys. A: Math. Gen. 31, 5827 (1998).
[5] 1. Affleck, M. Oshikawa and H. Saleur, #{idn
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2RISR —Fy b7V OBESEEFHANOHHENNFE

JeABET @ O | OE

FRTHETA2HEBEBT b v AVT A REZHIELT, +/ A= PH A XDOEJE 27 ZHGHED
HFEMELIRD A SRB Y 5 25 — 26 L ROBRU=TEHEL, EROITFARSA TS,
OISR —Fy bT—=2I2BVWT, VAV RO L S T 5 R Y —DENFERIIRS VD,
BERIEEHECE L BERIETEELONS, A0, EEL 207 5 Ry —ROERZE
AV I 2 V—va VLK DHEREOTHES 5,

IS5 2 —DEBIN =0 v FiEICEDKD, BETO b rRMEICGE Y TFAVDEER
Wi 2075 RAF —DAusic2W\WT, RISRT & 5 REH - BERESSG SN, ZOFEE L
T, 1. 7—oOUHE, 2. BHROABMGIET, 3. EXAT ) yANEONI, E6IT, ERTY
YZADENBE AT VY v VEET, BRAMRBICEL TS vy hc220EEED, HlchbT v
¥ LRBERFESO L D LEROKRTIZE T, '

J—n VBB RET ISR — %y 7 — 2 OBHEARMRER, -0 VEBRORT Y TR
EREERICELEED, HEVIFHETIIEV. —F, ZOMOER - BEFER, 7527 —RE
DYHENFFICEN D TH B, 7525 —% v b7 —7 OIRZE O IZEEF N & 7 A HNIRE)
7L, BROAMSIET FHERPIHREIH O BRI~ ORBEEIC LV ELILbDOTH 5,
Ft, HEABEEOET Yy VBT NS 2 DDOIRERENTFEL, TORENRELELES 120
ICERTFTY YADBEL B, ThoD 2 >OIRBIKERLETIRD 4, IO DREROER
AEL S, BFO b RVEBETFHENRHERICE>TVWENR, 7527 —RENEPHTEGE,
P AbERFAICELS, LHALENS, THUCRRAIEETO b v RIUBENEL, RO
BENB LUEHIRVF—£ENEHE, ThnE ->hiF &R0 ERREB~ER T 5. —74,
HEFIIREID O BIIBIRBINOEB X, 75 A7 —RBORT v ¥+ VIXIVF—DEB LRIV F—
AZHREI NG, VA Y FOEEBMER (BB ICXDEedslEIclb, TOTRIVF—DH
Bit, 735 RY—ICRIETHENIEE NN —ENICHED L MET Lic L ZicBih, 08K
FIEEITDIIV, LLEAS, Ths 2 20EBE#ENS S0, ERAT Y Y RHEETIR, |iR
DS V7 LISERFINENSE L E1EB,

100fELL EDE 7 5 A5 —Auss® | IRTTIEDBRUZHORPEA, KEA LI K, F— b2 ZAK
TiIbhbHhTEY, EXFTY Y ABLUERDS vV LABEFESMERIENTHSE, TOZLhbo,
I3 Ry =%y b7 — 7 OBGUGEEHEICRET X v b7 — 7 OB FFI SR ROERMEAH S 2
EEZ 5.
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120

100

80 -

I (nA)

60

| l | | | |
1.0 15 20 25 30 35
e VI/C,

BIAHHKICBITEZREVYDRO—FA4F IR

JEBERIRRIER IR R RERSY: MR NRE & K
FEREED BIRYE TiSz (., Ti® 2 RIL=MIETFESO=MIEFHY >~ FA » F LI BALEDS,
77 YFNT — VAN TRESERL - iiliE - TV b, COBEICFe%BHxTS v 5 —H L —
v a v Lzbon, BIREMEAFe TiSeTH %, ¥ X hDFeld, x<0.22TIES ¥ ¥ AT, xH31/4
P©1/3 LV BHILARS & X3 EDHEBTIC2ax 2adh B W3, /Ba X /3a OEIEFHEEETE
MLT, Av9—hb—>a T3 (BERFIEERENTHRTREL, 75327 -Z2FEKTS) .
COLAEERHEER L T, BRIINE baIREL T, AE Y75 X(x<0.20), 75 R —
75 Z2(0.20<x <0.40), MM (x>0.40) &k 4 RESBRFERT, [1]

AHETIE, AEYTSZ (LUITFSG)EI TR~ F5 R (LLFCG)TRAE Y DIRBFEVNRED
LHCRBBON, IS 2RE=ME TRy bT—F LT LT 4 — IV FEECT—EORE
BAZFEMNG, ZAEVENEDLIITRI -TLWAENERLMNITEIEEHNE LT, 18#
MR O TS x' B K CEHR S 2" %, E4.200 580K THRIE L 72 COERTIINES
NLINETL VA Y — V=T Z i B L8NS 518, SQUIDEEHGT AR L T50m Oe D /| i
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1BRIE, 0.50°5100Hz A TAIETEZ 2L HICTRL TV S, [2]

SGDx=0.1, 0.2 TlE, zld 75 RAEBRET, TH AT %, CGDx=1/4,1/3 TRE—-7%mRT,
" BOThbTLILETREOTH B0, ZhUTTHEMLTED, /5 AHTOANERT S
LAELTVS, £1Teld, FEHMEL I ERTELEVIIRIFVERT

R RO B bt LT, RoRAEFIBI%L

x(@,T) = Xoo(T) = [x0(T) = Xoo(T)}/[1 + (iw70(T))*™]

EUTEH L E, RE L OBHBERONHBEM q( v, T)OHRIEE to(T)T, 1B B(T)TEHHT
X7, BEREANDNRSA—F—T 4 974 7LD, ChoDEOREELERD Iz, EET
FTHC &, SGORBTIZY 5 AT 1o(T)~10 2 BHICHE B0 LT, CGTIRIPP BHET
BLH TV, BITEOH IR, SGOANCGLD bERNSF L IENDIED S,

DL, SG(x=0.20) & CG(x=1/4)T 3, BEEMN T -720.06 LOEDLEVIZHHDD ST,
ZE VERICIIAZREVNS S E0DMh-t, CDEVE, 2RTL=ZMAEFRTOYA b -
NR—al—va YEFAERVWTHET 5,

QIRTE=ART Lic, BExTFe%2 7 vy AcEoE X, B LEEYA PES LEBRVLTL-1
L& BTFOBMSIMET/ A=V — T BDICFx=0.50BENLETH S I LAERNICH
MoTWb, BLIEEFE2BLUE IEEY A MTIT>T/S—aV— v 3 VHEREHRET S
L, b xS ESGECGDIER0.22H0.010BETE 3 Y A M/ S—aL—bF 5, —F, &£
DV 2558 4 PRIE1/4£1/301(0.29£0.01) T/ S—a L — bF 50, EEEERIRT LD
12, CCTHENOBTICARMEVIREED, O END, CORDEFBIETIE, 5 2:0HKET
(370 S A MEIAMN LIcRy b7 — 0 EERE XA S ENFSNE -1, FHO
(R EA D Fe.NbS:T b2 X 208§ FAHMHEERH 21838 5 C LAVRINTHD, [3]
COBELE SEHEY A FEEN LB FANERTH %,

S5 3K

[1] H. Negishi et al.; J. Magn. Magn. Mater. 68 (1987) 271.

[2] M. Koyano et al.; J. Phys. Soc. Jpn. 63 (1994) 1114.

[3] M. Koyano et al.; Proc. of 10th Int. Symp. on Intercalation Compounds (1999) pp. 164.
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REEEIR « WEMARD XA - DA —IL

THRERE H B & ih

SRR « BRIEEERIC KA A P F AL v o DA —UDEET B L&D, BRFEMOZERZELL,
WA=« TRAF—DHRHITOVWTHEEBIL 72,

MABATIR, BFREEZDSObTHBHT AT —FEREYEZICRES05, LWL 2HDOHRER
Bhy—2icpidond, BS54 —7—0N12T, 2KEFDESE p*' TFL, | KigEOS
G PP EFAMNELHTRES, HIBETREIORY =N 1D, BETEH22HB, E1:,
METHEIA =L« TRLVF—RBIA—LVOFRIIDH L TVED, FRCEID AT —NVIiZZD5}
HOEICHHE LT WA, fif, BETIRYA—I « ZXUVF—EY 4 —rhOffliBIn T
LTwah, FL220RIDRY—A0H 5 1 2RI F—HEHRL TV SBHOMRE fid
BEHTO LR NF—SHEOBHEL TS, BENTMREE, p® EFME p*' EFMTES L,

F 4 OB N T ADIEY A — P, £ ORMEREFEBAROL S Ic, BFEHN2OLLESS
WA, YA — VN TORFEROZERZE, 2KRTFHEOBIFTH ShTONMERITH 5,
ZOHMAET S E %, —ERIEELL T Esine - Gordon FEER IS, EL%E H FHiddouble
sine - Gordon Hi2I2 18 %, B oM BFERIGTEMHINCIE, BiF p' EFMC, BER PP ETL
DFEFITE,

FEBEH L O ERACFBEEEND 2 X S IEAICE, BABETOY A —VEERT 57201
i3, REAEEREZHFTE BRI R VF —EHEAVRITNER SRV, AESGHENHET 2
LS T e, ENEMEREFCEVIZETHD, A —VNTHERERIREITIRENS 5
bhaRFTHb, FEAHOLEMHNLEINZICONT, RBHIVNELLES,

EIIROBAE, YA —VEOEEICE L THIFEDEENRAIRTH S, THET 4 — Vil
FOEFNAERIEW ok B, BN Y 7 b o E— FOXMFREIC K > T}, FREICAES
BHEO DA = VHAHBET 2 2 LR SN TV,

HERA DN R A EORHLES)

L E RF AR ER )l % A E

=&K #

WEERFEREIIC B W THBAMA RS, BEEAD 7 o v KB (lHER LD GRS
185), WAEKRD FAA VB (M ERIBOARNRIES), WHIEALEORL ERKIC,
NEATORATRFEIL ZALVF—FETH S, O, AHIEHICX D ERmmIERNEZES)
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THIENTES. WRERANBC &, HAE RS XOEHOS FOMEFRICE > Tl LD} F

FEE - BT 5. S, EEHIO L WEELSEOEEY, momilicd R - s FREOEE

VERTCREACEEEHULTVWS, LHL, BEEAREICFETEERICMMET 2HRRUIKTL, W

RATOMES X, TICEERAEOESNTH 5. EEHEMESEOFHINHERETH B0 LT,

WEIEROMEE FIEROMB I B 2RO —HER RRY 5, TOFEKRT, EFEROE

B 3FESANOFIER S TE S,

SR (TMTSF) X F BN ERBEISGRE LTI HMOoN TV, MRE=ERERT
H5b, fERIC I ODOBREAEAT S L, ZOMME THEIIHK20EFNIN 5 O TES IIER D
BERBALLABIENTES, SO, ZORBHERZNOM L EREOESE ) 7TV Y
A LTEIT 2FNTHETH 5.

—ENEIE N T CIHREAESH S &, EREOLEMEHHORME L TAIE L/, LINISEEO
AT 5.

OIEAEORE—tE (KMt EONTh) Z2RL, FRRSMEFcikEs 2, £, EHRX
B (EFEOMET—EEIEL, & 2HMBARICHUEEHT)

QIRE « 5/ « EENBAERIORF b I S EICm B S 5,

LB ICRM S BRGNS 5, EBBHMERTORFHIFHOIEME & bISHRENRDT 5,

Chid, WEOEMEENEICLESCHRT, BRICBY 2R EFRNS, REORE

IRIEHE ARSI & » TRE S & LT 3,

@—EHNEIES D FTO— B L 3EEICE RV RERTH D, FIEKHEE-RECEWT
LIBEICHNTIFICRE LIRS FERY, COKRIE, FILRENREOEVERE ZRTS
CEERT,

Cho0EFHOEHI, BHBHIGEEFVTRRHTEY, BERES LB TFRICHET 58H
EEARMT 2 bDEEZOND, WEIEARDOER S, MABAPEIER A A VBEOEE) & Dt
BHEOEINS, &oiCid, EERSICHET 3 EMIEOZ LRV IAERmomflk o513
HosHEEFH~5 & bkl TH 5.

1) M. Mukoujima, K. Kawabata, T. Sambongi, Eur. Phys. J. B7, 365(1999)
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BEMNEERRER

R AFEERNHAR 8% K M %

HWICHAEd 3 > OEEA M > THOE 5 & 2OBEBREREL, HEIERZR
BTV, AN EERTHEFLERANSGIED S, SEILUNMEOMAGHENDHD S50, X
FRI—OYE, HEESBEERND, L35, ZHo0RREOHMBRMERICEND, —Hic, ¥
BAMOREZ - OOEEMESLTVWA & X, ZhRERER(EE, KHR)EIFEIND, B4
BRI EXFUHNEROFBRIAZEATV S, KRTNDIE, FEFOILHENETSLEEEET
W, EIHEL,

3T, Zo0REOHRHEFMEGRE THA TG LLET 2L, REaTRERPOMORTHE
LHEFPRATERL W, &R, BXT2EEOERIE, BERKOSIFEFEICH->TIRDERT
XEBOIHERN(BAFEARERD S EIcti b, HFANEERMIER)EGLESEE, £
NIEBEZG/10E 155 2 ENBRLERENS DN S, ThE TEENT XD (FARN)BE] &0
5, LTAN, ZLOMEFRE) B IO RENMINSVIENTETROEZREIT, 20K, 9
AR LS 2HIFMEETIREL, HEORTFE(TNVEIRONE, FIZE, $oHE (11
0) @10 GO AA, S (11 1) mC10GoithnimbiEddNDE2EId, 7D
i, BWCETREFEOE TR > ThbEWh D, BHOFTFETT D ZROELE, iR
LHIFERINICEANETR T 5. chnt BHEER) Thbd, BHEREES §OILELNE
(KIS EWVL, BRIEEFEERICE > TRO N5, BRIENHPEENTXOBEL D E
BTN E WERE, TEEALOEICE > TENDARI 206 THB[1], HEAREDRFH
(TROE)O LZ2EHTEILIcL->T, ZORTFEEUNINDEZRIT, LA -T, R
DFRD KT B, $b B OEBIC W BIERTS 5.

“akt 0 BETHEAI A B Ad D ICA TR N % (Peierls 1) W9, ChidHEHOEMKICHKXT S
HT, ks SN S 5[2]. Peierls NIFHEAIOEB) K 28EEBLE VWA S, ANOTFT
TS BRI T ORI ZRIRE L, MENEE T 5, B ShickREROFERMEICL-T
MEL LB E 125, Ishioka[3] I3 Bk A SO S AN A FHER T 2 ZKkHTVAE. TH
i, 2IRTOHMIETIES 7%, BAOBEEE RO LICHET 5, ARRETIE, 2R
DT IC K - T, #AIZPeierls & DIEVWHT LB TENTE S, fidBihdT s Lick-
TEWCHERIEE - E D, JOLH BROBIMEE%E 3 RTINS C EADNDNORETH %,
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Phenomena with the change of the order of time - scales

FARKEERYEEHER M A it
There are a group of phenomena where a critical force plays an important role. The clas-
sical friction with a ‘maximum static friction coefficient’ st ,the fracture of materials with
a critical ‘stress intensity factor’ Kic , the plasticity of continuum bodies or of granular ma-
terials with an ‘yield stress’ oy (von - Mises’ yield criterion) are typically among them.
On the other hand, some group of phenomena like glass transitions, the static solid - state
memory or small and single magnetic domains can be characterized by the existence of a
frozen state which are only meta - stable in a strict sense.
These two groups of phenomena seems to have some physical essence in common;that is,
there exhibits the history dependence, i.e. the memory in a general sense, and also the pos-
sibility of resetting the memory.
These features are simply characterized in terms of the pertinent time - scales; As far as
a control parameter or parameters a of the system is definitively below the critical one, ac,
the average waiting time of a certain large fluctuation which we denote by 7 (a) is much

larger than the time - scale of the observation, say Tobs;

T (a)>> T obs for a < ac

For example in the friction case a can be the magnitude of the driving force. When the pa-
rameter a, as the function of time, increases beyond ac, the thermal excitation becomes ef-

fective enough to push the system out of the meta - stable state within the observation time;

T(a)< ¢, for a> ac

obs

By
T

Usually the waiting time is a kind of mean first passage time of the activation type o e”
with an activation energy, Eac(a), which can be much larger than the temperature
T(with ks=1), and the transition from 7 (a)> tobs to 7 (2)< Tobs looks very sensitive to the
parameter a [1](For more than two components of a the critical condition 7 (&)= Tobs isre-
placed by a hyper surface in the a-space.)

In short, the common concept is the change of the order of time - scales, and the study of
this subject requires to consider the time - dependent time - scales (see Fig.1).

In order to have a rough idea of this concept, we illustrate a simple case of double - well po-
tential. In A the state point (the thick dot) is trapped within a left well. Within the ob-
servation time Tobs, The state will practically never go above the energy indicated by the

dashed line. In other words 7 3 Tobs in A. In B, the temperature or some other parameter is
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changed so that this limiting energy is raised above the potential barrier. The state point
then moves frequently between the two wells within Zbs. In C, on the other hand, the bottom
of the left well is raised so that the thermal activation within Tobs likely to move the state point
across the barrier. The process A < B is relevant to the glass transition, while the process
A « Cis related to the friction or plastic flow phenomena. Note that both these processes are
intrinsically irreversible in the sense that they can, by definition, never be made quasi-
static.

We discussed two topics concerning the subjects described above; In § 2, the framework
of the energetics of the thermally fluctuating world[2] was presented. By this framework,
which we tentatively call stochastic energetics , we could analyze the work and the heat in the
course of a particular single process depicted in Fig. 2. In § 3, a common phenomenological
framework for glass transition[3] and friction was given which may anticipated from the
above figure. This is still quite premature and simple but may serve to understand both
phenomena in the same footing and also suggests the natural state variable of glass. In the
concluding section § 4, we discussed the possible experimental studies suggested by the

consideration given in § 2and §3.
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[@ 1: The change of the order of time-scales. The axis is the logarithmic time.
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energy hight above which the thermal activation is unlikely to move the state point from the
bottom within the observation time Topg.
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WA T - BA TR OOEARFALESNE, EFNSETS=F 2 — FEFHOER
F—UHELNENDT, O 2OHRFHEFALTRAY—) v 7L, EROMEREOKSR
BT B, K2 REFV (A EFEEEHOBNT—4 (Bi) OB THE, I TRE
XNt A — VEBEROTIE- B 7 VEERY] (30 SBRlT—2 () L7 (K3).
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NBESIT, B —UHIEEICR —HBLTVWAC &3 0OEFAAEHIICIEEBROMER
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Mechanism of Molecular Motors in Cell Motility

EMAKFHTYREEN 6 &  —

i ER R I N A ERERNE, AFE—F—LBRIRahB AH /) 7 I ANVEEREHCE - T
HbhhTWa, HFE—F—ET7F/ 3 ) VB (ATP) 2K L 2D, ZOBICHRS
MBI ANE—RF-TTIF 7454 bHBVRMNELREFERAL, Z0XREE “H
DES) 5, CORMODHAFE—F—IF, 2TV=T—F—F—Tbh5b, LIAHEE ItaY
K1) 7I4ICEES 5 ATP &HEERFL1- ATPase 2, ATP A4} L>2[Elixd 5 2 EAGEHE N
Fo SO EICEST, ATP IKAMROFEIRNF—EHVS “EHEE—5 =" OFLEHLHID
TN -7z (FERDSLRONTVWE AN 7 THEE— 7 —3, filANADOpHEEZT R
F—Fic L ThliE# T2 €E -7 —ThH5).

TIERAERR ST 2 I A v FE—F - BRI HFTREERE T, S TREITRIET 5. C0R
DIFYURFE—F—RT 4 FAYIERRL, —AOTIF 74542 FEMEBEFRHLTH
HTHERET B, | BT T, ATPHALEICT 7 F 2745 AV M OIEEELTLE S, —4,
HNAIE R EIE S F % 2 v ATFE—F =13, | ST THINERTZ 5 “BH{7 Lubh
TW3, | FCHIEETEIENTE D,

2L DHTE—Y—12 2D “BEEH" HoH1E0, TRENNATP ZIKAEL>>EHT 1 5
A b EEES - RBEAROEL, 7454 PREE AR “WHOES 5. HCFx Uy
FE—Y—D &SI “B{" T—5—ld, HERESLINIEEEREICEDELTVS LEIFEN
3. #B0EHONTEEARNCT 5 ETOSEO BER, #-T, HEEe - WEBSOHEE
oy 3IvrE, ATPIKDRED Y 4 3 v rERBEEENIIL, Zh oOROBRERSMTT
B2 EIRET S,

oz, ¥RV VIHTFEER L umD TS AF 9 7 E=XIEEL, ZOE-X%& L —¥—)k
Evty bTHiIRET B2 LIck->T, 42 v v FEMINELORENER (A7, HEHD &
| 3 F LAVTHR DR LSiMaEl L 2o, S on AR o e 2 b 75 A, FEENZNE
N TpN &15pND, 229D E—IhbHiE->TW, CORRIE, RIS L NBHEEPEEST B2
&, DEDHWICEHEMRICH S I LA RET S, RILI &R, AV FETIFYT 4
S AV PEDEGIIOVWTHEAL, &6IT, EHEo0EEDL, A LAEEE LiF 5 &, W
ATORMTOEENKEL ot TOT &R, HE - WEREAOTHE I, WELICE L TIINE
HEOICHE->TWVWAY, &AHETHIHAICERT 50T, TOHEOHELD bW-{DLH
A FAXE 2 &, HEROSIAINENT 2 b0 LEEI NS, ZO—EDOIFRIZATP HMFE
LEVWERETTO bOEN, HTFE—y—EBE7 15 4 v bEOREEHRALE, TOfLy: - D)%%
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HREFEEIC>LWTO—HliEHo M LTV 5,

DFE—F—0 (REARTO) HAREDEES, HE - anfRE, -0 RETIHOLN
&, BEEFLTVANEO HERE L TOWROLATFE— Y —IC L BIRPUEAMEDL L /iR I L
TW5, Z0LIi, #oEBHEFECE “HTEER »EE5LTVE, 5%, #FE—5-0F
e LD EFO A A= X LN, FROOIAME (LED) ICESWTHOMIEINEIES I,
“BFEE" DA HZXLHOVWTHRE L VARV TIHOMNIE S ENEIFEN S,

SUNLBERTFE—Y—DBRYEELY VINVESTERE

TUNARFEREGEEM AR AR KFIHE B A
HEYINTE—5 —E, ATP ONUKMREMIE S 8% TH 508, ATP sEHRO(LFHB =
FILE-EAVT, DENHEET 2, HTFE— 5 — TSRS EEER L2 Z2h 0/
TRV EHEL ST, BTFE—F—IcL->TELZBEDEHOHER, AFE—7 —OFHICEL-
TikE->TWVW3B, COMETIE, DTE—F—DEOHEEERD A ICOVWTHES L.
DNFE—F—iid, T7F Glagaggto—) LoMTRESZECTI4A Yy, M)
E (MhoMmIa B ORTHEPESHERITFRY Y (BLUned) /1= 0F0H 5,
ATE—H— (M) EHlaERME (F) LofiThLs4E - BEUSICiE, ATP (T) O5#
S (DS OB OFAEELED) KIEEATP SfifEtEbR WSO 2 NS 5 (X1 ).
MBS HEHE & 2 FE — & —ORICHEXIEHE 0 EED & 255113, BREDORSE « BEEILA S
5&, BOEEHO TR NF—O—BNBT R NF—ICHRT 5, FFE—F —RIERNZSHOO
T, BOEBICL->TOFBEZTENSTH S, HTFE— 7 —HHEICHES L TV RRINH D
WEIKIEE LB WVEAICE, JORBEOHES « MERUEHIE D #EIC T 2EEEELS (=7
YRYBEDTEE). 05 AR TEEOKNE S, KOMEEEL O BHEULERZVLO
T, HFE—F—OREST BB DB NFEITEDITHAERESITH S, ZIT, FLRE(V) I,
5 S ) AR TIEBRE X V=S TE— 5 —ORAET 517 O BKE)17)
EVSERNRITTBLIBMEEL B, EELD, JOY NI ESFERIREGE, invitroiF D
HEHHIEDE { OEBREERAH—INTERINCHITE 12, X 51T, FRIFEO LM EIHFEN 5
BRMICHEET 3 S EShTW e, HRNEREEERTLRTLELTO, Wi OEEEHY]
T5HDTHH B,

Xk ThSARaP R b 45% 25 (20004F 2 B31T) bR EREB T A P OFEGHANIKD 9
JE R SEEENC O W TR, S0 s [ FEAE CE L IEE N,
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(X1 weak-binding strong-binding
rapid rate
MT + F = =3 T ——— > F-M + Pr
"equilibrium” limiting
<7

(rapid dissociation)

Protein friction Active force
Random movement Unidirectional movement
Thermal motion of Activated ATPase activity

motor protein structure
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Eukaryotic flagellar motility: Mechanics and chemo - mechanical coupling.

HA-REL-AmBE L & E A
Shinji KAMIMURA, Dep. Life Sci., Graduate School of Arts & Sciences, the Univ. Tokyo.

EGEYOBE - NAER, $ARTICHKET S 92 fE) 2R-TW 5, @ifffEELi-Tu
BEOMNE E, F0 FIc—ERTEREEETNR T 551 = v ATP KRR E Eaksr &
T2 O, i bFI200@D 7 RV ENSTEE T ENEEIN TV,

R VEAEERIEWHITH % Triton X - 1001C & > TR LA R L L 7c8 MgATP 254
22 &7, RHESA5T4LICEHE TX % (Gibbons & Gibbons, 1972) Z &M G, EE) O IR
BILEN B £ H UBEPIEBTAES ICEDN A (LEYEOREA(LIC L > TITO N 5 ESHIE T
BWC ERRANTWVWA, flaENSU O LAISAETDH, EHTE25 2 E&0s, MMz U THEihE
AT ENTESI 7 oRHEESH L=y FTHEI LMD ->TW5S, EiHhESHOENH &
o> TOWBDIFATP KRR ETH L 5 = v EMNEK S IV BETHEFa—T ) Ve
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DORETHI 3B 0EHOERTH S, LHL, ZOEE)EROHIEEMICE L TR ANEZ L.
RYEEHOK XML, EBT 2O LA /L ZED10~107 b T/ha <, ATP
IMIKIMRIC & - TRAET BB IR VF—DORE (550%) FHEKOERLD b, N ED
RHIERO 1= HICBPINEETH 5, Tz, HHEHEDA1 ~1000mPa « s & U5 D TILWFEH
T, BHOEFNEC ZHETD, EEHIE Y — v idikEd 5 LRI hs I Lo, A
2 B OB 13RS TLRTHU R HIEEEE R > TV A bDLEEX N5,

RNUEE G N EREEFZTIE L 728 IcMgATPA 5.2 5 L M/NE O D EB) & EHEEIE S
%2 L AT % % (Summers & Gibbons, 1973) . T OB O #/NEHERID X Y EB)I<BEH B
BRI 71 = v oFET B A1) Icxt L TiRBbTha b L /D o, EBRIC, TOE
BORICEIC KX MATP BB IZBEINZV[2], & IANEHESHOMIE, F1=id 141
I V%10 2 3 FOATP 28R L TWA I EAREINTED, EHOATFOREIZGU/CATP
MKAREWORIRIEEST 20TR BV EEEENS,

AR, 0L S BHESES TS, EEEATP SRRIGE OMOER (LF - HFEES)
AT EABNE Lz, Z0OROICIZATP HRRIGE | KAOR VETRIET B E
L1535, BIE, ZOMHTEEIEAICIIARER D bbb d0Y, NyEEHTIRISHTS I LI3HL WL,
ZC T, cagedATPARIVATP EEAAAMICHIEIL, 0L FICBE SN 88 % FEICCE
TELEVIFEERA L

AL TIRUVE S IRIBEE 2 4 A0AA BRI RIAEMSEE A VW 7o, COREICK-T, B
1= (<10msec) ATP EE4 FH X, ZOBARVEQBMESHNED L S ICHIET S, T4
bbb, ATP KRS BHIEREIEICED LI @b ENEFHNE I ENTE S, ATPD
WK, NUERTA A - EIFETN B EERES 85, ATP 13 Z OREEIREZ EPH IR
23 L0 IR, FHEICK L TR Y EREERED SPHNITIRD R L — XS ERES) &
BT 3 EpEEINZ, CHIRATP OB LIBETH > THROF L LEIERT o€ 2
KR OHEARITLTOVRVLI EEZEKRLTVS, BERITHS S &, #kLcE@#hThHs
5 &, BEIFICE >THl & &7 4 — K3y 7HIHI N A BBAIET 5 2 & T, COBERRE
HHBT B ENTES[4],

AFETI, X5IT, #5AMNER-T, MINERDEIHONZEREIT 2EBRET>7,
W OEER, ATP 5%, #910msec DEETHE O ADRAET B ENbn-To, F4 = VIdHE
& L7-ATP %2 F 7k L (dynein+ ADP-Pit 74 3), 20k Y B (Pi) 2MHLT
dynein*ADP £70 5 2 EQEHISGNTWVWA, ZDdyneinADPAWNGO WERETHLEELAHI L
T, 4EOFHFERNS £ <HATES[5].

BlUE T, 7 o\ VENRBEENEETORORYEER WSS, NVERF/A—-F—X
br— LD R MREN AT S ENHREINTVA[6,7] . JORBFERIEI S A = EMNELD
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FIDOM/NEFEER O EE AR L TWA[T], COEEE YA = OENTBIREFERTH BN NFY v
BT E FTHIZE T 5 £100 ~200msec PRI SERESE LA 5 2 EABES N, JOBE
lx, —BJER Xt 7-dynein-ADP #* dynein*ADP *vanadate®IKFE & 78 » T AR D UG
EWLdHLEEZLILET, ThETOMRLEFFELLL, LML, AIRORHTRESNSHE
DHDOFECRAISHELRVE VI RNERDLER LML -7, o OBEERERSINCTERT
%¢&, dynein-ADP (cid, HWREEICEDBE LDE, NFYVBICEVESREILEbObDL,
XBX g5 2 REEMNEES 5 Lok R hiz[5] .
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WY B,

BE, E—5—0FE V—IV0EE S v EOBRIS SR ZBAIC L TEHZT .
te& 2, BN I A Y iR, T F @M L%E5.5nm X7y T TEEIT S I EMSH
TW3, BEd, #EEEUZ2BENEETH S, HEOWNIR, BEEUANLEELERICZH
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Fid, A PEAOIEEEL ZEA0ME 2 0OICE S 210 (2 OBRUIFEERL), $RHAOLEE
HnCE-BTH S,

V=D R TV v VERELT, BRENFHAAL T AOIEHELTVWEEEZS L, RO
HIREAVEERS,

V=L (k+—k-)

=(L/ ty) exp (Uy/kT) sinh(Fd/kT)
IIT, kedkk-BRENTIAGESG EBRBAEOMBRETH S, 101, BEAHOEGREK,
UodANHE O TOREEOFEE TR IVF— (EHMIC{LERT v L), dRBHEENTNEGET
ICAXNEZMNEIER, K TRELY < VYRFTH 5. b LHIEERTARIMEPAMERHLTY
BEXEMETLINLIE, FOLOBBHEICE, FEF -PTEERANE, HELMEOKGKE
5Z232E0TE S,

V =(L/ 175) exp (Uy/kT) sinh((F - P)d/kT)

ISR T, HilO#EE—MERERNS -T, ehe EREDHBEIT->THI. 5L,
HEHE 75 W ME D EB A TR T 51013, kT/Fd=0.262 X2 b ThHoTz. 2D, WHcET S
HEE, K TOHIEOZRLF—DHIULED 5 LRI ND, ThETREINTVS I
* v vRFHRHETRADNIE, 5pNTHE, D& E, TRERLLT, d3¥3nmTH 5,
S4 T—UESICBLTHEI N/ 3 nmic—H L TV 5,

FRTIE, F#EEBBRTOdERCERELID, BZ 6L EBRORTERELD, LDIEXFRI
RFy oy VTHEEEZONS,

HSF v FOXRMELRNNRET 5

HiLXT & H R
ek — K

—RICIEW BT v v VhEEE T 5 T 50 RFICEY I EES S LIckD, (w70
HATr—VTOETF VY v VARKEOTH BICbhb 5T) —hHRO< 7 oSkl FiRzdC &
HAEEEES F = v b EIESY,

ST, ERDTFE— I —O—HRUDOEHOFHEA =X LD—>ELT, J.Prosti#
(1994) 1Kk > TIHRIBENIz VA TORS F v bEL VBT B, COFATOASF =y FTH,
75 viEEY A AL, EHMEOKEE (i=1,2...) &b, »ho, ZOREMEEBEw; I
o> THEENICERTEHDET S, 2L T, BRIEREI T, ZhENRLERT vy L
Ui(x)2EL2ET 5, CHETOZL OWETIR, TOFPHART >+ L Ui(x) B EGIERNR
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ThHbHIEN, HFO—HROFENREED-DITHERARBEHTHELEELZ SN TV,

LA L, Y. Chen [Phys. Rev. Lett. 79(1997) 3117] i2 & - T, RF ¥ ¥+ DS, XFREE
ATH, —HRADFENNEE S &V FIAHE S, ChenldZ I T, BANKZETVETELE
HISHERICES VT, —AHORNIIES 37D DNEEMtE, RO 2 >O&MEFREICH-+F
ThbrELRLE, 1. 5F v MEBRTBET v v VOREHN, DEd Lb=2LETHS
Zé&,

. BBIZHA 7 IV(ER) NEET S &, BIAE IRENHT F = v FOBHE, EBRRD,
WpWaws 7 Wipwaws Ficd &)

LoL, HxFAHRICBVT, (COFFcy PREZRTZ 7+ A—-75 07 HER%E
EMTHILT,) —HADFENRED I ODH IS ERMERD, £L T, ZOFHENS
Chen® XiRAEZFT RO _>DH|ER LTI, 1. REBN " SOMNHRT 2+ VDT F v PRTH
HIDERZ B0, 11. 3IREESFRET VT, EBRITHA 7N T (wpwyws = wipwsws)
N 241,

BIEAIT, HADSRDIZBNREDI-DDUBERMR, UTTHS : 5F v MR TIET
Y VU(x) BB EMRTREVE, bLLAE, BF vy v VU(x) BLTHEND SEROBEIC
I3, BRICIERNGEET S L, (GEMIE, J. Phys. Soc. Jpn. Vol. 68 No. 12 (1999) IZ#8#k T &

DiwmXESH.)
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JERkEE F OHE 7K
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=AK F

FEAE 4 K &k B
fHfaOES) PIEZ (LI, MIlaE ST 2 B8, K AESFEIES  OBMERIEHICEIR
LH-ThELE< /7o ETH 5120, 2L LTORBEVAME . OBREZRDREVANS
FiT 2 EHRELBHERETH S, Keld, Hr0BERICFEESHNT, MlaEl >0 TFERFE
gy A7 L) ELTESR, SMADBRINEIFEROME G S HMIaDES) LI AEE L% T
AAGTHAE#ED TS,
AWEO BRI, 4= filao B rssvk R A E A mMsEE R O TRIE L, fifaoimes
{bA0iEE & RN EOBFREHOMNIT S22 ETH S,
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A& fo ey AMESAIRE (NIHST3) OBHEAMEREL, S oiclagk (7772747
AV b, HMNE, BREIET 15 AV ) OFERER L -V —ERERAMEE RV TREZECLE
EHERT> TR, UTOENHSNEL -1,
1) WUERAHICEOSNAFOMHROMEX, TI/F U TA4FAVINONBBRAIN VAT 74
W= LTV 3,
2) flEOKHER, ORI EARTHIER S M0,
3) MKMW, TI/F VT 45 A2 MY TRHETERV, BNEPHERET 4 A M
EEETDINEND B,
4) fRaAEENY B, EBHEMER T EREENTE £ 5,

PLEOZ EDS, MBS T 7 F T4 I3 A Y MOMER Ry b7 =2 O ENEEAFIALT, F
FEAZ LS EEET->TVWE I ENah B,
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LR EEEER AR & H &

EEOEBRIHORBICHEY, #E—RITA Y AT E v 7 BEEIR O ERA ATREIC R D, BikD
3 ERNETRENERY, EBRUICHIEIN TV S, HERINBEDOH|Z2F 5 L, Macroscop-
ic Quantum Tunneling(MQT) (2% 1) % @8 (2D depinning, WEED chirality @ Macro-
scopic Quantum Coherence (MQC) 1 &ETH 5.

ChoDHRIR, ROBFHFNRSHVICHENTEAGEE (5056, HEEHL&Echi-
rality) AV HBRICBVWTEE TSI ENROERNTH 5. LHLENS, HEEIZHO R
EVholBlansZHEERTH Y, PROKFAEHEDATRELAT /I, HIRMNEE
I DBETH 5, MRNSERMN T &>, T2 E Y HHEEAEFBHE L ZNUAORIE
HlE D, EFAEEEOATIREI NN BT HFORF LEFICRS S & & Z MRk
L, 7, WENICETNABRBEEAHELOREEEETSILTH S, EROPARICEVT, C
D &I HHARTONTVEFNE S, RENIAHRISEAOIHEL, FIEHETE S bOTRYA
W1l

AHETIE, Erikd, ARESSOLEEEMR L HBBEORREETREMICER, ROEKHE
MBI & B R OMARAIEREA 1 21TV, SHUEBEOMQT,MQC 2F%E L TW #Efii%Ed 5,

2FNELT, H=-Jx M, 5:-8;-s TN (K82, - K. 5},) 254, ROBHIRE
A4 5. 15, ¥ JRBEICIZ spin-coherent-state Z A L, ZBIRIEDFAMIC (L spin-
coherent - state path integral(scspi) # V%5, BEESICH oD BEHANS, FRD con-
figuration 7R 3 static f@%3K¥, ROXMFECHE L, EERLHED SHEBEFL, [EFAZK
PG chirality 22N ZnEMEHELE LTRAT 5. 20K, 3MEicHiEd s toE— Iz,
Faddeev - Popov D 5452 HHERICE T 5 scspi ERICBVWTAWA Z Ltk b, REHMD
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& H Pressure Dependence and Non - universal Effects of Microscopic Couplings on the
Spin - Peierls Transition in CuGeOs

® B

The theory by Cross and Fisher (CF) is now commonly accepted for the description of the
spin - Peierls transition within an adiabatic approach, involving a continuum approx-
imation for the relevant response function. Using density matrix renormalization group
(DMRG) techniques we are able to treat the spin system exactly up to numerical inaccura-
cies. Thus we find the correct dependence of the equation of state on the spin - spin interac-
tion constant which drops out completely in the CF theory. With respect to CuGeOs we focus
on the pressure dependence of the critical temperature and analyze the ratio of the spectral

gap and the transition temperature.

H B 20006E3 AT H(K) 4k 3K~

B P WMERRERT QR | BEERE

# B LianLi Bh#d®

(FF&) (Department of Physics and Laboratory for Surface Study, University of Wiscon-
sin, Milwaukee, USA)

55

|
® B

Many electronic devices are synthesized through the heterogeneous decomposition of

Organometallic Surface Chemistry of III/V Compound Semiconductors

organometallic molecules on semiconductor surfaces. We have investigated the surface re-
actions of arsine, phosphine, hydrogen, carbon tetrachloride, and several other molecules
on I1I/V compound semiconductors, using scanning tunneling microscopy, reflectance dif-
ference spectroscopy, internal reflectance infrared spectroscopy and ab initio clusters calcu-
lations with density functional theory. We have discovered that the composition and struc-

ture of the surface plays a crucial role in mediating the decomposition pathways of the ad-
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sorbed molecules. An overview of the organometallic surface chemistry of this important

class of materials will be presented.
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# H Doped Quantum Spin Chains:Phase Diagram of an Integrable Model
®2 B

A family of exactly solvable models describing a spin S Heisenberg chain doped with mo-

bile spin - (S —%) carriers is studied by means of the thermodynamic Bethe Ansatz. The
models generalize the supersymmetric t - J model which is obtained for S = % In absence

of a magnetic field the models show a new type of spin - charge separation: in the spin sector
of the theory one has two types of massless excitations, which can be identified as the
spinons in a level - 2SSU(2) WZW model and the critical mode of the minimal unitary model
Mos-1, repsectively. In a magnetic field a spin gap phase leading to doping - induced plateaus

in the magnetization curve is found.
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