
VOL. 13, NO. 9
 MAY 1, 1999

DMS/BES/DOE
ARPA

HIGH
Tc
UPDATE

NOTA BENE:

Na0.05WO3

Experiments by S. Reich and Y. Tsabba (Weizmann
Institute) suggest the possibility of superconductivity with
Tc ≈ 91 K in WO3 crystals with a surface composition of
Na0.05WO3.  The authors prepared single crystals with
surfaces doped with Na+ ions following the method described
by I. Lefkowitz et al., J. Solid State Chem. 15, 24 (1975).
WO3 powder containing 0.5% atomic concentration of
sodium was placed in platinum tubes of length 10 cm and
inner diameter 0.5 cm.  The tubes were sealed at both ends,
heated in a tube furnace in which the temperature gradient
was ≈5°C/cm, and kept at 1370°C for 30 h.  The samples
next were cooled to 1230°C at 2°C/h and finally to room
temperature at 80°C/h.  The resulting crystals had cubic
morphology, were a few hundred µm in size, and had a
deep olive-green color.  Analysis by x-ray and XPS showed
the samples to have the WO3 perovskite-like structure and a
surface enrichment of sodium to a 5% atomic concentration;
the surface composition was thus Na0.05WO3.  The authors
note that in ternary materials such as these, the surface
composition may differ significantly from that in the bulk.
The XPS spectrum revealed a finite electron density near
the Fermi level, evidently due to sodium doping, since
stoichiometric WO3 is an insulator.

Measurements in a SQUID magnetometer of the zero-field-
cooled (ZFC) magnetic moment vs temperature in a magnetic
field of 100 Oe showed the sample to be diamagnetic at
temperatures above 91 K and to become sharply more
diamagnetic below 91 K.  (The authors did the necessary
experiments to exclude the possibility of contamination by
YBa2Cu3O7-δ, which has a Tc ≈ 91 K.)  In a field of 1000 Oe,
the diamagnetic step was found to be diminished in magni-

tude, and the transition temperature was lowered by about
one degree.  The authors also measured the magnetization
vs magnetic field at fixed temperatures.  At 120 K, the
magnetic moment was linear in magnetic field, diamagnetic,
and nonhysteretic.  At 70 K, the magnetic moment was found
to be nonlinear and weakly hysteretic, with both the field-
increasing and field-decreasing magnetic moments being
more diamagnetic than the corresponding magnetic moment
at 120 K.

The authors also report four-point transport resistance
measurements of a Na+-doped single crystal of WO3 using a
current of 10 nA in a voltage-limiting mode of 10 V.  In zero
magnetic field, the resistance showed a semiconductor-like
behavior above 100 K.  The resistance had a maximum of
about 300 MΩ at 100 K and showed a sharp decrease at
temperatures below 100 K to a nearly constant value of about
100 MΩ below about 50 K.  In a magnetic field of 104 Oe,
similar behavior was found, except that the resistance above
100 K was larger, the resistance at the maximum at 100 K
was about 700 MΩ, and the resistance had a nearly constant
value of about 300 MΩ below about 80 K.

Measurements of the ZFC magnetic moment vs temperature
in 100 Oe were compared for (a) bare crystals, (b) crystals
coated with a sputtered layer of pure gold, and (c) crystals
coated with an additional sputtered layer of gold.  The authors
found that the magnitude of the diamagnetic step below 91 K
was suppressed as the gold thickness increased.

The authors conclude by suggesting that they have
observed on the surface of an insulator (a bulk WO3 crystal)
a transition at 91 K from a semiconducting to a 2D supercon-
ducting state upon surface doping with sodium.

Happy Birthday to us!  High-T c Update begins its 13th year with this issue.  This issue also begins a new era
for us as we go completely digital.  Thank you for your support, encouragement, and preprints!

A hearty thank you to American Superconductor Corporation for becoming a High-T c Update Web sponsor
with a contribution of $2,000!
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Qubit
As noted in a preprint by Y. Nakamura (NEC) et al., a
small superconducting electrode (a single-Cooper-pair box)
connected to a reservoir via a Josephson junction constitutes
an artificial two-level system, in which two charge states that
differ by 2e are coupled by tunneling of Cooper pairs.  Despite
its macroscopic nature involving a large number of electrons,
this two-level system shows coherent superposition of the two
charge states and thus has been suggested as a candidate
for a qubit, i.e., a basic component of a quantum computer.
The authors report time-domain observations of the coherent
quantum-state evolution of such a device realized at 30 mK
using a superconducting 700 nm × 50 nm × 15 nm Al strip
(containing ~108 conduction electrons) connected to a
superconducting Al reservoir via a SiNx Josephson junction.
The authors assert that their results demonstrate coherent
operation and measurement of the quantum state of a single
two-level system, i.e., a qubit, in a solid-state electronic
device.

Vortices
The transport of 2D vortex rows through easy-flow
channels in an otherwise perfect, but pinned vortex lattice has
been studied by R. Besseling et al. (Leiden) using molecular
dynamics simulations and comparisons with the Frenkel-
Kontorova model.  The authors find that when the vortex
lattice in the channel is incommensurate with the pinned
vortex lattice, the motion of point defects in the moving
vortex lattice causes the critical current to be drastically
reduced relative to the critical current when the vortex
lattice in the channel is commensurate with the pinned
vortex lattice.

From muon spin-rotation (µSR) measurements on three sets
of underdoped (Tc = 64 K), almost optimized (Tc = 90 K), and
overdoped (Tc = 77 K) Bi2Sr2CaCu2O8+δ (Bi-2212) crystals,
T. Blasius (Konstanz) et al. have obtained evidence for a two-
stage transition of vortex matter as a function of temperature.
One of the transitions, which is well known, is related to the
irreversibility line (IL) and is interpreted as the interplanar
decoupling of pancake vortices, resulting in a pancake gas
phase with reversible magnetic behavior.  A second transition,
located at a lower temperature Tm well below the IL, was
found to occur for all three sets of crystals and to be unrelated
to the vortex mobility.  The authors interpret this transition as
arising from intraplanar melting of the vortex structure into a
liquid phase of vortex lines.

A preprint by A. K. Pradhan et al. (SRL-ISTEC) reports
the observation of a first-order melting transition of the vortex
lattice in a twinned NdBa2Cu3O7-δ (NBCO) single crystal by
transport and magnetization measurements.  The positions
of the magnetization jump and the kink and hysteresis in

resistance coincide in the B-T plane.  The authors found
that the melting transition is a strong function of the O2 partial
pressure during sample preparation.

Current-voltage characteristics in Bi2Sr2Ca1-xYx-
Cu2O8 crystals irradiated parallel to the c axis with 5.8 GeV
Pb ions to produce columnar defects have been investigated
by L. Ammor (Tours) et al.  For weak magnetic fields (B < Bφ)
the authors find that the isothermal I-V curves scale according
to the Bose-glass (BG) theory for correlated disorder.

The phase boundary separating the Bose-glass and vortex-
liquid phases in an irradiated twin-free YBa2Cu3O7-δ single
crystal has been mapped out by A. W. Smith (Chicago) et al.
The authors define the phase boundary as the temperature
Tg and magnetic field H at which the crystal begins to screen
a small ac magnetic field hac.  The authors find that there is a
sharp change in slope dTg/dH of the phase boundary at the
matching field Bφ (≈0.5 T), indicating that interstitial vortices
significantly weaken pinning in the Bose-glass state.  This
feature disappears when the field is tilted relative to the
columnar defects.

An angular-dependent contribution to the equilibrium
magnetization of an YBa2Cu3O7-δ single crystal containing
columnar defects created by 5.8 GeV Pb ions has been
measured by L. Fruchter (Orsay) et al.  This contribution,
which is observed in a narrow temperature interval less than
2 K wide and for fields up to about twice the irradiation field
Bφ, can be used to estimate the pinning potential created by
the columnar defects.

According to a preprint by B. Horovitz (Ben-Gurion University
of the Negev), the second magnetization peak in vortex
lattices in layered superconductors is due to a disorder-
induced layer-decoupling transition.  For weak disorder, the
tilt modulus undergoes an apparent discontinuity, which leads
to an enhanced critical current and reduced domain size in
the decoupled phase.  The Josephson plasma frequency is
reduced by decoupling and by Josephson glass pinning; in
the liquid phase it varies as 1/[B(T+T0)], where B is the
magnetic field, T is the temperature, and T0 is the disorder-
dependent temperature of the multicritical point.

A preprint by I. Vekhter (Guelph) and A. Houghton
(Brown) presents results of a microscopic calculation of
the longitudinal thermal conductivity κxx of a d-wave
superconductor in the vortex state.  The results show an
increase in the thermal conductivity with applied field at low
temperatures, and a decrease followed by a nearly field-
independent κxx(H) at higher temperatures, in qualitative
agreement with the experimental results.

Small-angle neutron-scattering (SANS) and magnetization
measurements have been carried out by I. Joumard et al.
(Grenoble) on the cubic superconductor Ba1-xKxBiO3
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(BKBO).  The authors found that the vortex lines are
ordered into a hexagonal lattice at low field (B < Be ~ 0.6 T)
but that the diffracted intensity continuously drops to zero as
B approaches Be.  The authors attribute the intensity drop to
a static Debye-Waller factor associated with disorder-induced
longitudinal fluctuations of the vortex lines.  They also note
that Be lies close to the onset of the anomalous peak effect
in the magnetization, suggesting that this peak is related to
the change in structure of the vortex solid.

A preprint by A. Conde-Gallardo (Grenoble and Mexico)
et al. presents ac susceptibility measurements on BKBO
single crystals with different geometries:  thick films, bars,
and hollow cylinders.  The authors also compare their
results with theory.

RBa2Cu3O7-δ
The temperature dependence of the c-axis optical
conductivity σ(ω) of optimally and overdoped YBa2Cu3Ox
(x = 6.93 and 7) has been measured by M. Grüninger
(Groningen) et al. in the far- (FIR) and mid-infrared (MIR)
range.  Below Tc the authors observe a transfer of spectral
weight from the FIR not only to the condensate at ω = 0,
but also to a new peak in the MIR.  The authors explain this
peak as a transverse out-of-phase bilayer plasmon using a
model for σ(ω) that takes the layered crystal structure into
account.  With decreasing doping the plasmon shifts to
lower frequencies and can be identified with a puzzling FIR
feature previously reported in underdoped bilayer cuprates.

As reported by D. Munzar (MPI-Stuttgart) et al., the spectra
of the far-infrared c-axis conductivity of underdoped YBa2-
Cu3Ox (6.4 ≤ x ≤ 6.8) crystals exhibit dramatic changes
of some of the phonon peaks when going from the normal
to the superconducting state.  Extending the model of
D. van der Marel and A. Tsvetkov, Czech. J. Phys. 46,
3165 (1996), the authors show that the most striking of
these anomalies can be naturally explained by changes
of the local fields acting on the ions arising from the onset
of inter- and intra-bilayer Josephson effects.

Current-voltage characteristics of a YBa2Cu3O6.95
single crystal have been measured by A. V. Bondarenko
(Kharkov State) et al. for dc current densities up to
3 × 104 A/cm2.  No anomalous behavior was observed
for the depinning critical current density Jcd estimated
within the Bardeen-Stephen model, in contrast to the fishtail
behavior of the critical current density JcE determined using
the electric-field criterion E = const.  After obtaining the field
dependence of the activation energy U and the exponent µ
from E ∝ exp[-(U/kBT)(Jcd/J)µ], the authors show that the
minimum in JcE(H) corresponds to a crossover from single-
vortex to small-bundle creep, while the maximum in JcE(H)
corresponds to a crossover from elastic to plastic creep.

The magnetic-field dependence of the specific heat
of Zn-doped single crystals of YBa2Cu3O6.95 has been
measured by D. L. Sisson (Stanford) et al. in the temperature
range 2-10 K in fields up to 8 T.  The authors studied and
compared the behavior for doping levels of 0%, 0.15%,
0.31%, and 1%.  No Schottky anomaly was observed for the
presumed magnetic moments created by Zn doping.  The
authors present evidence that the Zn moments in YBCO
crystals are screened by quasiparticles in the nodes
of the dx2-y2 superconductor.

Y1-xPrxBa2Cu3O7-δ (x = 0.30 and 0.45) has been studied by
Z. Homonnay (Budapest) et al. via emission Mössbauer spec-
troscopy using 57Co dopant.  The results support a phonon-
assisted mechanism for high-Tc superconductivity in R-123
compounds, with a significant contribution from the chains.

The magnetic hysteresis loops of top-seeded melt-
grown YBa2Cu3O7-δ superconductors with Pr6O11 additions
have been studied by E. S. Reddy et al. (Tokyo).  The authors
observed an intermediate peak in Jc(H), which shifted toward
lower fields with decreasing temperature.  The authors
propose a model, based on temperature-dependent pinning
centers, to explain the peak position with temperature.

Bi Cuprates
A preprint by Y.-D. Chuang (Colorado) et al. presents a
re-examination of the electronic structure and Fermi surface
of Bi2Sr2CaCu2O8+δ (Bi-2212) and Bi2Sr2CuO6 (Bi-2201)
as obtained from angle-resolved photoemission spectroscopy
(ARPES).  By applying a stricter set of Fermi-surface crossing
criteria and by varying the incident photon energy outside
the usual range, the authors find very different behavior from
that previously observed.  In particular, the authors find an
electron-like Fermi surface centered around the Γ point (0,0)
and conclude that the flat bands at EF near (π,0) are absent.
The authors report that these results are robust over a large
range of dopings for both single- (Bi-2201) and double-layer
(Bi-2212) cuprates.

A 590 cm-1 peak in the B1g Raman spectrum has been
observed by K. C. Hewitt (Simon Fraser) et al. in single-
crystal Bi2Sr2CaCu2O8+δ (Bi-2212) that is underdoped by
oxygen removal.  This feature is found to soften in frequency
by 3.8% upon isotopic exchange of 16O by 18O, indicating
that the 590 cm-1 feature is vibrational in origin and not
associated with pseudogap formation.  The 590 cm-1 peak
is not observed in crystals underdoped by Y substitution.

A study by O. V. Misochko (Communications Research
Lab) et al. of the electronic Raman spectra of deliberately
disordered Bi2Sr2Ca(Cu1-xFex)2O8+δ crystals has revealed
that the static (ω → 0) limits of the ratio between the A1g
Raman susceptibilities from the superconducting and normal
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states show the universality expected for a gap with nodes.
In addition, the B1g channel, where the static limits are
slightly varied by the disorder, is also independent of impurity
concentration for the low-frequency Raman susceptibility,
suggesting that the nodes are shifted from the positions
predicted by pure d-wave symmetry.

Electron-tunneling spectroscopy of slightly over-
doped Bi2Sr2CaCu2O8+δ (Bi-2212) single crystals with
Tc = 87-90 K has been carried out by A. Mourachkine
(Belgium) in the temperature range 14-290 K using a break-
junction technique.  The author detected the pseudogap
below T* ≈ 280 K.  An additional contribution to the pseudo-
gap is found in the temperature range between Tc and 115 K,
which the author attributes to incoherent Cooper pairs.

A preprint by Y. Kopelevich (Unicamp) et al. reports pro-
nounced jumps of thermomagnetic origin in the irreversible
magnetization of superconducting Bi2Sr2CaCu2O8+δ
(Bi-2212) single crystals at T > 40 K.  In addition, at T < 40 K,
the magnetization hysteresis loops show a second magneti-
zation peak, which the authors attribute to a thermomagnetic
instability effect.  Both the magnetization jumps and the
second magnetization peak vanish simultaneously when
the crystal size is reduced.  The authors suggest that
plastic vortex motion triggers the instabilities.

Estimates of the irreversibility line using dc magneti-
zation measurements in an as-prepared, optimally doped
(Tc ≈ 109 K) and an oxygen-reduced (Tc ≈ 104 K) single-
phase c-axis-oriented powder sample of Bi1.7Pb0.3Sr2-
Ca2Cu3O10+δ have been made by G. Kallias et al. (IMS,
Athens).  The irreversible region of the H vs T phase diagram
extends to higher temperatures in the as-prepared sample.

Other Cuprates
A process for the fabrication of HgBa2CuO4+δ
(Hg-1201) with a microstructure similar to that of melt-
processed YBa2Cu3O7-δ (Y-123) is reported by E. S. Reddy
et al. (Tokyo).  The process involves two steps:  (a) melt-
processing of the precursor, Ba2CuO3, and (b) incorporation
of Hg into Ba2CuO3 in a closed atmosphere.  The pinning
of vortices in Hg-1201 by micron-sized particles of BaO is
similar to the pinning of vortices in Y-123 by micron-sized
particles of Y2BaCuO5 (Y-211).

Two related papers, one by M. Pissas (IMS, Athens) et al.
and the other by D. Stamopoulos (IMS, Athens) report
magnetization measurements on HgBa2CuO4+δ (Hg-1201)
single crystals and their interpretation in terms of the
activation energy U(H,T).

Measurements of the thermal conductivity κ vs
temperature and doping for several cuprate superconductors

are reported by J. L. Cohn (Miami).  The author attributes
suppressed values of the normal-state κ and the temperature
derivative of κ at Tc, observed near 1/8 doping in both
YBa2Cu3O7-δ and Hg cuprates, to local lattice distortions
and the suppression of the superconducting condensate,
respectively.  Both phenomena are supposed to arise from
small domains of localized planar holes, presumably a
manifestation of phase separation.  The author suggests
that the phase behavior of κ reflects stripe dynamics and
that the 1/8 doping anomalies reflect stripe pinning by
oxygen-vacancy clusters.

A preprint by J. M. Tranquada (Brookhaven) et al.
notes that charge segregation provides a way to reconcile
the coexistence of local antiferromagnetism and supercon-
ductivity in the cuprates.  Direct evidence for modulated
spin and charge densities has been found in neutron and
x-ray scattering studies of Nd-doped La2-xSrxCuO4.  The
authors discuss the nature of the modulations and present
some new results for Zn-doped La2-xSrxCuO4.  The authors
also discuss some of the open questions concerning the
connections between segregation and superconductivity.

Films
A triple sign reversal in the mixed-state Hall effect has
been observed by W. N. Kang (POSTECH and TCSUH)
et al. in ion-irradiated HgBa2CaCu2O6+δ (Hg-1212) thin films.
The negative dip at the third sign reversal is more pronounced
for higher fields, in contrast to the behavior at the first sign
reversal near Tc in most high-Tc superconductors.  These
observations can be explained by a recent prediction in
which the third sign reversal is attributed to the energy
derivative of the density of states and to a temperature-
dependent function related to the superconducting energy
gap.  These contributions prominently appear in cases
where the mean-free path is significantly decreased, such
as in the present case of ion-irradiated thin films.

As reported by U. Scotti di Uccio et al. (Napoli), single-
domain, biaxially oriented (103) YBa2Cu3O7-δ (YBCO)
films have been grown on biaxially oriented SrTiO3 (STO)
buffer layers grown on vicinal (110) MgO substrates.  The
authors used reciprocal-space mapping and x-ray diffraction
to demonstrate that the STO buffer layers grown on vicinal
MgO have a (110) orientation, and that they preserve the
vicinal cut of the substrate.

Applications
For ac power-engineering applications, the energy
dissipation in the superconductor is dominated by the
magnetization due to alternating fields.  To reduce these ac
losses, M. P. Oomen (Siemens) et al. have been developing
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Bi-2223 tapes with twisted filaments and an increased matrix
resistivity.  The authors find that estimates of the coupling-
current magnitude based on short nontwisted-tape samples
cannot be directly transferred to twisted-filament tapes
because of differences in the coupling mechanisms.

The development of a high-temperature supercon-
ducting 110 kV / 400 MVA cable for future power transmission
systems in densely populated areas is reported in a preprint
by M. Leghissa (Siemens) et al.  The cable consists of
coaxial conductors made of (Bi,Pb)-2223 multifilament tapes,
liquid-nitrogen-temperature high-voltage insulation, a flexible
cryostat, terminations, and a liquid-nitrogen cooling system.
The authors report critical currents, the current distribution
among the layers, and ac losses of a single-phase, four-layer
cable.

A low-cost experiment to measure the interaction force
between a high-temperature superconductor and a perma-
nent magnet is described in a paper by S. O. Valenzuela
et al. (Buenos Aires).  The authors show how both levitation
and suspension can be demonstrated and quantified.

Measurements of the harmonic power on a
suspended stripline microwave resonator patterned out
of thin-film YBa2Cu3O7-δ (YBCO) have been carried out
by D. P. Choudhury (Northeastern and AFRL, Hanscom
AFB) et al. as a function of temperature and microwave
power.  The third harmonic power P3 shows a subtle
nonlinear dependence on the fundamental power P1
on a log-log scale.  Fits to a straight line yield slopes of
P3 vs P1 between 1.5 and 3.

The use of a high-Tc SQUID magnetometer to observe
chemomagnetism, the generation of a magnetic field by
rapid, high-temperature solid combustion reactions, is
reported in a preprint by M. D. Nersesyan et al. (TCSUH).
Magnetic fields were observed during the synthesis of both
ferromagnetic (ferrite) and nonferromagnetic compounds.
The magnetic field was most likely produced by ionic
currents due to chemoionization processes within and
behind the moving high-temperature reaction zone.

Theory
The superconducting critical temperature Tc
of small-coherence-length superconductors is calculated
in a paper by M. Cyrot (Grenoble).  The author uses a
mode-mode-coupling approximation to show that Tc is
much smaller than the BCS mean-field critical temperature
T0.  In the quasi-two-dimensional case, fluctuations are
strongly increased and Tc is further reduced.  This leads
to a range of temperatures between Tc and T0 where a
pseudogap can be observed.  For the case of the super-
conducting cuprates, the author argues that anisotropy

of the order parameter not only increases fluctuations and
decreases Tc, but also leads to (a) the effective number of
superconducting electrons being much smaller than the
actual number of electrons, (b) an increase of the penetration
depth λ, and (c) a justification of Uemura’s empirical relation
stating that Tc is proportional to 1/λ2.

A preprint by A. V. Balatsky (Los Alamos) shows that a
complex dxy component is generated in d-wave superconduc-
tors in a magnetic field.  As one enters the superconducting
state at finite field, a normal-to-superconducting transition
occurs into a bulk dx2-y2 + idxy state.  The driving force for
this transition is the linear coupling between the magnetic
field and the nonzero magnetization of the dx2-y2 + idxy
condensate.  The external magnetic field violates parity
and time-reversal symmetries, and the nodal quasiparticle
states respond by generating the idxy component of the
order parameter, with the magnitude estimated to be on
the order of a few kelvin.  Parity (P) and time-reversal (T)
symmetries are violated in this state.

Using the framework of the cell-perturbation method for the
original p-d model, Z. Kovacevic et al. (JINR-Dubna) have
derived an effective two-band Hubbard model for the CuO2
plane with Zn impurities.  The Zn impurities are modeled by
Wannier oxygen one-hole states at vacant Cu sites.  The
model is based on the results of band-structure calculations
carried out within the local-density approximation.  A further
reduction to an extended t-J model shows a large ferromag-
netic superexchange interaction between the Cu spin with
the nearest virtual oxygen spin in the Zn cell.

Two papers by S. Alam (KEK, Tsukuba) discuss
the consequences of the author’s conjecture that high-
temperature superconductivity and antiferromagnetism
can be modeled by quantum groups.

Variational wave functions for Fermi systems in any dimen-
sion are proposed by B. S. Shastry (Bangalore).  These
wave functions introduce correlations between Cooper
pairs in different momentum states, and the relevant
correlations can be computed analytically.  The author
finds large enhancements in the Cooper pair correlation
function caused by the interplay between the uncertainty
principle, repulsion, and the proximity of half filling.

A preprint by N. Andrenacci (Camerino) et al.
investigates the zero-temperature BCS to Bose-Einstein
crossover at the mean-field level, driving it with not only
an attractive potential but also the particle density.  The
authors considered three different interparticle potentials
for the continuum model in three spatial dimensions, and
analyzed both s- and d-wave solutions for the attractive
(extended) Hubbard model on a two-dimensional square
lattice.  For the latter d-wave model in the strong-coupling
limit near half filling, the authors found evidence for strong
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correlations among antiparallel-spin fermions belonging to
different composite bosons, giving rise to quasi-long-range
antiferromagnetic order in this limit.

The proximity effect, quasiparticle transport, and
local magnetic moment in ferromagnet/d-wave supercon-
ductor junctions with {110}-oriented interfaces have been
studied by J.-X. Zhu (TCSUH) and C. S. Ting (TCSUH and
NCTS-Hsinchu), who self-consistently solved the Bogoliubov-
de Gennes equations with an extended Hubbard model.  The
authors found that the proximity-induced order parameter
oscillates in the ferromagnetic region.  The modulation
period is shortened with increasing exchange field, and the
oscillation amplitude is depressed by interfacial scattering.
Using the resulting energy gap, the authors use a transfer-
matrix method to compute the subgap conductance.  The
authors calculate the zero-bias conductance dip and splitting
with appropriate values of the exchange field and interfacial
scattering strength.  The authors find that the conductance
spectrum can be strongly influenced by spin-flip interfacial
scattering.  The authors also find a sizable local magnetic
moment near the {110}-oriented surface of the d-wave
superconductor.

Two phenomena in a weakly coupled superconductor under
applied stress, based on a recently suggested piezophase
effect (the macroscopic quantum analog of the piezoelectric
effect) in mechanically loaded grain-boundary Josephson
junctions, are predicted in a preprint by S. A. Sergeenkov
(Dubna):  (a) a stress-induced paramagnetic moment in zero
applied magnetic field (piezomagnetism) and (b) its influence
on the low-field magnetization (leading to a mechanically
induced paramagnetic Meissner effect).

A delocalization transition for noninteracting quasi-
particles moving in two dimensions, belonging to a new
symmetry class, has been studied by V. Kagalovsky (Beer-
Sheva) et al.  This symmetry class can be realized in a dirty,
gapless superconductor in which time-reversal symmetry for
orbital motion is broken, but spin-rotation symmetry is intact.

Other Activities
The quasi-two-dimensional, layered organic supercon-
ductors are of interest to many researchers, despite their
relatively low Tc, because many of their properties resemble
those of the high-temperature cuprate superconductors.
Four papers concerning these materials are listed in this
issue.  Measurements of the upper critical field and Pauli
paramagnetic limiting in magnetic fields parallel to the layers
of κ-(BEDT-TTF)2Cu(SCN)2 are reported by F. Zuo (Miami)
et al.  Measurements of the ac susceptibility of single crystals
of κ-(BEDT-TTF)2Cu[N(CN)2]Br suggesting d-wave super-
conductivity are reported by M. Pinteric (Zagreb and Maribor)
et al.  Transport measurements of the interlayer magneto-

resistance of κ-(BEDT-TTF)2I3 and modeling in terms of the
stacked Josephson-junction model are reported by F. Zuo
(Miami) et al.  The consequences of a theoretical model
for spin-fluctuation-induced d-wave superconductivity in
κ-(BEDT-TTF)2X, where X = Cu[N(CN)2]Br or Cu[N(CN)2]Cl,
are worked out in a paper by H. Kondo and T. Moriya
(Science University of Tokyo).

Overviews
An experimental review of the nature of the
pseudogap in the cuprate superconductors has been
prepared by T. Timusk (McMaster) and B. Statt (Toronto).
The authors note that the pseudogap is seen in all high-
temperature superconductors and that there is general
agreement on the temperature and doping range where it
exists.  It also appears that the superconducting gap emerges
from the normal-state pseudogap and that the d-wave nature
of the order parameter holds for both the superconducting
gap and the pseudogap.  Despite the extensive body of
experimental evidence, there is still no consensus on either
the origin of the pseudogap or the mechanism underlying
high-temperature superconductivity (191 refs.).

A review by T. Timusk (McMaster) examines several families
of unconventional superconductors from the point of view of
infrared spectroscopy.  The author compares the behavior of
BCS superconductors, such as Pb, with that of Ba1-xKxBiO3
(BKBO), Sr2RuO4, URu2Si2, the cuprates, and the organic
superconductors.  The author focuses on several markers
of deviation from classic phonon-coupled superconductors:
(a) the collapse of scattering at Tc, (b) the growth of a
Drude peak in the superconducting state of dirty samples
and the absence of a 2∆ gap feature, (c) the role of intrinsic
dimensionality, and (d) the presence of a pseudogap in the
normal state (58 refs.).

A summary by T. Venkatesan (Maryland) et al.
discusses three experiments (ion-channeling studies
of ion dynamics, optical excitation studies of electron
dynamics, and spin-polarized quasiparticle injection into
high-temperature superconductors) that bring out some of
the important similarities and differences between the high-
temperature superconducting (HTS) cuprates and colossal
magnetoresistive (CMR) manganites (43 refs.).

Some recent experiments that provide support for the concept
of topological doping in cuprate superconductors are dis-
cussed in a brief overview by J. M. Tranquada (Brookhaven).
The author argues that, consistent with the idea of charge
segregation, the scattering associated with the “resonance”
peak found in YBa2Cu3O7-δ and Bi2Sr2CaCu2O8+δ comes
from the Cu spins and not from the doped holes (32 refs.).

                                     Contributed by John R. Clem
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Four HTS coils that will serve as the key component
in the 1,000-hp commercial-scale HTS motor project have
been shipped by American Superconductor Corporation
(ASC) to Reliance Electric, a business unit of Rockwell
Automation.  ASC will now manufacture HTS wire for the
next prototype motor, which will have a power output of
5,000 hp.  Based on the company’s perspective of the needs
for HTS wires in electric power applications over the next few
years, ASC has already implemented plans for doubling its
manufacturing capacity to 500,000 meters per year within
the next 12 months.  The first 1,000 horsepower motor, to be
manufactured by Reliance Electric, will be an ac synchronous,
air-core design.  Four HTS coils will be mounted on the rotor,
designed to rotate at 1,800 rpm.  Cooling of the HTS rotor
coils will be accomplished by a cryo refrigerator, also to be
supplied by American Superconductor.  This first-of-a-kind
HTS motor will undergo extensive testing and evaluation
over the next six to nine months, at the conclusion of which
Reliance plans to place it in an industrial beta site while the
5,000-hp motor is manufactured.  The 5,000-hp motor will be
the commercial entry point for this product.

The 1,000 and 5,000 horsepower motors are being developed
under the auspices of a U.S. Department of Energy program

known as the Superconductivity Partnership Initiative (SPI),
a program that is a collaborative effort by government and
private industry designed to accelerate the introduction
of HTS electric power devices to the marketplace.  The
SPI brings together teams of researchers, manufacturers,
systems integrators, and end users to develop and demon-
strate a variety of HTS applications, including motors,
generators, power cables, and transformers.  Contact
Stan Piekos, American Superconductor Corporation,
Two Technology Drive, Westborough, MA 01581; tele-
phone (508) 621-4220; e-mail spiekos@amsuper.com.

An initial purchase order for 25 SuperFilter ®
Systems has been received by Superconductor Technologies
Inc. (STI), from United States Cellular Corporation.  Based
in Chicago, United States Cellular Corporation, one of the
nation’s ten largest cellular service providers, manages
and invests in cellular systems throughout the United States.
For more information contact Jim Evans, Jr., Superconductor
Technologies Inc., 460 Ward Drive, Suite F, Santa Barbara,
CA 93111-2310; telephone (805) 683-7646; Web site http://
www.suptech.com.

                                    Contributed by Sreeparna Mitra
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COMING EVENTS
(An * indicates a previously listed event.  Also see complete
listing of upcoming conferences and workshops at our Web
site http://www.iitap.iastate.edu/htcu/comevents.html.)

July 12, 1999:  Cryogenic Society of America
Short Course Symposium – Helium Cryogenics:  Liquid
and Gas, Montreal Convention Centre, Montréal, Québec,
Canada.  CSA has been invited by the CEC/ICMC Board
to put on a full-day program to complement the scholarly
papers presented later in the week.  Symposium aimed
towards anyone working in the cryogenics field, with
information presented by experts on many phases of helium
cryogenics.  Registration fee, $145 (before June 1, 1999);
$165 (after June 1, 1999).   For more information, contact
Laurie Huget, Executive Director, Cryogenic Society of
America, 1033 South Blvd., Suite 13, Oak Park IL 60302;
telephone (708) 383-6220; telefax (708) 383-9337; e-mail

csa@huget.com; or visit the CSA Web site at http://www-csa.
fnal.gov/csa_bin/shortcourse99.html.

*July 12 - 16, 1999:  Cryogenic
Engineering Conference & International Cryogenic Materials
Conference (CEC/ICMC), Palais de Congrès, Montréal,
Quebec, Canada.  The CEC focuses on the science and
engineering required for cryogenic applications such as
liquefied gases for fuels; space applications of cryogenic
liquids; cooling and performance of superconducting
magnet systems in medical, transportation, power, and basic
research applications.  Will also cover systems, machinery,
control technology, and thermodynamics required to produce
low temperatures.  The ICMC focuses on the development,
characterization, fabrication, and optimization of the materials
used in cryogenic applications, typically broken into two
broad categories – structural materials and superconducting
materials.  ICMC contributions cover both high- and low-
temperature superconducting materials from basic materials
research through behavior of composite cables and wires in
applications.  Cryogenic structural materials cover a broad
range including nonmetallic composites, polymeric resins,
and insulation materials; ferrous alloys; nickel-base alloys;
aluminum alloys; and specialized materials for advanced
cryocooler applications.  For information, contact Centennial
Conferences, Suite A-112, 4800 Baseline Road, Boulder,
CO 80303; telephone (303) 499-2299; telefax (303) 499-
2599; e-mail centennial@orci.com; Web site http://www.
cec-icmc.org.

July 26 - 28, 1999:  The 1999 DOE
Annual Peer Review Meeting, Loews L’Enfant Plaza Hotel,
Washington, DC.  For more information, contact Zia Haq
at Energetics, Inc.; telephone (202) 479-2748/115; telefax
(202) 479-0154; e-mail zhaq@energeticsinc.com.

*Aug. 1 - 3, 1999:  Symposium on
Micro- and Nanocryogenics (MNC), University of Jyvaskyla,
Jyvaskyla, Finland.  Satellite to the LT-22 Conference in
Helsinki, Finland (Aug. 4-11, 1999).  Will focus on the
growing field of cryogenic applications of micro- and
nanometer size systems.  Topics of the symposium include:
micro-refrigeration, thermometry, microbolometers and other
space applications, SQUIDs and their applications, and other
cryogenic applications of micro- and nanostructures.  Limited
to about 100 persons.  For further information, contact
Minna Ranta (MNC), Department of Physics, University of
Jyvaskyla, P.O. Box 35 (Y5), FIN-40351 Jyvaskyla, Finland;
telephone +358 14 602354; telefax +358 14 602351; e-mail
mnc@phys.jyu.fi.  Or contact Jukka Pekola (Conference
Chair) at Jukka.Pekola@phys.jyu.fi, or Antti Manninen
(Co-Chair) at Antti.Manninen@phys.jyu.fi.  Also see the MNC
Web page at http://www.phys.jyu.fi/jyflweb/latest/mnc.html.

*Aug. 12 - 15, 1999:  Electron Transport
in Mesoscopic Systems, Chalmers University of Technology
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and Göteborg University, Göteborg Sweden.  Satellite to the
LT-22 Conference in Helsinki, Finland (Aug. 4-11, 1999).
The five main topics are:  single charge tunneling, Andreev
reflections and proximity effects in S/N structures, transport
in quantum dots and wires, time-dependent transport in
mesoscopic structures, and superconducting nanocircuits.
Format is expected to be two sessions for each main topic
with a rapporteur starting the first session (giving an introduc-
tion to the topic, the recent progress in the field, and the
outstanding problems to be solved with possible projections)
and an invited speaker starting the other one.  Three addi-
tional oral contributions and time for extended discussions
planned.  Abstract deadline, May 1, 1999.   Attendance
limited to about 200 persons.  For information, contact
Tord Claeson, Conference Chair, Department of Physics,
Chalmers University of Technology, S-41296 Göteborg,
Sweden; e-mail f4atc@fy.chalmers.se; Web site http://
fy.chalmers.se/meso_satellite/index.html.

Sept. 18 - 24, 1999: First Euroconference
on Vortex Matter in Superconductors, Aghia Pelagia, Crete,
Greece.  Topics will include nanoengineered pinning arrays –
regular and disordered, vortex visualization, vortex matter at
extreme conditions, vortices in mesoscopic superconductors,
Josephson vortices, vortex dynamics, driven vortex lattices,
melting, vortices in superfluids, plasma, etc.  Limited to 120
participants.  Abstract deadline, May 31, 1999; registration
deadline, June 30, 1999.  For more information, see the
Web page or contact Dr. V. V. Moshchalkov, Katholieke
Universiteit Leuven, Laboratorium voor Vaste-Stoffysica
en Magnetisme, Celestijnenlaan 200 D, B-3001 Leuven
(Heverlee), Belgium; telephone +32 16 327618; telefax
+32 16 327983; e-mail Victor.Moshchalkov@fys.kuleuven.
ac.be; Web site http://www.fys.kuleuven.ac.be/vortex/.

Nov. 29 - Dec. 3, 1999:  Materials
Research Society Fall 1999 Meeting:  Symposium II –
Superconducting Materials – Properties, Crystal Chemistry,
and Processing, Boston, Mass.  Symposium will investi-
gate the relationship between features at atomic level and
macroscopic physical properties.  This multidisciplinary
symposium hopes to provide an interactive forum for
stimulating discussion and information exchange.  Papers
are solicited to emphasize the following, but are not limited
to:  structure, processing, and property relations; crystal
chemistry; defects, microstructures, and characterization;
dopants, impurities, and nonstoichiometry; grain boundaries
and interfaces; phase equilibria and thermodynamics;
kinetics and phase evolution; crystallography (structure,
modulation, and texturing); processing; bulk (tapes and
wires); films (fundamental growth studies and coated
conductors); crystal growth; physical properties (transport
and flux pinning); new materials (including non-oxides);
and prototype devices.  Joint sessions anticipated with
Symposia L:  Fundamental Mechanisms of Low-Energy-

Beam Modified Surface Growth and Processing, and
O:  Substrate Engineering – Paving the Way to Epitaxy.
A tutorial titled Crystal Chemistry of High-Temperature
Superconductors is tentatively planned.  Abstract submission
opens, May 17, 1999.  Abstract deadlines, June 7, 1999
(paper, fax, and e-mail submissions); June 21, 1999
(Web submissions).   For information on Symposium II,
contact Winnie Wong-Ng, A256 MATLS, Ceramic Division,
National Institute of Standards and Technology, Gaithersburg,
MD 20899; telephone (301) 975-5791; telefax (301) 975-
5334; e-mail winnie.wong-ng@nist.gov.  For abstract
submission information, contact Materials Research Society,
506 Keystone Drive, Warrendale, PA 15086-7573; telephone
(724) 779-3003; telefax (724) 779-8313; Web site http://
www.mrs.org/meetings/fall99/.

RESOURCES
Information
New Book:  Superconductivity:  Current Topics,
by S. L. Kakani.  Book links the science with engineering
aspects, and aims to synchronize various relevant disciplines
in physics, chemistry, materials science, and engineering.
Topics are:  introduction to the experimental and theoretical
background to both low- and high-Tc superconductivity,
summary and current status of high-Tc superconductors,
pairing mechanisms and review of some proposed novel
mechanisms, extensive review of experimental and theo-
retical status of fullerene superconductivity, and current
and future applications.  Publ. 1999; 450 pp.; ISBN 81-7230-
124-3.  Contact Sumer Jain, Arihant Publishing House,
5 Opp. Rajasthan University, Jawahar Lal Nehru Marg,
Jaipur 302 004, India.

New Books:  Superconductor Technology –
Applications to Microelectro-optics, Electrical Machines,
and Propulsion Systems, by A. R. Jha.  Book provides
comprehensive coverage of both theory and applications,
and integrates research efforts from around the world.
Covers LTS and HTS superconductors.  Publ. 1998;
328 pp.; price $84.95; ISBN 0-471-17775-X.

Introduction to Superconducing Circuits, by Alan M. Kadin.
Makes superconductivity more accessible by using simple
circuit models to develop an understanding of the physics of
superconductors.  Principles are then applied to the practical
areas of superconducting circuits and systems, including
cutting-edge circuit applications and materials.  Publ. 1999;
408 pp.; price $89.95; ISBN 0-471-31432.

Contact John Wiley & Sons, Inc., Department 713, 1 Wiley
Drive, Somerset, NJ  08875-1272; telephone (800) 225-5945
or (732) 469-4400; telefax (732) 302-2300.
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