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f)irac N'Iedals 1988
to E.S. Fradkirt

and D. (iross

Thc 1988 Dirac ]r{cdal of thc
Intcrnal"ional Ccntrc for Thcorctical
Phl,sics (ICTP), Tricstc (ILaly), havc
bccn awarclcd TO Profcssors Efim
Samoilovich Fradkin (Lcbcdcv Physical
Institutc, N4oscow, USSR) and David
Gross (Princcton Univcrsitl', Princcton.
Ncw Jcrscy, USA).

Efirn Samoilovich Fradkin is
honourcd for his many fruitlul
contribut"ions to thc dcr,clopmcnt of
quantum ficld theory and statistics.
Among thcsc arc his carly work on
functional mcthods including his forrnal
solution to thc Schwingcr-Dyson
cqual.ions for thc Grccn's functions of
intcracting systcms. This rcsult has
bccomc a standard part of modcrn
quantum ficld thcory. Indcpcndcntly of
Takahashi hc discovcrcd thc gcncralizcd
Ward idcntitics for clcctrodynamics.
Thcsc idcntitics and thcir gcncralizations
for non Abclian gaugc thcorics arc basic
to thc undcrstancling of local
synrmctrics. In his work on thc
Schwingcr-Dyson cquations, Fradkin
drcw attcnLion to thc zcro-chargc
problcm, a potcntial inconsistcncy in
Abclian gaugc thcorics whosc lal.cr
rcsolulion in Lhc non-Abclian thcorics
lcd to thc discovcry of asy'mptotic
frccdorn. At thc same lime as
Sch wingcr and Nakano, Fradkin
consl.ructcd a Euclidcan formulation oI
quantum ficld thcory, a dcvclopmcnt.
which was to havc far-rcaching
irnpl.ications for thc dcvcloprncnt of
statistical physics and string thcory. His
contributions [o thc quantization of
rclativistic systcms with constrainLs arc
widcly rccognizcd. This work
culminatod in the Batalin-Fradkin-
Wilkovisky quant.izittion mcthotl which

is usccl both in quantum ficld thcory and
in thc thcory of cxtcndcd objccts such as
strings and mcrnbrancs.

David Gross is honourcd for his
fundamcntal contribulions to thc
undcrstanding of nuclcar forccs at short
distances and to thc thcory of
supcrstrings. Togcthcr with F. Wilczek
and, indcpcndcntly, lI.D. Politzcr and
G.I{. 't IIooft, hc discovcrcd thc
mcchanism of as1'mptotic frccdorn in
non Abclian gaugc thcorics. This
discovery, which accounts for the
phcnomcnon of scaling in dccp inclastic
inl.cracl.ions, was ccntral to thc
d c v c l o p m c n t of quan tum
chromodynarnics as a viablc modcl for
thc nuclcar forcc. His invcnl.ion,
togcthcr with Harvcy, I\'Iartincc and
Rohrn, of thc hctcrotic supcrstring
modcl cnlargcs thc thcorctical
undcrstanding of string thcory and has
provitlcd a grcat sl.irnulus to rescarch in
this subjcct. By its bold gcncralization
frorn thc picturc of thc rclativistic string
as a gcomctrical objcct crnbcddccl in
spacctirnc, thc hcLcroLic modcl, sccn as a
L wo-tlirncnsional conformal ficld thcory
whosc lcft and right-moving modcs arc
qualiurtivcly diflbrcnt, is ablc to account
for clrirality in particlc physics. This
opcncd lhc way for a new undcrshnding
of thc naturc o[ spaccLimc and thc
unification of clcmcnlary forccs.

Thc Dirac lvlcclals of thc ICTP rvcrc
institutcd in 1985 in vicw of rhc latc
Profcssor Paul A. N,I. Dirac's association
with this Ccntrc and arc awardc'd ycarly
to scnior physicists on Dirac's birthdly,
8th August.

Profcssor Yaliov Zcldovich, from thc
Spacc Rcscarch lnstitutc, N{oscow,
USSR, and Prolcssor Edward Wittcn
from PrinccLon Univcrsity, USA won
thc N'lcdals in 1985, whilc Profcssor
Yoichiro Narnbu frorn thc Enrico Fcrmi
Institutc for Nuclcar Studics (Unir,crsitv

of Chicago, USA) and Profcssor
Alcxandcr Polyakov from thc Landau
InstiLutc of Thcorctical Physics,
N{oscow, USSR, wcrc thc rccipicnts of
thc 1986 N'Icdals. In 1987, thc lr{cdals
wcrc awardcd to Profcssors Bruno
Zumino (Univcrsity of California,
Bcrkclcy, California, USA) and Brycc S.
DcWitt (Univcrsity of Tcxas, Austin,
Tcxas, USA).

Thc sclcction Committcc for 1988
includcs Profcssors S. Lunclqvisl., R.
Marshak, J. Schwinger, L. Van Hovc,
S. Wcinbcrg and Abclus Salarn. Thc
Dirac N{cdals arc not awardcd to Nobcl
Laurcatcs or Wolf Foundation Prizc
winncrs.
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Ilcisenbcr"g Prize
to Dr. J.N. Onuchic

Thc 1988 Prizc of thc Intcrnational
Ccntrc for Thcorctical Physics (ICTP,
Tricstc, Italy) - namcd this time after thc
latc Wcrncr 1 Hciscnbcrg, Nobcl Laurcatc
for physics 1932 - was awardcrl to Dr.
J.N. Onuchic from ftc Univcrsity of Sio
Paulo, Brazil, in rccognition of his
contributions to biophi,sics.

Dr. Onuchic works on thc thcory of
clcctron transfcr reactions with
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applications to biology and chcmical
systcms. For calculating the ratcs of
thcsc rcactions, hc has dcvclopcd ncw
thcorctical modcls and tcchniqucs which
pcrmit a bettcr undcrstanding of
fundamcntal qucstions in the dynamics
of rcactions in condcnsed mal.ter such as
adiabaticity critcria, quantum friction and
quantum rcsonanccs. Thcse modcls wcrc
vcry uscful to addrcss thc qucstion o[
modc- spccificity in biophysical rcactions
and to show the importancc of quantum
cffccts in thc prirnary cvcnts of bactcria
photosynthcsis.

Frontier Crvstals

by

Fabio Pagan

"ln the sixties, solid state plrysics
was essentially studying new effecls,
building new theorelicql models. Now,
in the eighties, physicists try to invcnt
new structures the properties of which
are tailor-designed. Previously we
wanted to understand the nattre of the

The Awarding Ceremony of the lleisenberg Prize: (frorn left to right) Prof.
G.C. Ghirardi, Director of the Department of Theoretical Physics of the
(lnfuersity of Trieste and consultant to the ICTP, Prof' J.J. Giarnbiagi
(Argentina), Member of the IC'IP ScientiJic Council, Professor Abdus Salam,
Director of the ICT'P, and the awardee Dr. J.N. Onuchic (Brazil).

Morc rcccntly, using somc idcas
from photosynthesis, Dr. Onuchic and
his collcagucs have proposcd a dcvicc in
molccular clcctronics, thc "Shift
Rcgister Mcmory", which intcgratcs
dcsigncd clectronic onto a silicon
microclcctronic substratc.

Thc Prize, a diploma, a mcdal and a
US$ 1,000-chcque wcrc prcscntcd to Dr.
Onuchic by Professor Abdus Salam,
Nobcl Laurcatc 1979 and Dircctor of the
ICTP, in Tricstc on Monday, 19
Scptcmbcr 1988.

physical world; now we rather wanl lo
modify matter, to build according to the
neccssities and to our tuishes".

Andrca Frova, from thc Univcrsity of
Romc, chairman of l.he confcrcncc on
"Supcrlatticcs, microstructurcs and
microdcv iccs" which fillcd for fivc days
thc 300-scat lccture hall of thc
Intcrnational Ccntrc for Thcorctical
Physics of Tricstc, synthctizcs in thcsc

This article is a translation of t:f
original published in the newspaper ,

Piccolo" of '[rieste, Italy.

words thc clcctronic rcvolution which in
thirty ycars has brought us from the first
rudimcntary transistors to thc
sophisticatcd microprocessors of thc
computcrs of today and to thosc of
tomorrow.

A rcvolution which has involvcd
informat ics , au tomat iza t ion ,
communications and which was
rcprescntcd in Tricstc by two Nobcl
Prize Laurcatcs who bclong, to somc
cxtcnt, to thc two distinct pcriods of
dcvclopment mcntioncd by Profcssor
Frova: the 63-ycar old Lco Esaki, a
Japancsc by birth but scttlcd since ncarly
thirty ycars at thc IBM Laboratories of
Yorktown Hcighs, Ncw York, who won
thc Nobcl Prizc in 1973 for having
invcnl.cd thc tunncl diodc (thc so-callcd
"Esaki diodc"); and the45-ycar-old Klaus
von Klitzing, a Gcrrnan from thc
prcstigious Max-Planck-Institut in
Stuttgart who won thc Nobcl Prizc in
1985 for thc discovcry of thc "Quantum
Hall Effcct".

Thc protagonist of this clcctronic
rcvolution is thc scmiconductor or, in
othcr words, this silicon or gcrmanium
or (morc rcccntly) gallium arscnidc
cryshl thc clcctric conductivity of which
is bctwccn that of mcl.als and that of
substanccs which do not allow the
passagc of clcctrical currcnts at all such
as glass and ceramics. These arc thc
scmiconductors, thc basic matcrial for
thc rcalization, in addition to thc
transistors, of thc TV scts, thcse famous
chips which constitutc thc "brain" of thc
computcrs as wcll as thc componcnts for
fibre optics cornmunication which little
by littlc arc cntering the daily
clcctronics. It was at thc bcginning of
the 60's that very specializcd
scrniconductors, madc of succcssive vcry
thin laycrs of matcrials with various
clcctrical propcrtics, wcre irnagincd first
and made latcr. Ciulo Bcrtoni from lhc
Univcrsity of Romc 2, scientific
sccrctary of thc Tricstc mecting,
cxplains: "'fhose involved in pure
plrysics undcrslood quickly that lhese
systems also allow the study of
fundamental phcnomena which have
their roots in qtnntum physics. This is
lontamounl to saying that those quanlum
phenomena which govern lhe properties
of atoms and ntolccules can bc studicd
and realizcd on a 'nrcsoscopic scalc', i.c.

2
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on an intermcdiate scale bctwecn lhe
microscopic scale of the phenomcna and
lhc mctcroscopic scale of the natural
world. A scale which involves distanccs
which are ten to a hundred limes greatcr
than those of the atomic dimensions.
Moreover, such systems offer unique
opportunities to material engincering,
allowing the design of artificial
semiconcluctors with properties differcnt
from tlrc traditional serniconductors.
This has made it possible to renew or to
improvc thc electronic deviccs.
Semiconductor lasers alrcady
conmercially attailablc arc an cxample".

But how did thc young Klaus von
Klitzing succcccl in naking this fronticr
physics progrcss? This happcncd in
1980 at thc laboraLory oI strong
magnctic ficlds at Grcnoblc - a
laboraLory of thc Frcnch National
Rcscarch Council (CNRS) which also
hosts Gcrman "brains" and cquipmcnt.

Von Klitzing startcd by invcstigating
thc bchaviour of clcctrons in a
practically bidirncnsional spacc, i.c. in a
scrniconducLor with a t"hickncss of just a
fcw atoms ancl this aL a l-cnpcraturc closc
to thc absoluLc z.cro, onc or Lrvo dcgrccs
abovc thc -213'C, which is thc lowcst
limit in maLtcr. In thcsc conditions,
clcctrons rcmain virtually "confined",
trappcd in thc scrniconducl.or in what is
clcllncd in quantum mcchanics a potcntial
wcll. And thc propcrtics of thc matcrial
arc complctcly changcd so far as thc
prssagc of clcctric currcnt is conccrncd.

This is not all. At this point, von
Klitzing applicd a magncLic ficltl
pcrpcndicular to thc planc of thc
scn.riconcluctor. In this way, clccLrons
wcrc withhckl on thcir orbil"s iuound thc
atorn fixccl in a quitc abnonnal way
which is callcd "total quantization" by
thc cxpcrts. Ancl this phcnorncnon u,as
narncd "Quantizcrl Hall El'fcct" aftcr thc
namc of an Amcrican scicnt.ist of thc last
ccntury who tvas thc first to stucly this
typc of phcnomcna.

What arc t.hc conscqucnccs of ftc
cxprcrimcnts which gavc thc Nobcl Prizc
[o von Klitzing? Thc nrost inrporLunt
onc is that, in thcsc conditions, it was
discovcrcd that thc clcctric rcsistancc
docs not dcpcnd any morc on lhc
n.latcrial utilizcd, but that it rcrnains thc
samc, a l.ruly univcrsal constant, an
"absolutc" rcsisLancc which is now a

ncw mcasurc unit, thc "Klitzing", wliich
is much morc accuratc than thc
raditional "Ohrn" uscd in thc traditional
mcasurcmcnt of rcsistanccs. Sarnplcs
with a rcsistancc of half a Klitzing arc
alrcady availablc. This amuscs von
Klitzing vcry much as if hc wcrc a
"halvcd physicist".

Onc should, abovc all, undcrlinc onc
aspcct of this rcscarch dcvclopcd by von
Klitzing and by othcr rcscarchcrs (in
Italy, such phcnorncna had bccn studicd
in thc 20's by thc physicist an(l
politician Orso l\{ario Corbino, t-hc man
who created Lhc fanous "group of Via
Panispcrna" whcrc illustrious Italian
physicists likc Enrico Fcnni starLcd thcir
rcscarch). This rcscarch is donc through
tcchnologically refined experiments
which arc ablc to proclucc a new physics,
a funclarncntal knou'lcdgc which, in turn,
can bc uscd for producing new industrial
clcviccs. An cvidcncc o[ this is thc
prcscntaLion at thc ICTP of pepcrs
signcd by scicntists from famous
"sanctuarics" oi high tcchnology:
Hcwlct"L-Packarcl and Xcrox, thc Bcli
Laboral"orics of AT&T and Philips, thc
t l T and thc N,Iax-PIanck-Insritut,
Cavcntlish Laboratorics and Thompson,
ancl thcn Japancsc, Isracli, Sovict and
Chincsc ccnllcs and, of coursc, IBI\.f, onc
of thc official sponsors of thc
Confcrcncc.

Science srtd Ftntilv

Interriew v,itlt
I'rofessor von Klitzing

by
Fal.tio Pagan

Q.: Dr. \'on Klitzing, whcn ),ou
rcccivcd thc Nobcl Prizc, thrcc )'cars ago,
you wcrc only 42. It is oftcn said rhat
oncc hc has won thc Nobcl Prizc. a
scicnt.ist docs no longcr havc grcat
objcctivcs in his profcssional lifc. Is
this also truc for you, though you arc so
young?
A.: "I hopc not. For thc time being, I
l.ravcl a lot, I continuc my rcscarch and,
abovc all, I am intcrcsl.cd in hclping
scicntists who arc youngcr than mc.
This is also onc of thc rcasons why I
hAvc comc scvcral limcs to l.hc

IntcrnaLional Ccntrc for Thcorcl.ical
Physics whcrc so many young pcoplc
from thc Third World and from
industrializcd countrics do comc for
work. At thc ll{ax-Planck-Institut in
Stuttgart, I am onc of thc tcn DirccLors
for rcscarch, in physics and in chcmisl.ry',
who arc involvetl in solid statc:
supcrconductors, scrniconductors,
sl.ructurc of nal"crials. In my group, we
are thirLy or forty from sixtccn diffcrcnt
naLionaliLics. Thcrc is a grcat turnovcr
o[ pcoplc, visiting profcssors who cornc
for onc year or [\,o, ]oung scicntists
working on thcir Ph.D... Thc
atmosphcrc is intcrnational, vcry
stimulating. Automatically, thc
clircctors of thc insl.itutc are also
profcssors at thc univcrsity. But altcr
thc Nobcl Prizc, I had no tirnc any moru
for tcaching.

Prof. K. von Klitzing

Q.: Rcscarch on scmiconducLors has a
rathcr fast. fall-out on tcchnology, on
inclustry...
A.: "Of coursc. but I am intcrcsLcd in
thc basic physics which is bchind thcsc
phcnorncna which appcar at. thc atomic
lcvcl. Thc big tcchnological thrusr
comcs from Japan: ncw dcviccs for
cornmunication and thc supcrcompul.cr.
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Somc time ago, thc hpancsc wcrc
spccializcd in copying ncw things from
Amcrica and Europc and scll thcm.
Nowadays, instcacl, thcy arc also
involvcd in a big fundamcntal rcscarch
cffort in thcir laboratorics.
Q.: You havc studicd an alwal's workcd
in Gcnnany. Howcvcr, )'ou wcrc born
in a rcgion which is now part of Poland.
A.: "Ycs, I was born in a small villagc
ncar Poznan in 1943. Thcn two ycars
latcr, ny farnily camc to thc Wcst.
Ncxt. rvcck, howcvcr, I shall rcturn with
my fat"hcr Lo thc placc whcrc I was born,
for thc first l.imc, Laking advanhgc of a
confcrcncc on scmiconductors which will
takc placc in Warsaw. Thcn I will travcl
to China, Japan... for this, whcn I arn at
homc, I try to sLay as much as I can
with rny wilc and my lhrcc childrcn. It
sccms Lo lnc that I ncvcr havc cnouqh
ilmc for thcrn...".

Activities at ICTI'} from
July to Septernbcr l9 t t

Title: N'{INI-WORKSHOP ON
I E C H A N I S M S FOR HIGH
TEIvIPERATURE S U P E R -
CONDUCTIVITY (20 Junc - 29 July
1988).

O r g a n i z e r s : Profcssors G.
Baskaran (N,latscicncc Institutc of
Mathcmatical Scicncc, N{aclras, India),
A.R. Bishop (Los Alarnos National
Laboratory, USA), E. Tosatti
(lntcrnational School for Advanccd
Studics, ISAS-SISSA, and ICTP,
Tricstc, Italy) and Yu Lu (Acadcnia
Sinica, Bcijing, P.R. China, and ICTP,
Tricstc, Inly).

L e c t u r e s : Thc slavc boson
approach to thc cxtcndcd modcls of high
l.cmpcral"urc supcrconductivity. Holc
corrclations in thc Hubbard modcl.
An t i f c r r o m a g n c t i s m ancl
supcrconduclivity. Elcctronic Lranslcrof
local pairs and supcrconductivity in
mctal ox idc c o m p o u n d s .
Supcrconductivity in chain-likc
structurcs. On possiblc cxtcnsions of thc
Gutzwillcr AnsaLz. ElccLron corrcladon
and antifcrromagnctisrn in high-T"

supcrconductors. Pcrturbativc trcaLmcnt
of local corclations in Cu-O plancs for
h i g h - T s supcrconductors. Spin
corrclirtions, cxcitations of spin-l/2

Ilciscnbcrg antifcrromagnct on squarc
latticc. Spin-holc modcls for CuO2
laycrs in supcrconducting oxidcs. Exact
cxcitation spcctrum of 1-d Hubbard
modcl. Phasc diagram of d-wavc
supcrconiluctors in magncLic ficlds.
Numcrical simulation of high T s

supcrconductivity. Rcsonating valcncc
bond picturc of high Tg supcrconductors.
Thc short-rangc RVB supcrconductor.
Conncction of RVB with QHE.
Numcrical simulal.ions of RVB.
Approach to strongly coruclatccl systcms
with and without. slavc bosons. What do
high Tg cxpcriments tcll thcorcticians.
Exact. statcs and varial.ional statcs of a
pcriodic two-dirncnsional cluster of fte
Hciscnbcrg modcl. Pararnctcrs of a
Hubbard Hamiltonian to dcscribc
supcrconducting Cu oxidcs. Chargc
fluctuation pairing in the cxtcndcd
Hubbard rnodcl. High encrgy
spcctroscopics of high T c

supcrconducLors. Two or l.hrcc
dimcnsionality of high Tc
supcrconductors.

M i c r o c o nfe re N c e on
m echanisms for High-Ts

superconductivity: About thc
possibility of supcrfluid transition in
weakly non-idcal Fcrmi-gas with
rcpulsivc inLcraction bctwccn particlcs.
Possiblc supcrconductivity on thc
junction surfacc of diclcctric La2CuO4.
On thc RVB thcory of high Tc

supcrconducl.ivity. U(l) gaugc lhcory as
a collcctivc ficld of Hubbard modcl.
Supcrconductivity duc to corrclation
cffccts. Effcct of quanturn fluctuations
on thc Cutz.u,illcr-approxinration
solution of thc Hubbard nroclcl.
Twinning planc supcrconductir,ity in
high Tc supcrcon due tors. Transfcr matrix
mcthod for solving spin-1/2 I-D
Hciscnbcrg modcl. Quasi particlcs in thc
I-lI Hubbard modcl. Critical
tcmpcraLurc of laycrcd high Tc

supcrcontlucLors. Joscphson junctions in
yBa2Cu3O7 singlc crystals. The
calculation of thcrmodynamic
charactcristics of YBCO in thc rnodcl of
strong clcctron-phonon coupling.
Optical calculations for La2CuO4 bascd
supcrconductors. Possiblc mcchanism
for high Tg supcrconductivity: A
multicomponcnt plasma modcl.
Supcrconductivity in thc ncarly half-
fillcd Hubbard rnodcl with srong on-sitc

correlation. Simplc spin holc modcl for
magnctic corclations in copper oxiclc
supcrconductors. Microscopic origin of
cffcctivc attmctivc intcraction in a
Hubbard typc Hamiltonian for thc Cu-O
planc. Common cxcitonic mcchanism
for CuO2 and BiO3 bascd pcrovskitcs.
Possiblc occurrcncc of band intcrplay in
high T c s u p c r c o n d u c t o r s .
Supcrconductivity and irnpuritics in
laycrcd systcms.

Thc workshop was attcnclcd by 7-1
lccturcrs and participants (33 frorn
dcvcloping countrics).

Title: RESEARCH WORKSHOP
IN CONDENSED N,TATTER, ATOI\,IIC
AND MOLECULAR PHYSICS (20
Junc-30 Scptcmbcr 1988).

O r g a n i z e r s : Professors P.N.
Butchcr (Univcrsity of Warwick, UK),
F. Carcia-N{olincr (lnstituto dc Cicncils
Mar.crialcs, Ir,Iadrid, Spain), S. Lundqvisr
(Chahncrs UnivcrsiLy of Tcchnology,
Cothcnburg, Swcdcn), Chi Wei Lung
(Institutc of lr{ctal Rcscarch, Acaclcrnia
Sinica, Shcnyang, P.R. China), N.H.
March (Univcrsity of Oxford, UK), K.S.
Singwi (Northwcstcrn Univcrsity,
Evans Lon, USA), E. Tosatti
(Intcrnational School for Advanccd
STudics, ISAS-SISSA, and ICTP,
Tricstc, Itnly), Ir{.P. Tosi (Univcrsity of
Tricstc and ICTP, Tricstc, Italy) and Yu
Lu (Acadcrnia Sinica, Bcijing, P.R.
China, and ICTP, Tricstc, Italy).

Lectures: Many-body cffccts in
invcrsion laycrs. Ficld thcory of phaSc
scparation in first.-ordcr phasc
l.ransitions. Elcctronic structurc of high-
T c supcrconductors. Ballistic
aggrcgation. Surfacc dcconsl.ruction of
Au(I10). Pair potcntials in disordcrcd
alloys. Sturly of chaos in qunnturn
dissipativc systcms. Elcctronic structure
and forrnation of magncLic momcnl.s in
compounds and alloys. A ncw approach
in thc thcory of fractals. Fcrmi liquid
picl.urc for disorclcrcd clcctron systcm.
Importancc of thc atomic structurc of
dislocations on plastic bchaviour of
matcrials. Supcrcritical fluids: Thcir
bchaviour and pcculiarities. Ir{agnctic
pcnctration in Hi-Ts supcrconductors.
Atornic structurc of grain boundarics.
Vibrational propcrtics of disordcrcd
matcrials (including also quasicrystals
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and fractal systcms). Dcnsity functional
theory in magnctic fields. Atomic lcvcl
stresses and structure of glasscs and
liquids. Initial stages of hctcrocpitaxial
intcrfacc format"ion: GaAs on Si and Si
on GaAs. The stability of diflcrcnt typcs
of polarons. Wigncr crystallization of
clcctrons on hclium laycrs: nonlocality
and substratc scrccning clfccts. Particlc
and wavc propcrtics of solitons.
Quasicrys ta ls : An ovcrvicw.
Simulations of quasicrystal growth.
Elcctronic states in quasicrystals.
Elcctrons and phonons in supcrlaLLiccs.
Excitons in onc-phonon resonrncc
Raman scattcring. Univcrsal conductancc
fluctuations. Tunncling in quantum Hall
clfcct. Chargc transfcr cxcitations and
high-Ts supcrconductivity. Diffcrcntial
gcornctric aspccts of thc thcory of
fcrroclcctricity. Hopping rclaxation and
phoLoconductivity in disordcrcd
scmiconducl.ors. Frcczing in glasscs and
spin glasscs. Dcnsity wavc thcory of
quantum Wigncr crystallization. Thc
conccpt of quanturn-rncchanical strcss in
Coulornb s)'stcrns and ils conscqucnccs.
Rcrnarks on collision proccsscs.
Danrping of zcro-sou nil in liquid 3Hc.
Supcrconductivity in high rnagnctic
fickls. Rcsonant tunnolling and ballistic
transport in high magnctic ficlds.
Nonlincar thcory of dcformablc solids
with quasiparticlcs. Local ficld
coffccLions and thc influcncc of cxchangc
and corrclation on thc microscopic
diclcctric function of coppcr. Transport
and phasc transit"ions in dcnsc partially
ionizcd gascous and solid shLc plasmas.
Chargc dispcrsion of polyclcctrolytcs.
Ranclorn fluctuaLions of cncrgy bands and
noncquilibriurn phcnorncna in
scmiconducting slid solutions. Ground
statc propcrtics of low-dirncnsional
magnctic systcrns. Bond particlc modcl
for scmiconductor mclts and its
application to liquid structurc of
gcrmaniurn. Cornputcr simulat.ion of
licluid crystal surfaccs. Thc rolcs of
defccts in phasc transitions in cornplcx
oxidc crystals and sornc applications.
Quantum and stittistical mcchanics of
non-Hamiltonian systcms. Analytic
solutions for thc anisot.ropic Hciscnbcrg
rnodcl with arbitrary dimcnsionality.
N{any botly cffccts in dclcct propcrtics of
biniuy solids. Propcrtics and somc novcl
p h c n o m c n a dctcrrnincd by

noncquilibrium 2D plasma. Elcctron
corrclation in conducting polymcrs.
Moll transition: Low cncrgy cxcital.ions
and supcrconductivity. Pairing
mcchanisrn in high-Tg supcrconductors.
Algcbraic Bcthc Ansatz with
applications to mu lti component
nonlincar Schnidingcr modcl.

Working Group Seminars :
Lagrangian dcscription of some
nonlincar phcnomcna. Partition function
zcrocs in statistical mcchanics:
Application to phasc transitions. Doping
supcrlatticcs. Elcc{.ronic propcrl.ics of
dopcd scmiconductors. N{atching
tcchniqucs and appl ica t ions .
Charactcristic tirncs for rcsonant
tunnclling in lD. Random nctwork of
ccllular automata. Fracturs in matcrials.
Study of crccp fracturc by inLcrnal
friction mcthod. RcLiudation cffccts in 1-
dimcnsional Pcicrls systcms. Stationary
solutions o[ spin latlicc syst"crns. Is ftc
intcrior of a ncuLron star a typc II
supcrconductor? On thc thcrmal
qucnching of thc photoconductivit")' of a-
Si:H. Intcraction of hydrogcn with
dislocations. Thcory of surfacc phonon
polaritons in supcrlail.iccs. Thc Lorcntz
gas. Thc sirnplcst rnodcl of kinctics o[
particlcs and quasiparticlcs. Rcsonant
tunncling and univcrsal conclucl.ancc
fluctuations. Two-bant! model for gradcd
A/1Ga 1-1As-CaAs supcrlatticcs. On
quantum diffusion of hydrogcn in
transilion mctals. Obtaining dynarnics
from multifractals. Ncw dirncnsion in
mullifracmls. Theory of cxciton in
CaAs/GaA/As quantum wclls. Sizc-
dcpcndcnt propcrtics of snall 3-D
transition mctal clustcrs. Optical
propcrl.ics o[ straincd laycr supcrlatticcs.
Radiation cnhanccd di{Tusion of Ag in
soda-limc glass. Onc-dimcnsional
clccl.ron transport. Fractal dimcnsion
mcasurcd with pcrirnctcr/arca rclation and
its rclationship with fracl.urc propcrtics
of rnatcrials. Elcctro-modulatcd
intcrfacial optics. Naturc of ion
migration in superionic fluoritcs.
Vcrtical and longitudinal lransport in 2D
systcms. Quasicrystal dynarnics.
Obscrvation of dcfccts and magnctic
clomains by X-ray topography. Rigorous
lhcorcms in thc clcctron thcory of
surfacss and intcrfaccs. Thc rolc o[ thc
ordcr paramctcr in a liquid crystallinc
phasc transition. Nonlincar cxcitations

in thc Ilciscnbcrg chain. DX ccntre in
CaAs. Quantum diffusion of dcfccts.
Lightly dopcd quantum wclls: Montc
Carlo simulation. Dissolution of B-
dopcd Si(100) laycrs. Wcakly first ordcr
(or nearly second ordcr) phase
transitions. Elastic ficlds of disclinations
in a non-homogcncous mcdium.
Elccronic structurcs of strainccl Si/SiCc
supcrlatticcs. Dcnsity functional thcory
and atomic shcll structurc. Dccp lcvcls
in scmiconductors undcr uniaxial sLrcss.
Bimctallic systcms using density
funcl.ional thcory. Dynamic of
continuous timc ranclorn walk. Atomic
represcntation: An application to thc
study of Augcr spcctra of ransition
mctals. FrOhlic clcctron-phonon
intcract.ion in supcrlatticcs. On thc
possibility of supcrfluidity in Fcrmi gas
with rcpulsivc potcnLial. Intcrband
rcsonant polarons in l.hc scminlagnctic
zcro-gap scmiconductor Hgi_xMnxTc.
Positron annihilation studics on point.
dclccts in scmiconcluctors and ccrarnics.
Structural charact.crisLics and dcfect
cffccts on clcctric ransporl" propcrtics of
TiS2. Caugc thcory of dcfccts and clastic
prccursor dccay. Gradcd-gap
scmiconductors. Optical quant.um sizc
cffccts in chcrnically dcpositcd PbSc
fihns. Phasc transition and high prcssurc
bchaviour of compound semiconductors.
Indircct intcract"ion in subrnonolaycrs and
scts of noblc mctal adal.oms on jclliurn.
Thcrmopowcr in scmiconductor quantuln
wcll s t r u c t u r c s . Structural
charactcrization ancl fatiguc bchaviour of
a Carbon-implantcd Nickcl. Thc soliton
bchaviour ol crlck propagation.
Vibration propcrty of onc-dirncnsional
quasi latticc. Photorcflcctancc of InAGa].
1As/InP nultiplc quant.um wclls.
Dl,narnical cquations dcscribing clccrons
and holes in a scmiconductor. Induccd
rcprcscnLations of groups in thc thcory
of continuous phasc Lransidons.

Thc workshop was attcndcd by 284
lccl.urcrs and participants (24I frorn
du,cbping countrics).

Title: SUN{N,IER SCHOOL IN
HICH ENERGY PHYSICS AND
COSMOLOGY (27 Junc - 5 August
1988).

O r g a n i z e r s : Profcssors G.F.R.
Ellis (Intcrnational School for Advanccd
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Studics, ISAS-SISSA, Tricstc, Iraly), G.
Furlan (University of Triestc, Italy), J.
Pati (Univcrsity of Maryland, USA), S.
Randjbar-Daemi (ICTP, Tricstc, Italy),
E. Sczgin (ICTP, Tricstc, IUaly), and Q.
Shaii (Univcrsity of Dclaware, USA).

Lectures: Ovcrview of astroparticlc
physics. Inl.roduction to supcrsymmclry
(SUSY, SUGRA). Overvicw of unificd
Lhcories. Phcnomcnology of thc standard
model. Quantization of systems with
constraints. Introduction to string
thcorics. Compactification in string
thcorics. Conformal invariance and two-
dirnensional ficld theories. Symmctry
and low encrgy string theory.
Rcnonnalization group and thc o modcl
approach to strings. Dynarnical
cvolution of cosmic strings and
supcrconducting. Complcx manifolcls
and discrcl.c symmcl"rics in supcrstring
compactilication. Hiddcn symmcLrics in
superstring thcorics. Addrcssing thc
flavour problcrn through supcrsymmctry
and cornposit"cncss. Effcctivc Lagrangian
in string thcorics. Physics bcyond thc
standard modcl. An ovcrvicw of
supcnncmbranc ftcorics. Supcrstrings
and diffcrcntial gcornctry. Effcctivc
nonrcnormuIiz:.rblc thcorics; supcrstring-
inspircd modcls. Inflation through
supcrsymmcl.ry and cornpositcncss. Thc
carly universc: rcvicw and kcy qucstions.
Big bang nuclcosynthcsis: ncul.rino
counting, quark-hadron transition, ctc.
Inflation docs not ncccssarily irnply W =
l. Evidcncc for dark maLtcr (including
lcnsing). Largc scalc structurc: cosrnic
strings, late time phasc transitions, ctc.
Non-baryonic dark matt"cr: candiclatcs and
abunclanccs. Baryonic dark mattcr. Thc
agc of thc univcrsc. Origin of structurc:
lincar and non-lincar proccsscs. Largc
scalc strucLurc of thc obscrvctl univcrsc.
Non-topological solitons as druk mattcr
candidatcs. Spcctrum and anisot"ropics of
background racliation (including
rnillimctrc excess). Largc scalc
microwavc background anisotropy.
Cautionary cornmcnts on thc rclation of
piuticlc physics and cosrnology.

Conference on
Phenomenology in High Energy
P/rysics (25-29 July): H e a v y
flavour physics. Fcrmion masscs anrl
mixing. Probing thc slandard modcl in
hadron collidcrs. Syrnmctry brcaking:
thc standard modcl and supcrstrings.

Status of CP violation. Non-accclcrator
parLicle physics (Kamioka, IMB and
othcr rcsults). Supcrsymmetry signals at.
Tcvatron, SLC and LEP. Searchcs for
rarc dccay modcs of the K-mcson.
Physics at Gran Sasso. Particlc physics
and cosmology. Recent developmcnts in
lattice gaugc thcorics. Dark matter
candidatcs and thcir dctcction. Status of
ncutrino physics. Physics bcyond thc
standard modcl. U(1) anomaly cffccts in
polarizcd elcctroproduction. Supcrnova
1987a. CKM matrix clemcnts.
Supcrstring-inspircd modcls.

Thc school was attcnded by 195
lccturcrs and participants (133 from
do'cloping countrics).

Title: ADRIATICO RESEARCH
CONFERENCE ON "COMPUTER
SIN,IULATION TECFINIQUES FOR
THE STUDY OF MICROSCOPIC
PTDNOMENA" (19 - 22 July 1988).

O r g a n i z e r s : Undcr thc
chainnanship of Profcssor S. Lundqvist
(Chalrncrs Univcrsity of Tcchnology,
Gothcnburg, Swedcn): Profcssors F.
Jarncs (CERN, Ccncva, Switzcrland), A.
Nobilc (Intcrnational School for
Advanccd Studics, ISAS-SISSA, Tricste,
Italy) and C. Rcbbi (Boston Univcrsity,
USA), with thc co-sponsorship of thc
Intcrnational School for Advanccd
Studics, ISAS-SISSA, Tricsl.e, ILaly.

L e c t u r e s : Survcy of particle
mcftods in sirnulation. Montc Carlo and
molccular dynamics studics of
nuclcation. Unificd approach to
molccular clynarnics and dcnsity
functional thcory. Scicntific simulation
on thc Conncction Machinc. hnprovcd
latticc action and redundant opcrators.
QCD with dynamical fcrmions. Ncural
nctworks as modcls of associative
mcmorics. Non-universal critical
slowing down in Montc Carlo
silnulations. What can you lcarn by
compuLing partition functions?
Compul.er sirnulation of strongly
intcracting fcrrnion systcms. A gcncral
clustcr updating mcthod for lvlontc Carlo
simulations. Caugc thcorics for high
tcmpcraturc supcrconductors. Path-
intcgral sirnulations of Lcnnard-Joncs
solids and liquids. A scaling Ansatz for
thc Swcndscn-Wang dynarnics. Finitc
sizc cffccts in nuclcalion. N{ont"c Carlo

study of Ising modcl on quasicrystals.
World prospects and activity on high
pcrformancc computing. Montc Carlo
algorithms for many-fermion systcms.
Computer simulation of the wetting
transition. QCD-PAX, thc Japanese
lattice gauge project. N{olecular
dynamics simulation of a chemical
reaction. Simulation on parallcl
processor based on multi microprocossor
nctwork. Monte Carlo rcnormalization
group studics of spin models. Quantum
Monte Carlo simulation of the two-
dimcnsional spin ll2 XXZ modcl.
Computcr sirnulalion of conformational
propcrtics on n-butanc liquid. Computcr
simulations of excitations in spin
chains. Monomcrs, dymers, polymcrs
and fcrmion dctcrminants. Computcr
sirnulation of thc ground-state propcrtics
of many-fcrmion systcms.

Ths confcrcncc was attcndcd by 47
lccturcrs and participants (16 from
dcvcloping counlrics).

Title: ADRIATICO RESEARCH
CONFERENCE ON ''TOWARDS THE
THEORETICAL UNDERSTANDING
OF HIGH T s SUPERCONDUCTORS"
(26 - 29 July 1988).

O r g a n i z e r s : Undcr the
chairmanship of Profcssor S. Lundqvist
(Chahncrs Univcrsity of Tcchnology,
Cothcnburg, Swcdcn): Profcssors E.
Tosatti (lntcrnational School for
Advanccd Studics, ISAS-SISSA, and
ICTP, Tricsrc, Iraly)N, I . P . Tosi
(University of Tricstc and ICTP, Italy)
ancl Yu Lu (Acadcrnia Sinica, Beijing,
P.R. China, and ICTP, Tricstc, Italy),
with thc co-sponsorship of IBN{ and
Intcrnational School for Advancctl
Studics, ISAS-SISSA, Tricstc, Iurly.

Lectures: Rcccnt progrcss in high
Ts supcrconductors. Supcrconductivity
and magnctism in high Ts oxidcs.
Trcatmcnt of strong clccLron corrclations
in figh Tg Inatcrials. Anomalous
elcctronic propcrtics of high Tc

supcrconductors. Expcrirncntal insight
into thc mcchanism of high Tc

supcrconductivity. ODLRO in various
proposcd modcls of high Tc

supcrconcluctors. Bincling of holcs with
thc cffcctivc singlc bancl Hamiltonian for
CuO2 laycrs. Spin polaron pairings and
high Tg supcrconductivity. Spin wavcs
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and superconductivity. A two-band
superconductor with a narrow band near
thc Fcrmi level. Elcctronic propcrtics of
strongly corrclatcd systems. RVB
thcory: an ovcrvicw. RVB vs. BCS.
RVB statc in 1 and 2 dimensions. RVB:
A ncw slate for mixed valencc systems?
Holes in Cu-O planes: Exact
diagonalization and renormalization
group results. The elcctronic structure of
high Tg matcrials. Electronic propertics
and the nature of the superconductivity
state in the high Tg matcrials. Critical
currcnts in high T s superconductors.
Chargc fluctuation in YBa2Cu3O7 from
XPS and Auger spectroscopics.
Symmetry of the 3d9 Ligand holc
induccd by doping in YBa2Cu3O7-5.
Photo-inducccl infrarcd absorption in 7-2-
3 systcm. Spin corrclaLions in
supcrconducting La2-*Sr*CuO4. Spin

corclations and thcir interaction with
chargc carriers in La2-xSr*CuO4.
Comparison of Hall number, holc
conccntration in high T c

supcrconduclors. Transport and magnctic
propcrLics of (La1-*Sr1)2CuO4 systcms.
NMR studies of high Tc

supcrconductors. Elastic modulus,
intcrnal fricLion and oxygcn ordcring in
Y-Ba-Cu-O. Elastic propcrtics of high
Tc materials; Cp (spcc. hcat) ncar Ts.
Fermi liquid behaviour and its
brcakclown in thc 2-dirnensional Hubbnrd
modcl. Magnctic mcchanisrn of thc
supcrconduct ivi ty. Numcrical
s imula t ions of high T c

supcrconduct"ivity. Hole attraction in
morc band cxLcndcd Hubbard modcl.
Antifcrromagnctism and RVB in the 2-
dimcnsional Hciscnbcrg rnodcl. Pairing-
bag in supcrconclucting oxidcs. Magncl.ic
frustration modcl for supcrconducting
oxiclcs. Chargc fluctuation pairing in thc
cxtcndcd Hubbard modcl. Kondo latticc
H a m i l t o n i an for high T c

supcrconductors. Strong c lcc ron- phonon
coupling and polaron formation in mctal
oxidcs. Magnctic polarons and
supcrconductivity in Hubbard modcl
with intcrsitc intcraction. Macroscopic
magnctic propcrtics of YBaCuO crys[rls.

Short communications: Rcccnt
rcscarch rclatcd to thc mcchanisrn of
high Tg supcrconductivity: l70 NN4R,
anglc-rcsolvcd photocrnission and
isotopc cffcct. Elccuonic lransfcr of local
pairs on supcrconductivity in mctal-

oxide supcrconductors. Elastic strains
and cnhanccd critical tempcraturc in
copper oxidc supcrconductors. On
phonon mcchanism of high Tc

superconduclivity. Does high
tcmpcrature superconductivity appear in
two phases? Non-col l inear
anti ferromagnetic structure in La2CuO4.
Thc Fermi surfaces of La(Sr)CO and
YBCO. Superconducting and minor
phases in Bi-Sr-Ca-Cu-O systems.
Distortcd flux lines behaviour in type II
superconducting spherical shell:
Applicat ion to high T c

supcrconductivity. New effect of critical
temperature in non rare earth ccramic
supcrconductors. The elcctron kinematic
intcraction and high Tc

superconducl.ivity in transition mctal
compounds. Distribution of
supcrconducting phascs in thc
Bi2Sr2CuO6- CaCuO2 systcm. Optical
anisotropy of single crystal YBCO in
infrarcd and visiblc region. Effcct of
cquilibrating tempcrature on the criLical
tcrnperaturc of ceramic YBCO.
Rcformation of pairing thcory due to
quantum size effcct. Effect of local
symmctry on electron-phonon
intcraction inpcrovskites.

Thc confcrcnce was attendcd by 94
lecturers and participants (22 from
dcvcloping counlrics).

Title: SUIvIN.{ER SCHOOL ON
DYNAMICAL SYSTEMS (1 Augusr -
9 Scptcmbcr 1988).

Organizers : Profcssors J. Palis
(Instituto dc lr{atcmiitica Pura e
Aplicada, IMPA, Rio de Janciro, Brazil)
and E.C. Zccrnan (Univcrsity of
Warwick, Covcnt-ry, UK).

Lectures: Topology. Qualitativc
ordinary diffcrcntial cquations. Onc
complcx variable. Elcrncntary
probability and ergodic thcoly.
Computing and cxJlcrimcnts.
Introduction to dynamical systcms.
Introducl.ion to rational maps and
complex flows. Introduction to
singularity Lhcory and applications.
Introduction to smooth crgodic theory.
Introducl.ion to computational dynamics.
Rcprcscntat.ion of ergodic flows.
Diophantinc conditions and KAM
cst.imatcs for thc Sicgcl lhcorcm.
Extcndcd Sarkovski ordcr for almost

pcriod points. Asymptotic solutions of a
PDE from mathematical biology.
Minimising cones and planar dynamical
systems. On the topological conjugacy
classes of Anosov endomorphisms on
tori. Fixed points, Conley and Fuller
indices in the theory of flows. A
generalization of Grobman-Martman
theorem for plane vector field, through
Newton polyhcdra. Foliation of
codimension 1: Level of leaves in the
6 0 class. Versal deformation of
quasihomogeneous singularities. An
application of stochastic operators in
ergodic thcory. Finding isolated zero
points of polynomial mappings by
homotopy and Sard's thcorcm. About the
numbcr of limit cyclcs of a polynomial
vcctor.

The school was attcndcd by 130
lccturcrs and participants (92 from
dcveloping countrics).

T i t l e : FIFTH TRIESTE
SEMICONDUCTOR SYMPOSIUM
(IUPAP): FOURTH INTERNATIONAL
CONFERENCE ON SUPER-
LATTICES, MICROSTRUCTURES
AND MICRODEVICES (8 - 12 Augusr
1988).

O r g a n i z e r s : Profcssors C.M.
Bcrtoni (II Universitb di Roma, Italy),
G.H. Ddhler (Universirir Erlangcn-
Ntirnbcrg, Fedcral Rcpublic of
Germany), A. Frova (Univcrsitd "La
Sapienza", Rome, Italy) and E. Tosatti
(International School for Advanccd
Studics, ISAS-SISSA, and ICTP,
Tricstc, Italy), undcr the auspices of thc
Italian Ministry for Scicntilic Research
and with the sponsorship of thc Italian
National Rcscarch Council (CNR), IBM
Italy and thc Intcrnational Union of Pure
and Applicd Physics 0UPAP).

L e c t u r e s : Amorphous
scmiconductor supcr la t t ices .
Pcrpcndicular transport in a-Si/aSics
supcrlattices. Thcorctical cstimatc of thc
stable configural.ion for Gag.5Ing.5As
ordcrcd alloy and supcrlatrice. Impact of
MBE-growth ratc on optical propcrties
of GaAs quantum wclls. Phonons in
supcrlatticcs. Calculatcd phonon spectra
in semiconductor supcrlattices. Photon
cncrgy dcpcndcncc of the bulk and
intcrface phonon frcqucncics. Phonons in
amorphous supcrlatticcs. Thcory of
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electronic and optical propertics of
quantum wells. Theory of band offscts at
semiconductor hetcrojunctions: an ab-
initio linear response approach. Straincd
laycr supcrlattice. Study of the optical
propcrtics of (100) and (111) oricntcd
GaInAs/GaAs straincd laycr
s u p c r l a t t i c e s . CdTe-CdMnTe
supcrlatticcs. Widcly tunable exciton
radiative rccombination ratc in ZnSc
bascd supcrlattice structurcs. Thcory of
cxcitons in (111)-oricntcd quantum
u'clls. Saddlc point excitons in
GaAs/GaAlAs supcrlatticcs: magncto-
optical cffccts. Stark and Zccman cffccs
in cxcitons of GaAs/GaAlAs quantum
wclls. Ultrafast studics of carricr
rclaxation in scmiconductors and thcir
microsl.rucl"urcs. Fcrntosccond studics of
rcal-spacc transfcr in AlCaAs/CaAs
hctcrosl.ructurcs. Carricr clynarnics in
(GaAs)p(AlAs)p supcrlatticcs. Lincar
and nonlincar racliativc rccombination
mcchanisms in indircct. GaAs/AlAs
supcrlatticcs. Band and decp crnission
and thcir rccombinltion proccsscs in a
hcavily Si doped GaAs/AlGaAs quantum
wcll. Cohcrcnt vs. incohcrcnt rcsonant
tunncling and implications for fast
dcviccs. Rcsonant and nonrcsonant.
tunncling in GaAs-AlAs MQW
structurcs. Intrinsic bistability in thc
rcsonant tunncling dioclc. Optical
dctcction of vcrtical l.ransport in short-
pcriod GaAs-AlGaAs supcrlau.iccs.
Rcsonant tunncling of various straincd
S i / G c x S i t-*/Si hcLcrostructurcs.
Photolumincsccncc dctcrmination of
chargc accumulation and thc
charactcristic tunncling tirnc in a doublc-
barricr rcsonant. tunncling sLructure.
Chargc build-up and intrinsic bistability
in rcsonant tunncling dcviccs.
Picosccond intcrsubband spcctroscop)'.
Plasmon cxcitations in 2 DEG with
largc in-planc wavc-vcctor. Wannicr-
Stark laddcrs in scmiconductor
supcrlltticcs. Modulltion spcctroscopy
in supcrlaLtices. Elcctrornodulalion
spcctroscopy of confincd systcms.
Thcory of clcctroabsorption of quantun
wircs and dots. Quantum intcrlcrcnce
tlcviccs. Quantum point contacts and
cohcrcnt clccron focussing in a 2D
clcctron gas. Rcsisl.ancc of multiprobc,
rnicrostruc turcs: fluctuaLion, non-
locality, and modc convcrsion. lD
t ranspor t in GaAs-AlGaAs

hcterojunctions. Effect of dynamical
screening on FIR absorption of quasi-
1D-micros truc tu res (QIDMS).
Intersubband rcsonance in quasi 1S
invcrsion channcls. DC and far infrared
expcrimcnts on 1D-multi quantum wcll
wirc structurcs. Ir{agncto-optics of 2D-
clcctrons undcr conditions of intcgral and
fractional quantum Hall effcct. The
qurntum Hall rcsislancc in quanl"um
wircs. Qucnching of thc Hall cffcct in a
one-dimensional wire. Optical
nonlincaritics of scmiconductor
supcrlatdccs and microstructurcs - Kcy
to high-spccd switching and photonic
applications. Ultrafast modulation of
quantum statcs by virtual chargc
polarization in biascd quantum wcll
sl,ructurcs. N'{cmory phcnorncna in novcl
floating-gatc GaAs/AlCaAs structurcs
with gradcd-gap injcctor. Surfacc ficld
induccd Lransvcrsc and vcrtical tunncl
junctions. Quantiz-cd statcs in 5-dopcd
Si-laycrs. Optical invesl"igations of PbTc
n-i-p-i st"ructurcs. Quanlum-con[incd
cxcitonic intcrband l.ransitions in GaAs
sr\\'tooth doping supcrlatticcs.

Thc confcrcncc was attcndcd by 291
lccturcrs and participants (38 from
do,cloping countrics).

Title: THE APPLICATION OF
LASERS IN SURFACE SCIENCE (23
-27 August 1988).

O r g a n i z e r s : Undcr thc
chairrnanship of Profcssor S. Lundcp,ist
(Chalmcrs Univcrsity of Tcchnology,
Cothcnburg, Swcdcn): Profcssors P.
Andrcscn (Max-Planck-Institut fiir
Stnimungsforschung, GOttingcn, Fcclcral
Rcpublic of Gcrrnany), H.-J. Frcund
(Ruhr-Univcrsitiit Bochurn, Fcdcral
Rcpublic of Ccrrnany) and E.W.
Plummcr (Univcrsity of Pcnnsl,lvania,
Philadclphia, USA), with thc co-
sponsorship of thc IntcrnaLional School
for Advanccd Studics (ISAS-SISSA,
Tricstc, Italy).

Lectures: Applications of lilscrs in
surfaccs scicncc. Gcncral pcrspccl.ivc of
thc ilrcorctical advanccs and challcngcs of
thc application of lascrs in surfaccs
scicncc. Chaos in surlilcc physics.
Lifctirncs of cxcitcd adsorbatc lcvcls a[
mcl.al surfaccs. Lascrs in surfacc
spcctroscopy. Statc sclcctivc dctcction of
dcsorbing molcculcs. Dcsorpt"ion of

ablation from molccular van dcr Waals
systcms with IR and UV lasers.
Rotational dynamics of dcsorption and
direct inelastic scattcring: NO/PI(l1l).
Lascr induced dcsorption of NO from
P(111): Dynamics of excitation and
dcsorption. UV-photodcsorption of NO
from Pd(l 1l). UV lascr photodesorption
of NO from fte surface of condenscd
films: translational and internal encrgy
distributions. Photon stimulatcd
dcsorption: What has bccn learned.
Dcsorption induced by electronic
transitions: Lascr spectroscopy.
Experimcntal and thcorctical studics of
dcsorption induccd by clcctronic
transitions. Encrgy distributions of
molcculcs thcrmally dcsorbcd fron a
surfacc. UV surfacc photoclynamics:
Chargc translcr ancl fragmcntation
compctition. Diflcrcntiating primary and
sccondary proccsscs in clccl.ron- and
phol.on-sLimulatcil dcsorption using lascr
dctcction of desorbed neutral atoms.
Fcmtosccond lascr mess-spccl"romcLry of
molcculcs on surfr.rccs. Lascr-incluccd
thcrmal, dynamic and ficld dcsorption of
molcculcs. Atomic and molccular bcam
studics. Vibrational cxcitation causcd by
clcctronic cffccts in 0 2 - A g ( l l l)
scattcring. Thc sLructurcs o[ monolaycrs
of polar molcculcs physisorbcd on singlc
crysti]l surft]ccs oi grlrphitc and on xcnon
platcd graphi tc . Thcory of
rccombinativcly dcsorption. Evidcncc for
a rnolccular prccursor statc in D2
dcsorption frorn Pd(100). Two photon
photocrnission. Fclntostcond imagc-
potcntial dynamics in rnctals. Timc
rcsolr,cd photocrnission spcctroscopy oI
lascr cxcitcd silicon using synchrotron
radiation. Thc charactcrization of
norrnally unoccupicrl surfacc clcctronic
statcs by anglc-rcsolvccl tw,o photon
phol.ocrnission. Time resolved study o[
surlacc rccombination at Si ( l l l ) 2xl
surfaccs. Obscn'ation of surfacc
inl.ervallcy scattcring on CaAs(ll0).
Encrgy translcr at surfaccs. Tirnc-
rcsolvcd rncasurclncnts of vibrational
rclaxaLion ratcs (mcml clustcrs). Lascr
studics of cncrgy translcr at surlaccs.
Spcctroscopy ancl diffusion of molcculcs
on surfaccs using lascr induccd
dcsoqrtion. Lrlrarcd surfacc spcct.roscop),:
Tunablc lascrs and other radiation
sourccs in t"hc infrarcd. Lascr induccd
rcacLions in two tlimcnsions. An
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cxperimcntal study of thc kinctics of OI{
and H2O formation on Pt in the H2+O2
reaction. Dynamics of CuF formation in
thc dry ctching rcaction of fluorine with
a coppcr single crystal surfacc. Lascr
rcactions on scmiconductor surfaccs.
Surface nonlinear optical proccsscs.
Thcory of sccond harmonic generation at
sirnple mctal surfaces. Spectroscopy of
clectronic transitions at a solid/solid
intcrface by rcsonant thrce-wave mixing:
CaF2lSi(l I l). Surface structure of cubic
ionic crystals studied by optical SIIG.
Probing the elcctronic and structural
propcrl.ics of thin mctallic ovcrlaycrs by
SHG. Infinitc baricr modcl calculations
of SHC at a mctal surfacc. Dynamic
scrccning at a surfaco of a NFE mctal.
Thrce-photon mixing at smooth Nobcl
mctal surfaccs: bcyond jcllium. Timc-
rcsolvcd study o[ lascr- induccd disordcr of
Si surfaccs. Fast-l.imc rcsolvcd studics of
pulscd lascr hcating of mctals. Sccond
harmonic gcncration probe of structurc
and cncrgy transfcr dynamics on a metal
surface. Tcnsor symmclrics and adsorbatc
structurc in sccond ordcr nonlincar
optical proccsscs at surfaccs. Tcnsor
symmetrics and adsorbate structurc in
sccond ordcr nonlinear optical processcs
at surfaccs. Infrarcd-visible sum
spcctroscopy as a molccular probe at
intcrfaces. Rcsonant SHG from Ag(1 10):
l c t a l l i c intcrband clcctronic
contributions. Studics of kinetics of
surfacc rcactions using lascrs. Molccular
clustcr calculations for thc analysis of
lascr induccd ernission of clcctrons and
ions from thc (1l l) surfacc of BaF2.
Mcchanisms of nonthcrmal photon-
induccd proccsscs on solid surfaccs.
Lascrs in clccl.ro-chcmistry.

Thc mccting was attcndcd by 83
lccturcrs and participants (3 from
do,cloping countrics).

Title: WORKING PARTY ON
ELECTRON TRANSPORT IN SMALL
SYSTEMS (29 August - 9 Scptcmbcr
1988).

Qrganizer: Prolcssor M. Biittikcr
(IBN,I Thomas J. Watson Rcscarch
Ccntcr, Yorktown Hcights, USA).

L e c t u r e s : Phasc-sens i t ivc
propcrtics of mcsoscopic sysl.cms. Thc
Aharonov-Bohm effect in condcnscd
mattcr physics - A ncw challcngc for

quantum mcchanics. Adiabatic and non-
adiabatic quantum effccts in mcsoscopic
systems. Expcrimcnts on singlc clccfon
charging in tunncl junctions. Single
clcctron cffects and the dissipativc phase
transition in Joscphson junctions and
Joscphson junction arrays. Mcsoscopic
fluctuations and levcl rcpulsion.
Nonlincarity and photogalvanic effects in
mesoscopic systcms. Correlations and
fluctuations of wave transmission
through disordcrcd multiplc scattering
mcdia. Experimcnts on single electron
charging in tunncl junctions.
Experimental studics of charge
quantization using tunncling capacitors.
Rcsistance of ballistic point contacts.
What is univcrsal about univcrsal
contluctance fluctuations? What is
mcasured whcn you measurc a
rcsistancc? - Thc Landauer formula
rcvisil.cd. Rcsistance fluctuations in a
four probc gcomctry with infinitc lcads.
Scmiclassical and quantum cffccts in
tunncl junctions. Isolatcd rings of
mcsoscopic dimensions: Quantum
cohercnce and persistcnt currcnts. Point
contact spcctroscopy. Statistics of
mesoscopic fluctuations. Mesoscopic
fluctuations of Landau diamagnctism.
Point contact spcctroscopy. Travcrsal
timc for tunneling. Expcrimcntal
obscrvation of thc dynamical imagc
potcntial in extrcmcly low
GaAs/Al*Ga 1-*As/GaAs tunncl barricrs.
Rcduction o[quantum noisc by magnctic
ficld: An orthogonal to unitary Wigncr
statistics Lransition. Singlc-clcctron
tunncling and charging clfccts obscrvcd
with point-contact tunncl junctions.
{agncl.oconducLancc of small clcctric
nctworks. Rcmarks on reccnt
mcasurcmcnts of thc I-V characl.cristic of
small-capacitance Joscphson junctions.
Mcchanism for l/f noise in strongly
disordcrcd systcms. 1/f noisc in
disordcrcd conductor - A casc of univcrsal
conductancc fluctuation. 1/f-noisc:
Thcory and cxpcrimcnt; Zcro bias
tunneling spcct.roscopy in small 2-D
samplcs. Lincar magnctorcsistancc.
Hopping conduction in 1-D samplcs.
Oscillatory quantum clastic rcsistanccs
of srnall contacl.s: Holcs, constrictions,
tubc prccursors. Quantum point contacts
and cohcrcnt clcctron focusing. Thcory
of quantum conductancc of a narrow
constriction. Cohcrence of clcctrons

cmittcd through small constrictions and
thc cxperimental prospects. Oscillations
in the Shan'in point contact rcsistancc.
Hot clcctrons and semiconducting
propcrtics of thin carbon filaments on
insulator surfaces. Reflectionless
ballistic transport. Statistics of
mcsoscopic fluctuations. Dephasing by
inelastic scattering. Introduction to
rosonant tunneling in semiconductors.
Physics of resonant tunneling through
quantum wcll structures and resonant
tunneling transistors. Inelastic and
resonant tunneling. Coherent Lransport
in an electron wave-guide. Resistance of
m u l t i p r o b c m i c r o s t r u c t u r c s :
Fluctuations, non-locality and modc
convcrsion. Pcrpcndicular transport in
supcrlatdccs. Currcnt topics in resonant
tunncling. Edgc statcs in diamagnctism
and transport. Elcctric transport in quasi-
o n c - d i m c n s i o n a l c h a n n e l s .
Noncquilibrium and hot clcctron
transport across band discontinuities.
Microscopic approach to rcsistance
fluctuations bascd on invariant
imbedding: 1-channel case. Influence of
magnctic scattcring as the phase
coherence in disordered metallic
structurcs. ElcctromigraLion and local
transport ficlds in mctallic
microst-ructurcs. A macroscopic approach
to rcsislancc fluctuations and univcrsal
conductancc flucl.ual.ions: N-channcl
case.

Thc working pxrty u,as artcndcd by
58 lccturcrs and participants (10 frorn
dcvcloping countrics).

Title: ADRIATICO RESEARCH
CONFERENCE ON COHERENT
SOURCES FOR FRONTIER
SPECTROSCOPY (30 August - 2
Scptcmbcr 1988).

O r g a n i z e r s : Undcr the
chairmanship of Profcssor S. Lundqvist
(Chalmcrs Univcrsity of Tcchnology,
Golhcnburg, Swcdcn): Profcssors J.C.
Bcrgquist (National Institute of Standards
and Tcchnology, Bouldcr, USA), C.
Dcnardo (Univcrsity of Tricste and
ICTP, Italy), K.M. Evcnson (National
Institutc of Standards and Tcchnology,
Bouldcr, USA) and IvL lnguscio
(Univcrsiti di Napoli, Italy), with thc
co-sponsorship of thc Intcrnational
School for Advanccd Studies (ISAS-
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SISSA, Triestc, Italy).
Lectures: Light sourccs bolow

quantum noise and applications. Beyond
the shot-noise limit: Generation and
applications of squeezed states of light.
Soliton laser. Optically stabilizcd diode
lasers. Diode-pumped crystal lasers and
frcquency extension by nonlinear optics.
Color center lasers. Difference-frequency
and color-center laser spectroscopy of
van der Waals complexes. Difference
frequcncy laser spectromctcr using Li I
0 3 and obscn'ation of H3 + hot bands.
IR and far infrarcd spectroscopy of
molccular ions and clustcrs. Tunable far
infrarcd lascr spcctroscopy. Far-infrarcd
hcterodync spcctroscopy. Application of
infrarcd lascr sourccs to thc spcctroscopy
of molccular cnd clustcr bcams. Infrarcd-
radio frequcncy doublc rcsonance
spcctroscopy of CH3F using a color
ccnter lascr. Gcncration of ultra-stablc
cw optical sources. Nonclassical
radiation from onc-atom oscillators.
Expcrimcnts with lascr-coolcd trappcd
ions. Spccl.roscopy of hcavy trappcd
ions. Lascr control of atomic motion.
Lascr cooling of atomic hcliurn.
Application of lascr cooling to atomic
frcqucncy sLandards. Vacuum ull.raviolct.
lascr sourccs and spccLroscopy. Vacuum
UV cohcrcnt spcctroscopy. Ccncration of
radiation in the cxtrcme UV by
upconvcrsion in a gas dischargc.
Dcvclopmcnt of frcc-clectron lascrs lor
thc cxtrcme ultraviolct. High rcsolution
spcctroscopy of atomic hydrogcn
Rydbcrg statcs. High resolution
spccLroscopy of atomic hydrogcn. High
rcsolution spcctroscopy of atomic
dischargcs.

Thc confcrcnce was attcndcd by 5l
lccturcrs and participants (5 from
dcvcloping countrics).

Title: W O R K S H O P ON
DYNAMTCAL SYSTEMS (5 - 23
Septcmbcr 1988).

Organ i ze r s : Profcssors J. Palis
(Instituto dc Mat.cm:itica Pura c
Aplicada, IMPA, Rio dc Janciro, Brazil)

and E.C. Zeeman (Univcrsity of
Warwick, Coventry, UK), with co-
sponsorship of thc Instituto de
Matcm6tica Pura e Aplicada, IMPA, Rio
dc Janeiro, Brazil.

Lectures: Causality, locality and
time ireversibility in general dynamics.
Algorithms, dynamics and topology.
Minimal scts of complcx foliations in
complex projcctive plane. Dirichelct
problem and Julia sets. Homoclinic
bifurcations. Classification of dynamical
systcms. Lifting invariant mcasurcs.
Existcncc and non-cxistcnce of invariant
tori for Hamiltonian vector ficlds.
Central iscrs and diffcrcntiable
conjugacics. Cornputcr cxpcrimcnts and
Julia scts of cntire maps. Algcbra and
dynamical systcms. Variations on Morsc
thcory. Dulac's problcm. Geomct"ric and
topological idcas in dynamical systcms.
Dynamical systems, aspccts of
computation thcory. A finitcncss
theorcm in onc-dimcnsional dynamics.
Gcometry and dynarnics of holornorphic
flows. Bcst arithmctical conditions in
small divisors. The structurc of positivc
entropy surface diffcomorphisms.
Rccluction oI the singularit.ics of
holomorphic foliations - existcncc of
scparatriccs. Conjugacy of norrnally
tangcnt. diffcomorphisms. On thc
unfolcling of ccrtain codimcnsion 3
singularitics of planar vccLor ficlds.
Dynamics under ani so tropic
pcrt.urbations. Thc spccd intcrval of
circlc endomorphisms. Dimcnsion for
rcpcllors in cxpanding cylindcr maps. A
common fixcd point for commuting
diffcomorphisms of surfaccs. Stability
conditions for discontinuous vcctor
ficlds. Discontinuit.y of Hausdorlf
dimcnsion and lirnit capacity on arcs of
diffcomorphisms. ElcmcnLrry cxistcncc
proofs for pcriodic orbits of Harniltonian
systcms. Geomctry of thc modular
orbifold rclatcd to thc Ricmann
hypothcsis. Largc dcviation, entropy and
dimcnsion. Slow diffusion is
Hamiltonian systcms ncar elliptic
cquilibrium points. Quasi transvcrsal
saddlc nodc. Opcn qucsl.ions on the

dynamics of complcx polynomials. On
quasi-pcriodic bifurcations. Morsc-Smale
diffcomorphisms in dimension 2.
Dcformation of holomorphic foliations
having a first integral. Gencricity of
hyperboiic homogcncous fields in RJ.
Surgery on complex polynomials.
Bifurcations of planar vcctor ficlds. The
finite cyclicity property. Global stability
of one parametcr familics of vector
fields. Sur les singularitis dicritiques.
Zeros, basic scts, topological entropy in
unimodal maps. Controllability
propcrtics of familics of vcctor fields.
Rotation sots for toral maps.
Homoclinic points and moduli. Entropy
and lcngth for 2-dimcnsional
diffcomorphisms. Onsct of sl.ochasticity
for sornc onc-dimcnsional systcms.
Morsc thcory, arca and hcat. Quadratic
mappings of thc planc. Chaos of intcrval
maps with topological cntropy 0. Clobal
bifurcation diagrams for ncrve impulsc
equations. Hornoclinic bifurcations:
Pcrsistcncc of tan gcnc ics. gk-
integrability of analytic Hamiltonian
systcms. Bifurcating singular
horscshocs. Cr configurations and
positivc Cr quadratic dillbrcntial fonns.
Continuity propcrtics of invariant
subscts and mcasurcs of l -dirncnsional
maps. Extcndcd Shannon cntropy and
global dirncnsion. Dirncnsions of Cantor
scts. Continuity of cxponcnts undcr
random pcrturbations. Convcrgcncc o[
rcnormalisation and thc global rigidity
conjccturc. Planc billiards: Positivc
Lyapunov cxponcnl.s. Topological study
of logarithrnic foliations. Global
snbility of coclimcnsion N saddlc-nodes,
flips and codirncnsion 2 rcflcxions.
Avcragc linking numbcrs of closcd
orbits of h1'pcrbolic flows. Pcriodic
orbil.s ncar cquilibria in Harniltonian
systcms. Attractors.

Thc workshop was attcndcd by 122
lccturers and participants (70 from
dcveloping counrics).

l0
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Future Activities at ICTP

1988
Collese on Mcdical Phvsics
First. Autumn Workshop on N{athcmal.ical Ecology
Collccc on Neuroohvsics: "Dcvclopment and Organizal.ion of thc Brain"

Workshop on Global Geophysical Informatics with Applications
to Research in Earthouake Predict ions and Rcduction of Scismic Risk
Colleqe on Global Geometric and Topolosical Mcthods in Analysis

1989
FourLh Workshop on Total Encrsy and Force ]r{cthotls
Workshon on Thcorctical Fluid lr'Icchanics and Apnlications
Course on Basic Tclccommunications Scicnce
Collegc on Atomic and Molccular Physics: Photon Assistcd Collisions
in Atoms and Molcculcs
Collese on Thcorctical and Exncrirncntal Radiopropagation Physls.
Workshon on Snacc Phvsics: N'Tatcrials in Microcravitv

Workshop on Rcmotc Scnsing Tcchniqucs with Applications to Agriculturc,
Watcr and Wcathcr Rcsources
Expcrirncnlnl Workshop on Hiqh Tcrnpcrature Surrcrcontluctors
Srrring School and Workshorr on Supcrstrings

l0 Octobcr - 4 Novembcr
31 Octobcr - 18 Novembcr

7 Novcmber -2 Dccembcr

15Novcmber- 16December
21 November- 16 Dcccmber

4 - 6 January

9-27 January
9 Januarv - 3 Fcbruarv

30 January - 24 Fcbruary

6 - 24 Fcbruary
27 Fchrulrv - l7 March

27Fcbruarv-2l N'larch
30 March- 14 A r r r

3 - 14 Apr

Workshop on Radon Monitoring on Radioprotcction, Environrncntal Radioactivity
and Earth Scicnces 3 -14 April

Torrical Mcetine on Hypcrbolic Gcomctry and Ergotlic Theory
Snrinq Collcce on Matcrials Scicnce on "Ccramics and Comnositc Matcrials"
Confcrcncc on Oxygcn Effccts in High Tc Supcrconductors

Fourth Workshon on Pcrsncctivcs in Nuclcar Phvsics at Intcrmcdiatc Encrcics

Snrins School on Plasma Physics
Workinc Partv on Modcllinu Thcrrnomcchanical Bchaviour of Malcrials
Workinq Partvon Fracture Phvsics
Sccond ICFA School on Instrumcnlntion in Elcmcntarv Particlc Phvsics
Rcscarch Workshon in Condcnscd Mattcr. Atomic and Molccular Phvsics
Intcrfacc bctwccn Quantum Ficld Thcory and Condcnscd Mattcr Physics
(Aclriatico Conlcrcncc)
Conl'crcncc on SuDcrmcmbrancs
Summcr School in Hish Encrgy Physics and Cosmology
Ouasicrvstals (Adriatico Conlcrcncc)

Slronqlv Corrclatcd Elcctron Systcms (Adriatico Confcrcncc)
Torrical Mecting on Variational Problcms in Analysis

17-28 Apr
17 Anril -26 Mav

IX -21 April

8 -12 Mav

l5 Mar , -9 June
29 Mar' - 16 June

29May- 16 June
12-23 June

l9 Junc - 29 Scntcmbcr

20 - 23 June
26 - 30 Junc

26 June - l8 Aucust

4 - l Julv

18 -2 t Julv
28 Aucust - S Scptcmbcr

Comnutations in Phvsics and antl Phvsics in Comnutation (Adrialico Confcrcncc) 5 - X September
Workshoo on Nonconvcntional Encrgv Sourccs
Workshop on Physics in Environrncnt Conscious Dcsign

25th Annivcrsary Confcrcncc on "Frontiers in Physics, High Tcchnology
and Mathcmatics"

Workshon on Soil Phvsics
Collecc on Micronroccssors
Collccc on Diffcrcntial Gcomctrv

Workshop on Tclcmat"ics
Workshon on "Atmosnhcric Ratliation and Cloud Phvsics"

Collece on Elcctron Microsconv

1I - 29 Scntcmbcr
25 - 29 Scptcmbcr

2 - 6 Octobcr

9 -27 Octobcr
9 Octobcr - 3 Novcmbcr

30 Octobcr- I Dcccmbcr
6-24 Novcrnbcr

27 Novcmbcr - l5 Dcccmber

27 Novcmbcr - 22 Dcccmbcr

For information and applications to courscs, kindly writc to thc Scientific Programmc Office.

l l



Neu's from ICTP - Nos. 13/14 - August/September 1988

Intirnational Ccntre for Thcoretical Physics
ot IAEA and UNESCO
Strada Costiera, 1l
P.d; Box 586
341.b6 Triesie, Italy

Telcphone: (40) 22.401
Cablc: CENTRATOM

Telex: 460392 ICTP I
Telefax: (40) 22.41.63

Birnes R.OOT@ITSSISSA.BITNET

EDITORIAL NOTE - News from ICTP is not an official document of the International Centre for Thcorcrical Physics. fts purpose is
to kccp scientists informcd on past and future activitics at the Ccntre and initiatives in thcir home countries. Suggestions ancl
criticisms should be addressed to Dr. A.M. llamende. Scientific Information Officer.
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