LENIVAPLO TTPAOTOETAV QPOLTNTAOV
19 Iavovapiov 2022

Topéac A: Topgag PuoIKIG ZVPTVKVE



2000 ... Topéag ®vowng Xrepeds Kardotaong

LN o L& S
O®YXIKO TMHMA
TOMEAX OYXIKHYX YXTEPEAY KATAXTAYHX
YNIOX 2000



2022 ... Toptag ®vokig Zopnmvkvouivns ' YaAng

>
)

o 'wm OYIIKHI

HVN
HIHIHZHINI
TFRYIMIMNINRIN
Nl hd lrlda-la ¢
SR o1 2T g X
:‘g' )=

I
. I
o = 3!




Topsac A: Topéoc Pvotkng XVOUTVKVOUEVNS YANS

AL0oKTIKO Epevvntiko I1pocomiko
T'apdéing Xavpog, Av. KaOnyntig
Aghong IN'avvng, Av. KaOnyntnc
Avkoonuog Braong, Av. Kabnynmg
Mavoveaxng Evetpatioc, KaOnyntg
Mavpomoviog Poipog, Kabnyntig
IHoraOavaciov Avtavng, En. KaOnyntmg
Yapis Nikorhaog, KaOnynnc
Xapoepionc Kootag, Av. KaOnyntig
Yxopods EvOvprog, Av. Kabnyntic
Yropomoviog AnpocsBivnc, Av. KaOnyntng
Yrepavov Nikog, KaOnynmg
Tooxkpoxiong Koopdg, Ex. Kabnynmg
Dpavrieokdakns AnpiTpne, Kabnynmg
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“ Tupdédnc Xrovpoc, Avarinpotic KoaOnyntic

Avtikeipevo: Iepapatikn Ovoikn Xrepedc Katdotoonc

Ieproyéc épevvag
* NOVOOOLLES LY OYDV Y10l EQUPLOYEC GTT VAVONAEKTPOVIKT], POTOVIK)
KOl GE NALOKES KOYEMOEC
e 2TIVTPOVIKT)
e Qavoueva, LETOPOPAC GE YOUUNAOOLACTATOVS NULLYDYOV
e X0poKTNPIGUOC O10TAEEMV UIKPONAEKTPOUNOVIKOV GLUOTILLO

Tpéyovto IllponTooka Exmordgvtike Kadnk
OcopnTika podnpoto kKo Epya
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Merétn TS andKpPLeng POTOO1060V 081610V TOV YEVSUPYVPOL GE

Eteposnooéc ZnO/SI:

HIKpodounpévo Kat eninedo vréoTpopa tuprtiov (ZnO/Si)

AviYveLTEC VTTEPIMOOVS Kol 0paTiS akTivooAiag.

I0éa: AvENom TG 101KNG EMPAVELNG TNG TEpoETOPNS N-ZNO/p-
LKPOJOUNGNG TOV LTOGTPMUOTOG TTVpLTiov pe laser.

X10y0<: Anuiovpyio @OTOOVIYVELTOV UE BEATIOUEVT O
edopa H/M aktivoPBoriag coumepthapfovousvn
vépuOpNc axtvoPoliac.

Light




Hlektpikég perprioeis o€ cuvONKeS KO

AvdamntoEn Aemtov vueviov ZnO pe
uébodo ALD (Atomic Layer Deposition

UV illumination on ZnO/flat-Si
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Melétn TOV NAEKTPIKOV & 0TTIKAV 1W610TTOV TOL VO, 6t
Oeppokpacraxn) neproyn perafacng povoT-peETAAron
« To VO, sgivon muoyoydg upe peyGAn |monocinic p‘a T<T. ;

insulator
NAEKTPIKT oviicToon oe Oepuokpacio KOT® |4

and tovg 340 K, 6mov m KpuoTaAAIKY] TOL
ooun etvar povokivng. Iédve and tovg 340 K
elval LETOAAO KO 1) OVTIOTOGT] TOL UELOVETOL
GNUOVTIKA.

e XT0  &VEPYEWKO  OLAYPOLLLLOL
poiveTon OTL LETAED TOV .
evepyslakdv {ovov 1 (Gdsio amod

niextpdévia) ko d;, ( n omoio givorn 7
TANPNG OO MAEKTPOVIO) VTAPYEL . »
ydouo Otav 1 Oeppoxpocio eivor & SN
uikpotepn and 340 K, evd movo ‘
and avt ot ovo  Covec
EMKOADTTOVTOL L€ OMOTEAEGUO TNV
QY OYUUT/UETAAALKT] CUUTEPLPOPAL.

e Yuvémewn NG METOAMKNG GULUTE
ONUOVTIKT] aOENGT otV avdl
VTEPLOPO Ko ETOUEVOS UET
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Agitone I'avvne, Avarinpotye KaOnyntme

Avtikeipevo: [epapatikn @voiwkn Xrepedc Katdotoonc

Ieproyéc épevvag
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* Yypoi kpuotailol
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Nematic Smectic

Isotropic
r

(b) With increasing concentrations a suspension of Tobacco Mosaic
Virus particles exhibits coexistence between an isotropic and a
nematic phase. (c) Image of the same coexisting isotropic-nematic
sample viewed under cross-polarizers. The birefringent nematic
phase with higher density sediments to the bottom.

Yypoi kpOOTOAAOL LOV: TOPAOETYLOTO OLALPOPETIKOV PACEDV

o

Schematic illustrations

| (a.i)-(a.iii) Common liquid crystalline
phases observed in colloidal suspension of
rod-like viruses.

Experimental results
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(d) At high concen
filamentous virus
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resolution
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ﬁ Avkoonuoc BLaonc, Avarinpotic Koadnynmmce

Avtikeipevo: Iepapatikn @voikn Xrepedg Katdotoong

Ieproyéc épevvag
* NovodouUnUEVOL NUIAY®YOL Y10 EVEPYEIOKES EQPUPLOYES
* NavoovuvOeta vikd tov dvOpaka
* Hhextpovikéc Kol pLayvnTikeg 1010TtnTeg 6OVOET®V 0EEOIMV GTOLYEIMV

Tpéyovra IponTuokd Exrawdsvtika Kadnkovra
OcopnTika podnpoto Ko EpyacTip
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Photonic crystals

Periodicity
Slow photons-multiple light scattering
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Graphene nanomaterials —TiO, Photonic crystals
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Metal oxide Photonic Crystal photocatalysts
COOX'Ti02
Surface modification of co-assembled TiO, photonic crystal by

nanoscale Co-oxides boosts visible light harvesting and charge
separation for photocatalytic applications
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Bilayer CoO,-TiO, mesoporous-photonic films
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Metal oxide Photonic Crystal photocatalysts

Bismuth vanadate BiVO,:Best metal OXIde photoelectrode for visible light
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. Mavoveaxne Evotpdrioc, Kadnyntig
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Quantum many-body systems of our interest

Quantum films, liquids and solids
Two-dimensional electron gas
Quantum magnetism and frustrated spin systems

Strongly correlated electrons (cuprate and pnictide
superconductors)

Transition Metal Oxide based materials

Quantum Hall, Topological Insulators and Weyl typ
Transition metal diachalcogenides
Topological Superconductivity
Superlattices




Methods that we develop and use

- Analytical and  semi-analytical  techniques:  Spin-wave
approximation, diagrammatic technigues, HNC (Hyper-netted
Chain) and FHNC (Fermi-Hyper-netted Chain).

* Quantum simulation techniques: Variational Monte Carlo, Green’s
function Monte Carlo, Path-Integral Monte Carlo, Flat Histogram
Quantum Monte Carlo.

 First principle many-body perturbation theory calculations (GW)
based on density-functional theory (DFT) within the local-densi
approximation (LDA). GW is term for an approximation
calculate the self-energy of a many-body system of elect




Novel ldeas to produce efficient photovoltaic cells

Next, the idea proposed in Phys. Rev. B 82, 125109 (2010) by E.
Manousakis will be explored.

The idea iIs that a single solar photon incident In certain strongly
correlated insulators can produce multiple electron/hole pairs on a very
fast (101> sec) time scale. This effect prevents the loss of the excess
energy, beyond the band gap of the Incident solar photon, into phonons
and heat. The effect is illustrated in the following slide.

The idea has been shown to work by first principle calculations (next)
and by ultra fast optical pump and probe experiments. See J. E. Coulter,
E. Manousakis, and A. Gali Phys. Rev. B 90, 165142 (2014) for the
calculations and for the experimental demonstration see J. Holleman, M.
M. Bishop, C. Garcia, J. S. R. Vellore Winfred, S. Lee, H. N. Lee,
Beekman, E. Manousakis, and S. A. McGill, Phys. Rev. B 94,
(2016).




Photovoltaic effect in strongly correlated
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Short summary

Many-body perturbation theory starting from Density-
Functional Theory within the LDA or GGA, or GGA+U In
conjunction with Bethe-Salpeter theory can be used to approach
optoelectronic properties of Transition Metal Oxides

Strongly correlated insulators provide a broad class of materials
to investigate for efficient photovoltaic applications

Newly discovered Weyl semimetallic and Dirac materials can
realize quasiparticles which obey relativistic equations for
elementary particles. They are also candidates for several
applications

Topological superconductivity can be realized with e
surface states, such as Majorana-drumhead quasiparticl




Maovponovioc PoiBoc, KaOnyntc

Avrucsiusvd: Ocwpnrtikn ko YwoAoylotikn Puoikn Ztepedc Katdotaong

Ieproyéc épevvag
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10 nlekTpévia 6TO GTEPED GONO,

Kuwnrikn evépyera nAektpoviov | Alnienidpaocn petacd nhektpovioy
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Kuntikn evépyela mopnvav  AAANAemiopaoct W

KBavtikn xvporocvvaptnon: \11(771, T
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1023 nhekTpovia 6TO GTEPEO AN

Me v oMKT] EVEPYELD GLVOEOVTOL:

Aok 1w1otnTeg (evotdbela, GKANPOTNTO, EAAGTIKOTNTO,
onueio Tang)

Dvokeg 1010TNTEC (MAEKTPIKN OVTIOTOOT), AVAKANGT)-
ATOPPOPNGN POTOG)

XMNUIKES 1010TNTES (OLOUOPPMOOT] KPAUATMV)

MoyvnTikég 1010TNTES (O10Uory v TIGUOS, TTOPOLOYVITIGLOG,
GLONPOLOYVITIGUOC)
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Tunnel Tip

CddcaXbi
Jnno

V, (Ve Vy) >z (x,y)

Fig. 2. The principle. The tmnneling transmittivity decreases exponentially with the mnneling
distance, in vacuum sbout a factor 10 for every A In an oxide wnnel junction, most of the cumrent
flows through narrow channels of small elecirode separation. With one electrode shaped into a tp,
the current flows practically only from the front atoms of the tip, in the best case from a specific
orbital of the apex siom. This gives a wonel-cument filament width and thus a lateral resolution of
atomic dimensions. The second tip shown is recessed by about two atoms and carries about a
million times less current




Tunnel Tip

CddcaXbi
Jnno

i Pevua dawopevou oripayya

CLCLC O
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Fig. 2. The principle. The tmnneling transmittivity decreases exponentially with the mnneling
distance, in vacuum sbout a factor 10 for every A In an oxide wnnel junction, most of the cumrent
flows through narrow channels of small elecirode separation. With one electrode shaped into a tp,
the current flows practically only from the front atoms of the tip, in the best case from a specific
orbital of the apex siom. This gives a wonel-cument filament width and thus a lateral resolution of
atomic dimensions. The second tip shown is recessed by about two atoms and carries about a
million times less current
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HMoroOoavasiov Aviovne, Erikovpoc KaOnyntne
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« Dvokn vynAov [Iiéceomv-Zounvkvouevn "YAn ce akpoieg cuvOnke

AVVOUIKES 1010TNTES COVOETWV ETEPOYEVAOV GUOTHUCTDV, YTEPYWPHTIKOT
(Super-capacitance) mopwowv oTeEpemV-peLOTWYV € UETAPAAOUEVE
Ticongs Ko Oepuokpaaoiog

KO

0. TOADUEPY] UE EQOPUOYVES
EPYELOC ATTO TO TEPIPAALOVY K. aL.

0L OLYYLLLOL TTOAV LEPT)
EKTPLOLO Y10 NAEKTPOLAYVHTIKY Bwpdkion,
POPO. NAEKTPLKHC EVEPYVELOS K. .



MeAETN MIKPOGKOTTIKAV O1EPYOGLOV OTIS 0moies PfacilovTar paivopeva
LEYAANS KARHOKOGS, OTMG:

»OuTOPUYES YINIVOU NAEKTPIKOV TEdiov 7mov oyeTilovral pe peyaing
KMPOKOS NAEKTPO—UNYOVIKE YEOPVGIKA QUIVOUEVU,

> OUVOUIKI] VOUTOS, VYPOV 1] AEPIMV VOPOYOVAVOIKMV
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FemAloy K@ delypata O10QOPETIKOV TEPLEYOREVOV VEPOV
Hapapara eleydpevng Tpocopoinecg TOV
TEOQPUGIKAV GLVONKAOV GTO EPYACTIPLO
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avOPOKIKA TETPOUATA.
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vec ovVONKeS

* YBp1oika meConAEKTPIKA VOVC
Ebypnoro, froovufora, otkoloyika meloniextp
W¢ a1oOnTHPES, O1TALEIS VIO, TH GVLYKOULON &

/Oeta ayoyo molvpepn
NAEKTPLOUO Y10 NAEKTpOUAYVHTIKY Bwpdkion,

OPOPa NAEKTPIKNG EVEPYELOS K.O.
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AwoOnmipeg mieong (Sensors), 'EEvmvol owakémtes (Smart -Functional Materials)

KAloowkd, éva molvuepéc (mhaotiko) pe 2% k3
Sieomapuévo aydylpo vavo-diokio ypapeviov etvor A
novotc. KBavtounyavika, etvor ekt n :
OL0OOYIKT] KIVNOT NAEKTPOVI®OV UETAED YELTOVIKOV
Vavo-010KioV HEGM KPOVTIKNG OLEAEVONC LECEH TOV

O Motor OsSensory O 00O Visual Onset Tooms

noAvpepovs. Me n cvumieon Tov oetyporog, B e gypy B Ot
HETOPAAAETOL 1] TUKVOTNTO PELILOTOG LETAED TV Koo L/

vavo-olokiov. To vavo-cuvOeTo LVAIKO AElTOVPYEL ™G
alcOntpoc Tieonc/daKOTTNG NAEKTPIKOD PELUOTO

log [ o, (Slem) |
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Fig. 19. Schematic representation of the time sequence of the three types of electrical precursors {GVEF, SES and electric pulse)
that have been observed in Greece. Not to scales (for the exact values sce the text).
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pressure stimulated
polarization
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7. ldentifying the Occurrence Time of an Impending Mainshock

Fig. 7.18 The area ‘bordered’ by the
broken curve (surrounding VOL) was
the predicted area in Ref. [41] for
the epicenter of the impending EQ
@® Field Station related to the SES activity depicted in
B Central Station Fig. 7.17(a). Taken from Ref. [41].
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NEWS

The Prediction of Two Large Earthquakes

in Greece

The VAN experimental method of short-
term earthquake prediction (named after
the initials of three Greek physicists,
Panayiotis Varotsos, Kessar Alexopou-
los, and Konstantine Momicos) has been
used to monitor preseismic electric sig-
nals since the 1980s [see Varotfsos, 2005].
From observed telluric current signals,
called seismic electric signals (5ES), the
epicentral area, magnitude, and occur-
rence time of an impending earthquake
are estimated. SES are interpreted as hav-
ing been emitted when the focal region in
which the earthquake in question could
occur has entered the critical regime (i.e,
a stage close to the rupture).

The VAN method recently reached the
stage of possibly enabling the narrowing of
the time window of earthquake prediction
to the order of a few days. This narrowing is
made possible by the use of a new method
called “natural time analysis.” This analy-
sis has been developed to identify the time
when a dynamic system (i.e., a system evolv-
ing with time) exhibits behavior similar to a
phase change [Varofsos ef al., 2008, and rel-
erences therein]. On the hypothesis that the
main shock earthquake is a critical phenom-
enon, when SES activity is observed, natural
time analysis is conducted on the seismici-
ties of small earthquakes in the suspected
future epicentral area solely by considering
their order of occurrence and the energy
emitted by each of them. The term natural
time analysis stems from the disregard of the
conventional time of the earthquakes’ occur-
rence. It has been found that such an analy-
sis enables the identification of the time of
the main shock usually within a few days
before it occurs (see P. Varotsos et al., Seis-
mic electric signals and 1/f *noise” in natural
time, at http:/farxiv.ora/abs/0711.3766).

On 14 February 2008, a large earthquake
(LS. Geological Survey M=6.9) and its prob-
able aftershock (M=6.2) occurred in the
lonian Sea close to the region of southwest-

AeOvég evora@ipov

EOS, TRANSACTIONS, AMERICAN GEOPHYSICAL UNION

ern Peloponnese, in Greece. The paper

by P. Varotsos et al. (http:farxiv.org/
abs/0T11.3766), which appeared 2 weeks
earlier (1 February 2Z008), reported that
new electric signals were registered on
14 January at the Pirgos VAN electro-
telluric station in western Greece, the
earthquake for which, however, had not
yvet occurred. The report also indicated
that on the basis of the recorded signal
amplitude, the magnitude of the impend-
ing earthquake had been expected to

be more than 6 and that the epicenter
would be inside the area with coordinates
36.0°-38.6°N, 20.0"-22 5°E, i.e., approxi-
mately in a 250 x 260 square kilometer
area in southwestern Peloponnese.

On 10 February 2008, an article on the
front page of the Greek newspaper Etfinos
announced that a magnitude 6 earthquake
would occur imminently in the predicted
area. Four days later, on 14 February, the two
earthguakes occurred inside the expected
area. The first one, the largest in Greece
since 1983, was also felt in some adjacent
countries. This was a case where prediction
by the VAN method was documented in a
scientific publication as well as in the public
media well before the main shock occurred.
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Metepipaon (transfer) wan 1o upopd (iransport) QOPTION
Atopika evppata proctoyyciov (C, N, O kim) kav [roroiopepl) (DNA, RNA)

Atomic carbon wires or
carbynes (cumulenic, poly

Transfer: acarrier, created, e.g. by oxidation
or reduction at a site,
moves, time passing, to more favorable sites,
without external bias

(b') cumulenic co

..GAATCCC...CATG...
°t&> ..CTTAGGG...GTAC...

donor ‘ transfer - acceptor

Trarsport: external bias between electro

transport

...GAATCCC...CATG...
...CTTAGGG...GTAC...
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Dimers (Guanine-Cytosine Adenine-Thymine) (RT-TDDFT)
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Trimers (DNA, RNA)

. carbon
. nitrogen
O

oxygen

() (hydrogen)

RNA (single-stranded): 64 trimers =>
(triplets coding amino acids, which con

Aming acids

Met  Thr Asp Gin Pro Glin Ala  Glu Lew  Ala Phe Thr  Tyr  Asp  Ala Fro

mRNA | | | | | | | | | | | | | | | —
IAUG"A GGAUCAG GCAAGCGGAAUUGGCGUUUACGUACGAUGCG G |L|ﬁ'-.ﬁ'u|

-

Stop
Codon

‘ Codon2
Codon Codond




Polymers

ecrystals e.g. G..., GC..., GA..., GGCC..., GGAA... etc

G inflation rule

* quasi crystals e.g. Fibonacci —_— 6>
G (1*g), GC(2g), GCG (3Q), _
GCGGC (4" g), GCGGCGCG (5™ § :

e fractals e.g. Cantor dust
G (1%tg), GCG (2Mg), GCGCCCGC
GCGCCCGCGCCCCCCCCCGLCG

* genetically determined

CTCAGC
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Transport in carbynes -
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Figure 3 | Wavy carbon chain. (a) shows the TEM image and (b) the corresponding current-voltage curve. The wavy shape indicates vanishing
strain. The current-voltage curve is linear, corresponding to chmic conductivity (see also Fig. 6). Scale bar, 5nm.
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Figure 1 | Transmission electron microscopy (TEM) images and corresponding current-voltage curves of a strained carbon chain. The temporal
evolution of a carbon chain between two graphitic contacts is shown; (a) at an arbitrary time zero; (b) after 9 s; (c) after 13 s. See also the Supplementary
Movie. The corresponding current-voltage curves illustrate qualitatively the same semiconducting behaviour, although with a decreasing conductivity from
ato c. Scale bars, 2 nm.



IIpoomtikég
Applications in Nanoelectronics

laptop, smartphone, inarea =3 cm x 3 cm,
10° nanotransistors,
ecach=1 pumXx 1 um

“The smaller you make it, the more you can pack into a single chip”

L channel length
10 um

1pm 1984
0.1 um

10 nm 2014 (for latti

1nm

0.1 nm atom

channels become shorter .
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Broguewin-E@appoyég ot drdyvoon (YeveTikov acheveriov)

Metafifaon kot peTapPopd OPTIOV GE PUGIKES OKOAOVOIEC VOUKAETKOV 0EEMV
oY ETILOUEVEC LE TO YEVETIKO DAIKO Kol 0GOEVELEC

telomeric sequences
TTAGGG... TAGGGT... AGGGTT... GTTAG

single-stranded microRNAs
autism spectrum disorders

1D Sequence Group - - -

550 UAAAGUAAAUAUGCACCAAAA 1 relatlve to Hunt|ngt0n dlsease
155-3p  GCAGUCCAUGGGCAUAUACAC i

484 Ec\g{zlc\c1<cnn1ccct AU I

103" AACUGGOCCUCAAAGUCCCGCU 1l TTC(CAG)nCAACAGCCGCCACCGCC
486-5p  UCCUGUACUGAGCUGCCCCGAG 1

Torn UaaaGn \ACAGUGCACAU i CGCCTCCTCAGCTTCCTCAGCCG
32 JAACAGUCUACAGCCAUGGUCG

;;:9.:,.;;; e CGCTGCTGCCTCAGCCGCAG
320n ‘ti‘t"tﬁu‘ ' \CACCCCGA. IV CGCCGCC

128 UCACAG TOU v

1486 UCAGUC JUGU v .

@ uevout o bacteriophage A-D

15h 3 CA v

530 UGU v

21 1GA v ; ..

e v http://www.bi

250 c v

03 UAG ID

432 Elifele! v

1814 GO v X02469

7 UGt v e

L2044


http://www.bioinformatics.org/p53/nucleotide.html
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Seismic Electric Signals (SES)
(VAN method, 1981)

1. We measure both the electric field and the magnetic field
<lHz

Several measuring dipoles (pairs of electrodes at a depth ~2 m)

L = a few tens of meters (short dipoles)
to a few tens of kilometers (long dipoles)

t— — v
| | AV/L = constant
i_' o ‘—i i

l single SES
[ 1

SES activity




Tomkoé nhektpooro poivféov

Length of the dipoles: from tens of
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DVGIKES 1010TNTE
SES physical properties

smce 1984, P Varotsos & K. Alexopoulos Tectonophysics 110, 73-125(1984)

1. Sensitive points
SES are recorded only at certain sites of the Earth’s surface ... detailed
experimentation is necessary.

2. Selectivity
...Each sensitive site records SES only from certam seismic areas (selectivity map)

3. For a given pair: “SES station — seismic region’™
Egy

= const
N§

(polarity: constant)

(2)+(3) == e¢picentral determination

log [ﬂ; ]a (0.3 — 0.4)YM + const

which leads to the determination of magnitude
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The preseismic electric signals (SES activity) at loannina
station on April 18, 1995 recorded at dipoles of varioys
orientations and lengths L
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IwtnTe Tov SES mov mpoékvye petd ™ pedétn mov deiyver 6T Yo SES

7oL Kataypagovran og anostacn ~100 Km (anyn-otadpiéc) n nAekrpuci
GUVIGTACU PTAVEL KATA ~1 SEC TPV Ao TN PAYVITIKI] CLUVIGTOCA

O1 petaPorég Tov Hiektpikoy meoiov mponyedvrar tov petafordv Tov Mayvntiko
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Optics in nature, Hollywood and beyond

Can earthquakes be predicted?
Paper goes digital
Mars fever grips the Earth

Electric Fields that “
P. A. Varotsos, N. V.

Maxwell’s equations and earthquakes

An electromagnetic technique developed by physicists in Greece has an impressive record
of predicting local earthquakes and is now being used further afield

From Seiya Uyeda and Haruo Tanaka in the
Earthquake Prediction Research Center at
Tokai University, Japan

Predicting earthquakes is one of the biggest
challenges in modern earth science. Inter-
mediate and long-term predictions, which
involve timescales of between 1 and 100
years, are generally based on past records
of seismic activity. Short-term earthquake
prediction, on the other hand, is more de-
terministic and relies on the detection of
I)l'(‘( ursory P]ll’“”“l('nnl.

These phenomena are generally non-seis-
mic, so seismologists use geodetic obser-
vations such as measurements of tilt and
land deformation to predict when an earth-
quake might be about to take place. Satellite
data from the Global Positioning System
(GPS) will ultimately improve the accuracy
of geodetic measurements, but reliable
short-term earthquake prediction is cur-
rently very difficult.

An alternative approach is to use elec-
tromagnetic rather than seismic informa-
tion. Since the 1980s Panayiotis Varotsos
and co-workers at the University of Athens
have been predicting earthquakes in Greece
based on measurements of electric currents
in the earth. Their method — which is called
VAN after the initials of the Athens team
is based on the potential difference between
electrodes that are buried at several sites. By
continuously monitoring these voltages, the
researchers have detected anomalous tran-
sient signals just before earthquakes that
they call seismic electric signals (SES).
Indeed, since 1984 the VAN technique

Reliable, short-term predictions of earthquakes
could reduce the devastation they cause.

41°N

40°N
d
39°N
38°N
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20°E 22°F 24 26%

1 Earthquake spotting - by detecting small changes
inthe Earth's electric field, researchers
successfully predicted 11 earthquakes with

1 |3 sudden slippages along faults or fractures

in the Earth’s crust. Varotsos and colleagues

£ subscribe to the view that the rise of seismic
Z activity in a region is a kind of phase trans-

ition, similar to the spontaneous magnet-
ization of some materials. Seismic electric
signals are generated when a region ap-
proaches an “electric” critical state that pre-
cedes the mechanical one.

The origin of the electromagnetic signals
lies in electric dipoles that are formed due to
point- and line-defects in the materials that
make up the Earth’s crust. The time it takes
for the orientation of the dipoles to change,
known as the relaxation time, depends on
the mechanical stress level of the materials.
The gradual increase of stress in the focal
region of an earthquake leads to a decrease
in the dipole relaxation time. At a certain
point the dipoles switch from their initially
random directions to one particular direc-
tion, which is determined by the particular
stress state, emitting a transient electric sig-
nal in the process.

However, the seismic electric signals ex-
hibit some puzzling behaviour. First, they
travel much further — between 10km and
100 km — than expected. Second, they are
only detected at a limited number of ob-
servation sites, which suggests that they
only travel through narrow, highly con-
ducting paths. Now the Athens team has
found that the long transmission distances
can be explained if the source of the seis-
mic electric signals and the observation
site are both close enough to these conduct-
ing paths (P A Varotsos 2003 Phys. Rev. Lett.
91 148501). Since earthquake faults are
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OcopnTika podnpoto ko Epy

* Hhextpopayvntionog I (10Y

* Epyactmpo Katevbvvong Puowig =



Superconducting elements of Periodic Table
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Abrikosov vortex lattice-Phase diagram of a Type-Il, low-T, SC

SOVIET PHYSICS JETP VOLUME 5, NUMBER 6 DECEMBER 15, 1957

On the Magnetic Properties of Superconductors

of the Second Group (X(B):((Do /B)1/2

A. A. ABRIKOSOV
Institute of Physical Problems, Academy of Sciences, U.5.5.KR.

(Submitted to JETP editor November 15, 1956) _7 2
J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 1442-1452 (June, 1957) (I)O_ hC/2e (2.07>< 10 Gcm )

A study is made of the magnetic properties of bulk superconductors for which the param-
5
cter % of the Ginzburg-Landau theory is greater than 1/y/2 (superconductors of the second

group). The results explain some of the experimental data on the behavior of superconduc- Zero e I eCtri C reS iStan Ce

tive alloys in a magnetic ficld.
A 0.5l Nb film (100 nm)
: | =0.5mA

' 0.47 p(300 K)/p(T )=2.45
Hex ]
] 2 Tc=8.3 K

H_(T)

H(kOe)

Abrikosov
Shubnikov

Ochsenfeld B, =0
state

Qo 0z 07"



Bardeen, Cooper & Schrieffer-Phonons (lattice vibrations) form electron pairs

PHYSICAL REVIEW VOLUME 108, NUMBER 5§ DECEMEER 1, 1957
Theory of Superconductivity k gTe = ——ex .
*
J. Barngeen, L. N, Coorer, awn J. B, SconErFeef 12 /1 H (1 + 062)‘)
Department of Physics, Unisersity of Ilinvizs, Urbena, [Ninois
(Received July 8, 1957)
o _ _ _ wkgT, | AC (T,
A theory of superconductivity s presented, based on the fact  one-to-one correspondence with those of the normal phase is ZA (T) — ZA (0) tanh a I 1
that the intemmction between electrons resulting from wirtual  obtained by specifying occopation of certain Bloch states and by A (O) C T
t'xl.']u::lgu of |1]|.u|:|u|:|5 la attractive when the anergy difference usi_ﬂg the rest to form a lnear combination of virtual pui.r C0Tk-

Phonons in a Linear Diatomic Lattice

a
NV C: spring co

O -G vWW-a- W NW—B
M, M, M, M, M, M,
In the classical approximation (Newton’s second law) and only nea
interaction to this system gives a dispersion relation with
A o(k)
[2C(M+M,)/M;M,] 1/§‘ Optical
branch

> (2C/M,)12

_-(2CIM)12




Superconductivity
Overview of Low-T, and High-T, SC discovery and representative applications
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Evidence for Superconductivity above 260

Superhydride at Megabar Pres
Maddury Somayazulu, et al. PHYSICAL REVIE
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i Yre@avov Nikoc, KaOnyntne

AvTtikeipevo: Oempntikn Ouowkn Ztepedc Katdotaong

Ieproyéc épevvag
* Moyvnto-omTiKd Kol 0KOUGTO-OTTTIKG POIVOUEVH GE OOUNUEVO LECOL
* DMTOVIKOT KPUGTOALOL KOl LETADAIKAL
* DwvoviKol KpOOTAAAOL
* Novo-0ntikn, TAAGULOVIKT
* Hhexktpovikn ooun ko 1010TNTES TV GTE

Tpéyovra IponTunokd Exmardgvtika
OcopnTiKG podnpoto Ko

* Ewoayoy om Puow Zrepeag
* Oeopia Opadev xan

* Baowo Epyaotpio ©



« KAooG1Kkd kOpoTo GE OLAUOPPOUEVA LEGT
DPwTOoVIKES KOl PVOVIKES UKol vavo-0ouec



KAaowa Kopata og Alopopeopévae Méoa:
dotovikég kot Povovikég Mikpo/Navo-dopég

IeprodKOTNTO = GNUOVTIKY Y10 TN OLLUOPPMGCT] TV 1O10TTMV DAIKOV

2UoThya TTepiypagn Kopara Evepyeiako xaopa

HAekTpovia (W) | Amouoia kataoTdoswy
E€. Schrédinger | nAekTpoviwv

KpuoTtaAAiko

" TTepiodikA didraln atéopwv~ 5 A

KAlaowka xopoto ce

PVOIKEG 1) TEYVNTESG Q
TEPLOOLKES OO UEC:
"EAeyy0g Tn¢ 01006nG ToU
GMTOG KOL TOV YOV ] A 2A

Swrovikdg | TTepiodikh petapoin &, u | HM (E B)
KpUotaAhog | oe pakpookomiki KAipaka |EE. Maxwell

i)

ATrouoia
KATAOTAOEWY TOU

HM mtediou

ATouaida
KATAOTACEWY TOU
eAaoTIKOU TTediou

Swvovikog | TTepiodikn petaPoAn p,A,u | EAaoTikd (U)
KpUoTaAAog | o€ pakpookomikA KAiyaka | E€.EAaoTikéTnTac

Ieprooka ypovika petaforirlopevo péca = XpovoKpuoTailol




D. Papadakis et al, Nanoscale 11, 21542 (2019)

AVATTUEN VITOAOYIGTIKOV
LEDOOMV TOALATANC OKEONGTC

* I'pryyopor kot axpiPeic
aptOuntikoi vroroyicuoi (dvo
TaEES peyEBovg TayvTEPOL OO
0,Tl LE VTTAPYOVTO EUTOPTKA
VTTOAOYIOTIKG TAUKETOL)

* O1 KOOKEG LG YPTCILOTOIOVVTOL

ad TOMEC EpELVNTIKES OLADES e e P e

Wavelength (nm) Wavelength (nm)

moykoouime >1000 avagopég

500

Wavelength (nm}

* [Ipoopateg epaployEG:
Evicyvuévn pmtokataAvon Kol 4
okéoaon Raman pe apyd ooTovics
(Zvvepyacio e TV TEPALLATIKI)
oudda B. Avkodnuov)
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Kvuatoonyoi culevyuévov
KOTAOTITOV GLVIOVIGUOV

Io¢a: Atédevon mTOC LECH
GULEVYUEVOV EVTOTIIGUEVOV
KOTOGTACEMV EVTOC EVOG

: , Evtomouévn
YOG LLATOS GLYVOTNTMV KOTAOTAO
« Apyo omg TpOGUIENG

GTO YAGLLO

*  ATOTEAEOHOTIKT O1EAEVON
07T0 TOTONES KAUWYELS

"IN

00200 OO0OO0O0C
009200 00000




PvOuilopeva yaouota yio
VTTEPN YOV GE KOAAOEIOELC
KPLUGTAAALOVG

I0a: Mmopovpue va eAéyEovpe
Kotd fovAncm ) 01doon
OKOVGTIKOV KUUAT®V GE
KOALOELOEIC KPLOTAALOVG

LIKPOCOUATIOIOV ~Incident

laser

* 'EAleyyog TS owaooong
vaepyov (~10 GHz)

* [leypapatikny peiétn ™
0130.0001C UKOVGTIKMV
KUUATOV HE PUCNUATOCKOTIC
Brillouin

Yvvepyooio pe To Ivetitovro

) ,,~-._-;-.-'~f""'|-h’cident b
Max Planck Tov Mainz

direction




O 0OVIKEC VOVOOOUES

I0éa: Mmopovue va avENGOLLE
OPOLATIKA TNV QAANAETIOpOOT) POTOC-
NYOV GE KATOAAANAQ, OLOLOPPWOUEVES
«OITAEC) KOWAOTITEC GLVTOVIGULOD Y10
aKovoTikd Kot HM xopata tavtoypova.

* Ioyvpn owopopewon HM kopdtov
ILE KOVOTIKA KOROTO,

* Ioyvpn omrTo-pnyaviKn
aAlnieniopaon

* Mn Ypoupikd Qaivopeva,

* A100001M PMTOS GE YPOVIKA
netafariopevo pnéco -
YPOVOKPVOTUAAOL



Tooknokionc Koouac, Exikovpoc KaOnyntce

Avrucaiuavo:ﬂ OepnTiKr)/ Y TOAOYIGTIKT] PUGIKT] GUUTVKVOUEVNG VANG & VOVOPOTOVIK)

Ieproyéc épevvag
* MetabAIKdE Kol TAAGLOVIKT
* Apy0 KOl CTOUATNUEVO QMG
* QE®PNTIKT KOL DTOAOYIGTIKT] PUGIKN
* KBavtikn ontikn Kot UGtk EKTOC 160PPOTIOG

Tpéyovra Illpontooka Exmtordevtike Kadnkov
OcopnTiKd podpota Kol Epyaoct

* ®uown 11T (10YKOO3, O¢
* Baowo Epyactpio ®vown I (10

* Epyactmpio Ewcayoyr ot ®vown =



* Navo-ootovikn & MetabdAkd
Apvntirdg ogiktng o160Laong, TAOGUOVIKG DAIKG, DAIKG apVHTIKOD



Navogotoviky...

...TO LEALOV TNG VOVO-TIAEKTPOVIKNG
& ™G p@TOVIKIG

To peAdovtucd microchips Oa £xovv Kt éva oTpOpa TANPOS
GLOKEVAV (OTMC, T.)., UE TIG ONTIKEG 1VEQ)

Optical Switch Network

9
g
9 off on
7}
a L ——)
.‘g - ." J L J
& o 2 g
53 '
ot 1
Photonic layer not only

connects various cores,

w.Photonlc P jjmhemﬂemo ry'PIane LUy
Logic Plane but also routes the traffic

Jr. Gary Patton, IBM: “Innovations for Next Generation Scaling” Industry Strategy Symposium, Napa, CA, Jan 15,2013
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Apyo & Zrapatnuévo eag: ‘Ilaywevpévo Ovpdavio ToEo
(‘trapped rainbow’ effect)

‘Evag evpulmvikdg naiudg otapatier mAqpag (v, = 0) péoa

évav Kopotodnyo apvntikov deiktn sdbiaong (N <

Guided electromagnetic wave

F N
-
- S i — iy

RHH RH "
£ >0u“r3 2 0 N £g >0,pu5 >0

RHH
>0, 1

‘Consta_r_l_,t thickness

et > 0,u5M>0

RHH
£y

> 0 [_'_'{> n>0 | ]
__ Linearly decreasing thickness

sh””}ﬁ.p'&””}ﬂ

— [} |

Negative refractive index tapered waveguide
+— f

Ordinary ﬁaveguide



gﬂM wave using FDTD method - Ez for time-stepn=1
0




MetavAucd Apvnticov Agiktn AudOlaone Xwpig AtwAegieg
Melét pe ) péB0do TOV TEMEPATUEVOV SLOLPOPOV GTO TESIO TOV ¥POVOD
(Finite Difference Time Domain, FDTD, method) gvog ‘double fishnet” petadAucon
apvnTkov deiktn ddOAaong (n < 0)

R

Fleld enhancement
10 zu a0

[K. L. Tsakmakidis, et al., Phys. Rev. Lett. (2010), Ph



* Mavovec aopatoTnTos, 0Ppy0 & GTOUUOTLL
Evpvlwvikn aopatotyta, vmépfacy tov opio
EVPLLOVIKO TOTOAOYIKO GPYO @



Evpulovikoi Mavoveg Aopatotnrog
Melém pe mpoypdppare COMSOL, CST, Lumerical

To npoonintov emg diépyetan ‘cav vepd’ opodd yope and éve aviikeipevo (Kat péoo
o€ éva KOTOAMA0 peTadAcd-poavova), KafIoTOVTS TO AVIIKEILEVO ‘adpato’ og &vay
HaKpVO napampntﬁm




YnépPaon tov Opilov ‘AtAw’ o Tomodoyt

- MeAétn pe ™ pébodo FDTD «

Amnobnkevon, Tavtdypova, EVPLLMVIKC
HEYOAQ YPOVIKA SracTrpaTa ([e

P S




=

=t) Dpovriesokakne AnunTproc, Kadnynmmce

f Avtikeipevo: Ocwpio Zoumvkvouévne YAng

Ieproyég épevvag
* Mn ypoppkd KOUOTO, KOl GOALTOVIOL
* Qempio Zoumvkvouévng YAnG
 Yvumvkvouato Bose-Einstein
* Mn YpOUIKY] OTTIKY] KOl QOTOVIKY]

Tpéyovra IponTuokd Exrarosvtikd Kadnkov
OcopnTika podpoto Ko EPyaoT
* Yuvnleig Awapopikeg E€iomoeig (10



* Mn vYpOoUUIKES EEICMGELS/ YPOULUKE KOULOTO KO 2OALTO

oV KBavtiko Ko o:



Mn YPOUUIKES EELCMOGELS — UM YPOUUIKG KOROTO

‘Eva Baciko ototyeio g Ocwpntikng Puoiknc, ival 1 Katovonon Ko

TEPLYPAPN]  OPOPOV  QLOIKOV ~ EOIVOUEVOV  UE TN  ypNon
ROONUOTIKOV HOVTEALMV/EELGOGEMV.

[ToAV ocvyvd, té€tolo HOVTEAQ TEPTYPAPOVY GLOTNUNTO GTO OOl Ol
LETPNGIUEC TOGOTNTEG £YOVV UEYAAO TAATOS, OMOTE Ol GYETIKEC
eClomoelg etvor un ypoppkeEs. Kadmoleg cuykekpiuéVveg Un yYPOUUIKES
eEIGMOELS EIVOL OIKOVUEVIKES, QmOTEAMVTOS OEUeEA®ON LOVIEAD TOV
1GYVOLVV GE AAPOPES TEPLOYES TNS PVGIKTC.

‘Eva onuovtikd epeovntikd medio givar 1 0pecn AMCE®V TETOLOV LN

YPOUWKOV €EICOOEMY, KOl 1) KOTOVONOT TOV 1010TNTOV TOVS, LUE
akpLpeis, TPooeyYIoTIKES Kol aprOuntikéc nebooovg — Ko 6€ GTEV
EMOPN LUE CVYY POV TELPOINATU.

Kevipukd 0épao oe autd 10 €peLvnTIKO TESIO Elvol TOL pI] YPOMLILK
KOUOTO, OTMC TO KPOVOTIKO KONOTO, TO W1 YPOUULKO TEPLO
KOUOTA, To, XoALTOVIO, O1 ZTpofrion, K.o.

To un ypoppkd kopata apopovy ToAAOVS KAGOOVS TG
™M Ovoikn Zvumvkvouévne YAne, m Pevotounyo
[TAdouatoc, KA.

r




BOo1KEC 1010TNTES TOV U YPOUUUIKOV KOUATOV

» To un ypouuikd xopoto €ivor ADGELS U YPOUUIK®OV OLOPOPLKOY
eELOMOEMV NE NEPIKES TTAPAYDYOVS

» Xy 10g0tny  TEPITTOOoN, o1 &EICMCEC  OVTEC  Eival  TANP®G
OLOKANPOOLIHES (ONA. £YOVV ATEIPEC OLATNPTNGIUEC TOCOTNTES — AY.,
gVEPYELQL, OPUT), KAT)

» OAoKANPOOIUEC EEICMGELS EMOEYOVTAL AVCELS TTOV AEYOVTOL LOALTOVLO.
Ta XoMtOvVia O1dld0ovVTaL YMPIS TUPUAROPPMOGT] KOl CAANAETIOPOVV
LETAED TOVC EAACTIKA — TOPOVGIALOVY COUUTIOLUKO YOPUKTI|PO

» XV mpan, UOAOVOTL 1| 10€0T] TEPLYPOPT] TOVEL VO 1OYVEL, TO Un
YPOLLUIKO KOLOTO KO T 20AITOVIOL EIvol «0pKOVVTMS) EVGTAON OGTE VoL
UTOPOUV:

* va mopatnpnovv 6N UGN Kol GTO EPYAGTIPLO

* va xpnoionombovy cE EQaPRoYES

* Vo EENYNGOLV TOV EVIOMICUO EVEPYELNG OTT LOPPT] EVT
KOUOTOLOPPDV TTOV EUPOVICOVTOL GE TOAD O10POP
GTN PUGT — UTO TO ATOUO, O TOVS MKEAVOD
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Mn ypoppikd kopoto otn @von (II)

ALMNAETIOPAGELS ZoMTOVIOV 611 0dA 0G0
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Mn ypoumUIKA KOROTO 6GTO EPYUGTI|PLO
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OwovpevikoTnTO:
OTTIKEG OEGUEG LOMTOVI®MV GE VYPOVS KPLGTAALOVG,
o€ VYPA OLOAVHOTO, OE TAAONA, KATT, AAANAETIOPOVV
Onm¢ T ZoArtovia, 611 BdAacaca!




Mn ypoppikd kdpoata oty Vo

Kpovotikd kopato [e o10emopa

x OOMTOVLO



* Mn vYpauUIkéES EEIOCMGELG/ YPOUUKE KOUOTO OT
cvumvkvouato Bose-El



Mn YpORUIKE KOROTO 6TOV KPOVTIKO KOGHO:
cvumvkvouoto Bose-Einstein

Bose-Einstein condensate (BEC): Katdotaon tng vAnc 0mov «UoKPOGKOTIKOG)
apOpog copoatdinv (103 - 10%) mov akolovbel tnv katavoun Bose-Einstein
(umolovia) kaTalapPdaver v idwa kPavtikn katdotoon (yio T — 0)

» [Ipopreyn: Bose - Einstein (1925)
» [leypopatiki empepaioon: Cornell-Wieman-Ketterle-Hulet (1995)

oc vep-yuypa oépia 8’Rb, 23Na ko ‘Li - Nobel dovasixrc (2001)
To BEC civon:

» 'Eva «coupmvoy (coherent) vAikéd kouo - wapoporo pe to las
/ J - AveEdptnta BEC cuufdArlovy Omtmg ot 0€

laser oynuatilovtag Kpocoovg couf
- Ol ta droua oto BEC coumep

i ,
POTOVLY,

» 'Eva kBavtikd cvotnuo 68 «HOKPOGKO
(oktiva R ~ 50 um — ufkog L ~ 300
» To o Yyuypo aVTIKEINEVO GTO



BEC: XoAtovia oyMuotog ToApnov Kot
KPOVOTIK(I KUNOTO UE OLUCTOPA - TELPANATO

b

PR

=1

L

N il

opt. density




BEC: Xohtovia Onég kon Kpavtikotl Xtpopirion

Zoltévio Om) Kpavrikoi Zrpoprior

m o - [N}

-10 x

TUKVOTNTO

(o))
o

i
o

()]
o

density(arb.units)

o




Kvuoata o¢ copatia (I) - Zomtovia

 Ta colMtovia oto BEC ovumeprpépovialr ®C KAUGOIKA VEVTOVLOL
CONATLO, EKTEADVTOC TOAAVIMGELS 0TO OVVAUIKO OV TTay1doeveL To BEC

¢ ADO GOMTOVIOL GLUTEPIPEPOVTOL MG COUATIO TOV OAANAETIOPOVV UECH
UTTOOTIKAOV OVVAUEMV

Single soliton effective potential Two soliton effective potential

EVO ZOALTOVIO OoV0 LOAMTOVLY




