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Chapter 1

The magnet's

This origin is not

he pastured his fl

2500 B.C. A prim:

History of Magnetism

Western scientists and historians generally believe it was the Greeks who first
reflected upon the wondrous properties of magnetite, the magnetic iron ore
FeO-Fe203 and famed lodestone (leading stone, or compass). This mineral,
which even in the natural state often has a powerful attraction for iron and
steel, was mined in the province of Magnesia,

name the observing Grecians drew

From the magnetick region where it grew.!

incontrovertible. According to Pliny's account the magnet

stone was named after its discoverer, the shepherd Magnes, “the nails of
whase shoes and the tip of whase staff stuck fast in a magnetick field while

ocks."?

But more than likely, according to Chinese writings dating back to
4000 p.C. that mention magn
China? Meteoric iron was disowered and ut

discoveries were made in
i in the period 3000-
ive compass illustrated below dates from that period.

ite, the origin:

1 Lucretiv
the tran

Carus,

2 The text and il
“Mognetic Materials

TEE TEEORY OF MAGNE

De Rerum Natura, 1st century B.C. References are to v, 906 £, in

tion by Th. Creech, London, 1714. Ply, quoted in W. Gilbert, De Magnete,
trans., Gilbert Club, E

London, 1900, rev. od., Basic Books, New York, 1958, p. 8.
strations relating to China are adapted from Yu-qing Yang's paper
in China,” presented in Poland at the 3:d International Conference

on Physics of Mognetic Materials, (9-14 Sept. 1936), W, Corzkowski, H. Lchowscz aod
H. Szymazak, eds., World Scientific, 1957,
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1. History of Magnetism

It consists of a spoon-shaped magnetite object with a smooth bottom,
set on a polished copper surface. When pushed it rotated freely and usually
came to rest with the handle pointing to the South,

The head of a floating “fish" made of magnetized iron
ary manual of 1044 A.D., also pointed South.

ustrated in a

Dated only a couple of decades later, the book “Notes by the Dream
Brook"” describes the making of a magnetic steel neadle in the remarkably
modern needle-and-pivot compass shown here.
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3.5, Metals and Their Alloys 67

Surprisingly, even a single magnetic impurity affects the properties of
a nonmagnetic metal, as was first observed in extremely dilute alloys of
manganese (Mn) or iron (Fe) in the nonmagnetic metals copper (Cu) and
gold (Au). In the preceding figure we show the experimentally observed!®
excess electrical resistance of nonmagnetic gold, after it is doped by iron
impurities to concentrations of 0.02 and 0.006 atomic %. The excess resistiv-
ity that appears at low T is the so-called “Kondo effect,” a condensation of
conduction electrons’ spins to screen the localized moment, a phenomenon
that becomes the more remarkable the greater the dilution and the lower the
femperature.

The Kondo effect could only be understood on the basis of many-body
theory and therefore it challenged theorists for two decades starting from
the mid-1960's. Together with the study of screening in Coulomb interac-
tions among electrons in metals and of arcane phenomena associated with
superconductivity, the study of the Kondo effect helped drive theoretical and
experimental research along unpreeedented directions during this period. In
fact, the Kondo effect did not yield center stage of magnetic studies until the
mid-1980"s, when first the guanium Hall e fect, followed by high-temperature
superconductivity, then giant- (and even colossal-) magnetoresistance, en-
tered the scene.

At the same time that the mysteries surrounding the dilute Kondo
effect were being unraveled the study of more concentrated magnetic alloys
revealed equally puzzling features,

At magnetic concentrations exceeding O(1%), the magnetic impurity
atoms interact with one another, with nontrivial interaction energy. If they
are disposed at random, a new phase — the “spin glass”™ — appears. The
mechanism for their interaction is most interesting. Each individual mag-
netic impurity polarizes the metallic medium in its immediate vicinity. The
response of these electrons is not monotonie, but exhibits “Friedel oscilla-
tions.” That is, when measured or caleulated as a funetion of distance R from
a magnetic impurity, the polarization of the electron gas behaves asymptot-
ically approximately as,

eos(2kp R + )
72

with Jug a lumped constant, ¢» a phase shift, and kp the characteristic wave-

veetor at the Fermi surface of the metal (inversely proportional to the de

o(R) = Ju (2.7)

18 Adapted from work by D. K. C. MacDonald, W. B. Pearson and . M. Templeton.

Ga 2. Currents or Spins?

Broglie wavelength of a conduction electron at the Fermi surface). The inter-
action of a spin 5; at a distance R; from a spin S, at the origin takes the form
a(R;)S; - Sp, where o can be of either sign: positive {antiferromagnetic) or
negative (ferromagnetic) depending on the phase 2kpR; + .

The formula (2.7) is not applicable at small distances nor does it take into
account the Kondo effect mentioned previously. Nevertheless it signals that
in a dilute alloy in which the nearest-neighbor R is random, the spin-spin
interaction has a frozen-in random sign. There results a cooperative spin
“rlass” in which the spins ean become fixed at low temperatures, after
assuming one of possibly many metastable randem configurations mandated
by the set of frozen-in random bonds. Observed properties shared by all
spin glasses include: electrical resistivity dependent on magnetic ordering,
hysteresis upon warming and cooling, and a specifie heat linear in T" at low
temperature. When a spin glass is cooled in an external magnetic field B
and the field is subsequently removed, the remnant magnetization depends
on the sign and magnitude of B. Spin glasses in their low-temperature phases
are in apparent violation of Nernst's theorem. '

2.6. Superconductivity

Arguably the most remarkable discovery of the recent decades occurred
in 1987 when perovskites containing planes of the antiferromagnetic oxide
CuOs were found vo exhibit su!n'r':'omfru‘ﬁl'ffy at temperatures Q100 K)
after appropriate doping. A race is now on to find new materials that super-
conduet at or above room temperature. Were this pursuit suecessful it would,
of course, extend the reign of quantum physies to room temperature while
enabling the implementation of dramatically new technologies — ereating
an industrial “quantum” revolution with unimaginable consequences.

The search for a convineing theoretical explanation of high-temperature
superconductivity (HTS) has finally narrowed to some mechanisms vircually
identical to those that govern ordinary magnetic materials. There is agree-
ment on general structural and electronie features, but not on what are the
precise mechanisms (superexchange?) nor even on the primordial role of the
oxide CuO;z (is it unique in its properties?) in promoting the paiing of
electrons into Cooper pairs.

17T Also known as the “third law of thermodynamies” it asserts that the ground state of
all substances is essentially unique, therefore entropy vanishes in the limit as T — 0.
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Magnetic Properties I 10.3 Magnetic Characterization in a Pulsed Field Magnetomatar (PFM)

Reliability of Calibration
For testing the reliability of the calibration procedure
a“calibrated sample” from the Physikalisch-Technische
Bundesanstalt (PTB) in Braunschweig, Germany was
measured. This sample was an anisotropic barium-—
ferrite from Magnetfabrik Schramberg with a cylindrical
shape, with a height of 10 mm and a diameter of 6 mm.
The mass was 1417 g The hysteresis measurement
was performed by applying an external field of 2T
and a pulse duration of 56 ms. In order to reduce the
statistical error the measurement was repeated 7 times.

The mean value of the remanence magnelization
determined in this way is By = (03644 £0.,0002)T,
which corresponds to an error of £0.05%. PTB gave
a remanence value of By = (0.3625 3+ 0.0044)T. So the
difference between the PFM and the PTEB value is about
0.5%. which is smaller than the given calibration error.

In order to test the effect of pulse duration, the
PTB-calibrated sample was measured under the same
conditions but with different pulse durations (56 ms and
40ms) (Fig. 10.38). The difference in the remanence
magnetization is below 1%. It should be noted that also
the measured coercivity is only 2% higher, than the PTB
value, which strongly supports the reliability of cur field
calibration.

Influence of Sample Geometry

on Magnetization Values
In order to investigate the effect of the sample geome-
try on the accuracy of the magnetization measurements
in the PFM, a set of industrial soft magnetic ferrites
with different shapes were used [Philips (3C30)]. All
samples were from one batch. This material has a mag-
netization at room temperature of about 0.55 T, whilst
the Curie temperature was about 240 °C. The density is
4300kg/m”. Since this material is an insulator, there are
no eddy-current effects, The chosen shapes are given in
Table 10.5.

The samples were measured in an external field
with an amplitude of 2T and a pulse duration of
S6ms. All samples were measured at room tempera-
ture (21 °C 1 °C) using the same amplification factor
and the same mechanical adjustments, Small deviations
are visible in the shape of the hysieresis loops, espe-
cially where the saturation enters the high-permeability
region (Fig. 10.39). This is due to the fact that the
mean demagnetization factor causes an error. which
becomes especially significant in this part of the
loop.

The results are summarized in Table 10.6: The
magnetization values of the three different cubes show

Table10.4 Summary of calibration measurement
Sample | pgMaew | S PoMigerawre | Deviation

(T) (%) (T} (%)
FeyOy 05787 02 0569 +1.6
Nickel 0.6259 013 0610 +2.6
Iron 2.1525 0.24 2138 +0.7

Table10.5 Shapes and maszes of the 3C30 samples

Sample (mm) Shze Mass (g}
Sphere d=9.1 m = 1.9066
Small cube 112x11x08 m=05226
Medium cubs 11.9x%11.9x3 M= 19316
Big cube 21 % 146119 m = 17.3848

Table10.6 Magnetization at H = 2T of 3C30 samples

Sample Magnetization (T)
Sphere 0.550
Small cube 0.558
Medium cube 0555
Big cube 0557

a difference of up to 0.6% (Table 10.6). The value for
the sphere exhibits the largest difference of 2% with re-
spect to the average value of the cubes. (This may be
aresult of the grinding process in an air-pressure-driven
mill. The sample is forced to rotate rapidly ina container
of corundum. ) It is possible that the surface structure of
the sample may have been destroyed. If a disturbed sur-
face layer of 40 pm is assumed, this could account for
the deviation of the magnetization value.

M (T

FTR-Ferrze cylinder

lang pelae 0. —
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Fig.10.38 Comparison of the on the PTB-magnet measured mag-

netization for a short and long pulse
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Mayvitaon
otnv YAn

KEDANAID 1: EIZATOTH
1.1. Mayvuopd-Baokég Evvoleg

HRpoE ALV TOU HayvnTIopoy

Hhzxtpwd pedpa givar n kivion nhextpoviuw eite péoe of va
aywyd Eite oF Tpod yUpw omd £wx mupivoe oto dropd,

EMOMEVWE TO KGBE dTopo unopel wa BzwpnSel wg £vag

HIKDOCKOTIKGE MOVIHOS MayvriTNg.

R . . ) . Iydpe 1: O ewvdonig tou nAgvtpoviow SV
To nEpLOEpoUEVD MAZKTPAVIO TLapayEL TRV Bk TOU TPONER  myy arsuw,

HOyVITIKG POTLY EVi) UTAPKEL KoL 1) LOYWATIKG POt Ay g o CXETIETaL LE TNV MEMLOTPODT ToU

NAEKTpOvioU YUpW QNS TO EQUTE TOU, TIOU KETPOUVIRL OE LayVITAVES Bahr (u:).

I nepuwoodTepa A n ouvokwr payvntu porn eival unbév xadag n
cpabonoingn Twy nhextpoviy of JEuvapa obnyel o avaipzon ng
payvnTueais porrg. Otav éva nebio dappoleTal oF Eve payvnTwd vhws,
0 UAKO CTOKpIVETOL TIOpAyovTag EVo poywnTwd mebio, mow AEyeTal
poywiten (). H poywiown siva Eva RETPO TG MAYWNTLKIS POTE avd
poviba dyxou, adG pnopel va EkGpactel kol avi povabe palag xat
Aéyerarzubu payvition (s). To edapuoldnevo nebio (H) gival 1o ohd
Ipipa2: TaSio Suvbopara nedio To onoio Ba fitav To ohwd nedio av To nebio edupuolitay oro
:-!mﬂfﬂﬂ"ic PO’-"?_E mov gewd, H payvnre emaywyn (8), mov anotshel tn cuvohwr] por
opsilovio ong KIvjoe Tow

nAsktpovior  evid¢  mwv  ROYWITIGDY yporkwy kéca and pia povadaia Swtonn Tou vAwod,
exedue. Sewpinvtag GAEG TIC CuvELDOPES (£Ewrepud TESio KL payvition Tou

uhwot). Te peyEen B, H kot 1f oxetilovial pe Tig oyECEL; avihoya UE 10 clatnua povadww: (S1. ket £gs).
B=usH+ M SI B=H+4aM gg
Ohata vAwd aviafwounSoly ke PRon TN KayWnTik] ToUS SURREpISopE Xwpiloviaw oz mévie (Téooepis +

alnpRanVTIE) katnyopies avahoya ME TV TWA TS kawwnTkds Toug embktkdTnTag. O mwo

SunBeBopeves katnyoples elvol T SUOpoyWTIKG KoL TO MapopoywWnTwd vhwd mou aplfpoly kol T

PLOCGTEPR OTOWEID TOU T Guol mivako o Bepuokpacio S

ywwotd Alya povo, dmuw Ta oroeix Fe, Ni, Co. Gd. Dy ka8 kow T kpapata Tous. Yrapyouv emiong
opuopdves evinosig nou sival ENEeREiTIES, GTwe o1 L2, Ca,Mn0O; (0.2¢x<0.4), CrBry, EuQ, Eus, Euse,
Eul, katEu,Si0,. ulbnpopayvitike gival katTa otoeia Th, Ho, Er kot Tm of xaunhéc Bepuokpagize,

M

X=i

DOFerromagnetic 0 Antiferromagnetic
Paramagneti ia neti sfe[72]e[®
OParamagnetic O Diamagnetic gleTul ol e
13 “" 1% ) 1w (7]
Al|Si|P|S|[Cl|Ar
n n Fal ) = F Fol ] = ke n n n ke » n
Sc | Ti|V |Cr|Mn|Fe|Co|Ni [Cu|Zn|Ga|Ge|As|Se|Br | Kr
& 1] &0 41 &2 & &“® &5 & & & & 50 &1 2 | s
Y | Zr|Nb|Mo|Tc|Ru[Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | [Xe
-] L o n kel s ] ) w ] n o a1 L] L L ®|.
Cs|BalLa| [Hf|Ta|WI|Re|Os| Ir | Pt|Au|Ha| TI|Pb| Bi|Po|At |Rn
L. L] o
Fr|Ra|Ac
L] S | @ | & o Ll [] " & |m L] N n
Ce|Pr|Nd PmISmIEu Gd TthylHo|Er|Tm|‘fb|Lu
Iyfpea 3: Mdraly twv (v TOU 7159 G FivaKe gUug HE T pay ] Towg olpagd

Kétw amd n Geppoxpacia Néel (T evdg mvmioiSnpopaywitn, Ta o €xouy aviumapdiinioug
TPOCIVATOMOPOUE EVi 1) EMBEKTIKOTNTE TTpOoEWIlEL TN péywtn Tng T yio I=T,. dmou umdpxel Eva
xohd kaSoplopEve TomMwS akpdTaTe ouny kapmoAn x-J, oAAa kau oto oviictoa Swypduporta g
BepporwpnTwoTTaS KL Tou Bepprikol guvteheoth Saotohne.

Eunv xatnyopie Twv GBNPOMEVATIKLY LAWY avikouy T VAE mou
EXoUV EVTEAWG LB ITEPES WBLOTITE G, OMWE EvaL N EPGAaVLON LaywiTiong
KoL Xwpic TV ENibpoon paywnTwol nediou, v nAEg TIHES Payw TG
embextdtnTag ko, Ov wwdtnieg auvtég sfadavilovion otav n
Bepuoxpacia Tov vAwod fenepacel pia Seprokpacio XapaKTNOWTIKG
v kaBe uhikd, mou Afyetal Bzpuokpacia Curie. Mo Bepuoxpasizg

Yy ¢ Tng Be, iog Curie, T0 UAKO CUPMEPLOEPETOL OOV

POPTYWITIKG KoL houBsi tov wopo Cune-Weiss Ao Tig mo

yopoxtnpwoTwds 1BIOTNTES Twy cWbnpopayvnTLY UAwwy v n Siua 4 Topnepupopd oiBnpo-

BaTnTe Toug va pewwnTifoviol Mo gdxoha, kow ve OBdvouv of  Heywqneod  wlwol  anougia

i . . . . . uapvnrod mefiov (mave gydual
KOQTQOTaON KOPECWOU ME Tnv EMibpacn mokd pikpuw £E o= & fer wémw 5
oyiux)  km  move amé m
PFepuoxpasia Curie. Iro  wdmw
WGloTATwY  Twy GlbnpopayTkuy UAiov sival e Ty ypadwn gwiua Sivovtm m evigrona

. . R . . GiuaTa Rapougia uayvNTIKeD
napaatacn Ing peywnTunis eraywyis B, na Sidopeg evigoy tov nesiou.

paywnTwod nedlov H. EvallakTikd, XpnowlonolEiTal kal n ypadikr mapaotacn Tng payvitions M,

nESiv.0 TUO KOWOE TPOMOC Y TNV TEPWPADM TWV HOpPWITKLY

guvaptroeLtng eveaons H, addd aut nepéxeitnv b axplfug minpodopin we Ty mponyolpevn, adol
el B=u, (H+M).
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KIKPAIVEL, OL EMOAVELGKOL EVEPYELAKOL OPOL (EVEPYELR OXNKATIONOU KAyVNTIKOU TOWRATOS) yivovial
QCUROOPOLOE OXECT KE TOUG CUHPATKOUG EVEPYELRKOUG OPOUG (OTIWG Eivat N EVEPYELR QTOLAYVATIONS).
YRAPXEL KX XPICIUN T KATw and TNV ONOlx Eival EVEPYELAKA TPOTWNTEQ N QMORAKPULVON TWV
TOYWHETWY TTEPLOXLIV OOV OAO TO SEIYIQ AMOTEAEL LG KAYVNTIKA TIEPLOXN KAL CURMEPLOE pETaL QY EVag
KIKDOS KOVIKOS KAYWATAG.
a) 3O H xazéotaon (@) Rov avadépeTal o8 oo SEiyua
' aktivag r 0 ;vépvem K LOVOREQIONAS Elvau
E =Lumv=2uary
6 9

¢ a H xatdotacn auin mov Eival mEoTynTéa i KuPkn

= QVIOOTPOTIa TIPAKTIKG EKUNSEVIlEL OAn TNV EVvEpyEla

O\, aropayvntifoviog nESOV  ECAYOVTAS  TOYWHATR

meploxwy tomou  90° KE EVEPYELOKO XOCTOQ:

E. =2mwoc

©) _— 3O  H xardotaon (¢) mov givat TPoTANTER yix LOVEQVK
' QVoOTPOTIa  ELCAYEL £va TOXWRA 180° EXEL EVEpYELQ:

! B,

,=%,u M s

ZIyipa 105:Evspy 5 KOOTOS i TO
REDIONWV KAl TWV AVTICTOI(WY TOI(WHATWY.

0 uiag, TECCaAwWY xa SUO puayvn KWy

9¢"  9.107

Kpiowin Tyan via 10 OXNUaTIcHd povorepioxicE, <£, Dr < y T G w 107
M

To povtéAo Stoner-Wohlfarth

To poveého Stoner-Wehlfarth avaOEpeTal 08 CwRaTida piag TEPLOXMQ kat uToOAoYiZeL

v XapmUAn payvitong. Kabwg Sev UMAPXOUV TOYWKOTA TEPLOXWY O MOVOS A
KNXQVIOKOG TTOU CUKBAIVEL EvaL N CTPODN TWv CWRATISIWY WS CAGTINTES TPOS TN

kateUBuvon Tou ESWTEPKOU payvToU RESIOAS Bewprcovpe Eva payvnixd i
owpRatiblo pagEPLOXAS kEoa o payvnté nedio Hyp onoio edapudletat und yuvia  106:Zwpanisio
@URAS TN Haywition Twv cwpatibiwy evw vrd ywvia @ npog Tov Gova elkoAng FEARIOAS
KOYVATIONG TWv CWRATISIWY (LOVREQVI QVICOTPOTIa).

H evépyeia tou cuotipatog eivar E=Ksin’(0-g)-u HM.cos9.T0 nedio popAUEIRONQERE) LNO v
adiactatn rapauetpo h=y MHZK. H eAaxwronoinen tng evipyewag (na @b o Sedopévn Tyar Tou
TteSlov SiveLTn payvriTion ToU UAKOL onwe daivetalyla 500 CuYKEKpIEVES BLELBUVOELS ToU tebiou #=90°
xat §=30°.

Iynpa 107:Bpoyo: votépnong oto povrEAo Stoner-Wohlfarthyia 9=50° xar 30° xan

XES EvERY HES QIO TG ONOIES NPOKUNTOUV.

O BpdxoL uoTépnans via SIAO0pES ywvies 8 amo 0° péxpt S0° Sivovial CTa RAPAKATW CXAKATA KAl KE TOV
unohoylopévo Bpoxo voTépnong via éva FoAUXSUGEaAlKS cUctnua anoteAovuevo and N coapxa
cwpatibia xwpig va Aappavovial oL RETagy Toug AAAMAETISPACEL.

0:0°5°, 157, 30 0=45% 60r, 75°, 90°

Ixnpua 108:8p6x01 veTipnans us T uovrio Stgner-Yiohfonh os Sia o A g K@t O AVTICTOROS
Bpoxos yia GRAYKANETIANG Seivua

To poveéo Stoner-Yoihfarth SEXVELRWS N AVICOTPOTIA TOU UNAPXELCE Evx CUCTNMA KTOPEL v oBnyrceL
otV EROAVION UCTEPNONG aKOMA KAL QITOUCIA KN QVIICTPEMTWY SLHSIKQoLIV IOV CXETIOVIAL HE Ta

TOYWHATA REPLOXLWV.

Epyaotnplo Edappocpévng MAnpodopkng
TuApa Quokic-ANo

11



. INFORMATION: Search-Collect-Sort-Present Opada A. Mpoetolpacia Avadopdg
Rﬁ S Rd5a 7 14 14
e ‘SC|ent|f|C Re poO rt Epyaoia-02: 20vBeon Avacpopagl

1 ‘ TLTTEPLEXEL EVA ETILOTNOVLIKO KELUEVO

oxt, Gpa n petaPaocn amod T pn payvntki Gaon ot cnpoRaYVATIXT GAon Eival EVac HETACYNHATIONOS
ddong 2 tagng
YAwé | Tc(K)  pa/dropo
Fe 1043 222
Co 1394 1715
Ni 631 0.605
Gd 289 75
MnSh 587 3.5
EQ 70 6.9
EuS 165 X

Mivaxag 12:Mayvnaxa
Xapaxmpionxa o= ouvAdn
HOPVATING UAIKA.

|
L

Iyipe 72:0spu0xp 1 g§dpmeon mg payvinong (M/M,)
ané m guoyusvn Sepuoxpacia T/T.na to Nika to Fe.
Toonusia aunoToloUuV 05 MEIPAUATIKEG USTPAOEIS SV oL
CUVEXEIS KOWTUALC CF SEwpnTIXng TOOCEYyion UE TO UOVTEAD

w

Tou Weisspia J=1/2, J=1, J=20

H povn enibpacn tou mpocdnkng payvntikol mebiov (oyripa 71) sivan n petatomion IWyeuSeuy

M kT g, 4. J(B+ M)

—_—m onovy = n ieyaAlTepa . IOpOwva KE TV T OUREV
o g‘;‘ﬂy ¥y T pOg ReEyaAUTEpR Y J KE IV MPONYOUREVN

avaAuon otnv neEpinTwon avtn ot kabe Bepupokpacia éxoups AVcelg 1&0. Yrapxet Snh. evepyeiaxn
TPOTIUNGN OTNY EUBUYPAUKLON TWY RAYVNTIKWY POV KE To E§wiepkd nedio avefapinta anod In

SLevBUVon ToU Kat Sev EROAVIZETAL O RETACXNKATIONOG GAONG QMO MAPARAYVNTIKI CE CLONPORAYVATIKA

Kataotacn.
J=12
\\ ‘
Zyiua 73: Yrodoyiouog twv AUGEWY N SIGQOPEC
TWES Tov eéwrepkou rediov B os kBavIouNyaVIKe
. ovotnua pe J=1/2. O UETQOYNUATIOUOC QAONC
Mz B3 X URGPYEL uOVO OTNY REPINTWON i B=0.

H gdappoyn £vog pxpol mediov B of Beppoxpacia yia I'2T, wote va avoroteitat n cuvdrkn y<<1kat 1o

cootnua:
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Evcoypuay 11

Andtanapandvi oyfuata cuviyetal 20xkoha To cupnEpasua, 6tLav n hadopd dhoe-
we Seveival oTaBzpd pe Toxpdvo, TéTE nouvalr fviacn Sev napovaiaie Sndoponelnen
avedopud 1KE TO GEPOORE TWV EMWEPOUE EVIACE WY TWY QUL BaAAGVTWY QUITEWGY kUG-
T,

Avodoplkd JE TO pORD TNS CTREEPOTNTAL TNS APXKAC S1adopac GOCEWY W ONE LWCoU-
Me ot aveiyapue aprobviwg Taels avigveutd, Tdte Ba fpactav o BEon va napatnpricou-
WE I TaxEies autés SlokupnavoELs. AUTO URBaIVEL OTLG OROUTTIKEG ouvOTNTEC(<20KHZ, T
»5.10%sec, A »1,17cm) émov SunBitoupe TaybTepous ko kehOTEPOLS avVEUTER, TO auTl
et 1. And amdl ewg nhesTpovikig aviyveuong LY. , furenolaniaoearés, CCD, undp-
YOUW LOVIEAD JAE XPOVD QIIGKPLOTIC LIKPOTERD TWV |AE LKLV N5EE.

ZtoIyfpal-6 TopIOTavETaL N SOV PYIE TWY GLITE WUV KU MATLWY, BELPUVTEG &L QU Ta
TLROE PROVIAL A0 LETAMTROE IS NAEKTpOVIWY. AV OL KU UETOTUOUOL EKTTE RTTovIal uE oTabepn
Sla00pa SACEWE ( GUTKETIOREVOL KUK ATATH KAL), TOTE EXOUME X GUXVETATE KAl KNGEVIKS
GOORaTXO EUPOC, Evi av EXITELMOVTaL LE TUXaln S1adopd ¢GaoIwe n mpokinTouse SEaun
EYELMEMEPAOREVD GQONATKD EUPOC

Movoypuwpaned kipa
fad

UDr B

Tuyaiol queovesieis
BuueToguRHOL

Daopa ouxvotrtwy

Eeipa 1.2-6 Exnuaticn napaotacn eves SULIIREIANGY GREipou pkous kal to aviiotons daoua
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Adjustable Hyperthermia Response of Self-Assembled
Ferromagnetic Fe-MgO Core-Shell Nanoparticles by Tuning
Dipole-Dipole Interactions

Carlos Martinez-Boubeta, Konstantinos Simeonidis, David Serantes, lvén Conde-Lebordn,

loannis Kazakis, George Stefanou, Luis Pena, Regina Galceran, Lluis Balcells,
Claude Monty, Daniel Baldomir, Manassis Mitrakas, and Makis Angelakeris*

1. Introduction

The Fe-MgO core-shell morphology is proposed within the single-domain " bl )

" 4 sl PR Jlocompatible  magsetc  nanoparticles
nanoparticle regime as an driven hyp b haw emerged as important materials in
rier. The combinatory use of metallic iron as a core material together with biomedical research, capablke for example,
the increased particle size (37-65 nm) triggers the tuning of dipolar interac- of diagnosis, imaging and selective
tions between particles and allows for further enhancement of their collective destruction of tumors!¥ Indeed, the
h.*‘. -y 'I- <} “MMA by teal b ' ' W Sarne ! lfﬂ’l:l"\ may semve as a
of hyst is & hﬂnnhofdbohlnﬁmlonlonh-dnlcﬁ- contrast agent for magnetic resomance

imaging (MRI) and also as a heating dissi-

clency and outlines the strong influence of coupling effects on hyperthermi pation center for hyperthermia M Under
opening a novel roadmap towards multifunctional heat-triggered theranostics  1}is framework, most experimentl s
particles. so far have explored superpammagnetic

(SPM) particles of iron oxide-b

structures. Currently, a largee
devotad to the enhancement of magnetic imaging 5t
and heating efficacy of particles by mining 1 pro-
file (ie size, anisotropy constant, sxturation magnet
In this aspect, metallic iron appears as a promising candidate
since its bulk magnetic moment is mom than double of the
corresponding one for Fey( ugh its high madivity is an
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might also help 1o
confront the toxicity issue, as well. The shell proposed hen
e, MgO is based on magnesium, an exceptionally ligheweight
sengial 10 human meabolism tha is naturally found

the magaetic
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bb synthesized nanoparticles ™'Y 1t has been shown
such elongated assemblies of nanoparticles both impre

ey Aok blood circubtion half-lfe and MRI contrast, which facilitates
efficient drug-delivery and enhances the resolution in med-
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Figure 7 (3) Umms.-l changes of the hysnerem area and its concen-
tration d on mag for partickes well
below the superparamagnetic transition. Data s presented fr different

tpes and sizes of particles (see kgend: size was hept constant whike
varying co= X/M % size was varied while heeping cy= Q31). The lines
connecting points are guides to the eye. (b) evolution of the hysteresis
areavs, concentration in real units, Circkes and squares might acceunt for
Fe:04/ F&304 nancparticles usually discuzzed in the literature while full
symbels acceunt for Fe.MgO core shell entities.

Jow tempercure and for the noncinteracting case) given by
the anisotropy energy, twice its value for a full hysteresis cyele.
Renarkably, dat fall into a single universal curve at the low
wemperature of the simulations (T = § K). Furthermore, the seve
eral experimental trends of the SLP displased in Figure 6 are
in obvious agreement with partial ranges of this general curve,
thus giving additional support to the rok of ¢ as a general
scaling parameter to describe dipole<ipole interacting systems.
Thus, itis shown that the ara of the hysteresis cycles (and con-
sequently the coercive field) varies non-monotonically with the
amplitude of the dipolar interactions. An example of the latter
can be found in the elegantly-designed experiment of Kronast
et al.P4 (see for instance Figure 2 within that paper).

Figure 7(b) displays the evolution of the hysteresis area
with sample concentration for three Fe-MgO core-shell parti-
cles, with sizes of 35 nm, 50 nm, and 65 nm. In addition, in

6 wiloycalinelbran.com
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order to have a more accurate approach to the role played by
the interpartick dipolar coupling we have also simulated the
hysteresis properties of magnetic nanoparticles with very low
magnetic anisotropy, which are more sensitive to the influence
of the dipolar interaction energy. These panticles have also
much lower Mg values, of the order of typical of iron oxide
nanoparticles, and smaller sizes, inorder 1o cover a wide spec-
trum of magnetic nanopurticles pammeters (see supporting
information $.3 section for further details). It is observed that
interparticle dipolar intemctions can have a great influence on
the heating perfonmance of the perticles, which follow appar-
ently very dissimilar trends depending on their dhanceristics,
It is worthy to note the hige difference in the magniude of
the hysteresis kosses for the different types of particles, above
an order of muagaitude simaller for the low anisotropy cases,
Particularly, for the FaMzO particles, smaller sizes results in
smaller hysteresis values, being this decrease atnibunble to
the higher sensiivity to thenmal encrgy. A more complex trend
is observed at higher temperature as a result of the different
influence of thermal excitations depending oa the panticle size
and anisotropy energy (soe Supporting information $.3 sece
tion). It is the subject of 3 future work to investigate the influ-
ence of temperature on the shape of this uniwersal cunwe, as
well as its dependence on the maximum applied field defining
minor hysteresis cycles and the AC field frequency.

In summary, we have confirmed by means of a computa-
tional technique the idea that conelations anising from dipole-
dipole interactions should cause a signifiant effect on the
hyperthermio, obtaining a behavior in quanttative agreement
with what is observed in experiment. Such aneffect on the SLP,
which resuks in low or high values depending on magnetic
anisotropy, agglomenation, and particle size, an be viswlized
in a simple model: when the panticks are sufficiently far apant
one from the other (low packing frction-diluted case), they
can be considered as non-interacting magaetic entities, and
the SLP increases with concentration up to the poiat when the
magnetic interctions between particles become comparable
to the anisotropy field. For huger packing frmactions, the mag-
netic inceractions increase substantially forcing a drop in the
SLP. As such, our calculation represeats an amalytical model
of hyperthermiz in magnetic interacting-panicle systems 10
exphin in a simple way the ubiquizous belavior observed in
this class of matenals. Equally impornant, our results show
that in order to optimize magaetic nasoparticle Iyperthermia
multiple pammeters should be ned, though confirming
that single<lomain nanoparticles are the most efficient for
biomadical applications. In particular, the universal curve
predicts the existence of a specific value of concentration that
optimizes the effect of the dipolar interactions. Obviously, fur-
ther wotk is required before firm conchusions can be drawn,
but it might happen magnetically coupled nanopanticles could
be of help to improve hyperthermia efficiency as do in MR1
imaging 7

2. Experimental Section

Sythess o coefshel roncpaticer: Tening the experimental
conditions allowed vz to produce samples of differeat sizes displaying

Ad Funcs. Mate. 2012,
DOt 101002/adim 01200307

SRR

M

2 magnetization choze to the bulk value. In the studied samples, the
chamber's pressure was set to 3 mbar. The targets uzed &or Fe-MgO
nanoparticles production were cold-preszed pellets prepared by miing

Fe and MgO powders, a3 well 33 an excezs of Mg to inhibe iron
uH:tion. Fe powder was purchazed from BASF (purity > $9.5%). MgO
(99.958%) waz purchazed from Alfa Aesar. Mg (99.9%) was purchased
from Sigma Aldrich. However, it should be apparent to those shilled
in thiz methodology that they can readily change for instance. the
pressure and target compasiion in order to optimize further the above
picture,

Structura! ond mognetic choracterization: The detailed structural
characterization of our samples waz carried out by means of Xoray
diffraction on 3 Rigaku powder diffractometer using Cu.K, radiation,
SEM images were obtained using 3 QUANTA FEI 200 instrument with
3 fieldemission gun operating at 30 KV, For the TEM anaksis, a drop
of the colkoidl solution in ethanol was deposited onto a thin carbon
film supported by a copper TEM grid. Measurements were carried out
with 3 Jeal JEM-1210 microscope at 3n a«cl«allon voltage of 120 W,
The p ge of iron In P d by chemical
analysis via graphite furnace atomic absorpnon spectrophatometry
(Perkin Elmer Analyst 820) after diluting 2 weighted quantity in HCI.
Quasistatic magnetic measurements were carried out on
pached powdered samples using 3 Quantum Dezign MPMS XL7T
SQUID magnetormeter, The hysteresis loops were measured at
300 K,

Suspensions stobility. Zeta.potential measurements were carried
out to quantify the magnitude of the electrical charge at the double
':yel of nanoparticles w:fxe and define the isoelectric point (IEP). A

of lez in an electrolyte zolution (001 M NaNOy)
was poured into the electrophoresic cell of a Rank Brothers Micro-
ekctrophoresis Apparatus Mk Il device and the electrophoretic velocity
was recorded. The pH was adjusted at different pH values (5-13) by
adding either HNO; or NaOH and left to equilibrate for 60 min under
stirring.

ically induced AC hyperthermio: Di of 0.5-4 mgFe/mL
were prepared by the addition of nanopowdeu into dnsnlled waze and
ion for 10 min. A test mL of th

placed in the center of awam«oled mdumon coil with 23 mm Jumehu
consizting of three turnz and connected to an AC feld generator of
4.5 WA The AC thermal response of the samples was measured at
765 kHz by recording the temperature rize with an OpSens Picol optic
fiber thermometer during ac field (between 150 and 300 Qe) application.
The Specific Loss Power (SLP), which refers to the amount of energy
convered into heat per time and mass of the magnetic nanoparticks,
was cak ulated from the heat transfer equation [2.

Pleaze note: Supporting Information Awvailable: XRD potterns, and
quantitative Rietveld anabsis. of Fe.MgO nanoparticles prepared
changing the target rion. Additicnal SLP
Com putational details,

Supporting Information

Supporting Information Is available from the Wiley Cnline Library o
frem the author,
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. 5 o
A% 16"  SessionTU3: MAGHETISN & SUPEROONDUCTITY -1 SURFACE SOENCE (Chair: M. Colamictou, E. Liorokopis, C. Galiotis)
In memory of A, Simopoulos & A. Kestikas (Chair: D, Niarchos & O. Kalogirou) 13%-14%  Lunch break
14%-15"  Pled M. Farle (Univ. Duisburg — Essen, Dept. of Physics & Center for Nanointegration) - Magnetism at the 14°-15"  Sescion WES: NANOSCALE & SURFACE SOENCE - 1
" - monascale (Chair: A. Vomvas & Th. Karakostos)
" i Ing L eri - MNev the " hralamd i Bl B
15%-15 016 E. Hristolorou [NTUA, School of Mining and Metallurgy Engineering) - Mew sensors based on the 14%.14% 110 D. Christofilos (AUTH, Schoal of gy} - Optical of carbon and
magnetastrictive delay line technique metallic nanoparticles
157-15" 017 E. Th. Papaloannou (Uppsala Univ, Dept. of Physics & Mat. Sci) - Magnetic and magneto — optical 14¥-14® 031 T. Leontiou [Cyprus Univ. of Technalogy, Dept. of Mech. & Mat. Sci. Eng.) - Thermadynamics and kinetics of
properties of transition metal films with sub - wavelength antidot arrays dislocated Ge/Si and Inds/GaAs thin loyers
15%-16™ 018 0. Crisan (National last. for Materials Physics, Bucharest) - Exchange spring effects in Fept/Fe(Col’ Fe 14%-15% 032 A P. Douvals (Univ. of loannina, Dept of Physics) - Synthesis and cheracterization of novel corbon

multilayers manctubes - iron oxide manoparticies hybrids
16™-16% 019 V. Tsakaloudi [CPERI, Lab. of Inorganic Materials) - New magnetic ferite materials for innovotive RFID 15°.15" 033 1. Kioseoglou [AUTh, Dept, of Physics) - The nonpolor - semipolar boundaries in 1 - nitrides: Atomic staucture
concepts and influence on defect introduction
16™.16" 020 A. Andriotis (FORTH, IESL) - Defecr - induced defect - medioted mognetism in diluted magnetic 15%.15" 033 A Skarmoutsou (NTUA, School of Chem.Eng ] - : al properties of hydroxy (HA) with DAB
semiconductors dendrimers fpoly propylene imine} cootings onto Tl surfoces
1617 Coffee break 15%-16%  Coffee break
17°-18"  Session TUA: MAGNETISM & SUPERCONDUCTIITY - 2 16™-17"  Session WEA: NANOSCALE & SURFACE SCENCE- 2
In memovy of A. Simopoulos & A Kostikas [Chair: E. Hristoforou & K. G. Efthymiadis) (Chair: Ph. Komninou & M. Komaratos)
1717 15 P. Poulopoulos (Univ. of Patras, Dept. of Mat. Sci) - Mognetic force microscopy on thin films end 16%-16" 111 P. Patsalas (Univ. of loannina, Dept. of Mat. Sci. & Eng.) - Complex conducting nitrides: Synthesis,
nanostructures P ies and applicati
172.17% 021 A. Kaidatzis {Université Paris Sud, CNRS, Lab. de Physique des Solides) - Hot electron transport and high 16¥-16% 035 E Symianakis (Univ. of Patras, Dept. of Chem. Eng. & ICE/HT-FORTH] - On the substrate - driven oxidation of
resolution magnetic imaging on Co/Cu/Co and CofCu/NiFe spin valves NINIDIOO1) by X - ray photoelectron spectroscopy and malecular dynamics simulations
179.18% 022 K. N.Trohidou [NCSR "Demokritos”, Inst. of Mat. S¢i.) - Exchange bias ¢ nanapartiches dispersed in 16917 016 A Kostopoubou (FORTH, IESL, Un. Of Crete, Dept. of Chemistry) - Magneto - opticel properties of iron oxide
a Mn matrix nancciusters
18%-19"  Session TUS: CULTURAL HERITAGE MATERIALS & INTERDISCIPUNARY PHYSICS 17%-17% 037 N.Galanis (Univ, of Crete, Dept. of Mat, Sci, & Tech,) - Mechonical properties of nanocrystalline Copper
(Chair: K.M. Par poulos & E.K. Poly 17%.17% 038 D. Viachos [Univ. of loannina, Dept. of Physics) - Indium edsorption on the reconstructed $i{111V3xv3 and
1E™-18" a7 Th. Samaras [AUTh, Dept. of Physics) - The use of iron oxide monoparticles in hyperthermio dx1 - in surfoces ot room and low femperature

18%-18% 023 p. papanikolaou [AUT v) - Study of the effect of a uniform electric

17%-18"  Session WES: SpeciaL SEssion on RENEWABLE ENERGY RESOURCES — HYOROGEN [UNDER THE AUSPICES OF HELLENIC SOCETY FOR

lengths and the el mic molecules SOUNCE AND TECHNOLOGY OF CONDENSED MATTIR (H.S.S.T.C.M) (Chair H. Gomari-Seale)

18%.19% 024 E. Pavlidou (AUTh, Dept. of Physics] = Wall painting moterials ond techaique: the cose of famous 177.18% 12  A. G. Konstandopoulos (CPERI/CERTH, & AUTh, Dept. of Chem. Eng.) - Sofar thermochemical water-
iconagropher Onoufri splitting for Hydrogen production: The Hydrosol Process

19%-19% 025 M. Maragakis (AUTh, Dept. of Physies) Random walk in complex systems with the particle diffusion mode! 16%.18% 13 E Varkaraki (CRES-Center for renewable energy sources & hyd hnologies-Pikermi) - F

19%.19" 026 B. Subedi - [AUTh, Dept. of Physics & CETI Archacometry Lab.) - Towords luminescence dating of turquoise and challenges of hydrogen storage in metal hydrides. The case of the CRES wind-hydrogen plant
gemstone using TL and OSL methods )

18 -19 Awards - Closing Ceremony
21% - Conference Dinner

19™.15%  Annual Meeting of the Hellenic Soclety for Science and Technology of Condensed Matter
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XXV Pazkallenic Conference on Solid State Physics and Marerials Science

On the Measurement of the Instability Thresholds of Nematic Liguid Crystal

Session MO2

Interaction Between Hetrostructural Interfaces and Structural Faults in GaN /
AlL:Gar:N on Al:O3 Thin Films

E._Ramou', P. K. Karahaliou®, H. M. Zenginoglou'”, P. L. Papad los', I A K los', N.T.
Taibariz O EM. Pechlivani*, Ch. B. Lioutas, N.Z2. Vouroutziz
| Department of Plyzicz, University of Patras, Paaz 265004, Greece P21 P22 Solid Srare Phyzics Section, Department of PRyzics, Arizorle University of Th i, GR-J34124 Thezsalonik

* Deparment of Mareriaiz Science, Univerziny of Patras, Parras 16564, Greece
“harzengidphysics. upamas.gr

When an AC elecric field in the acoustc frequency range is applied perpendicularly to 2 pemanc liguid crystal
layer, with a thickness of the order of 10pm o 100 pm, a recrientacdon of the directer of the cemanc layer is
obse"t!d This is the case of the one dimensionsl Freedericsz instability as well as of the, two or three,

elec dy ic ¥ ity [1, 2]. Due to the birefringence of any nemartic material, the onser
of the tmsrabiliny in botk cases causes a ic light beam il the nepiatic laver 1o change ity
intensity and'or its phase resulting in spectacular optical effects.

On the other baed the ivstabiliries are observed whee the applied AC voltage is larger than a thresheld valus,
the determenation of which is of major imporance for the potectial elecmo-optical applications of cemade ligud
crystals. As a rule, the instabiliry threshold is determined by observing itz optical effect on the incident of the
monschromatic light beam: When the applied voltage is lower than or equal o ins chresbold value the opnical
effect s zero. Upon further increasing of the applied voltage the optical resulr increases gradually [3]. Tke
measurement of the threshold voltaze based on the above experimental behavior leads to 2 subjective esumation
of the experimental resulr: Cue bas 1o decide which opuaal resulr has ro be considered 1o mark the onser of the
instability.

In whar follows we presenr a complerely objecove method for the expenmental derermivation of the
instabiliny threshold based on the depecdence of the decay time [ of the direcror field on the valie of the
electric feld applied across the pematc layer. When the spplied veltage teads to its threskold value the decay

rate 1/ 7 of the director Seld recds 1o zero. Thus, pleming 1/ 7 as a fimerion of the applied voltage exables us to
eraphically determine the threshold value of the latter [4].

[1] Collizgs P. J., Eard M., Izzroduction 1o Liquid Crysaals: Ch
[2] Rizopodos B A, Zenginogion . M., Mol Cryst. Lig. C 307 (1976).

[3] Zezgizoglow H. M., Eoamopouloes J. A.. Applied Oprics 27, 3895 (1938),

4] ]?z;a:bpeﬂo;? L. Zezzimogiou H M. Kosmopeales 1A, Teibers M. T., I Nanosmuenaed Polymers and
Narocomposites 2, 96 (2006).

- azd Physies, Taylor and Franeis, Lozdon UK (1997).

Greece
*epechlia pRyzics. aurhgr

Gall, AN, and their rernary alloy AloGay.X, have emerged as the leading materials for a variety of applications
due to their Righ elecmon tamranion velociny, kigh crircal feld, high rhermal and meckanical srability, and good
thermal conducavity. AL Ga, N layers were grown using metal-orzanic vapor phase epitaxy (MOVPE) on top of
low temeperanire buffer layers of Al\l or GaX with a thi ckness of 10 or 25 vm (Table l)
Elecron Diffy [ 1 and High Rasol Electron X (HERTEM) were
used for the structural study of the films. A typical elecmm diffraction patterns is shown in Fig. 1 It is clear the
epitaxial growk of the films. I all cases the [D001] AL:Os substrare direcrion is parallel 1o the [0001] ALGa N
and [1120] ALO, to the [1000] ALGa ..

The soiking of the Gald or Al,Gs, IV spots along the [0001] direction in ED pamerns taken close to the substrate
suggests the exisrence of large oumber o( planar defecrs parallel the bexagonal plave of wke films. Thar is clearly
proved form HRTEM nucrographs. Fiz 2 and 3 reveal that the soucture of the buffer layer is highly disordered
and remims the perfect crysmal soucnwe only in small areas extended in few nanomerres. From the same
micrographs it was possible to estimare the buffer layer thickness = given iz Table-1.

Fig. I Eleciron &) i ? F men X Fig. Y ERIEM mic
LEELF 1Y - Ry howing  ob
the perfoct epiamdal growth af th

perpendicul .:r.v the hﬂa@o»m-( GaN axis,

The Inverzion domain Boundary density is also measured from CTEM hizh magnification images (Table 1). Iris
clear thar i zor swongly affected from the Al-Ga cemrent and the epinaxial growth of films with different
stoickiometry would not have a considerable influence of IDB density.

Table ]
T Semple _ BaflerLaver  Thiimes jom]  AIGaN Fum _ Thiciaes [em] I draupy 10 s
X631 Gal 20 Gy 1.65
M3 AN 1.6 Al sG] 1,25
g kR AN 132 Al 2sGan N 1.35
X636 AN 10.7 AL /Gy 137
K63 AlN 10.5 ALy Gl 1.32
=47- 45
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O Otdnmote matape, akoun kat ta Enter kot éva kevo mAaiolo kelpévou (text box) amoteAoUv KOUUATIA KELWEVOL Kol

oG Un @aivovtal

0 Omote dev Eexvapue tnv evroAn Undo mov BupdTtal Kol aKUPWVEL TIG TEAEUTALEG LG EVEPYELES, OV LETAVIWOOVUE YIX
™MV eloaywyn €vog text box 11 evog mivaka 1 vl AdBog pop@oTtoinon mov €XOVUE KAVEL Kol EMIOVUOVUE v
AKUPWOOUVLE.

O AimAa otnv Undo eivatn Redo (emavaAnym evtoArg), n omola emavaAapufavel celpd EVTOAWV.

U H mpoemiokommnon oeAidag (Print Preview) amoteAel To KATAAANA0 TEPIBAAAOV €PYAOING YIX VO EXOVUE GUVEXWG
TNV TPAYUATIKN aloBnomn ¢ oeAidag xaptiov otnVv omoia Ba KataAngel To apyeio pog, kKabws PAETOVIE CLUVEXWS
KOL T 0pLa TNG OEALSAG, AAAQ KaL TO SLABECLIO XWPO YL KELUEVO.

U Xpnowomolovpue TovAdyxlotov piae @opd To TPOYpappux Oopbwong opboypa@lkwv Aabwv Tov  EYouv
EVOWUATWUEVO T TIEPLOCOTEPA TIpoypapuata. Evnuepwvoupe to Ak Toug Kal PeE ELSIKEG AEEELG amO opoAoyia

TLOV XPTCLUOTIOLOVE EUELG PE BAOT) TNV ETLIOTNUOVIKT) LAG KOATAPTLON.
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0 Otav eloayovpe avtikeipeva (@wTOYpa@leg) 0TO KEILEVO TTPOGEYXOVUE VA ElvaL EVTOG TV 0plwVv TNG oeASag

0 Av ta avTiKe(peva TTOU EYOVUE ELCAYAYEL UETAKLVOUV TO UTIAPXOV KE(HEVO KATA pn €mMOLUNTO TPOTO, TOTE
aAAalovpue N B€om toug (in front, behind) 1 Tig Balovue oe ivaka.

O  Ztoug mivakes ol kd&Beteg ypauueg puvBuilovv To MAATOG TWV OTNAWV. YMAPXOUV EPYAAEIN QUTOUATNG
Hop@otoinong mivaka (Table Autoformat) mov Tapdyovv evtumwolakd amoteAéopata pe eva click.

O Av 6éAdovpe va aArdEovpe oeAdida mataue Ctrl-Enter kot 0yt moAAd Stadoyikd Enter. Av 6édovpe va ywpioovpue
gvav Tivaka ota 00, TNYAVOUUE TNV apyT] TNG YPAUUNG TTov OEAoVE va TTAEL OTNV €MOUEVN oeAISA KoL TTATAUE
Ctrl-Enter (AAAayn ZeAidag).

0 Oukovukkideg kaL n apiBunomn avtopata Byaivouv oe ovykekpLuEveg Beoelg. Me tn BonBela Tov xdpaka UTTOPOVUE

VO TOL LETAKLVI|OOUVLE.
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3 ‘ Elocaywyr AVTIKELLEVWV
AvdaAoya pe v €kSoomn tov Word Tov Xp1nGLUOTIOLOVUE, UTIOPOVE VA ELOAYAYOVUE SLA@OPA AVTIKEILEVA (OTIWS apyela
PDF, ypapnuata 11 @UAAa tov Excel 1 mapovoidoelg tov PowerPoint) oe éva €yypago tov Word pe Suvatotnta
EVOWUATWONS 1 SlaocLvdeonc pe to apyxelo mpoédevonc. a va eloaydyovue Eva aVTIKEILEVO, KAVOUUE KALK OTNV
emAoyn "Avtikeipevo" oty kaptéda Etoaywyn).

’ al - |
AVTIKEIPEVO ? AVTIKEIPEVO
Antoupyia véou || Anioupyia oré apxelo | | . | Anwaupyioviou || Anoupyio amé apxeio |
— la va emeepyaotovue Tomoc avTeuévou:
|,Ht | K Eitmap Image S
! Avattnat... P Microsoft Equation 3.0
Package
TIC TANPOPOPIES OTO Fackege
WordPad Document
7 7 Eyypopo Adobe Acrobat
[ 2Gwszon pe apyzio QVTLKELHEVO T[OU ngl Mpagpnpo Tow Microsoft Excel
[ Enpévian we eoviSion lpdgnuo tou Microsoft Graph v | [ Epgpdvian we eoviSiow
P— ATOTENETLO
TIOTENETpL 0 14 V4 . . . ) .
v, ELTEWEL TONTTEPLEY O LEVE TOW apyEioy OTo glo—aX gl} Kavovﬂg . = ilgg‘gealtsg‘fo\";o aggg%iwo EvypLpou Adobe
Em Eyypo@O oo, WOTE Vo WTOPETE apydTEpa E YYROL £
VO TO EMEEEQYOIOTEITE PE TV EQOEPHOYVH, 1 ’
ool SNuotpynoe To ap}elo TPOEAELTNE, SLHAO ’dlk O'TO
14
AVTIKELUEVO. i
[ oc | [ a0 | [ oc || acwo |

210 TopdOupo SLaAdyov AVTIKEINEVO, KAVOUUE KALK 0TV KOpTEAX AUIoOvpyla VEOU Kal, 6T GUVEXELN, OPIlOVE pLa
gmAoyn amd ) Alota TUTTOC AVTIKEIMEVOV. AVOoiyEL TO TIPOETILAEYUEVO TIPOYPOAUUA YU QUTOV TOV TUTIO apyEiov, OOV
UTTOPOVE VA €l0AYOLVUE Kelpevo 1 Sedopéva mov BEAovpe. ‘OTav KAEIVOUUE TO TPOYPAUUN, TUXOV TIEPLEXOUEVO TTOU

TPOOTEONKE 1] AAAAYEG TTOV £yLvav ep@avidovtal oTto £yypago touv Word.
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3 ' - 4 4 7 4 14 14
Etoaywyn AVTIKELLEVWY ZUV8ea 1) EVOWUATWOT VOGS UTIAPXOVTOG ap)eiov

['a va Snuovpynoovpe cvuveeomn 1 EVOWUATWOT) AVTIKELLEVOU TIOV £XEL 116N SnuovpynOEl:

o 2T0 mapaBupo Staddyov AVTIKEUEVO, ETIAEYOVUE TNV KAPTEAQ AQiovpyia amo apyxeio kai, oTn CUVEYELX, KAVOUUE
KAtk oTo Kovumi Avad{ntnon yia va Bpolus to apysio mov OEAovuE va ELOAYOVUE.

o [la oUVSEON TOU QVTIKELUEVOV UE TO apyeio TPoEAeVONC, eMTIAéyovue XOvdeon ue apyeio.

e Eav Oédovue, avti yia thv mpwth oeAida Tov apyelov mov xel loayOsi, va eu@aviletal To apyelo we EVa ELKOVIOLO UE
Svvatotnta emroyng, emirgyovue Eu@avion wcg etkovidio. Edv auto 1o mAaiolo eEAEyyov eival emASyuévo, UTropovus
va emIAEEOVUE Eva SLaPOPETIKO ELKOVIOLO KAVOVTAS KALK aThV €TiA0Y AAAayn) ikovidiov.

Ta avtikelpeva OV ELGAYOVTOL OE EVA EYYPAPO UTTOPEL VAL EVAL ATIAX EVOWUATWUEVA 1] CUVIESEUEVH AKOAOVOWVTAG

™ Yevikn mpaktiky Twv Windows OLE (Object Linking and Embedding):

Ta evowuatwuéva avtikelpeva yivovtal HEpog tov apxelov oto Word Kat, e@doov eloaxBovv, Sev cuvdéovtal TAEOV

e omolodNmoTe apxelo mpogdevong. Ta ovvdedeucva avTiKeElPEVA UTTOPOVV VO EVIUEPWVOVTUL AUTOUATA, OTIOTE

TPOTIOTIOLELTOL TO apXEl0 TMPOEAELONG. ETNV TEPITTTWON auTI), TO apxelo Tov Word amobnkevel povo tn B€on tov

apyelov TPoéAevong Kol ER@PAVIEL Pl ATTEIKOVIOT] TWV OGUVOESEUEVWVY SESOUEVWY, APA EVNUEPWVETAL AVTOUNTO

omote aAdalel KATL oTa dedouEva mpogdevong. Me ) uEBodo avtn to pEyebog tov eyypag@ov Word elvatl onuavtikd

HLKPOTEPO ATIO QUTO TIOU EVOWUATWVEL OAOKANPO TO QVTIKE(UEVO, TIOU KATA TEPIMTWOT UTOPEL va UEYAAWOEL

4
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4 | Elooywyn Mabnuatikwy ZupuBoAwv

MTmopoUpe €VUKOAX va €LGAYOVUE Eva onuadt eA€yxov (YvwoTto kat w¢ "vmodiaipeong onua’), kAdouatog 11 dAAov

ovpuBoiov ota eyypaga tov Word, oe mapovoiacels tov PowerPoint kat (UAAa epyaciag tov Excel.

To oNUAVTIKOTEPO TIOV TIPETIEL VO KATOVOT)COVE KATA TNV El0AYWYT] OVUBOAWY, KAaoUATwY, E8IKWV 1 SteBvwv eival
OTL elval kplown 1N ypappatooelpd mov xpnotpomoleital. ‘OAEG Ol YPAUUATOCELPEG €XOUV TO (60 OET BACIKWYV
XOPAKTNPWY, eV Oev £ouvv akplw¢ Toug (Blovg e18kovg yapaktnpes. 'Etol, av yia mapadetypo B€dovue va

YPAWOUUE KATIOLO KAGO A, ETIAEYw TN Ypappatooelpd Verdana avti ¢ Elephant.

ZOUBoOAN VOULOHATIKWV Hovadwv (¥), povotknis (43) 1 onueiwv eAéyyov (V)

7‘[ D TomoBetovpe To Spopéa oto onueio Tov apyeiov 6OV BEAOLUE VA ElodyovpE TO cVU0AO.

BowsonlESiBols Ymv kaptéda Eloaywyn, kavouue KAk otnv emioyn TOpuoAo.

v

Eav BAemovupe 1o oVpoAro Tov B€Aovpe va e@avifeTal 0€ AUTHV T1 CLVAAOYN, ATTAWG KAVOUUE KALK

2V LlE‘O AC 7 I ’ ’ r r
YO VA TO ELOAYOVUE. ALA@OPETIKA, KAVOUUE KALK TNV emtidoyn] Ileprtocotepa cupora yia va

avoifovpe To Tapabupo Staddyov "TOouforo”.
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oppoio

Iupfoia Elfikol xupaKTipeg

[pOppaTogEIpd: ‘Wingdings

|v

BN D EEEE L =EE

SRR R EEEE N RBREEE

PIUCIO G 62| B> e T T P = C|@

»| 8|15 TS| Q |22 Vol 3 eri&d @ O m| O
Fipfola TOU XPNOWOTOMBKEY TPOGPATE:

Bi= > x|z élAle|=|oh| Ll 2)e
E\:;;n:r::c:se: KuwBikoc xapaxtipa: 32 | amé: | moppola (Bekadia)
| Avtepam MopOuon.. | | OMKTpo owtopsuonc.. | MhfikTpo cuvousuanG

Akvpo

w

El8kol yapaktnpeg: Kavouue kAik oto onpeio 6mov
Oélovpe va elodyovpe TOV  ELSIKO  XOPAKTI PO
EmAéyovpe Eloaywyn > TopuBoro > Ileploocotepa
ovppolra. Xto Tapabupo Staddyouv TOuBoAO, Kavovue

KAk otV kaptéda El8ikol yapaktipeg.

Eopfoho (2 S |

| zﬁuﬁo?«ul Erf kol yopoaKTipeg |

XapokTApag MAAKTpO TUVTOEVTNG
— Meyahn oo Alt+Ctrl+MNum - -
- Moo Ctrl+=MNum - T
- EVwTIKG ¥uwpic Sokomh Ctrl=5hift=_
- MpOoIPETIKD EVIITIKG Ctrl=-

Kewd SLECTHHO LLEY AN TToIADG
Kewd SLOOTAUa TTondihog
1/4 KEVOU BIOOTHLETOC LEY G ¢ oo

- A oTnuo ¥wpic BLoKoTr) Cirl=5hift+ Adotnuo | x
[=] MW EURLOTIKE & LKoo o Alt=Ctrl+C =
® Irpa KoToTedey Alt+Ctrl+R
™ Eumopikd anuo Alt+Ctrl=T
§ EvoTnTo
!l Napdypopog
ATTOCUTINTIKG Alt=Ctrl=,
Asfi0 omooTpomor Ctrl+"" L4
ApLOTEQH OTOCTpOMOL Ctrl=",
ApLOTERD ELTOYIVIKD Ctri+","
AsELD ELTOY WYLIKO Ctri=+"," 2
Avutopatn sopBuwar... ] [ MAAKTPO TUVTOUEUOG...
|[ Ewgoyuwyn H [ AKUpO
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AlEpopo TEYVIKG

| MopopoTikd coppoia
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| FOpBOAG PE oD@ YOO
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ALeOvelC YapakTNpEeG, OTwG ;N U

KAaopata (1/3,2/5)
Ta kAdopata (1/4, 1/2 ko 3/4) PeTATPETOVTAL NUTOUATA CE EVA XAPUKTNPA
KAdopatog (Y4, Y, 34) o0tav mAnktpoAoyouue. AvtiBeta, o€ GAAa KAdoUOTO
omwg ta 1/3, 2/3, 1/5, k.T.A. 8¢ ylvetal autopatn svaAiayr). Emouévwg, eav
BEAoVE VA ELCAYOVUE TA KAAOUOTO UTA, Oa TIPETEL VA XPTN|CLUOTIOT|COVE TN
Stadikaoia eloaywyng cupuorwv.

eKdvoupue kAlk 0to onpueio 6Tov BEAOVE VO ELGAYOVUE TO KAAO QL.

eEmAéyovue Etoaywyn > Zoppoio > llepiocotepa cOpBoAa.

XTIV avATTTUGOOUEVN AloTa YTOOUVOAO, eTTIAEYOUUE APLOUNTIKEG (POPLEC.

Edv okomevovpe va MANKTPOAOYNOOVUE CUYVA OE AAAEG YAWOOES, TIPEMEL va AdBovpe vtoyYn v evardayn TG

dlata€ng touv TAnkTpoAoyiov o€ autv ™ YAwooa. Mmopovpe va PpoUUE TEPLOCOTEPEG TANPOPOPLEG OTO

Evepyomoinon n aAdayn tn¢ yAwooag Stataéng mAnktpoloyiov.

[ un emavadapufavouevous YapaKTPEG VTTAPXOVV oXeS0V MAVTA OLVTOUEVOELS TTANKTPoAoyiov oto Office yia va

Toug eloayovpe. INa mapaderyua, n ovvropevon: CTRL + SHIFT + :

eloayayet U.
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ZUvOeteg MabBMNUATIKEG EKPPACELG

’ ’ ’ ’ ’ ’ TE EE[':FL'\-JCFFI ﬂEﬁpEn}mv
¥to Word, pmopovpe va siodyovpe pabnuaticd cOpBoia o€ e§l0D0ES 1 | Erowen oy

Kelpevo, xpnowuomolwvtag to epyaieia efliowons. H Sdwadikacia oavt

Evowpotwpivo |T|

UTIAPXEL o€ OAeC TIC €kbOoelg Tov Word. O emefepyaots €EL0CWOEWY,

Avwvopuikd Bewpnpo

0

Microsoft Equation 3.0, ntav &va €EwTteplkd MPOYPAUUN TTOV VTINPXE OE -
(x+a)™= Z (k)x"’ﬂ”'k
OAeG TIG TTponyovpueveg ekdooels tov Word, aAAd katapynbnke petd tnv k=0

evnuépworn January 2018 Public Update (PU). Ztn 6gon Tou UTAPXEL M | nezproys kikhow

BeAtiwpévn €kSoom tov MathType, 6mov 1 e€lowon elval TTAEOV UEPOG TNG A=mr? —

KOVOVIKIIG POTNG TOU KEWEVOU KoL 0 XPNOTNG Umopel Tlo €VKOAX v

ELCEPXETALN VA EEEPYETUL 0TO TIEPLBAAAOV TNG EElCWOTNC.

MeplugodTepic efiowails oo To Office.com F

[
M va Snuovpyroovpe pa véa eElowon oty kaptéda Eloaywyn, oty | b Boswyvies siowons 1
[#] Etiowan ypophc

opdda TopBoAa, kavovue kAk oto Bédog otnv meploxn EElowomn xat, ot

ovvexela, emAgyovue Eloaywyn véag eEloworc.
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ZuvOeteg MabNUATIKEG EKPPACELG

Ymv meploxn] Epyadeia e€lomwong, oty xaptéda Xxedlaorn, otnv opdda XOpPoAa, kavovpe kAlk oto PEAOG

IMeproocotepa kat Oa SoVUE TIC EMAOYES EPYAAEIWV TTOV UTIAPXOLV YIA VO CUUTEPIAGBOVUE £TOLUEG EELOWOELS KAl

Habnuatikd@ ovpfoAa Tov XPNOLUOTOLOVVTAL 0 TIANO0G¢ €loWoewV TWV BOETIKWVY EMOTNUWY, OTWG Elval TA

HLOOMUATIKA KL 1) PUOILKT).

Eyypopol - Word

AvoBeLapran MNpo Enhﬁ Zyedicon

[

TG Avopopic ZTolyEio cAAnioypoplog

Fl|~|| x|+ | < || = =l =

A= v||C||a F & nile| =
TUppoiT

Epyoheic eflowanc

;5 e ix [

—-X
Khaopo Aziktne/ Pulkd Chowhfpuops
- ExBétnec- - -

‘OAa T avtikeipeva mov dnulovpynOnkav pe to mpoypaupa Equation Editor 1.0-3.0) Oa sp@avifovtoal Kavovika wg

QVTIKEIPEVA OTIG VEOTEPES €kOO0ELG Tov Word, E@OCOV UTIAPYEL EYKATESTNUEVT 1] Ypaupatooelpd MT Extra (av Sev

VTIdPXEL, UTOpPEL va yivel 1 Swpedv APn ™), aArd emeldn Sev vtapyel MAEOV eykateotnUeEVo (w¢ mpdoBeTo oTo

Word) to mpoypappua Tov TIG Onuovpynoe, S8ev umapyxel Suvatotnta emefepyaciag Toug, TopA HOvVOo v

gykataotabovv emimAcov ota epyaieia MathType g WIRIS.
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5| KepaAibec kat YrmooeAda
XwpLopoG o€ EVOTNTEG

To mpwTto Brua yiax T SLapopPwon ULag epyaciag, a@ov €X0VUE OAOKANPWAOEL T CUAAOYT TOU VALKOU, £lval
Va TN XWPIOOVUE OE EMUEPOVG TUNHATA 1] EVOTNTEG. M EVEEIKTIKY TLEPLYPAPT) TUNUATWV TIEPLAAUBAVEL TNV
ELOAYWYT), TO KUPLO LEPOG KAL TOV ETIIAOYO.

ZTNV EL0AYWYT] LTTOPOVUE VO CUUTEPLAABOVUE TNV TTEPIANYPN, TOV OTOXO TNG EPYACIOG KAl LA ULKPT) ELOAYWYN
TMAVW OTO OVTIKEIPEVO TNG €PYAOING. XTO KUPLO UEPOG, OVAAOYX UE TO OVTIKEIUEVO TNG, UTOPOVUE VA
OUUTEPIAAPOVUE EVOTNTEG, OTIWG LOTOPLKY avaSpou] KoL aVOAUTIKN TIEPLYPAPN TTAVW OTO KVTIKEIPEVO TG
gpyaciag, @awvoueva, pebodoroyia, Sedopeva, emeepyaoio Kal oxoALaoUoG. TEAOG, 6TOV EMIAOY0 EKTOG ATIO TO
KE(UEVO, UE TO OTIOLO KAEIVEL 1) Epyacia, UTTOPOVE VA EXOVLE KAL CUUTEPACUATA, EVW OTO TEAOG UTTOPOVE VA
mapabéoovpe kaL T oxeTkn BLBALoypapia.

O XWPLoPOG o€ EVOTNTEG TAPEXEL SLVATOTNTEG SLAPOPETIKIG HLOPPOTIOMONG avd EVOTNTA, OTIWG EvaL TO
ONUELX KELWEVOL TIOV EUPAVI(OVTOL OTO TIAV®W KUL KATW HEPOG TNG CEAIOAG: Ol KEQAALSES Kol TA UTTOGEALS O KAl
1N SL@OPETIKY aplBunon ceAldwv ava evotnTa.
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Rﬁ ; S Rd5a 7 14 14
e ‘SC|ent|f|C Re PO rt Epyacio-02: X0vOeon Avacpopagl

5| KepaAibec kat YrmooeAda

Avapopses Zronyeia ahhnhoypapiog AvaBelapnon

XwpLopoG 0€ EVOTNTEG | ' Mhayic- Eoxf Aot
; Adhooyig oeMiBwv
. ’ 7 r ’ A&
YXto Microsoft Word pmopouvpe amo tnv emdoyn Awataén va . SeAisa
g k I_E1 Emorpovan Tou onpelou oTo ool TEASWIVEL P gehido Kol Lekned
EMAEEOVE TO onuelo, oto omolo Ba Baiovpe plo amAn n Emope.
(=il ZTiAn
(X)\)\(XYT,] 0‘8}\[6 oG T,] pLa (X)\)\(XYT,] [V (,)TT]T(XC, (’)T[OU K('xeg == Y¥Tadeltn 0T To Kelpewo PETE T etthoyr] aTriineg Ba Ekwi e oty
== ETLGHEWH TTHAN,
evotnta Ba pmopel va Sexbel tig (Sleg 1 SLAPOPETIKEG =D, Avadimhwon ketpévou
o= foyaplopoc ToU KEENoW YR OTrd T CUTIKELLEV D 08
LOToOERBES, OTIWIG TO KE(PEVD g AsfinTog oTid To KU pludg Kelpewo,

LOPPOTIOMMOELS wG TPo¢ TN Oldtaln oeAldag pe TIS

AMdoyEc svoThTWV

TLPOTYOULEVEG EVOTNTEG. Eropzvn ozhiSar

Ergoytoyn chhoyrc svoTnTas Ko svapln The viog svoTnTag oty
ETOPEVH ol %

Tyveyopevn

Evgoopoayr chduoyrjc swdTnToe Ko svapln Tne ving swdTnTog TTHY
ETLOPEVE TEAhlo

== Loyn osAiba
=) Evgayooyh D;"L.."ch',.lﬁf:_ EVOTNTOC KoL Svapin NG vERS EVOTH TG TTHY
emdpewh Doy oehiba,

== Mowr] ozAiba
3 Ergooyoayn m“-.-"_u:c',.lr']; EVOTNTOC KoL £Vapin NG VERS EVOTN TG TTHY
ETLOMEVH POV JEALE
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ERE 0 o o 7 4 4
S ‘SC|ent|f|C Re PO rt Epyacia-02: X0vBeon Avacpopagl

5| KepaAibec kat YrmooeAda
[TpooOMkN ke@AALSAG 1) VTTOGEALSOV
Ol ke@aAiSeg Kol TA VTTOCEALS O E(VAL TTEPLOXEG OTO EMAVW KL TO KATW TEPLOWPLO, KABWG Kol oTa TAXIVA TTEpLOwpLo
KaOe oeAldag o€ Eva Eyypa@o.
[a va mpooBeoovpe 1 yia va SLAHOP@PWOOVUE KEQ@AAISEG 1] VTTOCEALSA, KAVOUUE OITTAG KALK OTNV TEPLOXT TNG
KEPAAIS G 1) TOU VTTOGEALSOV 0TI GEALSA TOV EYYPAPOV TIOV EMOVUOVUE. AV TO E£YYPAPO TIEPLEXEL TTOAAEG EVOTNTES,
TotE N Sadikaoia autn) Ba a@opAd POVO TN CUYKEKPLUEVT] EVOTNTA KAL (0WG KAl TIG EMOUEVES oV €lval oLVEESEUEVEG

(‘IS0 pe Ta Tponyoveva).
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> gScientific Report

Ouada A. Npoetoluacia Avadopag

Epyacia-02: 20vBeon Avaopdg

5| KepaAibec kat YrmooeAda
[TpooOMKN ke@AALSAG 1) VTTOGEALS OV

Me autdv Tov TpOTOo avoiyel n kapTtéda Exedlaon otnv TtepLloym

Epyalela Ke@aALSa¢ KOl VTTOGEALS OV, OTIOV PTTOPOVE VI

TPOCOECOVE TNV AUTOUATY ELPAVLIOT) ApLOUwWV GEALSQG,

NUepounVvieg o€ kaBe oeAlSa evOG Eyypa@oOL 1 EVOTNTAG EVOG

EYYPAQOV.

e EmiA€yovue omoladNmoTE EVOWUATWUEVT) HOPPT) VI TNV
kepalida 1) To vrooéAido.

e  A@ovU emiAééovue uia popn, n TEPLOYN KEPAALdAC Kal
UTT00EALO0V EuPavileTalL 0TO EYypapo Uac.

e [IAnkTpoAoyovue to keluevo mov BEAovue otV KeaAida 1 To
UTT00EALSO.

e Otav odokAnpwoovue th Stadikaoia, emiAéyovus KAglowo

KEPAALOWV KAL VTTOGEALSWV.

- -

B DH 3 |

Efeipuido Kxer Aldeyr [Mieowm;  Ews
aehifa gzhibasg

Erhifzg Noawzg

o | R

f Ipdlsax  KzpaodiSa Ynooiubo Apibpds
= owhidag T
i |SECTRTE 1. S TAETEATN

Eewd

EZIPEray ~ Tphpara

A [E 4
=l =
Migime  Tpapapa WeedArt Spyivpap)

Bewd {rpaig otijhzl

Austin

WViewhlaster

Whisp

Auarpsprahelaan

I
Tolen el

==

3 Mzproadtepeg kzpopibeg ané 1o Office.com k

[ Enedspyocis wopakifo
l_-.':k EeTepynan kopehibes
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> gScientific Report

Ouada A. Npoetoluacia Avadopag

Epyacia-02: 20vBeon Avaopdg

5| KepaAibec kat YrmooeAda

Alax@opomolwvtag TNV apibunon ceAidwv

MepLkEG (popég umopel va B€Aovpe oL aplBpol oeAldwv ov ep@avidovtal oTny
KEPOALSA 1| TO VTTOCGEALS0 va Unv eival ol (Slol PHE TOUG TPAYUATIKOUG
aplOuovg oeAldwv Tov eyypdeov. Ta mapddeypa, 8¢ BéAovue va
ep@avifetal aplOpos oeAldag otn oeAlda titAov, aAAd BéAovue N Sevtepn
oeAlda va egp@aviel v €véelln "ZeAlda 2". MMapopola, pumopel 1 mMPWTN
oeAlda TOU €yypd@ov pag va elval eva eEw@ULAA0, 11 SeUTepn oeAlda Evag
TVaKOG TEPLEXOUEVWY Kol va BEAovue 1 TPl oeAlda va €xeL TNV EVOELEN
"ZeAlda 1". Avtiotolya, @avtaoTelte OTL EpYA{OUAOTE UE EVA CET EYYPAPWV,
QIO T OTolo TO TIPWTO EYYyPAPO EeKLVA Ue TN "ZeAlda 1" Kol TEAELWVEL 0T
"ZeAlda 52", Q¢ ek TOUTOU, 1| TPWTN CEAISA TOV SEVTEPOV EYYPAPOV OTO CET
TPETEL Vv EeKva pe TN "ZeAlda 53", emeldny MPOKEITAL Yl TOV ETMOUEVO

Stadoyko apouo.

Avapopse Itoysix alknioypaplag Avabew pron

*H Adhayic~ Egoyn AdoTnpa
AMAayig oENiBw
FeAibo
Emuotpevan Tow anpeiou oTo omole Tehewavel puo oehifo Kot Sekvd
1 ETLQHEVH.
ZmijAn

Ywadaln 0T Te Kelpevo peTd T ahhoyr oTiing Ba lekwr oz ot
ETLOPEVH TTHAN.

Avasimhwon Keipévou
Moo plope Tou Kepavou yOpL omd To avTIKEpeva ge
wrtooehifes, OTwe To Kelpevo puoe AsavTor amd To Kupludg Kelpave,

i Y L

AMayéc evoTnTww

Emopevn ozhibo
Ewgaywayr chhayrc ewoTnTag Kol vapln Tng vias svoTnTag oThy

ETOEWr GEhlG. %

Tuveyopevn

Eugoyooyr) elhhonyrje eveTnTog kot evapln The véoe sveThTag oty
ETOpEVH gehlfol,

-

Loy oehiba
Evgoryuoyr) clhdhayrg ewdTnToe Kol dvapln TG vics evoThTag Oty
emapewn Qoyr ki,

Movwn ozAiSa
Eugoyooyr) elhhonyrje eveTnTog kot evapln The véoe sveThTag oty
ETLOMEVH Jovh gehifa,

|
9]

2 I T (TP

la va &kivrioovue SIAPOPETIKES OELPEC aplBunonc oto Eyypapo UAC, TPETEL VA TO YXWPIOOUVUE OE €VOTNTEC, VA TIC

AmooUVOETOVUE KAl KATOTILY v TTpooBécovue aptBuoic oeAidwv. 2tn ovvéyela, UTOpoUUE va ETIAEEOVUE VA EUPAVIOOVUE

10 OTIA apl(Bunonc¢ oceAidwv kat Thv TN Evapénc yia kabe evotnta.
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2 ‘SC|ent|f|C Report Epyaocia-02: ZOv0eon Avacpopé(gl

5| KepaAideg kat YooéAlba
AlaopoTolwvTtag TV apldunomn ceAldwv
Kdavovpe SITAG kALK oTNV TTEPLOXT TNG KEPAALSAG 1] TOU VTTOCEALO0V OTNV TIPWTN 0EALSa, OTTOV BEAOLE VI
gp@avioovpe aplOpovs oedidag. Me autdv Tov TpdTo avoiyel ) kaptéda Exedlaon otnv meploxn Epyaieia
KEQPUALSAC KAL VTTOGEALS OV.

K&voupe kAik otnv iAoy} ZUVSEEOM IE TO TIPOTYOVULEVO YL VA TNV ATIEVEPYOTIO)COVE KL VX

KATOPYNOOVE TN OVVOEDT TNG KEPAALSAG 1] TOV VTTOGEALSOV ATtO TNV TIPON YOV UEVT] EVOTNTA.

Epyoheio KepahiSoc & umoosAlbou

roycia akhnioypapiag AvaBeuipron [Mpofokn Iyebiaaon Q [Meitz pow T BEheTs v KAVETE
= Eiq Mponyoupevn AlzpopeTikn TpwWTH cehida it Kepohida amo smaves: | 1,25 zk .
_ (=) ETro Hevao ] AiapopeTikeg poveg Kol fuyég gehideg " YrroodhSo omd KT 1,25z o
Merafoon  Merafoaon == ) ) ) . ] _ o .
gt kepahiSa o vTooES0 | Ivvdean pe TO TRONYOUUEVO Epepdvion keydEvou syypapou Eugaywyn Beong otnhoBetn
NeplAynan I"% EmhoyEe BEan

Epyaotnplo Edappocpévng MAnpodopkng
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*_4Scientific Report

Ouada A. Npoetoluacia Avadopag

Epyacia-02: 20vBeon Avaopdg

5| KepaAibec kat YrmooeAda

Ala@opomolwvtag TNV apibunon ceAidwv

Ol ke@OALOEG Kal Ta VTTOCEALSA oLVOEOVTAL EEXWPLOTAH, EMOUEVWS, €AV O
aplOpos ™G oeAidag BplokeTal oTNV KEQAALSA, ATIEVEPYOTIOLOVUE T1) OCUVOEDT)
Twv  KePoAdwv. Edav o aplOuodg oeAidag elval oTt0  VTMOGEALSO,
QATIEVEPYOTIOLOVLE TN GVVIECT TWV VTTOGEALSWV.

Ké&voupe kA otnv emAoyn ApLtOROC GEALSAC KA, 6T OULVEXELR, ETAEYOUE
Hioe 0€om kot éva oA T Tapadeypa, kdvovue KAk oto otolyxeio Emavw
HUEPOG TNG GEALSAC KA, 0TI CUVEXELA, ETALYOUE TO OXESLO TIOU HOG APECEL,
Kavoupe kAik oTig emiAoyés AplOpog ceAidag > Mop@oTmoinon aplOuwv
oeAlSag Yl va avoiéovpue to mapabupo Staddyov Mop@oTtoinon aplOpwv
oeASac.

['a va Eexvnioovpe v aplBunomn pe tov apbuo 1, kdvouue KALK 0TV ETLAOYTY)
'Evapin amo kat AnktpoioyoVue 1 (Stagopetikd, to Word Ba spapudoet

QUTOUATA TOV TIPAYUATIKO aplBpd oeAidag).

Apxeio Kevrpixn Evzanuoyr ExEGiooT) fuarain
[
HuEes
. NS o

Kepohiibo Ymooshbo  ApbBpog

< < gEMBoE ~ KOl Wpo eyypdupou *  TuApoTo =
Kepohifa & wnocehia [B]  Emduw pépog Tng oehibog B ETOYIYT)
L ke pépog Tng gehibog 3
@ MepBupia cehibog 3
@ Ipsyouoa Bon 3

EhE Moptpomoinon apiBpwoy oeilbag,..

E;; Kordpynon cpBuey oshibor

Hypspopnvic [Minpowpopizg Tpriyopa  Ewdveg

INapomopmne

Mop@rj apibpnong ceAidwy 7 X

Mapipn api@pwy: |1, 2, 3, ..

[] npocankn apBpod kepahaiow

To Kepohowo Eekied pe oTuk: | Emsepoiiso 1
Hprjon SO W PLTTIEOD; - [EvTiED)
MopodeiypoTo: 1/1,1-A

Apl8unon oehibuww
() ZuvexOMEVN JE TNV TROTYOUREVT) EVOTNTH

Y

(®) EvapEn amo: |1 =

Ok Arupo

Epyaotrplo Edapuoopévng MAnpodopLkig
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ERE . L) [ , , ,
1 ‘SC|ent|f|C Re poO rt Epyacia-02: X0vBeon Avacpopagl

6 | Mivakeg kat eVPeTAPLA [Mivaxag TepLexopevwy
[ va dnulovpynoovpe Evav Tivako TTEPLEYOUEVWV TIOV E(VAL EVKOAO VA SLATNPELTUL EVIILEPWUEVOGS, EQAPUOOVE
OTIA ETKEQAALSWV OTO KEIPEVO TTOV BEAOVE VA CUUTIEPIAABOVE OTOV TIIVOKA TIEPLEXOUEVWV. XTT) CUVEXELQA, TO
Word Ba Tov S1HlovupynoeL AUTOUATA ATIO QUTES TIG ETILKEPAALSEG.

EmiAéyovupe to kelpevo Tov BEAovE v CUUTIEPIAABOVLE OTOV TIIVOKA TIEPLEXOUEVWYV KL, 0T CUVEXELX, OTNV
KevTpiki) KapTéAa, KAVOUUE KALK O €va OTIA ETIIKEQAAISaC, 0Tw¢ Emke@aAida 1.

Apyrio KewTpikn Evzayuayn Iyebioan Aidrain Avapopig

Kevepuc , , , Tﬂ MpogBrkn keydvou = ABJ_ ﬁ'] Ewgaywoyn onpeiwg,
- B Emavaiapfavoupe ylia 0A0 To KEPEVO TTOV e e T
" Calibl it nappryac| ACBRM |AaBBMvA | A , , E—— meolame = S e
Aveypoipt o BEAOVE va e avVICETL OTOV TIVaKX Evoupatwpévo “ic
ﬂl‘Jé}\D pop(poTro[r]crr]q J; ED LIPILE O TflI(EEPD'.l (P 'Tl'lI(EqJD'J | .RDT@MC(TOC II'EI:\.'C(KGC1
péxeipo R4 h meplexopuevwy. IN'a mapadeypa: et
Edv cuvtaooovpe éva BLBALO pe kKE@AAXLR, HTTOPOVLE VO EQAPUOCOVLE TO OTIA e —
Emike@aAlda 1 oe kaOe évav amd Toug TITAOUS KEQPUAXIWV. MTIOPOVIE VO EQUAPUOCOVUE | avespecos v
70 oTIA Emike@aAida 2 og kaOe pio amod TIG EVOTNTEG HEGA O AVTA TU KEQAAALA. e n ey v
Ermmcedaifioe 1. i
’ ’ ’ ’ ’ ESUREMBIALBEE 211111 cer2c0 e e85 1
To Word xpnoLlpomolel TIG ETKEPAAISEG TOV EYYPAPOL HAG YL VO ST)LLOVPYT)CEL EVAV e —
QUTOLOTO TVOKA TIEPLEXOUEVWV PE SUVATOTNTA EVIUEPWOTG, OTAV AAAALEL TO KEIUEVO, 1) | Mnewromerosmivenes
oelpd 1) To eMITTESO TWV ETUKEPAAIS WV. g et i 1
NMAnkrpodoyriore Tk medaAmiou [EMIESD 2] ..o s ssismseacsssmsmsisssens &
eKavovue kAik 0to onuelo 0mov BEAOVUE Va ELOAYOVUE TOV TIVAKA TTEPLEYOUEVWY — UVHOWC KOVTA 0 A
4 I4 @ MepogdTzpol Tivakeg TepLeyopévoaw aa To Office.com 3
O-Tnv aan Tov gyypa(pov. Mpogappoyn TV TEpLEYOHEVLIV...
eKavovue kAik oTi¢ emiAoyéc Avapopéc > IMIvakag MEPLEYOUEVWY KL, OTN) CUVEXELQ, ETIAEYOVUE EVA | Be Kexipymon mivaxamepegopiven
Eh AmoBrikzuon emhoyrc o cubAoyr] TWEKLW TEEPLEYD HEVLIV...

4 7/ V4 7 4
OTIA AUTOUATOC TTIVAKAG TIEPLEXOUEVWY a0 TN AloTA. e e A2
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RFO o o o g " 2
e ‘SC|ent|f|C Re PO rt Epyaoia-02: 20vBeon Ava@opag |

7 | YTOONUELWOELC, ONUELWOELC TEAOUC, TIOLPOTTOLLTTEC

MTopoOUUE VO XPNOLUOTIOMNOOVUE UTIOOTUELWOEL KOl ONUELWOEL TEAOUG OTH EYYPAPA UOG Yl VO KAVOUUE
ETMEENYNOELS, OYXOALA 1| AVAPOPES OE KATL IOV avaPEPONKE 0€ Eva £YYpa@o. ZuviBwg, oL VTTOCT|UELWOELS ERpavi{ovTal
OTO KATW UEPOG TNG OEAISUG KOl OL ONUELWOELS TEAOUG OTO TEAOG TOV €YYpA@oL 1} TG evotnTas. To Word elodyel eva
ONUASL TTAPATIOUTITIG OTO KEIUEVO KL TIPOCHETEL TNV VTTOOT|UEIWOT OTO KATW UEPOG TNG OEALSAG.

['a va slodyovpe pla vwoonueiwon, KAVOUUE KALK OTO ONUELI0 TOV €Yypa@ov, 0TIov BEAlovpe va TPocOEoovE TNV
vToonueiwon.

EmiAéyovpe Avaopég > Eloaywyn vtoonpeiwong.

[TAnktpoAoyoU e TO KEIUEVO TNG VTIOOTLELWOTC.

['a va emiotpéPoupe 6TO OTUELD TOV EYYPAPOV HAG, KAVOUUE SLTTAO KALK 0TO onuadt vtoonueiwong.

To Word slodyel éva onuadt ToapamoUmTiG 6To KEIUEVO Kol TIPOcOETEL TN onUeElwoN TEAOVG 0TO TEAOG TOV EYYPAPOU.

LAMGTH ZAEAIAZH ATATAZH ZEALIAAZ AMNADOPEL 2 TOTAELA £

AEl ﬁ'] Evgoryosyn onpeiwong tehoug @ lr:ﬁl,l. Aioyel

KO ‘“LE: Emdpevn umoonpeiwon - EE TTud: [
Eugceyuayry — . _ Ergoywyn %

UTIOONLELLITNS Eppénngn onpEiogeLy cvopopae v B Bl

YO G ELTEL, M Avowpopeg ko BifM
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=

P
s 4

8 | ELoaywyn €KOvog Elcaywyn wovag amd apyeio
To Office Sev mapeyel MAEov £TOLUESG, SLABECIUES ELKOVES OTIS EQPAPUOYES TOV, AAAG oag fonBdel va avalntate
glkOveg oto Internet ywx va i elodyete ota apyxeio oag. Ztnv kaptéda Eloaywyn ™ ypapuis epyaieiwy, umopeite
va xpnotpomowmoete to kovuti Etkoveg 1} Eltkovecg oto Internet.

Xto Office 2016 kot to Office 2013, ekTOG AT TNV ELCAYWYTN EIKOVWV ATIO TOV VTIOAOYLOTH GAG, LTTOPELTE EMIONG VA

ELOAYETE ELKOVEG aTO LoTOoEA(SEG Kl amo To Bing.com 11 To OneDrive.

Apyeio KEMTPIKH Evgooywiyn Iyebiouwor MdrraEn Avoupopég

By Fuvolzumkn oshiba - D E __|@ I._QI_ ) J:ﬂ I I

D Kewr oedlbo J . . . )
Ll Mivowog |Ewdveg | Ewoveg oo Zynpota Smarthrt [poagpnuo
F— Alkoyn oehloog - Internat .

FEhIGEC [Nivoike AmelkovigeLg

*XTO £YYPAPO KAVTE KALK 011 B€0M OV BEAETE VU ELOAYAYETE UL ELKOVAL

oItV KapTéAa Eloaywyn, emiAééte ElkOvec.

e Ava{nTiOTE TNV EIKOVA TIOU DEAETE VA ELOAYAYETE, EMAEETE TNV KAl KAVTE KALK otV Aoy Eloaywyn.

[a va mpooOéoete MOAAEC EIKOVES, TATNOTE KAL KPATNOTE TATHUEVO TO TANKTPO Ctrl, evw EMIAEYETE TIC EIKOVES Kl

4 Ié /7 /4
ETELTA KAVTE KALk otV emidoyn Etcaywyn.
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aef© . .r- , ) ,
> _dScientific Report Epyaocio-02: Zvoeon Avagopds
, , ESwn) emrohinon ? X
8 E Loav (.UV r] 8 LKOVQC Apyeio Tpoghsuong  AyvwoTo
E lG(XY(DYT] 8 lKOV ag (XT[O LGTO GEA l8 a @ ETmuaidnan: gBrl';t:ma;:n Eppéovion we elkovibiow

14 /4 14 I4 14 ’ ’ ) EmkéMnan civEzang Bitmap QueEGPTITO OO CUOKEU
Avoi€te To £yypa@d 0ag. ATtO pLx LOTOCEAS, KAVTE SEEL KALK 0TIy | =™ D —
ELKOVA TTOV B£AETE KAL, GTN OUVEXELQ, ETTIAEETE AVTIYpa@n 1)
AvTiypagn) elkovac.

AmoTéhegpa

Xto £yypa@o, kKavte Seél kKAl 0To onuelo OOV BEAETE v

— ElodtyeL o TeplEXOpEVa Tou Mpoxeipou we Moppri HTML.

ELOAYAYETE TNV ELKOVA KAL, 0T CUVEXELX, KAVTE KALK GTNV EVTOAN —

ETAOYEC EMKOAANIONG, OTIOV EUQPAVIIETL TO TTAPAKATW TTAXIOLO o ][ mwe |

Yo va ETMAEEETE TOV TPOTIO ETILKOAANOTG. , , , , ,
OL TpOTOL EMKOAANONG SLPEPOVV AVAAOYX LE TNV TIPOEAEVLOT TNG

LBt emOn . | €ovag. ILy. av emA£eTe o elkoOva amo W Tapovoiaon oTo
Mpoéhevor: Powerpoirt npoypaupa PowerPoint, TOTE 0TI E€MAOYEG  EMIKOAANOMG
E:\Makis\schools\Solid State II\Magnetismi05-Magnetism-SSPhysll-Angelakeris.pptx! 2
2l - ot e seovine | EH@OAVICETAL TO akOAOLBO TA@oLO SLAAOYOL TIOL Ep@AViCeL pia
A\J'rlucs[psvo Yypagrwy Tou Microsoft Office ~ EHPEULDT LG Baviot , , , , , ’
) Emueiinen oivazone | SECu e et apyeo) LEYOAUTEPN OEPA EMIAOYWV, TAVTA OVAAOYX HE TOV TUTO TNG
Ewova (JPEG) v , ,
F st (610 " ELKOVAG TIPOEAELOTNG.
e | - N H mpwtn emAoyn: Avtikeipevo ypa@ikwv touv Microsoft Office
TKOAG To TEPLEXGEVE Tou MpoXEipou oIy Tapouaiadr] 0ag wg
T e meeeene APOPA YPUAPIKEG aTElkOvioel Tou £xouv SnuovpynOsi pe T«

epyadela Tov Microsoft Office, 0TTws Oa Sovpue apEéows TAPAKATW
(YpO((P LKé(, SmartArt, WOI'dAI't, Excel graph).Epvaorﬁpto Edappoopévng Mnpodopukig | 45
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< - e : - :
we® ‘SC|ent|f|C Report Epyaoia-02: 20vBeon Avacpopagl

8 | ELoaywyn €LKOVOLC -
Mop@otoinon eikovag _
Twpa ov €xete MPOCGOETEL UL ELKOVA OTO EYYPAPO GOG, UTTOPEITE VA
€EEPEVVIOETE TOVUG TPOTIOVG, UE TOUG OTIO(OVG UTIOPEITE VX LOPPOTIONCETE ] " epranea Nz |
MOP®ONOIHIH
o il a2 (D= =
AX\ay1] TOU XpORATOG HLXG ELKOVAG R e - L
Kopeopog xpwpartwy : Trul 2ovac
Mmopeite va puBpicete TNV évtaon XpOUATOS (KOPEGHS) KAL XPWHATIKO 15
Tovo (Bepuokpacia) pLag elKOVAG 1} va TNV emavaypwlatioste. Mmopeite P —
VA EQAPUOCETE TTOAAA EQPE XPWUATOG OTNV EIKOVA oG Kavte KAk otV
EIKOVO IOV OEAETE Vo aAAAEETE. o
v eploxn Epyadeia etkovac, otnv kaptéda Mop@n, otV opada
[Ipocappoyn), KAvte KALK 0TV £mAoy Xpwua.
MTOpEITE VA TIPOCAPUOCETE T1) OXETLKT] PWTEVOTITA PULXG ELKOVOS KL TNV
avtiBeon (n Sta@opa PLETACL TWV IO CKOUPWV KAL TWV TILO (PWTELVWV , isap,
meploxwv). £to Office 2010 kat oTIG vedTepeS ekSOoEL, pmopeite emiong e ——
VO TIPOCUPUOCETE TNV EVKPIVELA ULOG ELKOVAC.
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Kotapynon JlhwpBwonc)ipupo Kahdtayvika
pOVToU

Npogoppoyn

':l .-—'l.-‘l.-‘l.ll"r' r'| ELKOW e,

- Epé ] Emovopopd awdveag -

Yto Office 2013 kot to Office 2016, pmopeite va aAAAEETE TN PWTEWVOTNTA,
NV avtiBeon 1 TNV EVKPIVELX HLAG ELKOVAG, XPTOLLOTOLWVTAG TH EPYUAELN
AlopOwoelg.

Kdavte kAlk 0TV elKOVA, TN @OTEWVOTNTA TNG 0Tl OEAETE va aAAAEETE.
Xmv teploxn Epyadeia etkavag, otnv opdda Mpocapproyt) s ypauuns
gpyaieiwv Mop@oTtoino, emAséte ALopOwoelc.

Avadoya pe to péyedog tg 006vng, To kovuTi "AlopOwoeLg” pmopei va

EUPAVICETOL SLAPOPETIKAL.

MopepoTtoinon sikdovae ™ *

SO E e

4 MopOmoELg £ LKOVoNG

Avlopeitoon sukpivelog

Opoemhoyie E,i -

Eukpivela ———| 508 :

ProtedTnTef ovtiBeon

Mpoemhoyic -
ProtewdTnma —H— | 0% -
AytiBzan —— | 0% -
Emovapopd

Epyaotnplo Edappocpévng MAnpodopkng
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8 ‘ Elo-avwvr'] ELKC')V(IQ ZLUL KUL U LD UXN UG IUU QRUAUUTEL. W UVLLK
’ ’ o o — M(
Awataén ot oeAlba ® | B Envoyic suaratng X o
01
; Iz csuBuypappion P TO KEipEvo 1} {
ot
m_ pd
wngieso it va semiblar urksir—ficat Angles, quam un Fia
. ™ ) . @ Mz avabimiwon kelpévou rd.
olor sit amet, consectetue ——wgiscing elit, sed diam r
lapreet re magna aliquam = o = o = - 3 e
o minim veniam, quis nostrud ex =
suscipit lobortis nisl ut aliquip e N —— M~
Duis autem vel eum iriure dolor ’3:1':
velitlesse molestie consequat, ve ? g
facilisic at vero eros et accumsan E KATIOLOV IO TOUC TUTIOUE ELKOVWV, TOTE N ypodIkn mupdotaon £p
blancit praesent luptatum zzril de va Kol Sev umdpyel SuvaToTnTa mepaiTépw Sapopdwonc w ypadt
P P 16, aMd povo we ewovag, Acsite MEpIOOOTEPCL...
feugai[t nulla facilisi. y
0 | 8
H petakivnon 1 n aAdayn B€ong pag eikovag o€ pa oeAida oto Word elval T060 amAr) 060 1) LETAPOPA TNG
le To MoVTiKL Ouwg, oplopeveg popeg dev Aettovpyel. To KAWL yla va AdBete ta amoteAéopata mov BEAETE
elval va emiAé€ete EmAoyeg Stdtadng.
Epyaotnplo Edappocpévng MAnpodopkng 48

TuApa Quokic-ANo



« 2 INFORMATION: Search-Collect-Sort-Present

P gScientific Report

Ouada A. Npoetoluacia Avadopag

Epyacia-02: 20vBeon Avaopdg

Elcaywyr YpodLKWV AVILKELUEVWV

Elocaywyn avtikeipévov WordArt

Me to WordArt pmopeite ypniyopa va KAVETE TO KElPEVO va Eexwplilel pe el8ika e@e€. AtaAéyete eva oTtuA WordArt

attd T ovAdoyr WordArt, tou evepyomoteital amo tnv kKapteda ELoaywyr), To omoio pmopeite émetta va

TIPOCAPUOCETE.

EmAéEte Stadoyika Eloaywyn) > WordArt kot StaAé€te to otul WordArt tov BéAeTe.

Xt ovAioyn WordArt, To ypdupa A avTITPpoowWTEVEL TA SLA@opa
oxéSLa Tov eapuolovtal o€ OA0 TO KEIUEVO TTOV TANKTPOAOYELTE.

R>To ewkovidio WordArt Bpiokstar otnv oudda Keipevo, kat evééyetat
n EUPAVLIOT) TOV Va Eval SIAPOPETIKY avaioya UE TO TPOYPAUUA TTOV
xpnotuomoteite kat to uéyeboc tng 00ovng oac. Avalntnote &va amo

aQuTa Ta sLkovidla.

4

WordArt Apyiypoppo

-

A A
A A
A

Q“ [pappn uToypapns
EE';. Hpepopnvica kol wpo
] Avtiksipevo -

—

A
A /—\
/

;‘jf;]

A

Ed
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, , , Ewdvzg Ewkdver oto ZyipoTo Smarthrt Zmypomomo
9 EI.O'(IV(L)VF] ypac])Lva OVTLKELLEVWV Internet - -
Anulovpyia oxediwv AMEIKOVITEL

Agv glval TAEOV ATTAPALTNTO VA ELCAYAYETE Evav KapBd oxeSlaon yla va EPYAOTEITE UE AVTIKEIPEVA oXESINONG OTO
Word. Qot600, umopeite va ypnolpomoleite Evav kaufd oyxediaong yla KaAUTEPT 0pyavwon, 0Tav ePpYAlEOTE UE
TOAAQ avTikelpeva oxediaong 1 edv BéAete va TpocoBEceTe YpaAUUES CVUVOEOTG LETAEY TWV CXTIUATWV.

l'oa va sloayayete évav kapfda oxediaong, oty kaptéda Eloaywyn, KAVTe KALK 0TV €mA0YY] TXNUATA KoL, OTN
OUVEXELQ, KAVTE KALK 0TNV £TA0yT] ANHovpyla Kappa oxedilaonc.

XtV kaptéda Eloaywyn), otnv opddo AMELKOVIGELS, KAVTE KALK OTNV £TLAOYT TXTHATA.

Mmopeite va kGvete éva amod ta £&l¢ otnv Kaptéda Mop@omoinot), Tov sp@aviletal HETA TNV ELOAYWYN EVOC
oxXNUatog oxedlioong:

Elcaywyn €vo¢ oyMuatoc. XtV Kaptéda Mop@omoinotn, otnv oudda Eloaywyn oYNMUATOV, KAVTE KALK 0€ £va
OXT LA KAL, GTT) CUVEXELN, KAVTE KALK O€ OTIOLOSNTIOTE ONUELD TOV EYYpAPOv.

AAAay1) evog oyuatog. Kavte KAtk oto oxfjua mov 0£Aete va aAAGEeTe. v KapTtéAda Mop@oToinet, otnv opdda

Elcaywyn) oxnuatwy, Kavte KAk otnv emidoyn Ene€epyaocia oxuatoc, tomobetriote To Seiktn otnV mAoym
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Anutovpyla Staypauuatog ponc ue to SmartArt
loxvel yia: Word 2016, Excel 2016, PowerPoint 2016,
Word 2013, Excel 2013

‘Eva ypaenua pong Odelyvet v  aAAnAovyia
Sladoxlkwyv Bnudtwv o€ pla epyacio 1 Siepyaoia.
Ymdpxouvv MOAAEG SlapopeTikeG Slatdelg SmartArt
OV  UTOPEITE VO XPNOLUOTIOU)CETE Yl TNV
amelkovion Twv Pnuatwv oe i  Slepyaoia,
ovumeplAaufavopevwyv  twv  Slatdewv  ToU
UTTOpOUV Vo MEPLEXOVV ELKOVEG. Me TN xpnomn €vog
ypa@ikoV SmartArt oto Excel, to PowerPoint 1) to
Word, umopeite va dnulovpynoete eva Staypoppo
PONG KOL VA TO CUUTIEPIAGBETE 0TO PUAAO EpyaTiag,

TNV TAPOVGLAoT) 1) TO £YYPAPO GOG.

Emuhoyr) ypoupikol SmartArt

E] P> & W 8o 1 E i el

il
farta
Lupyooia
Kok
lapaepien
Iyian
Mivprkog
Mupagibe

Euedva

aa ET;IE S

l;g,_sz'. wee 4

35 5 oy I=iewiey [Ey=Fey

i

=
=

of

" K K

B umao i Lpepannd fuKavag

. LpnanEcToINOTE TO IR W R IviaTTs

SLnSo NG BRLeTE e L0y Eoing g

SuafiEadiad q wad pand ipyadun. Ta
SCEE SEEED PRESTLVLE EEIPATR GTe g9vTa
MR oa PLEOVTEL I SIRGVE,
E ..n,_l =g vl
[ oK AKLp
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9 | ELoaywyn ypodLKWV OVTIKELLEVWV
Elcaywyn ypa@ikwyv avtikelpévwy amod to Microsoft Excel
To Microsoft Excel amoteAel Tunpa tov Microsoft Office, 6w kat to Microsoft Word. To yeyovog autd onpaivel 0tL

UTopel Kavelg va evowuatwoel to ypaenua tov Excel oto Word kat va ouvveyxioel va €xet SuvatoOTnTeS

emeCepyaoiag, xwplc va ypetdletal va avoliyel kabe @opa to Excel.

EWSwkr) emroAinon ? X ‘
2 5 5 : o O
Apyeio mpoghsuong  Mpdgruo Tou Microsoft Excel
Ex\Makis\schools\Optics-Theornp\Admin\ExamsiJan20184T1-T3-Final-courseExam_oY204_2017-2018_02_0EBPOYAPIOT_600122454.xls! Statistics![T1-T3-Final-courseExam_roY204_2017... 40 |
| s ]
@ Emwolinon: ~ | [ engavion we ewovisiov 50 |
O EToiinon ouvdeanc: Bitmap _
= Elove (EUTAOUTIONEVO HETH-tp)Ein)
ELoV [GIF)
Ewove (PNG)
Ewova (JPEG) 20
AvTikeipevo ypaprwy Tov Microsoft Office
AmoTEAsgpa 10
N ElodryeL Ta TMEpIEXOPEVT Tou MNpoxEeipow oTo Eyypoapo oag, ET0L WOTE va eival Suvarn n emedepyaoic Tou pe To Microsoft Excel 2003.
Iﬁ 0
0 1 2 3 4 5 6 7 8 9 10

| o g

| QK | | Axupo

To ypd@mua ep@aviletal ot BECT TOV EYYPAPOV TIOV EXETE EMAEEEL KoL KADE (POPA TIOV TO EMIAEYETE, E(TE CUVOALKA
€(TE KATIOLO LEPOG TOV, TOTE ERPVI(OVTAL EMAEYUEVA TX OUYKEKPLUEVA OTOLYELQ KOl EXETE SUVATOTITES

SLapoOpPwong, TPooONKNGS aEdvwv, Ae(avtwy, OTIwS akplBws av Bplokeote oto EPIPAAAoV Tov Excel, 0mwe @aivetatl
KOL OTO XU TTOV tKOAOVOEL.
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Elcaywyn ypa@ikwv avtikelpévwy amod to Microsoft Excel

Me Ttov (610 TPOTO UTOPELTE VA ETAEEETE KAl
evav mivaka Sedopevwv amo to Excel kat
emiAéyovtag v El8kn emikoAAnon kat amo
ekel v emAoyn PVAAO epyaciag TOUL
Microsoft Excel 2003 w¢ avtikelpevo (kat 1
devtepn emAoyn: Mop@omoimuevo Keilpevo
(RTF) €xeL To (610 amotéAeopa). EvaAdakTIKA,
0 TIvaKaG uTmopel va emKOAANOel kAl wg
EIKOVA  YWPLG  TEPALTEPW  SUVATOTNTEG
LOP@OTIOMONG 1 KAl WG UN HOPQPOTIOUEVO
KEIUEVO IOV 0TI OUVEXELX SLAUOPPWVETAL WG

keipevo to Word.

B8k emrdiinon ? X

Apyeio mpoghevong  Miiho epyadicg Tou Microsoft Excel 2003
Mhdryic BoARIR10CT:R2Z8CA

g

@ Emwcdinon; ~ | L Engéwion we sxovidiou
MoppoTowpévo Keipsvo (RTF)

M LOPQOTIOIPEVD KEILEVD

Bitmap

Ewova (spmAouTIopévo PeTa-ap)Eio)
Mopipr] HTML

Mn poppomorpeve Keipevo Unicode

O Emuoiinan ouvdeaonc:

ATOTEAETL

ELotryEL Ta TIEPLEX OPEVE TOU [po¥EipOy 010 EYYPUPO OUg, £TOL WOTE v sival Suvatr n emelspyaoia Tou ps 1o Microsoft

[j__ [‘ | Excel 2003,

QK | ‘ Axupo
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Elocaywyn anéd to Microcal Origin

Karakopuen BoAR oTo KEVO

EAMakis\schoolsypclabyYlikoyLab0s\Askisis-Dedomena.ophGraph1\Graph1

Qg

Origin Graph we ouTIKEIpsvo

Elkévee (EUMADUTIONEVD PETA-upyEin)

I:‘ Epupcnvion we sovision

Elggryel Toe mepleg dpeve Tou Mpoxsipou oto eyypagd oog, £TOL Wote v sival Suvetr n emelepyaoic Tou pe 1o .

QK

Axupo

METaTpOT KEIHEVOU OF THvVaka ? K

150 T 492.0 ‘ EwSkn) emkohinon
Apxiki TaxutnTa y=U t—thIZ .
Q@ U =225m/s N Apyeio mpoghevonc  Origin Graph
120 @ U=45m/s 106,577 mj bhaU/9 | 393.6
—_ @ U=90m/s YooV, 129 E
£ ) 0/'0707“3 =8|‘
Z 90 = ° 2952 2 @ Emucoprnan:
6 , Q . o
o o L =3 O Emainon odvdeanc:
[y . <
b o ) =
E 60 - 430 ' 196.8 @
§ o7 ? g
s e@99%ey .
@ o9 o, ?
30 P T Q- — 98.4
/@ . m Q N
% ° e
0 ﬁ‘n a _lgo AToTERETPE
0 2 4 6 8 10
Xpo6vog (s) . E
Fuoony oy FxesSioan FaXls wile 4]
E== |g= | e
1 =) % Ewovisio
MNMivokoe Ewowved Ewkoveg —
= oto Internet ~ = SmartArt

Evoooywyn Trivocke

B
H
B
B
B
B
N

DOEEOEE
DOEEOEE
DOEEOEE
DOEEOEE
DOOEOEE
DOOEOEE
DO0EEEEE
HO0EEEGE
HEEEEEEa

Evoon Loy Ty TODW O oL ..
ExeSilonon Trivomo
METOHTLOTIN KELHEVOU GE TIIWOKOL....

YTIOAOVIOTLKG UM Tow Excel

A48% R HOD0000OE

MNprivopol mivokes .

MeyeBog Tivaka

ApBpoc oTHAWY: 3

Ak |40

ApIBPOC YpappLv:

TupmEpLUpOpa AUTOPOTNG MNpooappoyRE

13

® ItaBepd MAGTOC aTRAWY: AuTopaTo
O Autopatn Npooappoyr oTa TEPLEXOPEVT
O Autdpen MNpooappoyr oto Tapddupo

Al WPIOPAC KEWEVOU KOTA

O EpWITnpoTikG

O ndo:

O Napaypégpouc
© ItnhoBiTeg

Arupo

Epyedela mivaka

Angelakeris-03 - Word

Admafn  Avagpopéc  Itoixeia adinioypaploc Avadewpnan Mpofoir Tyedican
Tkicon TA
< TEPIYpeppd
L7
E} Tpomonoinen omuA mivoke..
3 Ancrowr
il Néo oTuh Tivaka..
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9 | ELoaywyn YpadLKWV AVTIKELLEVWV

Elcaywyn and t Wolfram Mathematica Bt emkoMnon 2 X

Apyelo mpogheuang  Ayvwoto

Qg
@ ETcahinan: MopipoTonpevo keipsvo (RTF) Eppanvian we soviSiou
. i M1 LOPPOTIOINUEVD KEIPEVO
Emikoiinon auvseonc 1 Hop® MHEVO KCELL .
Ewova (E[ TIZPLOU'T[Ui V0 i ETC[-C[iiELO)
Cut Graphic Ewova (JPEG) ) ) )
Copy Graphic M poppomoipeve keipsvo Unicode
Paste
Save Graphic As...
Print Graphic...
Front View
Top View AmoTehsopa
Default View
Reset Pan/Zoom = ElgCryEL Ta TIEpLEY OPEVT TOU MNPOXEIPOU WE Pl ElKOVT PNG,
| Trim Bounding Box r%
QK | | Akupo
08_show.nb - Wolfram Mathematica 11.1 - O Cut
File Edit Insert Format Cell Graphics Evaluation Palettes Window Help Copy
Paste
05+ Copy As >
Evaluate Cell
Remove from Evaluation Queue
2 A‘, 6 g 1‘0 Convert To >
Initialization Cell
Add/Remove Cell Tags...
-05¢ Style >
Background Color >
Size >
-1.0} Clear Formatting
Save Selection As...
Print Selection...
Speak Selection
Animate[Graphics[{Circle[], Point[{Cos[t], Sin[t]}]}], {t, @, 6}, AnimationRunning - False] —
Toperties...
EPWUXWOn |ypagika KUKAOG onueio auvnpiT nuitovo EVEPYQ KivoUupeva OoXEDIa  |weudn|g E
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10 ‘ Epyaocia 02: 2UvOson Avadopac

Ol @OITNTEG KOAOUVTOL va ovamapdyouvv pe TN Ponbela mPoypAUUATOS €MECEPYAOING KEIUEVOU TNV
ava@OPAE TOV SIVETHL OTNV EKQPWVNOTN TNG AOKNONG 1 OTOola Vo TEPLEXEL TIIVAKEG, E€LKOVEG, OYNUATA
KOl EELOWOELG WOTE VA EEOLKELWOOVY HE TNV SNULOVPYIX TILVAKWY, EVOWUATWOT] AVTIKEILEVWY OAAG Kol
OAEG TIG EMIAOYEG pop@OTIONONG TNG €emMeEepyaciag KEWEVOL TOU XPNOLUOTOLOVVTAL OTN Onpovpyla
ETILOTNLOVIKWV KELUEVWV.

Y& KAOE MEPIMTTWOT) 1) EKPWVION TNG AGKN NG elval Eva apyeto pdf omov a@oV avayvwploovv Ta
QVTIKEUEVA KAL LOPPOTIOMOELS TIOV TIEPLAauBavel Oa dnuovpynoovv to avtiotoyyo apyxeio Word
(Surname02.docx) mov mepLAapBaveL 0TL vapxeL 6to apxeio pdf kol mapadidovv w¢ epyacia.
Alvovtal O0Aeg oL elkOveg o Hop@n .gif 1 .jpg (X€ TEPIMTWON TEPLOGOTEPWY TOV VOGS apyElov OAa T apyeia

oV YpeLadovTal yla TV Epyacia ival CUUTILECUEVA OE UOPPT) .ZID)
Efolkelwon evtog Tov epyaoctnplov: Acknoeig 02a, 02b

Epyacia tpog mapadoon: Acknomn 02¢
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Epyaoctiplo E@appoopevnc IAnpo@opikng
Tunua @voikrc - Aptototédeio lavemiotnuio Osooarovikng

[ Epyaomipio Epappooiivng I

€« C'  [J eep.physics.auth.gr & =

Apxixiy |

Zroxo¢ 10U Epyoaompiou outod eival voa Bondrhicer toug  @oimrég vo afioTroioouy TIOpAaywyIKG 1oV NASKIPOVIKG
UTTOAOYIOTH Of BEUOTO OYENKG ME T QUOIKE TTOU B4 avNJETWTTIoOUY Kard Ty TTopeio Toug evidg Kol ek1dg Tou
THRHOTOG.

To epyadiipio ammoreAeitan amd 12 aurdvopeg aokioelg ¥wpiouéveg oe 4 opddeg:
Opdda A: MpoeTolpacio epyATTNRICKS avagopds (3 aoKoEIg)

Opdda B: Emeéepyaia meipopankiy dedopivy (2 aokioeig)

Opdda IM: O uTToAoyIOTG WG ETOTNHOVIKO epyaieio (4 aokroeig)

Opdda A: Auvaviag TTpoRAfpara Puaikrg e Tov UTToAOYIOTH (3 aokroeIg)

KéBe pdadnua (1-12) amoreAel autdvopn doknon o1 OTTOIEG 01 GOITNTEG KOAQUVTOI VO TTORABW TOUY NASKTROVIKG TIG
OVTIOTOIXEC EpYOTieEg, evtd 10 130 PaBnua aTToteAsi v TeAIkn eEETaom.

Mpoteivopevo Aoyiopikoe: Windows XP, Libre Office EN, Origin, Mathematica
Mo 1Ny agIoAdynom 1wy GaITIWY TUVEKTIMWYIAN 10 £EAG:

e 1 TTOpoUTio Toug KoB' BAn T BIGPKEIC TOU EpyaTTnpiou

e 0 QAKEADG JE TIC EPYOTIEC TTOU £x0Uy TTapad0Bsl

e 1 emidoon Toug oIy TeAIKY e&éTaan

Xpfiaipor Eovdzopor: Tydya duais - ANG - Blackboard
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