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2- Nanotechnology
3- Gerd Binnig

4- Heinrich Rohrer
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1- Ionosphere
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1- Amorphous

2- Crystalline

3- Periodic

4- Crystal

5- Unit cell

6- Crystal lattice
7- Crystallography
8- Cubic

9- Tetragonal

10- Hexagonal

11- Orthorombic
12- Rombohedral
13- Monoclinic
14- Triclinic

15- Bravais lattice
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1- Lattice constants

2- Body centered

3- Base centered

4- Face centered

5- Body centered cubic

6- Face centered cubic

7- Hexagonal

8- Coordination Number (CN)
9- Atomic Packing Factor (APF)
10- Simple cubic (SC)
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1- Packing factor
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1- Hexagonal Closed Packed (HCP)

2- Body centered orthorhombic
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1- Lattice plane
2- Miller indices
3- Crystallographic systems
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1- Intensive properties
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2- Grain boundary
3- Polycrystalline
4- Single crystal
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3- Conduction band
4- Valence band
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2- Quantum confinement
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1- Heisenberg’s uncertainty principle

2- Surface science
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1- Color wheel

2- Localized surface plasmon resonance
3- Wave interference

4- Light scattering
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1- Blue shift

2- Fluorescence

3- Fluorescent

4- Polarized surface plasmon
5- Propagating surface plasmon
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1- Morpho
2- Structural color
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1- Scattering
2- Tyndall effect
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1- Cohesive energy

<t

v

1o ~4|¢

G PEE




POT=5

Algme yolg->

058 > O 32,5 9 93U (59U adgl palie

3ol G Jow 95U el osle slosgs cdl> gd sles Ty g o3lusl b assly 98 sles Ty (598 alaal) o
Oed b (55,5 1,31, Ol,3sl da Jaw ol 28T jo el sauiasl )l D3 gl gles (cm i (6 Caws ol
b st ol 5t slaciasss syl 1l ¥ e ailie o ot sl Jae siius s, L3
L3 55,5 S50 sl A Alad 5] ol ol T+ S sl 438,50 lisin polic (sl B o553l
S8 o X IS logad oy (sl S oo dnline oy25 loosls L1, (FCC) jaz938 10 (5,0l Slislu
ol ol a8 5 ka5 0 VYFY Kl glosgs s jo M g3 (slos g+ /YAAT nm M glaqs! jlad o /VE il

1F.e
Yoo qayly ——
0 O

2
ER
9
-~
3
o Aee
=

Foo]

Food

T T T T
. Iy [ 14 Y. Ya
(nm) 0,39 yhad

[YA] 3530 03l 31 sl ylgicas 235 po a2 (655l s luw b S 1,393 93 (glos :Y+ s

s ol oy I3 (T + JS8) S350 b 51 ol lsiea 350 s (slos oalS (SisSr dli
el O3 0gd glos g b glaps! bl )l e lis e (A ) @38l sl rals 5 )b
b mels Ol3gl gd leo b 00 )5 oo e (b slaesl do o yiiin 4z il bl el
—Hdals cundolize _yolas> yuni O]

oud s Copals b aimd e LS 395l blge (B oS Sl oo Sy (St 5 (S (oebliie Cools
055 Glbl 4y Il ansl ails gt gloo )5 i)ls )55 1 (6 ke Coanl 5l 059 0l 45 (sl Slge ol
to0ds ool (pwaboline olgs b 5 (cmboline Slge 51 LT cilos ;0 a5 00 o 9,409, (6 )k alosg b casS oSS
Sl 5 S 5 (SO sloo )5 )0 (S Sl slaysige 5 s )9 ompbline slaalibl> dagSaily wile
$U b 5o (oanbline (olyd 05 8)L)3 Commo (gl 098 o0 ooliinl (punboliss Slgo 5l 5 S0 (slaarss; |
S (o p 1y (Jyens Slge (pupbline ol 4o )b 4 b

,_,m..bl.&n élgo +
g Al 2SI aS s (13 baiae ) ppe 43S0 ol b calizes olge cwnbline olgs A 6,050 G 5l i
5 S o s Sl b el 51 g ilos oy el g wiecd o 31 o oy 99 eebliie
Sl 51 45y ey 5o L bl ltze sl L s L e 2 (55,9 L8l 52 8 32,
i oo olis 1) Gueblise g dieny 5SI 0,0 Codle boayay ol ulos )57 sanliv wiS oo jeue (SO Sl
S50 (cmbline lage olol Jlie 0,5 0 dda ) 5 4 5l Slge S unbline Cools aSul 5l 2T oy
i Sz 5 gy Sl oS o oS ailsge (FYY US8) Fapsl ol @ 1) e S0 51 (S0 S0l b2 oee



S g b a5 0ld g ((rizrad 1990 00 s S SLbI o piblise Glase sbml carge s (950

3l o eails ot gl ol @ 1) @l lisle Jlo 09d oo wsSins o8 (bl olase Sz (S SU by

I s aes Gl o oyg STl olans g 0,00 13 T 55 00 40 a8 ol ouds S5 e SoSIL L glas

oz sl e canls Ul lgs s eluleply (G =YY SE) <8 8 L o (=YY U alie) b, dil> SO

590 4 ((JEl &8 ) as jo0 4 i3 > 5 ogdle layg iSTl0gd A gi pmadoline (ylaie atis j90 4y Lo yg 2SI
- )

i1 Jobo cumblio oo sl bbs
un BT as:‘-":‘i' ) ko / // ™

ol Sbty
\ S S

055 9 o1 A 590 41 (395 5 5l ool amnbolicko (o () 3 (598> s S 31 550 550 (s 2 y90 31 50 iolomyl ol o (1) V) S

dor Iz 5,0 unbline [T oole slagil 0 99250 Glogys xSl don S > 5145 wly oo Jlger ol lis
yolie ol JLBlo jo oS coul cpl Fwly S35l S e Lyoalbg Qe ol i gundolize ST 853 5l olge
Sl anly ogie cage a5 Sl Gl atan Slbl 1o Loy iUl @5 (elE paie Wiz ma it
bl aims oo lias g3 5l S pnboline [l (gogumme jolie Wl )s il jao wl S cwnblice
o1 &d Sl o layg iUl 2565 a5 aies oo yLis cmabline SIS Cools 045 51 ol ass polic oyl yo
5 ol ol Sline 1 Al a2 (6 IS IS

ool 45 Wl polic o oniaislis (Ni) U 5 (C0) S (Fe) ool paie aws o sl Jsaz yolic los
a5 Col olagyg Sl 0gzg Ll S iie 85 (oS oS polie (pl (g Sl LSl a0 ST a5l panblize
Ol auln o 3pslice i 1y (sl 09 qss ol lens qs d 5l sladbasl 5o 9580 )50
d cpl LS 50 008 gl bl Cowols oole oo 10585 jao baiyg iSUl Lawgs cadolon) (cwndoline
S lin sl o ecasicas lays 2SIl slils 5 wijls J13 S ol polic 095 ;0 a5 polic 5 &0 paie
Ot e (SM) Lol g (ND) podoghi paie 95 018300 j9 2 355 5l Il (ouobline Cools oo aiiun £ 515
IS (Gkied y08 o bl Crols 45 WIS ol yolis

o bl gy 5oy SsS Jla (soa] K2 3 15 rbliin ol o 1y ail o s
G5 IS 53 gl G ol qurbline (lace a Ty cazmiiie 5 oo LS50 lagdl ol (28,518 8520 0,5
Ole s Olge Fly o [ 50 cbline sla dadss (6,5 1,8 5am bl 05 e0le ) (IS cebline olss
bl 5955 as caalol 10 0095 oo (cmbline (sl ,lid ) LT 4 aS S o o (Soliie lgSIl 5l pandolize
bl uabliials 8, 51wl e blike )58, gy ol oS s o)l loylid, ol gl

1- Spin

WS 430 4 (g N S

2- Diamagnetism
3- Paramagnetism

<t

v

1o ~4|¢

G PEE




POT=5

Algme yolg->

058 > O 32,5 9 93U (59U adgl palie

Y . Y . . \ . .

comeblie By mbliseg ol bliseg

S «2lg )0 el Hao LT Glaes! cudbline Cools 0Ty a5 Gl g0lge urblinelss olge b Uil dlgo
Sl s Wlgs o ()5 (698 (ommblive (o jeax Jg 0l alls awbloe ohdss slge opl slaqps!
w..JoL..uL»o é‘}c w».lal.».&n ‘A.».A ‘u.||).oLu ‘é}w ol}‘o u.ll B t.'>">) ‘A.uo k.A.P O B w.JoL».uc 6Lbu.».|435¢
é;gmd.a ST IWE u.u.]oL.t.ALm \)‘9—0 Alw)l (SO o).aJ e )Jaa Lg).«ol...c QA)‘SA o l)

GrS gz @yl Ll 5l Jols sla odades Lol ui ks dadgs cools ubolinel )b olge (slans! i guadoliiol yby Slgw
slaohdgs (1YY JS5) oS bl calls cwblin Glawe ailg co qyonll toal (Slo,gls)  Bolas
(595 Gbyal S Ojgle 10) (698 (cumbline laglow jga> 10 Slge ol Boims LSis slaps] owblize
Al bliial )l ()3mST g peiagll iy

ogdle 5)ls Il 5 (SIS (puebline Cpols a5 wiloads LS5 o] ) (reblineg f slge b lidog 13 31g0
aS Sl ‘_;IAJ; a osle )LI.}L..: )l (§Og9dme GL‘“'é B L&bpj‘ u)‘ 6)‘5“"9:’ “fu.JoLJm Mb b &Lap.ﬂ S99
el &)l pasin cwablise 6,5 gz baly plai,8 o )18 acwbloe Cyz SO 0 g 02 ,LS o als
omsbliie (gloejsm ilo laails ol 51 5ol olass (slosgs uablitag, dlgs igdh o o0pel | susblite 05>
P> o PRl teh ge Suzed ldes b (25 (bl Glae S )3 538,518 Basb Sl Gueblineg 3 lge
S (g0 gy (bl ol qurbliseg b 80le g b oo (il (2 )1 (cunbline plage b Cyzpn sloojs>
B pdoliiog 8 slge alazsl LS § IS5 o] asle (g polic

11NN VAN 7y
AN \.\\////

WSS Y
WA W 777777700

rtboliag () 3 mabliiol g (1) 83Le S 39 sl Sl sulabys (6 oS gz VY S5

ombliseg 3 09,5 90 (> 5 bl s Jil o cwndbline (glaojer i 890 ulwly dolies )3 olse
Sen 3 GBS b o erblisns,p Slye susbliin (sloojs s o e 5 raboliios 5 5 S
(T Ol B3> 5l (g 535 (o0 gt (Sam Ol b g w3 o0 Sz et (S o2 ML‘#
&l oole om0 g W )T seiilh 053 (LB Cl 4 wloals (> )5l bl jen 45 o cpl 5l sise
S 50 ol ilccslin wils lab,cal cale gly olge Criz Sed o ombline Cools gl)ls Vs QLA).
Suzee g Lalien Glae b (golha baojs (7)1 (carblisn (lase Jlesl b p 5 Geboliieg 8 3lge ) oS cunl
B 1) 095 (sumblie Cools 5 00,8 sop o Jlos! 5l i a4y Cepsdy (loue Bd> 5l g g Digd o0
A oo owd 3l 50k Hlews 0>

1- Ferromagnetism
2- Antiferromagnetism
3- Ferrimagnetism

4- Magnetic domain
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1- Néel temperature
2- Magnetic hysteresis
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1- Magnetic coercivity
2- Magnetization
3- Residual magnetization

4- Coercive force
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1- Superparamagnetism
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1- Blocking temperature
2- Blocking volume

3- Dislocation
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1- Elastic deformation
2- Plastic deformation
3- Stress—strain curve
4- Yield stress
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1- Hall — Petch

2- Super strength

3- Super deformability

4- Grain boundary strengthening
5- Super ductility
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1- Electronics

2- Transistor

3- Electronic devices

4- Nanoelectronics

5- Digital

6- Bipolar junction transistor
7- Field effect transistor
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1- Metal-oxide-semiconductor field-effect transistor
2- Gate

3- Drain

4- Source

5- Amplifier

6- Digital processing
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1- Bell Labs

2- Jack Kilby

3- Integrated circuit
4- Robert Noyce

5- Gordon Moore
6- Intel
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1- Chipset
2- Moore law
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1- Processor
2- Transistor channel
3- photolithography
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1- Crystalline defect

2- Vacancy

3- Interstitial defect

4- Substitutional defect
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1- Electrical discharge
2- Electrical breakdown
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4- Carbon nanotube
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1- Carbon nanotube field-effect transistor
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1- Punch card

2- Hard disk drive
3- Megabyte

4- Floppy disk
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1- Granular magnetic bits
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1- Terabyte
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1- Compact disc

2- Digital versatile disc
3- Blu-ray disc

4- Gigabyte

5- Pitch size
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1- Flash memory
2- Solar furnace
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1- Solar cell

2- Renewable energy
3- Photovoltaic effect
4- Photovoltaic cell
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1- Depletion zone
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1- Double-sided solar cell
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1- Smart material

2- Biomimetic
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1- Shape memory effect
2- Shape memory alloy
3- Shape memory polymer
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1- Phase transformation
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1- Piezoelectric
2- Converse piezoelectric
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1- Quartz

2- Lead zirconate titanate

3- Barium titanate

4- Ultrasound

5- Micro/Nano electro mechanical system
6- Chromic smart material
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1- Self-healing materials
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1- Microstructure
2- Magnification
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1- Microscope
2- Lens

3- Mikros

4- Skopein
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1- Resolution
2- X-ray
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1- Technical University of Berlin
2- Electron beam

3- Electron microscopy

4- Radiolaria
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1- Electron beam

2- Vacuum

3- Vacuum chamber

4- Vacuum pump

5- Torr

6- Rotary pump

7- Diffusion pump

8- Turbomolecular pump
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1- Electron gun

2- Thermoionic emission

3- Field emission

4- Filament
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1- Magnetic lens
2- Scanning

3- Scanning coil

4- Deflection coil
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1- Inelastic
2- Elastic
3- Transmitted electrons
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1- Back scattered electron
2- Secondary electron
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1- Cathodoluminescence
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1- Transmission electron microscope
2- Phosphor viewing screen
3- Charged coupled devices
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1- Pixel

2- Annular detector

3- Bright field detector

4- Annular dark field detector

5- High angel annular dark field detector
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1- Electron column
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1- Projector lenses
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1- Conventional transmission electron microscope
2- Scanning transmission electron microscopy

3- Objective aperture

4- Bright field image
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1- Dark field image
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1- High-resolution transmission electron image
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1- Aberration correction
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1- Scanning electron microscope
2- Everharte - Thornley

3- Scintillation
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1- Vacuum freeze drying
2- Topography



l -t
- 100 0m -
55 () O] oy () [0Y] (g9 : g;“' st -"mﬁ el 3 535 or‘*‘S-“ gy S9rsd ‘e:S-:ﬂ Robai: ¥y
[8Y] axiuogil (z) 9 105] Aleogili ()  [AB] alglgili () [OF]
3L (otgy (59 SlagSms S b (610 9l (sl (S5 slag 28Ul ekl 1 S 2 (39 SN 2 g
oy 2501 (il iyl o S &y 356 (Sl Ul &y o (5 s Boe Sl (S (Sl yg S 2 8 g o
Blesjp0 pgai) 05 4 e Sliiz Sl Ganan paal 1 L ol &5 i (xlaw DMl 535l )0
5 ool om sl 5l oolial b calideo sladigas _oxbans L5 se dnlllas (gl les (o), Singss 5l ol
Sl 5 S92y 395 03linl (53l g Sl oS (IS 2 (slagyg Ul Sl a5 Censlond g0 4936 slangyg 2SI
R 4z in,50 b a4 SIS sy g0 (39,8 41 (S8 5 095Ul 5L ST (90 (sag ) (5395l slapsSasg ;s ]
b nl sl SU  Jds BSE-SEM) (285 5y oug) (G35 28| gl 4y (sagae JLBlose o5 ool (05
S e,SIl s i yls ol jor 43 055 L () M. G b)) digad Gos 5l (goiads )l Sledbl oiS s sy 2SN s
& (Pl (Pl 3l (e LLS )l 2igh o (5958l (SuS1n 9o &5 (5 polie (ool sae b (JiS
e s (& ey Sy elby 2SIl syl s 45 el (G35 4y L wl il b o (6 e polic
g oo o3 Fipbyy (55 p Slage SISl Jele pglai 53 (00,58 (ool Glesez)
3,05 0925 o] bases LS5 polie gg wluly diges calidee >y (andeis Sl il 4l 95> g diges
695 2 21 aS18)8 S 1 (188 g il iUl Sl 50 (0 ) (g (oS Sy Sos g TA IS0
ol oglis g (1-YA JS2) cyil (g 78Ul g )3 el (e a5 psbolo e oo (Lt S5 2 0,8 3

Py Se—SIh o
aS >0 aigd o 00y
O3Sl mgar e
(0 YAJSS) 2t

: : @94 2] aeS15)3
3 k V) ;

Sl 90 )0 Sl (55 3 (59 32 (T w1 )3 5 (cilug ) (39 Sl r98g ySno 2 guad FA S ° F s s
[FA] (it s 39,5550 () 3 22936 39,5501 () RO

iy /Hemen! Arbotie

G PG




Rl =5

Agogls LS lusjm, axilbe

Dol s g alged SG Bams JSad glajls woli sl sl oo (225 (G Sl e pgal ulalinl 2
7 ez 5l aS 1) o8y Slge ddlllas sl sailly il G polal i LS i ) saaas 1SS polis
Sl b 5l (255 5 a9l Sl 90 5o (S92l eSS pgeal TR USS 0S8 ciloans JLSCas
Ryl Wleald sy \M peelS” il iy (550 (2l Slge s o plis 1) (Shs so)ls S
doe 5 5l gl ool S 5 bagaly sy sapoplis baid (1-Y JS5) 456 lagg oSl 1 ol
S5y slagyg S pgal 1,8 gl anie) 50 5,10 @i 8958 8)ly0 plgises o 3l eoliiul b g el s
P oSis dia 5ol 40 35290 muedS ASLTl amo o LS | saims LSLi5 Slge ciglis gt (o TR JSl)
sy SIS s 1 3ls el G A5 panlS Rin) i a3 o iy 53,0 B S5 ol
S SS9, 9529 5,0 10 a5 qlee b 5 (G S S, L ane; (nl (550 @900 Bole 095 o0 00

41936 ¢33 7551 (1) UL 93 50 <5 30 2919 83l S0 gy (9 Sl rgSung ySern 2 gas ¥4 JSCio
[BA] (i g3 955531 ()

u.vl B aS ol U‘ll Cendv &85 .))5 M‘? OL"' L5'9)"S‘” us&wj)s*o ).lea.v 5)14.)‘3 Sl ERY e cdalo] BN
W o gl 0035 D929 511 (g pglal 09t (g (95 oSy Sn ol 3 )lge (B o (Jlall
e e Hlis |y palal ol 5l diges wiz Fr ISS aiS e (550l ol sl )58l 5 5l eolal L

i
o
'3:
3
?
Y
2
h
o
=N
2
8
Y
)
2
3

=95 93Y oo (01000 52015 ) htg) (539 i 95 ySon0 9L 3 sladgad e Yo
(091 sl 9.1 (S 30 () 9 ¢y9m0 Elagms 310955 y90 6 () (IS (e () 0 o

1- Calcium pectinate




i o s L 1958503 O LS 3 e Sl (o gl S (oo
: Lo e 528,515 0 b o) (gl 331l dnslons 43 ol 5 5
4 a0l o ool ,Sal, el anligsl laisl 5 WSy o)lS

L e aan

L annaans

2 0] o Usb Vgans 45 sl pypa SIS 43 ol L 1 ool

Y USS ol aseis 1) peal liml o8 631000 len cslaulors en
Iy, (PPd) ouo¥L - 5 Y‘_gjL:ﬂ 5,396 s HAADF-STEM ;9.0
9618 P9l osSug S gl I USS  pl Baslin b oCenl Vonm ply igad cpl Sl e Job ses oo ()LaS
45 ye ) boes! e Alold o (Y nm x Y nm Ly ,&5) 0,3 &5lusl aiile (9150

el oals (s o3l Jas Jobo 5l eolatul b calises (6,6l (slalinl, jo codl Slxas Aol o cpl 10 (iogil poo
ok e <559 4 5 ol sanliin LB s34 Signd (9 55k 5 53S0 5 025 4 bt yo sl 5|
(STEM) (ag, (8908 55550 lorsSis Koo o Jom 2l 80035 ot iyl oS o K
Y 4l sl o6 lare (65l p gl Sl 0 Vb Sl 2909 L (gee wizr A 5o 5l (S b poal dd sl
sl (HAADF)

55y s s S5 5 Slpn 31 (e 3,5 osess |y g izl S 55l oo ol a5 51 ool L
izl ples 83l pgar iz 5l ooliiwl b oS o5 Sepla cowl digad SO jo )3 851001 lawgie (s ¢ S92l

Y IS8 0,5 oy |y gl 85101 o505 (ciomie 5 g diged jo 2] dawgie 53lusl )les oo cdalol jo 095 g0 yusd

GG

%
€
C
i
3
3

Yo
3"
N 3
= > ..
. a,
S 2 Ve
) Yoo
« 79 Yoo | Fee  Fes | Ave | Nees \ Y ¥ (14 1A Y.

(nm) 043 yad (nm) 043 yad
0 (et 539,755 95 5Sn0 190 (29 0) 9 [N (T 51 Juolo 851l @595 10 9 6 09 (53955 295y ySn 00 (0 9T):FY S
[5¥] &7 51 ool 33131 @039

1- Scale bar

g oo aiS Wloads byl oo b S eiSy &gty 4 6wtz 51 0 5l S 5l ol sl gesle S 4 @lloy) 5LIT -




Rl U==5

Agogls LS lusjm, axilbe

058 > O 32,5 9 93U (59U adgl palie

IS (5L g Sanng Sors j1 2 3Micians] b Lo igd (ilanls anS/s arlline O

F 4 pymge Sl Slagi  alllans ;g0 diged glans] (59 58Ul L (39,8 (09 ySIl o5 0 SVl iSem 0 il )
il 5l S9SN otz 09 2SI (S0l 5 458 (09 SIS0 JenS Loy (09 o a8 i LS
capnl a8 52y 555 sl 510 51,3 3Vl 5551 515 59 48 g U 5 VY USC0) 29 o plonl VL (553
57 B il 35358 cnl 551 2gdise Hiite it o S5 & Foml 15 4 JEI L Glojea T Slile (g3,
SMie yaie 5 (sl (651 slojl 5 Alold o fo 1, 055 ol Seig S Lo il o a3l (55505155 90 0
i b9 28,5 a5 13 (g pate o St 1 lyieas |y (5551 5aalold ol s s 45 53y 1l e alS
(Tydsb @i nn 5 55105 phike ol S e lajlF o (92T SIS 55 g0 00 0 pais £ of

Al oo daseine g 1) ologhp iz ol paie (] gl colaiB L g lade a5 Clils valss
il S s (S slasls (6551 B gd o0 ) (S SI l (S9)3 slaaY 5l g iUl il g 2SI adgi )y
53ga5te 33 (] zga sl o5 05 walys (55l (g o 0ad oS (15398 oS (5975 tunsl 0l Jleay SYL slajls L
e wo w3l 5510 (9 S gl 009 SN SG i b plejen o)lgen cnl by 0)lo J1E S0l 95 maedsb
Selg Ve 1 iy Ras 53 45 syl ey S plas iy 5 i (55,005 sl (sl S STl o9 o
Ol eSSl 95 gl ) oole l auslel sl g i oo s Sl ) 065 (65,50 5 Wgd oo 0aiST s ole (yg,0 wiloads
gl a ] 955 ¥ um sga> has 5l oo ontiad s dastine (uSul 5 cnlple 19,0 Slge glgil 1o 2V L S
955 55 G (e o 0 S daseiin (oS3l 553 (535S b Gl o0 095 D Laizms 85 5 ailis o0l
S 00,5 oo wge ol (nl 5,5 (s |y diged o S polie 55 (o Slapisisd 655l 6 S0l 5 wiged &
il i Bl sezme Sl 950 Sl SST & o5 55050 (5325 5 (9 €55 99 ) (S9N Sl Ss gl

S et oo ) diged 8aim S5 polie 5 (alend lacaS 5 ised 5l ()05 e b lojen
Gk 3l & @lg sl el @5l 0sSl o 65l g R Sl g obrl sledl, Sl (S
Aadls 3bcod igad 4 (B35 L bagyg 2SI nlyls (VL Jlows (6531 Wilaid S DLt il g (g Sl S
595 (55,31 Sl sline ay e yos SEOIS ] s oo Ses 5 1, 555 s 5l iy onle (slagsl g 2SI
JoS (nl a8 (o0 JonS a5 095 5l (5551 (2alS o 4 o8 (6998 (slayg iUl oy Aoy s s
Db ST iges Sy 4 (G985 (L plas 055 oo Djge WSl T 5l GMugn iib D jgon 655

ol 5515 ol plgreds oad JonS WS (lavgs
aS 005 o canlin (FY JS2) wgd ooy bogi
Eblo aigad | Sl 955 g3l (oolod )3 50,1900
oSol 55 ol gl (B 5 9gzanll gl oo
do )0 g S Al b aS o5 0yl SLSL Ll
) N =
S GFn s ErFFnls s JeS zaedsk
saslice 4.»...45..4 53)4 @ éla) )L..wa ‘5)).>| dbl l;

St g3 o o

| Aatie g 09>y kel ce dasuie 55 1) 05d oo

(keV) oS! 9833 55 71 So oSl g 65y m St O pais S5

il 1 digod SO 3l o abluw 1 sWoi p1 (655l &3 395 oo :FY STl - T T I e ae e
Caaly £ Yo _U"SJ“"S ”’f’é)f &P o g ol A 900 Q' )0 paie U‘ By o OMO‘)L«.; A 900
[PV] 0T e S sl g

el 0a 00ls rrdgi JalS jsbody alisee (slos )15 (sl uSol g5 Adgi idu 0 g b (aed dolsl o (braking radiation) e g5, pseke -)



able digei 5l aadin 5 (She 8 WSl 95p 09,5 93 2 eb oo oAbl diged gl 4 GgSU 5 &5 SLej b
O gy cnl e 5l ol 4 gin (nl layre 5l xSl lp Cwl 5l A5 (pl 4 az i b saigdi o
955 Gy 5lses Sl s o i ) sy Ysans u,ilil 955 5 Sl 5 b 4 35S

&S e |y o Sul lagin B osd o 00 IS

o (Sgiys (Sillsl ©
\ 4 - . .- o e e . N
Tocdeb 35000 00 )1 4 (puebliseg 2l Elsel e b b ol i gl a5 3l K0T 0 o S jsboay
oSl lagp 6550 o sl wb (99 Sl SlaosSing S 50 ooliinld g0 WSl 55 lagincisl ol oe
C«o.d 9 o».\.::r.:.u Lg)L}Lm as \)9.‘»‘54 [ J.a‘ U‘3| ».\.a..»l; asls (S'YL’ )Lu.«.a WJL»O 9 B8 4)944 )| LSJL:)J
lie gd oo s (g1l (slagSin Ko (53, » 5ol g Lo ST g5 g0 il anils GV Cd @
5L, 5T s 51 g0 g5 aS Iy el w55 555 (sloy398 (65 5] i sl 3 Jglaie a5 ¢ gl £45 o, Slas
WS o0 ) Sl 950 Eaedob e el 2
4 Sl o 2y 5 gae 65l a0 598 il 1 g 5yl &9 387 P
e gy Sy O s 655 s el 165 1 239 b
\ N e D e
‘ ‘ \ orankd lagiwids b bajlu ol ol sl o)l 45 .l
| b irss ] ob - 0950 5o g GAB L oS )0 L
\‘ ) oS by SO gl s yo g g oo Sl LQJT N
\ I -] o .
\ oSalgin Gl saod slaogis 55l 5 s b (So S ol cnl Nadios
diged 3l Jol> . . .
5285 (6,503l b el csliin 5L K0T 4 oy S0

w90

&l 539 b oo S (555 039 i ool 2B FF ISt odlable Sl g3y (6551 9 wad (oS by ol

WS o 5ol 1) 95 Dl g (1l ps WUl § 5 @ S (elajle (Kol iz g s ST diges
v

A2 o i gl g9 pl Slosls (> b FF IS . Wieh o 00l (EDS) (65 51 w9 piwinl

SN bz ol 5 cnl s 00 )15 4 ol sles o b oSGl 550 655 @s Jelate slagwciil
51 oslizal b 1y bl 5T ol S o (6ye5 sl 5oy lST (cUljdogs Slalad o bame 5,1 S i1 4o
e Ul o Sl lSC5T B3y 4y (5308 slalin 85 o il 8855 o S5 (135 € (slos 1) e 3555
Sl gy Sen 9 oo e )Sal GabSis Carge 5 00 8 mle gy 5o e al K00 (Slel g o
el e (FO JS2) il arsess B ol 1o a5 (onle 03555 Sy e b bajlo 85T g5 nl a4 e

)5 35 qle (3 b o3l 4y a5 Cenload 5k ol (655l @8 sl (ST 1 sagaz
Toedsb &5 mecieb o 598U SlagsSins oo 3 ooliitals 5o il 500 g5 1T 9o b &3¢ Ewinb
J5 ol s (6551 558 sloiancie | s Cand 5 oy 65l giaiib 33 cal ol (WDS)
L sisish 52 el ol 5o ol ol ol 5l 550 il 5 6ol 2 S o Sl 55 Y a5 )

¥
C0gd oo pSate (ol dygly b ols 45T e Jsb 4 azgs

1- Spectrometer

2- Energy dispersive spectrometer

3- Wavelength dispersive spectrometer
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1- Energy dispersive X-ray spectroscopy
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1- Elemental mapping
2- Braille
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1- Scanning probe microscope
2- Detector

3- Feedback loop

4- Atomic force

5- Tunneling current

6- Tip
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1- Atomic force microscope

2- Scanning tunneling microscope
3- Gerd Binnig

4- Heinrich Rohrer

5- Uncertainty principle

6- Quantum tunneling
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1- Constant current
2- Constant height
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1- Scanning tunneling spectroscopy
2- Surface manipulation

3- Don Eigler

4- Calvin Quate

5- Christoph Gerber
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1- Atomic force
2- Van der Waals forces
3- Johannes Diderik van der Waals
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1- Lennard-Jones potential
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1- Cantilever
2- Probe
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1- Beam deflection method

iy /Hemer! Arbote

GRS




903 o 1045

(VY] (03 (59 3 2 gSrg ySno S (61521 3l o0k o2y 50 S

S (59 P9SuwgySue (5,133 9:85 (s> g
S ppyas lize Glacdle (fjgm g wiged mhaw o (LAS o0 E95 g Hged gl 9 (39w Olae Bl Wl
1,le aliie ()15 Sl an (ol (695 (B0 gSg e el 00l iy pai (ol (595 SISy S 10
sy Sem (p9me S5 0 5 Aol £ IS | ol sl 5 smla b b Ly esmlas il 2l
L el cnl 51y s 50 diged mhaw 5 (g Ol S9ge GRSpan £95 G g g e 5 (o3l S
A o sl

ki I

RALP =25

Agogls ,Lidlusj, axilbe
\p
t

azsls 5&3}33

S

43l oy

£ 5 9 Aiged w9 (o031 (59 785 98w ;S0 (3 S'gh (o 5 Aol PP S
SLoorgSug S (618 Cilisio Ll duw 50 digad gehams 9 (339 Lo 992 90 (Ao 2
19

(65 Sl s el 5 oled ) Sl ol s e 4 S e end |y diga s (y35ms 45 (5500

Sl )3 0,5 (o0 o3 02385 diws Gl J1 50 5 098 o0 Sbml digeld v 5 (i S Olee (698 dals (595

058 > O 32,5 9 93U (59U adgl palie

1- Static mode
2- Contact mode
3- Dynamic mode

4- Non-contact mode
5- Tapping mode
6- Semi-contact mode
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1- X-ray diffraction (XRD)
2- Ultra violet

3- Gamma ray

4- Wilhelm Rontgen

5- Cathode ray tube (CRT)
6- Von Laue

7- Radiography
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1- X-ray tube
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1- Internal Ionization
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1- Absorption

2- Transmission
3- Reflection

4- Refraction

5- Diffraction

6- Diffractometer
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1- Quartz

2- Trigonal

3- Hexagonal
4- Cristobalite
5- Tetragonal
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1- Scherrer
2- Crystallite
3- Full width at half maximum
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1- Phase composition
2- Electron diffraction pattern
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1- Selected area electron diffraction
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1- Modeling

2- Simulation

3- Scientific model
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1- Three-dimensional Model
2- Structural model
3- Model organisms
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1- Mathematical model
2- Validation
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1- Relative error

2- Root-mean-square error
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1- Supercomputer
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1- TaihuLight
2- National Supercomputer Center in Guangzhou

3- Central processing unit
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