AOMIKH XHMEIA

H oxetikn dteuBETnon otov TPLoSLACTATO YWPO TWV OTOUWV
QIO TOL OTTOLAL ATTOTEAELTOL TO HOPLO.

I'vaLCouue TN Soun EVOC poplou otav vvaLZou LE TLC
oxz-:tLqu QTOULKEG BEoELC, 6n)\ ™n B€on kABe atopou tou,
O€ OXEON HE OAa Ta AAAQ ATopaL.
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AOMIKH XHMEIA

For structure elucidation are range of different methods are
used. One has to distinguish between methods that elucidate
solely the connectivity between atoms (constitution) and such
that provide precise three dimensional information such as atom
coordinates, bond lengths and angles and torsional angles. The
latter methods include (mainly):

* for the gaseous state: gas electron diffraction and
microwave specroscopy

* for the liquid state: NMR spectroscopy (note, obtaining
precise structural information from liquids and solutions is
still rather difficult compared to gases and crystalline solids)

* for the soild state: X-ray, electron and neutron diffraction

To identify connectivity and the presence of functional groups a
variety of methods of molecular spectroscopy and solid state
spectroscopy can be used.



Cam bridge Stru Ctu ral Database N Bq data leads the way for structural chemistry

Svructural Database reaches 1,000,000 siruciures . Find out more here.

(CD) nooooog
https://www.ccdc.cam.ac.uk/
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o 163414 Biological
m, , Macromolecular Structures
O Enabling Breakthroughs in
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' Single crystal X-ray diffraction (SC-XRD)

~ Nuclear magnetic resonance (NMR)

Cryo-electron microscopy (Cryo-EM)

According to the statistics of PDB (https://www.rcsb.org/), more than
120,000 protein structures resolved by SC-XRD, accounting for nearly

90% of the total. And there are about 12,000 protein structures obtained
by NMR.



https://www.rcsb.org/
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IHEPIGAAYXH
H kopoatikn @von Tov 9MTOS TO TPoOPAnua, n Avon

Light Intensity

WAVE PATTERN
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EYOYI'PAMMH ATAAOXH TOY ®QTOX

2OUEOVO LE TNV KoOMUeEPIVN HoC EUTTELPLN, TO PMC GOIVETOL GOV VO, TAELOEVEL
ev0vypappa pEYPL VoL GLVAVTINGEL KATO0 avTikeipevo. Ot 6KIEC TOL piyvouv ta
AVTIKEIPEVA, TO PG OO £V EOKO 1 0O TOLC TPOPOAEIS AV TOKIVITOV, Ol O TIOES TOL
NALOKOV @OTOC TOL EEMPOPAAEL AVALESH OO TOL GUVVEPQ KO O1 aKTiveg AEWEP TOL
YPNOLOTOI0VVTOL 6€ OEdaTa, OAO GLVIYOPOVV GE CLTNV TNV TOPUTIPNON

H yeouetpikng ontikn mwov otnpileton otnv €00LYpOULn 010006 TOV POTOG
Bpiokel MOALEC e@apUOYES, OTTMG: O1 GOKOL, 1) OUT Kol 1] AELTOVPYiC TOV LATIOV Kl
N YPNOOTOINGT) TOV OTTIKDV YUUAI®V Y1d TN O10pOmon TV TpofAnudtoy 0pacng
Koo kot o1 peyefuvtikol @okol Kot To LKPOGKOTIOL TOV YPNCLOTOI0VVTOL
cuvnBmg otn ProAoyia.




KYMATIKH ®YXH TOY ®QTOX

H, iH & I 4 ,..).JE%

(e} 4} [}

Otav 10 ¢ dEpyeTOL 0o Uio GYIGUN TNG 0Toi0g TO HEYEDOC
wpoceYYiCel N elval akOUN UIKPOTEPO A0 TO UNKOC KUUOTOC
TOV PMTOC, Tapatnpeitan To ovouevo s IIEPI-OAAXHX
(ONA. TO M KOATADVETO TEPL TNG CYICUNC)



TTEPIOAAZH

H xoumvinon kopdtov Ticm and aotopovy) ovIiKeileva, Kot 1 01dd0o
TOVG LEGO GTNV TEPLOYN TNG OKLAG

To @awvopevo g mepiBhaonc sivar Vo KOROTIKO QUIVOUEVO KUl LOVOV




Apxn Huygens

AXTIVES

s ENRELa
/o

oy

MeETema RUpaTos

(i)

AvTives
MéTame Zouaros
(b)
KadOz onucio evég uetdmov kBuotog coumepipiperal cav Ty )
EVOS OEVTEPEVOVTOS CPAIPIKOD KOUATOS TTOV TIPOYWPUEL UE q X
TOYUTHTA KO GOYVOTHTA [GES UE EKEIVES TOV TPWTEVLOVTOS X X
Kvpatog. Metd tqv mapooo Aiyov ypovov To HETWTO TOV ! G
r r r r I'é ‘» 2
TPWTEVOVTOS KOUOTOS EVOL N TTEPIPAALOVOA TV OEVTEPEDOVTMWV /) 4

CKOUATIOIWVY.

(a) #)



IHEPIOAAXH: Anoxlon amd tnv 000ypoppn
MOPELD, TOV POTOS AOY® ETUAAAOS KOUATOV

2oupmva pe v apyn tov Huygens kdbe onueio g oytoung
AELTOVPYEL GOV OEVTEPEVOVG A TTYT] KLUAT®V GTO YMPO.

Ta parvopeva mepiBrlaong cvuPaivovv Kopime dtav o1 O TAGELC TNG
OYIOUNC €lvan 16eC 1 UIKPOTEPES TOV UNKOVS KOUATOC A



HAekTpouayvnTiko Kupa

Phet: Radio_Waves_and_Electromagnetic_Fields

¢=3*101%cm/s

&GN > KaBeta tohavroopeva

3 (direction cl

Prosagsdon) KOPoTo TEdiov 6€ paon

/

c=fA
Ta NAEKTPOMOYVNTIKA KUpOTOL

glval eykapola.

H £¢vtaon | eivat avaAoyn tou E2
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Magnetic field

Electric field
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wavelength
>

A
amplitudeI/\ /\ /\ /\ /\
\/ \/ \/ \/ Fig. 1.1 A sinusoidal wave, show-
ing wavelength and amplitude.
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EnrolnAlo Kopdtov

Ao popa @aonC

A@=0 °

Ap=180°

WAVES SUM
IN PHASE ADDITION

o WA

ANTIPHASE

CANCELLATION

WAVE INTERFERENCE
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NEPIOGAAZH AINO MIA ZXIZMH
2 XIOUN EUPOUC a QwTIleTal aTTo ETTITTEOO [JOVOXPWHATIKO GWC Kal
£CeTACETAI TO OIAUOPPWHA TOU PWTOC O TTETACUA TOTTOBETNUEVO
o€ amooTtaon D amro tnp oxioun, ue D >> a
(rrepi@Aaon Fraunhofer: e€staderal 10 TEPIBAWLEVO QW O€
LUOKPIVI) ATTO0TACN ATTO TN OXIOWN, O€ QUTO TTOU OVOUA(OUUE
HOKPIVO TTEDIO).
Av TO TTETACHA ATAV KOVTA OTN OXIGHA, TO Olauop@wua TNE TTEPiIBAacn¢ TTavw Tou Ba

ATAV TTI0 TTOAUTTAOKO KdI aBnuaTikKa 1o OUOKOAO va avaAubei. H peAETn Tne epiBAacong
OTO £yyu¢ tredio eival yvwaoTh we mepiBAaon Fresnel.
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ITEPIOAAXH AITO MIA 2XIXMH

Mrnopodpe va Tpocotopicovue Tic OEcEIC TV pUeYioTOV Kol TV ehayioTov (Ta Oplo TV
KPOGG®YV), 6TO dlaLopmua tepibiacnc, eEeTdlovac To KOUATIOW TOV EKTEUTOVTOL
OEVTEPOYEVMG GTT GYLIGLT KOl YPTCLOTOIOVTOG TIC GYEGELS LETAED TOV QPACEDMV TOVC,
OTAV PTAVOLV GTO TETAGLLO.

Ot axtiveg mov dtadidovton TapdAANAc GTOV OTTTIKO AEOVA TOPAUEVOLY GE PAGT) Kol
TOPAYOLV EVOL POTEVO KEVTPIKO LEYLGTO.

[ va Bpodpe ™ B€om 10V TPOTOL ELGYIGTOL eKATEPMOEY, BE®POVUE TIC AKTIVEC TTOV
otadidovton v yovia 8 amd tov ontikd dcova. To mpwto eAdyioto Ba eppaviletal oe
yovia 0 yio tnv omoia 1 01popd 0pOLOV LETASD TOV AKTIVOV, TOV 0100100VTOL GE VTN
1 01EVOVLVON AAAA EKTEUTOVTOL OO TIC OVO AKPES TNG GYIOUNC, Elvat iom Ue Eval UKOG
KOUOTOG A.




ITEPIOAAXH AITO MIA 2XIXMH

H andotaom péypt 10 mETAGUA, TOL OLOVVEL OKTIVOL TPOEPYOUEVT] Qtd TO KEVIPO
NG GYOoUNC, Ba Tpémetl va eivat Katd A/2 HEYOADTEPT) OO TNV AVTIGTOM
anOGTOGCT], TOV OLOVOEL AKTIVA TTPOEPYOUEVN A0 TO KATM GKPO TNC GYLOUNG,
£T01 MGTE AVTEG 01 OVO aKTiveS va cuuPdiovy availpetikd. To 1010 Ba 1oyveL Ko
yio Eva GALO, YEITOVIKO, CEVYAPL OKTIVOV TOV TPOEPYOVTOL OTTO YELTOVIKA,
OTNUELD TNG OYIGUNG, LETOTOTIGUEVA AlYO TTPOC Ta TAV®. ‘OAa avtd ta Cevyn
aKTivov (LE dtapopd dpOLov ®¢ TO TETacu ion e A/2), Ba avaipodvio
TANPOG KOl EMOUEVOS OEV DO VTTAPYEL PMG GE AVTO TO ONUEIO TOV TETACUATOC.

EAGyIOTO TTpWmg Tagng
Emouévme £yovpe 6KoTEIVO
KPOGGO OTAV:

S i ™" Kevipiko péyioTo ES“’] 9 =M i
2 2
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IHHEPIOAAXH AITO MIA XXI2XMH

Diffraction Pattern
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IHHEPIOAAXH AITO MIA XXI2XMH

Av 1 amOGTOCT TOVL TPWOTOV
elayioTov and To iyvog Tov
OTLTIKOV AEOVO, GTO TETAGLLO,
gtval y, tote:

L " EAGy10TO TIpWmC TENC

y

N KevTpIKO PEYIOTO

y=Dtan0 =D smmf = Dia

i y Méraopa

E1dwd yio 1o 1° ehdiyroto mepibioong (OnAh. yiom =1)
sSind = Ma
KOl LE TNV TPOCEYYIoN WKPNC Yoviag SIn 0 ~ 0 (og rad)
(1oyvel Tavta Yo mtepiOiaon Fraunhofer)
0=Na

0: n yovio peta&d e evbOypopuung diddoong g tpoonintovsag déounc kot (Yoo m = 1)
¢ epuedviong g 1ng oxotevng meploync (eAayiotov) oto TpdTLTO TG TEPIBAUOTC



NMEPIOAAZH ATNO MIA ZXIZMH ke

a smé=mh (erdypota mepiBAUONC)

[0 MIKPEC YWVIEC (SINB ~ 8 ) TO YWVIOKO
AVOIYHO TOU DIQUOPPWHATOC TTERIBAACNC cival
AVTIOTPOPWC avAAOYOo TOU AOYOU TOU £UPOUC
TNE OXIONNAC O TTPOC TO UAKOC KUNATOC A.

@ = ANa

AUTO €ival Kal TO EUPOC TOU KEVTPIKOU
MEYIOTOU.

Av TO @ gival TNE TAENC MEYEBOUC TOU

EKATOOTOU I MEYOAUTEPO, N Ywvid 6 gival Toco

MIKPR TTOU UTTOPOUME Va BEwpPRooUlE OTI OA0
TO QWC €ival CUYKEVTPWHEVO OTN YWVIAKNA
£CTIa.

AV TO a gival NIKPOTEPO TOU A, TO KEVTPIKO
MEYIOTO £XEI YWVIAKO dvolyua 180° Kai n
ywvia TTepiBAaong dgv gival duvaTd ouTe KAV
Va TTapaTneEnoEi.
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NEPIOAAZH AINO MIA ZXIZMH

EUpOC TOU KEVTPIKOU [eyioTou: 8 = A

000 MIKPOTERO gival TO EUPOC TNEC OXICUNG TOOO EUPUTEPO Ba gival TO
TTAPATNPOUMEVO OXEDIO TWV KPOOCWYV O £VA ATTONAKPUOHEVO TTETACHA.
AVTIOTPO®A, OXIOCHEC TTOU TO EUPOC TOUC €ivadl TTOAU JEYAAO, CUYKPITIKA HE TO
MAKOC KUMOTOC TOU TTRPOCTTITITOVTOC PWTOC, divouv HoOvVo éva apudpo oxéEdio
KPOOCWYV KOVTA OTN YEWMETPIKN OKIA TWV dKPWV TNE OXICHNAE, XWRIC va
TTAPATNPEITAI KAVEVA AAAO QAIVOUEVO TTERIBAQCNC.

| Wide slit

| Narrow slit
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IHEPIOAAXH AITIO MIA XXI2M

plane
wave f

The longer wavelength
red light i1s diffracted
more than the shorter
blue wavelengths.
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Phet : Wave Interference

https://phet.colorado.edu/el/simulation/legacy/wave-interference
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wave-interference_el.jar

MEPIOAAZH ZE KYKAIKO ANOIIMA

To OlauopewHa TTepiBAacnc pakpivou Trediou (Fraunhofer) amo eva
KUKAIKO AVOolyHa cuvioTaTdl 0€ EVA KEVTPIKO PEYIOTO OTO OXNAMA KUKAIKOU
BioKOU, YVWOTO WC SIoKOC Airy, TToU TTEPIBAAAETAI ATTO OUOKEVTPOUG
KUKAIKOUG KPOOGOOUG. To YWwVIAKO Aavolypa Tou Oiokou Airy (ywvia TTou
TTAPATNPEITAI TO EAAXIOTO TTPWTNG TAZNG) OiveTAl ATTO:!

dsin6=122A
OT1TOoU d N OIAUETPOC TOU KUKAIKOU QVOiyUaTOC.
H €évraon Tou PeYIioTOU TTPWTNG TAENG €ival TTOAU TTIO MIKPN (< 5%) aT1Td QUTH TOU

diokou Airy.

G|




IIEPIOAAXH XE KYKAIKO ANOII'MA

Circular aperture m values for:
' P ; Minima Maxima
sing= 22 1 1220 1635
d 2 2.233 2.679
d = aperture diameter 3 3238  3.69
v=[) ﬂ for maxima and minima
' d
Relative
Intensity Relative Relative
0.0175 Intensity Intensity y :
0.0042 0.00078 B =tan@ =sinf =6

for small angles 6



MEPIGAAXH — TO MTPOBAHMA
AIAKPITOTHTA (RESOLUTION)

Ac eCetdloovue TOPO TNV TEPIMTMOOT] OVO AVTIKEWEVOV TTOV Ppickovton G
KOVTIVY] amOGTacT) LeTay TOLG.

O oynuoTiocldg E10MA0L KABE AVTIKEIUEVOL OO £VOL OTTTIKO GUGTN L0 DTOKELTOL
c€ OlUOpPmaon epiOiaonc.

Otav ta 600 avTikeipgvo givat TOG0 KOVTA HETAED TOVE, MOTE o1 diokotl Airy
TOV GYNUATILOUEV®V ELOMA®Y TOVC VO ETIKOADTTOVTOL, V0L TOAD OVGKOAO VL
OlaKpivov e av TPOKELTOL YL OVO avTIKEILEVA 1] LOvVo €va. H amodekt
cLVONKM Yo TN O1AKPLGT] OVO TETOI®Y AVTIKELEV®V EKQPPALETOL ATTO TO
kpitipro Rayleigh. Ado avtixeiuevo Bo. eivor poAis o10kpita OTaV T0 KEVIPIKO
UEYIOTO TOV EIOMWAOD TOD EVOG ETIKOADTTEL TO TPWTO EAGY10TO TEPLOLOONS TOD
ELOWAOD TOV dALOV.

Unresolved
Resolved Rayleigh
Criterion




Rayleigh
Criterion

Resolved

IHEPIOGAAXH - TO IPOBAHMA
Iepropiopog TS OLEKPLTOTNTOS
Ano v dsin 8 = 1,22 k (yio. KOKMKO
avoryna) to kprtmpio Rayleigh uropei va
YPOPEL OC: 1,221

emin d
Omov, N O, EKEPALEL TNV eAdy10TH YWVIOKH
oraywpion (6€ aKtivia) (eAdylotn Yoviak
andotacn 0, mov oynuatiCovv 6000 TNYES UE
KOPLOT TN OYIoUN £TGL WOTE UOALC Vo Eeympilovv
0. 500 £l8wAG Tovg) TV dVO aVTIKEIUEV®VY Kot d
glvor 1 OLAUETPOG TOL KLUKAIKOU 0VOTYLATOG.

2NV TEPITTMGOT) TOV Ol AKTIVEC OLEPYOVTOL OO GYLOUN] EVPOVS &, TO
TPMTO EAAYIOTO UG EIKOVOC TTEPIOAAOC aVTIGTOLYEL 6T YOVvia 1 omoid

IKOVOTIOlEL TN OYEO:

sin 60 = — Av16 ivar To 6pio
a

O1dKkpiong (Yoviokn

Ko emopévag: 0 puepd, sind, = 0, (rad) 6, = — dwkprrdémra) dbo eiddrov

oo Lo GYLoUT] EDPOVCE O



IHEPIGAAXH - TO IIPOBAHMA
Iepropropog TS OLEKPLTOTNTOS

Kpitipio Rayleigh - Kvxiko avoryua owauérpoo d

Kukhko d1agpaypa

(k)
OlpETpoud

(B)

\~~~

AUO acr(guq;wvg; NéTaopa
ONPEINKE ¢ TTHYEC
(a)

(v)



IHEPIGAAXH - TO IIPOBAHMA
Iepropriopog ™S OLUKPLTOTNTOS

Kpitipio Rayleigh - Xyiocun ebpouvg a
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A2XKHXH

H owdpetpog g k6png tov potov petaPdiieton petald 4 kot 1,5 mm.
Mnopel To HdTL Goc vo O1oKpivel Gav EEYMPIGTES OVO TEAEIEC GTOV TTivaKoL
OV AITEYOLV HETACD TOVG 3 mm, 1] Oyt Kot Yiati; O mivakag ameyxel 10 m

amo €66, YmevOouileton OTL TO QM EXEL um(n Kvponoc_; ugwév 400 nm Kot
800 nm. | : | |

AYXH L
sin6=1,22-A/D

To 0p1o dwakp. wavotntog Oa eival
LKpOTEPO Yio. Min A (400 nm)

Kot max D (4 mm).

[o pukpég yovieg Sind ~ 6 ~ x/L
apax=0-L=122-AL/D=1,22-400nm-10m/4 mm =122 mm <3 mm
Apo, LTOPOVUE VO, OLOKPIVOVE TIC TEAELEC GOV EEYMPLOTEG

AXKHXH

[Towa givan n EMdIoTN ATOGTACT TOL UTOPOVV VA EYOVV 2 TEAElEC TAVE® GE Eval
yopti oL OB AleTe MOTE va TIC OlUKPIVETE;



EAQy161N omdoToo OGTE va lval O1oKpLTd 000 AVTIKEILEVOL

D(0) = 1,22 (AL/d)

: D(0) = 0,056 mm

(mepropiopdg and andotacn EmMTOHTOd0YEDY
 otov apeipAnotpoedn) ~ 0,1mm

NA = (n)sin(p)

Figure 2 , ,
w rem il (10avikeg cuvhnKeg)
) (c) p = 60°NA=0.87 D(O) —_ szum

AT TA

~u

(a) (b)

H ovuponc mepibroon tov pwtoc omo tovs pakxois Hetel eva
Op1O OTNV WPEALUN UEYEODYVON TTOV OWTOL ETITLYYAVOVY
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IHEPIOAAXH — H AYXH

To dwopnopemne TeplOLaong teplEyel TANPOPOPIEC Yia
TO GYNUO TOL OVOTYLLOTOC.
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IHEPIGAAXH - HAYXH
To owapopeope TepiBhaong meplEyel TANPOPOPIEC Vi TIC
OLGTAGELS TOV ALVOLYLLOTOC.
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Measuring the Diameter of a Human Hair by Laser Diffraction

Example Calculations

Example for the 1*' order (m=1) band for a HeNe laser 1 = 633 nm. and screen distance of
D=15m.

d, = (633 x10” m)(1) (1.5) /(0.02 m) =4.75 x 10° m or 47 Lm
Example for the 4% order (m=4) band for a HeNe laser | = 633 nm, and screen distance of
D=15m.

ds = (633 x10”° m)(4) (1.5) /(0.0575 m) = 6.61 x 10° m or 66 um

http://lwww.jedc.org/stemak/sites/default/files/Measuring%20the%20diameter%200f%20a%20hair%20using%20a%?20laser.pdf



ENTAXH XTHN EIKONA ITEPIOAAYXHX AYO XXIXMON
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ATAMOPO®OQMA TTEPIOAAYXHX ATTIO MOAAEX AENTEX 2XIXMEX

Av 10 TA00¢ TOV GYLGUAOV, 01 OTTOLES £YOVV TO 1010 VPO KO draympilovTon 0o
TNV 1010 0TooTOaoN, AVEN0EL TAV® GTTO OVO, 1) EIKOVO NE TIC PMTEIVES KOl GKOTELVES
TEPLOYES OV Oa amoTVTMOEL TAVOD 6T0 TETAUGHO O gtvon o ToAvTAok. H
KOTOVOUT] £VTUOS, AMOY® TEPLOLaoNS o€ KAOE oyionn, eEakolovOel va sivar 100 pe
avT NS TEPiBrLaong amo pa oytopu). AVTo IOV GALGLEL GTNV TEPITTOGCT TOV
TOALUTTAMV GYLGUMV ELVOL 0TL HEGU OTIS TEPLOYES TOV HEYIOTOV TEPIOhaong
OVOTTUGGETOL AOY® GUUPOA)C N0 AETTOUEPESTEPT KUTAVOUT) EVTAGENOVY, U0 GLTNV
OV ELOUUE GTIV TEPITTOGCT] TOV 0VO GYLOUOV.

O YoOViokEg 0615 TOV QOTEIVAOV KPOSo®V cvuforn)c, aveCaptnta amo to mA0og
TV GYLOROV, ELVAL O 101EC HE AVTES TOV TPOGOLOPilovTaL 0o TNV Tponyndeica
eEloMoN Yo TNV TEPITTMGT TOV V0 GYLGUOV, ONA0.O1):

d sinfd = m/
6mov d 1 Ko TIun ¢ amdeTacTC TOL dtoymPilel kAOE CeDYOC YEITOVIKMY GYLGLUMV
Ko M givat o aképatog wov kKabopilel Tnv TAEN TN cLUPOATC.
H e&icmon avt e€dryeton OO0 LE TNV TEPITTOOT] TV 0VO GYIGUDV, POV OV M
oL POPE OPOLLOL Y10 TO MG OO OVO YEITOVIKEG GYLOUES Elval mA, TOTE Ko Yol KAOE
Cevydpl GYIGUOV, YELITOVIKOV 1 U1, 1 O10popd OpOLOL TOV ¢mTOg Ba elvor KAmTo10
aKEPALO TOAATAGGLO TOV UKOVES KOUATOG TOV.



ATAMOPO®OQMA TTEPIOAAYXHX ATTIO MOAAEX AENTEX 2XIXMEX

d sinG = mA

AnA. To pé€yioto 6T0 OOUOPPE®UM ELEAVICOVTUL OTIC [01EC BEaels OTMG
OTNV TEPITTOGT dVO GYICUDV TOV OTEYOVV amdcTac d.

Onmg amodsucvioeton, OUMG,

- TO LEYIGTA £YOVV TOAD UIKPOTEPO EVPOC (060 TEPLOGOTEPES ELvaL OL
oywonés N 1060 0vtEpa Tapovosralovtor To néyweto tepidiaonc. To
Oyog ka0s peyiotov sivor N? eved 1o gopog tov 1/N) evod

- uetalL KAbe Cevryoug ueyictmv dev eu@aviCetal LOvo Eva eEAAYIOTO
évtoong aAld N-2
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ATAMOPOOQMA IMEPIOGAAYXHY ATIO ITOAAEX AENITEX XXIXMEX

LlepiOroon amo 3 GYI6UES OOV POIVETOL EVOL OSDTEPEDOV UEVIOTO EVTIOOHG,
AVOUEDTQ. OTO. KUPLO. UEYLOTO, TTOV TTOPATHPOVVTOL
KOl OTHY TEPITTWon TeplOlaonS amo 00O GyIoUES.

LlepiOioon omo 4 eyioués omov paivovior 000 0eVTEPEDOVTO UEYITTA
OVOUEDO, OTO, KOPLO. UEYLOTO.

LlepiOroon aro 23 Gy1ouES OTOD POIVETAL YOPOKTHPLOTIKG, TO OTEVELO, KO
N QOCHON TNS EVIAOHS TV KOPLWYV UEYIOTMV.
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OPAI'MATA IIEPIOGAAYXHX
2VGKEVEC OV £YOVV UEYAAO TANO0C, TOAD GTEVOV, GYICLMOV TOV
otaywpilovtal amd amocTAGEIC GLYKPIGIUES LE TO UNKOC KUUOTOC TOV
0patoV PMTOC. Ta KaADTEPA PPAYLOTO Y10 OPOUTO PMS EYOLV TAVE® OO
10.000 oytouég ava ekatooto (1 AmOGTAGELS LETAED TMV CYLGLLOV
LKpOTEPES 0o 1 um).
Ta epdypota tepiOhaong oivovv ToAd 0giec KOPpLPEC GLUPOANC Kol £TCL
0TV TEGEL GE QVTA LOVOYPOUOTIKO PMS, OTMS QMG 0o AE1LEP, 1 EIKOVAL
nepibAaong Oa sivon Lo Gelpd amd HiKpES knAdeg, kabeuio amo Tig
OTO1EC AVTIGTOLYEL TNV TAEN GLUPOANGC TOV TEPLYPAPETUL GTNV EEICMGT
d sind = mA.




OPAI'MATA IIEPIOAAYXHX

H npaktikn ypnowdtnta tov epayudtov tepibilaong Ppicketal oty
TKOVOTNTA TOVG VO 0VUADOLY TTOAVY POUATIKO QOC G AVAADTES PACUATOG.
2oupova pe v e&icmon d singd = mA, yio dedouévn anootoon d petald tomv
oYIoUOV N Yo To avtiotpopo peyedog (1/d) mov sivarl yvwotd ¢ eralbepa
PPaAyuoTog Kol ekPpalel Tov apliud TOV GYICUOV avA LOVAd UNKOUC,
OLOLPOPETIKA UNKT] KOUOTOS POTOC TEPLOADVTOL GE OLOPOPETIKEC YMVIEC.
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OPAI'MATA IIEPIOAAXHX

Ta ppayuoto pmopodv ETOUEVHOS VO AEITOVPYTICOVV OTIMC TO TPICUATA, 0ONYDVTOS GTOV
OLOYOPICUO TOV POTOC GTA YPDOUOTO TTOV TO ATOTEAODV KOl GTNV TAPAY MY TOV
PATLATOC TOV.

2oupova pe v eEicmon d Sind = MA, to pm¢ pe to. LEYOADTEPO UNKT KOLOTOG O
TePOLATAL OTIC LEYOADTEPES YMVIES.

Avtifeta, oToV O10Y®WPIGUO AEVLKOD PMTOS 0o Tpioua, OLBAATOL TEPIOGOTEPO TO PMG
UIKPOTEPOL UNKOVE KOUATOS AOY® TNG EAPTNONG TOL dgikTn O1ABANGNC Amd TO UNKOC
KOUOTOG (O10GTOPA DAIKOD)..
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OPAI'MATA IIEPIOAAYXHX

To ppayuo mTapayel Eva. 0L0KANPoO pdouo oty Teproyy Kabe talng ueyicTov
OOUP OIS, EKTOS OTTO TO KEVIPIKO UEYIGTO (UNoeviky Ttaln), Omov cvouPoaivel
VEPOEGT OA®V TOV ¥POUATOV. ZTN QUCUATOCKOTIN, TO QMC OO Lo TNy,
a@oV evbvypauuiletal, katevbovetal e Eva EPAYUO MGTE ATO TNV aviyveLon
10V TTEPIOAOUEVOL P®TOS Va. avaivBel To pdcua Tov.

Arouopoauo. tepibloonc mov oynuotiletal
otov Eva ppayuo. torobetnbel urpoorta oe uia
OY1OUN TTOD EKTIEUTEL AEDKO PG. 2TO GYNUO.
POLIVETOL, OPIOTEPA TOD KEVIPIKOD UEYIOTOD
POIVETOL TO UEVIOTO TPWTHS TACHS OTTOD
TOPOTHPEITOL EVO. ODVEYES YOO YPWUATOV.

The diffraction grating is an immensely useful
tool for the separation of the spectral lines
associated with atomic transitions. It acts as a
"super prism", separating the different colors
of light much more than the dispersion effect in
a prism. The illustration shows the hydrogen
spectrum. The hvdrogen gas in a thin glass
tube is excited by an electrical discharge and
the spectrum can be viewed through the

grating.




OPAI'MATA IIEPIOAAXHX

Spectra of sources of yellow light

The photo below shows the spectrum of two LED.

- The lower one is a yellow LED with peak A around 587 nm.

- The upper is a combined red/green LED that has an individual red and
green LED connected with reverse polarity. When driven by an alternating
voltage, the red and green LED will flash alternately. If this occurs more
rapidly than the photoreceptors in your eye can respond, you will see the
average of the two light sources, i.e. yellow.

Although their images in the central slit both appear yellow, their spectra
can be seen to be quite different.




OPAI'MATA IIEPIOAAXHX

In this case the yellow colour is producing by glowing particles of
carbon that produce classic black body radiation. (The candle flickered
noticeably during the one second exposure required for this photo.
hence the overlap of colours in the spectrum). he spectrum of a candle
flame. In this case the yellow colour is producing by glowing particles
of carbon that produce classic black body radiation. (The candle
flickered noticeably during the one second exposure required for this
photo. hence the overlap of colours in the spectrum).




OPAI'MATA IIEPIGAAYXHX
Spectra of sources of white light

the spectrum of a high efficency flourescent bulb

the spectrum of a white LED bulb

the spectrum a conventional incandescent bulb, showing
the continupous spectrum of black body radiation

-~




DOPAI'MATA IIEPIOAAYXHX
Spectral changes with increasing temperature

The sequence of 4 photos below show the spectral changes produced by
Increasing the temperature of a torch bulb by increasing its voltage.




OPAI'MATA IIEPIOAAXHX

Y ndpyovv 000 Bactkol TUTOL TETOIWV OTTIKOV QPAYUATOV: @payuoTo.
O1EAEDONS, OTMC OVTA TOV £YOVUE ECETAGEL WG TOPO KOl PPAYUATO
AVAKLAGHS, KOTOOKEVUCUEVO LUE TTOAAEC AETTEC YOPAYEC TAVE® GE
KOTOTTPIKN ETLPAVELQ.

The tracks of a compact disc act as
a diffraction grating. producing a
separation of the colors of white
light. The nominal track separation
on a CD is 1.6 micrometers.
corresponding to about 625 tracks
per millimeter. This is in the range of
ordinary laboratory diffraction
gratings. For red light of wavelength
600 nm. this would give a first order

diffraction maximum at about 22° .




IHAHPO®OPIEX AITIO IIEPIGAAXH

To dwopnopemne TeplOLaong teplEyel TANPOPOPIEC Yia
TO GYNUO TOL OVOTYLLOTOC.
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EIKONEZ NEPIOGAAZHZ (Diffraction patterns) 1-D
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Diffraction pattern fram a one dimensional grating with finite width
slits. The pattern is comprized of a 'comb’ function (fram the array
of slits), onto which a narrow sinc function 1s convoluted (from the
finite width of the grating). The whale pattern is enveloped by a
wide sinc function, shown as the dotted line, which arizes as a
result of the finite slit width.



EIKONEZ NEPIOAAZHZ (Diffraction patterns)
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EIKONEZ NEPIOAAZHZ (Diffraction patterns) 2
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EIKONEZ NEPIOGAAZHZ (Diffraction patterns)  3-D
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