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A. Ozopia

1. T'evikég 1010TNTES TOV Laser - cvykpion pe ovppoatikég anyés ¢oTog

H Aé&n LASER mpoépyeton amd ta apykd (omv AyyAkn yAoooa) tov Aégewv Light
Amplification by Stinulated Emission of Radiation, mov onpaivouv evicyvomn ewtdg
pe eEavaykacuévn EKTOUT akTvoBoAlag.

"Hom and 1o 1917 o Albert Einstein eiye ogi&el T dvvarotnta dmapéng g Aeyopevng
e€avayKaopuévng ekmounng oktivofoiiog omv omoio otnpiletal n Aettovpyio TV
Laser, oAAd poAg o 1960 o T. H. Maiman nétvye npdtog ) Agttovpyio Laser Pov-
umwviov. Evo n avompn avdivon tng Quoikng tov Laser givor apketd 60oKoAN, N
Baoctkn apyr| Aeltovpyiag Kot 1 KOTAGKELT TOL glval oyeTkd €0KOAN Kol avToS gival o
Adyog mov dnuovpyel v amopia yiati kabvotépnoe oto Eekivnud g n epevpeo
tov Laser. [Idvtog n avdntuén tov Laser and 1o 1960 kot mépa vanpée ekmAnKTkd
paydaio, evd onpepo mapovotdlovrol vées epapuoyés Tov Laser oyedov kabnuepvd.

Onwg npoavaeépape, oto Laser ypnowomoteitar to @ovopevo g e€ovoyKocUEVNG
eKTopTnG axtivoPfoAiag oe dmyepuéva dropa VAIKOV. Avtd odnyel o€ mopaymyn o-
TTIKNG oKTVOBoA0G OV SLopEPEL OPACTIKA OO EKELVT TOL EKTEUTOVV Ol GLUPATIKES
mYES PTOS, TV 0moiwV 1 Asttovpyio oTNPileTOl GTO POUVOUEVO TNG WOOPUNTNG EK-
TOUTNG aKTvoBoMMag.

[Ipdypatt, av cvykpivoope v aktvofoiio evog Laser, onwg m.y. €éva pkpo Laser
He-Ne 1oy0og 1 mW, pe v aktivofolrio pog AAUTag TupaKT®ons 1 €vOg oAV
@Bopiopov, Ba dodpe 6TL N SloPopd GTNV TOLOTNTA TNG ONTIKNG OKTIVOBOALOG TTOL €K-
TEUTETOL GTLG dVO TEPIMTMOGELS £Vl KOTATANKTIKE peydAn Kot to g tov Laser v-
neptepel o€ T€00Epa onueia : TNV KOTELOLVVTIKOTNTA, TNV £VTAGT), TNV QUOCUATIKI)
KoOapOTNTA KL TV GURQOVId.

Av avagepBovpe oty KatevOuvTIKOTNTA, PAETOVE OTL pia GUUPBOTIKY TNY EMTOG
(.. AMapmo TupAKTOONC) eKTEUTEL aKTIVOPOAIN G€ OAEC TIG S1EVOVVGEIC PE OVADLOAN
Katavoun eotofoiiag. Avtifeta n axtwvoPoiia and €va Laser eivan mepropiopévn
avoTNPAa og pio AemTh €GN LIKPNG EYKAPGLog dtatopns (Tng Tééng Tov evog mrad).

MMivaxag 1

Xvykpron Laser He - Ne pe copfoatikég nnyég

Aoapntpog Laser He - Ne Adbyog
[Mvupdxtwong Laser/Aaumntipa
YVVOMKY 0KTIVOBOAOVIEVT 1G5Y0G 100 10° 10°
eEdoov (W)
‘Evtaon oot. aktivoBoiiog 1.9X10° 6.5X10° 3.4x10°
(Watts/m?)
Aopnpdtnra (Watts/m” x sterad) 6X10° 2.5x10° 4.2 x 10
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Edv ocvykpivovpe v évraen g ootevng aktivoBoriag (T TG pong e POTEWVNG
EVEPYELWOG OVAL LOVADX ETOAVELNG) 1| TN AAUTPOTNTA (T TNG EVTOONS TNG POTEIVIG
axtvoPfoAiog avd povada otepeds yoviag) yuo Tig 000 Katnyopieg g akTvoBoiiag,
TOTE aKOpa kot Yo éva Laser youning toyvog (6nwg 1o Imw Laser He - Ne) n vrepo-
M Tov glvar gpeavng, Ommg eaivetal ko otov Ilivaxa 1.

XopaKTNPIoTIKG, oOvapEPOLHE OTL evd 1 Aopmpdtnta tov fHAov eivon 1.5X10°
Lumen/m’ Sterad, N avtiotoyn T Aaprpdmrag v to ImW Laser He - Ne eiva
2.04x 10" Lumen /m’ Sterad, dniadf 136 @opéc peyokbtepn amd Tov Hitov.

H tpitn 101610 61NV omoia to Laser kot o1 cupPartikég mnyég dapépovv givarl n ga-
opatik) Kafapotnta. Evd onAadn pio AQpmo Topdktmong 1} Hiol OTolodnmoTe GAAN
YN OTOS EYOLV [0 SIEVPLUEVT TTEPLOYN PAGHOTOS (1] AAUTO TUPAKTOONG T.X. EXEL
ovveyég edopa amd mepimov 300 nm puéypt 2.000 nm) (Zynuo 1), to Laser givor pio

laser He-Ne

P+

AGUTTO, TVOPAKTMOONG

04 07 1.0 15 20 Aum)

Iyua 1. @acuoaticy arokpion loumog ropdxtwong kot laser He-Ne.

QVGTNPA LOVOYPOUATIKY TNYT GMTOG TOL akoun kot yia évo omAd Laser He—Ne pmo-
pei va otabeporombel oe pia cvuyvotnta otabepn pe gvpog 1 Mz. "Etol oto moapamd-
vo Laser n ekmoun] omtog yivetoan ota 632,8 nm mov sivon mepimov 5 x 10" He,
TPAYUO TO OTOI0 OVTUIPOCOTEDEL [0, PACMATIKY KaBapdtnra 2 pepdv ot 10

( IMH, 2
5x10"“H, 10’

paktmong 100 W n tiun g pong g evEPYELNS avd LoVAda ETLPAVELNGS, OV LOVADQL

j . Evdewctikd avagépetor 0Tt Yo pio cvpPotikny Aauma mo-

oTEpedc Yoviag Kot avé povada suyvotntog sivar 1.4 x 107" W/m? sterad - H,.

H avtiotoym tun ywo to Laser He - Ne ImW  givon

2
25x 10" wn?sterad - H, . Biémoope 6mt m Ty ywo to Laser stvon
1.8 x 10" UEYOAVTEPT] GE GUYKPLON UE TNV OVTIOTOUYN T SVUPATIKNG AdpTOg.

Exel 0pwg mov 1 axtivoPoria tov Laser vreptepel eKTANKTIKG G€ GYEON LE TNV OKTL-
voBoAia cvpPatikdv mydv elvar to tétapto onueio, oniadn n copeovia. H cop-
eovia gtvat éva PETPo NG £KTOoNG TNV omtoia 1 @don ¢ axtivoPfoAiag dtatnpeitot
otafepr| o€ JPOPETIKA OMLEIN GTO NAEKTPOUAYVNTIKO TTEdIO OV OMovpyel N aKTi-
voBoAia.
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Edv Bewpnoovpe aktivoBorio mov S1adidetar vwd TOmO pog déouns, (Katd o ov-
YKEKPEVT O1EVBVVOT) TOTE UTOPOVUE VA SLOKPIVOVUE VO TOTOLG CLUP®VING: TN
¥POVIKN] ovp@ovia (temporal coherence) kot T Y®PKR ovp@evia (spatial
coherence).

AvopepOLOOTE GE YPOVIKT GUUP®VIN, OTaV Taipvovpe onueia, pe otadepn dapopd
Qaons, Kotd pNKog g o1evbuvong 014d00omG TG PMOTEWVNG OECUNG, EVD LUAGUE Yol
YOPIKY GLUE®Vio OTavV Toipvovpe onueio EnEvVe 6To HETOTO KOUATOG TG OKTIVOPOo-
Moag kot kdBeta Tpog T d1evhuvvon dadoong TG PwTevng déoune. IToto avaivTikd :
Onmg Ba dovpe KOl TOUPAKATO GTO UNYAVICUO TNG EEAVAYKACUEVNG EKTOUTNG OKTIVO-
BoAlag mov amoteAel To YapakINPIoTIKO TG axtivoPoiiag Laser, éxovue tnv exmounn

S VAVAVAVAVAVAVAVAV
oV u[?;)ﬂm’] /\/\i/w /\/\/W /\/\/W /\A/w

myM eeTog

Zynpo 2

aKTVOPoAlaG VIO pHoPPT EVOG OO1AKOTOV KLUOTOGLPUOD HEYAAOL HAKOLG (Zyruo
2a). Avtifeta n eotewvn) aktivoforio amd cvpPoatucés mnyég opeidel T dnpovpyio
™G 6’ évav GALO unyaviopo mov evepyel avtopoto: Tnv avbopuntn exkmouny okti-
voPoAiag. Omwg Ba dovpe Kot mopakdto otnv avfopuntn ekmouny| axtivofoiiog,
EMEON o YiveTon KOTA TVYXOLO TPOTO, dNUOLPYOVVTOL UIKPOV UKOLG Kot aveEap-
NTOLl HETOED TOVG KLUOTOGUPOTL EVEPYELNG LLE TOVS OTOI0VG KO O1aOIdETOL 1 AKTIVO-
Polia pwag copPatikng myng eotog (Zyxiue 26).

Eivatr pavepd, 611 m dapopd @dong peta&d tov onueiov A kot B oty axtivoPoiin
tov Laser Oa eivar ypovikd otabepr] (Zynua 20) €p’ 660V avTd amoteAovV onueio
7oV Ppickoviot XAV 6ToV 1510 KLUATOGVPUO.

AvrtiBeta, o€ ion andotaocn, onueia A ko B endvo og kdpo mov mpoépyetal amd o-
KTvoPBoAio cupPatikng TYNS EMTOS, M Seopd PAcNS dlakvpaiveTal TVYi0 LE TO
¥POVO 0ol Ta onUEin oL TA PPICKOVTOL TPOKTIKG GUVEXDS GE SLOPOPETIKOVS KVUOTO-
GLpROOG (Zynpa 2P).

H péyiom andotaon tov onueiov A kar B ota onoia 1 cvoyétion e edong otatn-
peitat, avagépetor cav pRkog sopeoviag l. (coherence Length) g aktivoBoliog
Kol amoterel Eva HETPO NG YPOVIKNG cvppwvias. 'Etotl fAémovpe 6t 1 aktivoPorio
Laser €yet éva peydio pnkog coppwviog oe oyéorn pe v aktivofolio and pio cop-
Botikn Tyn eoto6. Emiong and tov tpdmo diddoong g axtivoPoriag, eivar pavepd
0Tl 0 ¥pOVOG GTOV OTOL0 1 PACT GE €V GLYKEKPLUEVO GNUEID TOV KUUATOS TNG OKTL-
VOPOALNG CUUTEPLPEPETAL OLOAG, LE TNV AOYIKT dNAOON TNG Un TUYai0g SLoKOUAVOTG
Le to xpovo, etvor akpPdg o ypodvos mov ypeldleTol Yo vo TEPACEL O KUUOTOGVPUOGS
TO oLYKeKPIEVO onueio. O ypdvog avtdg eivat yvootdg cov ypovog copeviag T,
(coherence time) tng axtivoPoAiog.

Meta&i Tov ¥pOvoL GLUEMVINS T KOl TOV UNKOVG svueoviog . 1oyvel n oyéon :
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Te = (1)

OOV ¢ M TOYVTNTA TOV POTOG.

Onwg amodekvdeTat, 0 ¥pOvog Kot T0 UNKOS CUUP®VING GUVOEOVTOL LIE TO PAUCUATIKO
evpog ocvyvottag Av (Zynua 3) pe tn oxéon:

e o
e T e T Av 2)

Kd&Be myn owtdc éxet éva paopa cuyvotitaov. [Hopatnpodue 6TL 1 ANy AV EKTTE-

Zynpo 3

UTEL GE €VOL GLVEYEC PAGLOL GLYVOTHTOV, OUME TO YPOUA TNG Eval AVTO TOV OVTL-
OTOl(EL OTN CLYVOTNTA V, GTNV oToia mopovastdletal n péytotn évraon l,. Ovoudle-
Tal €vpog ocvyvotntrag M F. W. H. M. (a6 tic Ayyhxéc Aé€eig full width at half
maximum) To €0POG GLYVOTNTM®V AV OV AVTIGTOLYEL GTO GO TOL TAATOVG,.

Ag Bewpnoovpe éva Laser mov €0KOAN EKTEUTEL GE o GUYVOTNTA e e0pog Av = 1
MHz. Avto &gl évav avtictoryo ypdvo cupuemviog:

1 1

1. =—=——=10"% = 1us.
T Av  10°s H

Av {ntoovpe To avTicToyo uiKkog coppoviag, Ba sivol:

I,=c-t,=300x10° ?xm-“s = 300m

Me dAla Adylo, £€vog KOUOTOCLPUOG TOV ekmépmeTon omd €va t€toto Laser €yel pn-
koG 300 m. T va cuykpivovpe TNV €OV TNG GCLUPOVING TOV GYNUATIGOLLE Y10l TO
Laser pe exeivn pog cuopPatikng mnyns ewtog, mpemel va £X0VUE LI Oy OTL AKOUN
KOl TNV TEPINTOON (oG oTeVvS (CLUUPATIKAG) HOVOXP®UOATIKAG TNYNG @MOTOG, TO
QAcUATIKO €VPOC cLyvOTNTOG eivan TG TaENG tov | GHz (600 avtiotolyel otn Aeyo-
pevn devpuvon e€autiag Tov eawvopévov Doppler).

2V TEPIMTOON QLTI TO URKOG KO 0 XPOVOG CLUP®VING Elvat:
1 10 €M _
’[c = — = 10_9S = 1ns Ko lc = 3 X 10 _10 S
Av S
onAi. I, =30 cm.

[Mopatnpodpe 6TL oV TEPIMT®ON CLUPATIKNAG TNYNG PWTOHS TO UNKOG GVUP®VING &i-
Vol PIKpOTEPO KATO TPEIS TAEELG amd TO OvVTIoTOXO WEYEDOG OV aVOPEPETAL GTO
Laser.
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Ot mapamdve povadikég 1ot teg Tov Laser, 10 kabiotovv omovdaio epyalreio og md-
po. TOAAEG €QAPLOYES, Ol LOVO cav TTNYN POTOC OALA Kal 6oV epYAAEi0 XPNOLO OE
ThPO TOAAEG TTEPUTTAOCELS KOl 0€ TOAALOVS TOUEIS £PELVOG KO EQAPLOYNG.

2. AmoppOenc1) Kol EKTOUTH] OKTIVOPOAIOG

Ta dropo pmopovv v’ 0AANAETIOPACOVY LE TO PMG LE TPELS TPOTOVG: amoppoPnon,
av0opuN TN EKTONTY], EEAVAYKAGUEVT] EKTOUTI].

2.1 Amoppognon

‘Eva dtopo pumopetl vV amoppopnoet £va eoTovio Kot vo PeTafel amd por otabun yo-
unAdtepng evépyetlag E; oe atdBun vynAddtepng evépyetlag Er dmwg paivetal oto Xym-
pa 4a. Avtod pmopet va yiver av n evépyeta mov Oa TpocAdfel To ATOHO KOTé TNV OA-
AnAemidpacn Tov pe T0 POTOVIO Eivat

AE =E,— E;=hv (3)

6mov h givai n 6taBepd Tov Plank kot v n suyvotnta Tov poToviov.

ATO TV TOPpATAVED GYEGT TOPATPOVUE OTL TO PMOTOVIO Ba TPEmEL Vo EYEL KOTAAANAN
oLYVOTNTO | UNKOG KOLOTOG Y10, VO TPOGOMGEL GTO ATOUO TNV EVEPYELD IOV YPELdle-
Tol ®oTE va oleyepBel o vymAdTEPN evepyelakn oTtdOun. Avti n dadikacio KaAeitot
eCavaykaopévn amoppéonon.

2.2 AvOéppuntn ekmopmn
To dtopo dev Ba mapapeivel 6° avt) TV Katdotaon (Kotdotaon 61éyepong), oAl Oa

EMOVEALDEL LETA OO KATO10 YPOVIKO S1AGTNO TNV TPONYOVUEVT|. AVTN €ival 1) d1adt-

4
1

4
\
\
\

OJENO
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E; hv L"/\/\,)Ez
—\N> /\/\% — N> NS
Ei
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Zmua 4. (o) ECavaykaouévn amoppopnon. (B) AvBopunty exmoumn. (y) Eéovao-
ykaouévny ekmounn (ropoywyn Laser).

!
/
//
E
E,
)

Kooio 0mod1Eyeponc, TOL GLVOSEVETAL AT TNV AVOOpuUNTN ekTOuT (0€ TVYiN O1ED-
Buvon) evog pwToviov cuyvoTNTag

v=AE/h (4)
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N WNKOVE KOUATOG

A =hc/AE )
210 Zynua 4P mopatnpovpe ™ dadikacio TG omodlEyeponc.
2.3 Efavaykaopévn ekmopmy

Koatd v egavaykaouévn ekmounr], £vo TpooTintov emTtovio evépyelag hv = E; — E;
pokaAel amodi€yepon tov atopov (amd v E; oty E;). Amd v amodiéyepon ovtn
TOL aTOPOV Topdyetal Eva akoun eotovio evépyelag E; — Ep, €étot mov telkd €yovpe
TAVTOYPOVY eKTOUTN dvo PwTovimv. H exmepmopevn axtivoPorio mapovoidlet v i-
ol PACT LE TNV TPOCTINTOVSA, EYXEL TNV 1010 POpd devBuvong Kabdg Kot To 1010 un-
KOG KOMOTOGg Owg paivetatl oto Zynuo 4y.

H e&avaykaopévn exmounn eivar 1 dtadikacio mov eEac@aiilel onTikn vioyvon ota
neprocotepa Lasers, enctdn axpiPdg Eva TPOSTIMTOV GMTOVIO TPOKAAEL TNV EKTOUTNH
dvo patoviov Tov Ppiockovtal otny dwa edon. [wg 6pme pmropodie TPOKTIKAE va on-
HIOVPYNCOVUE o dtaTaln OTTIKNG evioyvong mov va Paciletol 610 Topomdve Qoi-
vopevo; Amd to Zynqua 4y tvar avepd 0Tt yio va vtapEel eE0VOYKAGUEVT] EKTOUT,
Oa Tpémel T0 TPOSTIMTOV PMOTOVIO VO UNV amoppoPnBei amd GALo dtopo otn otabun
E;. Otav Bewpoipe o cepd and dropa mov maipvouv HéPog ot dadikacio evicyv-
onNg 0V PMTOG, O Tpémel va £xovpe EEACPUAICEL TNV TOPOLGIN TOV TEPIGGOTEP®V
and avtd ot otdoun E,. Xe avtibem nepintmon to mpoomintwv gwtdvio 6’ anoppo-
onOel and ta dropa g otdOunc E;. To pavdpevo 6mov ta dtopa g otabung E; &i-
Vol TePIeGoTEPO amd To Atopo g otafung E;, koieitoar aviiotpo@] mindvopv.
Eivar eavepd 0t pe dvo uévo evepyelakéc otabueg dev umopovpe va £xovpe TAn0v-
oud atdépmv ot otabun E; peyodvtepo and avtdv g otabung Ei, yati oe kotdota-
o1 OepLOSVVOUIKNAG 1GOPPOTING 1) TPOGTIMTOVGO PMOTEWVN akTvoPoAia (pon pmTOVi-
V) Ba Tpokarécel TOGEG dleYEPOELS, OGEG Kol EEAVOYKAGUEVES OMOIEYEPTELG.

3. Baowég apyéc Aertovpyiag Laser

[Topd to yeyovog 6Tt vdpyovv moAlol tomol Laser, kabévag ek twv omoiwv £xet dukd
TOV YOPUKTNPIOTIKG KOl KOTOUOKEVOOTIKEG AETTOUEPELEG, EV TOVTOLG ival duvatdv va
vroderyBobv opiopéveg Pacikéc apyég ot Agttovpyia Tovg TOL givol KOWES Yy O-
Aovg Tovg TOmoVG. 'Etot ) pedétn dhov tov tommv Laser dsiyvel 6Tt og k4be Eva amd
avTtd propovpe va dtokpivovpe ta e€Ng tuuata (Zynuoe 5):

= TO gvePYO VAMKO
" 70 OLTIKO avTI)YEl0( 1] KOIAGTITA GUVTOVIGHOV) KoL
" TO TUNNO TG OL0OLKAGIOG AVTANONG

To evepyd vikd, eivar To VAKO OV TTapPEYEL TIG GTABLES EVEPYELAS TOV Y10 LETATTO-
o€1g NAeKTpovimv mov 0dnyovv og dpaon Laser. To vAkd avtd dpa cav Evoc evieyv-
NG GTNV ONTIKY aKTvoPoAia mov mepvdetl o péow avtod. H axtivoPforia avty| e-
ykAoBiletal 610 Aeyduevo omTIKG avrnyeio (1 KOILOTNTO GLVTOVIGHOV), TO OTOi0
aroteleitan amd dvo Kabpéntes. Kat’ avtd tov tpomo dnpiovpyeitot T0 QOIVOUEVO TG
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avdopaong (feedback) otnv mapayopevn ontikn aktivofoiio, étol dote 1o Laser va
Aertovpyel og o avtocuVINPOoVUEV TaAdvVTOoT. TéAog, pe T AeyOpevn olodKacia,
avtinong eivatl Suvatdv v PLETOPEPETAL EVEPYELD LEGO GTO GTOLO TOV EVEPYOV VAL-
KOV, £TCl MOTE VO, O1UTNPEITOL Lo GUVINPOVUEVT] TOAAVTOON UECH GTO OMTIKO OVTN-
yelo mapd v VIOPEN ATOAEIDV TG OTTTIKNG evépyelag €& attiog eite g (oKOmTUNG)

HETOPOPE EVEPYELNG
pe tn dadkosio GvTAnong

kaBpéntng B
(R =100 %)

Kafpéntne A
r (R=98 %)

» déoun Laser
(£€0d00)

EVEPYO VAKO

— onTIKO avtnyeio >
Zynua 5

YPNOUNG amdAEnG ££600V, gite €€ attiog (avemBOUNTOV) TOPACITIKOV ATOAEIDV
7OV OP&EiAOVTAL TNV 1010 TNV KaTOoKELT) Tov Laser.

10 S1Gypappo Tov ZyNUATOS 5 €YOVUE TO €VEPYO VAIKO avapeca o 600 kaBpémnteg
A kot B mov amotehovv 1o ontikd avinyeio. Mia ontikn axtvoBoiio mov dadidetan
a6 1o onueio 1 oto onueio 2 Pyaiver katd TOAD gVioyLUEVT AtO TO EvEPYO VAIKO.
Tov10 yivetar 610t TO £vEPYO VAIKO O10YETEVEL TNV EVEPYELD TTOV JEXETAL LE TN OLALOL-
Kaoio dvtAnong oto medio g akTvoPoriag mov oynuotileTal. XTn GLVEXEL 1| OKTL-
voPoAia dradidetar and To onpeio 2 oto onpeio 3 endveo otov kKabpéntn A. O kabpé-
TG A €ivol KOTAGKELOGUEVOS KATA TETO0 TPOTO MGTE HOVO Eva UIKPO KAAOUA TNG
axtvoPoAiog mov TEPTEL ENAVM TOL va givat SLVOTOV va TEPATEL St pécw avtod. H
axtivoPfoAia avtn omotedet T ypnoun aktvoforia £66ov Tov Laser. H aktivoBoiia
OV TOPOUEVEL AVOKAATOL KO EMOTPEPEL 6TO ONTIKO avinyeio (amd to onueio 3 oto
4). Kat’ avtdv tov 1poémo, n aktivoforio evioyveton Eava pe T0 TEPACUE TNG oL [LE-
OOV TOV €vePYOL LAKOV amd to onueio 4 610 onueio 5, ondte mpoominTovtag GTOV
kaBpéntn B avaxidtor oAdkAnpn Kot emiotpépetl Eava akolovbovtog v id1a dla-
dpoun. O xaBpéntng B eivan katackevacuévos (oe avtifeon pe tov kabpénm A) o-
ote va £xel avokilaotikotnta ion pe 100%.

Eivarl cagég 611 oe o kieiot) dtodpopun €GO 6TO OTTIKO avinyeio, 1 axtivoPfoAio
oV Tapopeivel péca 67 avtd, B mPEMEL Vo EYEL EVEPYELN OPKET DOTE VO KAADWYEL
a@’ gvog TV gvépyela €£600V, AP’ ETEPOV TNV EVEPYELN TOV YAVETAL OTd TN AELITOLP-
vio. TOL OAOL GLGTHLOTOG (TOPACITIKES ATMAELEG ONA. ATMAELES KATA TNV O1EAELON
™G aktvoBoliog oo LEGOV ToL evepyoD LAIKOV). Otav cuppaivel avtd, 10 GOoTHUA
gtvat awtocLVINPOVEEVO KoL £ivol OLVOTOV Vo EKTEUTETAL CLVEXDS oKTVOBoAia ££0-
dov.

Edv 1 evioyvon mov pnopet va emrevybel amd 10 evepyd vAko (mov gtvat yvmotr cav
ontTiKN aworaPn}) ivor ToAD pikpr OGTE Vo un KOADTTEL TIG OTOAELES, TOTE TO Laser
dev umopet va datnpnoel Ty Kotdotaor TaAdvtoons e aktivofoiiog pésa 6to o-
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TTIKO avinyeio kot emopévag dev umopet va Aettovpyel. Ztnv mepintwon avty| gival
OTmG AEHE, KAT® OO TO KOTOPAL AELTOVPYIaG.

Ao ™V GAAN pepild, €Gv M onTiKn omoAafr] vepPaivel TIC amdAgleg, N oKTvoPoAia
Hésa 6To OTTIKO avtnyeio av&avel pe 10 TEPASUE TNG OO TO EVEPYO LAMKO LLE GUVE-
TEW 1| OEEMUN 10Y0¢ €£000V ¢ akTivofoAiag v’ avédvel pe to xpovo. Avtd dpmg
dev umopet va cvveyileton ent moAw yoti pe v advénon g axtvoPoriag 6to evepyod
VMKO TPOOOEVTIKG EAATTAOVETOL £ oUTIOG POVOUEV®V KOPESHOV, pEYPL To Laser va
eBdcel 67 éva onueio Aettovpyiag 6mov M (Kopeopévn) amoraPn va eivar akpPadg ion
HE TIC GLUVOMKEC OMMAELEG TOV OMTIKOV avinyeiov. Yo' avtég 11g ouvOnkeg to Laser
gpyaleTon 6€ Hio KOTAGTAON 160ppomiag Kot 1 1oyvg e£6d0v datnpel otabepr| Tiun.
O xopeopoc ot Asttovpyia Tov Laser givor akpiPdc n katdotaon ekeivn otnv omoia
0 PLOUOG TOPAYMYNG EVEPYELOS Yol OTTIKY OKTIVOPOAl ivatl 160G pe To puBud g &-
VEPYELNG TTOV E10EPYETAL 6TO cvoTNa ToL Laser pe T dladkacio TS AvTAnong.

4. Xopka yopoxtnprotikd g 6éoung Laser
4.1 Hpo@ik — axTiva TG déoung

To wpo@id (dnAadn N Katavoun g Eviaong g akTivoBoAing) mov mapovotdlet o

Mo 6

|

max

0.135 Imax

Topun g 6éoung evog Laser gaivetar oto Zynua 6. [apatmpodpe 6t 1 Eviaon peid-
veton Boabaio 660 avéavetl n aktivo. Avtod TPAKTIKA onuaivel 0Tt Elvol avEPLKTO Vo
TPOGOOPIGOLE ETOKPIPDS TNV aKTIVAL TNG 6TO Oplo UNOEVIKNG évtaomg. Zuppfotucd
opilovpe ¢ axtiva w TG d€oung v amodotaon and to KEVTPO TG 0E0UNG (Imax) ME-
%P1 T0 onpeio mov N €viaon g axtivoforiog peidvetol 6to 1/e” ™G Imax N 0. 135 ax.
Noa onueiwbei 6t mepimov 10 94 % g evépyelag tng déoung etvar GuyKeEVIPOUEVO
EVTOC TNG TEPLOYNG TOL OPILEL 1 OKTiva W.

4.2 Andéxiion TG déoung

To ewg mov ekméumeton amd éva Laser givonl meplopiopévo o€ po 6tevh déoun, 1 o-
mola otadtoKkd dtevpivetan (amokAivel) kabmg amopakpvveTol amd v ££000 tov La-
ser. To d1dypappa tov ZyMuatog 7 deiyvel TV amoOKALoT] Hog OEGUNG TOV TOPOVGCLA-
Cet kokMKn Toun.




Quowi Il

TuApa Mnxavikwv Navmnyikng T.E.
Akadnpaikd Etog 2014-2015

Av Beopnoovpe o¢ d, T d1dpetpo ¢ déoung Kotd v €080 g amod to Laser ko d
oe andotaon L (Zynua 7), 10te N YOVio arOKAMONS TG 0EGUNG TOV ELVOL O LTTOAO-
yiletat and 1 yewpeTpia Tov Zynpatog 7:

|« L »|

Zynpo 7

ep(0/2) = dr/L 6pmc yio pukpég yovieg /2 = dr/L

omov dr = d-dr-dy = dr = (d- do)/2 kot emopévag

*

d-d, _ df (mrad) (okwm yovio andkiiong) (6)

L

o=

Mua Tomtikn T g Yoviog amdkiiong o yio Laser He-Ne eivat oo = 1.5 mrad.
Hoapaderypa 1
M déoun Laser He-Ne éyet, katd v £€6066 g and to Laser, didpetpo dp= 1 mm.

e andotaon 4 m 1 6éoun Exet drevpuvhet o i dapetpo d = 6 mm. Na Bpebei n
yYovia amdkAong a.

Avon
— -3 _— -3 -3

o= d=d, _6x10"m-1x10"m _5x10"m _ 1.25x10°rad = 1.25 mrad
L 4m 4m

Mopaderypa 2

Aéoun Laser He-Ne napovsialet dp= 1.5 mm kot o = 1 mrad. No Bpebei | didpetpog
d o¢ andotaon L = 100 m.

Avon

And ™ Zyéon (6) d = Lo + dg= (100 m) x (0.001) + 0.0015 m = 0.1 m + 0.0015 m =
0.1015m = d = 10.15 cm

Otav 1 6éoun Tapovctdlel WoVIK YOPIK GVPP®VIA, 1| aTdKAoN TG 0PEiAeTAL LOVO
oTO QoVOUEVA TEPIOAOGTC TOV AVOTTUGCOVTOL KOTA TN O1EAELGN TNG ATO TO KVKAKO
dtappaypa e£600v drapétpov dy (tepibraocn pécw onng). TNV TEPITTO®ON OLTH 1 YO-
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viekn] amékiion (eldyiom yovio amokAiiong) AB, mpocsdiopiletar, cOpPOV pe TO
kprmplo Rayleigh, and ) oyéon:

AO = 1.22dA (mrad) (7)

0

omov A givo To pnkog Kopatog g axtivoPoriag Laser (otnv mepintmon Laser He-Ne
A =632.8 nm)

Mopaderypa 3

Aéoun Laser He-Ne diépyetat amd to didppaypo e£6d0v mov €xet didpetpo do= 1.2
mm. No Bpebel n yoviokr| andxkiion g déounc.

Avon

-7
AQ = 1,22& -1.22 (6.328x10""'m)

= =6.70x10"*m = A0 = 0.67 mrad
d, (1.2x10"°m)

11
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B. IIEIPAMA

1. Xxomdg

O okomdg TG AoKNOoNG VTG elvar 1 LEAETN PACIKOV YOPIKOV YOPAKTNPICTIKOV TNG
déounc Laser He-Ne, 0nwg yio mapaderypo 1 Katevfovtikdtntd g, Kabdg Kot n ov-
YKPLoN TG 1e SVUPATIKEG TNYEG POTOG.

2. Mepopatiki dwwdkacio

H mepapatikn didtaén mov Ba ypnoponombei oty doknon avt neptlopPavet:

1. Muw cvokevn Laser He-Ne woyboc 1 mW

2. TInyn ovpPoticod eotog (Aauma mupdkTmong) te Tpo@odotikd 24V AC - DC.
H Adpuma eivor otabepd tomobenuévn 610 £val dpo onTIKNG papoov

3. Aov&opeTpo yia ™ HETPMOT TOL POTICUOD
4. Ilétacpa yio tnv TpoPoir g aKTivag

acOnmpog
Aov&dpeETpOL

Sua 8. O arebntipag tov lovéouetpov tomobeteitar kabeto otn déou.

Apyikd o mpocdlopicovpe v amdkAion o g oéoung oe mrad. [Ipog tovto Oa
TPOUYLOTOTOWCOVUE HETPNOELS TNG Stopétpov g d o€ didpopeg amootdoelg L katd
uIKoc ™G (mpoPAailovpe Tn OEoUN EMAVE® CE TETAGUN TOV QEPEL YIAMOCTOUETPIKO
YOPTL Kot ONUEIDOVOLUE TO. OplaL TG TPOPaALOpEVN S KNALdaG). Ba AdPovpe TOLAGYL-
otov 6 petpnoelg, ova 50 cm. Oswpovpe TV apyikn odpetpo dop =1 mm. "o KaOe
pétpnon d Ba voroyicovpe v T d' = d — dy Ko O YOPGEOVLLE TN YOPAKTNPLOTI-
kn d = f(L). Téhog amd v Khion e evbeiag Oo vroloyicovpe T yovio amdrxhiong o
(BAéme Zxéom 6).

Mo va cvykpivovpe T0 MG TG 0EGUNG HE TO PG HOG CLUPATIKNAG TNYNG POTOS, Oa
TPAYUATOTOMGOVHE pe TO AovEduetpo 10 petpioelg Tov poTicpov ¢ (oe Lux) ava
50 cm (BAéne Zynua 8). I'a v’ amo@hyovpe, KOTA T LETPNOT, TOV POTICUO TOV TTEPL-
Bailovta ydpov, Tomobetobpe Umpootd amd tov oauctnmpa Tov AoLEOUETPOL Eva
KOMVOPIKO COANVO Kot KatevBovoope ) déoun Koatd unkog tov d&ova tov. Avri-
OTOLEC LETPNOELS PMOTIGHOV B AdPovue kol amd to Aapmtipa Tupdktmong (cvupa-
TIKN TY"), HE TN Spopd OTL 1| TEPLOYN HETPNCE®V dev Ba eivar TOGO eKTETAUEVT,

12
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omwg otV mepintwon tov Laser. TIpog 10010 TomoBeTOOE TO AQUTTPO GE OMTIKN
tpamela kot Aappdvoovpe petpnoelg avd 10 cm, petakivovtog tov oaenmmpa pe tov
KOAMVOPIKO cmAnva (Tévta KAOETo TPOS TO AAUTTPA) KoTd UnKog tng Tpdmelog.

3. Epyooieg

1.

2.

10.

1.

12.

Avayvopilovpe m ddtaén tov Laser He-Ne kot tn 0étovpe o€ Aettovpyia.
[Tpaypoatonoovpue ava 0.5 m petprioeig g dwpétpov d tov Laser, pe tov
TPOTO OV AVAPEPETAL GTNV TEPAUATIKT SLOOIKOGIO KOl CUUTANPOVOLLE TNV

avtiotoyn otin tov [livoka 1.

YrohoyiCovpe yio kGOe pétpnon v Ty d Kot GOUTANPOVOLE TNV avTi-
otoym otAn tov [livaxa 1.

[Tparypotomolovpe 10 S1yPOLLLILOL d - L kot omd v KMon g gvbeiog vroro-
yiCovpe ) yovia andkiiong o oe mrad.

Ao ™ Zyéon (7) vmoroyilovpe ™ yovioky amdkion A g déoung (Bew-
povue 60Tt A = 632.8 nm kot dp= 1 mm) ce mrad.

Yvykpivovpe Tig TIHES o kot AB kot oyoAMAalovpe T Sopopd TOV TPOKVTTEL.
Me 10V TPOTO TOV AVAPEPETOL GTNV TEIPUUATIKT SLOOIKOGIO TPOYLOTOTOLOVUE
pe to AovEduetpo 10 petpnioels poticpov g déoung tov Laser, ava 0.5 m
Ko 11§ Kartaywpovue otov [ivaka 2.

[Tpaypotonolodpe 10 dtdypoppa Byaser— L.

®¢tovpe to Laser extd¢ Aettovpyiog

TomoBetoOpe TO0 AapmnTpa TVPAKT®GNG 0 onTIKN Tpdmela Kot Aapfdvoovue 7
- 8 petpnoelg tov eoTicpov tov ava 10 cm, T1g onoiec kataywpovpe otov I1i-
vaka. 3.

[paypatomorovpe 1o Stérypoppol Bygurripa — L.

Zyohdlovpe to dvo Swarypdppora (SNA0ST) Braser — L kot Bagyurripa — L).

13
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do=1mm= 1x10° m
d (m) L (m) d'=d-d,
0.5
1.0
1.5
2.0
2.5
3.0
ITivaxag 2 Ilivaxkac 3
BLaser (LUX) L (m) Bioprripa L (m)
(Lux)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
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Avolkta Akadnuaika Madnuata

TexvoAoyiko Ekmaudeutiko 16pupa ABnvag

TéAocg Evotntac

Xpnuatodotnon

To mopov ekmalbeutikd UALKO €xeL avamtuxBel ota mAaiola tou ekmalbeuTkoU
€pyou Tou dibaokovra.

* To épyo «Avoikta Akadnpaikd Madnpata oto TEI ABRvag» £xeL xpnuatodotroel
HOVO TN avadlapopdwaon Tou eKModeUTIKOU UALKOU.

To €pyo ulomoleital oto mAaiolo tou Emixelpnolakol Npoypappartog «Eknaidevon

kat Awa Biou Mabnon» kat cuyxpnuatodoteital amd tnv Eupwnaikn Evwon
(Evupwraikd Kowvwviko Tapelo) kat anod eBvikoug mOpoug.

ENIXEIPHEIAKO [1F AMMA
EKMAIAEYZH KAl AlA BID"I' MABHZIH EZ nA
; . \_.I_";'"'L_.
“E-
YNOYPTEID NAIAEIAL KAl BPHEKEYMATAON POMUATKD HOMONIKD TAM
EvpwndikiEvwony EIAIKH YNMHPEZIA AIAXEIPILHI
Eupashising Koisunems Tapdio

Me ) ouyypnuatebdrnon g EAbdbag wal Ty Eupwunaicdy Eveang
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Inueiwpa Avadopag
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Inueiwpa Adslodotnong

To mapdv UALKO SlatiBetal Le Toug 6poug TG adelag xprnong Creative Commons Avadopd,
Mn Eumoptkn Xprion Mapopota Atavoun 4.0 [1] i puetayevéotepn, Atebvig Ekdoaon.
E€apouvtal ta autoteAn £pya Tpltwy 1.X. dwroypadieg, dtaypdpparta K.A.T., Ta onoia
gUnepLEXOVTOL o€ aUTO. OL OpoL XpHong Twv £pywy Tpitwv eneényouvtat otn Sltadavela
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[1] http://creativecommons.org/licenses/by-nc-sa/4.0/
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Q¢ Mn Eumnoptkni opiletal n xprion:

e TtOU Oev MepAaUPBAVEL APEDO I EUPECO OLKOVOULKO 0deN0OG amd thv Xxprion
TOU £pyou, yia to Slavopéa tou £pyou Kat adelodoyo
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nipooBacn oto £pyo
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SlaBEoipo pe adela
CC-BY

Emutpénetal n emavaypnolionoinon Tou £pyou Kal n Snuwoupyla
TIOPOYWYWV AUTOU UE amAn avodopd Tou Snuoupyou.

SlaBéoipo pe adela
CC-BY-SA

EmutpEmetal n emavaypnoLonoinon Tou £€pyou Ue avadopd Tou
Snuoupyou, Kot S1aBecn Tou £pyou 1 TOU TTAPAYWYOU AUTOU HE TNV
6La adela.

SlaBéoipo pe adela
CC-BY-ND
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CC-BY-NC-SA
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CC-BY-NC-ND
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CCO Public Domain
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SlaB€o1o w¢ koo
KTAUA
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