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H apyn revtovpyiog

Od dolephoojie topd pid Staitepn napdypaeo ¢ Evo 4nd 6 onpd-
viikdtepa teyvoroyikd Emtedypata tfig kfaviuchig femplaug, mob drnotehel
tavtéypova kol Ty md Beapatiky] ExdNiwon ¢ dhinienidpaons ovvio-
viopold petald gwtdg kal Oing. Ipdxesitar yid 1 Asttovpyio pidc
ovokevfic Adilep 1) onola, Gnog dnrover kol 16 dxpovipo(*), Bacilstar
616 poivduevo Tfig EEavaykaouévng dnodiéyepong pdg cviioyiic dieyepué-
vov §tépov tob taipver th popoet il Ghvodwtiic dvridpacng pé doetn-
pla v povo apyikd emtdvio tpospydpevo dro Ty adBdpuntn drodiéyepon
kérotov dnt” adtd td dropa.

I'é Adyovg anhdtntoag 86 dmobiécope bt 16 évepyd péoo o1d dmoio B4
Baoiotel f Asttoupyia 1ol Adilep elvar Evo dropikd Gépro tol dmoiov 16
dropa Eyouv dlo pévo évepyeloxés kataotdosig TV Beperddn (Ey) kol
uio dieyepuévn (tiv E2). Zé ovvBiikeg Beppixiic icopponiag td dropa tol
uéoov B katavéuoviay Gvéucon o adtég tic dvo dvepysiakéc KaTaoTEOELG
obppove pé Tév véuo tol Boltzmann.

No | @By

N
6 omotog mpoPréner, BePoimg, 611 Blvar Ni>N,, 8Tt dnradly neploodtepa
fitope B4 Bploxovtor orn Bepeitddn an’ Otv oty dreyeppévn o1dbun.
* Avaykoia cuvBnikn 7id th Aertovpyla tol Afilep elvarl vé dnpovpynBel 1
heyouevn dvriotpoer) minfuoudv xatd v 6mola neproadtepa dropa B4 Bpi-
akovtal ot Sigyepuévn otdbun dn” 6t o1t Bepehiddn.

Ttv mepintoon 1ol péilep g "Aupoviog adtq f dvrictpoen ftov
noAY elxoro vd EmiteuyBel 1ot 14 dreyeppbva pdpiy eiyav wokd peydio
rpbévo Lofic, ki &ror dmfipyav Sha td ypovikd mepiBhpo yid 16 népacpo
tfi¢ doung péoa dnd £va Gvoporoyevég NiiekTpixd nedio kol 16 dwaympi-
oud g of dvo cvviotdosg pé ta dieyeppéva popla oth uio kol td uf Sie-
yepuévo otV dAAn.

(*) LASER = Light Amplification by Stimulated Emission of Radiation = "Evioyvon ©otdg
ué " BEovaykoopévn " Exropnd TAxtwvoBolriog.
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IMa g ovviBeig dropkéc otdbueg, dnov of ypdvor Lofic elvar 1fig
tdemg tdv 1077 —107% sec, tétotn SuvatdTNTA QUOLKOD dLoyWPLGUOD Sév
omapyet ki Eror y dvidnon —Onwg dnoxaieitol 1) HETOQopd fAEKTpoviey
ané v Bepehidon ot dieyepuivn otdBun— 86 npéner v npaypatonon-
Bl pé mohd tayltepovg pyyaviopolc Snmg sival pla Nhextpiky éxkévoon
7 1 dxtwvofBéinon 1ol depilov pog pé ovvnbeg ¢bg tob xatdiiniov
paouatog ovyvortev. “Yrobéote Spwg Stt 16 mpodPfinua tiic dvrinong
Eyet Aubsl xoi 611 elpacte of Béon Sy pbévo vi metdyope ARG Kol va
cuvvinpnooue tiv &mbupnth dvriotpoe] nanbovoudv. IIoc 04 Sovidyer
nap’ 6A7 avta 16 Aéilep dool dév dwbétous, Snwc osuvéfoive oThY mEpi-
ntwon 1ol péilep, Eva obupovo NAEKTpOUayVITIKG medio othv meploxy
o0 dpatol Gote va mpoxalécous v EEavaykacpuévny drodidyepon thv
Steyeppévav dtopov 1ol deplov; "E howndv, otd Aéilep 1oV podlo tob e~
teprkol medlov Bd tév nailel kdrolo and 16 6o T4 PoTéVIa ToL EKknépunat
16 uéco Kard v adBdpuntn dnodiéyepan TG GT6UMV Tov. L& OIS yevi-
wég ypoupés i GAiniouvygla tdhv yeyovétev gaivetal oté oyfipa 10.
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Té npdto oriypidtono delyver thv adbBdpuntn drodisyepon &vog G1é-
pouv xoi v dxmopumy &vég ewroviou mov Etuvye vd kiveltal mapdiinio
npdc tév dEova tol cwrinva péoo otdy drolo givar dykheioptvo w0 évepyd
péoo 1ob Aéilep (Ty. 11).

216 deltepo GTIYMOTUTO T6 TPOTYOUHEVO QoTovio «ytundy Eva énd
14, S1eyeppéva dropa tpoxahovrag TRV EEavaykacuévn dnodiéyepon Tou kol
dpo v éxropiny Evde dxdpn petoviov pué v idtd kartevBoven kol edon
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"Hupavaxhooticdg
Avamoi,cmcog Sts;yappeva (’mo;’w G‘fn kabpénng
koBpenTg dropa Baotkn otddun ("EEobog thc déoung)

TyfApa 11

moc 16 Gpyikd(*). Ztd tpito, téhog, oriypidTunoe 6 6U0 QOTéVIL TG
nporyodpevng «yevelgy Simhacidlfoviar ék véov drodieyeipovtog dbo G-
o dropa kal obto kab” &&fic. "Apkel vd 1e8sl of xivnon adtdg 6 pnyavi-
op6e kal 1y dnprovpyio widig Séoung Aéilep eivar yeyovég. Méoo of mold
picpd apibpd «yevedvr Eyer napaydel Evag tepdotiog dpiBude putoviev pé
v 181 katedBuver xal edon mod nryavoépyovial péca 616 corlfva THg
ovokevfic Gvaxidueva 4nd todg kubBpénteg mod drdpyovy otd dxpa Tou.
Lty mpayuatikdtnta & Evog Gnd tovg dvo kabpénteg Eyst dvakiuoTikoTn-
10 pkpdTEPT And T povdda ki 4nd wel mpaypotomoteitar 1 ELodog Tig
déopunc amd 16v sorfva. H dvaxiuotikdtta 616 kdrontpo £5680v slvat
“ouviBag yipe 016 99% omdte 16 Kb poTovio Extelel Exatd mepinov Sa-
Spopc péypig dtov Prel and tov cwrfiva. ("H mbavétnra va nepdost Gnd
tév kabpéntn pé Eva yrimnue elval va otd Exotd).

“H onpacio tiig dvriotpopfic nhnBuopdv yid 1 hettovpyia 1od Afilep
elvon thpa Tpogavic. Asdouévou 8t of Sudwuoieg diéyepong xai drodié-
vepong Exovv THY 18a mbavdétnta, ol drodieyéposig 04 sivar meprocote-
peg amé tic dreyéposig pévo dv i mhetoyngpia @V drdpwv eivor Sieyeppéva
ki pévo té1e B4 Eyope 16V Gvaykaio EkBetikd noihamiaciaopd Tol GpyL-
kol gartoviou.

Tovlfkn xeteoeriov: H xpiown dvrictpoet]

TRV mpaypaTikdTTe Yid vé doviéyer 16 Aéilep dév dpwel amhdg M
Omapén dvtiotpoefic minbuopdv. Ipénet dmmdéov 7 Tiph An = my—ny
odTHig The GvTioTpoefic —dmAudn 6 ndon neplocein Sieyeppévov Grdpev
omdpyer dvd povada Syxou— v OmepPaivet pid kpiown T An. thv Omolo
86 imiygeipioope THpe vo mpoodiopicops. Zexwvipe dnd ) dwnicteon
&1L péon EhetBepn Swadpoun 1dV putoviev péoa o1é cwlfva B4 §idetar
méat Grd 16 yveord pog THno

(*) Ty mpoyponkdtnta adtd 3év slval tehelng dhndis. "Opowg Adyo 1ol Mrofovikod
YOUPUKTAPL 16V puToviny 860 md noklid dn’ adtd Ondpyovy af plo kotdotasty, 1600 peyahi-
Tepm yivetar ) mbavéinta vé npootebel o1h «culioyi» ki dva Ehio putdvio pé 1d (o puot-
K4 xupmﬂnpmrmu ("Oppv xoi edor). "H éEavaykaopdvy dknopnt dovielel Aoindy toéoo mé
Grotereoputikd Soo peyaritepo slvar 16 nAfifog 16V clupevev eutoviav nod Exovy #H{in
nupoydetl.
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1
An-o

I= )
pdvo mot 1 Béon tfig coputidiekiic tukvdtyTag n B4 ™V Eysl "dpet Thpa
N mukvdtTe Gvriotpopfic An, Geol pévo dn’ adtiv Eaptitar ¢ xabapdc dpib-
po¢ v ELavaykoouévay Grodieyipoemy mov tpokakoivial nd Eva ento-
vio S1ad1ddpevo péoo o1 caifve. M dria Loy, ol drodieyiposig mod
avriotabuilovror dnd lodpBueg heyépoeis dév mailovv kavévae pdho xi
grol €lvon oy va pelstdpe 4 Siddoorn évée potoviov o Eva péoo Smov
bmdpyovv puévo dieyeppéva dropa tuxvotntag An. ‘H ook okéyn thpa
eivatl 1 &Efig: Ié vd propéoer vd tebel of kivion 1 dluoidory dviidpasn
nob Snipovpyel T4 6éopn Aéllep, © péon £redBepn Srudpoury (1) 64 npénst
v elvatl pixpdtepn nd ) svvohkt Swdpout] nol ékterel 16 @uTéVIO
nplv ££€0Bet and 16 coifjva. "Av avté ovuPaiver 161, k6Tl 16 didotna
rnapapoviic tov péoa 6té curiive 16 eotdvio Bd propécst vi npoxaiiost
uia tovkdyiotov EEavaykaouivn drodiyepon ki 1ol va dopfost niocw Tov
Evo, tovhayiotov «dndyovor moU 84 cuveyicer th Swadikooia. ZvuPohri-
fovrag pué T = 1-R tov ovvreleoty Siéhsvong 1ol kotdnipov (R elvar 6
oLVTEAESTNC dvdkiaong) 16 wéoo dhikd Sidotnua d nob Bd Sraviet kdbe
eOTéVIo Kath 16 Y pbdvo nupapoviic tou péoa ¢ Eve soinva urixoue L, 64
didetat and 1év tono

_2L 2L
ETRTT @
6 6moilog pdc Aést, mupadsiyportog yapn, 611 pé dvaxhooTikKSTNTe KOUTo-
nipov 99% = T = 0,01, 16 potdvio 66 Byel dnd 16 coliva doot #ystl ékte-
réoet pd dhkny Swwdpopry d = 100(2L) = éxutd «niyaive-Eaon, 6MOTE
BéBora Blyer yronfoet £xatd popéc 16 kdTomTpOo.
Zopeove howmdy pé td mapandve 1y dvaykaie cuvBikn rertoupylag
o0 Aéilep 04 ypdoetar oav
1 2L
e =
1<d Ans < T (3)
Kt and xel ovunepaivops dpéong dtt 16 Aéilep nrmopel vd Aettoupyfost
uévo &v 1 dvtictpogt nAnbuvoudv An eivar peyoritepn &mnd wd kpiociun
Tnpfg Ane mod didetal dnd t6v tono

Ane = == 4
"Etol yi6 pd tumikty dvepyd Swatopty ovvtovicpol o =~ 10710 ¢cm?® xt
gva Tomiké colfva puikove 50 em pé SwumepardTnto xeténipou §£66ou 1%

(T = 0,01) Bdyous

An. = 10° ¢m™?



SYMIIAHPQMA 13.3. Laser: YAn kat gw¢ o0& ouvTovioué 5

nob eivar Befaiong i mokld younin i dv AdBous On” Syv St 1y (b f
nokvétnto tol évepyol péoov o Eva Adilep deplov elvar pdhig yiiieg
popéc pxpdtepn dn’ dxsivny 1ol Gépa of kavovikég ocuvBijxeg, ki dpa 84
néprel oThY mepoyn tob 10'° dropa/em’. TtAv mpayuotikdimra Spec,
royo thc SwamhdTovong Doppler tév gpocuaticdv ypopudy, 1 vepydg do-
topt svvtovicuod 8d usiwbel xatd Eva napdyovia 1fig téfeng 100 yila(®)
kai f) xplown dvniotpopn] 84 yiver yilieg popéc peyaditepn. Gdvor Lot
oV TEAIKG

&ne =~ 10° cm™? (5)
Astrovpyio nave and iy wplown Tipf: Zoviehestig évioyvong

Té énduevo Pripa elvar vi dolue ndéso morromhocidletar 16 dpyikd
potévio o Evo cwAifva Aéilep pé dvniotpoet mAnBoopdv peyolltepn
anéd v xplown. Gdvor téte, &€ dpronod, I<Kd w1 dpa & péoog appdg
glavaykaoubveov gxmoundy nod npoxoiel adté 16 ootdvio 84 loolrar ué
d/l. ®dyoue dnrady d/f Swdoyikols Simhactacuolts ki Gpa & Tehidg
ap1Bpse patoviny mol 84 tupaybodv 8¢ slvar Toog pé 294 Tty npayuoti-
k6tnte éneldy) 16§ elvar pdvo €va péoo duwornpe perold Swudoyikdy
é¢xropndv (ol dnoleg prnopolv vé cuopfodv wol of doodinote wikpdrepa 7
peyorltepa Sweotipate pé kdnoio mbavétnra) 16 cwotd dnotélecpa yid
v évioyvon G 1ol dpyixcod petoviov 84 8idstal 4nd 16 dxbetid

G = ed/ﬁ: eAnGd (6)

not elvar oty obola 6 dro p” adté mod éueoviletar otdv véuo tiig
&xBetikfic anéoPeonc I(x) = 1(0)e™! = e pévo mod A dvtiotpoeth mhi-
Buoudv Eysl npoxurécel GArayn wpooniuov otd nln = —An) kv dpo peto-
tponn 1fic drdofeong of évioyvon. Asdoutvov thpa St elvar, £ dpionod,
Ancod = 1 6 tonog (6) 64 ypagetar loodbvopa ocav

G= eAn/Anc (7)
Gn” Emov 6 tehixde &pBuSe THV ewtoviny pitopel va dYrokoyiotel duiowng
dpxsl va slvor yvootd 16 néco peyardtepn elval f) mukvétnte dvtiotpo-
ofic &né v kplown tng 1. "Etow, mapadsiyparog ydpn, vid An/Ang =
k Béyous

G = e* = 10¥%° (8)

(¥} Adg oystucty ovlfitnon tfig nponyoluevng nupaypdeov (Teh. 380).
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omdte slvan pavepd 8t pid dvriotpoen minfuvopdyv udric sixocanidoio
aré v kplowwn (yid v dxpifera eicooitpeic popég peyaldtepn) dpkel
Y6 v mpokohécst dvioyoon tob Gpyikod gotoviov kard 10, dnhady vé
dnuovpyrost 10" véa eotévia tavtdonuo pé 16 dpyiksd. Mé Ane =~ 10°
(€. 5) B8vor An =~ 20 An. =~ 2+ 10" cm™3, w1 dpa ) Tipn tiic évioyvong
ot Bprikape Gyyilet 14 Spwo 1o xopeouol, Gpol 8év elvor, npopavi,
Sduvartdy va mpoxindel élavaykaopévy drodifyepor nepiocdtepev ATopmy
Gn’ Sou Bétsi ot dudbeoty pag 1 avtiotpoen thv mAnbuoudv. Adth 1
dvtiotpoety S8v yivetan, BeBoing, dral Sid movidg GAAG pé ovveyn Tpéno
noU Spmg 6 pubude tov dév umopsel vd elvoi mold Tayltepog dnd tdv pubud
adBSpun TG dmodiéyepong AV dtépey, tfi¢ dnolag & Tvmkdg Ypdvog elvar

T == 1078 sec {9

AbTo of cuvdoaoud pé 16 yeyovoe 6t 6 péoog ypdvog mapapoviic tol
dpykol pwtoviov otfiv kotrdThTa elvat nepinov
tc:g=%%3'10‘7sec (10)
Kavel govepd 8t péco o1éd ypdvo nob Exer ot dudbeot tov 16 TpeTAEYL-
kd Qotévio ) dvtiotpogny mhnbuopol dév unopel va dvovewmbsi nepiocs-
1epo Gnd pepikée gopée, xi dpo npdypott Stav O nopdyoviag Evieyuong
viver wepinov drog pé 16 An Bpioxdpuocte oty nmeproyn tod kdpov. T6
npukTiKd ovunépaoud slvar §tu At Astrovpyiag thg mukveThTag dvriotpogfic
An 8év umopei vd, elvor moAU peyeddtspn dnd v kpiown tun mg An. Orog &deils
76 dpiBunTixd napdderyue wov kdvaus mpiv Bdvar An =~ 20An., kol xdtw dr’ avréc tic
ouvbijke; 16 dpyikd gutovio 8d mpayuaronovicet gikoot éelfepe; Srabpopés péypig
brov Byel ard tov owldfjva(*®).

‘Iowotrteg 100 @tog ALilep
A. "Evtaon

Tho &va tomkd Aéilep, obdv adtd mod meprypdwyoue Tpomyoupévag, f
gvraon tfic Séoung tov (petpnpévny of Watt/cm?) 06 mpokdnter Guéone
amé 16 yeyovdg St 16 10" nepinov potévio Tob mapdyel wd dlvccoti
Gvtidpaon péoa o Eva Syko évepyol péoov &vag em® —xai 1do0¢ nepimov
glvar 6 Bykoc &vog tumikol corfve Aéilep— 84 Pyaivouv mpdg td Ew
péoa of ypbévo oo pé 16 péoo Ndotnpo mopapovilg tovg péos otd
corAve. Anrady of xpovo t = to =~ 1077 sec. ‘H pot] potoviov tiic $epyd-

(*) Abt6 mpoxdnter uécng 6nd 11 oxfon Lk = An./An of cuvdvooué pé 16 yeyovog dti fy
péon 2hevBepn Stadpopn L mob dvtiotowel oty kplowm rukvdtyte Ane sival Tot pé d
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pevrg Sgoung 84 looltar Aowndy pé(*)

0 ‘ s
pae N 10" 107 _0WTOVIa_he @OTOVID
- 2
e 1077 mm®-sec cm’ - sec
wai B Gvriotoryn Eviaomn pé
_ _ _ 5 BT W
1=F-e~10"cm ?sec™! - 107 %erg = 10 ~—2i=1—-—~7
cm’rsec cm’

nob elvar mpypatt pid tomikd Tipy Evraong évég Adilep. (Id Aéilep
cuveyoic hatovpyiog ol dvrdosg kopaivovial Grd 107% o¢ 10* Watt/cm?).
TMpékettor yid Evo drnotéhespa nov siyovpe dév B4 évrunmoidosl TOV Gva-
yvoorn. “H eatewvy &viaon of dndotacn évég pérpov Gmo pid Kotvr
Apma v 100W elvar 10773 W/em® xai 016 8éka fxatootd yiverar 107!
W/cm® 8o kal f Evtaon tob fhwkol eetdg ot yiivy émoedvela. Avté
16 teheviaio npoktnel duéong 4nd v drdn mopatnpnon St Eva Hiiakd
Beppociguvo pé pd eotooviiextikr émpdveln thig 1éEeng Tod 1m’ umo-
pei va kdver v (e Sovkeid pé 16 Alextpikd tov dvricToio nov odv
8hec tic RhextpoPdpeg oixiakés cvokevég Exet loyd yopw otd -2 KW.
‘Enouéveg of émoedveiy £vog m’ mpoonintel gutevy loyde tfig TdEswg
o IKW xt dpa 1 #viaon 1ol fhokol patdg mdve ot v elvar nepinov
IKW/m® = 107" W/cm? “Av 88houe vé cuykpivous Ty Eviaorn £voe Ailep
wal g &xeivny 1od floxkod potdg ndve otév o dév Eyoue nupd vi
noriarhaoidoous TV Tponyoluevn T pé o tetpdyovo tol Adyov g
éxtivae The yAivng Tpoytdc tpde T dxtive tol fjitov mov elval yipw o1
200(T). @dvar Aowndv

I(rndve otév firo) =~ 1071200)° = 4+ 10° W/em®

Map® &t td Aéilep Symhfic évtdoewng punopel vd elvol hapunpdrtepa 6x6-
ua kai and tév frwo oty Emedveld tou, &v toltolg adTth 1 ovykpion
drotipd onpoviikd 16 péyebog tiic mpoypatnikfic ioyvog tovg. Kal tiv
drotipd 1611 8év naipver 017 Syn g 16 Kaiplo yeyovég St 10 g Evog
Léilep meplopiletar of pid {dvn ovyvorirov kotd oktd Ewg Evieka tdlelg
ueyéBoue otevédtepn Gn” adtiv mol kelimter 16 fhwaxd obhg! "Etou 1§
gvépyeia mod dxtivoBoisl Eva Afilep péon ot {dvn Lkmounfic tov prnopsl
vé eivan péypt xof d0dska tdfeic ueyéboug peyalitepn an’ adtiv mov
gxméumel & HAtog, Gvh TeTpaywovikd Ekatootd thg émedveldg Tov, otV
{dwa {odvn. TIpdreitar y1d évrdoeig mob pubévo o ouvbijkeg peyding Expn-
Eng elvan duvatdy vd npayuatonomboly ot Goont

(%) 'H Swropt 100 celive Seopioupe du elvar tig 1ékeng 1ol mm’,

(1) Ki adtd 6 vodpepo npoxidntel éniong duiowng petpdviag pé té xépt pog 16 yoviokd
dvorypa Tob Airuxol Sloxou. Biénets Etot 811 of dndotacTy 4nd t6 udt pag don Evég teviapd-
vou yeptol (~ Im) & fhtog kailnret nepinov piod éxarootd.
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B. Movoyponutikétire

[Tob Spwg opeidetar adty 7§ 1600 Gyniny pOvVOYPOROTIKOTNHTA TOD
ewtde Aéilep; Mid npd1n dndvinon 8d frov é11 Sha tov 1 pwtdvia npo-
tpyovrar dné fva pdvo (elyog orabudv, of dviiBern pé td pwtdvig uidc
kowfic owtewviic mnyfic nod desihoviar 6 dnodisyéposg wbg TepdoTiag
noikihiog Gromkdv 1| poplok®v xataotdceny. "Av Sung adtég frav &
uévog héyog tijg YymAfic povoypopatikdtnrag 100 Aéilep t61e 16 Quopo-
11K ebpog 1ol eatde tov 84 frav Too pé 16 mAdtog ypapufic tfic disyspué-
vig otdfune dnd v 6molo npospyetor. "Evd otiv npayiatikdryto sival
nohrég takeig peyébovg wikpdrepo. "Etot, mapadeiypatog yapn, &vé Gné
pid ypaputi otd 6patd (mod belotatar xai thv dvandpevktn dianidTovon
Doppler) 94 nepuwiévope vé elvar

Av =~ 10" Hz

1} «ypopuni» mod Byaiver and Eva colnva Aéilep €xel &v TovTolC PaOpaTIKS
gbpog tiig tdfewe tob MHz 1 kol pepucdv pdvo kHz xdto énd eidikég
ouvBfikec. “H &E9ynon adtob tod mold onpaviikod paivousvoy Eysi 8o
okérn. To npdro ovvdéetal pé 16 yeyovog St M Sieyepuévy otdbuny tod
MEilep d8v Eyer teTpayeviké mpogid &nng, vid Adyovg dnhotntag, drobé-
tape wypt toOpa dAAd droiovBel Eva vopo Pabuiaiog nrdong xkobde dmo-
poxpuvépaste Gnd 16 xévrpo g, (yfjpe 12). Adtd €xel dpeosg ouvvénsieg
ot Swddoon tdv pwroviov péoa o1d
l (B} ocoifqva aeol 7 fvepydg Swatopny yid
AL E S dnoppodenon ovvroviouod 84 éEapritot
T ma and Ty dxpiffi Béon thg Evépysiag
ol xubevhg péoa ot «ypopunpy g
Bewpotuevng Sieyeppévng otdbung. Mpdypo-

T 4nd 1olg TOROVG

2% 5
T'(E) = — | Uy E ,
i 12 (B) = 5 1Usl” p(B)

G(E):%@ ’ ﬂ(E):An-L(E)

slval povepd &t 1660 1i Evepydg Swatopn Soo xai 1y péon hedbepn Sia-
dpopny 84 perafdiiovial mdve ot «ypoputy, kol pdiiotd kard tpdmo
Gvaroyo, kol dvtiotpdpug Gvdhoyo dviiotorye, npdg THY TOKVOTHTO Ko-
toaotdoewny p(B), §f v cvvdptnon oyipoatog ypoupfic Srac sivol, {omg,
6pBSTEPO VA THY Grokaiolue. LtV Epyactnproxy npoktikt dnedn elvon
ouviBog npotipdtepo va uihdel xavelc pé ovyvdtnteg Gvri pé dvpysisg,
6 oyxfipa tfic ypoppfic nepiypdyertor dnd ) ocovdptnon gv) mob Eyet 16
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{810 vompa ué v p(E) dhid &g mpdg thv aviiotowyn petafinty]. Obdvor
ETOPEVEDC

g(v)dv = p(E)dE — g(v) = hp(E) = hp(hv)

xai, 8nwe Bdnpens v 16 mepévope, ol 0o ocvvaptiosig dtapépovy Gride
wotd plo drloyh hipoxag, "H xaipw nopotdpnon topa slvot 11 6 mapd-
voviag EvicyuoTg

G(V) - eci/f(v) - eAn-d-c(v)
Bvrog md Ekbetikhy ovvdpinom tfig évepyod dwatoufic 84 éEapritar éniong

éxbetikd &né thv ocuvdpinon oyxfuutog ypaupfic g(v) deot adtég ol 6vo
roodtntee slvar dvdioyeg fy pia mpdg 1y GAAN(H). Bdvor howndy

G{v) = e*¥) (. = otabepd)
an’ 8mov elvar md gpavepd 811 udvo pid otevi Lovn yope dnd 10 kévipo

vo ThC ypapufic 04 drootel cofapn Evioyvon &vé 1y Indrowny B4 ELapa-
viotel (Zyfua 13).

Tyfipa 13

“Opmg napd thv «ékBetonoinony 1ol oyfuatog thg dpylkfic ypouudg
(not npoxaieitar dnd 16 pnyaviops Eviayvong tol Aéilep) 16 «otéveudn
e 0év elvar tehixd 1600 psydio oo B4 mepiueve xovelg didtt 16 Exbe-
Tiké slvar pév moAd drotsrecpotikd otd v dEupavilel tic «olpicy Oyt
Sumeg xai 1AV kevipikh mepoyn Smov © dpyikh xoumdin sivar mepinov
opildvrio. "Amorteitol howndv ki Evag npdobetog unyaviopde yid va En-
vnBel f hentomnta i eoopatkfic ypopufic &vdg Aéilep. Kt adtéy 16v
npounbsisr f| 0o § xotrdtntd tov. "H Paoiky oxdyn 486 sivor 8t vid
v umopéoer vé OndpEer €va fhextpopayvntikd kduo katd pfikog tob

(*) Of peraPoris tofl ororgsiov pitpug Us néve oth ypopun slvar tedeiog dvenalobnree.



10 KBANTOMHXANIKH IT - HAEKTPONIKA XYMIIAHPOMATA

corva 06 mpémer vé mhnpodrar 1 ocuvBfikn Snuovpyiag otdoipwv
KOpGTav

LG%‘ = vnzn{f (11)
mov elvar PePaing tovtdonun p’ ékelvnv tfig tohavrtevdpevng yopdiic
Geod wxai otig dVo mepimtdoeig f KopoVOpEVn QLOLKR TosdINTe (LETATS~
mon g xopdfic - Rhextpikéd nedio) ixavomoel v S kuponiky &icw-
on kot pé tig idieg ovvoprukés ouvbiikeg. (Mndeviopde otd dxpa 1ob Sio-
otpatog). ‘H rapovoio tfg xo1hdmrag 1ol Ailep émrpéner Aowndy v
Unapln pévo wdg dudkpring drorovbiog cvyvotitev mod dnéyovv petald
ToUg Kotd 16 otabepd noad

BV = Vi —vg = —ZEL- (12)

16 dnofo, yid v xotkdtnto nod ovintaue (L = 50cm), &yl thv Tipy dv =
3 - 10° Hz not elvar kotd pLdvta, mepimov, @opéc pikpdtepn Gnd 16
pacpatikd edpog tiic ypappfic (Av =~ 10'°Hz). ‘Enopévoc péoa OTH PUOUO-
Tk Lovn thig dieyeppévng otdBpung tod Aéilep B4 ywpive yipe otig tprd-
vio émitpendpeveg ovyvotnteg £k tdv Omolov 84 dvioyvlodv onpovrikd
pévo doeg elvar Kovid o1é kévrpo TG
ypaupfic &vd ol miéd dropakpuouévec 06
officovv. I'id éva corfva névie ékato-
..J(SW_ othv, 6 mAfifog 1hv Emrpendpsvov
: EW) ocvyvothitav péoa oty {dvn g {Bag
ypoppfic 84 elvor pdvo tpeic xal B katd-
otaon Ofval énwg oté oyfipe 14 mov
deiyvovtar kai pepikés Gicdua cuyvédrn-
te¢ o and 16 ovpPatikd pio Av Tiig
Y ypoppfic. 216 kdte puépog 1o rov oyti-
e Ay ! potog drapyet kol f pacpotiky] Gvéiv-
! j on 100 eutég Adilep mod PByaiver énd
@) | v cwifiva, pé mopoloeg tic tpeic &mi-
T - pemopeveg ouyvotntes dv kol pé oo
]
A

pldc peyaritepn Eviaon oty pecaia. "Av
Béhops PéPara vé elpaote md npoosiTi-
kol Bdnpene vd tovicope St f Swayw-
protiky ypappy peteld cuyvothtev nod
gvioydovrtot (GveEaptitag tod mdoo) kal
cuyvothtov not drnocfBévvoviar, kobo-
piletor dnd 16 onpelo &xeivo 1fig kapmd-
Ang g(v) mépo dné 16 Smoio | péon
£hevBepm Sradpopny Exet yiver peyalltepn

Ve

ZyApo 14
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dnd v xplown nuy i L = d. "Evot, mapodeivparog yapn, dv 16 Aéilep
Sovieder ué tétowe dvtictpoen manboopudy dote T péon Ehedbepn Swdpo-
B vid tHY ueooia ovyvotnte vo vo eivar elkoot gopég pikpoteptn 4nd
ouvohxt Swadpopn d, Snh. I{ve) = /20, 161e 1| Swyepioniky ypupun
ustaéd évioyvduevov kol pf ovyvorhtov 07 dpyilst dn” dxelvo 16 onusio
8mov 7 ouvdptnon ypouufic g(v) Bdyel néoer o1é Eva elxootd tiig uéyt-
ot tpfic g kol dnov f hedBepn Swwdpoun tol dvricroigouv gwtoviov
Bdyetr yiver efkooy popéc peyarvtepy, ki dpa Ton pé 16 pfikoc d. M adtd
16 xpiThpro, ki &v ndpoue v Khipoxe tob oyfuotog 14 otd soBopd, 161e
Shec tov ol ovyvdtnteg 84 méotovy oty Evioyuduevn meproyy. “Opwg f
évicyvon néeter 1600 dndrouc o 4nd thv kevipikn cuyvoTHTe BOTE
oA ovviopn vé yiverar mpoxtikd dueintéo. Tldd otd mopddeypd pog,
év drotebel St otic dpéong petd TAV Kevipikt] cuyvéinteg v (¥) to mpo-
otk tfic ypauufic Exer néoel otd 4/5 g péyiotng Tipfig Tov té1e ) Gvti-
otoryn Ty Thg péong Fhedbspng Swudpopfic 84 elvon

d
16

Evés yid 1ol napdyovieg Evioyvong Glve) wal G(vi) Bdyoue

B(V;) = %2(\/0) =

G(vo) = e/t = &t , G(vy) = pd/tvn) = 16
Kt EmOpEvag
G{vo) 4
=e =~ 54
G(V1)

Y Av Béhaye houndy vd oyedidoops owotd tig dvidosig thv dVo mAsupt-
k@v cuyvoritav 1ol oyfipatog 14 8dnpens va tic xdvous nevnvratécoepig
popéc wkpdtepec dnd 1h peoaie. T tehxd ocuunépaoug dvadderol tOpA
koBapd: “H ékrinxriks povoypeuatikdtnra th¢ ypeuufc ol Adilsp dpsllerar do’
svéc otiv dakprronoinon tol edouatoc @YV ovyvorhtov wol mpoxeisitar dnd v
Tmapén o0 cwifiva, k1 do’ étépov o1év éxbetixd yopaxtipa 100 pnyaviouod évicyu-
o, péon 1ol dnolov smddyoviar udvo éxsives of émrpendueves ovyvérnies nov Bpi-
oKovTel moAl kovid 016 Kévipo tfjc ypopufic. '

Hopapéver Speg dedua Eva dpdmua: Notl 16 obg Evée coihive Aéi-
Cep vé piv droteheitar dnd Sudicpiteg ypouués pndevixod ebpovg; N elvar
dnhadn povoypouatikd, Svypopatikd f, fote, molvypopotikd GAAG
ndviog ué xabapd Sidkpireg ovviothosg, T xdver tig ypopués 100 oyh-

(") pooavig ol delkreg oric dmrpendpevec ouyxvOINTES Vo, Vi ToY népTovv péoa oth
Cévn thc ypopnfic pog Sév Exouv kuppid oyéon pé w6 deixtn n o1d yevikod tino ().
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potog 14 va &youv ki adtég xdnowo midrog; “H dndvinon elvar tekeiog
neld. "H Swmhdtovon Sesiketar of punyovikée taravidoeic kol Beppo-
KPOoL0KEs dakvpdveetg mod npokaioby toyaies petaPorés oté pfikog Thg
kohdtnrog tol Aéifep. Tuykexpuyuéva, dv AL elver ) Swakdpaven o16
ufikog Tob coifiva(*) xai Avy 1| dvrictoiyn petaBorn of pd dnowadfnote
amo tig éntrpendpevee cuyvotTytes, téHTE Blvar

- c) (1)_ cAL_ AL
Ava A( 5= nsaly 21 "L

an’ Bmov yid v nsptmmcn thv Beppokpaciakdy Stoukvpdvosmy (AL =
aLAT) 8dyous

Avy = vio AT

onéte 16 v =~ 10" Hz, xai pid TomikY e Tob ovvteiesty Bepuikfic Sta-
oToAfig a ~ 107 °K ! » PAémope Gpécwg 81t yid vé kpatnBel f Sromhdtuvon
Avy 016 Spra 1hv pepicdv MHz 1§y Bsppokpaciaxy Staxdpavon AT 8év 64
npEnel va OnepPel 16 Eva Exatootd tob Pabuod. Map” 8™ adtd, pé yprion
KoTdAAnAov bakol yid ) otipiEn tdv katénTpOY, Propolue vé KaTefd-
Gopa 16 mhGTog Ypouufic &vég Aéilep péypt kol thv meployn @V pepkdv
kHz. “Yrdpyer Spog ki &va Bsopnticd 8pio nod dpeiretor do” &vég othv
KBavrucn pon 1ol fhektpopayvnrikod mediov ki 4o’ Etépov otig Tuyaisg
dwkvpdvoetlg pdosng mob mpokokel 1| mopovsia ot déoun Létlep xol
Godppavev eatoviov mpospyduevev Grd adbdpunte drodieyépoels @V
Grépmv tod péoov. “H tipf adtod 1ol Bewpntikod dpiov elvar nepinou

Av, =~ 10 Hz

GAAG 1y Enitevén Tov 016 dueco pédhov dév gaivetar mold mbovy.

I". KarevBovrikétnro

Holt mé ebkorn elvor ) &&vynon wdg dAing ididtniag tod ot
Milep pé peydro mpuxkTiKG gvdrapépov. Ilpdxertor yid v dynin xateu-
Buvtikétnta g Séoung tov 1 dnoia tfig Emtpéner vd Sravioel dndotaot
pepikdv yrhopétpov kol va piv Eyxet dvoifer mepiocdtepo Gnd pepikd
gxatootd. ‘O Adyog yi” adtd elvar pdrhov poavepds. “H Séopn Adilep 04
Ty Tel TEAMKG Ao Keiva 16 potévia mod elvon 1600 mupdAinio npodg 16V
GEova tob cwinva dote vé pnopodv vé mapausivovy péoa o’ abtédv Yid
8oo didomua drortel 1 dwdikaoie thg dvioyvong. Anhady vid éxotd

(*) Of 6pot owirvag xai koldrnra LpNOROTOOGVTOL, TPoPavidc, Og cuVHVLROL.
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nepinov Swadpopde. [d vé 16 xatagépst avtd &va gatdvio, i péyiom
vovie 80 wod 84 pnopel vé oynuatifel ué tov dova 86 mpéner vévor fom
é ‘
D D
86 = (80)max = T 2T (13)
dnradty Son Bdnpene vd Eyel Eva @OTEVIO Y1d VG T (TUTHCEL OTG TOLY (-
pato Evég dmobetixod cwinva prkovg d (Son 1 cuvolixn Swwdpopt)) kai
tfi¢ {drac Srapérpou D pé tév dpyikd. "Etor o Eva 6hxd didotnpa d =~
100(2L) = 100m 16 putdvio dév npénet vd droxiivel neptocdtepo Gnd wid
Sidpetpo 1ol seAfva nol elvor cuviBog tfic TdEeng TV puepikdY yihio-
otdv. ‘Enopévog of Swdpopn &vég yihtopérpov i puéyiotn ndxiion g
déopne and v edBbypappn mopeio ¢ 8G slvorl pepikd éxotootd. Ilpd-
kertal yid pid evfuypdppon eetoviov mod xovéva Omtiké Spyovo Sév
umopei vé mpaypatonotioet. £ Eva napoforikéd npoPorde mapadeiypatog
yépn, ol droxhiceig Gnd v Gnoivtn mopariniio deeiioviar 616 neme-
poopévo péyeboc thc Tnyfic, mod Bétst éktdg Eotiag Eva peydho pEpog Tng.
Kai 8év slvor 8voxoro va deite (8E &rdov slvar Swootatikd dvandpevkto)
&1L 16 yoviakd dvolypo thg Sfoung tol mpofoifn BA Sidetar yovdpikd
dnd pd oyxéon g popeiig
d

{60)max = ® (14)
&mov R 1y dotwaxy drdctact 1ol katdéntpov xoi d 16 péyebog g mnyfig
(Zy. 15). "And 16v tino (14) Prémete
Guéoog 6t Grdpe kol pé potetvy nnyn
Sropdrpov Evdg yrhootol, vud vé Qté-
ogr f| Séoun tob mpoforfa TV mo-
purAiniio 1fic déoung &vog Aéilep 04
rnpénet T «dxtivay R 100 katdnrpov tov
vd yiver yopo otd 100m. Eilvor npoea-
vic Spmg &t il pwtevy déoun Sato-
pfic 10.000m’(!) 8év pmopel va Eyer wd
cnowdhrote gofapny ypron. (CExtég
v Eriov St pé téon «dpaivony f
Evtaon tne 84 elvar Grapddexta younin). H dyniv xatevBuvrikdrnta
glvat Aowmdv w1 adth Eva and td onpovukd émredypota tol AEilep mol
Bpiokovtar &Ew &nd tig Suvatdinteg 1ol xowod @utdc. Yrdpyst Spwg
Eva Bempntikd Ehdyioto 8pro 016 yoviakd dvorypa plg déopng Aéilep 16
6moio 8év dgnoe vé pavel | mponyobuevn xabapd yeopstpiky &vdivon
¢ kivnong 1dv gotoviov uéoo 616 corinva. Té dpro dgeiletar —dnwg
Bémpene vé 16 mepipévope— oty kopatiky edon tod ewtds, & altlag tfic

Ty fjua 15
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dnolog kGBe nepropiopds oty Eykdpoia didotach pidc puteviic Séoung
onurovpyel pid dvrictoryy dykdpoia cvvictdou Aky 6T6 KupATOSIEVUGHY
v pwtoviay, | érofa 64 Sidetar dnd tiv «Gpyr tiig dBePardtnTagy

Ay-Aky =~ D+ Ak, ~ 1

dmov D W Sdperpog thig Séopng, mol icobtal 0TV mepinteot poc pé T
dwapetpo 1fig kohdtnTag 00 Aéilep. Td pwtdvia slvar hondy dvoykaoyé-
va vé Exouv kol pid dykdpora covictdod otV Opuf touvg Adye THC
omolag i kivnoy toug B4 dmokiiver dmd v edBGypapun nopeto watd pia
grayiotn yovia fon ué

0~= “2n/h 2 D (15)
an’ &mov yid A =~ 5000 A (6patéd 9d¢) kai D ~ Smm woipvope yié 6
yoviakd dvorypa thig Sdopung v EAGioTn BeopnTiky TWH

30 =~ 107 rad

mob glvar tfig 1diag tdlemg peyéBoug pué v Tiuf o PpAkape mponyovjé-
VoG xpnolonotdviog yempetpikt ontikn. Eiyape ¢tdost dniadn moid
xKovid oty napaPioon tod Beopnrtikod dplov!

TAné v (15) elvar, Befaing, mpopavéc 81t propolue mhvta va peid-
cope 16 ywviokd dvotypa pdc déoung Aéilep avEdvovtog v Suduetpd g,
pé Zpron Evog KuTdAANAov oVGTHNATOS PukdY Hetd THv EE086 ¢ Gnd 16
coiiva.

A. Zopewvia gdseng

Hpéxerrar pdrhov yid iy mo onpaviky ididmta 100 otog Aéilep
Y16 tv érola Spum¢ modd Aiye mpdypota 64 propéoops vd modpe £8¢%. X
Eva teheing Emipavelakd éninedo, ko’ Gpydg, N ovpewvio @dosmg pific
déoung Méilep (8t ku dv elvar adti!l) dpsiletar oTédy unyavioud tiig éEa-
vaykaouévng éxmounfic mov tv napdyet. X6 yeyovsg dnhad St Sha g
16 potdvia dév eivar mopd «dvtiypagay —katd ovyvédtnta, Stedbuven kol
pdon— &vdg pévo Gpyixod goToviov(*). TtV TPUyHaTLKATNTO T «GVTi-
ypaety 3év elvar kal téoo téhen yi” 0d1d kol td ewtévia tHg Séoung
dapépovy Alyo kal &g mpdg 6 tpla yapakTnploTiKg tovg. AQHvoviog

(*} ADTS Omd t6v Spo Gt dmpyer pévo ple Emrpendpevn cuyvotNTe péaa otr (hvn évi-
oyveng. "AlkordTika td QoTtévia-Tpdyovol 8¢ efval tEpioadTepd ToH £V6e,
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xkatd pépog 1 dwwonopd otic SievBivoeig, vid 1dv 6mole pikficups npon-
vovpévog, ¢ dotpe mowds elvan ol ocuvéneieg thic paouatikfic Srunhdtovong
Av, otic maputnpodueves id16tnTeg wilic Séoung Aéilep. "H Pooweny {8éu 8¢
npoxbyel and wd aniy dvdluon tod oyxfuetog 16 oté omolo deiyvovian
ol ypoewés mapactdoelg 800 Ruttovoeddv xoudtev pé md moid pKpn
Swagopd Sk otd ukn xkpatde TouC.

Zyfpe 16

“Omnwmeg Brénete oté oyfjue, kdbe gopd mol mpoyopodue koutd Eve
ufikog kbuarog A, 16 Sevtepo wdpa €yt pelver nlow xatd &k i Enopdvag
Eyel il xabuotépnon edoeng of oyéon ué 16 npdro fon ué

o = 275%% (16)

“Yotepa hoindv and N Brpata xotd A —dnhadn Sotepa Gnd varouvorikd
npoyGenua uixouvg L = Ni— f cvgowpevuévy kabuotépnon edosng, 1ol
devtepoug kpatog of oyéon pé 16 npdto, 8d loobtm ué ‘

A(p:NScp=2nN5—%:2n% % (17)
6mov o1y tersvtaia lodtnte dviikataotioaps 10V apbud tév Priudtov
N pé 16 nniixov L/h @ote § «dndisian @dococ vd éxppuotel tehikd
govaptioel 100 Aol prxovg L. Metald 1dv dhhav f (17) pdc st 6
Todd npoeavég St doo wikpdtepn eivar 1 Swapopd uikovg kdpatog —dapa
kal cvyvétnroc— upetalld v §Yo kupdvosov téoo pakpdtepo npérer vé
npoywpnooue {(ueydio L) Gote v yiver aioBnt pd Swugopd gdosng dvd-
peod toug. O tehikdg ardyoc abtdv TGy mupatnphiosev elval, Befalog, B
gmoiiniio tGv §bo xopdrov kot ol fmumtdhoewg wod Eyst o abdthv wd
WKpY S1ugopd oTd uikn xoparog. Liuoevae ué iy (17) nap” &t | oyett-
K1} kabvotépnon edoswg of kdbs pfixog xduotog puropsl vé slvar dvenai-
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obn, Sotepa ané apxetd Brpote 66 Eyel coQdg TUPUTNPAGLUES OVVE-
neleg —napadeiypatog xdpn dév 04 cuvavtolue md kSUPoLE oTiC Gvapevs-
peveg Béoeig GAAG Myo mid mépa— kol 84 yiver &EbBaiun Stav md ¢
8Vo koputo Bd Exovv Bpsbel of mAnpn dviifeon @doswe. Té pfikog oté
6moio cupBotver adtd 86 dideton, mpogavds, anéd v (17) ué A= xof dvopdle-
Tdl pfikog ovppavias (coherence length) yid npogaveic Aéyoug: Eivai ékeivo 16
ufikog 016 émofo ydverar kdbe dpyikt cvppovie pdocog petall @V Sneprifucvoy
xkopdrov. ©dvoal Aordv
S

=55 5 (18)
drov oy tehevtaio «icotTon Tapaieiyane kal 1év napdyovia 1/2 dood
6 110G 6 6piopds 1od L. elvar pddlov mototikdg kai 06 ypnoporomndel
Y18 Extipnoeig taéng peyéBoug ol ki dhrowds. “H (18) 86 ioyter mpoga-
vig &g molotikt oyéon kail Stav td dmepTiBépeva kpota Sév eivatl puévo
ovo GALG kolOmToLV WG cuvey mEploYN pNKEV KUpaTog sbpouc Sh.
Agdopévou dxdpa dtu yid tig Siaomopés Sk kel dv loyder 1| oyéon SA/A =
dv/v, 16 pijkog ovpeoviog L. 84 ypdeetar émicng of xdmow 4nd Tic
HOPOEG ‘

L =1

Lo~ o)~ — (19)

éx Thv omolov 1 npdtn elven Towg md Evdiapépovoa ot pac Aéel &1t 16
ufikog ovppoviag eivar 16co peyoditepo and 16 pfikog kbpatog dco kal f
cuyvotnta Gné 6 @acuotikd ebpog. CAnS v A pepid | Sedtepn
ypupn pdg dmevBupiler 6t 16 pfikog ovppoviag &Eaptiital pévo dné 16
PaopaTiKS £0pog v KL Syt 4nd T cvyvotnTa v kel Eauty.

"H Zpuppoyn v mopandve otiv nepintewon 1ol ¢ntdg Aéilsp sivon
Pepaing dueon. Tid pid déopn mokd dynific povoypopatikdtytag, de nod-
ue ov = pnepikd kHz, 6 tdnog (19) 84 Sdost

L. =~ 100 km
&vl yid m) cvvnBéotepn mepinteoy Erov elvon dv =~ uepicd MHz, 8dyous
Le =~ 100 m

"Ag Solpe ti onpaivovv éumeipikd adtd t6 pRkm. I Eva Ehdyioto
TpoKTIKO éninedo, kat’ dpydg, onpaivouy 16 EEfg: “Yrobéote Sti «nayd-
vopuer T 8éopn Afilep o Eva ouykekpiuévo g oTiybTURO Kai dpyilope
va petplpe 16 fAextpied g medlo ué dpenpia, dg modpe, Eva onpeio
pndeviopod tov (KépuBog). T pfikog ovppoviag tiig déounc 04 elvat éxei-
vi] f} dndotaon ndve 611} dedBuveon tng, 8mov vivetol md mohd aichntd
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811 ol xéuPor 3év Bplokovror otic dvapevépsveg 8éoeig (morhanidoio Tob
A/2) v Bmov Swonoltay md vé ocvpnepdver xavelc 8t 1 dédopn 6év elvar
abotnpd povoypopatiki(*). Mdiiote 4nd i térowe pérpnon unopel vd
oovaydyst kavelc xal v Ty 1od gacpotikol edpoug v kdvovtag yphron
ol timov (19). ITodd peaiictikdtepo, Pefaing, dnd v tomodétnon mok-
Ay peTpntédv katd pfikog tfig déoung, slvar va ypnowonoiioops udvo
Eva petpnth of d dpioudvn Béon kal 6 dnolog B4 petpd 1 ypovikd Sia-
otiuate peralld dwdoyikdv kouPav 1§ kopuvedy 1ol depydusvoy Hiektpt-
KoU mediov. TS drotéheoua uillc térotag pérpnong Bdvar & heyduevog ypd-
vog ovppaviee (coherence time)

LC__L
¢ Sv

nod naplotdvel mpopavéic 10 ypovikd ddotnpo petd 16 dmoio yiveto
ouvepd 8t ol ypdvor deilswc ot petpnTn v Swdoyikdv kéubov H
kopuedv Tic dfourng dév elval adotnpd loanéyovieg Kl ENOPEVEOC 1} TEPLO-
Sucotnra 1ol pawvopdvou ddv elvon téhets. "H ypoviky eikdvo 1o nediov
nov maipvope p’ adté tév Tpdmo elvon tekeing locodlvaun pé ) yopikt
kol nwpoxvnrel, Pefoime, drn’ adriv pé wmd amiy dhdoyn xhipokoag oty
dveldptnn perafint. CAnd o x ndpe otd t = x/c). Té yeyovdg &t &
ypévog cuupovias Tt kal 1) poopatikyy Staonopd ov cuvdiovtal ué th oyé-
on &BePardtntog ypdvov-cuyvdtntag T - dv = 1, dév elvai toyaio. B4 don-
osope tév dvayvioty vé okeetel poévog tov v nototikty EENynon adtiig
tHi¢ ovvdsong xal vd Swpopedost Etor g dvariaxtikn pébodo EEaywyii
kol Karavonong OV TponYOUHEVOY HOg GTOTEAECUGTOV.

T'é npopoveig Moyovg ol 80 nupoundve GAANAEVIETOL TpOTToL EXdAm-
ong ¢ ovpewviag ebdosmg pilic déounc Aéilep, dvopdlovtar ypovici ouu-
povie, pé YUpakINplotiKd ypovo T., Kol Sopjkng yopikd cvpeovie, UE YUpo-
ktnpioTikd piikog L., ‘H mpooBrxn 1ol Spov «broprixney oty dedrepn
nepintoon yivetot yud va dndpéer A dvaykoio Stdxpion Gné Eva deltepo
gldog yopikfic oopeaviag o depopd Syt T cvpPaivovia kutd ufjkog tfig
déoung GAAG ta yopuxtnpotikd tob nediov 1hg mdve of plo dyxdpoig
Swatopt g T6 vonpa tiig cvueeviag abtod tol eldovg —yvaeotiig Og
dyrdporag coppoviog— sivar mord Gnhodotepo. Mg winpooopel vid 16
Babud o6 dmote wid Eykdpoia Swatouny tfig déoune unopel vé BempnBel dg
pétono kipatog ondte 16 Hhextokd nedio o’ &ha g Td onpeio 84 Talo-
vievetar pé v i8ie drpiBde edon.

(*} "Onwg yivetor dhopdvepo o avtd 16 onueio & opopdg tfig ovppoviog edoemg ol
ypnoworototpe glvat oty odata tavtdonpog g 1év dprond g novoypopatnikdtytag. [pd-
rkerral, BePaloe, yid pid wodd Grhoiky tabtion nod Exet kdnoro vonua pévo dtuv 16 euopaTi-
k6 ghpog 100 medlov elvon okt otevd. "Opmg ot veviky nepintoor, f| Evvoin thig «oupee-
viagy Grattel £va coBapdtepo dpropd. ZuuPovhevteite oyetid 16 Bifhio: O.8 Velto, "Apyéc
v LASERS, Metdgpoon T.A. Kovpolxing-A.LA. Zepugpetividng.
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Tlapd 16 yeyovég &t 1) digropny pidic déoung Ailep xurd tiv 26086
g ané 16 cekfva elvor, cuvibog, mokd wikph, &v toltowg f &ykdpoio
copgpuvia Eyst peydrn npaxtiky onpoacio Sibt otlg Sidoopsg ypriosig
Tovg, of déopeg Afilep elvat onpaviikd «dpaiopivesy Exoviuc tepdost 4nd
Eva xatdhinko ovotnuo goxkdv mou dievpbver 11 Siatoud Toug oTdv
omowedfnote EmBountd Pubud. Elvar Aowndv yprowo vd Eépolie &t of
neplocdtepsg déopsg nob yonowonololviar oty npdén dwubitovy odoiu-
otkd nAMpn &yxdpoia ovpeovia. Ol Swropég tovg slvar mpoyuotikd
pérona kOpotog. Mid xuprodextikd dobukpopuvic ocuvénela the &ykdp-
o ovpgavieg elvar 1 (dwdovoa sikdve —daprrig valiayy croTeiviv
kol potevdv kniidev—— nod nopovoidler wé kdrog 43pY drinedn dmed-
vewn Stav eotiletor dnd wd ddoun Aéilep. “H dnpiovpyio owteivdy xai
oxotewvdv xniidov elvar, tpogavig, 16 drnotéhecpa pidc Ostikdc § dpvn-
tifig ovpPoriic TV putevdv «drtivovy mod prdvovy otd uwatt pog Eyo-
vtag npoéhBel and neployéc dwwpopetikod BdBovg (byodpata 9 Baboviduo-
ta) the dvaxiaoog dmpdveiag. Kal f dvvardrnta pidg térowac ovpPorfic
ogeiheron, PBEPard, xut’ dpydg otiv éykdpoia, GAAG kol ot Swapdkn,
ovppovie @doswng thg déoung. ‘H ovpopmvia odosog sivor f i816tnta-
whedi kol of [ud oepd dvtuneciakdy spappoydv Tod gutée 2éilep 8o,
napadeiypotog xapr, 1 neplonun teyviky e dloypapiag y1d THV KoTO-
oxevy] Tpididotatey slkévav. Zyetikf sviitnon 04 Bpeite otiv nopano-
unyy tfic mponyoluevie ceiidac.

"Exhoyn otabpdv xai 16 mpoPinpa tijc dvtinong: Té Aéilep teo-
chpov émnidov

"Ag noBue, 1€h0g, pepikd mpdypata Kol yid Eva Bépo rod elvar kaiplog
onpociog yid v Grodotikyy Asttovpyia tob Aéilep: THv éxhoyn 1dv
KOTAAAN A0V Svepyelakd®y otabudv. Kol npdt’ dn’ dha 8¢ onueidvoous 811
ué 1 ocvpperoyy dVo pévo crabudv N Aettovpyia tob Adilep slvar 48vvo-
. Hpdypori, dedopévou St 1y plo otdBun Bdvor dvoykaotikd 7 Oeuelid-
dneg, téte pé ™ ovppetoyn wilic pévo dadng otdBpvc B Emitevén dvti-
otpoefic mAnbuoudv Bdvor &dVvarr dool yia Smotodfnote unyaviopd
Gvianong (Ontwd 1 kpovoTikd) of pubpol petdBoong elvar of ol xal yid
tig dué xorevdivoeig. "Etot pdhig €iombodv of tAnbucuol tév §bo arab-
pudv 06 &néhBel isoppornio deod Soo fAhekTpdvia anyalvovv Grnd xdto
npd¢ T4 néve, dAia toco 84 Ektelolv thv dvtiotpopn mopelo. Td vé
Sovhéwel howdy 16 Aéilep Gmovteital ©) ovpupstoyh POV TOLAdYiOTOV
ctabudv evé & apiBudg .réoospa elvar 6 wtd katdriinhog Snwe 86 dolue dué-
ong (Zyfipa 17).

Té Boowkd yupuxtnprotikéd obtob 1ol cvotiuatog sivar 811 ol otdb-
pe¢ petald thv drolov yiverar f dvidinon («Oy kol 3») elvor Swagopetiée
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dn’ ékelveg mov ypnowonotodvial yid v kabavtéd Aertovpyla Tod Milep
(otdBpeg «1» kai «2»). Adtdg 6 Sruywpropdg elvor Simhd BondnTidg yid
Sradikaoia tfic dvtinone. T yeyovde, kat® dpydg, 8t fi katdrepn otéb-
un i petdBaonc Aéilep (otabun «1») elvar drapopetiky dné i Heperid-
81 otdbun 1ol cvothuatog (oTdbun «O») Ehattdver SpacTikd Tig GvayKes
dviinone 16T thpo Gpkel vé petagépope ot otdBun «3» Eva GpiBud
Arextpoviay Syt mord peyaditepo Gmd THYV dmattodpevr mukvOeTNTOo GVTL-
otpopiic An, dvd drlowdtike Odnpene vd petagepBel Evag Gpbudg TG
1dEemg tob (ne/2) + An dote v EmtevyBel mpdta Egicwon minbvopdv
petalt fepehiddoug kol dieyeppévng otdbung (Gvdyxeg dvrinong ne/2) kol
gv ocuvveyeia va éméhBer ¥ dvtiotpoen pé wd mpdobetn petagopd An.
Agdopévou 81t 6° Eva Tomikd ceifva Aéilep 16 no (= mukvotnta Gropev
1ol évepyol péoov) givar tiig tdlswg Tod 10" cm™ év® 16 dmoitoduevo An
périe 10" ecm™ avtihopBdveste dtv f oikovopio mod dmitvyydvope of
évépyeto Gviinong sivon tepdotia. Meyding onpaciag eivor éniong 6 da-
yopiopde 100 Gvdtepov dmmédov tfig perdfaocng Aéilep, dnd 16 «ningdor
016 6noio katorfyer fi dviinon. Kal Aéue «dninedo» Siéti, Smmg deiyveran
kdl 616 oyfipo, TpdKeiTal GTAV TPAYROTIKOTNTE Yid pid OAOKANPT (ovn
dvepyeraxdy Emnédov mod Sho umopobv va Sieyepbobv pé tiv dviinom
gtaocpurilovrac Eror mohd mAnpiotepn ypnon tiic damavdpevng Evépyeiag
f 6mola, onowcdfinote gvoswg xt dv elvar (Rhextpikiic 1 dntikiig), Exer
gbpUtato Qdopo kel to peyorvtepo pépog tng G4 miyotve yapévo dv 7
Sobéorun otdbun katdAnéng frav pévo pla. Mé i Sidraln 1ol oynpo-
tog 17 | Swdikaoia thg dviinors elvar Aowndy nort mid dnodotiky d16T1
7 elcaydpevn 016 clotnua dvépyeia droyetedetal of plo 6Ghdkinpn odudda
otafpdv mot 8heg petanintouvv tugdtate mpdg TV dvdtepn and tig

[

xaboutd otébpeg tob Adilep, vl 1 wurdtepn (otdbun 1) mopopiver
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xeviy. “Yotepo Gnd Ayo BéPare, ki adty 7 otdbun 86 dnowkiorsl §AAG &
ranboopde e 84 mapapéver dStapk®e wikpdtepog and TéV mAnbBuopd 1fic
otdbung 2 dpxei 6 puBudg pé tov Smoio «ddewdlew (petdfoaocn 1—0) vd
glvar dpxerd ypriyopoc.

Tootiuota otabudv pé téroweg ISidtnreg Sév elvon xabdiov ondwg,
vi© adtd kol 1o Adilep tecodpov Emngdov droteiel onpepa oV b dvti-
npocoNELTIKS TONO.

*AnS droyr Babuod drnoddoewg 16 Ailep Sév slvar BePalwg mpdromo
évepyeraxol peratponéd. Mdvo &va moiy pixpd uépog Thc dumavopevig
yid tHv Gviinon évépyeiag petagépetol tehkd oty mapaydusvy déoun.
Zthv nepinteon, topadelypatog xdpn, mot 1j dviinon yvivetar ué flexrpi-
K1y ékkévmon 86 drapyovv drndreteg 1600 otV dvtAntiky perdfacy xab’
goutn (ol kpodoeig 8¢ npokaioby kal moArég dAieg perafdoeig éxtde Gnd
v 0—3) 8o0o kal xatd 1 «petogopd» tdhv Aiextpovioy &nd v «defops-
v 3 o1h otdBun Aettovpyiag 2. (TYndpyovy moiké dhia «dypnotar éni-
neda otd 6nola unopody va psrtafolv td Arextpdvia dnd ™ Béon 3). O
dnoieieg sivar, téhog, Gvandgevkteg kol othv Kabautd «apaymylkhy uetd-
Buon 1—2 dool &va ocofupd nocootd v Seyeppévev dtéuov 84 v
npoyuatonotijoovy ab8spunta dracxoprilovrag &ror 16 eTévid toug oé
toyoieg xatenbdvoeg. "Opog xai o Eva droriteg i8ovikd coifva yopic
koppia §né tic mopandve dndleeg 6 Bubudsg droddosmg Evog hEilep teo-
chpov Enmédov 8év 04 propel vd yiver peyebtepoc Gnd v Tipd

E;—E;

T E 5

6mov ol dndieieg o avrn TRV 1BoVIKY KOTAOTUCT AELTOLPYIOG TPoépyo-
vrot Befaloe dnd tig perafdosig 3—2 xai 1 —0 otic dnoleg 1y wheovdlov-
oo dvépyewn GroPdiietar Ond popenv dypnotov gotoviev. "Ard Td
drdpyovia Aéilep 1év péyioto Pabud droddosmg (~ 20%) tév Exer 16 réi-
fep tob Sofeidiov 1ol dvBpaka, vl 16 mid ondroro dn’ Sha elvar 16
istopwd dpyoidtepo Aéilep 10U povPidiov 1ol dmolov T dnddoon elvan
fowg pikpbrepn ki dnd Eva gt6 Exatoppdpro(¥}.

“Ouwg mpoksipévou yid wid tooo EEsidikevpévn kal edéhiktn popoen
évépysiag, Srmg 6 odig AEilep, 16 Evepyeiakd tng ko6oTog 88y slvar 1y dno-
PUoLoTIKY, napduetpoc. ©d newotsite neptocdtepo yi adtd Srav Srafdoe-
18 ThY nAnbohpo tdv épapuoydv 1ol eutdg Milep ot Pifrioypaoia nob
noparéproue otd téhog Tob Bibiiov.(t)

(*y K1 & Aéyog v’ adté elvar 6t mpdxeitar yid Ailep 1oty dmnédov —odv gitd ol
oyfpetog 17 ara pé 1d éninedo 1 kol 0 tavtiopédva— ondte of dvdykee dviinong elval modkd
UEYAADTEPES.

(1) T pd mord neprextikyy elowywyn téoo oty Guowy) 1ol gwtdg Aéilep Soo kal orig
doappoyis tov ovvictolue oty dvayviootn 16 dpbpo tob I, Aaprpdrovhov «Laser: TS @i
nob kalew ot Bifiio « H @vow Ziuepa Iy, (TMavemompuukés "Exddoeg Kpfitng, 1991).



