LYMIIAHPQMA 9.3

Ocopia dSoTOPOAYOV
0Y€00V ekPLuMonEVI G 6TAOUNC
Egpopuoyn oto udpio te ouuwviog

"Avdlven tiig Bacuxiig idéag: Oi npoinodécerg neplopiopod to
LDPOL TAOV PUOIKAV KATACTAGEWY ¢  Eva UTOYWPO TEREPAGNL

Vg SudotacTg.

L’ adti v napdypago 84 peretrjoope v moAD Evdiagépovoa mepi
nTOon Evég Evepyelakod gdopatog mov Eyst ™ popery tod oyrparoc 11

| ] ]

Zyfipe 11

"Amotedeitar dnradt and dropaxpuop:
veg Oeopides moAb kovrvdv otabudy. ° (
TPOYaVTG uNyaviopds dnuovpyiag &
vOg tétolov @pdopatog eivat, BéPora
avt6g mov EgeTdoape TponyoLuEvac
Né Eexivijoope 4né Eva Expuiiouéve
odopo kai vd tpocBécope wd K
dratapayn 1 dnoia 86 dpet oV Ekpu
Aopd xai 06 dnpiovpyncet deopide
KOVTLV®V oTafudv yipo ané kdbe &k

pvMopévn oTdbun 10d dpyikod paopatog. Avtég o mpoinoBéceic (Gpyike
EkQuAiopévo @dopa + pikpr dwatapayr) Eupavilovrar cuyvétata oTé
npaypatiké kéopo. Té khaoiks napddeiypa eivor 16 Gitopo t0¥ “Y8poys
vov, 8mov b Aertij Seri 616 Evepyelakd Tov 9dopa (dnwg adtr tod oy
natog 11) dnpiovpyeitat, Snwg 84 Sobue 016 Endpevo KePaAoio, Ané payvry-
Tikég (Baoikd) dAAnAemdpdoeg, oi dmoiec elvar kot moAD GoBevéotepec
@V NAeKTpooTaTIK@Y. Aeopideg GTaBUGV TPOKLTTOLY éniong ovotnuatikd
&nd 16 minociacpa TOAAGY Spotwv myadidv, mob slvan gniong &va suvndécta-
TO OEVAPLO Gf MOAVLATOMIKA GULOTHHATA.

T6 npéBinpa mob B4 pig dnacyorioer T0po 80 —kai 16 Onoio Eyel
Eniong moAlanrég «dhomoujoeicr oTéV TPUYHATIKO KOGUO— elvan 16 EEfG:
1&g drohoyifoue tig Emntdoeig piac moAd Hikpfig mpéobetng Satapayfic o’



2 KBANTOMHXANIKH IT - HAEKTPONIKA XYMIIAHPOMATA

tva «Beomdntor Evepyswikéd pdopa odv adtd o0 oyfiuatog 11; "H fpogas
vig Gndvenon eiver BéPaia Gt dév Dmdpyet timote xowvovpye o alitd 16
npéPinua deob B Bsopld dwatapaydv gy fxeuiopévne otdBung elva
oo Eeapudoiun. “Evag tétowog yeipiopds ol mpoPfAifuarog eivor Sy
pdve Bspitde GAid kol dmohdtmg Emapxng 7id wd mowkiiia mpokTixdv
nepuntdosev. " Yrdpyst Suwg xal wid kodiitepn dviiust@morn tob idiov
rpofiuatos vid v dmola 84 wiifoope £080¢ duéownc.
“H Baoixy] 1840, wal ol npobnebéoeis ioydog g, 84 npoxdyet 4Bilosta
Gv peretioous npooextikd tov timo tfic pi Expuitopévng Bewplog drata-
paydv
R )
En T Em
& 6mofog Sivel v mpdtn §i6pbuon oV KupdTooLVaPTNON ady (Hneipo)
YPoupixd cuvdvacus ddiatdpaktov idtoovvaptioenv. Z1v nepintwon 1ol
Seomdorod @dopatog (oyfipa 11) & tomog (1) Emdéystar md Spoaotiky
dnhonoinon. Ipdyuatt v Evdagepdpacte yid kdnow otabun (Bote tiv
viooThy) pific opiopévng Seopidag (Eotw tiig npdtng) mol td Eninedd g
GptBpotiviar &nd 1 Ewg N téte dné 16 dbpotopa (1) 84 Exovv dEroonueia
ouvelspopd povo, of dpot pé m = N (m # n) nov mpoépyoviar 4nd v
gEetalduevn Seopida, Evd ol dndrowmol (m > N) Bdvar capdg dpehntéor.
Adt6 paiveton Guécng v napampncoua 611 vid otdbueg Tob GviKouvy otV
1010 deopida ol TUPOVOUATTES EY ~E. otiv (1) Eyovv okl pwkpés Tipég
gv®, Gvtibeto, yivovtar oAl ueydior yid crdeusg SrapopeTikdy deopidav.
‘H napakstwn v Spov mol avnKoov oa «a?&ksg» deopideg mpotimobiter
BeBara 811 1) abEnon 1@V TOPOVOURSTEV EV-EY $&v ouvodetetar kai and
avrtiotoiyn avincn v orotyeiov uATeus Ve mod Epeoavifovrar otobc
GpBuntéc. “H xairitepn —xai kaborov dovviibng— nepintmon elval rav
16 otovgela witpoc Vme pnopodv va epayrtobv npdg ta dve and
otafepf(*) mocdtnta & mob Odyer, BéPaia, hootdoewg &vépyeiag. Elvau
dNnAaon
[Vmm| €& ¥ myn @

s

"Av avté ovpfaiver, kol dv 1| nocétnta & —1 onola yapaxtnpiler p” Evo
duo16popeo Tpdno T6 péyvebog ¢ Swatapayfic V- slvon apxetd pikpdrepn
and v dvepyaaxh «dndotacny petald yettovikdy deopidmy, 16T nphy-
pott ol dpot ué m > N otiv (1) propobv dveta vd dueinbolv kal 1§ npdin
S16pfwon oty i8woovvdptnon tiic viootfig atdbung (1 <n<N) vd 8ideTan
an6é 6 memepaocuévo GBpoiopa

n N, Vi 10) 3
Yn :3::; g0 _go V" &)

 (*) Andody aveldpmnn 1oV m xai n.
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16 6moio mepthapfBdvel Gpovg pévo and v dsouida oty omola dvvxer 1
gEetalOpev otdbun. Bhémoye dnhadr 6t of dropBupéveg idoouvaptioeig
iV oTabpdy kdbe deopldag 8év Bdvar mapd ypappikol cuvdvaopol tidv
&dratapaxtmv iSrocuvaptriceny tfig tdieg deopidag. ADTO Spag onpdiver
811 kdbs Seopida uropel vd Bewpnbel odv Eva abtovopo kPaviiké cbotnue, ué mene-
puouévo nifboc kartaordoewv, oTd 6moio 6pd uid npdcbern Sarapayr V npokaddvrag
v dvdueiri tovg kal Ty Snpovpyic véov I610KaTOCTIOEEV.

"Exovtac Spoc thpa Evo xatactaclakd ydpo pé nemepacuévn Sid-
otaon 8év ypeldlstol va mpooevyope ot Bswpio Statapoydv yid oV
omoroyions tdv véov idotipdv kai idocuvapticeny, GAhd propoiue va
duyovomoujoope kat’ edbelav 1 pritpa mov Avamaplotd thv mAnpn Xa-
pitoviavy H = Ho+V péoa otév N-8idotato y@dpo 1@v katactdoewv tiig
gEeralépevng Seopidag. “H yevikd popen adriig thig pntpag Bdvan

E(lm 0 Vil vevenen.. Vin Vi + E(10) .. Vin

B 1 IPURUUUUURRRRRRRRNS It EORRORRORRN @
0 ’ ES)) Var oo Van VNI VNN + .E.h(?»)

L } ]

8mov BY ... EY of adwtdpokteg 1810TEg, Kol Vo = (\y(,.o) , vV \yf,?)) 16
ortovgelo pritpog tiic Swatapayfic V oty Pdorn thv ddwtdpoaxtev 8toov-
VOpTiSERV v ... \;f;(qo). Ot végg idroovvaptioelg 84 kutaokevaotoby —xotd
6@ YVeoTd— oav ypapuikol cuvvbvacpol th¢ Hop@fig

N

{0

\u = ZCm Wm)
m=

mov 1y othAn téhV cUVTEAETTAY ¢i.... O BA Tpoxiyel oy 1dtodidvuopa tiig
Xauwrrovioviic uitpag H = Ho+ V. @dvar dnhadn

Hy oo, Hin C1 C1
......... : = E : . (5

HNI ............. HNN Cr CN

Smov, BéPata, ol veeg 1drotipég E 84 Pyolv odv pileg tiic yapaxtnpionikiic
tEicowong

det (H=EI) = det | 7w rrrrrerresrmessens -0 ©)

..........................
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2npeidorte toOpd Str 1) mepintwon tob dxpifols Exeuiilopod nob ¢Eetd-
cope vopitepa pnopel vd idwbel odv oplaky| mepintoon 1fig Twpiviig, dv
doricope tig otabueg g deopidag va minoidfovy N wid v dAAN péyrpig
Srou tavniotoby. Td Tepiva droteiécpata npénel Aowtdv vd tavtilovran pé
16 mponyolueve Otav BEoous

EY = .= EY = gO (7)

Mpéypat dv ioyder 1 (7) B pirpa Ho tfi¢ ddotdpaxtne Xophtoviaviic
Béiyer 1 poper; Ho = EVT kai 1 ¢icwon idiotpév HC = EC g mApovg
Xagthtoviavile H 64 ypdeetor odv

(E”1 + V)C = EC = VC = (E-EYC
dnhadn ovurinter pé v &icmon
vC = E"C

Baoel 1fg Omotug dmoroyilape tig mpdreg Sropbdosig EY = E-E” oty
nepintaon 1ol dipifols Exeuiiopol. "H tapwi} dviystdrion kordntet
rowndv tavtdypove. kol Ty nepinteon 1od kguiiopévon pdopatog kel ud-
hotd pic Bonbd vd xataddfope v tapovsicon THic TPONTOUKEVS TP~
ypapov Torl kaAlitepa. Zuykekpipéva adtd mod dvadibnke pé caprivela 4
™V TOpWn GvTipetdmot eivat & unyaviopds tod Evepyod nepropiopot Tob
xhpou TdV QuoIKBY KoTaoTdoenv o Eva tndywpo nerepaopivne didcTa-
ong. ®dvnke dniady xkabuapd Sti ud Sratapayn pé v idiétta (2) uropsl
vl «dvapifew névo xkatastdosig nod 3&v drntyovy neprocdtepo nd & Gnd
v Egetalopevn. Acdopévou 8¢ &t 6 Babpds cuppetoyfic e KoTdoTAONC
ot peiypa, kobopiletot Gnd 16 nnhixov &f EY-EY, givat eavepé St oty
nepintmorn tob Ekguiicpol B4 Evioyulel ovvrputikd 1 mapovsia TtéHV
EKQUMOPEVOY KATAOSTAGE®Y, 810t YU~ adtég of napovopaotéc undsvilovrat
kal oi ovvieleotég cuppetoyfig Toug yivovtat dnepot. Eivar teheing ebio-
yo rowmév 811 67 adth v nepintwon 6 ydpog tdv katactdoEmy nEpropi-
Cetar otov Omoywpo Expuviiopod kol péou o adtdy npénst v daymvo-
nowmnbel | Xopmitoviovry pitpa H = He+ V. Kal &nedn 1 prjtpa Ho Eyet
863 Tqv tetpiupévn popor Ho = EYI, 1 Swyovoroinon tiig H tavtiletot
HE 11 dayovomoinon tiig Satapayfic V oty dnola elyape 68nynbel kai pé
v naiidtepn mapovoiach. “A¢ BewpnBolv howndy td napandve kol odv
pid Evardoxtiky Gvtpetdnion tiig Exguitopévng nepintoonc.
Zavayvpvovtoag tEAo¢ oté kipid poag Bépw, d¢ onupewboous 811 otV
oyedov Expuiiopivn nepintmon nod pdg evitapépel 880 1 drayovonoinon
g uitpag H Sév tavtiletor pé Exelvn tfic V napd pévo Srav f tehsvtain
BewpnBel «modd pikprin. T1” adtd xai 16 dnotehéopata nod naipvope elvar
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kerritepd and xelve mod 86 Edwve 1 Epuppoyn thg ouvvibous Bewplog
Sratapoydv pn fxkeuiiopévng otdbunc. “Opwg Sha adtd Bdtov xuiiitepa
va Swoagnvictolv uéoa Gnd Eve ovykekpipévo mapddeiyua.

Té Griovotepo dvvard napadevypa: “H nepintowon t@v d6o modd

KOVTIv@v otabpudv

Té cvykexpiévo Tapadstyuo nob okorebops vi dEetdoope &80, doopd
Eva xBavrikd ovotnpa ué 500 mord Kovriveg otdBueg mol brdkeltul oTh
dphon pbs kanoug mpoéobetng dratapayfic V 1y dnoly unopel va BewpnBel
pikpry 68 oyfon pé v Evepyswoky dnéoracn tfig EEetaldpsvng S1ddag
otabudv dnéd tig yertovikég tne. ZOueove pé td mponyodueva uropobue
roimdv vid Gyvorioope Gheg tig dAheg xataordosig tob cvotipatog kol va
nsproprotobpe pévo o’ Ekelveg mod dvrikouvv otiv Swdda tdv oyeddv
txouhopévov otabudy. Méog ¢ abtd 16 sdidotdto katactaclakd xHpo
of teheotéc Ho wal V Bdvar 2x2 upfjtpeg tfig yevikfic Hopefig

E, 0 Vi Viz
H, = V= (1)
0 E. Vo Vi

8nov Ei, E: ol dpyikég Evepyeieg 1@V dvo otobudv ol dmoleg dnidvovrat
€86 yopic tov ouvAdn mave deikt'. “H (8o ovpforiotikt amionoinemn 04
vioBetnbel xal y1d tig dvriortorysg idiokatastaoeg of dnoleg B4 ypdooviol
TOPO oGV Y1 kal w2 Gvti 10D meiiob \;130 " kod \1/(20). (T tig véeg i8romipée ol
idtokataotdoeig 84 ypnowwonomBodv t¢ adpufora E, kai v, dvtictorya).

Ipiv npoympricoue elval onuaviikd va onusidoope 6Tt 7 S1aTopaKTL-
1} pitpa V umopel vé meproprotel, yoplc kopptd Gnodieio yevikdtntog,
oty eidikt] popey

0 A
V= @)
A 0

mov 16 dwwydvia otovyeia £youvv Ty Tipn undév.(*) Mpdypat, dv Adfoue
o’ Sy 811 | pitpo mod odowotikd pdc Evolneépel slvonr A

E, 0 Vi Vi E, + Vi Viz
H=Hs+ V = + =
0 I Vau Vi Vo E, + Va

(*) H ioétnra t@v p Swydviey ototsiov elvar dueon ovvénewe tiig *Eppitiavétrntag dy
1 piTpo BeepnBel TpoyRoTIKY.
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161e Prhénope Gutcag &t td Srayavia orovyeia Vi kol Vi prnopolv ndvra
vé Evoouatondolv oty gdwatdpaxtny Xopmitoviavy He odv petatonicewg
o6 dpyixd Evepyswoxd Enineda By xal Ex Ztiv ipaln td Sroydvia orovgely
i V elvar ooviBeg pundév ané péva tovg ASYe xaroiag ovupetpiag tob
npoBAiiperog. Mid tmkt mepintosy 8nov advto coufuiver, elvar §tav 16
gdratdpoxto mpdPinpo Eyer xotomrpikyy ovpuerpie —ondte ol dpyixéc
KOTOOTAoELG v, 2 Bdvar dprisg 1 nepurtéo— Evd 1) Swatupoayn V elvor
TEPLTTH. ,
Xople drdieia yevikdrmrag propolie rowmbv vé fsopvcops &1 1
Sk Xaphrovievy uftpo B8Gyer 1 poped
E, 0

0 A E, A

H:H0+V:

0 E; A 0 A E;

omére 1 yapoktnpiotikn Egiowon yud tig {Stotipée e B4 ypheetor oy

| E,~E A

det(H-EI) = det = (E;~E) (E,~E) — A’ =0

A E.—E

ué pileg tig
E+E 1 3
E. = —5— +5V(E-E) + 4a’ 3)

Té anotéhecua (3) pnopel vd ypaeel kol of pid kopydtepn popoen Gv Qi
Gpyixée Evépyereg Ei xal Ex ypagobv adv

Ei = Eo—A s E, = Ey + A (4)

dnradn odv dnoxiicelg katd £ A dnd 9 péon tovg Tipy Eo = (Ei+Ey)/2.
Mé v mapapérpion (4) & tirog (3) ypdostm

E, = By + /A + A° (5)

xai 1 dpHoTNTA TOL Pmopel Vi EheyyBel 6€tovrag A = 0 (nepintoon tod
dxpifoic Ekpuiopod) dnote mpénet vd KataAryope otd aroteiéopata Eo +
A 1ol mponyovpevoy pag mopadeiyparog. O tinog (5) mpogavdg nepvaet
adtéd Tév Ereyyo. Mid ouvifng ypogikh dretkdvion tob droteréopatog (5)
glvar obth 1ol oyipatog (2.

"H mpogavig mapatipnon nol drnofdiretar dn’ adtd 16 oyfjpo slvar
11 ol véeg otdbuec B, qropoxpdvovior fi uie and tiv dAdn kobodg 7
napauetpog A, nod kabopilet 16 péyeBog Thg Swatapayfic V, peyoiover
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AE, (4)
E+(4)
A
~E-(4)

Zyfipo 12

Adtd 16 «pavduevor —yveoTd oav drwon tdv otabudv-— Exel pdiiov iy
E&qynon. Ttiv opraxh repintwon A = 0 Exgpdlet 16 noAd ebhoyo yeyovdg
8t 1y dpomn 100 Ekguiicuod BV dpyikdv otabudy 8dvar 1600 neyaiitepn
Soo ioyupdtepn yiveror 1 Swatapayn nob v wpoxaiel. (Trv Gpon npo-
oavic!).

T6 énotérecpa (5) GEilsr vd dvaorvBel idwntépog otig dxdhovbeg
SpraKEC TEPUTTAOELG

) AS>A Kol i) A<<A

Tty nepintoon 1) § Swtapayh (nod, Snog einape, 16 péyebog tng kubopi-
Cerar Gnd v mapdustpo A) elvar dpxetd peyardtepn and v Evepysioxy
Swapopd E;—E; = 2A 16v 300 dpyixdv otabpdv, dote dikuioroynpéva
uropodue vé dyvoricope adtr 11 Sropopd kai va fempricoue 611 ol otdbueg
givon mpaxtikd dxeuhiopévec. Elvor Aoyikd Aownév va mepipévope &t yid
A>SA 6 thnoc (5) 84 telver otédv Ey = Eo + A mod {oygder otv nepintoon
100 Exguiopod. Tlpdypat yid A>>A 16 A péou otV tetpayoviky pila
10U (5) propel vé dyvonBel PTpoctd 6Té A dmdTe KATOAHYONE OTO Gvape-
véuevo dnotéiecuo Eox A.

216 GvtiBero dkpifdc dxpo Pploxetor 1 nepintoon A<LA. "Ed@ 4
Satapoyy slvar 600 pkpn of odykpion € T Evepysiokn dnéotacm tdv
300 otabudv, dote ol tehevtaicg Syt pévo Expuhiopéveg, 1f oyeddy Expuii-
opéveg, 8év propodv vd BewpnBolv dAAG Tovvavtiov 84 npéret va tig dolpe
odv dpketd anopoxpuopéve; —of oyéon ué 16 péyebog tfig Swarapayfic
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wavia— Qote 7| Bsepla Swwrtapay®v pn Ekeuiicuévig otdbuneg vé givat
PuoiloroyikdTata Eapuooiuny. @4 npénet hotndy, yid A<<A, 6 tinog (5) vé
ocupnintel ué 6 odvnBeg dwatapaxtikd drotélecua. “¢ nmpdg 6 tedsvtaio
86 npénet va mopatnpiioops npdte 511 Adye ol tinov Ey' = Vi N npdTN
d16pbwon Blvar undév dood td Staydvie otoiyelo tfig Swtupayiic (2)
undevifovrat. Avaykaotikd Aowndy 04 npénetl vd nlpe ot dedtepn didp-
Boon nold oidetar dnd 16 vevikd TUTO

2
¢ -3 g

e o . . 0 _ ;
S émolog yid v kdte otdbun Ei’ = E; diver

g ol A
P TE-E, T 2A
kol yid 1qv mdve
el Vit A

2 T E,-E T 2A

Odvar Aowmdv
2

E¢:E1,2+E1‘,§):E0 J:A:F“:‘Z‘“A"

7oL glval GxpiBdc 16 drotéieona not divet kal 6 thnog (5) dv ypdyoue thv
tetpayoviky pilo ot nopoen

/ Al
VAT + AT = A1+ (57)

kol ypnowonowtjooue 6 dvovopikd dvdntuyua

\/1+X=1+%+...

pé x = (AJAY>>1. (Téhog 1ob mapadsiypatog!)
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Mud khaoiki éappoyhi: “H copnepigopd tob popiov tijg dupem-
viog ¢° Eva fhexTpiké medio.

‘Yrnohoyiopbe tdv idretipddv xai tdv idwokatactdoswv tob popiov
napoveio mwediov.

TApyiCope ué pd obvioun dmevBbion thig dvdivong mob giyape kdvel
roitdtepa yi© avté 16 pdpro. o oyfua 13 delyvetar q kapnbin tol
duvapikol oty 6moia ket 6
diropuo ol aLdTovkabh TyuLvOEpyE-
T dvdpecsa otig dbo ovupetpirég
Btosic loopporiac Exatépobey tob
tmnédou v Tpdv " Yopoydvav.
TAnd 1) popen kai pdvo adtol
Tob dvvopikod elvat pavepd 11 16
Glmro dév Ba nopopeiver Evromoué-
vo puovo ot pla peptd tod popiov
drrd 84 dmhobel ocvppetpixd xal
otig 0o dote va GEromoumios xal
14 6V mpooyepduevd mrpyaddxie
Svvapikol. TAv ué v xai ye (L =
Left, R = Right} cupforicope 7ig
dbo Bepehidderg kutaotdoEelg, dvio- -
mopEvne kiviiong o016 dpiotepd kol
de&l myadt dvrictoiya, 1é1e of 8vo
EpTEG 1010KUTOCTEOELS Wi Kal Y
100 poplov tfig NH; 84 didoviai,
Snwmg Eépops, Gnd v dptia xal nteprrty ouvévoon TV Y kal yr. Odvat
onrodn

Tyfipa 13

1 | 1
Vi :\/‘——5(\1& + WYr), v2 :\/—3‘(\4{L—WR) (1)
Evd yud tig dvtictovyeg évépyeeg Ei kal E; Bdyope
E1 = Eo—A, E:=FEo + A (2)

dmov Eo 1§ xowvn] Evépyeia TV povOTALLPOV KATACTACE®VY 1., Wr KAl A pid
EPTELPIKG YVvooTh tocdtnTa 1 Onole iooltal né v dpdiagopd (E.—E )/ 2
¢ ovykekppévig duddag otabudv. (CAvdioyec duddeg dnpiovpyolivia,
npoeuvde, kol and tig dvdtepsg KATACTAGELS TOHV HOVEY ThYyedidy 1ot
dvriotoiyobv Pefaing otig Sieyepuiveg xatooTdoglg ROVOTAELPHG TaAGV-
toong tob dtduov tol Gldrov).

‘O Léyog nob pag EnéBoriie va yonowonotioous 836 Evo oupfoioud
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degopetixd an’ Exelvov tol 1200 keparaiov, elvar anhog. Td oclufora e,
E. ta ypewlbnucte 1@pa yid vé dnrhodcopus ) véa didda kdtactdosny xal
Evepyerdv ot npokintet Gnd v apyikn netd v EmBorn tod Niextpikod
nediov. "Etor td madnd oduPora w., E, yid ti¢ idioxoructdosig xaf
idtotipég ol EredBspov poplou ¢ dvtikgtacTiodus TGP pé T4 yio Kol
Ei2, Bvd yia tic povonievpeg xatuotdostg mob ovpforifovioy taind pé v,
y2 vioBetioape thpa 16 obuPora yr xal yr dvtictorga. T6 obuporo Eo
stval xowvd kol otig 6vé nepunthoey —inidver thiv Evépyeia 1@y pové-
nAEUpOV Kotactdoeny 1 16 Nuddpoiopa tdv 800 véev otabudv—Evi ot
Béom tob nainob e Eyops tHpa 16 A nod elvar 16 cvvnBilopevo otpforo
yid v dvepyeloky Mpidiogopd ovoTNUETOY [é U0 KUTACTACELS.

Kai topa &ni tiig odolug. To mpoPinpe pa¢ elvar vd dobpe ndg
diapopehdvovtar ol Evepyewokéc kataotdosig tob popiou tfic ~Apuoviag
rav abtd Ppebel litow o Eva Hhextpixd nedlo(*) xutd pfikog tob dEové
Tov & Onolog trotifetal orabepds. Asyduaote dnrady —yid Aéyoug edxo-
Mog mpogavidg— 61t & mpocavatohiopdg tod popiov 016 ydpo sival
ostabepde kal Topdiiniog npédc v xotebBuvon 1ol fiektpikol nediov.

M’ adté tév nepropiopd 16 npofinud pag elvar adotnpd povodidota-
10 kol teheine ioodbvapuo pé 16 mpdPfinua Evig poptispévou owpatidiov
(né goptio -q don W wrepicosia goptiovy toh dldrov) Tod xiveltul péca
016 Svvaikd 1o oyfpatog 13 kal drofdiretar Katémiv kai otiv Enidpaocy
Evog (Gpoyevolc) irextpikod nediov Evidoeng €. Kal 1o C/mo()usvo, BéBona,
givat & dnohoyiopdg 1@V peretonicewy Stark TdV Evepyelakdv Tov EmméSmy.

Asdopévov 811 1y dndotacn Gvdueca otic diddec otabudv tob duvapt-
xob 13 elval pid tomky tokavtotky dvépyea E, ~ 107'eV, 2ve 1) dvepyeia-
k¥ Stapopd Tdv oTaBudv pdc S1adag téeTet oY Teployt TV 107V, dnou
Bplokovral énlonc kal ol Tomkég EvEpyeieg GAAnhenidpaone v Epyaotn-
prax®v nmedlov pé Td Gropikd cvotrpate, tote elvon Qavepd Sti Eyous
unpootd pag Tic idavikég npobnobécelg Epupuoyiic tHig fswplag Swatapuydv
718 oyedov Ekpuateutveg otdbuec. Mropobus Aotndy, xatd 14 yveotd md,
va Eeydoone Sheg tic dAieg otdbueg xai vd yeiptotodue xdbe $148a odv Eva
avtdvouo kPuvtikd cvotnua. Lt cuvykekpuévy nepintoon 16 pévo mod
ypewdletat va kdvope elvar va Bpodue thv 2x2 pritpa nob dvarapiotd thv
drarapayt

V= =(-g)&x = qé&x 3)

péoa 016 ydipo t@v xateotdoenv v kai vy thg npdtng dwadag. (Tthv
TPUYPATIKOTH T & brohoyiouds elvar 6 1810¢ yid Sheg tic diddeg 6ndre dév

(*)" O yopuxtnptopds «opoyevéoy mepirteter 816t Eva pakpookomksd oratikd redlo, dnos
wAeletal va Exet aloBntég petaforéc Eviaong uéoo otév dyko Evig drdpou 1 Evdg pogplou,
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ypawaletar vé dvapepBobue of uila cuykexpipévn mopd pévo of eidikd

onuein). “Ev mdon nepintdost, yid 1 Swatapayy (3) elvol dpécog gavepod

811 16 Silaydvia ertovyeia Vi xal Vi undevifovror Adye lootyplag. ('H

durtapoyy elvoar mepitty kol ol i, v Gpno xal nepurty dvrtiororya).
Ot pfitpeg Ho kol V 8dyouv howmdv ) yveoty pag popen

E; 0 ’ 0 A
Hs = y V =
0 E, A 0

Smov 16w Swiydvio otovyeio A = Viz = Vi oovdtstor dueca pé 1
oy ponty Tob popiov o1h povémhevph tov xatdotaot, Kai Eropévog
glvonr moodrnta yveoty Grné 16 meipopo.

[paypat, waipvovrag On’ dym tig (1), Bdyope

&
A = (y1, Vy) = %“ ((wr + wr), x(yL—wr))

g&
=5 (e, xw) = (wr, xye) + (Wr, x¥1) = (Y, xye))  (4)

kol £nedn of wkupatoovvaptiosiy wr ko wr sivar mpaypoatikés of 8vo
teheutaion Gpot otiv (4) B4 dAinroovaipeBody Evd of 300 npdrot icolvia
pé

(wr, xyr) = <x>p = —a ,  (¥r, Xyr) = <KX>r = 0

dmov, mpopaves, 16 <x>L kal <x>r dnidvouv 11 péon dndotact tob
aldtov Gr6 1o Eninedo thv “Yépoydvov othiv dpotepn xal delid povod-
mhevph Katdotoot 1o popiou, dviictotya. “H (4) 84 ddoer hondv tehikd

A= -qu€=-D.¢& (5

Srov mpdypatt 16 yivouevo q - a 3év slvar napd 1 dinoikyy poni D (xat’
Groruty tpy) thg povomievpng xataotaong 1ol poplov. T6 orovyeio witpag
A iooltar Sniadi ué v dvépyeia dAinienidpacns tiic moiwiig popers tol poplov pué
6 AAextpixd nedio. (T Ooo yid 16 dpvnTiké npdonpo otiv (5) okepreite povor
oug ) onpocia Tov).

ME yvootd thpa v T tob A 8&v Eyope timote dhho vd xdvops
nopd va tpapuéoope adtololn 16 GrotehéspaTa Tol TPONYOUHEVOL TTapa-
delypatog. "H Shixyy Xapthroviavy witpo Bdvar

E; A
H =

Ei -DE )

A E; ~-DE& E:
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kat ol idronipég the E. 64 Sidoviar dnd tév tomo
E, = By + VA* + A’ = Eq + VA" + D' (6)

ué ypoagiky mepdotaon the EEdp-
tNo1g Toug 4no 16 € Sneg ot oy fi-

: 2 po 14 mov dtagépsr 4nd 16 oyfina

: 12 &g mpde v kAlpoaka the peta-
\*‘/—iélﬁ Brntic (10 & nfipe ) Béom 10D A)
By | e kol 016 yeyovog 611 thpa Ssiyveral

Ey - f xai A dpvnriky mheupd tob dfova
< date vi govel kabopd B cvppstpia

T B ¢ mpdg v drkayn katedBuverig

i E_(&) 7ol nedlov. Zté oyfipa 14 dsiyve-

‘ tat Eniong xal 6 Tpdnog KutuoKeLfig

tfig Siadag otabudv nod dvrictor-

Syfiua 14 xel 6 Eva ouykexpipuévo €, kabag

kol 1 81dda otabudv undevikod ne-
dlov.

"Avaivey thv Grotcheopdrov. Eve mé wovuvé witreype otig
firextpikés 816THTeEg T00 poplov tiig Gupoviog.
‘H npotn nopatipnon nov pdg dnofaiier 16 oxfiua 14 depopd Béfora
10 ERQUVESTOTO YOPEKINPloTiKd Tl «inoong thv otobudvy. Kabag 1o
Nhextpicd nedlo adbidver, 1 Bepeliddng otdbun koteBaiver Evd B Seyspué-
vny Gvépyeton xatd 16 1810 drpipdc mocd. Adtd 16 yeyovde Byl Gusosg dx-
mrmoeg o oupnepipopd @y poplov tiig dupeviag o Eva dvopotoyevic
Ahextpid nedlo. "Exelvo td uépia nod Pplokoviar otr ootk xatdotacnh
86 yapniooovy dxdpo meproadtepo v Evépyeld touvg dv xivnBoby mpdg
iy meproyty loyvpodtepou nedion, Evd td Sreyeppéva popla Bd netbyouvy 16
610 mpdypa (EAdttmon Evépyelag) dv kivnBody mpde v neployy Aobevé-
ctepov nedlov. “Emopévag 16 népacpo b déoung poplov dupeviag péoa
and v pn opoyevég frsktpikd nedio, Bdyel odv drotéreoua té Soywpt-
oud g of 3o pépn pé ¢ Sreyveppéva puéplo otd Eva kol Td uy Seyeppéve
16 Grho. “Oneg Bupdore, pid térown dwdikacia Sieywpiopol fHray Eva
dvayxaio Bfipo ot Aertouvpyla tod MASER tfic dupwmviog.
Zoveyilovtug v dvdivon 1@v dmoteheopudtov pog d¢ onpsudooue
thpa 611 1] EEdptnon v Evepyeroxdy idtoTindv nd tiv Evioon tob Rhe-
xtptkoi medlov &év elvar olte ypuppiky olte tetpayoviky GAAd sviiduson.
“H terpoyovikn ovuneptoopd (AE ~ & tuoaviletor otiv TEPLOYT] TOV i~
kpdv Evidoenv §rov ol otdbusg By xal Bz unopolv vé Bewpnboly odv te-
relog Sraxpitég, Evd yid peydro & Katarfyous o€ Ypaupiky svunepipopd
ot téte of ordbueg By, B elvor nparticd Exgvhiopéves. ©O tonoc (6) nig
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réer Aowndy St iy petdPoom and i pla neproyn otiv dAin dév yiverar dnd-
Topd (8nog 84 npoifhene f svvnibng Bewpla Swatapaydv) GAME koté cuve-
i Tpdmo Snov napeuPaivovy Sheg ol Evdidpeoss ovpreprpopés. Xovipikd
unopolue vé modue 81t 6 ExbBétnc Y of Wd ayfon thig popefic AE ~ & dpyi-
Cer Grd thv Tiun S0 vié nikpd nedio xal rarrdveton Bobuaio péypt tiv
Ty Eve 61d Gpro tdv moAD peydiov Evidosov. “H dkpifng e€dptnon slvar
BéBura adtry mov tpoBrénst 6 Tomog (6) xai 1 dnoly EmiPePardveror nhinpwg
and té netpapotikd dedopéve. Inueidote pariota &t Enedn o1 UopLo THg
* Appoviag f vepyelaky dwagopd Ex—E; = 2A sivat modd pikpt (~ 107%eV)
N ypopuky] cupneprpopd Epgoviletor moAl voplc, dnkady yud mediaxéc
Evrdosig pdriov pikpol uevéBoug pé Epyaotnplakd pérpa. K advtd elvar
nord onpavtikd 4nd nocotixy drnoyn dv okeprel xovelg 6t dkdpa kol yid
ioyupd nedia 1 &pibpntucy tipd tiic Eviaong € otd dropikd shGTnua pova-
Sov(*) elvar € ~ 107 éndte Evag tetpayovikds vépoc Ba Edive AE ~ & ~
10°AU. = 107 27,2eV &vd 6 ypappikoc diver AE~ € = 107°AU. = 107
27,2eV 1ot glvor pud Evepyetaky HETATONLION Yilieg QopEg ueyarbtepn. AR
drnoyn edorodnoiog Gg mpdg ™ dpdon &voe Mhextpikod nediov pecaiag 1
ueyding &vraong, 16 uéplo ¢ duumviag copneplpépstor Ropopod Ué 16
dropo tod " Ydpoydvou otic dreyepuévec tov katactdosic. Kiu & Adyog elvar
Boaotkd 6 idro¢. Kai oric Sv6 mepintdssic Indpyovv karaotdoels StapopeTikic loott-
uiag mov Eyovv glrs triv (G gite Alyo Swapopetikn Evipyaia kal of éroieg umopolv vd
avauyBoly petalt roug dote vd §daovy ketaotdosig ué wij undeviki dimodwkty pomj oi
o6noieg dAAndembpolv ioyvpdrata pé 6 émPeriduevo Hjiextpikd nedio.

T6 6tv adtde elvar mpdypott & tpdnog dndxpiong tob poplou tfig du-
poviog ot dpdon evéc tEntepucot nediov —8Tt dnAiadn 16 popLo dvaptyvi-
&1 tig apylkés Idokatactdoeg Tov dote vd eridger mold ifpisia— @uivetor
duéocong dv vmoroyicope Tol¢ oLVTEAESTEG Ci, € THYV YPOURIKAY cuvdua-
oGV W T ¢y + ¢y 1ol Sivouv Tig vEeg 10L0GUVOPTHOELS W, CUVEPTNCEL
@y rainedy. O broroyiopds B4 yiver —xatd 16 yveotd— and v gicw-
o1 1dotudv

E; A C1 Ci
=E (7)
A E: C C2

Smov, BéRora, Bévoar A = ~DEkal E = E,. = Eo % VAT + A% 7 Agol 16 o0-
atnpa (7) slvar duoyevég xpatdpe pévo ™ pla éiswon xal naipvops dué-
o0 Y& t6 Adyo ¢/ 16 dnotéhecua

U (*) mov 7 povadu frextpikod nedlov slval 16 yvootd pog Gropkd nedio £ = e/aé =~
107°V/m.
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C1 A ‘D&

e TE-E E-E ®)
ol abtd Eyer uowkn onpacia €101 K1 dAkoids, (CO drnoloyiopdc dv ¢
kol ¢ kab” Eavtdv elvar Bépa kavovikomoinong). Bétoviag t@pa othv (8)
E: = Eo—A xai E = B- = By — VA* + D*E (dorte vé ueretrioous 1M Bepe-
AMddn kardoraon) Bdyous

Ci _ Dg (9

¢ /AT + DE-A )
an” 8mov yid mok ioyvpd nedia pé Betikr] katevBuvon (dnk. € — +o0) naip-
vope Guéocwg 6t (¢i1/c) — 1, kol &nopévog

Yoo~y oy~ (et wr) to(wemwr)) o

16 Onolo pdic Léer advtd nol Bdnpene vé nepuévope. “OtL dnhadr 16 pdpro
petanintét ot povonAsupn moliky Tov Hopet (kal pdiicta fxeivn oty
onola 1} Suroriky Tov pomn Exet tv kortebBuven tod nedlov) Sidtt o7 adty
v Kardotaon et ) péyroty (kat’ Gréiuty tpt) dAinienidpaon ué o
toyvpotaro é&wtepikd medio.(*) “H defid moiiky] kKatdotaoh yr Tpoyputo-
noeitat yid toyvpd nedia dpvnrikiic xaretBuvong (€ — —%) yid 16 dnoia
Exope (ci/c) = ~1, xai dpa

Y-~ (Yi—y2) ~ yr

‘H néloon 1o popiov xord v devBuven tod Hrextpikod nediovu
napotnpeital, Pefaing, kai of menepaopéves Tipég g Eviaong pévo mod
dtv maipver v dxpaio popey tdv mponyolueveov mepImTOoEmv. AdTO
umopel vd 16 8¢l kaveic ebola dv Eavaypdyet tig tdoxatactdosic v = ¢y,
+ Coyz GAV YPapHIKODE CUVELAGUOUE THV HOVOTAEVPOY KATAGTACEMY WL Kai
yr. T adté 16 oxomd Sév Eyope mopd vd EmavekQpdoope Ttd i, v
ouvaptiocer TGV Y, yr Ondte 64 mdpoue

l {
WOT oy ooy T mﬁ(w + YR} + Cz\/——é—‘(w“w)

citoy C1—C

= ———\7,_-2—— WL + _'\/_‘é_—.' WR = CLWYL + CRWR

émov

(*) AdtY elvar 1 xatdotaon Ehdyiotng Evépyeiag péca o16 medio.
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cL = —L(m + C2) s Cr = "L‘(CI‘CZ)
V2 V2o

L {ci/c)+ 1 B DE+E~E 10
o~ /%=1 - DEFE-E, (10)

*And tév thno (10) umopel vd 8el Guéowg & dvayvootng Str yia v
kotdatoasn EAdytotng dvépyewog (E = E-) elvan (cu/cr) > 1 16 dnoio onuai-
vel 811 016 pelypo cowr + crwr Uneptepel § Gpistept Lovénlievpn katdota-
on xoi Enopéveg dvaroyn Bdvon xai f néheoon tob popiov. "H Sinokwky
pomty Odvor BéBaia pikpdtepn dn” ST otig HOVORTAEDPES KUTASTAOELS KOL
propsl va dmoroyiotel dpxetd ebkora (ywpic vé Eavapyioope arnd tov
opropd <D > =-q<Ix>) fv okeprodje 61t otic KUTACTACEIS Wi Kol Yr 1)
dirodaxny pony elvar D xoi —D dvriotouyoe dndte 1 péon dumorixy pomi
vid v xotdotaon Omépbecnc v = cowi+cryr Bdvar

<D> = D(E) = |e)AD) + [erl(~D) = (Jor)*~lcr]?)D

1 a z e : z P 2 2 ’
ométe Egpovrag 16 AGyo cu/cr kol 811 mpémer vivor ci+cr = 1, Bplokope
Tedikd 16 drotéhecpo

D&

SR iy
PO = e (an

tob Omelov 1 ypagikh nopdoracn Bdvar dnwg oté oyfipe 15. "Onog Pré-
nete, Yl HEyGAeg Evidoelg, 6mou
6 popro Exel TANpOG morwdel, 1
dinodixny pony) D(E) teiver o1 ot~
*p(e) Bepn) Hptokn Tiu D tédv povémhen-
pov Katastdoewy tob popiov. "Av-
tifeta yid pixpéc Evidoeig —ovyke-
Db kpipéva yid DECCA~ glvor D(E)
= o€ Smov a = D*/A W molwows-
mre to0 popiov o1} Simhevpn uf
TOAKY] TOU popen, AdTd 16 Groté-
reope 8a yiver nohl md dwugavic
dv oxeptelte 611 6 tomog o~
D?/ A ioyber yovdpikd kol y1d éva
Twydv droud 1 popiaxd olotnua
dv a¢ A Bewprioere 11 dwgopd Ex—

Yo

Zyfua 15
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E, tf¢ Bepehiddoug Gmd v mpdityy tov deyeppévn kotdotaot, kal &g
D 16 orogelo untpag D = (v, —ezws) 100 teheotfi thig duwohikiig
ponfig D = qz = —ez ¢ np6¢ adTée Tig xataotdoeis. AVTH f TPOCEYYIGTIKY
oybon dnoppéer duéong &nd tév tino g Bewpiog dwrapaydv dedtepng
Taéne.
) “  Diy Db

EY = & LeE~f 5T (12)
ot cuvduoous pé g oyéon EY = —a&2 nob Gmotehel Evo icodbvapo
bpiopd tig mokeowodttag o. Asdopévou thpa 81t 10 otowxeio prTpac
Dy = —ezn (nod icobrar, Pacikd, pé 11 Simokikr pont| tfig kdrdotaons
ot dnuiovpyeitat Grd v dvdpeiEn tiic Baoikhg pé 1RV mpdn Stevepué-
vn) Sév petaPdrieton kal mdpe moAd Gnd obotnpoe of ocvotnuo(*), 1
roiwowdtnra 0d kebopilerar xvpios dnd mijv évepysiaxr drndotacn Thc Oeushiddous
and iy nparn Sieyeppévi ardbun, Kal 0dvar téoo usyeddrspn Soo uikpdrspn sivas
abri 1 Evepyetaxt) drdoracn. "Etoy, nopadelypotoc ydpn, o1é¢ uopio g
"Appoviag, 8mou elvar Ex—E1=10"eV, 1 nolooiérnra 8dvar katd téo-
oepig tovidyrtotov taelg peyéBoug peyaritepn &n’ &1L otd ouvidn dto-
wikd 1 popuaxd cvotipara Snov vd AE = E;~E; elvar thg t4Eemc Tob
NAekTpOVIoBOAT.

Td napandve piyvouvy md dnketo odg o’ abtd nod giyape meprypdyet
noAtdtepy d¢ 16 «puotipio thg Guueviagy. Iap® étt uj nohikd oty
dinhevpn Tov popeH, 16 udpLo Exet 1660 ueydAn tolwoindinte Gote Kt Eva
pétpro fiiektoikd nedio Gpkel yid vd 16 ntokdoet, ki Bva oyetikd loyupd yid
va 16 péperl oTRV TAY PG Tolopévy povOTAsupT TOU HOPEY. Anhadn, dnd
droyn edaronoiag O¢ npdg ) dpdon Evdg Miextpikod nediov, 16 udpio
CUMTEPLPEPETOL TPUKTIKG oGy vd fTav moiikd. Kol Béfawa oty bypy
Katdotaon 6ha td pdpia HETuninTouy 611 HOVOTAELPT TOALKY TOUS HOPOY
in6 tiv Enidpaon tdv duoiBuiov Hrextpikdv Exlewv ol sivar EEaipeTixd
loyvpés pé pokpookomikd pétpa. Inuetdote, thog, 611 1) peyddin torwot-
potnTe elvar dredBuvn xal yud v loyvpdraty odlevtn 1od poplov g
TAppoviag pé 6 nhextpopayvntikd nedlo ativ dnole Paciletar of peydio
Babud v drodotixkn rettovpyia tob oubdvopov MASER.

O1 £hedBspeg tahavioosg tod popiov
Od xieioope 16 Bépa tiic dupoviac pé v meprypadh tév iedbepov
twhavtdceny tng, ol Omoleg mépa. dno td xabopd euoikd toug Eviiapépov
aroteroly xal wid éEaipetn ebxaipia yid va peierioel xaveic 16 npdPinja
T xpoviktic eEEAEnG ¢ Eva kBaviikd obotnpa pé 860 pévo katuotdosic,
d va dnpovpyfooge wig olvBeon kxul ué 1d mponyovueva, drnobéots 611

(*) Lxe@ieize 8t elvat too pé e . o émov a 1 uéon petakivror tod fhekrpovixol vépoug
ol Bdvor mevia pid dndotacy tfic tdéewg tiig dxrivag tob Bohr.
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T4 poépra Evég depiov dupwviag dmokewvtor ot dpdon évdg ioyupodtaton
ArekTpikod medlov Kai petd dervovrotl vd sEshiyboby EredBepa dné EEwte-
pucéc Emdpdoeig. ITowd Bdvar 1 EEEMEY Tovg T mpofinpa 84 yiver mo
csaeéc dv oxeprobue 611§ dpdon tob ioyupod Rhextpikod nediov BG derioe
TG popLa TpaKTIKG TAYpeg tolouéva, dnkadn ot povérieupr} Toug KoTh-
otoon L A yr. “Av eldikotepa 16 nedio elye ) Berixn xatevBuvon 1ol
dEova x 1éte petd tiv dropdxpoven tou Sha T pdpia B4 Pplokovrat otiv
Gprotepn} povomisvpn kotdotaon wo. 16 i 8d kdvovy and kel xal népa
sivat Bépa ypovixdic €EMEng tod EhebBepou mid noplov pé dpyixy| cuvlriky
v
w(0) = v -(13)
‘H npédtn Paociky napatipnon 886, elvat 6t 1 dpyikn xardotaon (13)
dév glvor gvepysiaxy idroxatdotacn 1ol Ehebbepou poplov Kal cuvende 1
ypoviky tng &EMEN dév Bldvat kaBohov tetpuéviy. Iid tiv elpson g y(t)
Bd npénet, xatd 14 yvootd, va dvarntdfous tiv w(0) = vy of {Srokataotd-
oeig kol va «&&ehibouer kdBe g an’ adtég pé toév dvrictolyo mapdyovia
edong exp(—iEt/h). Tty npokswévn nepinteon 1) YL cuvdéeton ué tig
YVOOTEG Uog IOLOKUTUCTAOELS Wiz = (WLt Wr)/ \/5 pHéow ThHg oyéong

1
v = y(0) :\-/7(% +oy2) (14)
Ométe 1| ypovikd Egehiypévn ng poper Bhvan
! , g
W(t) :ﬁ—(wle-xEmh + er-lEgi/ﬁ) (15)

Eo—A, E; = Eo + A § (15) ypdoetor cav

kal dedopévov 611 E;

W(t) = ._%_e-iEot,/h (WleiAt;‘h + WZe-iAt/h)
7 iooddvapa
1 , o
V(D) = o (e B+ ety (16)

3rou 6 dhixdg mupdyovtog edong exp(—iE /) analeipbnke dpod dév Eyel
QuoLKY onuacia, Sroeg Eépous. T tehikd Biipa elvar va Enavexepdoope Tig
{drokatootdoeig v, W oThy (16) péow 1BV yi, yr ®OTE V4 mdpope v w(t)
Sdv Ypappikd cuvduaoud adtdv tdv ketaotdosey xal Etal va propodue va
nodue Guiowne motd Bdvor i xifavétyta va Bpebel 16 pdpio ot wd § otiv
drin novomheupn woper] tov of kdbe ypovikny otiyun. Ilpdypatt 8dvar
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e iAt/h 4 g-iAt/h @ A/l _g-iAt/h
= 5 yi o+t 5 YR
At o At
= | Yty = cos FoVL ot oisin 3oy (17

I3

omote ol mboavdtnreg Pu kol Pr vd Bpebel 16 pdpro otiv épotepy 4 o
del1d povédrhevpn xatdoracn 8a didoviar dnd todg tHmoug

, At L, At
PL(t) = cos TN Pr(t) = sin T (18)

kol ol ypagikéc toue mapactdosg Bdvar Srag otd oypfipo 16, "Oneg
Bhénete, 16 népLo Torovisvetor me-

podikd Gvapeca otig Sué povoniev-

PEC KUTACTAGELS TOU HE KUKALKY|

R ooyvomta @y = 2A/h durhdow ér’
81t otic peraPintéc tdv (18) npo-

paviic Aéyw tod terpaydvov. "H

nepiodog dvriotpoptic —onAadr 6 ypb-

vog nol dnatteitor yid vd Eravéhr-

B¢t 16 puépio oy idia povomievpn
! xotdoraon— 84 icobton BEBara ué
L—T:“—h T = mhiA

T6 gvbagépov —kal dvapevo-

HEVO— YOPOKITIPIGTIKS adTdY ThV

Tyfipa 16 tohaviacsayv elvar &t yivovtar pé

] cvxvétnta we = 2A/h nod dvri-

ororyel oty évepyelaxt) Swwpopd E; ~E; = 2A 1dv 8v0 yertovikdv otobudby

100 popiov. "Eror Eva &Ewtepikd fhextpopayvntiké nedio 84 propioet

va driniemdpdost pué 16 poépro pévo dv 1 ouyvétnyta tov elvar fon pé

© = wo = (E3~E))/h Sot poévo téte pumopel va ovvroviotsl pali tov Kai

ve 100 ddoet 1 vd 1ol ndpet évépyewa. "H ouvBikn o = (E;—E)/h elvar

BéBata yvootr Gnd tév kaipd 1ob Bohr! “H nponyoluevn dvdiven amiéc

Omoypappiler adtéd mov 8ol droyialépacte: “Ott dSnhadn 7 diinienidpaon
6Ang xai dxrivofoliag eivar éva paivduevo ovvroviopod.

"Ag Enoavogépope thpo oty (17) thv mapaykeviouévr petafinty
Beong x dote vé peretioope 1) ywpoypoviky Edptnon tfig dvrictouymng
nukvotntag mbavétntoag Px, t). @étoviag wix, 1) = cu(yu(x) + cr{Diwr(x)
Bdyope

P(x, 1) = |w(x, O = Jerlwi’ + Jeal’yr’ + (cier + ciemwiwr  (19)
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Smouv mipape On” Sy St ol yu(x), Yr(x) slval TPAYUOTIKEG CUVAPTHOELS.
‘H xaipia nopatipnon topo elvar 1t Moyw ¢ dwpopds edong /2 (3ég
161 oty 17) perald 1Hv suvteheotdv cL kai cr 6 peiktdg 8pog yi Wwr oY

<

(19) B& undeviotel xai 84 pdc peiver § Ex@poon
P(x, 1) = Pu(t) yi’(x) + Pr(t) yr'() (20)

™y bmoia telvel va Bewpriost kaveig odv adtovéntn v Sév eivar kai 16co0.
(‘H &nolowpr tob psiktod 8pov 8év Atav dnoypewtikd vé ovpPaiver).
Tlqvtog t6 Grotéheopa (20) elvar roiv sbhoyo. AdTd mob pdic Méer slvar 811
N katavopr mbavotntog, of kGhe ypoviky otiypd, icobral ué v Emok-
AAig Y 800 povoemALupeY KaTavoudv (mov kdbe pid toug elvar ol pid
Tkoovoiavy) kapnéva yope 416 16 dvriotoryo kévipo) pé «Bdpn» doa kai
oi mBavétntec ebpeong tob popiov oty pd 1§ v EAAN povémievpn
katdotaon. Awdoyikd otiypidruna adtiic g Katavopfis, péoa o6 Sid-
otua picfic mepiddov, didovtar otd oyfijpe mod dkoiouvbel. (Id peyo-
AOTEPT TAPUSTATIKOTNTO T6 31mhé TNYadt duvapikod 1ol oyfpatog 13 Exel
oyedlactel odv teTpayevikd, pé okinon otic kKAacikd dnayopevpéveg me-
pLoyéc).

Zyfpa 17

“H eixéva mob pdic trnofdiiovy adtd td otiypdtuna elvar Exsivny &vég
pevatod oy «diappée Ans t6 Eva mnyddt 616 drAo, pEow 100 TOIOHTOS
nob 1d yopilel. Mévo mov £8& mpdxettar yib «droppoég mbavotntagy Tig
dmoieg kavevédg €idovg pévaotn tdv Toryopdtev dév propel vd iunodicel!
Ié té copatidia 100 pxpokoopov téherd guiaky dév trdpys! Ol Swagu-
véc péo’ and xhoowkd Gdramépuotovg «toiyovgy elvar mdvta duvatég kol
yGpn o adtéc cvpfaivouvy pepikd Evdiupépovta mpdypata o adTd TOV
kéopo. Tynuotifoviar pépua, poxpopdpla, oteped xoi tehikd... Eueig!



