IMoopAnua ArteipoBaboKpBavtikoIInvad 2a(AKII2a)

00, x<0
V,O(x-L), x>0

Na exTipn0oUv oL PIOKATATTATELS TOL CLOTIUATOS YIX TIC DEOULEG KATAOTATELGS.

Bewpove KPAVTIKO TTYADL pLe dUVAHLKO TG poedts V (x) 2{

0 4

v

Ixnpa AKMN2a.1 Synpotikh ovonopdotoon Tou KRoVTLKOU mnnyadtol pe Suvoplkd 1ng
00, x<0

pe V,>0.
Vi®(x—-L), x=0

popencg V(x)= {

Meboboroyia- E&odioesis Schrodinger.
Apywmd yodyovpe ttg elowoetg Schrodinger yio Tt meELoygg SlapoEeTinod SuVaUOoL.
H eioworn Schrodingert  yu v meproym I etvo
hz d2 X " 2mE
LAV gy =y, (x){k? = —Jv/](x) ~0,
2m  dx h

eve yoe Ty meptoyn 11 etvout
n d'v,(x)

2m dY

oeg, dnhadn E <Vj).

Ot AMoetg twv Stapoptnwv eblowoewy 0TI SDO TEQLOYES VL TEOPRVKS

w,(x)= A4, cosk,x+B,sink,x, w,(x)=A,e"" +B,e"".

" 2m V - E i ]
+Vw () =Ey,(x) =y, (x)- |:k121 = %} Wy (x) =0 (Béopec  nataotd-

2vvoptarés ovvbixnec-Eéiowon oty Evépyerag.

Kabog and myv ouvvoptoany owvbiun g nopatoouvdptong oto x=0, éyovpe ¥, (x=0)=0,
exupobdpe ot A, = 0(1//1()6 =0)=4,cosk,0+B,sink,0=4, = 0) , V& amO TO Yeyovdg OTL 7
AVUATOCLYGQTYON Lot VO ELVAL TETOAYWVIXG OLOYATOWOLUY] TEETEL vor Pndevileta Yl TOAD PEYUAX X,
entpodue ot A, =0(w, (x > w) = 4, + B,e" = 4,6"" =0= 4, =0).

Ot evepyetoanec AATAOTAOELG TOL  TNYAdloL LTOAOYIOVIAL ATO TNV OYECY] TOL TEOULTTEL ATO TIG
ovvopLaxeg ouvONueg ot Oéon x=L. Anlad7n éyouvue

w,(x=L)=y,(x=L)= B,sink,L =B e """

‘//II(X =L)= l/llll(x =L)= kB, cosk,L =k, B,e "



Awvpwviag g 800 auvtég oyéoelg Bplorovpe ™y owvbnun amd Ty omoln exTipoLUOL TG SUVATEG

k

evepyetomég xataotdoeg tank, L =——L .

u

H owvbnun avty dev eivar mopd 1 ouvbnun mouv éyovue Poet yio TG TEQLTTEC ADCELS TOL GLUUETOLLOD
TetpaywvoL  mryadtod  mayovg 2L (BAéme  downon IIKIIOx xow  omotodnmote  Bifiio
KBavtopnyaviung). Kabwg ot Aboetg 6mov undeviletor 1 uvpatoocuvdpton oto x=0, eivat ot TeptTTeg

(v(x)=—yp(—x) =y 0)=-y(0)=>2 {l//(O) = 0} ). Ovotaoting ot AMoelg Tov TEOBAUATOS ALTOD

dev elval TEG Ol TEQLTTEG ADGELS TOL GULUUETOIMOL TETEAYWVIXOL Tryadtob mayoug 2L (oynuo
AKI12a.2).
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Ixnpa AKMN2a.2 Synpot LK ovonopdotoon Tou KRoVTLKOU mnnyadtol pe Suvoplkd 1ng

e V(x) OO’ x<0 V.>0. o ¢ : 5 ' :

nopenHc = ue 0 . apatnpotue 61l TO duvauLlkd autd
Ve®(x—-L), x=0

umopel vo mpoépbel amd éva dUVARLKO CUPPETPLKOU TeTIPUYWVLKOU mnyadlol ndXoug
2L ([-L,L]1), o6tav Bewpnoouue 61l 10 pLod duvaulkd ametlpiletal. And 1o OYXAUX
autd vivetal eavepd 61l oL AUCELC TOU OCUPMETPLKOU nnyadioU pe &pTLla apTlodTnta
dev elval amodexkTtég AUCELC YyLIa TO un ouppetplkd nnyddi, xabdg otnv 6éon x=0
dev undevilovial. AviLBétwg, ol meplTttAg aptldInTag AUceslg undevilovial oTnv
Oéon x=0 koL eival oL AUoELC TOU HPORBAAUNTOC UTOU.

Lpapur orspevvnon Avoswy.
[Tooyavag ot axptBeic Aboetg Tov TEORANUATOS t3toTLHwY ooy va Boeboby povo aptbuntnd (extog
MO AATOLEG ELOMES 7] OQLAMEG TMEQIMTWOELS, UTOQELTE VO OXEPTELTE UATOLEG;) ANO TNV EMUALGY] WS TEOG

k LN2mE / E
E(E<V/, 8éoptec nataotaoerg) g eéiowong tank,L = —k—l = tan hm =— V&
|

17

Tlpartn’ uébooo.

M TEOGEYYIOTIN EXTIUNOY TWY IOLOTLUWY TYG EVEQYELUG UTOQOLUE VX TTAQOLUE ATO TNV E€NG YOXQXUT
2mV, .

utbodo. Kabog k; +k; = Uad; =U,, pmopodpe vo Ogoovpe k, =4/U, cos %k, =/U,sin 4,

h2

omov & pa ywvio He Tov Lovadind TeELoptopo va Bpioxetat 610 npwto tetapmpopo (03 <7 /2),

nobog appodtepn k,,k; >0 xou o i8o Oo mpemet vo toyvet yro 1o cos P, sin g > 0.



k 9 sin(9-7/2

H oxeon tank, L =—-—- yiveto tank, L =— C?S _ sin(d-7/2)
i sind  cos($—7/2)

=k, L=9-7/2+nm, 6mov n eivoar évog un undevinode axcpoog (#=0 Siver apvmuxd k). H

tehevtador  oyéon  yedgetow tooddvapa, k,L=\U,Lcos3=8+(2n-1)x/2. Opiloviag v

=tan($3—7/2)

“Yewpetomn (nabog efaptator amd Ta yewpetowd otoryela tov myadiov) napdpetpo A =,U L, ot
tOLONATUOTHOELG OV OLOTNUXTOG vroloyilovtal %100} ™mv oYeon
Acos3=9+mr/2=cos3=8/A+mr/(21), omov m (=1,3,5,...) Oetindg mepittog anépotog.

H oxpne Ao g mapamdve alyeBowmne oyéorng yivetar aptbuntnd. Mrnopodue va éyovpe Opwg o
TQOCEYYLOTINY| EXTLUYOY] TWV LOLOEVEQYEL®Y TOL GLOTYUATOC UECW TG YOXPIUYG AVATIAQACTRGYS TNG U

yoappnng eélowaong.

0,50

0,25

0100':I'I'I'I

0, 0

ZxHpa AKI2a. 3 T'po® L KN avarapdoTaon nc un YPOUULKAC e lowong
cosd=3/A+mr/(2A), ombd v omola uvmodoyilovial oL LdLogvépyeleg TOU
CUCTAPXTOC. OuoLlaoT LKA oLl ‘ypoaelkég! AUoelg meplypdeovial amd to onuela tToung
TOU  yPaeAuaTog Ing ouvdprtnong  cosd (yta 0<9<7x/2) xav 1nc evbelacg
G/ A+mr/(QA) . Tto mapdv oxApa 1 ODUPEPETEOC A(:L\/UT):L,QmVO/h) éxel TNV TLUAQ

5 (1L méxoc mnyoadioU Sivel autf tnv tipn, av V,=400meV ;). ov 5vo eubeleg

gl /2

Tépvouv tov K&Oeto &fova ota onuela mou mpoodlopilovtal ond 1o ma/(2A) . Eival
dnaadny 017 xor 037 via m=1,3 avriiotolxa. And ti¢ TOopéc Ty dUO0 aUTIHV £Ube v
ne TV ouvdptnonc cosY, PBplokoups TLC I(nToUusvec ywvieg (191,193 oTnv YPOQLKY) .

A6 Tnv oxéon k1=U000819:>\/2mE/h2=\/2m1/()/h200819:>E=I/()(0083)2, EXT LPOUNE TLC
LOLOKATUOTACE LG TNG eVEPYELAC. Ipopoavdc oto Hmupdde lyuo TOoU TopdVIOog OXHUATOC,
oL Ldloxkataoctdoelg elval 0OUo, xabBdg n emduevn TLun TOoUu m(=5), meplLypdoel
eubela mou Téuvel Tov K&OetTo &fova o TLuR peyaAUtepn omd tnv upovéda (0.57)
KL Tpo@avhc dev undpxel onuelo TouAc Tng £ubelag autfc upe tnv ouvdptnon cosd
(to teAevtalo LoxUel eedoov 1n xrAlon 1ng eubelag eival m&vita Oetlxky, KAOOC

1/A=1/(LJU,)>0) .
Uedrepn’ pébooo.
[Toooeyytotny] extipnoy Twv tOLOEVEQYELWY TOL GLOTNUXTOC UTOQEEL Vo mEaypatomombel péow g

k
Yoo avamapdotaong e oyéong tank,L = ———. H onola yodpetar toodlvapuo
I



tank, L = —ﬁ(x =k,L)= tanx = -

k,L X
ky b, L(=JUL> —(k,L)*) NA*=x
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(oo AKTT1200.4).
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X (oKTivia)
Zxnuoa AKMD2a.4 Tpoplxkp ovolitnon AUcewv  Ing  Wn  Ypauplkig €& {owong

tanxz—)c/\//lz—x2 , and Tnv omo {o unodoyilovial ol LdLoevépyeLeg ToU
CUCTAPXTOC. OuoLlaoT LKA oLl ‘ypoelkég’ AUoelg meplypdeovial amd tao onuela toung
TOU YpPoeAuaTOog Ing ouvdptnong tanx kot 1tng ouvdpinong —)C/\//iz—x2 (n omolo
opiletat otnv meptroxny [0,A], xaBdCc via x>A éxouupe E>Vy kol n moodinta oInv
plla yivetal apvnIiikh). Tt1o moapdv oxHua n noupdueTpoq /1(=L\/U—O=L«/2MVO/7I) éxel
v T 5 ((dita pe auth ToUu mponyoUuevou oxAuotog AKI2a.3). OL dUo xoumUAeg
Tépvovtal og dUo onuela ANV TOU TETPLUPEVOU OTNVv apXh Tev afdvav (meplypdoel
v  AvUon x=0, m@mnou J&v €xel @QUOLKO onuaoia xabdg undevilovioal KL oL
aviioctolxeg L1dLoouvapthoelg) . MHpoeavdg ta dUo autd onueila meplLypdeouv TLC
{dLeg LdLoevépyeleg Pe qUTEC TOU €KTLUAONKav oto oxhua AKI2o.3. Opdypati, 1

deUtepn AUOn (ulnAdtepng e€VEPYELAC) oavVILoTOolyxel o0 x mOAU KOVI&A OTto A (BAféme
YPAQ LKA OmOoU 1 TOoUN TV KAUIUAOV €lvoal moAU KOVIX OTInv OePLOXN MTOU 1 KAUIUAn

Tou degfiloU pépouc amelpilsta). Anlodn x~A=>kL~JUL=FE~V,. H neplintwon
aut) aviLlotolxel otnv AUon wmou neplypdoetal  and TNV yeovioa (93 (tou
nponyoUuevou OXAUATOC) n omo ([« e {vat KOVT& oTO0 undév KoL dlvel
EZVO(COSQ)2:>E~V;). Mmopeite vo eAéyfete, mpooeyyloTix& TL oupBalvel yio Tnv

GAAN LS LOoKATACTOON TNG €VEPYELAC;

[Mapatmeodpe oto oynpa AKII2a.5, 61t 0 apbpog twv Suvatev dtoxataotdocwy ToL ®BavTnod
ovopatog e€uETaTaL dpeox antd 0 A (Yo TLpeg ™G ave€do TG MeTXPANTYG peyaAdTepes Tou A, 1
OLVEQTN O™ —x/\/lz —x* 8ev opiletar). T A =1.4, mov eivor uxpdTEEO TOL /2 Bev Eyovpe napio
Ao, Snhad| 0To TNyaSt Suvapuinod dev vrEYel xapix tdlonaTdoTaon evépyetac. Otav 10 A elvar oty
neptoxn /2 éwg 3n/2, éyovpe pio AMon xox. O oEOpOS TwV IBLOXATAOTAOEWY EXTIUATAL ATO TNV
oyéon Int[2A/x] (6bnov Int Slvel 10 andpxto Pepog tov xptpol, dnAady o andpatog mov TEOUHTTEL
amo TV anoxony 1ov dexadmod pépouvg tou aptbuov). Eyovpe dniady, ot o apbuog extpdtor and
v oxéon (Int[2A/ w1+ Mode(Int[2./7],2))/2 (6mov Mode(Int[24/ x],2), civoaw to vrolotmo g
daipeong 1o axepaiov [nt[2A/ 7] pe 1o 2, 6mov mEomTnd elvar 0 Oty 0 anépanog etvar Loyode non 1
otav etvat povog). Topx 1 1wy 1ov A4, e€apTdTar Amd T “YEWUETOWUE YAQUATYQIOTING TOV TN YaSLOD,
SNhady and to maryog xot 1o Log Tov, nabwg A(= L\/UT):L 2mV, /h). Av 10 TaYOG EXTILATAL GE A



nat 10 duvapod oe eV 1o A vmoAoyiletat amo v oycon /1:0.512029975L\/70, oV TO CWUATIO TOL

Boloxetar 61O TNYASL Elvat NAEXTEOVIO. XNV YeVInY] TEQITTWGY] OTOLOSNTOTE GWwUXTIOOL Ualag 7, O
TOTOG SLUPOPOTOLELTAL OE A = 0.512029975L\/70Jm/me , OOV m, elvar 1 ular TOL NAeXTEOVIOV.

A= 14

64 =4 =74 A= 11

1
oo

T T T T T T T T T
0 2 4 6 8 10 12
x()

Ixnpa AKN20.5 Tpaplky oavalhInon AvTocewv In¢ un  ypauplkhg eéliowoncg

tanx=—x/\//12—x2, via didpopsc tTipéc Ttou A . Mapatnpoltus 4Tl 0 aplOudC TWV
SUVATOV LS LOKATHOTACEWY TOU KBOvT LKOU ouotAuatog efoptdrtal dusoa omd 1o A . O
oAyopLOpog elval omhdg, o aplOudc Twv LdLlokatTaoT&oewy e{val {({cog pe 1O PLOd
Tou akegpoiou uépougc tTou Adbyou 2A/m  bSTtav TtOo aképalo upépog slval &ptiLoc
aKépalog Kal (0oC¢ pe 1o uLod Tou akepoalou uépoug tou Adyou 2A/7m ueiouévo
katd pla povéda dtav 10 aképalo pépog eival mepl1tdg AKEPALOC.

Evdewtina noepabétovpe mivoxa pe TLUES TWV YEWUETOUWY TXEAUETOWY TOL TYYASLOL XAl T AVTIGTOUY
A and to ool extipdtot 0 xEUOG TV SECULWY IBLOAATACTAGEWY TOL TNYASLOD.

L(A) V,(meV) A Aptbpog déoptwy
LOLOXAGTACEWY
10 30 0.887 0
10 100 1.619 1
10 500 3.621 1
30 80 4.345 1
100 100 16.192 5
200 1000 102.406 33
300 100 48.575 15
500 500 181.03 58
1000 100 161.918 52

Tevixd, amd v oyéon cos =8/ A+mm/(2), noatoadofatvovpe 0T yuor vor Eyovpe ploe TOLALYLGTOV
Séopua dtoxatdotaocy oto Tydd duvapuxod O meéner A > /2, dnhadn m/(2A)<1. Eror yu
dedopévo Suvapnd ¥, 1 mepamave ocuvbnnn onuaiver L > ﬂh/m (my. yo Vy=100meV n
ouvBun diver > 9.74). Evés e 8edopuévo maryog L, 1 avtiotoryn owvbiun eivow ¥V, > z°h* /8mI’ (m.y.
Yo L=10A 1 owvOnun Siver ¥V, =94.11mel").



And v orypn mov yvwpilovpe Tig dtoevépyetes, yvwpilovpe no tor nopotoavbopata k,,k, . Etot

vroAoyilovpe axpBwg g Stocuvaptroels. Ot OYECES TEOUDTTOLY ATO TOV VOQUAMORO TwV
tdtocuvapoewy (Bréne meoBAnpa TTKIT0q).

Noppahopog:
2 2 2
1= J‘L‘{’ﬁdx+j WV dx = B,z'[Lsin2 k,xdx + B[z,J. e dx = ﬁ—isin 2k, L +ie‘2kﬂL =
‘ - 0 L 2 4k, ]
B/sin’k,L| L 1 1
(oo B, sink,L = Betry=D S KLl L PRI
2 sin“k,L k,tank,L k,
2 02 LK+ 2 1/2
(apov tankILz_ﬁ)zB[kaL L+k_lé+w Zi{l‘l‘Lkﬂ}jBl =|: 2k11 j| .
k, 2 k, k; k; 2 k, 1+ Lk,
not | B, = B, sin k[L~ek”L = 2Ky k, = et k| 2k,
1+ Lk, \Jk2 + k2 JU, 1+ Lk,
=Uo

(=Uo)
[2mE 2
onov 1 k,,k, mpoodopilovian and k, = % no k= h_T(VO -E

[Topatnpodue, OTL OLGLXGTIUE EYOVLUE TIC EUPOATELS TOL TETEAYWVIXOL OLVXULLOD, HE LOVASIUT] Slapopd
10 aEuNTHd cuvieheot (2), 0 omolog OYeileTal GTO YeYOVOG OTL 7] OAOXAYQWGY] YIVETAL GTO ULGO
Swxotnpe (0,L).

[Tooonmabnote va emBeBatwoste OTL Yl Ty TEQINTWGY] TOL TO TMEMEQAOUEVO SLVUUIXO YIVETAHL TOAD
peydro (¥, — 0), 1 amoteréopata pog tavti{oviat ge autd tov amiod anetpoBabon nnyadtov.



IMoopAnua ArteipoBaoKBavtikoIInyadi2B(AKII2B)

00, |x| > L

Ocwpovue KBaAVTIKO TTNYAOL e DLVAULKO oodnc V(x) = .
QOVHE KBAVTIKO T YAdL [t Huco g poeds V(x) {V(@(Ha)@(x_a), x|<L

Noa ektiun0ovv oL IIOKATACTACELS TOL CUOTIUATOC.

0 4 A

1 11 11
-L -a a L

ExHupoa AKN2B.1 synuotlkp ovonopdotaon Tou KBoVTLKOU mnyadlol pe duvaplkd Tng
00, |x|>L

Vy®(x—a)O(x+a), |x| <L

dUVATEC evepyelakéc rataotdoelg e€lval déouLeq.

pe ¥, >0. Bto duvaplkd oautd, OAeg oL

nopene  V(x)= {

Apywd acyorodUaCTE pe Ty tepintwon E <V.

H eioworn Schrodingert  yu tig meptoyég I xa 11T etvou

hz d2 X " ZmE
AV gy =y, (x){kfz : kz}%(x)=0,
2m  dx /]

hz dz X " 2mE
—_—l//mz( ) =Ey,(x)=y, (x)+ I:k[zll =7 = kz}//m (x)=0,
2m  dx h

eve yoe v meptoyn 11 etvot

1 d*y, (x) 2m(V,-E)
_Ed—)lclz h—ozzy l//H(x)ZO (YLO( E<V0)'
Ot Moetg twv Stapoptnwy eblowoewy OTIG TOELS TEQLOYES EVOL TEOPAVKS
w,(x)=A4,coskx+B,sinkx, y,(x)=A4,e" +B,e”", v, (x)=A4, coskx+ B, sinkx.

+Vy, (x)=Ey,(x)= WH"(X) - |:k121 =

AT ™V ovvoptany] cuvBun ™S nupaTooLVAET oS 0To x=-L, &yovpe W, (x =—L) =0, extpodpe o
w,(=L)=A,coskL—B,sinkL=0= A, =-B, tankL.

‘Etot

w,(x)= A, coskx+ B, sinkx =—(B, / cos kL)sin kL cos kx + (B, / cos kL) cos kL sinkx = C, sink(x+ L)
Avédhoya Boloxovpe ot 1 W, (x)=C, sink(x—L). Appdtepes oL exopdoeic eivor avapevOUeves
nofog etvor avtég mov pndevilovtar Yoo x=-L ot x=L avtiotorye. Anopa, xabag 10 Suvapinod eivor
ovppetod (V(x)=V(=x)), ot Soxatactdoeg tov ovotpatog o elvar qoteg 1 neprttég. o va

oupBaiver avtd, xadog  w,(x) = C, sink(L+x) =ty (-x) =+C, sink(-x—L)= C, =5C, . Ou

TEETEL CIIZiCI, omov 10 apvnTwo(Betnd) mEdonpo  avtiotoryel  oTIC  AETIEG(TEQLTTEG)

1OLONATAOTAOELG.



H Mon oty evdiapeon neproyn stvor mpogaves g poeens W, (x) =24, cosh yx = D, cosh yx , yux
g apteg Moeg. Kabog w,(x)=A4,e”" +B,e” =y, (-x)=A,e”” + B, divee 4, =B, Evo
oo g meptttég éxovpe W, (x)=A,e” +Be” =—y, (—x)=—A,e " = B,e’", nov exupda ou
A, =-B,,, dnhad? Mo g popyne ¥, (x) =24, sinh yx = D, sinh yx.

I'oe v Bpobdpe TIC LOLOXATAOTAGELG TNG EVEQYELXG YOVOLLOTOLOLUE TIG OYECELS ATO TG GLVOPLAXEG
owvOnreg ot onpelo acvveyetag Tov Suvapxol (X =xa). Adyw e cuppetpiag Tov TEORANKATOS 1|
omola €yel 107 EUPOAOTEL OTIG LSLOCLVXOTNOELS UG, OV YEEIXLETOl TEA Vo YOYOLULOTIOGOLPE TIG
ouvOnreg oe éva onpeio aovveyelag (unopelte va amodeiéete Ot toyvet;). Epyalopaote oto x =a.
Aprieg Moeig

Yuvéyeta ouvdptnone, W, (a)=vy,,(a)= D, coshya=-C,sink(a—L)

Sovéyeto magoaydyov cuvdopmane, v, (@) =, (@)= D,ysinhya =—-C kcosk(a—L).
Aopwvtag Tig Suo avtég oyéoetg Boioxovpe ™y ouVONUN Yo TNV EXTIUNGY] TWV LOLOEVEQYELGY
tank(L—a)tanhya=-k/y.

Iepirréc Avoets

Xuvéyeta ouvdptong, W, (a)=y,(a)= D,sinhya=C,sink(a—L)

ZUVEYELX TOLEAYDYOL GLYROTNOYG, !//H'(a) = ‘//11/(“) = D,ycoshya=C,kcosk(a—L).

Aropwvtag Ti¢ Suo avTEg ayéoetg Bplonovpe Ty ouVONUN Yo TNY EXTINON TwY LBLOEVEQYEL®Y
tank(L—a)cothya=—k/y.

Tt otpuepOTEEES TIG TTEQIMTWOELG TUEATYEOLIE OTL OTAY TO TAYOG TOL EVOLAUEGOL POAYUXTOG YIVETAL TOAD
peyddo (a—>0), ot 1doevépyeteg TawtTilovTal Qe aUTEG TOL TEOYNYOLUEVOL TEORANUATOG(OTAY
npogaves xar L —> 00, étor wote L—a). Tlpaypot, apgpotepa tanh ya, cothya -1 yo a — 00
7 Svo moEamdve ouvnxeg yivovtaw tank(L—a)=—k/y . H tekevtaio elvon 7 ouvOnun mov Bofmope
07O TEOYYOLPEVO TEORBANUX %ot TEELYEApeL dLO avedETNTX TNYadlx (o8 ATELRY] ATOGTAGY)), OTWG AVTA
0L TEONYOLEEVOL TEOBMpatog (AKTT20) pe ndyog (L —a).

AG TROYWEYCOLPE TWEA OE LK YOAUPLXY] DLEQELVNOT] TWV LBLOCLYAOTHOEWY.

Apyllovpe pe TG TEQLTTEC  LOLOEBVEQYELEC. H cliowony mov mg mepryodper  elvan
tank(L—a)cothya=—k/y, n onoto YosupeToL LloodHVOL L

a

=
Ny R L-a

A=(L—a)\2mV, /h. Ano my youpuy ATTK2B.2 napatngodpe ot 660 o Adyog af(L—a)=r/2

tank(L—a):—Etanh;/a:tanx:— iz—xzj, omov x=k(L—a) «xa
e

2_ .2 | :
AT —x j Telvel oy povada
—-a

telvel oto dmetpo (Y otabed mayog mnyadtod L—a) n tanh(La
%ol OTWG EVUL AVOLUEVOPUEVO TO GLGTYUO YIVETXL LGOSLYAUO PE GLTO TOL TEOYYOLUEVOL TTEORBANUATOG
(obyrpve 10 oxnuo AKTI2B.2 yroe 7=2000 no 10 oynpo AKIT20.4). Xtnv mepintwor mov &yovpe
evltdpeoeg Tipeg tou 7 (my. r=1.6 dnAadyn T0 TMAYOC TOL YEAypaTog exel 1.6 Yopéc TO TAYOG TOL
TNYxSLoL), THEXTYQOLUE OTL EYOLUE BLO BLVATES LBLOTLHES evepyetac. Malota, 1 TEWTN LOLOXATAGTRGY)
EYEL TIUY] TEOXTUG (Sl YE XLTY] TOL TEOYYOLUEVOL TEOBANUATOS (XTELQO POAYUX SLUVAULMOD). 2TIg
aAleg SDO TEQIMTOOELS TOL UEASTAUE, e QPOayUx Suvaputnod oyetwmd uxeo (r=0.4) 7 mOAL pxEo
(r=0.02), Bplorovpe O pio poOvo StoxatdoTHcy LIEEYEL oTo cbotua. H omolx twpo eivar
SLXPOEETINY] ATO ALTY] TOL UEYXAOL POAYUATOS SLVAUILOD (COYUQLVE To GYUEL TOUNG TWV TEQLTTWOEWY
pe 7=0.02 xou 0.4 pe 10 onpelo TouNg Twv Tepmtwoewy pe 7=1.6 xo 2000). MdAiota, 660 PinEdTEQEO
elvat TO0 QEAYUX OLVOIMOD TOCO TEQLOGOTEQO EIVAL UETATOTIOUEVY] 7] LOLOTLUY] TNG EVEQYELXS TOL
OLOTNPATOGC. ANAadY|, YL TETEQUCUEVO TAYOG POAYUKTOC 1] EVEQYELX TNG TEQLTTNG LOLOXATAOTAGYS elvat
peyoAbTepn omod v evépyetx ™G OepeMmOoLg MATAOTAONG TOL CLOTHUATOC HE GTELQO TAYOGC



podypatoc. Optand OTay 10 7 Telvel 6TO UNOEV TO GNUelo TORNG Elvat TO X=7 (EVXL XVXUEVOUEVO; O
Tolar EVEQYEL XVTIOTOLYEL; TEUNTING EYOLPE éva ametpOBabo Tnyddt mayouvg 21).

No 1o ppd @edypotor Suvopod (o o), tanh(r\//lz—x2/2)~r\//12—x2/2 (naBorg

tanh w ~ 2w+w'/3)/(2+w*) ~w), éyovue tanx=—rx/2 Eadh 1 Sedtepy clicwon ylveta
Yooy, Onwe emBeBatwvetar oto oynpa AKII23.2).

X (okTivia)

Ixnpa AKN2B.2 Tpoaplxn ovalhtnon AlUcgwv  TN¢  WUn YPOURLKAG €& lowong

tany=——> tanh| -4 _J12_42 |, andé tnv omola umoloy(ilovialL oL L3LOEVEQYELEG TOU
\//12—)62 —a

CUCTAPXTOC YL TLG LO0OUVUPTACELG He mepltth optidinta. OL ‘ypaelxrécg’ AUGoeLg
nepLlypdoovioal omd T onuelo TOUAG TOU YPUOAPATOC TING ouvApinong tanx xot Ing

ouvéptnone  _x/\a7 ¥ tanh(a\/ﬁf —xz/(L—a)):—x/\/ﬂf—xz tanh(r\/ﬂ,z—xz/Z) (n  omola

oplleTaL otnv mepitoxh [0,A]). Evd xenoiupomoLoUpe tnv napduetpo r, r=2al(l-a),
n omola eivat o Adyog tou n&xoug TOU @pdypatoc duvaplkoU pe 1o ndxog €e€xACTIOU
anyad Lot  duvaulkoU  (BAéme oxAuoa  AKI2p.1). Zto nopdv oxAue 1n  OopdpueIpoq
ﬁ(leUoleszO/h) éxel tnv TR 5 ((dlta pe auth TOU mponyoUUEVOU OXNUATOC
AKII2u.3 xol AKI2a.4). Ta amoTeAé0ouaTo OXOAL&{OVIOXL OTO Kelpevo.

Yvveyiovue pe g aptieg  totoevépyetee. H o efiowon  mouv g meprypager  elva
tank(L—a)tanhya=—k/y, n onola yoopeTa LoOS VoL

a

Lcoth(
VAT =X L-a

TopatEodpE 6Tt oo o Aoyog af(L—a)=r/2 teivel 610 dnelpo (yu otafepd méyog myadob L—a)

coth
n ot

TeETTOv Aboewv (obyxpwve pe 1o oynpo AKII2B.2) eivor avopuevopevo, ot 18LocUVAETHOES elvat
SLpoEeTIES (EUPUMOUOG);).  XTIC TEQIMTWOELS TTOL UEASTAHUE, KE QOAYU OLVAUIUOL OYETUX KUEO
(r=0.4) n mokb uwpo (r=0.02), Bploxovpe Ot vREEYOLY 0TO GboTNUX ObLO Soxataotaoes. H
UIXQOTEENG EVEQYELNG ISLONATAOTACY] eVl SLXUPOEETINY] ATO ALTY] TOL UEYIAOL QPOXYUATOS SLVAUIXOL
(obynptve To onpela TouNg Twv mepintwoewy pe 7=0.02 xat 0.4 pe 10 onpelo TOPNG TWY TEQLTTWOEWY

tan x = — V/lz—xz) (bmov ek x=k(L—a)). And v yoopwr ATTK2B.3

a

A’ —xzj TElVEL OTNY MOVAOX XL 7] TUUY] TNG LOLOEVEQYELNG CUUTITTEL UE AUTY] TWV
-a



pue 7=1.6 now 2000). Mahota, 660 UKrEOTEQO elval TO YOAYUA OLVAUIXOL TOCO TEQLECOTEQO Elvat
UETATOTILOUEVY] 1 LOLOTLULY] TNG EVEQYELXG TOL CLOTNUATOG. ANAadT], Ylor TENEQACUEVO TAYOG POAYUATOS 1)
EVEQYELX TNG JOTLUG tOLOUXTACTAONG eIVl (IXEOTEEY] ATO TNV evépyeta ¢ Bepelmdoug xataotaeyg 1oL
OLOTNUXTOG UE GTELQO TAYOG Yoaypatos. Eivar moAd evdiapepov va Topatrpnoovue OTL LTTGEYEL XL
debTEQEY] LOLONATAOTAGY] TNG EVEQYELXG, 7] OTOLX EIVAL XOVIX GTNV AVTLOTOLYY] LOLOXATAGTAGY] TOL LOVOD
TNyadtod (TEONYOLUEVO TEOBANUX), XAAK ElVol TAVTA IXQOTEQY] EVEQYELOXA (TOL PUIVETAL XVTO;).
[Tavtwe yuor 7 Todd pned 1o x teivel 610 31/2. Optond Oty 1o 7 1eivel 610 undév 10 onpeto Toung eivot
T0 X=7 (VXL AVXUEVOPEVO; OE TIOlaL EVEQYELX XVTLOTOLYEL; €yovpe éva anelpoBabo mnyadt mayoug 2L).
Tt pwpd podypota  Svvapwod (@ uwmed, L-a  dedopévo,  dpx 7 pxEO),

coth(r\/iz—x2/2)~2/r\//12—x2 (e cothw~(2+ W) [Qw+w'/3)~1/w),  eyovpe

tan x = —)C/(ZI”(/I2 - x2)) (dnhadn 1 Sedtepn eélowon yiveton TaaBoix).

-5
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15 —

X (aKTivIO)

Ixnpa AKI2B.3 Tpoaplky oavalftnon AUogwv  INC  Un  ypouuplkhge e€&lowong

tanyx—=— > coth( a lz—xzj' and tnv omoia umoAoyilovial ol LdLosvépyeleg TOU
VA —x —a

OUCTAPXTOC YLl TLC 1doouvapthoelg ue aptia aptltdinta. OL ‘ypoaplkég’ AUoeLC
neplypdpovial amd T onuelia TOUAC TOU YPUPAUATOC TINng ouvapIinong tanx xol Ing

ouvépInong —x/\/lz—xz coth(axlxlz—xZ/(L—a)):—x/\//lz—x2 coth(r\/iz—xz/Z) (n omotla

oplfeTtaL otnv mepiroxn [0,A]). Evd xenoiupomoioUpe tnv napduetpo r, r=2al(l-a),
n omoila eivat o Adyog toU m&XOUC TOU QPAYHATOC SUVARLKOU pe 1o ndxog €exk&CTIOU
nnyad Lol duvoulkoU  (BAéme oxAuo AKI2R.1). Sto mopdv oOxAUN 1  TopdUETPOC
1@:LJZ§¥:LJE;ﬁa/h) éxelr v TR 5 ({(dLta pe auth TOU mPONYoUUEVOU OXNUATOC
AKII2x.3 xol AKI2a.4). Ta anoTeAéopato OXOoAL&{ovIal OTO Kelpevo.

Tevine mepatnpovpe Ot eve 610 Lovo TNYAdL Eyovue dbo déopteg tdtonataotacetg (oynpo AKIT20.4)
010 JMAO TNYASL pe TO 1o mayog xat 1o S0 Babog umoEobpE Vo EYOLpE SDO, TEELS 1) XAl TECOEQLS
déopteg otonataotaces. O aptbpog twv tdtonatactacewy e€xpTdtar and 10 TaYOG TOL PEUYUATOS
duvapxod. 'Btot omwg yivetar gavepd and o oynpoato AKII2B.2 o AKII2B.3, ye mokd punpd
n(r=0.02), dnhadn ytoe TOAD UKEOL TAYOLS PEAYUX OLVUUIXOL EYOLUE HOVO BVO tSloxaTaoTaoelg (i
XOTLO Mol i TEQLTTY], UE UIXQOTEQT] %ol UEYAADTEQY] EVEQYELX XTO TNV EVEQYELX TOL LOVOL T1yaSLto,
avtiotorya). o peyokdtepo mayog woaypatog nr=0.4), SNAadn Yoo OYETHUR UXEOL TAYOLS POV

Suvoputnolh gyovue TEEl tdtoxataotdoes. Abo apTiag aETOTNTAC tdtocuvapTnoels (1 pio eivor 7



Oepeltwdng) nar pioe evdldpeong evépyelag oe OYEoY Me TG GAleg OLO pe TeELtty xETOTNTA. L't
MEYXADTEQOL Tayovg oayuata Suvoutwod (my. r=1.6 uow 2000.), éyovpe Téooeplc OEopleg
tStonataotacetg (SLO &ETIES %ot SVO TEQLTTEC).

ATo TOV YoLTN Ty, AVoLUEVOLPE Tar eENG:

(@) Na 1i¢ mapovatacer oynpating (Cwypapioer’) ya OAeg TG SLVATEG TEQITTWOELS (XTO SO UEYEL
T€00eQLC LLOXATAOTAGELS). No TaQATYENOEL OTL 7] OELRX TOL eppavi{ovTaL elval dOTIX-TTEQLTTY)-
apta-meLtty). Makota va eréyéel mOco novid eivarl ot d0o LYNAOTEEES IBLONATAGTACELS GTO
“xelhog” tov mnyadtod. Baoet avtod v e€nynbet note eyovpe 3 not mote 4 1dtonataotdoelg (noTe
INAxd 1) TETHETY LOLOAATACTAGY), Elvarl OQLand heoa 1] e€w amo TO TN yddt)

(b) Na Stevpevvwlodv ot 18106VVaETHoES O OYECY Pe ATAODG YOAUWIXODS GLVSLAGPOLS TWV
(OLONATACTHOEWY TWV ATA®Y TYyodtey. BEextvi)ote omd TV TEQINTwo? TOL TO  QOUYUX
SLVaPLIMOD Elvail 08 TOAD PEYUAY] ATOGTRGY] XAl OLOLAOTING EYOLPE BLO ave€XETNTAL TN YASLX.

(c) Na Srepevvnoete Tt yivetal o€ GYEGY HE TNV TXQXAUETOO A, TOL YAEUXTNEILEL TO YEWUETOLMA
oToUYElX TOL TNYASLOL

(d) Teéhog va oulnnbet 1 nepintworn mov 1o [ pndeviletar.

XV ouvéyela avalntodpe Aoelg Yl v nepintwor omov E >V . TTpogavag 1 e€ioworn Schrodingert

Yoo Ty meproyn I xow 111 Sev Spoponoteitar e oyéon pe v meonyoLuevy tepintwon (£ < V).
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x(aKTivia)

Ixnpa AKI2B.4 Tpaplky oavalhTnon AUcewv NG  HUn  YPOUULKAC e&lowoncg
,/l2+x2j:;, and Tnv omola umnodoyilovial oL LdLoevépPyeLleg TOU

NAZ X7
CUCTAPXTOC YLl TLG 1doouvapthoelg pe dptia aptidinta. OL ‘ypoaplkég’ AUoeLC
TeEPLYPAPOVTOL ard T onue (o Toung ToU YPOUPAUATOC ng ouv&ptnong

tanxtan(r«/l2+x2/2) KoL TNG ouvapinong x/«//12+x2 (kOKK LV XounUAn) . H nopdustpog

tan x tanh (
L—a

,ﬂ:L/UOZlem%/h) éxeL TNV TR 5, &v6 n mapdpetpo r, r=2a/(L-a), n omnola
elval o Adyog 1tou mdxoug ToU QPAYHATOC dUVARLKOU ue 10 n&xoc ex&oTou mnyoadloUu
duvapuLkoU  éxel TNV TR 2. JopatnpoUupe otL  undpyxel amnelpla  déopLwv
KATOUOTACEWDV .

Eve yo v neproyn 11 etvor
_h_z d’y, (x)
2m  dx’

2m(V, - E) _

h2 _72j|!/lll(x):0'

+Vy,(x)=Ey,(x)= WH”(X) - |:_k121 =



H cfiowon auth Swxygépet amd v mEONYoLUEV 610 6Tt Eyovue oty Oéon tov ¥ o —y . 'Etat
TEOUUTINE UTOPOLPE v axolovincovpe v TEonyovpevn pebodoroyia not oTa TEAG ATOTEAEGATA

VO OVTIMATHOTYOOLPE TO Y = \/]7 pue 10 Iy = \/? . 'Etot m Mom oty meproyn 11 elvaut
w,(x)=D, coshiyx=D, (" +e7*)/2=D, cosyx, Yo g qptie  Aoelg  ua
w,(x)=D, sinhiyx =D, (" —e ") /2=iD, (e”* —e "*)/2i =iD,, sin yx yw 1i¢ TeQITTES.
Avaroyo EYOLUE VLo TIC LOLOXATHOTAUOELG TG EVEQYELXS.

Aprieg Moeig

Tnv oovOin tank(L —a)tanhiya =—k/iy = tank(L—a)tanya=k/y.

Iepirtés Moeig

Tnv owbnun tank(L —a)cothiya =—k/iy = tank(L—a)cotya=—k/y.

[TooywEdue oy Yooy eXTIUNCY Twv AbCEwY Y Ti¢ &ETeg Aboets. [lapatnpobue 6Tt vIdE)OLY
ATELQN OYMUELX TOUNG TWY GLVXPTVOEWY TOL XELGTEEOL xat ToL Oeflob pépoug T e€lowang tdoTLU®Y.
Avdhoyo amoteléopata Boloxovpe Yo TIG TEQLTTES AVOELC.

Teéhog ov{ntape obvtopa v meEinTwoy oL 0 1) undeviletat. XNV TEEINTWOY ALTY TO LTIO UEAETY
oboTnpe avapevetat Toawtiletor pe awtd tov ametpdBabov duvapxon. Tlpogavag yo Vy =0, y =k, no
€Y OLUE VIt TIC LOLONATAOTAOELG TY)G EVEQYELXG.

Aprieg Moeis

tank(L—a)tanya=k/y = tank(L—a)tanka =1= tan k(L —a)=cotka =tan(z/2—ka), dSiva
ot k(L—a)=(n/2—ka)+nr = kL =2n+1)x/2, 6mov 10 n naipver npég 0,1,2...

Iepirtés Moeig

H ouvbnmun

tank(L—a)cotya=—k/y = tank(L—a)cotka =—-1= tan k(L —a) =—tan ka = tan(zr — ka) ,

divet o1t k(L —a)=(r—ka)+nmr = kL =(n+1)7, 6nov 10 7 nalpver tpeg 0,1,2...

O mopamave ouvOnueg etvar or ouvBireg yroo ametpdBabo mnyadt Suvapxod ndyovg 2L (2kL =mr
ok pe m=1,2,3,...).

Tu yivetar oty mepintwon mov E =V ; Ag avalnmbel and tov @ormty, AapBavoviag vnddn ot 1

h_2 dz‘//ll (%)

om dxl +Vw,(x)=Ey,(x)= l//nﬂ (x)=0.

efioworn Schrodingert  yio v meptoyy 1T etvo —

Téhog avapévetar and tov omovdacty) vo oulnnbel av vrdEyet 1 dvvato™ T T0 Suvapno 1) va o
YELQLOTOVPE WG SLATUEUYY. Xlyovpa, aLTO EYEL VONUA OTAV EYOLUE TEMEQUOHUEVO OLVXUIXO Yl TO
peydho mnyadt xo Oyt anetpoBabo (n.y. V) Suvauinod), onote 1 Hewpla Statapaywv epappoletar Oty

Vo<l



