IMoopAnua ArtepoBaboKpBavtikoIInyvad3a(AKII3a)

, |x| > L
cd(x), |x| <L
Na extipun0ovv ot POKATAOTATELS TOL CLOTHHATOS Yix (o) >0 kat (B) c<0.
INa v negintwon (a) va peAetnOel to 0 kBavtikd cvoTUa, BeWEWVTAS TO TTAPATIAVW
duvapkd wg oglakt] mepintwon (o —>0 xar V,—>00) tov  duvapwkold g HoedTg
00, |x| >L
V®(x+a)®(x—a), |x|<L’

BewEoVHE KPAVTLKO TYAdL pe duVALKO TNG Hoedms V(x) :{

Vix)=

-L L

ExHpo AKN3a.l Syxnuotixkp ovonopdoTaon Tou KBovTLKOU mnyadloU pe duvaplkd 1ng
, |x|>L
co(x), |x|SL

evepye Llakég katoaotdoelg pe E>0 seival déopleg.

popeng  V(x)= ¢c>0. Zto Oduvaptkd oautd, ObAec oL duvatéc

H cfiowon Schrédingert  yoe mv meproyn 1 no 1T eivon

n: dy (%) 2mE
- 1[112] = E‘//I 1 (x)= Vin (x) Vi (x)=0,
2m dx h

Ot Moetg twv Stapopnwy célonoewy 6TLg SLO TEPLOYES Elval

w,(x)=A4,coskx+ B, sinkx, y,(x)= A, coskx+ B, sinkx .

ATO ™V ovvoptany] cuvBnY TS ®VPLATOoLVAETONS 010 Xx=-1, éyovpe Y, (x =—L) =0, extpodpe 6
w,(=L)=A,coskL—-B,sinkL=0= A, =-B, tankL .

'BEtot

w,(x)= A, coskx+ B, sinkx =—(B, / cos kL)sin kL cos kx + (B, / cos kL) cos kL sin kx = C, sink(x+ L)

Me avéhoyoug vrokoyiopois Beioxovue ot w, (x)=C, sink(x—L).
Anopo apob 1 ovvapton oty Oéon x=0 eivar ovveyng, €yovpe TV ToEEXATL  cuvONuY
w,(x=0)=C, sink(-L)=C, sink(L)=w,(x=0)=C," =—C, . Anrad" ot Sroouvagtioerg elva
apteg, xabag , (—x) =—C, sink(—x—L)=C, sink(x+ L) =y, (x)
Eve 1 moxpdywyog g ouvaptnong elvar aovveyng, e€attiag T1g ToQOoLciag MG S-0LUVAETNONG GTO
Suvaputno. [Tocotnd 1 aovveyeta extipatar péow g eéiowong Schrodingert, éyovpe dniadm
2 2
2hm d ;g ) 4 eSO (x) = Ey(x) = — 2h [ - %H o[ sew(xdy=E[ p(x)dx.



Av 1o 6ot TV ohornpopdtwy (>0) yivouy Told pied (teivovy dnAady optaxd oto pndéy, & = 0),
T0 TOLTO OAOUATPWMA PN devileTar Kot EYOLUE TNV OYEDT

dy(e) dy(=¢) 2mc v (0) = EJ' W ()dx(z — 0) = dy(0°) dy(07) 2nf21c w(0).
dx dx dx dx fi
Brot éyovpe d"’d(O) d"’;o) ~Ck cos(k0—kL)— Ckcos(k0+kL)— C €, sin(k0+kL)
X X

Amd v omola Bploxovpe Ti¢ Suvatég TS TOoL A& o dpa xot g evépyetag E. Eyouvpe dnhadn
2

h
2k cos(kL) = =——Fk (ehéy€te av y =0, eyovpe v ‘cwoty’ cuvOnu
mc

tov ametpoPabov mnyadod, Ou meenet var v eyovpe;). H Abon g napamdvw oyéong unopet va Boebet
aptbuntina. [Tpooeyytotind pmoQOIE Vo EYOLUE UL EXTLLYOY] TWV LOLOEVEQYELOY YOXUPLAAL.
H otabepa (), exupstor and 10V VOQUOMOUO  Twv  BLocuvaTNoewy.  Aniadn

[" w2@dr =" Clsin® k(e+ Lydv+ [ Clsin® k(x—L)dx =C2L/2+ C2L/2 =125 C, =1L .

Tehog O drepevvnoovpe av Bolonovpe 10 (610 ATOTEAEOUY, AVTLUETOTILOVTNG TO OEATH SLVAUIUO WG
0, |x| > L

V,®(x+a)O(x—a), |x| <L

And v Morn tov mpofBinuatoc AKII2B, avtiypapovpe ™y ouvbnmun yloa v edpeor twv TV
roouvaptioewy, tank(L —a)tanhya=—k/y . To Suvapnd tov npofipatog AKTI2P yivetor évo

opton] TePInTwoT] ToL duvapoL V(x) =

SLVaLUILO B-CLUYEETNONG OTAY TO TAYOS TOL YEAYLATOS BuvapxoL yivet ameipws wxeo (a —> 0) xot 1o
vdog tov amesipwg peydho (¥, —>00), adkd pe Tét0L0 TEOTO WOTE Vo SLATYEEL TO TUQUAANAOYQUUMUO
oynpoe touv xar 10 epBadov vo eivar otabepod. Ilpéner dnAadn ta Lo epfBadd vo eivor iow,

2aV, = J:a co(x)dx=c. Topan otwv a—>0, n oyéon tank(L—a)tanhya=—-k/y vyivetru

, . e
tankL = —k/(y’a) (Ooc, tanhya=S0nre_e—e” 1tya-(-ya)

= =ya) Kol ooy
coshya e“+e’™ l+ya+l-ya 7e) ¢
2 E 2
yla= m(;z ) m( han)O - 2::2E a= %—kza ~ ’Z— n oyéon tankL =~k /(y*a) yivetar n
hZ
Onrodpevn tan(kL) =——=k
mc




Xuveytlovpe pe TV MEPINMTWOY] TOL O GUVTEAEOTNG OTO SEATA SLVIIMO EIVUL XEVYTIHOG EVE 7] EVEQYELX

| !
etvo Betiny).

0 4 A

IxHpa AKN3a.2 Iynuot LK ovonopdotoon Tou KROVTLKOU mnyadlol pe duvoplxd 1ng
, |x| >L
co(x), |x| <L

evepyeLlakég kataotdoe g pe E>0 gival déoupiecg.

popeng  V(x)= c<0. 310 Oduvaulrkd oautd, ObAec oL duvatéc

X (oKTivia)
ZxHpa AKMN3a.3 Tpoaplky avalhInon ATocewnv Ing un  yepauplkhge eélowoncg
hZ
tan(kL)=———%k, n omola vypdoetal L1codGvapx (v x=kL), tanx=Ax (émou
mc
hZ
A=-— ), omd 1nv omola uvmoAoyilovial oL 1dLogvépyeleg TOU OUCTAMXTOC. OTav

mcL
10 ¢ eival Betikd éxoupe tnv eubesla pe apvntlkh kKAlon (e€dd A=-1), evd oétav 1O

c elval apvntikd éxoupe tnv eubela pe Betikh KAlon (€dd A=2). Aveidpinta
npoochuou Tou c, undpxel amelplia AToewv.



[Teoyavwg 6An 1 pebodoroyia Tov axolovbnoupe napapevet 1 S, pe T idtor auELBOG ATOTEAECUATA,

MOVO TOL O GLVTEAEGTNG OTO S-SuVapno elvat xEvNTwog. Eyovpe dnhady v it cuvBnun yx g
2

ronataotaoetg g evépyetag tan(kl) = ———k. Opwg topo oty yoopwr| extiunoy towv t8lottumy
mc

2

NG EVEQYELG LTIAEYEL 7] DlarpoEd OTL 1] xhlom g evleing ———k , elvo Oetued).
mc

[Mapatneodue OTt ot droTtpég g evépyetag oo Oetnd A (xpvnmnd o) elvar UxEOTEQES ATO TIG
avtiotoryeg evépyeteg pe apvnnd A (Betno o). I'a moxpdderypo txpatreeiote OTL 1 Ao ¢ e€lowaong
tanx=—Ax y apvnd ¢ avuotoyel o x<z/2 evw y Oetxd ¢ avuotoryel os x>z/2. H
OLUTIEQUPOEG aLTY] elvat avapevopevy uabwg Betind ¢ TeELypapel Evar LoYLEX ATWOTIHO OLVAUIUO
(LTOQOVUE VO PUVTAGTODHE EVEL XEVNTIXO LOV GTO UEVTQO TOL TYYASLOD), EVE AEVYTIXO ¢ TIEQLYQRPEL EVOL
LOYLEX EAXTIHO SLVUUIXO (T.Y. EVAG TLEYVIG GTO UEVTOO TOL TYYASLOL).

0 4 A

ZxHupoa AKN3a.4 synuotixky ovonopdotaon Tou KBovTLKOU mnyad Lol pe duvaplkd Tng
00, |x|>L

ne ¢<0 xol apvntlréc evépyeleg (E<Q).
co(x), |x|SL

nopeng V(x)=

2NV TEQINTOOY EAXTIHOL SUVALUIXOD (XEVNTIXO ¢) Yl aEVNTMES evépyeteg 1] eélowon Schrédingert  yu
v mepoyy 1 xou 11 elvar (mpocoy? thpe 1 tocdmra 2mE /7 | eivon apvnund) xadog E < 0)
n de][u](x) " 2mE
_%T = E‘//I[II](X) =V (x)+ _72 = 7 l//I[II](x) =0,
Ot Moetg twv Stapopnwy célonoewy 6TIg SLO TEQLOYES Elval
v, (x)=A4e" +Be”, y,(x)=A4,e" +B,e".
ATO ™V ovvoptany] cuvBuY NS ®VPLATOoLVAETNONS 010 Xx=-1, éyovpe Y, (x =—L) =0, extpodpe 6
w,(-L)=Ae"" +Be" =0=> B, =-4,e"".
Frot y,(x)= 4, + Be" = 4’ — A, e e’ = 4e (" —e7 )= C, sinh y(x + L).

Me avdhoyoug umokoyiopols extipobpe 6t n W, (x) = C, sinh y(x—L).



Agob 7 owdpton oty 0éon  x=0 elvar  ovveyng, EYOLPE TNV TaEAMATL  ouvOnun
v,(x=0)= Cl' sinhy(-L)=C, sinhy(L)=y,(x=0)= CII =—C,. Anlady or 8rocvvaptioelg
etvo dpteg, xo0ag v, (—x) =—C, sinhy(=x—L)=C, sinhy(x+ L) =y, (x).

dy(0°) dy(07) 2me
e A

H nopaywyog g ouvaptnomng eivat aouveyng,

dy(0") dy(0 2 .

Erot éyovpe W; )_ W; ) =—C,ycosh(y0—yL)—C,ycosh(y0+yL) = %Cl sinh(y0+yL).
x x

Amd v omola Bploxovpe Ti¢ Suvatég TS TOoL A& o dpa xot g evépyetag E. Eyouvpe dnhadn

2

2mc . h
me sinh(yL) = tanh(yL)=——y. Tlapateodpe o6t vmdpyet povo plo
mc

hZ

2y cosh(yL)=—

EVEQYELNNY] UXTACTUGY] YL TO SLVUUIXO AVTO.

2 -
14
0
-1
24
T T T T T T T T T
-4 -2 0 2 4
x(oKTivia)

Zxnuoa AKIN3a.5 Tpoplxky ovalitnon AUcewv  Ing¢  Wn  YPauplkig €& {owong

n’ n’
tank(yL)=——1y, n onola yodpetor toodvvope (av x=yL), tanx=Ax (émou A=-—
mc

)y

mcL
and Tnv omola vmoloyllovial ol LdLoevépyeleg TOU ouothpatog. EdD 1o ¢ elival
apvnTLkO €éxoune 1nv eubela pe OBetixkh xAlon (A=0.4). Kabdc 10 y elvoal Betixrd

2mE

dexdbuocte tnv Betilxrh plla, evd anmd tnv oxéon —7257,s1<tmofms TNV oPVNT LKY

evépyeLa.

[Tpooeyyotind 1 Mo ¢ tepandve oyéong Beioxetat yoapa (oyxnpoa AKI13w.5). ITapatmeodpe 6Tt
LTIREYEL Pl LOVO IOLONATHOTHGY] XEVNTIMYG EVEQYELXG, 7] OTola eivar xat 7] Bepehwdr ratdotasy Touv
ovotnpatos. H »hon g evbelag Ax, elvar 1600 Mo peyadn O6co mo peyxho eivar 10 A eivat
ueyalbTepo, 6MAady 0co 10 ¢ eivar pnEotepo. Ilpdypott, yio TOA winEd ¢, 10 S-Guvaund eivot TOAD
ONYO 1AL 7] EVEQYELX AVXUEVETAL VXX EIVAL HOVTX GTO U708V, TEAYUX TOL ETBEPoLOVETAL ATO TNV YOXPUY]
Aon xabog Oty 1 ukion yiver TOAD peyddn (modd pixEod ¢) 1 Aoy elvar %xovid oto undeév. Télog
TUQXTYQODPE OTL ATO UATOLO ¢ UXL TAVW 7] ¥ALON YIVETHL WMET] %ot TEanTind 7 Abon ¢ eloworg

2mE ’
tanx=Ax eivar x~1, Ohadn x=yL~1=y=— ::2 ~1/L:>E~—2hL.TLpu‘] NG EVEQYELXG
m

nou etva ave€aT 1 oL Baboug Tov 3-Suvapxob.



H otwbepa ¢, exupdtor and 10V voppaMopd  twv  dtocuvaptnoewy.  Anladm

j_Lsz(x)dxz j_Och sin® hy(x+ L)dx + j: Clsin*hy(x—L)dx=1=C, =2  (downon v tov

poLTNTN).

Tehog Sepevvnote (x) av Poloxovpe TO OLO0 ATOTEAECPA, AVTIUETWTILOVTIAG TO OEATH SUVAUIMO WG
o0, |x|>L

VO(x+a)®(x—a), |x|<L

neoBInpa pe Svvapwd pe >0 (oynquo AKIT3a.1), adda yiox xpvntinég evépyeteg (BAéme mEOBANMa
AKITIOB).

0plY TEQITTWOY] TOL BLVALKOD V(x):[ pe ¥V, <0, xaw (B) to



