MoopAnua I'evikécEvvolecKpBavtounxavikicla(lEK1a)
Ye éva povodidotato kPaviikd ovotnua va detxOel otL 1) yevikny Avon g
X00VOoeEAQTWHEVNG aé[cwcmg Schrodinger etvat ajle Hood1)g

¥(x,t)= Zc v, (x)e o , omov ta E, xar y,(x)amoteAovv TG OXKQLTEG

OOTIHES KAL OLOOLVAQTIOELS TG evéQyelng, avtiotoxa. Tlowk 1 Puown
ONHAC TWV OVVTEAEOTWV AVTWV

H ypovoe€aptopevn efiowon Schrodinger, eyet v pooyn H(x, p)¥(x,1) = G‘I’é;c 1)
omov H(x, p) eivar o Tehe0TNG ¢ XAATOVIAVYG.

H Abdom g eélowong authg pe peptnég Tapaywyous uropet va Bpebel yonotponoiwvtag v
nebodo  Xwolopevwy  petafintov.  Aniadyn  avalntape  ADOEIC NG HOQEYTC
Y(x,t))=w(x)T(¢). Me 10v ywEwopod ovtd TV  ovefatiwy  petafAntev 1
yoovoekaptwpevy eéiowor Schrodinger naipvet Ty LooSOVAUY] LOEYY

A AT
Ay _"ar
vx) T

Kabowg 10 aplotepd pépog g todmrag eivat ouvatorn povo g Oéong eve to Oekl
ATOUAELGTING TOVL YEOVOL, Yo vou eivor too Do mpémet var etva oo pe pioe otabepd. Apa

dT
H
2V pdr dr = F , mov 1ooduvapel pe dvo Stapopines eélomoetg
7%
dT

ZhE =ET , pe npogovn Maon T(t)=T(0)-e 7’ no v Storpopinn eélowon

Hy(x)=Ey(x).
H efiowon avtn anotekel v ypovoeéaptwpevn eéiowor Schrodinger, xot eivat ovolaoting
10 TEORAN P SLoTtheV ™ evépyetag. H Adon tov mpoBinuatog autod dAkote €yet cuveyég

paopo (m.y. eheblepo copdtio, ﬁl//p(x) = Ey ,(x), Seixtg p ovowrotind g 0QuYG, 0
OTolOG TalEVEL GULVEYELC TLUEG) 7] GAAES POPES OlaxELTO (]:]l//n(x):El//n(x), o delutng 7

elvout anépaog).
'Etot Bplonovpe o1t 1 Mom g ypovoekaptwuevy eéiowon Schrodinger eivat g poeyng

v, (x)e "7 Kabhe dpwg 1 yoovostaptopevn sélowon Schrodinger eivan yoouuud) (Sev

oW (x,1) (a\P(x, f) Jz) .
o\ ot

OTOLXONTOTE YOXAUMUILOG CLUYOLACPROG TwV AboEwv avtwv Ba amoteiel Abon g céiowonc.

TEQIEYEL U] YOOIIXODS OEOVE, T.Y. GEOVLS (‘P(x, t)) , VY (x,1)

© —i=ny
‘Eyovpe Snhadn 1 yevue Mon va eivar e popene & (X,1) = chl//n (x)e 7.

n=1
[Totx etva 1) QLMY GNUKGL TWY GLVTEAEGTMY AVTGV.
Ag mpoonalnoovpe va Bpobue Ty péor eVEQYELX TOV GUGTIUXTOG.



~Em

© ‘E"t * L ® B,
(E)=[ v *<x’f>ﬁW<x:f>dx=IZ[chw,,(x)e’” } AY ey, e 7 d=
n=1 m=1

® N & _ifmy i i En=En),
jw{ e }{2 ’ (me(X))}dx [ 2 cee 7 v )(Hy, (0)dx =
n=1 m=1 =1 m=
o0 o BB, i . © o in_Em)t
=> > e / j_ww,,(w(me(x))dx=chncme [ v (E,p, ()
n=1 m=1 n=1 m=1
® o AEE,), A .
=>>c cme 4 E '[ v, (), (X)dx = ZZC E S, ch ¢.E, =Y e,
n=1 m=1 n=1 m=1 n=1 n=1

Opwg yvwpilovpe Ot 1 péon evépyeta Olvetal omO TNV oxé0n<E>=ZPnEn, bTo)4

n=l1
| 2 \ ] ' ) ]
Bolorovpe |cn| =P, dnhadn ot ouvtekeotég oyetilovtat pe ™V mbavotta vo Exw v 7-

tOLOXATAGTAGY] TOL CLGTYUATOC.

IMoopAnua I'evikécEvvolecKBavtounxavukic1B('EK1p)

IN'a éva povodidotato kBavtikod cvotnua va Peedel n ékpoaon mov divel tnv péon
TIUT) 0mtoLodNmoTe GuLOkov HeyYEO0oLG oL TeQLYRAPETAL ATO éva TeAeot A, av elvat
yvwota ta E, kat 7, (x) Tov anoteAovv TIG dIAKQLTEG DIOTIHES KAt WIOTLVAQTHOELS

NG EVEQYELAS, AVTIOTOLXA.

Amd 0V 0pLoRO NG PEoTS TIUAG EXW <A> = f ¥ (x, ) AP (x,1)dx.

7l—t
T'vwpilovpe 6e and v axptBwg TEoNyoLUEVY] aounoT, OTL Y (x,t)= ZC v, (x)e 7.

n=1

"Etot éxovpe

) E, * ® —iﬂt
= jjoyf*(x,z)éy/(x,t)dx: Ii{zcn%(ﬂe_l”t} A ey, (e " dx =
n=1

m=1

i{ e Hzcme'i (Awm(x))}dx [ ch . ”E)wn(x)(Aw,,xx))d =

n=1

(E” —E,) E—En),

(A, =Y Y e 74,

n=l m=1

OToL

A= v Ay, () .



MooBAnua I'evikécEvvorecKBavtounxavukicly(FrEK1y)
Fa éva povodikotato kBavtikd ocvotua TOL  TEQLYQAdeTaL amo dvo
KATAOTAOELS e evéQyela E1 kot E2 kat avtioTolyeg 10l00VvVaQToeLwS v, v,, Vo

Boebeln éxdoaom mov divel Tnv pHéom Tiur] g O€omnG, TG 0QUNG KAL TNG EVEQYELAG.

Trv yevinn énppaon Tov BENHaUe OTNY TEONYODUEVY] ROXNGT] TNV YQY|CLULOTOLODUE Yo OAES
T1¢ {nTobpeveg YUOLHES LOLOTNTEC.

A

Apywd yor v 0éom tov cwpatdlon, Snhadn 4 =x.
‘BErot ) péon tun mg Béong divetar and v engpopaon
— * iyt * it * ot ¥ it ! —
<x> =0 €7 X 00X, 00 €7 Xy + 0,06 Xy, onov @) = (El. —Ej)/h nout
*® * v ' \ \J ' ' U
X, = J-_w dey,xy,. 'Bvo o  ¢,c, eivor  yevixd  pyadicol  agifpol,  dnhady
— i — i,
cl—|cl|e ,cz—|cz|e .

Erou gyovpe TEMU, nabwg W, =0, =0 not
_ © d * _ ® d * : _ ® d * ) ok _ ip _ —ip
X = J:w XY\ Xy, = _[_OO x(‘//1 xV’z) = J:m XYL XY | =Xy = Xyp = |x12|e X1 = |x12|e ’

, 0 % 0 2 0 * ®© 2 ,
VO X, = J_m dxy, xy, = LO dx|1,//1 | X, Xy, = I_w dxy,xy, = J:w dx|t//2| X (appoTepor
TOUYUATIHOL), OTL

— —ipy P —ipy Py it ~ip,
<x>(t)—|cl|e |cl|e x”+|cl|e |cz|e e x12+|cz|e

gy i1 —ip) ip,
ale”e ™ x, +cy| e [cy| €™ x,,

— 2 (=) iyt —i(py=¢y) iyt * 2
—|Cl| x11+|cl||cz|e e xlz +|Cz||cl|€ e xlz +|C2| x22

e +]e,[
Xpp|€ G| X

— 2 Py Li0t ip —ipry =iyt
—|C1| x11+|C1||C2|€ e x12|e +|C2||C1|e e

_ 2 2 i@t +¢y+9) —i(@pt+@y+9)
—|cl| xll+|cz| x22+|cl||cz||x12|(e +e )

2 2
= |cl| X +|cz| X2 +2|Cl||cz||x12|cos(w1zt+¢’21 +9).
TOU elvarl YEOVO-e£XQTWIEYY] TEUYUXTINY] GUVEQTYOY).
XV Tapandvw oyeon ywx v péon Oéor, mapatnpovpe OTL av oL IBLOGLVAETHOELS TG
EVEQYELXG VUL TOXYHATINES, OTIWG Yior TaEadelypa oTo anelpoBabo xat menepaopévo mnyadt
SUVAMOD XAl OTOV  OEUOVIXO  TOAAVIWTY, 1] $&on @ pndeviletar xot TEOYAVLS

X =Xy = |x12| .
1 1 *© * @ ' ) !
Avtod yett X, = le dxy, Xy, = j_w dxy, xy/,, Tou eivaw nEaypotnog atluog.

Anhadn 1 péon tpn g Béong yivetar
<x> (t)= |cl|2 X, +|c2|2 Xy, + 2|c1||c2|x12 cos(a,t +@,,).

Ty yevinr| énppacn mov BENHUAUE GTNV TOOTYOLUEVY] ROXCY] TNV YOYOLULOTOLOLUE YL TNV
o] Tov cwpatdiov (A= p).
‘Brot ) uéomn ttpn g oppng divetat amod Vv oYEoT

iyt iyt

£ = * L it PRCEY * *
p)(@)=cce™ p,+cc,e™ p,+c,ce™ py, +c,ce py,

orov p; = I:W;* (ﬁl//j )dx no P, = p; =P = |p12|ei¢ap21 = |p12|e_i¢,8nkoc8h



— —ipy P —ipy Py it ~ip,
<p>(t)_|cl|e |Cl|e p11+|cl|e |Cz|e € p12+|cz|e

P it ~ip, P
c1|e e p21+|cz|e cz|e P

i(‘/’2*¢’1)eia’12’ [((/’2*¢’1)eim21f

2 _ * 2
:|cl| p11+|cl||cz|e p12+|cz||cl|e p12+|6‘2| P

i 2
ip
p12|e +|cz| P2

*’(“ﬁz”%ﬁ@))

— 2 gy Liat ip —ipyy ,~iayt
—|C1| p11+|C1||Cz|€ e p12|€ +|Cz||C1|e e

= |C‘1|2 Pu +|CZ|2 DP» +|Cl||cz||p12|(ei(“’le‘/’zﬁff’) t+e
= |cl|2 P +|c2 |2 Py +2|Cl||02||p12|cos(a)nt+¢)21 +9).

TOU elvarl YEOVO-e£XQTWIEYY] TOUYUXTINY] GLUVEQTYOY).
21NV TEPITTWGY] TOL Ot LBLOGUVAQTY|OELS EIVAL TIOAYUXTIES, EYOLIE OTL

P = —ihf:o v dy, = —ihf; w,dy, = —O.Sihjjo dy! =—0.5ih l//12|

Dy = —ih‘[_i!//;dl//z = —ih‘[:t//zdl//z = —0.51'?1.[_0(:0a’l//22 =—0.5ih 1/122| )

not @ =+x/2, yiti

@© * /A . ® 6 . ® ®© ir
o= (by, Ydx=—in[ "y, [ éi : Jﬂ’x =—ih[ y,dy, ==h] ydy,e™".

Anhodn <p> ()= 2|cl||cz||p12|cos(a)12t +@, +¢), mov wodbvape pmogel vo yoopel
<p> (1) = i2|cl||cz||p12|sin(a)12t +@,,), OTOL TEOYAVWE TO TEOONUO OTNY EXPEAOY] TNG

o0
=0,
—o0

=0,

UEONG OPUTG, EEXOTATAL ATO TO TEOGYILO TOL OAOYANQWMUATOC J.i v, dy,.

Tekog 7 péor evépyeta Sivetat amd TNV KECT] TLUY] TOL TeAeoTH] TNG XAUIATOVIAVYG,
(E)=cc/e™ H, +c,c;e™ H,, + c,c/ € Hy, + c,c,¢ H,y , 0nov @, = (El. -E, )/h nou
H, = f; dxl/ljl:]wj = Ijodxw;Ejl//j = Ej.[: dxt//l.*l//j =E0;. Ahadn n péon evégyew
divetal amd ™V EnPEAoN <E> = |c1 |2 E + |(:2|2 E,.

[Mapatnpobue 6Tt N péon pn ™g Beéong o ™g opung céaPTVIar and T UETOEA TWV

cz|) nat  and TNV SlPoEd  YAONG  TOLG @y =@, —@,.

2UUTEQUOUXTING LTOQODUE VO TTOVIE OTL EYOVUE TIC THQXNATW OYECELS

OLVTEAEOTOY €, C, (|C1 ,

Méom Ogon, <x> (t)= |c1 |2 X, + |cz|2 X, + 2|c1||c2||x12|cos(a)12t +@, +¢)).
Méon opp, <p> ()= |cl|2 bt |Cz|2 Prn*t 2|cl||cz||p12|cos(a)12t + @, +9).
Meon evépyewn, (EV(t) = PE, + BE, =|c | E, +|c,|” E,.

NoppaAtopog, Cl|2 +|C2|2 =1.

b

Tevina éyovpe té00e0Ig AyVOGTOLS |C1 G|, P, P, , don YEelxlOPXOTe TE0OEQLG OYETELS (e
QVTOLG TOLG ALYVWATOUG.

Eivou opwg étot o mpaypoeta

[Tapatnpodue 6T 1 péon tun g Béong nar g opung edaptwviar and Ta PETEX TwV
cz|) %ot amd TV SlPoER PAONG TOVS Py = P, — @

AV 7] XOPATOGLVEQTYOY] SLUPEQEL HATA IO PAOY), ELVOLL OLUPOOETIUT;

‘Botw and my w(x) Squovpyd ty 7(x) = e’y (x), dmov ¢ évac apdpoc.
[Mapatneobue o1t 7 Thavo™Ta MOL Elvat N TOGOTTA pe TNV Yuowt] onpacio dev arialet,

oLVTELEDTMY C),C, (|c1

b

wabwg p(x)dx =y (x )y (x)dx nou



Pl =" (x ) (x)dx = (e (x)) ey (x)dx =
=y (x)ey (xdx = ¢ ety (2 (x)dx =y (x (x)dx = p(x)dx.

'Etot ovowotnd yeewlopoote plo @oon, dnhady pnogodpe vo Otoovpe @ =0 o

O, =@, =Py =Py

H »vpatoovuvepton yiveta

E, '
w0 =lalv, (x)e_l#t +c, ey, (x)e_lft.

Eyovpe tpeig ayvwotoug |c1 5G| P, 00 YO lOPAOTE TEEIG OYECEC ME ALTOLG TOLG
YVWOTOLG.
[Movta,  wla  oyéon  amotehel v owwbinn  xavovixomoinons, — OMAady  OTL

B+P=1= |c1|2 +|02|2 =1 (Buotuymg pro oygomn pe 800 MoELS, TAVTH OPWS SLUAEYOLPE TLG
Oetinég Aboelg).

I'oe vao Bpodpe ToLG TEELS ALTOLG ayvwOTOLS YEEtAlOUKaTE, OO Uéoeg Ttueg (T.y. Oeomn not

opu, Beomn nat evépyeta not OQUT| nxL EVEQYELX).

T omorodnnote teheoty) A, 7 péon tov 1y O Sivetow and v Enppaon

<A>(t) = |c1 |2 A4, + |c2|2 A4, + 2|cl||c2||A12 | cos(a,t + @, + @),

onouv 1 gaon @ opiletor and Ty oyéon A4, = |A12|ei(”, eV TIAVTA LoYLEL OTL Ta Y1) SLaryevi
otowyela éyouy ™y ot A, = A, = A, = |Alz|e"”,A21 =|A12|e_i(”, KaBdg 1 tehevtaio
oyéon toybel xat ywo o Stoyovie otoryele, dniadh A, = Al*l, natoAaaivovpe OTL To
SLoywvlo oTOUYELX EIVXL TOOYUATINA.

H oyton A =4

nm mn 2

amodewmvdetor eduora nxbwg to 4 EJ:OO l//:(x)(zzll//m(x))dx elvaut

oo pue A, Efo (121wn(x)) v, (x)dx, Aoy eoptiavomiac. Eve 1o 8o anotéheopa

gyovue anod T0 ovluyeg TOUL A, nobog Loy et ot

mn

A= [ =([" (o) v o) = 4,

2nueiworn
Amodeiéte Ot 1 afeBoutdtTar otV evépyeta Sivetan amd TOV THTO,

L2 L2
AE=[<E2>_<E> ] :[P1Pz (£ -E,) } =lalea|E - £,

Anhadn oe éva obopa 600 emmEdwy av Yvweilovpe ™V WLECY EVEQYELX UTOQOLUE Vo
extiploovpe v aeBotoTNTa T1g EVEQYELXG UL XVTIGTOOWA.



IMoopAnua I'evikécEvvolecKPBavtounxavikic1d(IEK10)

HAextoodvio Poloketal 0Tic OV0 TMEWTEG EVEQYELAKES TOV KATAOTACELS O€ DUVALKO
atelpoPabov myadiov evovg a. (a) Ilpoodlogiote MANEWS avty) TNV KAtdoTAon
av dlvetar ot éxel péon Oéon a/2 xoai 1 péon opoun tov etvar 8i/3a. (B) Na
LTTOAOYLOTEL 1] HEOT) EVEQYELX TOV CLOTHHATOG.

Yrdoeiln:
Xpnouyueg tprywvousTpIkég oyéoels
2sin Asin B =cos(4A— B)—cos(4+ B)

2sin Acos B =sin(A4+ B)+sin(4— B)

2cos Acos B =cos(A+ B)+cos(A— B)

Xpnoueg tprywvoleTpIKeS oyETels, EIOIKES TEPITTMTEIS TV TPONYODUEVWIV
2(sin 4)° =1-cos(24)

2sin Acos A =sin(2A4)

2(cos 4)" =1+cos(24)

Aol €Yovpe TEAYUXTIHES LBLOGLVRQTYOELG, EYOVPE ATIO TNV TEOYNYOVUEVY] AOXNOY|
2 2
<x> (t)= |cl| X, +|cz| Xy + 2|cl||cz|x12 cos(w,,t + @),

(p) () =2h|c||c|| P |cos(@,t + @, + P).

Ot mAnpoyopleg TOL pag Slvel 1] AOUNOY AVXPEQOVTAL GE L YOV oTtywy. 1o euxola
nat TEoYaveg (yratl;) ywels PAABN g yeviotag, Bewpobue 7=0. "Etot or napandvew

ENPOAOELG TIULOVOLY TIG TLUEG

<x> (t=0)= |c1|2 X, + |c2|2 Xy, + 2|c1||c2||x12|cos((p21),
<p> (t=0)= 2h|cl||cz||1312|cos((ﬂ21 +9).

Xpetaletar voo vToloyloovpe Ta

*® 2 o 2 © . ©
Xy ZLOdX|W1| X, X,, ZLde|l//2| X, X, :ledxl//l X¥,, D :LOWI dy,.
2 . 2 .2
Agod , = \E sin = ©(x)O(a—x).y, = \E sin " 0(x)O(a ), xovps

X = f; dx|wl |2 xX= %Jj xsin’ (%)dx = %Lﬂ x%[l —Cos (%Ddx

2
:lj. xdx—lj. X COS 27x abc:la—:ﬁ
a’l a’l a a2 2



noBog

a (ZExJ (27rxj a ) (27rxj
J X COS :—J. xd | sin =—/| xsin| —

0 a a 2 a

(5] =)
=—| — | cos
2 a
a

avaloyx Boioxovye OTL Xy, = 5 nout

X, = ‘[_i xdxy, xy, = %j_i xsin (%) sin (%] dx = %J.: X (cos (%) —cos (MTXD dx = ;f;

noBog
a qa nrx
B .
0 ——IO sin| —— |dx
nr a

.[axcos(n jdx——f xd(sm(nﬂx)]:&(xsm(@n
0 a a nr a
2
( a ]2 (nﬂxj ; 2(ij ,n=13,5,...
=| — CoOS| — 0 = ni
nr a

0, n=2,4,6,...

Etot and 10 dedopévo ot

0

<x>(t :0):a/2=|cl|2 X, +|cz|2 X,, +2|cl||cz||x12|cos(qo21)=|cl|2 a/2+|cz|2a/2+2|cl||cz||x12|cos(go21)

= a/2(|cl|2 + |cz|2) + 2|cl||cz||x12|cos(¢2l) =al/2+ 2|cl||cz||x12|cos(go2l) = |cl||cz||x12|cos(go2l) =0

= cos(@,)=0=> ¢, =t7/2.

Anopo gyovue

o= v byadx = I%( hﬁa%jdx——lhf v, d =——f ( jdsm(zzx}

Azhi o . (7Tx 27x 27hi( ¢e . (37x a X
=—— I sin (—] cos (—)dx =—— U sin [—)dx +J. sm(——]dx] =
a 0 a a a 0 a 0 a

~ 27rhi(2a 2aj 8hi _ 8 .o

a \3z =« 3a  3a
noBog
2a
a . (nrx nmx a nrx \\., |+—, n=13,5,...
J.O sin| — a’x:——j cos =———| COS| — | ||o = nr
4 d 4 e a 0, n=2,46,..

8h ~
Anhady, Bonnope o1, plz=3—e”/2:>|p12|=p12,¢)=7z/2 %ol POl  EYOLUE OTL
a

8
(D)t = 0) = 21[c, |3 | P cos(o, + ) = 2h|cl||c2|( jcos((/)21+7z/2) S
\ , 8 ) . 8h
ton pe 8h/3a, éyouvpe 2h|cl||cz|[—3—jsm(¢)21:i72'/2)=3—:>(021=—72'/2 et
a a

la][e,|=1/2.



Apa

1

Pl(l—Pl):E—>Pl:% not P :%

c1:|cl|:|cl|=1/\/§,

Anhady ¢, :|cz|ei‘”2' :|cz|e w2~ /2.

= . -if2
() Apa Y (x, l‘)=|C1|l//1(x)€ " +|cz|e”"2‘l,// (x)e " , Omhadn

. TX X
x,t=0 sm— 1—2icos—|.
v f\f \f ] |

®) (E)=RE, +PE, —2E1 +2E2

222
5E0_57rh
2 4ma?

Emnaliov Acknosic,

Acknon weoovvaun tne I'EK10

HAextodvio Poloketat otic OVO0  MEWTEG EVEQYELAKEG  TOL
KATAOTACELS 0€ DLVAUIKO amelpofabov T yadlov mov extelveTal
omv meooxn [-a/2,+a/2]. (a) Ilpoodwoplote TANQWS avt) v
KATAoTAOoN av divetal OTL €xeL undevikr) péor 0€omn kat ) peéon ogun)
tov elvar 8h/3a. (B) Na vmoAoywotel n péon evépyewx TOL
OULOTIATOG.

Ynooetn

To mEoPANua etval amoAVtws wwodvvapo pe v aoknon 'EK10 kabwg n péon 0éon etvat
TAAL OTNV HEOT TOU TNYadlov kaL 1 Héon opun elvar dux. AmMAdg twoa €xovue
OUUHETOLKO TUYAOL OUVALLKOU KAl TIQETIEL VA XQTOLUOTIOUJOOVUE TIS WOOCLVAQTHOELS Y
TO T YAdL avTo.

IN'a tov goutnt), MOAV KaAr e€aoknon eivat va kavel 0Aeg Tig aQOuntikés mealelg
(0AokANQOUATA) ATIO TNV AQXT] HE TIC KUUATOOLVAQTIOELS TOV OUHUETQUKOV T YadLov Kat
va eTUPEPALDTEL TA AVALLEVOLLEVA ATIOTEAETUATAL.

HAextoovio Poloketar otic OVO0  MOWTEG  €VEQYELAKEG  TOL
KATaotaoelg oe duvapikod amelpofadov mnyadov maxovg Tov a.
Atepevvelote kata moOoo etvat duvato va Beovpe Tnv péon 0éon kat
TN K€M 0QUT), AV YVWEILOVLE T HEOT) EVEQYELX TOV CLOTIUATOS KAL
™V afePaltoTnToa eVEQYELAG.

HAextoovio Poloketat otig 000  TEWTEG  EVEQYELAKES  TOUL
KATAOTACELS 08 OLVAUIKO amelpoPabov mnyadlov TxXous Tov a.
Atepevvelote katd TOOO eival duvatd va TEOOdLOPICOVE TIAT|OWS
TNV KATAOTAOT] Tov, av yvweillovpe (o) tn péon 0éomn tov oe dvO
xoovucég otrypés kat (B) v péon 0éomn xat v péorn opun oe dvo
OLXPOEETIKEG XQOVIKES OTLYHEG.



HooPAnua I'evikécEvvolecKBavtounxavikicle(CEK1e)

HAextoovio Boloketal otig d00 TOWTES EVEQYELAKES TOU KATAOTAOELS 08 OUVALKC
ameoPadov mnyadov evpovg a. (a) Ilpoodlopiote MATIOWS avTy) TNV KATACTAOT
av dtvetar otL éxeL péor 0€om oto pEoo Tov T YadLov Kol 1) HEOT) EVEQYELX TOV elvax
5h* /16ma’ . (B) Na vrtoAoytotel 1) Héar oQuT) TOL CLOTHHATOG.

Axolovbovpe v idtx pebodoloyia pe v mponyoduevy donnon 'EK18.
, C 2 2
I v peom Oéom éyovpe PBoet <x> (t=0)= |cl| X, +|cz| Xy + 2|cl||cz||x12|cos((/)21),
a 16a

OTOL X;; = X, :E%O(L X, :W .
Erot xaBuc
x)(t=0)=a/2=cos(p,)=0= ¢, =x7/2.
(x) : g
Anopo éyovue
2h2 2h2 h2 5h2
(E)=la B, +le B, = 0l f 2000 e ) L= S

:>|cl|2 +4|cz|2 =5/2,

ot noeBeg |cl|2 —i-|02|2 =1, Bolorovpe o1 |C1| = |cz| =1/4/2.

iy : ity
(o) Ao l//(x,t)=|cl|l//l(x)e h +|cz|e“’2‘l//2(x)e b Smaadn

1 2 . zx, i |2 . 27zx 1 . #nx X
d=0)=—,[—sin—*—, |—sin——=—=sin—| 1 £ 2icos— |.
ple=0)= s T L an 2 = a2 2is
(B) T'toe ™V peom oput| YENOLUOTOLOLYE TNV GYEOY
{(p)(t=0)=2n|c]lc,||p,|cos(e, + @),
8h 8h

Onov (BAéne dounon TEK1S), p, =—i=—-=~e "> = @=1/2.
3a 3a
Anhodn
- I\ 8 8h
(p)(t =0)=2h|c||c,||p.|cos(p, + @) =2h| — || — |cos(xz/2+m/2)=+—.
2 )\ 3a 3a
[Mopatnpodpe 6t N péon evépyeta pmopel va £xel 00 dVVATEG TIES GE CLUPMVIN e

T1G dVO SVVATES TILES TOV CLVTEAESTOV ¢, =1/ V2 ,c, =%i/ V2.




HooBAnua I'evikécEvvorecKBavtounxavikiclot(CEK1o71)

M éva povodkotato KPavikd oLOTNHA TIOL  TEQLYQA(DETAL ATIO TQEELS
kataotaoelg pe evépyewax Ei, Ex xat Es xat avtloTtolxeg WIOOUVAQTNOELS
W, W,,Ws, VA Boelel n ékpoaon mov divel TNV HEOT) TIUN OTIOLOdNTIOTE PUOIKOV

peyé0ovg. Iwg eXTIHOVHE TNV KLHATOOLVAQTNOT);

Xpmnotponotobue v yeviut] enppaoy nov Bonuape oto meoinua I'EK1B, yia v ebpeon
NG UECTS TN OTIOLOOYTOTE TeAETTY], ONAXSY

(E,~E,)

n

(A)=3 Nl a0 Ay, = [ v Ay, 0))as.
n=1 m=1

210 oV TEORANUa oto dtmho abpotopa ot detnteg matpvouy tueg #=1,2.3 now 72=1,2,3.

'Etot n péon tun onotovdnrote tekeoty) A, divetar and ™y Enpoaoy
(A)(t)=cjc,e™ 4, +c/c,e™ A, +cce™ 4, +

+e,c,e M Ay, +cy0,e " Ay, +cyee ™ Ay +

+c,c, e Ay, + cyc,e M Ay, + Cie e Ay =
= |c1|2 A, + |Cz|2 4, +|C3|2 Ay +
+ [cl* c,e™ A4, + c;cle[”’z'tA21] + [cl* c @™ A +cice ™ A, ] + [c;c3eiw23’A23 +e,c,e ™ A, } =
- |cl |2 A+ |cz|2 4y "'|C3,|2 Ay +

9y it
+ |e, [|e,|€”e

.12 . .
P4 —ipy iyt
A12|e +|cl||cz|e e

12
A12|e i }+

L .13 PP 3
+ e, (o] € e | 4] +|c1 ||c3|e P | 4] e }L

+ ¢, |c3|e—l(/7z e"/’s em’zsf

. 23 . . it
A23|e’¢" +|c2||c3|e"”ze et

. 23
—1Py —
A23|e } =

= |cl|2 A, + |Cz|2 4, Jr|C3|2 Ay +

+2¢, |Cz||A12| cos(@,,t + ¢, + (0112) + 2|Cl ||Cs||A13 | cos(@,;t + @, + (0,143) + 2|Cz | |c3||A23|COS(w23t +Q,—¢,+ (”?)

Omnov ogloupe @, =(El. —E_].)/h, (¢tor @, = w,, =w,; =0). Eve yonotponotoope v

*

ot 4; = (Aﬁ) .

EBEve 1 ¢;,¢,,c; yodpovtat lcodhvapa ¢, =|cl|ei‘”‘ = |cl ,Cy = |cz|e"p2, Cy = |c3|ei(”3 (Bopdote
yott Oétovpe @ =0; Bréne npoBinua TEK1y).
I'evina éyovpe 1ig e€ng napatneoeLc.

() Too A,

12

elva  TEarypatnol  aptbpol  nadig Aif=(Aﬁ)*:>Aﬁ=(Aﬁ)*. Anhadn 7

, 2 2 2 ' ' ' ' '
nocomw|cl| A, +|cz| A, +|03| A5 eivar mpoyavng vag TEaypatindg aptbude.



1213 23 ' . ' i) il
(B) O gaocec @, , @, , @, extpodviat anod Ta ototyein A, = |A12|e"”'4 , As = |Al3|e1¢A no

. 23
A, :|A23|e"”” . Av ta otoryeiox avtd eivar mpaypatinol xptbpol ot aviioTtoryeg hoelg

npopaves  undevilovtar. Avtd  ovpPaiver  yr  maEdderypor OtV EYw  TEOYUXTIHES
tdocuvapTyoelg g evépyetag (T.y. anetpoPabo mnyadt, TeTEaUywHO TNYASL 1ol XQUOVIHO
THAAYTWTY]) YLt TOLG ‘TEXYRATIMOLS TEAEOTESG, OTwG TNy Oeom xaw OAeg TIg Suvdpelg avTg,
Yl TO TETEAYWVO TNG OQUNG Mot OAES NG ETLEG SuVAPELS g opune. Etot éyouvpe v
XTAOTIOUNPEVT] LOQYT]

<A> ()= |Cl|2 4, +|cz|2 4, +|c3|2 Ay +

+2 |c1 ||cz| A, cos(w,t +¢,) + 2|cl ||c3| A cos(wt+@y)+2 |02 | |c3| A, cos(wyt+ @, — )

Evo av  éyovpe 1v  oppn  TOL  cwpxTtdiov (121:[3), ol =tr/2, yot

P, = J-_OZO v (f)l//j )dx = —ihf; v, (aay;/ jdx = —th.i W, dy ;, 0mov TRoYAVLS TO TEOGN O

ekapTaTar and 10 TEOGNUO TOL OAOUANEWUATOG J.:l//i dy

OT1] QO TOL GTOLYEIOL Py,

(b +i =e™'?).

Ilevinc 670 GLOTNPX UE TEELG UATAOTROELG EYOVUE TEVTE AYVOOTOLG |c1 G, (G, Py, @5, Ao

yoetlopaote TEVTE OYEOEIC PE aUTOLG TOLg ayvwotovs. Duowma toybel mAVTH O

b B

VOQRAAMGUOG, dNnAadT |cl|2 +|cz|2 =1. Apa yperalopaote téooeplc oytoec. Mnogobue va
gyovpe oyeoelg pe v péon Oéom, pe ™y afeBatotnta g Béong pe v péon opun nat pe
™y afeBatot)ta ™g oppne. Mmopobpe vo EYOLUE XATOLX ATO TO TUQATAVE UKL GYEGELS
amd MY péan evépyeta not v aeBatotTa g evépyetag. Opwg TEETEL Vo THEXTYQY|COLUE
OTL Ot GYETELS TIOL EYOLY TNV evépyeta nat TV afefotoTnta )¢ evépyetag dev éyouvy xaflolov
TAYQOYOPIES Yl TNV YAOY TOL GLOTNUXTOG (TO CLOTNHA elval XAELGTO XAl 7] EVEQYELX

Sratnpettat, Onhady dev eyet napio yoovoedpTon).



