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Metafaoelg suvioviopov népe oo tov kovova tov Fermi: Talavto-
oclg Rabi

Ta 600 gimtope oe TOVTO TO KEPAANLO Y10 TG HETAPACELS GLVTOVIGHOD KAl TNV
EQUPUOYN O& aLTEG TOL KOovova Tov Fermi agnvouvv €vo gueovéc Kevo otnv
nepintoon nov nadet va woybel  avicotnta |Uy| < AE, onote 0 GYeTIKOG TOTOG
= (27r/h)|Uﬂ|2/AE dev glval ma gpappooipog. To onolo, BePfaimg, Oa copPel
glte Otav 1 otdbun KatdAnéng ival mold otevn (AE moLl pikpo) gite 6TOV T0O
npoonintov HM medio eivar mold 1oyvpd (|Usi| modd peydro) onmg elvar niéov
ovvnbeg pe tig dwbéoipeg déopeg Aélep. Ti cvpPaiver tOte Ge pio petdfoon
ouvToviopov; Tovto o cupunAnpoua Bempiag Ba cag Pondnoet va kaldyete ovTO
70 Kev0. Ol EMPEPOVS KUOKNOELS) TOL TPEMEL VoL ADGETE lval ot akOAOLOES:

a) EEnynote and @uolkng mAevpdg yioti oTn yertovid €vOg GLVTOVIGHOU
—onhodn Yo w — wp— Okeg 01 GAAEG OTOMKEG KATAGTAGELS UTOPOVV VO
ayvonfovv TAny ekeivov mov cuppetéyovy otn petdfacmn. Aniadn to dropo
umopel va OsmpnOel 101e 0G Eva dikaTaoTacIaKG GUTTHHA KAl 1] KATAGTACT TOV
TNV TUYOVCA Y POVIKT GTLYUN ¢ VA YPUQEL ®C

Y(t) = cr(t)r + ca(t)ia, (1)

OmoL 11 = 11 (r) Kot 19 = 12(r) ot (xpovaveEGPTNTEG) KUHUTOCVVUPTHOELS TOV
dvo kataotdoenv —1 kot 2— ¢ petapaong. Emikaleoteite Topa T YEVIKY
W& TG wpyavikic twv untpdy —oeh. 170-71 ko Zvunlipwua Oswpiog Keo.
13— yia va dgifete OTL M KATAOTACT TOL GTOHOL GE [id TLUYOVOO Y POVIKNY
otiyun ¢ Ba meplypaeetatl and to ypoveEapTnUEVo S1AVOGHO GTHANG

ci(t)
P(t) = )
ca(t)
Kot M xeptAtovievy H = Hy + V(t) and po avtiototyn 2 X 2 uNtpo €161 OoTE
n ypovelaptnuévn eicmon Schrodinger va ypaeeTol mg

. . i . él (t) H11 le C1 (t)
ihap(t) = H(t)p(t)  n k| = NG
Cg(t) Hgl HQQ Cg(t)
dNAadn ©g Eva Ypappko dtoeoptkd cOOTNHA 2 X 2, LOPPOAOYIKE TALTOST O
pe v apykn e&lcoon.
B) Acgi&te 611 VIO KAmOleg TPoUnobEcEl —mov B TPENEL VO SLUTLIOCETE— N

YOpIATOVIOV UNTpo H TOL TOpOmdve O1KATOCTUCLUKOD GLOTAHATOS Oo
YPUQETAL MG
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Y)

(El 0 > ( 0 A(t)) ( E A(t)>
H=Hy+V = + = , (4)
0 B, A*(t) 0 A*(t) By

onote N efiowan Schrodinger (3) Ba maipvel T popen
thér = Eia + A(t)es
thég = A" (t)er + Eaeo }
Kol pe Tig aALoyEC peTaPANTIG
a(t) =a(t)e P oy(t) = ag(t) e PN (6)

—T1G OTMO1EG KAAEIGTE VA SIKOLOLOYNOETE PLUOIKA— TNV

ih d] = A(t) 677"%{’(12 _
<w0 - E2 E1>7 (7)

ih d2 = A*(t) ei“’“tal h

amo OOV —E ATOAOLPT TOL VO 1) TOL GALOL AYVOGTOL— TPOKVLTTOLV 01 dVO
ouvnBelg dtopopikés eElomoelg

h2

i iwo + A * 1 +|A|2 =0 9
ao Wy A a2 B2 a =V, ( )

ol omoieg —ywn kGOe dedopévy cuvvaptmon A(t)— 0o mpéner vo AwbBovv oe
GLVOLOGHO HE TIG APYLIKES GLVONKES

al(O) = 1, GQ(O) =0

ar + | iwo 1 ar + a1 =0 (8)

Kal

TOL AVTIGTOLY 0LV GE «opylkn 0£6M» TOov aTOHOL GTN OgpeM®dON KOTAGTOOM
1. EmoAn0gvote OAa o Tapomdve Kot YPaWTE EXIONG TIG 0PYIKEG cLUVONKEG
Baoel twv onolwv Bo umopel va Avbet kabepio and tig e&iomoeig (8) xat (9)
AOPLOTA.

Aei&te 011 M e€iowon (8) —1M 1 (9)— katadnyel o€ pa eElcwon ue atabepoic
ovvTeAeaTés (Kol EROpéVeG arpifag emiiboiuy) povo otav A(t) = Ue™t ka1 n
eElomomn mov TPOoKLTTEL TOTE €lval M

i1 +i(wy — w) ay + (U/h)’a; = 0, (10)

omov U évog 8edopnEVOG TPayHOTIKOG 0plOlog HE SlaGTACELS EVEPYELAG TOV
yapaktnpilel Tnv 1oyxd tov e€mtepikol mediov. Avote v (10) otnv mepi-
TTOOCT TOL GLVIOVIGHOV (w = wy) kot dei&te Ot M mbavotta petdfoong
Py _.5 GUVOPTNGEL TOL Y POVOL Ba £XEL TNV TETPAYOVIGUEVT] TJULITOVOELIT LOPPT

Pi_s(t) = sin®(Ut/h). (11)
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Ye moleg TEPMTOOELS (KAl pe TL TapadoyEc) to ototyeio untpag A(t) propet
va ypagsi o¢ Ue™; Eyxovv uoikd svilapépov avTtéc ol TEPITTOCELS;

d) Avote eniong v (10) kot k166 GLVTOVIGHOD (w # wy) Kat del&Te OTL TOPA M
mbavotnta petdfaong Pi_s(t) Oa ypagetar og

_ (U/hy’ w2 (o o2 ;
)= s (Ve )
= (U—/h>2 sin 2(wrt), (12)
WR
Omov
wr = /(@ — w4+ (U/R), (13)

N heyouevn gvyvotyta Rabi tov mpoPANaTOC, HE AVIIGTOLYN OVONAGio —Ta-
Aavtddaeig Rabi— yio TV meplodikij puetafoln 1ov tAnbvoudv Tov 6vo otadudv
mov meprypagetal and Tig eomoelg (11) i (12). Kot n onolo aroterel mAgov
KaOMUEPIVO QULVOUEVO G GUYYPOVA TELPAUUATO. LE 1oYVPES dEapes Aéilep. o
HETAPAGELG GLVTOVIGHOV 0 «)PLGOG KavOVag» Tov Fermi £xel ydoel TAEov Tnv
TaAld Tov Adpyn!

Aven

@)

B

‘Onog &yovpe NMON tovicelr pe kdbe dvvatn Epeocm, otn yertovid €vog
GULVTOVIGHOL —T.Y. 1 — 2— 1 gvepyog dratoun yia ™ petdfacn 6Ny KoTtdoToomn
2 (M omv 1 av Bpiokdpacte NON ot 2) gival 10660 TOAD peyoAvTEPN OmO TN
dtatoun pag otolacdnmote GAANG dradikaciag mov Ba propovse va Adfel ydpov
—T.X., HETAPaom o€ o GAAN otdlun 3, okédaom, 1oVTIoHdg KAT.— OOTE
UTOPOVUE AVETA VO 0YVONOOULUE OAEG TG GAAEG OTOMIKES KOTAOTAGELS KOl VO
Bewpnoovpe 0Tt 10 «maryvidl mailetow povo avapecsa oTig Kataotaoelg 1 kot 2
KOl VO, (EPLOTOVUE TO TPOPANUA GTN AEYOUEVT| SIKATAGTATIOKY TTpoaéyyian (twWo
state approximation) pe Tov TpOTO TOL TEPLYPAYOUE GTNV EKPOVNOT).

Enedn —yio toug AOYOLG TOL AVAQEPUPE OTO KEIUEVO— Ol TEPLGCOTEPEG
HeTAPACELG TOL TAPATAV® TOTOL TPOYUATOTOLOVVTOL EMIGNG GTO TAMIGLO TNG
NAEKTPOSITOALKNG TPOGEYYIONG —OTOTE 1| YAMATOVIAVT EIVOL OVAAOYT TOVL 2 (AV
€11 2)— n avanapdotacn TG Lo LOPENY HLuG 2 X 2 pNTpag Ba TeptEyel pOVo un
Slaydvio oTolyeld, 0pOov Ol ATOUIKEG KATACTACELS €lval GPTIEG M| TEPLTTEG KOl
EMOUEVOS TO dlaydvia oTolyela HNTPOG To0 2z —zip KOl zo— oiyovpa Oa
pundeviCovrtat. ‘Etot, n untpa aAinienidpacng tov atopov pe 1o eEmtepikd HM
nedio Qo éxst TV o meplopiopévn popen )

(%)

Svyva YPNOLOTOLOVHE KAl VL0 TOV OpO OAANAETIOPOONG OTN YUMATOVIOVY] UNTPO TO
ovpforo V mov ypnolpHomolodue Yoo TO SLVAULKO, EVO €vag GAAog, emiong ovvnong,
cuvpporiopdsg eivar o Hy, 6mov o dgiktng I (=Interaction) avagépetar, BéPaia, otnv
AAANAETIOPOGT] TOL AVTITPOCMREVEL EVOG TETOLOG OPOG.
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V_( 0 A(t)>’
A*t) 0

GTNV OTol0 APNOAUE TO, UT SLAYOVID GTOLYELD VA £XOLV TNV TLO YEVIKT dLVOTH
popon. Na givar andog ovlvyels pyadikoi apifuol —oote N untpa Vo va givol
epitiovi— oAAG pe toyoloo ypovikn e&dptnon. ‘Oco ye ™V adloTdpoKTn
yopidtoviavy untpo Hy avtn Oa €xel, BePaiwg, diaydvia poper pe dtoyovia
otolyelo tig evépyeteg By Kal Fy tov 000 Kataotdosmv g petapaong. ‘Etot, Oa
elval teMkd

<E1 0 ) ( 0 A(t)) ( E A(t))
H=Hy+V= + = (14)
0 E2 A*t 0 A*(t) E?

kol 1 e€iocwon Schrodinger o petatpénetal avTdOHOTO GTNV 1GOSOVAUT «UNTPL-

KT popen
= H " 1 B E, A) c1
! 1/)_ w - éQ - A*(t) E2 C

thé = Eiep + Acy
(15)
ih éQ = A*Cl + EQCQ

M omoilo ATAOTOLEITUL GNUAVTIKGE OV «OQULPEGOVUEY OTTO TOVG GLVTEAETTES ¢ (t)
Kot c(t) TN xpovikn Tovg £APTNON TOL OPEIAETAL GTNV ASLATAPAKTT YOULIATO-
viavn Hy, Kavovtag tig aAlayég petafining

a(t) = e Btlhg (1), co(t) = e Bty (t)

TOV OTOIl®MV 1 AVTIKATAGTOOT 6T0 cvatnuo (15) diver

ih dl = A(t)e_”“tag _
(wo B E) (16)

ih dg = A" (t)e““f’al h
OV €1V U0, GOQMG ATAOVGTEPT) LOPOT], OGS ElYape NOT TNV EVKALPIA VO SOVUE
Kal 6TO TAOLG10 EVOG AVALOYOL YELPLoHOV 61N oerida 742 tov PifAiov.

Amd 1ig (16) eivar topa TOAD EDKOAO VA ATAAELYOLUE TOV £VO, 1] TOV GALO ATTO
TOVG dVO AYVAOGTOLS Kal Vo, KaTtaANnEovpe oTig dvo devtepotdies eElomoelg

. AN AP
a + Zwo—z a1+7a1f0

.. AY AP
az — | wo + 1 as ?az— .
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)

‘060 Y10 TIG apyIKEG CLVONKEG, 0V TO ATONO PBPLOKOTOV APy LKA GTNV KOTAGTOOM
1, avtég Ba €xovv T popen
al(O) = 1, (12(0) =0
Kat av T1g sloaydyovpe 6to ovotnua (16) —yia ¢ = 0— Oo mapovue
A*(0)
h b)
an’ onov gival avepd 0Tt N KOAOTEPN TOKTIKN Yo vo. Bpovpe ™ Abom gival va

emié€ovpe TV TpmTN and T1g eomaetg (17), yia tny onoia o1 apykéc cuvOnKeg
£€YOLVV TNV aTAoVCTEPN duvATN LOPOTN

a(0)=1, @ (0)=0 (18)

a(0) =0,  ay(0)=—i

Kat agol Bpodue TN AVGM TNG VA Y PNOLUOTOINGOVUE TNV TpdTT eElom®oN TOL
ovotnuatog (16) yia vo EKPPAGOLHE TN CLVAPTNGT as, LEC® TNG a1, OG

dleiwut

as(t) = ih A

(19)

A6 TN pope1 TG TpadTNG amd T1g e€lomoeig (17) elvarl Topa eavepd OTL av givar
A(t) = Ueit (U =octabepd)
tot1e Ba Katadnysl otnyv eEicmon pe 6tabepoisg GLUVTEAEGTES
i1 4 i(wy —w) a1 4+ (U/h)*a; = 0 (20)
KOl AV w = wp, OTNV
i1+ (U/h)%ay =0,

oL AOVETOL APECMG —GE GLVOLAGHO KAl PE TIG apyLKES cuvOnkeg (18)— Kkat divel

a1 (t) = cos(Ut/h),
omdte, Paoel g (19), Ba &xovpe emiong 6TL

as(t) = isin(Ut/h)

K01 T0 TETPAY®OVO TOV ATOAVTOV TILOV CUTOV TV Acemv Ba divouy, Befaimg, Tig
mhavoTNTEG VO fpodpe TO dTopo oTn pia 1 TNV AGAAN 0O TIG KATOGTACELS P KOl
9. Oa glvar dniadn

Py(t) = cos? (%) = PLs(t) = Py(t) = sin? (%) (21)

Kat gival, tpogavac, P+ P, =1, 6nog Oa éxperne. To cvpnépacpo gival Told
evdlapépov: Yo T1g 6uvONKeS TOv cLiNTNGUUE GTNV EKOMVNON, O)L LOVO deV
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toybel TAéov o kavovag tov Fermi, aAAG 1 COUTEPLYOPE TOL CLGTNHOATOG EIVAL
akptfag n avriBetn. Ot tAnbuopol Tov dbo ctabumv, avil vo Telvouv ce pia
otabepn kardotaon ioopponio; —Omwg 0o eméfarie o xavovag tov Fermi—,
TOAOVTOVOVTOL TEPLOSLKA HETAED TV 800 aTadudv pe cuyvotnte w = wr = U /A,
omov U = |A(t )| N 1oy¢ TG eEMTEPIKNG dLOTAPAYNG.

‘Ocov agopd T cuvdnKeg LTLO TIg Omoleg TO UN dtuydvio ctotyeio A(t) g
Sratapayng V() pmopel va ypagei og Ue™!, avtd yivetal gdkolo @avepd av
oKeQTELTE TNV avAALOM G€ Opo BETIKNG KOl G€ OpO APVNTIKNG GLYVOTNTAG TOL
glyape kavel oto keipevo (oeh. 717-718) yia pro muitovoedn dwatapayr, Tpo-
KELUEVOVL VO, SLaKPIVOLUE EKEIVOV TOL ELVOVLVETAL Y10 T1] GLYKEKPLUEVT Sradikocia
nov g€etalovpe (01€yepon N eEavayKaopévn anodiEyepon). Ny TPUyUATIKOTN-
Ta, €8, eneldn M phtpa V(¢) mepiéxst kal 1o culuyég otorxeio A*(t) = Ue ™,
EVUTAPYEL ©€ OLTAV 1 dLVATOTNTO Kol TOV dVO avTOV odladikaciedv. To
ovunépacpa gival coeéc. H pntpa aAinienidpaong

0 Ueiwt
viy={
Ue ™ 0

AVTITPOCOTEVEL TNV EMLOPOCT TAV®O GTO ATOpo evOg Nuitovoeldovc HM kidpatog
GLYVOTNTUG W, GTO OPlO TNG MAEKTPOSIMOAKNG TPOGEYYIONG, KOl UE TNV
npocbetn cuvONKM OTL 0 £vag amd Tovg dVo Opoug el kar e givar «ekTog
GULVTOVIGHOV» Kol pumopel va ayvonbfei. (Avtd to televtaio onueio Ba yiver
OPKETE GUPESTEPO GTO EMOUEVO TPOPANNQL.)

Ba emavéLDOLE OTN LOIKT AVAALGT TOV aToTELEGHATOV (21) apov Adcovue
npota Vv eElomon (20) Kot Yo w # wy. OETOVTG, Y10 AOYOLS ATAOTNTAG,

Q= % Kot a1 (t) = a(t)
N (20) ypdoetor mg
i—ilw—w)a+Na=0 (22)

kal Oa Avbet, Befaimg, pe TV eKOETIKN OVTIKOTAGTOOM
a(t) = e
mov 0dnyel apécmg oTNV
N~ (w—w)A =2 =0

pe pileg

— — 2
W —wp (w 2w()) +02 =+ wy,

OToLv
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omote M yevikn AMaon a(t) g (22) Oa ypaeetor og
(l(t) — C+€i/\+t + C,GMJ _ ei/Lt(c+eint + C,E_th)
= e (c; coswyt + ¢ sin wyt)

Kot petd tnv entfoin tov apyikov cuvinkov a(0) =1, 4(0) = 0, og

a(t) = e <cos wrt — 1 H gin th>
WR
2 2
= P)= ’a(t)| = cos® wrt + —QSin2 wrt
WR

2 QQ
=1- (1 —%) sin? wrt =1 ——QSinszt
w

WR R
Q)2
= B{t)=1-P@) = (—) sin? wrt.
WR
Oa gival Aomov TeMKA
QQ
Pi_s(t) = Py(t) = —5sin’ wrt, (23)
WRr
OToLv
U w — wp\ 2
0=", - (—) 02, 24
n “R 2 )T (24)

ommg pog {ntnonke va anodei&ovyle.

Inpewwote OTL Yo w = wy —OMAadN oTov guvtovieud— givor wr = Q Kol 0
tomog (23) Eavadivel to mponyovuevo pog omotéiecua (€. (21)). Inuewmwote
OKOWO OTL Y10 w # wy —OMAAdT| exTd¢ aovtoviguov— 1 mhavotnto petdfoong (23)
OVLOEMOTE YIVETAL HOVADQ" 1| HEYLOTN TIUN TNG

02 02
PHMX(W) = g = (wT)Q—l—m
2

glvar mavto pKpdTEPT TOL Eva Kat yiveTal dapk®g PikpoTepn KoOMG amopakpu-
vopaote oo Tov ouvtoviopd. Ola ta Topamdveo cuvoyilovtal GTo GYNIO TOv
aKoAovbet.



YYMITAHPOMA GOEQPIAY KE®. 15.1

L PL(0)

W # 0, 19---98---=----A-------- <

P




