
rdttEbuytas X AUta p DLaopà, ivu 

cK pos tys dLrb tytos Pt tyv aruop 

Tpa, Asvhoaps tyalo Ays to5 

1 

eivo tbavuopi vy, oAAà ano ty aTy tAupà 6swpida-

p u t HU1coio va Aagur6 (6opn6its bu oGs 

oA apaàv u avàu APpo ro a to 

tpLrd 1tdio dDs akpu bor tpo rDtu at s 

GAS Max well ). Av r pt t 1PLEUr pooi{L 

Tpoup va ppa yout TtApa OA VOpevwv , Tap- 

Ouvo ptwa a ta o1oa pod TLoavt dv 

iva apr tt ta Pu ta va wpyoo v p 6tu tan 

3io pa va tbavuo pivo (Lßovucy pooio). la 

ttavur o 6igfo Popoop 



va6cupt t oo6oppy 1 too atpoo, T 

P'Poaps f o Pvo Aourd atv pt Aa ot- 1PLE Aa Gi- Otoa 

oU GLa oura " pe T &vov 

opo us LOwOUs pos, 0 0 toios pAo 

to pys ito oJ o AS pas va va 

GUphadiov P Ta t pa paura aro AOpara). Mi-

arourvòTa 
GW tbavzeys 1pot 
au 66 potPtn 

afo ty a Aloy To atpoo p s rataoradus tevod

Kav t- Tou Tp ba AAbvtôr tou (Gpy Oizt bu otyv Kavto

P1x t vo v iva p 

O, v ta PE daducy Tpod 1pobitu Ta a 

VTwOus Rabi &vos 

KQvKov OvOpa ros dvo iTutuiouv , avury 1po 

dW ts Kov Vwo tou tdiov, ba dod- 



P u Ypo iTe Eatappvo olapse) ca ava Biwoy

(revivae) tou 1d6vopoù. 

Xapt Atovvav alo 15 - w Tos 

payous Tpo 

B 1pa oty Kpavtopnzavej bopiu vovwpiJoop 
ap tovvavy tod. 0tws t PLEdaduE 1p0 

wpo Tàvtoti Ka&o w, Ga 6t T 

àto p pos va vas Kavurds trto ptbs vo T tui 

w. H aloy vds ti to wv iva 

E Lp pa and t XapAtov 

H Ha Hr Hit (248)

Ha ivO &v&P{aa To pov w pivoo atò p ov 

Hr ipga oU Tdio Ka Hit Xopt Atotuav

at pou p T io 

Tpv Tápt otyv avà do o tào tots dp ou s 



(10) 

248) t (147) op P1 

t8no npooi a, ady 7ot Sp 

Uou 

To pit 8os tov tÙavutoù as 6U6typa tos p ttAU 

opo va Owpoopt ou dvc tp itó pas idio 

ATTop ipuss tY TU pou (dz 

26 nou uat ràvu t oo{r a0 T t P 

1 
OTLO Gupyiz pLEAaaury 

To o aP wpyo 0 AapAtovvav otoia

T als 

EEAO 

Hint E (249) 

OTOU -er si vs avà us ot3. 42-42) 1wpa 6p ws, 

aTb 



(4) pvas to 6a iva tav apivo sw putas

puoo paott Ldavur

6aioup a AULS an to tovupato t1 o oT 

vas to xTpt xo Tidio b0 p GLT 

(250)

upyro pt povo pu pazEd 1io p tbvo1 caz0 
P 

t ð6ovoy K à doo atà tov ova z (ute 

ca Gt 3) r to , bno V o oro: ro: Aå-
EV 

OU TLQ 
puwGts du todótyta toEGp

Lr t toLuuoss Tdio ToU oG Asra av Gw tovo 

Tovs 

KaraoTPof°i* aqo o 
a(t) ato) to) 

eiwt Opws, art K 

6 To ràvaps pods Toyoupivuws dw 6 

o a ptp ptyo to nðio Pas ra 



104) 

tou 6doo ps v0 paoOup to tud io ts (290) 

tE otoepa tova rqpu w pioo 1i pioo 

avà wtòvo ToU 01p otov :o. Aatpu1ov tas 

8 (3) propu ravr Va p du ple1 1eepur1 

VEP ava qu Tòvo a ivahu JV sit, = 

EV 

oL t To pico Tdio avà Guivw v & w 
2tV 

rtpLEó pos 

(254) 
2 Eo V 

LG ETOLa kLBAia avouv t rtrò fioto C 9° 

1 250) Tapvovtès to ràTOU oio z, dy- 

Aa v E2,t) &o (6'+å) sin (tz.) ps s =| 

Gaer TXLOmbro pou los and Petrosi a oA 90, Gerry

ight GuA 90) Ebco tupa i0p 

o Op tbs pas vtvas tbavtcor LErO pTos ddo ir 



Tiov 6a dp boAigoupt pe 14 t 6pt oy to 

Katàotaoy ta 12 ty èvftppv pogovs,P 

KaTaotào us 14 ra 2 ao TAoùv va opOoravovk6 

OUvo Ao r0 Tov Bavuró pos ik pts itG Go 

1iil . As Boo oot, ptopoups vaFyo NOA 

La ty Xa tovuava sbpa (249) (249) 

Hit -. Etu) = - pi& ta'+å) 
P P22 =0 

Hint = -(14< 8|2<2l + 12><21 £14><«l) E (6'-â) 

Pa 

Hint - P2 14<21 + P2u |2> 4)) ¬ (o a) = 

Pa ER 

(252) 

6T BiGapt 6 Ca6ws &TUVO s 

P P 0 P a 



0 

P 3 ta bup 

aAAri dpeo KO pas div 1.Pop Lurd pt to 

TLOOO LOo Xupy ao Gvy va a Alo ptte tov to 
TpuBà AAov tos TLai podo Qv io to- 

o p rdvov ts UvoTvas Rabi ainy pr aairyPLE ariry 

O co avaçopà tous à Alous doo 6pous 24), 248), 1P 

YOUp HA Div 

ato pou, dad 

HA (253) 

nU liil, , 0tus KOA Tpo xoopivws. powr, o bpos 

HF pas divu ty pua tou HI tidioo ra tol pa 

HF h 'o (254) 

tLod joups arvo you Vp eAa o) rivoù. tov 



doLTO, CUp a p ta ap atQ vw, XapuatovLav 

CUOTpa tós pas P4to 

HHa He Hint 

(255)

ào avt òu av d àop po vo 
-

Ppourd Tio to te o sot spos 6pos a ttu pvt t 

Po11 
opoupias r ratedupof 

à L, o tpitos opos ba Pagocav h(i +) 

), ono Gabep à alays ooia Pi2o 

al bo apart1

w touo Ttou 0pattyp
atus TKpatavuG pa t. 

ap- PovE 

tov@v 255) "cpo betA, oous TtdLotis



a Ka actpo qis ta a Láizu avà tyv 

avo Auo y Tou z0ps rôv 0t G 34 La t XaptAto-

VLO zo0 udiou H free field Hami &toni an)]. 2 tli yLO 

p ava Ao aopo 1 Cavo p6 dLa avà'duay cKa 

a ty Xap toviovy Tou nop ov pivou ato pou HA Ka 

oUpboovtas aGop à twv 

&TU T òwv 

wt (256)KOA 

wpovtastasd oT us 46) -4 T) 0u a14) - ôro) ut 

raA a't)= âto)ewt Tupord tuTu du 

(255) a ijoopt tavova (sup &oaiou

PLas 

Aotys Q0 Tos òpa s Aeoris avaisaoMs a t 

àtp
Kavàorady |4> 

Pos aGoù pas TM ais A aT 

2 a Gie a Goù aUtos opa 



wS atopLkds tAotr ata kiBadys o0 1vtas pas a- 

2 6pAedy ) 

vopia To Tpor)touv 

5,0 e' w-w) aTub tov pito bpo ts 355) 

o. e -w)t hgo,+ 0.) (6*.6)

Tpo avs w wW Las ca i dau ps T 

dio va paopu vo dLfeips zov 1p td yos. ap avo- 

Vtas ou Tòv Uð yiv to ovòs avto, B2inov pt 0 

Tp tos K o titapTos 0t tous Taparàvw dpous ta Aa-

VTwvoVTaM TLo TuoP10°P d i pt Us 24ous

Qvàoo 
e -w)t 

Aut apos 
va taus apycop. Auzi va oUOLA aurá 

A1* porOL opato fptpavou

yops rO 1PLKaGUE podi{o (a. 134). 

tTi, Gto o1 avz pTpoùps v pnTpo tio 

Ltt Aiov Para a va 

O0oUP 



104) 

ayvoy 0oUp To us pous ,0 o 6 2rqvirt a 

Tap àdtya ttadiraoio p 
QTo Tupta 1Aov tov K ptaboi- 

p1 cataot0 

oa a KaTaOTPOG 

VOS Gutoviovà) p ortoti duopo tyLp1to 

at pov (6.) caito LaLFOoia auT p? 

v 

CU CE på Twv out rppiv wv tiAiorwv v 

o do a Goù O ivas 0va iptton to àtopo Kno AAos 

6 Tio) Avti ow ous o up dt P[o 

Gi0 ty: o{ipo po1s:Lab»s t àtopo pas aodL-

6-) L Ti pu (d poupru) tva qwtvo () 

1 dLP aota Quty 

TLO vws, O bp0 aUTo . VPvo .a 

.0, dueU1pov t vipta Tou ov OTya Tos av 



6 6. 66 O CO 

oO1po

Ttp 1o bbtpG tpo tauth 7pov aut Pov 

TOVt Oy vw Tpos 

Tatupo etoppq 
Gwtoviou. op o upt hot tàv p cG0 AuO ovo0 

pout 

pa vo up ou O 6poL QUTAV o 0. á' r o.á) ovo -

ov 
poootpa Tobpoto ps ta o1oia acoA i ta Lba- 

ov Counter rototin teYms voouv T da 

ba-

Aap &à vov tn Uty povo 

ou) 

t o 6ua AoLtv 6 twv Tuc patà v tapaz TLapOt 

apu' Htoviav ou 

1patos a4&Tan

(257) 



40 

Haparàv AapiAtsVovy 0o0 1ppo4 tu 

tvo apod dvo tr ni dwv pva povoxppauco -

po'Ko TdLOsing te- mode electromaqnetic field) 

Ovo to povtt do aynes Cummi nas 

0 uo tsovo doo s po Ba trurvf w Goips T 

to povtAou daunes - Cummiqs Us 

tw number stote: utt pt ty Bo Ge a lwv dopGuv

atcò0twv(co heren states)

pvou p oto opio QUto ka Pov uEo: 0twr Gt 

Kavt M K Gvto P avLK,ito t0yv Kovz OT r Eiva 

ùv6ts iva po BAypa vo pap va pt(Pa pt 

Ksavtop13@v ioup dvo OLaGopturès a 

GoUvapt va 

P 

vopvo 6to Pproeopo: tyv utbva Schrö dinger



0t Lova Heisenberq. Evo donov, ra otyY K avury Or- 

TE op a p duzicoupt iv0 to Aq po it P 

Too tuvara Turvòtycor. Av ro à G pia pt0o dos & 

A TatA tovertpato ra to PAOVEEtypata tys, pus pus 

Bo ovviooup av *uoy par pt t ye Bo do twv 

TAatov Tu6avò tytas. GuELEppiva, a va avadd 

oOop& ttpttapw to povzdo daynes Uummings OTLOP

oUv pko tpd ro dute Lambropou los and e 

rosia Ki. 3.3.2, evry and Kni� ht eq. 4.5 -4.), 4.5 4.9 

Suly and Zubai Ksq. 6.2 Ka^ uantum Optits 

for for Beginners, Ficek and Wahiddin Keq. ). tpor & 

w, 0uws a p 

oTo povziAoo daynes- Cummings p z pt 0odo twv 

T Aatwv Tu ovótytasLa tyv 11pittuoy o tou to 1toio

num ber states a7d us odp- S yas 

Gws tataduàcSis, rabus ETuOs a Tpo ota By oouy va 

aS ava doxa ibaa r pt us av s 
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kpovp s dressed states tov dùv6itov auoi gvotYpa

tos ( dresed states ts p 

TSpiftw PLE daCLr 

o oto Aaioe bavris 

Ha ts Au rau a Tpo Pop TupL 

&aip av Aud TU povtnou daynes-ummi ng 

oup tov tAct Ne ä'át 12><21

O otLoios avuTpo6u 1t tov apu6p Twv due{ipo &wv 

as 
vo tutidov + H/u 

Tio (Tapatypio ts bu ptopoùp va ioup povoPa 

podt scpà pas). coviua, Ap1c 

poToLwvzas Xapltov tovLavy tys (2T) Bpvoco 

.H, 1 -o Xa- O TOLO 1 M P 

P Atoav danes Cum mi Mqs iatype to apu6po

tw diipatwv ot Gdot på pas 



Ti o: um ber state (wpos Fout) 

av va npu to rapàd pa oto povtido daynes -

w po ù p& 6 tTdio pas piaxitaum mi qs 

pia um ber sta be In t ruG, 6upop o 

TOU TaPK 

ot oTAavo pior To 
2 

wo 

1, a hw' 

tw 
ot Otà otadY . pa, ov Gup- 

BoAicoup p Hapo tzupo Hi 4bert re w átopo

Ka P Hasio T po Hi &bert oa to Ed vo 

6a 0 dUvo ror wpos Hi berb TAU TurTpatos pas ba 

H Hapov Hioy Er pi s, KLa t T 

Pi 7 C aoto pos H:4bert e Gv6eto o 

a taotào as t pozos 

4,n t 
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a To di0 va TPLEun uw tova, Kabws r 

2 0 ln- E 2, n-1 y2o3 topo ct 

o TLd0 Twpa va -Qtao taov 

Gw Tova a God &vo Qtd auTa ppofye aTb to- 

opo wety vo durep6i. 2 bpqwva 1ours p ta ra-

a0 , KvEtatootaoy yr)> onoia Ga 

povl-

a P1 
it/ainwt 4, n> t C2lt) Wot /2 i (n-)wt 2, n-4 

e 91t) 7 C (t) 
(258)

Clt) 

6sP PELS GUv6ts To0 6suw 
US 

patàvw a uvo C(o) = { Ka Ca(o) = O. op 

Gwva Pilo3 T Aa twv tuGavtytas 

ws tpa ova duo pas, a va popt t1 Poviry 



1 To 6uGtypa tos par 6o avuratactyvoup 

EOTOtao (257), ro Gd 

AoptAtvovy (257) 6t u oy Schrö 

ier. ETpivws ba tiva 

i E, t) 14, n> E1t) 12,n-1>] = (Hor. Hns3 Hi»t)lp 

Xap Aroviavy TOU 

P'eau ato povu pbvo opo Hru. hu û'a Xa-

pe Arvovy 1iou taHin hg o, à ö. ä*) 

Xapi atovavy 9 Topod -TLE 

ruo o 

Vzas pLotà tovs us òpous oi otoiov tuporuTLovv 

TLapaTaV w 



(1o 

Her ly)> =h w 4>< w |2><21 ) Le) 14, n 

(e)1 2, n-1] 

(121- 14><41)L&t) 14, n> +C1(t) 12, n-1> 

Ful L Ee) 14, ny 6 lt) |2, n- 2 2 

6 TiTTEOo pd&vES Pruasws 

T tdo To 0oio Bpioreta aKpiDs tvoLà ptoa Twv 

P arwv turi d w v toU a to poo ruTAiov, fla ta 

a ve pip1 Xap tovtov is a o9* 

Hat y) h wo a'a Lte) 4, n a (t) 12, n-1T= 

he e) l, nY Ca(t) (n-4) 12, n-11 

OUvtovia po P pt 

E tov &o 1o A w- wo 0) Kaws KQA 



tt yu> ql0, á o.á')I te) 14, nEalb)12, n -4>7= 

ha L E, tt) O, à14, n Calt) 6. á 12, n-1 

hg Lc lt) in 12, n-t> lt) {n 14,n 

O XPopofo o0pt us (39) k ka 40). E 

io y Schro dinqer kau avEO G 

G tw tas TQ atot& diopaza ou p As pita p, T 

Pvoup u (W = wo) 

i T(t) |4, n> C(t) |2, n-4 - wo Cft) 4,n 
2 

o Cz (t) | 2, n-1 +nh wo Cilt) 4, n) + (n-4) wo Ca (t) 

12,n-1 hq {n Gl8) 12, n-4) hq n  t0) 11,n) * 

14, n -in wo Ci(t) iuthinust14,n i + oCt) eWot j2nvot 

wotinot |4n - we Catt) -wotl i(n)wot |2,n-> -
+ t) 

-Lwot/2iln-) wot 2,n-4+ iztt) eo/(n-1) u)ot 12, m-47 



409)

+iwot}2e 14, th hw, Ca (t) ivot/2i(n-t)wot 

2 2 

2, n -i * n h wo (t) e e*ndov ln,4 t(n-) h wo C lt). 

-t) wot m7* 

-lwot/2 -in wo t 
2,n-1 > 

hn L C,lt) iwt2i(n-4)poV 14,n> + Clt) iwotl-inwt2,n-7 J 

ty aUV ua, todatua adia ovTas t TLQpa TLQv w - 

ao apuatipa P 4, n piotoup&

= ft) c"n-)w»t Ctt) etn-t+j)w»t 

259a) 

Auotoia, To 4Aan.daouà ovas p 2,n-t Bpiovod-



C2 (t) e (n- ) wot o)wot 
= 

= 2 () =- i q \nC4 (t (259b) 

apatMp iatt ou O (239) iovv ppoua popg 

(484) TOU a ap t 1PLEadury TE tUS 

ruTAov, dty pittwoy o7u uapt 

A +o o (259) a TianpvQv t po pg Tub i ba- 

woti To) 

At Ctt) -iq *C(t) (2600) 

2t) = - iq ln eiAt., (260b)

poqpvta: OUGTPa tos Twv 

A. E. lwv (259) p toto avadofo P ivo TLOU 

TU odap us (484), bpiorovps teAir à du 

(264 a) C(t) Cos qn t) 

C2(t)-i sinlg w t) (261 b) 



aut ART TWv 

Opo foy oapt us apris Cuv 6ykus Cto) r 

C2 lo) 0. 

A40 a B»s r T&piT TWOy WLE6 1 

i 4,2 (320 G14) oUv toa Es 

TAP&S

T&p 1twoy a Uzap avu tov 

(264) 6 itu Sully kon Zubairy, K 6.2) 

,iAt)2 eos( - A sin 
2 

2igin tao) sin ( (262 a) 

iAt/2
Ca(t)6 

i 1) sin () (262 b) 

A M 



TLOpGo vtas ot diE pas, ud c6 zup TpLTtwoy

Mpuwvov p du O T0ovoTytis Kato 1y pys tys bs-

ddo us a &vys ratootaoys ba 

(261a) = Pe (t) = lCitt)ls= cos ( gm t) = cos' ( Qnt) (263a) 

(264 b) = Pt) = |C t)l = sin (g {mt) = siw' (nt) (263 b) 

0 10U p o Gavuws TO GOTta iln qn 1 Eva 

tta abi a t Gu6p pas PLas ra o tA bu- 

opos Ta jav tuvita ato 6&pt 

pi Katotao1Pt GuEeppiv1 Uvtyta 

s 6a taavtùvtta TuWs Gaivt ta EQA dto APa 

Pat) 
poavr, a po 20-

w 
Tpq n ba 

Ka oTep o =Evtovò zi- 

P&s Ta davtwo us. 
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