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Tomkn dwwtnpnon g mbavoTnTa:
To pevpo mBavoTnTOS

2NV €16070YN TOOTOL TOL KEPUAUIOL EMKOAECTNKAUE VA LOPOSLVAIKO AVE-
AOYO Y10, VO SIKOLOAOYTGOVUE TOV 1OYLPIoUO pag OTL yia Eva eminedo KLU
= Ae'** n mocotta J = |¢|2v = \A|2hk/m pog Slvel TN por paG OEGUNG
KBavTIKOV copatidimv Tov Teplypdeovtal and TNV Kupatocvvdptnon . o tnv
TANPN KPAVIOUNYXOVIKT G1TIOAOYNON CLTOD TOL 1GYLPIOUOL Y PELClETOL VO
peketnoovpe T Aeyopevn tomky dwathpnon e mibavotntag. Na dovpe dniadn
TO TOG peTapépetal N TOUVOTNTA ATO L0 TEPLOYN TOL X DPOL GE POV GAAT, OTAV
N xpovikn e£EMEN TNG KLUATOGLVAPTNONG pELOVEL TNV TBavoTNTa va Bpodue To
copatidlo péoa ce Evav dedopévo Oyko omote mpEmel vo avgnbel avaioya 1
mBavotnta va to Bpodue €€ and avtdv. H «eikdvar Bopilel mold tov tpdmo
dratnpnong g palag evog GLUTIESTOL pevatoy pe mukvotnta p(r,t), n orolia
exepaletol og padnpotikn popen ond  Aeyouevn eCiowan avveyeiog
B o.y_

% +V-J=0, (1)
omov J = p(r,t) v(r,t) eival 1o Stdvocpa porg (M TKVETHTAS POTS) TOL PELGTOV KoL
v(r,t) 10 medio TaYLTHTOV TOV.
o) Amnodei&te ot (1) exepalel Tpdypatt T dathpnomn g palag Tov pevcsToL.

Amodeifte ovykekpipéva —Bacer g (1)— Ot m ohkn pale M(t) =

Jy p(r,t)dV mov mepikdeietar péca oe évav toyovia 6yko V ikavomotei

oyéon
am
— = 7{ J . ds, (2)
dt 5
70 omoio onpaiver 0Tt petaParietal avd povado ypovov akpipdg Katd To
TOoOV TNG UAlag TOL PELGTOL KAl «SLEPPELGEN TTPOG TO TEPLPUALOV HEG® TNG
EMEAVELOG TOL TTepLkAgiel Tov eEetaldpevo dyko.
B) Amodei&te Topa o6t po avaroyn pe v (1) eicwan aoveyelag 1oy bel Kal oTnv
kBavtopnyavikn 6mov, Befaiwg, Tov poro g mukvotnTag palog p avopéve-
Tal va tov mailer n nokvotyta milavétyTag

P(r7 t) = |¢(V7 t) = w*(rv t)iﬁ("v t)' (3)

TMopayoyicte v (3) ©g mpog ¢t KAl apov ypnoipononcete v e&iocmon
Schrédinger

| 2
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e L, 0P

h—=Hy¢y = —ih

thgg = o = —ih =5,
Y0 VO OTOAEIYETE TIG YPOVIKEG TAPUY®YOLS TNG ¥, Oeifte petd OtL o1
EKPPAGELS TOVL TPOKLITOVYV UTOPOVV VO, YPOUPOVV O ATOKALGT EVOC KOTOA-
ANAov dtovOopatog pong J, €161 ®GTE va 1oYvEL M

= Hy*

oP
—+4+V.J=0. 4
ot (4)
Agi&te ovykexpipéva 0t to {ntovpevo J ypapetal g
J =Re(v*(vy)), (5)
omov v = p/m = —i(h/m)V givar o tedeatiic g Tayvtyrag, onote N (5) propet

gbhoya vo 10wlel mg N oo KPavTopun Y aAVIKN) €KS0YTN TOL LOPOSLVAULKOD
wnov J = P-v= [y - v= 14", agod 1 ebon tov v 0¢ TeieoTr emPAAAEL
TV «TomobETNoN» TOL AVAUESH GTO ¥* KAl TO 1) VM amolTteiTal EXiGNG VO
TAPOVUE KOL TO TPAYUATIKO UEPOG TNG OANG EKOPUONG DOTE TO SLIAVLGHO PONG
J va glval clyovpa Tpoyuatiko.

v) Acifte thpa 6T Y10 Eva TV OV ETIMESO KOPA OTIC TPELS S1AGTAGELS P = Aek”

€Qappoyn tov kPavtopnyavikos tomov (5) divet

o hk

N
m

n

J =4
dnradn avtd axkplpdc mov Bo malpvape Kol PE TNV KUQEAT» LIPOSLVAUIKTY

OVOAOYL0 TOV Y PNGLUOTOUNGUUE GTO KEIUEVO.

Avey
a) OloxAnpovovtag ta dvo pEAN g (1) oe évav tvyxovia oyko V kat ypnoipo-
Totdvtag 1o fsdpnua Tov Gauss™ maipvovpe

Jdp '
/EdV+/V-JdV—O
ad

= — | pdV+ P Jds=0
ot g
T

AM
— & J-ds.
dt i s

) Ot dnhadh, Yo éva Toxov Stavucpatikd Tedio 4 toydel M

%A-ds:/V-AdV,
JS JV

mov Aéet OTL: To KAELGTO EMLOAVELAKO OAOKAN POWO VOGS SLAVUCHATIKOD TESIOV 160UTUL HE TO
OLOKAT pOHE OYKOV TNG ATOKALONG TOL TAV® GTOV TEPLKAELOUEVO OYKO.



YYMITAHPOQMA OEQPIAY KE®. 6

B

Ba Tepay®YIcOLHE G TPOG t TNV Tukvotnta mbavotntag P(r,t) = ¢* (v, t)(r, t)
—mov ovopévetal va moilel to poho tng mukvotntag palog p oty eéicwon
ovveyeloag— kot Oa Sovpe av TO AMOTEAEGHO PTOPEL VO YPOEEl ©OC amTOKALoN
KATO10L 810VOGHATOG. Oa £yovpe Kot apydg

= gy ¥
Kat pe ypRon e eElohoene Schrodinger
%_Hw = —ih %’Z’ = Hy'
O = (HU )+ o 0 (HY) = (0" ()~ (HY))
:ih< ( v2+v)¢ P ——v2+v)¢)
=%< ;;)(w V- V2 ). (©6)

AV TOPO Y PNOIULOTOLCOVUE KAL TN YVOOTH TALTOTNTA
O(V2P) = 9(V29) = V(6(VYh) — 9(V9))
He ¢ = 9", M (6) Bu ypheetar wg

OP —ih . oy
W—F% V(¥ (Vi) — (V")) =0
M, axopa, g
P 1 —th —ih *
ool e o)
ot 2 m m
dnradn wg
oP
E+ V.J =0, (7)

omov J 10 davueHATIKO TEdio

J= % (" (04) + ¥(ve)") = Re (4" (ve)))

Kot v = p/m = —ihV/m o kPavtounyavikog teAeatic e TayvTtnTag.
Katain&ope Aomdv oto ovunépacua 6Tt N KPaviounyavikn tibavotnta vo
Bpodpe KAmov T0 COUATIO0 JLOTNPEITAL UE TOV TPOTO TOL TEPLUEVOVUE OF L0
ovokn Bewpia. Av n mBavotnte va to PBpodpe péoa oe Evav dedopévo OYKo
telvel va petmbel, avtd yivetolr pe «loomoon» UETAPopd TibovotnTag oTOV
nePLRAAAovTa Y OPO d16 HEGOL TNG CLVOPLAKNG EMLOAVELAG TOV TEPLKAEIEL AVLTOV
tov 6yKo. Kat avtég o1 petagopéc meptypapovtal and to dtdvuoue pong J mov
Bprxape TponyovuEvmg. Ot HETOPOPES YivovTal Katd TNV Katebbvvon tov J kat
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)

HE EVTOGT OVAAOYN UE TO HETPO TOL G KAOE TEPLOYT TOL Y DPOL. AG GTUELOCOVUE
akopa 0Tl M EKEpacn wov BpnKape

J = Re (¢¥* (vy) (8)

umopetl va 18whel ¢ pio eVAOYT TPOTONTOINGN TOL KAUGIKOD TOTOL
J=pv = J=Po=[Yf'v=y"vv="14"(vy) = Re(y (v1))

He TNV avutovontn tTomofétnon Tov v petald tev ¥* kol ¥, OGTE Vo dpa TNV
Kupatoouvaptnon ¢ mov Ppioketor ota deEld TOv, KOL HE TNV EMITAEOV
«mpdvolay va mdpovpe t0o mpoypatikd pépog —J = Re (P (vyh))— dote TO
OmTOTEAEG O VAL ELVOL GlYOLPO TPUYHATIKO.

nupeidote, TEA0G, 0Tl Yo 1 = Tpaypatikn cvvaptnon gival J = 0. To omoio
GMUAiVEL OTL 1| «Kivnion TS THAvOTNTUCH) GTOV Y OPO OQEILETUL GTO UIYOIIKO TNG
HEPOG TNG ¥ dnAadh oTn pdor TNG.

Av Bécovpe (r) = R(r)e®") xat kdvovpe xpHon TS TaLTOTNTAS
V(fo)=(V o+ f(Ve)

€ GLVOLACUO pHE TNV
VE((r)) = F'(9)(Ve)

o tOmog (8) Oa dwoet

ih

i — Re7(V(Re™?))
m

V" (vy)) = Re™™ <_7 V(Re"d’)) —
= %h Re *((VR) e +i(V¢) Re')
-2 p(ve) -2 rivR)

= J=Re(t(v0) = - (Vo) (9)

omdrte, yio TNy £181kn mepintoon evog eninedov kdpatog ¥ = A" = R = | A|
= otafepd, ¢(r) = k-r, Bo £xovpe Vo = k (8eite 10) KOl ETOUEVAG

h hk

J=— AP k= AP == |AP £ = APy,

m m m
TOL €1VOL TO LOPOSLVAUIKG OVAUEVOUEVO OTOTELEGUA. Y OPOdLVAIKE EVAOYOG
givat kat o Tomog (9), av mapatnpyoovpe Ott eivar R? = \¢|2 = P(r) —mov glvai 1o
KBaviopnyovikd avadrloyo g TUKVOTNTOG p €VOG PELGTOL— KOl Bewproovpe
EMIOTG WG TOTIKN TaxLTNTA v () TNV £KPpao

v(r) = Vo)
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N omolo pog AEEL OTL TO KPUVTOUNYAVIKO «PELOTO» PETAKIVELTAL GTOV Y DPO TPOG
TIG KateLhOVOELG HEYIOTNG KALOTG TNG PAGTG TOV.

AV GUVOLAGETE TA TOPATAV® WE TAPATNPNOELS TOL EXOVUE KAVEL AAAOD —T.Y.,
OTL Ol PEGEG TIUEG OPUNG KAl GTPOPOPUNG GE TPAYUATIKES KUUATOGLVAPTNGELG
glvar pndév— o avtiinedeite opéowg to e€Ng TOAD YEVIKO:

[Mop’ 6Tt o yopwd eéaptmuévn @don dev moiler kavévav porlo otnv
Katovoun mhavotntag Tov copatidiov, EvTovtolg ival o KabopioTikog Tapd-
YOVTOG oL TPoodlopilel EKEIVA TO UGTIKA TOV PEYEDN —OT™G oputj, aTpoPop Ly,
pevpa mhavotyTag K AT.— TOL AVIITPOCSOTEVOLY TNV KIVI|GT TOL GTOV Y OPO.



