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Aoknon 14
BOzwpovpe kPavikd cOoTHA dV0 EMTEIWV, INAAST £XOVUE BVO WBLOKATUCTAUCELS TG

evépyewag, HY=E ¥ kot H¥,=E,¥,, 11¢ onoieg dev yvmpilovpie.
Evo yio tov tedeot A, yvopilovpe TG 1010KATOGTAGELS TOV, ONAON
AD, = ad,

AD, =bhd,

I'vopilovpe axopa 6t

H®D, =D, + 5D, )
H®, =D, + D, (2)

(o) Na BpeBolv 01 1010KATACTAGELS TG EVEPYELNG,.

(B) Na Bpebel mwg eEelicoetor ¥povikd T0 GOOTNUO KoL 1] LEGT TN TOL TEAESTN A,
av TO GUGTNUO TPOEPYETAL APYIKA OO LU0 LETPNON GTNV OToio TO PUOIKO péyebog
TOV TEPLYPAPEL O TELECTNG A, Exel TN b.

(v) Na Bpebet mog e&ehooetor ¥povikd TO GOGTNUO KOt 1) LECT TIUN TOL TEAESTN A,
D, +D,

2

av 1 apyikn katdotoon sivar PO (x) =

Avon

(o) Xpnowomolovpe 115 Wocvvaptioels @, D, tov tElesT A, Y100 Vo KAVOLUE TNV
AVOTOPACTACT] TOV TEAECTN TNG XOUATOVIOVAG.

"Eto1 Bpiokovpe

[H“ le}{(@],flcbl) (0, ,HO, )}{g 5}

H, Hy,| |(®,,H®,) (®,,HD,)| |6 ]

Koabng

(O, HD,)=(D,,6D, +5D,)=(D,,6D)+(D,,6D,)=¢(P,,P,)+5(P,,D,)=¢-1+5-0=¢
(O, HD,)= (0,80, +&D,)=(D,,8D,)+(P,eD,)=6(D,,®,)+&(D,,D,)=5-1+£-0=6
(©,,HD,)=(D,,eD, +5D,) =(D,,eD, ) +(D,, 80, ) = &(D,,®,)+5(D,,P,)=¢-0+5-1=6
(©,,HD,)=(D,,5D, +eD,) =(D,,80, ) +(D,,60,) = 5(D,,D,)+&(D,,®,)=5-0+¢-1=

Av Bpodue Tig 1006VVAPTAGES TOV TeheoT] TG XopAtovioving Ba Ppebodv pe
dwymvomoinon. O daydviog mivakag Bpioketat amd v cuvOnkn det(H-AL)=0.

leo 10| [e—4 0

Ao, - A =
o0& 01 o -4

H oyéon det( 4 -A1)=0
(e-1)>-87=0
(e-A-0)(e-A+3)=0
A=c+o|q|A4, =60

- v

OLOTIHES




) , S1avd , , 0 E+0 0
apa 0 KavovPloc dLoyMVIOE TIVOKOC Evoit: =
p plog oy 9 - 0 A 0 el S
Kot HY =Y 1=(e+0)¥,
H‘PzZXz‘Pz:(S—S)IPz

Topa Oa Bpo 115 W10cVVapTHoels Vi kat Pa. Ot wocvvaptoetg avtég Oa eivan
YPOUUIKOS GLVOLOAGUOG TV 1010GVLVOPTHGEMY TNG EVEPYELNS, ONANOT|

¥Yi=d;®+d;2 D>

Wo=ds 1 D1 +d.

"Etot vmtd popen otAng ta {ntovpe 1010010vOcHaTo (€0 £YOVIE OVATAPAGTACT) TOV

) , v dll d21
wWodvuopdtmy pe otnin) etvar ¥, = P ko W, =
12 22
Apa vy to TpdTo 101001dvvcua, Vi ypedletor va MG t0 aAyefpikd oo
E=4 O diy | [0 ses |700 ||di]|_|0 3)
K2 e-Ald,] |0] o —6]|d,]| |0
Evod yio to dg0tepo 101001dvocua, W) ypetdletar va ADGm 10 alyePpikd cvGTUOL

e-2,6  [dy]_[0] ., [68][dy] [0 @
5§  &-4|ldy] |0 56||dy]| |0

o () ~0d,, +6d,
. 5d11 —5d12 11 12

Av Bélovpe va glvar kot oploxavovikég ol 13106VVAPTHOELS, B Tpémel va 1oyveL OTL:
(P1, ¥1)= (d11@1+d 12D, d1 1 D1 +d 1 Do)=1 = d +d =1.

i 1
apo|d,, =d,, :ﬁ

(OREO)
Ko \Plzdllq)ﬁ‘dlzq)z: IPI = 1\75 2

0 (4): 8d2118d2=0 — d21+dn=0 — |d,, =—d,,
AMG agov (W,¥2)=1

, 1
&yovpe |d,, =—d,, =$

(I)l - ch
2
(B) A@ol 10 cVuoTNUO TPOEPYETAL APYIKA OO U0 UETPMOT OTNV OOl TO PUGIKO

uéyedog mov meptypdpet o TehecThg A, &gt Tiun b, éxovue W' (x) =D, .
D +0, car ¥, = D -D,
V2 V2

oyéoelg Ppiokovpe O A=Y éto1 Bpiokovpe |¢, =—c, = !
2 _T > 1~ T2 T
2 V2

Gpa ¥o=dy 1 @1 +dp®r = |V, =

AMG €qovpe VY, = , OTOTE APUPOVTOS TIG OLO CVTEG

¢, =0y (i23 .

1




"Eto1 ) xopotosuvaptnon mov meptypaeel To GOGTNLO ava TAGO YPOVIKT| GTIYUn givat

—iEt —iE,t
\P oo \I] h
Y(x,1)= A 2¢
NG
A® =a®, , , o
Evd and 11 oyéoelg Bpioke ta otoyeio Tov wvaka A, TP OUOG pE
=bD
2 2

AVOTOPACTACT MG TTPOG TIC WOIOGLVOPTNGELS TNG evEPYELNG. [la Tapddety o

®, +, ,A(‘Dl“DzD=%[(@1,/@1)+(cp1,A@2)+(q>2,Aq>l)+(q>2,Aq>2)]=

NI G

:%[(q)l,a(DJJr(‘Dp(Dbz)+(q)2aaq)1)+(q)2’bq)2)]:

A :(‘I’I,A‘I’l):(

+b
_[a )+b(, q>) ®,)+b(® 2,cpz)]:a2
Avaroya Bpiokovpe A, = > 4 ;b Ay, = a ;b

O mapomdve Tipég elvar avepevopeveg Kabmg Exovue

AD =a® = A(P, +¥,)=a(¥, +¥,)

AD, =b®, = A(¥,-W,)=a(¥,-¥,)

Kot omd TV TPOcHuEUipES TOV TOPATAVED GYECEMVY PpioKovpe
a+b a—>b

AV, = | S 7
2 2

Aw, - a_b‘P1+a+b‘P2
2 2

"Eto1 Bpiokovpe

1 1 it we\ 1(a+b a+b) 1({a-b ,,, -b
<A>(t):E(AH+A22)—5(A12e““+A21e“’2')=5(a2 +a2 j_E(az e“’”+a2 e ﬂjz

a+b b-a
= +
2

COS @),t.

(7) Kabdc n apyikn katdotoon eivon ¥ (x) = CDIJ;)z =¥,, éovpe pia otdoun

—iE
kotaotaon kot W(x,f)=%Ye " .

Topa &ovue ¢ =1, evdd 6lot ot dAlot cvvtedestég pnodeviCovtat. ‘Etol épovpe

a+b
(A}(z)_A“_T.



Youpoieuoc Dirac

[ToAMéG @opéc Yoo TNV OVOTOPAGTOCT) TGOV 1O1000VUCUATOV  YPNOILOTTOLEITAL O

popuoiiocuoc tov Dirac.

210 mhaicto avTod TOLV POPUAAIGHOD Exovre TG €&Ng avtioToryies: @, (x) —>|i> Kol

@ (x) > (i
péyebog.

, OmOV ¢, (x) 1WB1061VOICHOTO KATOOL TELEGTN TOVL TEPLYPAPEL PLGIKO

To |z> ovopaletron ket-1dtodtdvoopo Kot to <i | ovopaetat bra-1010014voGa.

To ecmtepwcd ywopevo opiletoar g Igéi*(x)¢j(x)dx - <1| J> (to <i | j> ovopdleton
braket).

H ovvOnkm opBoxavovikdtntog 600 10106VVAPTNGE®Y LE TN YPTOT TOL GLUPOAMGHOD
Dirac naipver m popen (i| j) =9, .

Evd n mAinpomta tov 1010K0TacTacE®mV* diveTal amd TV EKepaon

-3

H avéntoén g avbaipemg katdotaong | V) (kabmg kor n kopatocvvaptnon #(x)

, 0mov 1 &ival o povadioiog TeAesTg.

&xel avaroyn avtiotoryio ¥ (x) - | ?’(x)} ) G€ 1010KOTAOTAGELS |n> exQpaleTon g
WY =D c,[n) =D [(n|¥)]Iny , émov ¢, =(n|¥).

Omote, yevikebovtag To OTOLElol OVOTOPACTOONG WHE TIVOKO TOL TEAESTN A,
vrohoyiovton amd Ty oxgon: A, = _[ ¢i*(x)(A¢j(x))dx —(i|Alj) .

Téhog, pe v Ponbela TV 1010810VLCUATOV aVTOV 0pilovpE Kot TEAESTEG, OTWG O

TPOPOMKOG TELEGTNG |1> <i , 0 omoiog «mpofdiery Vv Kvpotocvvaptnon |V) mhvo

OTNV WO10KOTAGTAO |1> (|i> <i|5”> = <1| l1/>| i> =c, |1> ).
Eniong

En E,t

V0 =3 Cuwe = o) = X lwo)e )



Acknon 15
‘Eoto 61t éyo H = & 1)(1]+ & 2)(2] + o]1)(2| + 8] 2)(1

OOV TO, SLOVOCLATOL |]>| 2> elval Ta 1010010vOG AT TOL TEAECTN A,
A =all) Al2)=a)2)
Na BpeBohv ot 1010TIES Kol TOL 1010010VOGLLATO TOV TEAEGTY| TNG EVEPYELOC.

Avon
O TeleoTIC TNG EVEPYELAG GE HOPQT| Trivaka: eiva
[HH le}:{m]ﬂl) <1|1§r|2>}
Hy Hay] o |Q2lA]) (2]A]2)
Onote
1,y = ([ = (1 [+ 2|2)(2]+ a2+ o]2) ]
=e(1| 1)1 1y +e(112)(2| 1)+ (1| 1){2|1)+5(1| 2)(1]1)

ool l !

0 0 0 0

!

Ady® opBokavovikdOTnTag

Opoiwcyw H,,,H,,,H,, PBplokovue

H, H,| |¢ ¢
Hy, Hy| |6 ¢
ISoé1ovdopata Tov H, I:I|(I)1>:El|¢2> Ko I:I|(I)2>:E2|¢2>

, E 0 ) 5
Awryovomound Ttov ———det =0=(e-A)e-4)-67=0
o € o &-4

onote A =¢+d—Elxmi 4, =6-0 —E;

['o A4, =¢+0

-0 0 d, 0 1
5 -5 = d., = 0 3_&111+5d1220+d11:d12:$

Onote | @) = d,|1) +d,|2) ko (4, |=d"1(1|+d"2(2]
‘Etol

_[D+[2) _[D-[2)
)= ) =P
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