MdaBnua 19% 25 NoeguBpiou 2008 (9:00-11:00) & TuutrApwua 7
AgkeuBpiou 2010 (9:00-11:00).

AYXKHYH 19-1

Oewpovpe PLOIKA pPeYEON mov meptypoovial amd tovg tehectés 4, B, C wou H
(Xapktoviavn). I'vopilovpe yio tovg TeEAesTEG dLTOVE OTL

Al =a|l) A]2)=a|2)

Bl+)=B|+) Bl=)=51])
Clny=nl) cl2)=r.|2)

H = 11| + £[2)(2|+ 8] 1)(2|+ 5] 2)(1

b

omon [+)=(11)+]2)) /42w |) = (1)) /2

Tnv ypovikn otiypn =0, petpdpe TV €vEPYELL TOL GLGTHLOTOS Kot TNV Ppickovue
E+0.

(o) Na ypaget 1 kopatosuvdptmon yia =0. Av v 1010 YpOVIKN GTIYUN LETPNO® TA
QLG PeYEON oL TEPLYPAPOVTAL 0O TOVG TeEAESTEC A, B Ko C moteg Tipég Oa mapm
Kol [LE TTOleg THAVOTNTES;

(B) Na ypagel n Kupotocuvaptnon yio Toyoio .

(Y) Av Vv ypoviK1| OTIYUN| ¢ LETPNO® TA GLGIKA HEYEDN TOL TTEPTYPAPOVTOL OO TOVG
teheotéc A, B, C ko H moteg Tipég Oa mhpm kot pe moteg mbavotnreg;

AYXH

(a)A1o 10 TPOPAN O TOV TPONYOLLEVOL paBnpoTog Yvopilovpe 6Tt 1 XopuAtoviavn
EXEL O10TIHEG KOt 1O10KATAGTACELS TG LOPPNG

H|+)=(e+8)|[+) xa H|-)=(e-5)|-).

Kafoc petpape yo v evépyeia £+ 9 1M Kopotosuvaptnon eivat |S”(x,t = 0)> = |+>
Omdte mpogavdg kot oty pérpnon tov B Ppiokovpe Wty B, (kabog
Bl+)=B|+))-.

Evo v ta puowd peyédn mov meprypdapovtor amd toug tehectés A kol C, €ovpue
ioeg mOavotteg (50%) Yoo pérpnon TV WOTINOV @,,), KOl a,,y, aviictoro.

2)

Koabng |‘P (x,t= 0)> = |+> = (| 1> + | 2>) /2 (ovvteAEoTEG 100KATAGTACEMV |1>

elvat 1/\/5).

(B) Kabog m oapywm xatdotoon, |¥’(x,t = 0)> = |+>, glvol 101okoTdoTOoN NG
EVEPYELOG EYOVIE OTAGIUN KOTAGTAGT. ANAdY| N KLHLOTOGVVAPTNGN Y10 TVYOLO ¢ Elvorn
|yj(x’t)> _ e—i(s+5)t/ﬁ |yj(x’t _ 0)> _ e—i(£+5)t/}/,‘

OPYIKN KATAGTAOT).

+> ov &lval PLUOIKA 1GOJVVAUN HE TNV



(v) Baocilopevor oy amdvinon tov epotuatog (B) kataloPaivoope 6Tl T ¥povikKn
OTLYUN| f OV LETPNO® TO LKA LEYEON TOL TTEPTYPAPOVTOL OO TOVG TeEAESTEC A, B, C
Kot H ot tpég ko ot mhovotnte mov Ba mapw Ba givon idieg pe Tov ep@TATOS (),
ONAadN NG OPYIKNG KATAGTOOTC.

AYXKHYH 19-2

Oewpovpe PLOIKA PeYEON mov meptypoaovial amd tovg tehectés 4, B, C wou H
(Xapktoviavn). I'vopilovpe yio tovg TeEAesTEG dLTOVE OTL

Al =a|l) A]2)=a|2)

Bl+)=p[+) B|=)=5]-)
Cln=nl1) Ccl2)=7r.]2)
H|+)=(e+6)|+) xa H|-)=(e-5)|-).

omov |+) = (|1)+]2)) /N2 e |-)=(]1)-]2)) /2.
Tnv ypovikn otiyun =0, PETPANE TNV QUGIKY] TOGOTNTO TOL GULGTHNUOTOS 7OV
oyetiCeton pe tov teAectn A Ko v Bpilokovue «, .

(o) Na ypagel 1 kopotocvvaptnon yo =0. Av v 1010 poviKn GTIYHY| LETPNO® TA
QLOIKA PeYEDN oL eptypdpovtal amd Tovg tedectéc H, B kol C moteg Tipuég Ba mépm
Kol pe moteg mbavOoTnTEG;

(B) Na ypagel n KupotocuvapTnon yio Toyoio .

(Y) Av Vv poviKf| GTIYUN| ¢ LETPNO® TA GLGIKA HEYEDN oL TTEPTYplPOVTOL OO TOVG
teheotéc A, B, C ko H moteg Tipég Oa mhpm kot pe moteg mbavotneg;

AYXH

(o) KaOag petpdpe yio telest) A v i @, n Kvpatocvvaptnon etvorn

¥ (x,t=0))=|1).

Omnote mpogavmg kot otnv pétpnon tov C Ppiokovpe  wWwotpn p, (kabog
Bl+)=B|+))-

Evo v ta puowd peyédn mov meprypdagpovtor and toug tehectéc H kar B, €yovpue

ioeg mbovotteg (50%) v pétpnon tov wWwtipeov B,e+0 ka B,,6-0

avtiotoyo. Kabaog |'[/ (x,t= 0)> = | 1> = (| +> + | —>) /2 (ocVVTELEGTES 100KATACTAGEMV
|+>,|—> glvan 1/\/5).

(B) Kabaoc n apywn xotdotaorn elvar |‘P(x,t = 0)> = |1> = (| +> + | —>) /2 , M
KULLOTOGLVAPTNOT Yoo TVYoio ¢ yivetal |5”(x, t)> = (e_i(‘g+’5)’/ﬁ +> —>)/ 2 ,
-))/2.

2y,

e—i(s—d)t//z‘

+

—2idt/ 7

oL £{voil 1GOJVVAUT LE TNV |5”(x, t)> = (| +> +e

Ioodvvaun ypaer| €govpe LE TIC 100GVLVOPTHGEL |]>



i(e=8)t/ 7

|¥’(x t)>=( i(s+8)t/ 7 >)/\/__
(e (1) +12)) /Z) - ((11)-12)/42)) 42 =

€7i5t/ﬁ +ei§t//7 e*iét//? _ei&/ﬁ
(== p(==)a)

cos(5t//§)|]>—isin(5t/ﬁ)|2>

(v) Baoilopevor oy amdvinon tov gpotuatog (B) katalofaivoope 6Tt T ¥povikn
OTLYUN| £ OV LETPNO® TO LKA PEYEON oL TTEPTYpAPOVTOL OO TOVG TeEAECTEC A, B, C
kot H ot tpég kan ot mhovotnteg mov Ba mhpw Ba etvor yio ta peyédn H kon B, dmwg
KOl TNV OPYIKN KATAGTACT] KO Y10 T0. QUGIKA LeYEON mov meptypdpoviotl amd Tovg

+)+e

teheotéc A xar C, Qo éyovpe mOavOTNTES (cos(ét/ /?))2 Kat (sin(&t/ /%))Zyta

UETPNOT TOV WIOTIHOV O, Y, Kol &y, Y, OVIIGTOLYO.

Yopprpacta uoka peyéon.
Tekeotig A:meprypdoet £va eoko peyedog.
AP =0y,

LETPITT —TIELpT L

‘Eoto y=ciy1+crys + c3ys3 ‘KATAPEYZH’ ¢y —oamotéhecpo

Yy ys
Av Bpo dnAad;h tnv 1o0tipn o ,n KLHATOCLVAPTNOT TTOL Ba TEPLYPAPEL TO CVOTI LA
Oa etvor n y1.0poimg Yoo v o M W2 KoL Yo TV o3 1 Ys.
Av €yo pévo pia 1010KatdoToom
AA=<A*>-<A>*=(
Amdoeln:
<A>=[W; BV, dx =[ P53 Ty o dx=a, [ Wi W dx=a’, [ W5 W, dx=a’,
Lo y=yn: <A>= [ WA¥, dx=] Pianyadx=
=q, ¥i ¥, dx=a, = <A>2:(12n
Moévo otav o pio povo Wlokatdotoon rpokvntet (AA)=0.
‘Eoto évag ahlog tedeotg B :
Mo va éym tavtdypova v afefordtra Tov TeElecTn A kot tov rskscm B ioeg pe 0
Oa npsna ol 1610Kat(xcra081g (¥n) va givan 101€g Yo TOoVG A xu B.
AnAadn: A Yn=0n Yy KOl B Vi=Pn Y
Ou 40 OpOG SLUPOPETIKEG 1O10TIHEG.
Eéookd t0o AE omyv vy,
ABy,= A (B Un)=A (Bn yn)= Bn(ﬂ Wn)=0n Bayn (1)
BAy,=B (Ay,)=-B (on yn)= an(B Yo)=0n Py (2)
And (1), (2) :AB% Bﬂ\yn —AB-BA=0 = AB =BA
H Sta(popa AB BA optCswt ocov META®ETHZ ) ENAAAAKTHX .
[.r-'a B = AB-BA —>[A B =0  Zvpprpaocta.
Av [.;-": , E] # 0 0gv Umopd vol To LETPNO® TOVTOYPOVOL.
Ay o Ap:
(8] w=(& — PR )y=32py - PRy = (B=-ihz, %)



Ea . a )
=% (il ) B (y) =
= Xt il (xy)= RSt ihy + xS =iy
Apa [£5] y =ihy
Apa [£5]=iR
(AB)AB) > Y<[A,B]>| IZXYEI

Tnv epappdlo yo ta X,p:

(AR)(AD) > | < [&B]>] > [<ifk>| > Zlifl = = & (fiI=1)
«ZKIATPAOHXH»

(AAY'=<A’>-<A>’= (AA)'=<A">

< A= [y 2P dx= [ Wy (E‘P)dx = (E: EPIITLOVOC)

=[ (Aw)*(A¥)dx = |[A])
Avédoya (AB = ||B||
Avicotnta Schwartz o
ECWTEPLKD ¥ IVILEVD

(AR)(AB) =||Aw|| ||B¥|| > (AY,BY)=(¥ , ABY) > ||AB||
MS AB _ AB+BA+AB-AH _ (AB+BA) + 1 [A,B:

2i

“Exéoeig afePardtnTog vdPYovVV Yo TIG TOCOTNTEG OV deV givan cuuPiPactéc.”
«opPiBactd eooika ueyEon.»
Je'*‘lfn:an Wn
E\yﬁﬁn Wn tavtdypova = (AA)=(AB)=0
Metafémc : [A,B]=AB-BA= 0 = EvaAAdKtng
[xt,px] = 1 # 0 pn cvpupiPactd.Apa prop®d va
npocolopicm o oxéon Heisenberg.

Evo av [x,Px] =ih # 0 — oy copPipooctd!

. [Xy]=?
[,y ]P=(xy-yx)P=xy¥-yx¥=0 — copupiPactd pucoud pey<dn.

.X. [X,Py]=?
[X,PY]¥ (x.y.=(XPy-Pyx)¥=x _ind - ihi(x\{f) =
y oy
ov

= ihxé—\P + ilix— = 0 — ovpPipactd ook pey<tn.
oy dy

Iow6tnTeg petabéTn
1.

[A, B+CI=[ABIH[A,C] (2)
AB+C)—(B+C)A=AB+ AC—-BA—-CA=
=(4B - BA)+(AC-CA)=[4,B]+[4,C]

[4+B,C]=[4,C]+[B.C]
Tee B D [ACls D]+ [B.Cl+ [B.C]



[4,B-C]=[4,B]C+B[4,C] (3)
[4-B.C]=4[B.C]+[4.C]B

[4,B-C]= ABC — BCA=—284,

= ABC — BCA+ BAC — BAC = (AB — BA)C + B(AC — CA) =
=[4,B]C + B[A4,C]

[Mapadeiypata

e P1=i oy -in

ny. [x,P?] —2 [x,P-P]=P[x,P]+[x,P]P —2—
_, 0P’

ihP +ihP = 2ihP =

#0 — Oy oopPPaocta!

.. [x,P*]=[x,P*P]=P*[x,P]+[x,P*]P —
3
— WP + 2ihP” = 3ihP” = ih L
oP

#0 — Oy ovpPipaoctal
.y [x,P*=4ihP’
[Mapatnpodpe Ot

1
o [x,P]=in= lhai
oP

2

[x, Pz]: ih op
oP
3
[x,P3]— zhai
oP
Anadny: A(P)=C,+C,P' +C,P* +C,P’
— 5 [x, 4 |=[x,C, ]+ [, C,P]+ [x,C,P? |+
1 2 3
=0+1hC, ai+1hC op +ihC, ai+
OP OP OP

. 0
= zha—P(CO +CP+CP 4. )= i A(P)

3.
"Eoto A(p)zco+C1pl+C2P2+C3P3+- -
[xp']=if=ih =

. . . ., Op?
[x.p"T=Lx.ppI=[x.pIpplx.pI=( ip+p( ih)=2 ihp= ih -
[x,p’]=[x,p°p]=[x, p’Ip+ p’[x,p]=2 ik p™+ p ih=3 ik p’



_ .3 Op*
= IFL E'_p
Opoimg
a_ i 20
[Xap ]_ lﬁ ap
Apa [x,A(p)=[x,cotcip +eop tespt...]=
=[x.colt[x.cip' [+[x,cop’]+..=
([X,Co]ZXC()- C()XZO)
=[x,co]t ci[x,p]+ ca[X, p2]+. .=
_ .ifp o dpt
=C lha_+ Crlh—+...=
P ap

.
=1h P (ciptcap™t..)=

. AR
=ih—— :
ép

dA(xp)

(AP AP)= il =5
4.[pBOp)]-HTEE

Aocknon
"Exo oV 1TEAE0TN TNG GTPOPOPUNG 7. Mnopd va VTOAOYIoW TAVTOYPOVA TO [éx,é yJ;
i ]k
=|x y z Z(yPZ —z]’y)f+(sz —xQ)j’+(xPy —yPy)lg
B PP,

(vp=zp)i =1,

(2P, —xP)j =1,

Apa [£,.0,|= [P~ 22 (P, ~ xp)| = 2t
=[yP,zP]~[yP,,xP.]-[zP,,zP]+[zP,,xP.] (1)

wioTnTa2

[P, 2P, |= —2m%2 5 7[yP, P ]+[yP,z]P, =
=zy[P,,P]+z[y,P.]P, + y[P,,z]P, +[y,z]P.P, =

= —ihyP,
\
[x.B]=in
Apa (1) =—ihyP. [y,Pyjz "
lZRV,XPZJZ—ithV [z,P]=in

&pa (1) = —ihyP, +ihxP, = ih(xP, - yP,)=int

apa [0 ]=—iht. o
[Zy,ﬁzjzihﬁx Yot kokhka £, —> 0 — L



I'ENIKEYMENEX YXXEXEIX ABEBAIOTHTAX

(AA)(AB) z%K[A,EM :

Y. AxAP > %K[&,f’m

yia [ £, P 1=ih &ovpe AXAP > %th)‘ = %|1h| = g ywri [ij=1.

Yyéon APepardrag: (AA)(AB) > %K[A,BM

Y. A=10,
B=/,
Xyéon afePordotnrog;
(ar, Al )2 —‘ ([e..e, Sline.) \: (e.)
Aocknon

(ap Yar ) =2
(4P Yar )= 2{[p. D] (1)

[P.,¢.]=|P,,xP, — yP,|=|P.,xP, |~ [P,,»P.] = (Px ko1 yPy eivar cvppiBactd)
=x[P,P, |+ [P, x]P, = -ifP,

h

P <Py>

ny (AP )AL )=2
ny APA(C +10.)=?

Apa (1) =
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