3.13. S EHINENE, SCHRODINGER 5 HEISENBERG % %5

3.13.2 Schrodinger flHeisenberg % & (picture)

IR RELERTU (¢, 0)
la(t)) = U(t,0)|a(0))

BB 2 FR A e E SR T 5
ih U (t,0)[a(0)) = HU(t,0)[a(0))

HTYVSER, )
ih .U (t,0) = HU(£,0)

X NEAFRIR A TR, KU (¢, 0) = e HYR |

U(t,0) = Z(‘ift)"/m

n

HTHY = H, FiLlUT(¢,0) = e 7t/7,
Ut (t,0)U(t,0) = U(t,0)UT(t,0) =1

U(t,0)& 4 IEBFF -
U(t,0)|a(0)) = |(t)), (a(0)|UT(t,0) Z|a(t)) LR, BT

(@(0)|UT(t,0)]a(t)) =1,

AT LAFBAER U (1, 0)|a (1) 4 () B B E  (0)) 75
R 2R ANTEE

(A) = ((a(0)[UT(t,0)A(U(t,0)|c(0))) = ((0)|UT(¢,0) AU (¢, 0)|cx(0))

SE L
A (t) = UT(t,0)AU(t,0)
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Bl Heisenberg picture FRJARLF. [ERMERT 7] IERE N A, BlSchrédinger Picture N HIEFF.

Heisenberg Picture #LiE: KA [ENEN, —E7&|o(0)), 1212 R ElEL -

S5, Schrédinger Picture T, ARBERTHEIEEIL, HAZROBEFAS NEL, A1) = A

P Picture N, J12¢mE FIEHEERE R .
BNINA—THREE,

dAy Ut oU 1 1
SoH YUYy tAg— = —UtHA tAs—H
i o0 sU+U Sop 7ihU sU+U 55 U

1
= E(UTAQUUULIU —~UTHUUT AgU)

MF[H, U] =0, FilUTHU = H, BlHy = Hg.
dAy 1
Sdt ik
IRl Heisenbergiz s /712 - B E|Schrodinger /72 —FERITERA -
B1F: H picture N & —4EIE IR F A2 BhAIHE -
xy =Ut2U, py = UtpU.
e

[AH,H]

1 1 . p
iy = e, H] = ~ Uz, HU = P2
Ty ih[:pH, ] ihU [z, HIU o
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CiEES
pu = —mw’zy (3.343)
UK S5E8TEEA ER A KA RMARBEMANTRE.
B o R
xp(t) = c1 coswt + cogsinwt (3.344)
pu(t) = —mwey sinwt + mwes cos wt (3.345)

FEEGX By, co B ANBAR (R 22 {0 FV AT -
Hzy(0) = 25 = x, 158lc; = z; Hpy(0) = ps, Fer = pg/mw = _thwaz
MEETEENNZIR SRS EREE, SENEILE, BIOMAFTEREVHRNZNE T85!
fin, RF IR P (0) = %1/)0(1:) + %1/}1(:17). fESchrédinger Picture T, FA15 H(t). T8 (z).

U(E) = e (a) + e 2 () (3.346)
FIF (3.249)F1(3.250), BHHEH
(@)(t) = —— cos(wt) (3.347)

V2a
FEHeisenberg Picture T, A5 Hag(t), RIFITHE(2).
FIFHVIIG M er = 25, c2 = ps/mw, ITEVIE NHEE (x,) = ﬁ, (ps) = 0, IRIEEq. (3.344), FAVEE

(xu(t)) = cos(wt) (3.348)

L
V2a
LERE TR -
KIEBEST it ied i HRRES S H s n# . RIBH = hwpo,/2, FATE K HE
HJHeisenberg j&2 )5 #2:

Do~ (5. H] =0,
ddit = ﬁsy,m = w5, (3.349)
B s ] = s,
SRS R T Hoisenberg 2%, UM T FARH. 765 ELRY 5)2tA FTE)
1S, H] = Ut (0[S, (0), HIU(£) = —U' (£)op,ihS. (0)U () = —ihey, S, (3.350)

I TR AT Z AT B RS T2 (3.134)— B! HgH
Sa(t) = 52(0),
Sy (t) = Sy(0) cos(wrt) — S5(0) sin(wrt), (3.351)
S.(t) = 5.(0) cos(wrt) + Sy(0) sin(wrt)

BV RAFa(0)) = [+, 2), B+, 2[5, 0)|+, ) = (+,215,(0) |+ 2) = 0, HHHH

(Sz(t)) =0, (3.352)
(Sy(t)) = gsin(th), (3.353)
(S.(t)) = gcos(th). (3.354)

5 Schrodinger picture | PAI 25 B EE T+ —2K.
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3.14 HARFEERFE
3.14.1 K —4EEIR T 0]
ZRIBATELITR SR IE T — IR THES TR o)
AN BRETTIE -
EIUN
Q=ax= %x,
h (3.356)
p=Fr __7
ho v mhw
PEQIHE
@, P] =1, (3.357)
XEFA T/ oRFHELE, ha@fHEsE . H A
H= %(ﬁ +Q?) (3.358)
Ela=5(Q+1P),a' = 55(Q —iP). ERa # af, NELHH] -
BH1EF
[a,a’] =1, (3.359)
ala = %(PQ +Q%—1). (3.360)
TR .
H = (a'a+ 5. (3.361)
EREFHATRANE H E AR (n + L) ho, BRRRE HAOARAES e, = Npe™ 5 H, (az). BlTRKIRE
Hn) = An|n) (3.362)
HTa, H] = [a,a'a)hw = alhw,
Haln) = (aH — hwa)|n) = (A, — hw)a|n) (3.363)

Blan)t RHRAIES, J& TARMEEN, — w.  FH, N, — 27w, \, — 3w,
Za?n), a®|n), - --.
HT .
(V|H|Y) = (¢|alaly) + S =0

Pt AR — 2 e/ IMELN o, R BLRIAAEZ|0) 1 2 al0) = 0.

1 1
H|0) = hwa'al0) + 5hw|o> = 5hw|o>.

HittAo = Lhw. FTERIBERWIAE T: N\ = (n+ 1)hw.
FIH[at, H] = —athw, ATUEH o |n) RHAAIES, RAEE RN, + hw.

R ARIEE, WAL

(3.364)

(3.365)

I EAEHETE? ANe, BAIREZ. B THEAD ), afln) =0 BT

H = (aa' — 1)hm
2

(3.366)
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FitLL .
H|n) = hwaa'|n) — hwln) = —5hwln) (3.367)

FEHE T (3.364): ERCRSHEERIEEANTEHTE. EHitn=0,1,2,--- , WH LR
ERE
ataln) = n|n) (3.368)
Filal ot & FEER -
aln) BRAEEARMES, HRIEEq.(3.363), aln)F M T|n — 1)(BRE|—EREBZHRIF.) HEHA—ER
F— I RIAIES - BATIZ
aln) = c¢(n)jn — 1), (3.369)
i {7/
(na’ = c¢*(n)(n —1|. (3.370)

FFE, afln) = d(n)n + 1), Filh(n|a = d*(n)(n + 1|. ITH

(nlataln) = |e(n)]* =n (3.371)
(n|aatn) = |d(n)?> =n+1 (3.372)
HA152
aln)y = v/njn — 1) a'lny = vn+1n +1) (3.373)
wiE
a'ln — 1) = v/n|n) (3.374)

FATAT LIFIF al0) = ORFAERESIRE - RIFalIE L, FMFHEELIRERST
i —ihd

(o gy T o@)vo(z) =0 (3.375)
A
(d% +a’z)o(z) =0 (3.376)
?Ef 2 2
Po(x) = Noe™ “2 (3.377)
JA—1k, FLLE H Ng.
A Hat0) = (1),
o (z) = %(am - é%)wx) = Nyage™=# (3.378)
=plapii
ba(@) = —=al -1 (@) = —— (€ — <L) (3.379)
n - \/ﬁ n—1 - 2n d§ n—1 .
o
€= ax (3.380)
RV €=
Yn(@) =/ ;:fd (€~ d%)"e"f” = NoH, (§)e 5/ (3.381)

TREEFHAMESIEFEE, FRIEHE T (coherent state):

ala) = ala). (3.382)
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HAAMENIM LG Ha, HTaNEERER, FLlah—PMERERNEE e = /mw/h). &

=Y Cn(a)ln) (3.383)
n=0
it A
ala) =" Cu(a)ynln —1) =a»_ Cu(a)n) (3.384)
FEBESRAN A |0 — 1) T R%L,
« a™
Cn(a) %C’n,l(a) ﬁCo(a) (3.385)
ZEIA—1L ,
(ala) =|Col* ) |O‘n—|' =1 (3.386)
HrfsRAI el BT LA
Co = e lal*/2 (3.387)
) = Co(a) Z oL (3.388)
BT TF [n) HILER )
|Cnl? = %e"“'z (3.389)
IR, BHEH (alaTala) = |af?, atafIFRERZE 1|l -
W BT LR T4 T |, FB B 22
|t) = Coe /2y %mwiwm (3.390)
(x(1)) = f«a +a*)) = v2[alzg cos(wt + ¢) (3.391)
(¢ BWIM, HaIRE, vo = /h/mwEETRTREKE). tMERELZ K? At 40T SEETERRE?
JEREROR
BAPRITHAERER S T & BN
RIEEq(3.373),
Un-1n = (n—1laln) = v/n (3.392)
aLHn = +1a|n)=vn+1 (3.393)
Eﬂ%ﬁﬁ$ﬁj‘gan,m \/76n+1 ms n m vm 511 1,m- {—‘:EE n,m= 07 17 27 Tt
FIH .
Q= "(a+aP=""(a—a) (3.304)
V2 V2 '
B5153
Qnm = 7(\76”“ m VM4 16,_1m) (3.395)
Pn,m = %(V m+ 1(snfl,m - \/a(sn+1,m) (3396)

Ty P, AR T -



